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Abstract

Background: Recent research has led to the development of many information technology–supported systems for health care
control, including systems estimating nutrition from images of meals. Systems that capture data about eating and exercise are
useful for people with diabetes as well as for people who are simply on a diet. Continuous monitoring is key to effective dietary
control, requiring systems that are simple to use and motivate users to pay attention to their meals. Unfortunately, most current
systems are complex or fail to motivate. Such systems require some manual inputs such as selection of an icon or image, or by
inputting the category of the user’s food. The nutrition information fed back to users is not especially helpful, as only the estimated
detailed nutritional values contained in the meal are typically provided.

Objective: In this paper, we introduce healthiness of meals as a more useful and meaningful general standard, and present a
novel algorithm that can estimate healthiness from meal images without requiring manual inputs.

Methods: We propose a system that estimates meal healthiness using a deep neural network that extracts features and a ranking
network that learns the relationship between the degrees of healthiness of a meal using a dataset prepared by a human dietary
expert. First, we examined whether a registered dietitian can judge the healthiness of meals solely by viewing meal images using
a small dataset (100 meals). We then generated ranking data based on comparisons of sets of meal images (850 meals) by a
registered dietitian’s viewing meal images and trained a ranking network. Finally, we estimated each meal’s healthiness score to
detect unhealthy meals.

Results: The ranking estimated by the proposed network and the ranking of healthiness based on the dietitian’s judgment were
correlated (correlation coefficient 0.72). In addition, extracting network features through pretraining with a publicly available
large meal dataset enabled overcoming the limited availability of specific healthiness data.

Conclusions: We have presented an image-based system that can rank meals in terms of the overall healthiness of the dishes
constituting the meal. The ranking obtained by the proposed method showed a good correlation to nutritional value–based ranking
by a dietitian. We then proposed a network that allows conditions that are important for judging the meal image, extracting features
that eliminate background information and are independent of location. Under these conditions, the experimental results showed
that our network achieves higher accuracy of healthiness ranking estimation than the conventional image ranking method. The
results of this experiment in detecting unhealthy meals suggest that our system can be used to assist health care workers in
establishing meal plans for patients with diabetes who need advice in choosing healthy meals.

(JMIR Form Res 2020;4(10):e18507)   doi:10.2196/18507
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Introduction

Recently, many information technology–supported systems for
health care have been developed, including systems using
image-based dietary assessment for obesity and diabetes
management [1]. A survey of popular nutrition-related mobile
apps demonstrated that there is clear interest for diet monitoring
and recommendation using mobile apps [2]. With the inclusion
of a camera feature, mobile devices are increasingly being used
for image-based dietary assessment. One of these systems is
DialBetics [3], which is assisted by the food image recognition
app FoodLog [4] to input photos of meals by semiautomatically
limiting the dish-selection area. Herein, we refer to a “meal” as
the dish or dishes eaten by a person in a single sitting; thus, a
single dish or a multiple-dish menu may constitute a meal. A
narrative review of this system indicated that most patients
actively used the dietary evaluation module, and each meal’s
nutritional balance sent to the patients helped them to modify
their diet. However, the image processing was used only to
assist inputting meal photos and identifying the name of meals;
the meals’ total energy, macronutrients, dietary fiber, and salt
were calculated by dietitians from the photos.

However, two problems can cause people to stop using the
system. The first problem is that most current technologies
require user action to achieve meal image recognition [4,5].
Estimating nutrition automatically from only inputting meal
images by users is expected to be an important function of
information technology–supported systems for health care
control. However, this has not been achieved by most of these
systems, including DialBetics [3]. For instance, with DialBetics,
the user may need to manipulate images so that only one dish
is included, or may need to identify the food area within the
broader plate area. The user generally must select the food
category among those suggested by the system, and when some
foods do not match any of the available categories, users must
register a new category in the system. These fairly difficult tasks
lead some users to discontinue use of the system [1,3].

The second problem is the disconnect between the system’s
output and the user’s understanding. The interviews with users
of Dialbetics showed that some users consider the advice
obtained from the dietitian to be too long and redundant [3]. It
is difficult for users to know whether their meals are good for
them based on a simple listing, however detailed, of nutritional
values. Therefore, a system is needed that offers immediate
feedback allowing users to understand the nutritional
implications of what they are eating and motivates them to
become interested in eating better meals.

It seems to be a safe assumption that a “meal image,” a single
image of all of the dishes in a meal, contains some visual clues
that permit estimation of the healthiness of the meal. Using meal
images, we aim to provide a simple interface between the user
and the system, with clear feedback that motivates users to
continue to care about their meals, and a way to screen those
who need the advice of a registered dietitian to improve their

meals. A previous study of a system that allows sharing meal
feedback from other users based on images [6] showed that the
feedback, even from users rather than experts, is effective in
improving diet. Our system is based on a similar concept. The
feedback is not detailed numeric nutrition data but rather a more
intuitive rating that can be easily understood by users. We
targeted health promotion and diabetes, since the basic
conditions of ideal meals in these contexts can be shared,
including adequate energy and balanced nutrition, avoidance
of salt, and obtaining abundant dietary fiber. We also designed
the system to assess one meal eaten at a time, since the
guidelines of a healthy diet for patients with diabetes in Japan
suggest having three meals a day, and ensuring a nutritionally
balanced and equalized portion in each meal as much as possible
[7].

Many food image recognition systems have been proposed in
recent years [5,8-20]. The most popular approach uses general
object recognition technologies that sort foods into categories.
The development of machine learning and a large database have
accelerated growth in the number of food categories that can
be recognized in recent years [17-19]. One approach to nutrition
estimation is category-based estimation; that is, recognizing the
category of food and displaying the nutritional value of that
category. This approach does not assess the amount of food,
and value outputs assume that one dish contains a regular portion
or requires users to select among a lineup of values for multiple
people or photos of different portion sizes [14]. To estimate the
amount of food in a given dish, each food area must be
segmented and the volume of each segment estimated. Other
recent approaches include one based on a convolutional neural
network (CNN) that trains a model using large sets of food
images and their nutritional values. To estimate nutrition more
accurately, one approach simultaneously posits the name of the
meal and the nutrition of that food [9,11], and another estimates
the ingredients in each dish and their proportions/weights from
which it calculates nutritional value [15,20]. Clearly, these food
recognition systems based on machine learning require a large
amount of training data. Recent research has involved food
recognition with an original food dataset containing hundreds
of food categories [17-19]. Nevertheless, given the extremely
high number of different categories of food in the world,
covering all of them with such a model is virtually impossible.
Furthermore, home cooking often involves dishes that are hard
to assign to an appropriate category name, making it difficult
to conduct training. To identify food categories, some
approaches recognize foods by their ingredients [12,13]. These
approaches are valid when the appearance of the ingredients
changes minimally during cooking. However, in most cases,
the appearance will change greatly after cooking, making the
scope of this approach rather limited.

In contrast to these conventional methods that estimate nutrition
by recognizing the category of foods or ingredients, we propose
a novel approach of predicting whether or not a meal is healthy
by viewing the total meal image. Our approach avoids the highly
difficult food image recognition task that determines the absolute
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values of foods. Instead, our healthiness estimation method uses
a ranking network and the ranking data generated by comparing
many pairs of meal images. We fuse a recognition network,
trained with a food dataset and with masks of food areas, with
a ranking network. This approach allows for extracting food
features from meal images that contain multiple dishes, enabling
rendering an accurate judgement about the entire meal. Here,
we report the results of a pilot study to highlight the pipeline
of our proposed system from generating the ranking data of
healthiness of meals to unhealthy meal detection.

The machine-learning algorithms that can be used for
comparisons among data are collectively referred to as
machine-learning rank algorithms (MLRAs). Several MLRAs
based on support vector machine (SVM) or CNN algorithms
have been proposed. CNN is known to offer high performance
in recognition tasks, and CNN-based rank algorithms have been
applied to estimate various attributes of images. One study
demonstrated the estimation of town attributes from urban
images of landscapes [21]. We employed the same MLRA, and
trained its CNN using meal images manually ranked in terms
of healthiness. One difference between learning the rank of
landscape images and learning the rank of meal images is that
the healthiness of meals should be estimated solely from the
foods or ingredients. Accordingly, meals that contain the same
ingredients but are photographed on different plates should be
estimated to have the same healthiness.

It is also important to prevent the network from learning
relationships between healthiness and factors other than the
food itself. Toward this end, our ranking network was structured
to estimate rank using only the food area by learning using
spatially selected areas, implemented using a mask of the region
of interest in the training phase. Our network was then trained
by many ordered image pairs, according to the ranking method
of Dubey et al [21] or TrueSkill [22].

Although a network could be trained online, we adopted an
offline approach for learning. We first established a ranking
dataset, and then input pairs of images from the dataset when
training the network. We used this approach because the ranking
data are needed to calculate the deviation value of the ranking
score, which is the output of our system that intuitively expresses
the healthiness of meals. Our database was annotated not by
crowdsourcing but rather by an expert (a registered dietitian).
Establishing the ranking dataset in advance is helpful for the
expert, which allows them to work at any convenient time and
can redo the work if warranted. Once establishing the ranking
data, we simply generated the sets of pairs of rankings from this
dataset.

Rank-SVM [23,24], an MLRA-based approach, is also used for
image retrieval. In the model proposed by Joachims [23], the
rank of images was learned using a ranking dataset that had a
few hundred images per category. In view of the limited size
of our dataset, there is a possibility that Rank-SVM would
perform better than CNN; therefore, we compared the
performance of ranking score–based CNN to Rank-SVM in this
experiment to optimize the system.

Methods

Workflow
We propose an image-based system that can rank meals in terms
of the overall healthiness of the dishes constituting the meal.
First, we generated a database of meal images ranked by a
registered dietitian viewing the images. We then constructed a
network that maintains conditions important for judging the
meal image, while extracting features that eliminate background
information and those that are independent of location. The
output of the network, healthiness, and the dietitian’s judgment
were expected to be related with a high correlation coefficient.
The workflow of our system is schematically shown in Figure
1.

Figure 1. Workflow of the screening system and the image database of healthy meals for those who need the advice of a registered dietitian to improve
their meals.
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Our system extracts the healthiness score, which is calculated
as the deviation from average healthiness, so that users can
know whether or not their meal is a healthy choice within the
distribution of healthiness of meals by assessing how far they
are from the average healthiness. In Figure 1, s is the healthiness
score estimated by the proposed method and Th is the threshold
of healthiness in screening dishes. When the healthiness score
is high, the system sends the user the score and a message
encouraging them to continue consuming healthy meals and
using the system. The system further allows the users to check
their records of the meal images with their healthiness scores;
this function serves as a reference for the users to choose
healthier meals. When the healthiness score is low (s<Th), a
registered dietitian intervenes to help the user modify their diet.
These users can consult the database for healthy meal images
to improve their meals. Because the users obtain feedback
immediately after they record their meals, they can change to
a healthier meal if their initial choice achieves a low score.

Framework Overview
Our image-based meal rating system performs the following
processes: (1) examines whether a registered dietitian can judge
the healthiness of meals solely by viewing meal images in a
small dataset (100 meals); (2) generates ranking data based on
comparisons of sets of meal images (850 meals) by a registered
dietitian viewing meal images; (3) trains a network (a
feature-extraction subnetwork, pretrained by a food dataset
before being trained by our ranking dataset, and a ranking
estimation subnetwork) based on the ranking to estimate a health
metric; and (4) estimates each meal’s score, and the domain
adaptability of estimating each meal’s score to finally detect
unhealthy meals based on the health metric.

Ranking Meal Healthiness

Ground Truth and Dietitian’s Subjective Evaluation
Ground truth consists of the sets of images and their associated
ranks. The ground truth can be developed through cooking
sample meals. The registered dietitian cooks the sample meals
using ingredients with measured nutritional values to allow for
accurate calculation of the total nutritional values using proven

nutrition formulas [7]. The meal is then photographed and the
set of nutritional values is ranked, resulting in a set of images
and ranks.

This methodology is resource-intensive, and in practical
situations leads to small datasets due to resource constraints.
Therefore, we required larger datasets to train the network.
Accordingly, we expanded the ground truth set using experts
to perform subjective assessments of the healthiness rank based
on images alone. To establish the validity of this approach, we
verified that the expert, a registered dietitian, can appropriately
judge the healthiness rank by viewing a meal image. We asked
the dietitian to examine the images in the ground truth set and
to rank them according to their nutritional value. The dietitian
who judged the meal images was different from the dietitian
who cooked the sample meals for the ground truth dataset and
photographed them. We then appraised the relationship between
the rank given by the dietitian viewing images of the meals and
the ground truth rank based on nutritional measurements. The
ground truth rank based on nutritional measurements was
calculated according to the standard values of food composition
in Japan [25,26]. Briefly, total energy and the energy ratio (ie,
the ratio of protein, fat and carbohydrate), and the supplementary
items (appropriateness of salt, and the amount vegetables, beans,
and foods rich in dietary fiber such as mushrooms) are the items
required for the calculation.

Generating Ranking Data
To generate a dataset containing the images and the healthiness
metric implicit in each image, we used a custom app displaying
a set of multiple meal images that were ranked by dietitians
according to healthiness from “best” to “worst.” A dietitian was
told that ranking should indicate whether the dishes could
appropriately constitute an entire meal, and was also told to
make the judgment as precisely as possible from only viewing
the image of each meal. If it was difficult to differentiate
between meals, the same rank assigned to multiple meals was
acceptable. To reduce the dietitian’s workload, our app displays
only 4 images at each step. The app interface is shown in Figure
2. For this study, we used the meal image database of patients
with type 2 diabetes.
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Figure 2. App interface to generate the ranking data. A set of 4 meal images is presented, and the registered dieticians rank those images from the 1st
to 4th.

The ranking algorithm is shown in Multimedia Appendix 1, in
which Nc=4. We generated ranking data by repeatedly ranking
sets of multiple meal images consisting of one pivot image and
other images, according to step 17 in the algorithm, conducted
by the dietitian. To generate a larger ranking dataset in the
future, the TrueSkill [22] algorithm can be used, which considers
the distribution of annotation that merges the rank sets annotated
by multiple registered dietitians.

Proposed Network and Train Ranking
We trained the network to output the right ranking order of
randomly selected pairs of images using the approach proposed
by Dubey et al [21]. This approach was originally proposed for
training urban images, where ranking was associated with safety,
features were extracted from the whole image, and the score
was output as a scalar value. Therefore, we had to adapt this
algorithm to meal images.

The healthiness of the meals should be estimated solely from
the comprising foods or ingredients. Therefore, meals that
contain the same ingredients but were photographed on different
backgrounds or plates should be estimated to have the same
healthiness. To assure this continuity, we modified the ranking
layer so that pixel features were only those included in the region
of interest, eliminating any possible impact of food placement
or background such as tables. In the training phase, we prevented
the network from learning relationships between healthiness
and factors other than the food itself by using a mask to indicate
the region of food. The mask simply used a 1 value in the food
area and a 0 value elsewhere, so that pixel-by-pixel
multiplication of the original image and the mask resulted in
an image where the food area is the same as the original image
and any part of the image outside of the food area is given a

value of 0. The mask was generated manually, outside the
proposed system. The mask is applied only when the data are
used for training; once the network is trained, masking is no
longer necessary.

The network to predict healthiness was trained using the
expanded ground truth ranking data generated by the registered
dietitians. Pairs of images and their relative rankings were input
in the training process, and all pairs were labeled to indicate
which is healthier than the other. Duplicate networks were used
to predict healthiness. Their outputs were used to calculate the
loss, defined as:

(1)

(2)

where xi, xj is the pair of images i, j for training, ∈ is the set of
all pairs of labeled images, and f(x) is the estimated healthiness

of image x. and are the ground truth healthiness, and
equation (2) is the relation between the ground truth order of
images xi and xj.

We assign i and j for a pair of images as they satisfy . Since
the value of the loss function of equation (1) becomes smaller
when the order of the estimated ranks f(xi) and f(xj) is f(xi)>f(xj)
in the condition that the ground truth order relation between

images i and j is , the ranking predictor is trained so as to
minimize the loss for all data. When f(xi)>f(xj), it is true, and L
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will give a value close to 0. When the order of the estimated
rank f(xi) and f(xj) is f(xi)<f(xj), it is false, and L will give a large
value.

As the network for feature extraction, we used the same
architecture as used in the pyramid scene parsing network
(PSPNET) [27]. This provides pixel-level category prediction.
To obtain the explicit relation between the feature vector and
the feature of the local region of the food, the feature extraction
module was trained in advance. It is possible to train this module
by optimizing both ranking and food class; however, a dataset

that has annotation of both rank and food class is not available.
Therefore, we adopted a serial approach by pretraining the
feature extraction layer with a large food class dataset and then
connecting it to the ranking layer, followed by train ranking in
an end-to-end manner.

We used the UEC FOOD-100 dataset [5,19], which includes
100 food categories, for pretraining the feature extraction layer.
The network was pretrained to output the correct category of
food. PSPNET [27] in the feature extraction layer was pretrained
to the output food category by pixel. The entire architecture is
shown in Figure 3.

Figure 3. Proposed system for training ranking data of meals. The feature extraction layer consists of the convolutional neural network (CNN) and the
same network as that of the pyramid scene parsing network (PSPNet) [27], which outputs pixel-wise feature maps. The ranking layer module is for
estimating the scores. FC: fully convolutional layer.

Since the assertion of healthiness by the network has no meaning
per se, we defined the deviation as the healthiness value, which
was calculated as the distance from the mean value of the
network output normalized by the variance. We call this variance
the healthiness score, which is different from the rank.

Experiments

Verifying the Accuracy of a Dietitian’s Subjective
Evaluation
The expert (registered dietitian) had to infer ingredients and
foods from the images.

We then confirmed the relation between the ranking based on
viewing images with rankings according to the measured
nutritional value in advance using the registered dietitian’s
image-based rank to create an expanded ground truth set in our
experiments.

Verifying the Accuracy of the Meal Rating Model
We conducted our experiment taking into consideration any
errors in pair comparison and ranking estimation, unhealthy
meal detection, and domain adaptability of meal images.

We used an original meal image database of patients with type
2 diabetes (see the General Ranking Data section below for the
detailed process of ranking annotation) and the UEC Food
Dataset [19]. We used 90% of the ranking data by the dietitian
for training the proposed CNN-based ranking estimation system,
and the rest of the ranking data were used for pair
comparison/rank estimation and unhealthy meal detection.

For pretraining of the CNN and evaluation of the domain
adaptability of the ranking estimate, we used the images in UEC
Food Dataset.

Pair Comparison and Rank Estimation
We evaluated the accuracy of ranking healthiness under different
conditions: (1) with and without pretraining the feature
extraction layer, (2) with and without using a mask generated
by semantic segmentation, (3) with CNN+FC (using a fully
convolutional layer connecting CNN and Rank-SVM) or
Rank-SVM as the output layer in the training and test phase,
and (4) with rank-based CNN [21] using a mask.

We conducted experiments to examine the contribution of
pretraining the CNN for feature extraction, an end-to-end
structure using a CNN for the output layer compared to using
Rank-SVM, and to examine the performance of our method
compared to the original rank-based CNN proposed by Dubey
et al [21]. Since the original rank-based CNN (RSS-CNN) does
not have the structure of using a mask that indicates the region
of food, we masked the region other than food in the input image
by embedding 0 values to compare with our method in the same
condition. We compared two networks: one based on RSS-CNN
and the other based on Rank-SVM. The latter outputs the rank
of healthiness by Rank-SVM using the CNN feature, which is
generated by the same trained CNN as the network constructed
from the RSS-CNN–based network.

The evaluation indices were the error rate of comparison Ep and
the average error of order Eo determined as follows.
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When the order relation between the estimated scores si and sj

of a pair of test images Ii and Ij are the same as the order relation
between the pair of scores ŝi and ŝj assigned by the registered
dietitian to Ii and Ij, the score estimation result for the pair i and
j is counted as true, C(i,j)=1.

The accuracy of the ranking of pairs was calculated for all pairs
of test images. The ratio of counts that proved true is then taken
to be the error rate of comparison Ep of the pairs.

Where Ω is the set of all other pairs of test samples (Ii, Ij), (i, j
∈ {I1, I2,…, IN}) and N is the number of test samples.

We generated two rankings by sorting the test samples according
to two scores: those estimated by the proposed method and those
assigned by the registered dietitian. We then compared the order
oi of Ii to the order ôi by the registered dietitian, and calculated
the error between oi and ôi as ei=∣oi – ôi∣; oi is obtained by
sorting the images according to the estimated ranks.

The average error of order Eo is taken to be the mean of ei; Ω
is the set of test samples {I1, I2,…, IN} and N is the number of
test samples.

Unhealthy Meal Detection
The proposed system can be used to detect unhealthy meals. It
can automatically identify which patients tend to select
unhealthy meals and trigger oversight by health experts. To
confirm this, we conducted an experiment on unhealthy meal
detection.

Domain Adaptability of the Ranking Estimate
To test the domain adaptability of our method, we estimated
the healthiness scores of the images of a publicly available
database, UEC Food Dataset [5,19], whose domain is different
from that of our training dataset.

Results

Dietitian Subjective Evaluation
Figure 4 shows the correlation between the rank judged based
on viewing images and the ground truth rank. With a correlation
coefficient of 0.73, we confirmed that ranking based on viewing
images correlates with ranking based on the measured nutritional
value. The Bland-Altman plot further confirmed that there is
no fixed bias or proportional bias (Multimedia Appendix 2).
Accordingly, we used a registered dietitian’s image-based rank
to create an expanded ground truth set in our experiments.
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Figure 4. Ground truth rank based on nutritional measurements of the meals and the rank given by the dietitian viewing images of the meals.

Pair Comparison and Rank Estimation
Table 1 shows the results of the accuracy achieved in ranking
healthiness under different conditions. The result of the proposed

method with masking, pretraining, and the CNN was better than
that of the network without any module related to feature
extraction.

Table 1. Evaluation of the error rate of healthiness between methods.

Error rate of the pairwise
rank (Ep)

Error rate of the rank (Eo)Conditions for training the modelMethod

Ranking methodPretrainingMasking

16.40%13.94CNNaYesYesProposed method

17.16%14.59CNNNoYes

19.5%16.6CNNYesNo

19.1%16.2Rank-SVMbYesYes

18.15%15.44CNNNoYesRank-based CNN [21]

aCNN: convolutional neural network.
bSVM: support vector machine.

The relation between the ranking of healthiness based on the
dietitian’s judgment and the ranking estimated by the proposed
method is shown in Figure 5. The rankings were normalized to
have a mean of 0 and unit variance, and were then transformed

to range from 0 to 100. The correlation coefficient between
these rankings was 0.72. We also confirmed that there was no
fixed bias or proportional bias by evaluation of the
Bland-Altman plot (Multimedia Appendix 3).
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Figure 5. Comparison of the normalized ranking by the registered dietitian and the ranking estimates output by the proposed method.

Unhealthy Meal Detection
Table 2 shows the results of the accuracy achieved in unhealthy
meal detection by the proposed and rank-based CNN methods.

Although the difference between methods was small, the
proposed method with the full process was again superior.

Table 2. Evaluation of the accuracy of unhealthy meal detection.

Accuracy of unhealthy meal detectionConditions for training the modelMethod

Ranking methodPretrainingMasking

76.5%CNNaYesYesProposed method

73.9%CNNNoYes

72.5%CNNYesNo

70.3%Rank-SVMbYesYes

72.86%CNNNoYesRank-based CNN [21]

aCNN: convolutional neural network.
bSVM: support vector machine.

The curves in Figure 6 show the rate in the number of meals
that were detected as unhealthy but are actually healthy in reality
versus that of meals detected as unhealthy and are unhealthy in

reality. Each curve shows the values when “unhealthy” was
defined as a meal ranking in the lower k% (k=50, 60, 70) of all
meals.
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Figure 6. Receiver operating characteristic curves of unhealthy meal detection. The horizontal axis is the false positive rate (FP) and the vertical axis
is the true positive rate (TP). Each curve shows the set of values of TP vs FP, when the definition of an unhealthy meal is a meal whose rank is lower
than k% (k=50, 60, 70) of all meals.

Sample images and their healthiness values determined by the
proposed method are shown in Multimedia Appendix 4,
including images that have high or low scores, and examples
of images with large error rates. These images show meals that
were predicted to be very healthy yet deemed very unhealthy
by the experts and vice versa.

Domain Adaptability of Ranking Estimate
Multimedia Appendix 5 shows sample meal images from
UEC-Food Dataset whose domain is different from that used
in our training dataset, and the respective healthiness scores
estimated by the proposed method, including meals that have
higher and lower scores.

Discussion

Principal Findings
Our experimental results show that there is a relation between
the ranking of healthiness based on the dietitian’s judgment and
the ranking estimated by the proposed method (Figure 5), and
it is possible that the CNN acquired something similar to human
intuition. Multimedia Appendix 4 shows samples of meal images
and the deviation values of healthiness as estimated by the
proposed method. The meal images with high scores contained
more dishes and more red or green colors than meal images

with low scores. Although we cannot infer a cause from this
finding, it is reasonable to suppose that that food color or the
numbers of dishes in the image could have impacted the
healthiness prediction.

In the case of images with large error rates (Multimedia
Appendix 4), the red color of the raw meat or the yellow color
of tempura in the left image may have induced the system to
rate the dishes as healthy even though the dietitian judged them
as unhealthy because of excessive calories. Conversely, the
images below show meals that were predicted to be unhealthy
but judged as healthy by the expert. The yakisoba dish in the
left image consisted of stir-fried noodles with a lot of vegetables
and meat; the dietitian judged this meal as healthy, but its color
may have induced a negative prediction from the system. Since
the logic of the prediction of healthiness by the network is not
explicit, the impact of food color or number of dishes is
uncertain. However, it appears that some implicit criteria formed
by the dietitian had been transferred to the network model.

The images in Multimedia Appendix 5 show samples with scores
that are relatively high or low in UEC Food Dataset, which uses
a different domain from our original dataset in the training the
model. Most of the meals with higher scores contained multiple
dishes that have balanced, nutritious ingredients (ie, meat plus

JMIR Form Res 2020 | vol. 4 | iss. 10 | e18507 | p.12http://formative.jmir.org/2020/10/e18507/
(page number not for citation purposes)

Sudo et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


vegetables). The meals with lower scores are mainly single-plate
dishes with no vegetables and high carbohydrates.

Although the meals were cooked at different times and included
slightly different ingredients, some visual clues are associated
with healthiness, and we can assume that the proposed system
uses these visual clues in assessing healthiness.

In this work, we trained the network to learn a model based on
the dietitian’s definition. It is possible to provide multiple
indices in the future by establishing training data using our
ranking GUI tool and training other models.

Based on pair comparison and rank estimation, we found that
both masking and pretraining were effective methods to learn
meal healthiness. The results of the end-to-end structure using
a ranking layer were better than those obtained using a feature
extraction layer and Rank-SVM. This suggests that the
end-to-end approaches used by the ranking layer achieved better
performance than feature-based extraction approaches used by
Rank-SVM. The correlation coefficient of 0.72 between the
rank of the proposed method and the rank given by the dietitian
was not particularly high; however, this correlation and the error
rate of pairwise comparison prediction of 16.4% (accuracy of
83.6%) are in line with previous work, including the accuracy
of the original ranking method (ranking the safety of the city
from its image) [21] of 73.5%, and a related study using machine
learning–based calorie estimation from meal images that contain
a single plate [20] that reported a correlation coefficient of the
estimated calorie and the ground truth calorie of meal images
of 0.78.

The result for unhealthy meal detection suggests that it is
possible to set some appropriate thresholds that balance false
positives and true positives. For example, when 60 meal images
(2 meals from 30 users) are uploaded each day, by defining
“unhealthy” as a meal ranking in the lower 50% of all meals, a
threshold can be selected so that the lower 30 images are
automatically detected with only a few healthy meals included.
The assessment of domain adaptability of the ranking estimate
suggests that our method has domain adaptability, so that meal
images taken in various conditions (ie, at home or in restaurants)
will be acceptable.

Since our meal image database consists of the photos of real
meals of patients with type 2 diabetes, the scale of the database

is not large, and the food categories are limited. In addition, the
practically effective dataset for training the ranking model is
even smaller since we allowed for tied ranks when the dietitian
annotates the rank of the meal images. The number of dietitians
giving a rank to part of the meal image database for training
was also limited. Currently, we have data from two dietitians.
In this work, we used the data from only one dietitian owing to
the larger size of the dataset. Because of these limitations, the
results of our experiments must be interpreted in light of the
context of a pilot study. Generating a larger database with more
categories of meals will help to improve the accuracy of ranking
estimation.

We generated the model of ranking estimation using a
machine-learning approach under the assumption that there is
a relation between the appearance of meal images and the rank
given by a dietitian. However, if a larger-scale dataset is
available, there is a possibility that we will be able to classify
meals into multiple categories for both healthy and unhealthy
meals.

Conclusions
We have presented an image-based system that can rank meals
in terms of the overall healthiness of the dishes constituting the
meal. First, we showed that the ranking has good correlation to
nutritional value–based ranking. We then proposed a network
that allows conditions that are important for judging the meal
image, while extracting features that eliminate background
information and are independent of location. Under these
conditions, the experimental results showed that our network
achieves higher accuracy of healthiness ranking estimation than
the conventional image ranking method. Although the size of
the training dataset is not yet sufficiently large for a
training-only solution, introduction of pretraining of the feature
extraction network using the food dataset enables the system
to produce estimated rankings with high correlation to the
ranking of an expert.

The results of this experiment in detecting unhealthy meals
suggest that our system can be used to assist health care workers
in establishing meal plans for diabetic patients who need advice
in choosing healthy meals. Future work will include creating a
larger dataset using the ranking data of multiple registered
dietitians and improving the accuracy of inference.
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Multimedia Appendix 2
Bland-Altman plot of the ranks of healthiness of meals by the dietitian and the proposed method.
[PNG File , 116 KB - formative_v4i10e18507_app2.png ]

Multimedia Appendix 3
Bland-Altman plot of the mean value and the difference between the ground truth rank based on nutritional measurements and
the rank given by the dietitian viewing images of the meals.
[PNG File , 133 KB - formative_v4i10e18507_app3.png ]

Multimedia Appendix 4
Samples of meal images and the deviation values of healthiness as estimated by the proposed method (top), and samples of meal
images with large error rates (bottom).
[DOCX File , 785 KB - formative_v4i10e18507_app4.docx ]

Multimedia Appendix 5
Sample of meal images from UEC-Food Dataset and their healthiness scores estimated by the proposed method for meals with
(a) higher scores and (b) lower scores.
[DOCX File , 370 KB - formative_v4i10e18507_app5.docx ]

References
1. Rollo ME, Aguiar EJ, Williams RL, Wynne K, Kriss M, Callister R, et al. eHealth technologies to support nutrition and

physical activity behaviors in diabetes self-management. Diabetes Metab Syndr Obes 2016;9:381-390. [doi:
10.2147/DMSO.S95247] [Medline: 27853384]

2. Franco Z, Fallaize R, Lovegrove JA, Hwang F. Popular Nutrition-Related Mobile Apps: A Feature Assessment. JMIR
Mhealth Uhealth 2016 Aug 01;4(3):e85 [FREE Full text] [doi: 10.2196/mhealth.5846] [Medline: 27480144]

3. Waki K, Aizawa K, Kato S, Fujita H, Lee H, Kobayashi H, et al. DialBetics With a Multimedia Food Recording Tool,
FoodLog: Smartphone-Based Self-Management for Type 2 Diabetes. J Diabetes Sci Technol 2015 May 16;9(3):534-540
[FREE Full text] [doi: 10.1177/1932296815579690] [Medline: 25883164]

4. Aizawa K, Ogawa M. FoodLog: Multimedia Tool for Healthcare Applications. IEEE MultiMedia 2015 Apr;22(2):4-8. [doi:
10.1109/MMUL.2015.39]

5. Yanai K, Kawano Y. Food image recognition using deep convolutional network with pre-training and fine-tuning. 2015
Jun 29 Presented at: IEEE International conference on Multimedia and Expo Workshops; ICMEW; 2015; Turin. [doi:
10.1109/icmew.2015.7169816]

6. Takeuchi T, Fujii T, Ogawa K, Narumi T, Tanikawa T, Hirose M. Using social media to change eating habits without
conscious effort. 2014 Presented at: ACM International Joint Conference on Pervasive and Ubiquitous Computing; September
13-17, 2014; Seattle p. 527-535. [doi: 10.1145/2638728.2641330]

7. The Japan Diabetes Society , editor. Food exchange Lists - Dietary Guidance for persons with Diabetes (in Japanese).
Tokyo: Bunkodo; Nov 1, 2013.

8. Anthimopoulos J, Dehais J, Deim P, Mougiakakou S. Segmentation and recognition of multi food meal images for
carbohydrate counting. 2013 Nov 10 Presented at: IEEE International conference on Bioinformatics and Bioengineering;
BIBE; 2013; Chania. [doi: 10.1109/bibe.2013.6701608]

9. Yang S, Chen M, Pomerleau D, Sukhankar R. Food Recognition Using Statistics of Pairwise Local Features. 2010 Jun 13
Presented at: IEEE International conference on Computer Vision and Pattern Recognition; CVPR; 2010; San Francisco.
[doi: 10.1109/cvpr.2010.5539907]

10. Farinella G, Naik N, Parikh D, Raskar R, Hidalgo CA. Classifying food images represented as bag of textons. 2014 Oct 27
Presented at: IEEE International conference on Image Processing; ICIP 2014; 2014; Paris. [doi: 10.1109/icip.2014.7026055]

11. Zhang W, Yu Q, Siddiquie B, Divakaran A, Sawhney H. "Snap-n-Eat": Food Recognition and Nutrition Estimation on a
Smartphone. J Diabetes Sci Technol 2015 May;9(3):525-533 [FREE Full text] [doi: 10.1177/1932296815582222] [Medline:
25901024]

12. He H, Kong F, Tan J. DietCam: Multiview Food Recognition Using a Multikernel SVM. IEEE J Biomed Health Inform
2016 May;20(3):848-855. [doi: 10.1109/JBHI.2015.2419251] [Medline: 25850095]

13. Zhang X, Lu Y, Zhang S. Multi-Task Learning for Food Identification and Analysis with Deep Convolutional Neural
Networks. J Comput Sci Technol 2016 May 6;31(3):489-500. [doi: 10.1007/s11390-016-1642-6]

14. Ming J, Chen Y, Cao C, Forde C, Ngo C, Tua T. Food photo recognition for dietary tracking; system and experiment. 2018
Feb 5 Presented at: 24th International conference on Multi Media Modeling; MMM; 2018; Bangkok.

15. He Y, Xu C, Khanna N. Food Image Analysis: Segmentation, identification and weight estimation. 2013 Presented at: IEEE
International conference on Multimedia and Expo; ICME; July 15-19, 2013; San Jose. [doi: 10.1109/icme.2013.6607548]

JMIR Form Res 2020 | vol. 4 | iss. 10 | e18507 | p.14http://formative.jmir.org/2020/10/e18507/
(page number not for citation purposes)

Sudo et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

formative_v4i10e18507_app2.png
formative_v4i10e18507_app2.png
formative_v4i10e18507_app3.png
formative_v4i10e18507_app3.png
formative_v4i10e18507_app4.docx
formative_v4i10e18507_app4.docx
formative_v4i10e18507_app5.docx
formative_v4i10e18507_app5.docx
http://dx.doi.org/10.2147/DMSO.S95247
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27853384&dopt=Abstract
https://mhealth.jmir.org/2016/3/e85/
http://dx.doi.org/10.2196/mhealth.5846
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27480144&dopt=Abstract
http://europepmc.org/abstract/MED/25883164
http://dx.doi.org/10.1177/1932296815579690
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25883164&dopt=Abstract
http://dx.doi.org/10.1109/MMUL.2015.39
http://dx.doi.org/10.1109/icmew.2015.7169816
http://dx.doi.org/10.1145/2638728.2641330
http://dx.doi.org/10.1109/bibe.2013.6701608
http://dx.doi.org/10.1109/cvpr.2010.5539907
http://dx.doi.org/10.1109/icip.2014.7026055
http://europepmc.org/abstract/MED/25901024
http://dx.doi.org/10.1177/1932296815582222
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25901024&dopt=Abstract
http://dx.doi.org/10.1109/JBHI.2015.2419251
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25850095&dopt=Abstract
http://dx.doi.org/10.1007/s11390-016-1642-6
http://dx.doi.org/10.1109/icme.2013.6607548
http://www.w3.org/Style/XSL
http://www.renderx.com/


16. Anthimopoulos MM, Gianola L, Scarnato L, Diem P, Mougiakakou SG. A food recognition system for diabetic patients
based on an optimized bag-of-features model. IEEE J Biomed Health Inform 2014 Jul;18(4):1261-1271. [doi:
10.1109/JBHI.2014.2308928] [Medline: 25014934]

17. Chen M, Dhingra K, Wu W, Yang L, Sukthankar R, Yang J. PFID: Pittsburg fast-food image dataset. 2009 Presented at:
IEEE International conference on Image Processing; ICIP 2009; November 7-10, 2009; Cairo. [doi:
10.1109/icip.2009.5413511]

18. Zhang X, Zhou F, Lin Y, Zhang S. Embedding label structures for fine-grained feature representation. 2016 Jun 27 Presented
at: IEEE International conference on Computer Vision and Pattern Recognition; CVPR; 2016; Las Vegas. [doi:
10.1109/cvpr.2016.126]

19. Kawano Y, Yanai K. Foodcam 256: A large-scale real-time mobile food recognition system employing high dimensional
features and compression of classifier weights. 2014 Presented at: ACM international Conference on Multimedia Modeling;
ACM MM 2014; November 7, 2014; Orlando. [doi: 10.1145/2647868.2654869]

20. Ege T, Yanai K. Image-Based Food Calorie Estimation Using Knowledge on Food Categories, Ingredients and Cooking
Directions. 2017 Oct 23 Presented at: Thematic Workshops of ACM Multimedia; October 23-27, 2017; Mountain View
p. 367-375. [doi: 10.1145/3126686.3126742]

21. Dubey A, Moltisanti M, Battiato S. Deep Learning the City: Quantifying Urban Perception at A Global Scale. 2016 Presented
at: 14th European Conference on Computer Vision; ECCV; October 8-16, 2016; Amsterdam.

22. Herbrich R, Minka T, Graepel T. TrueSkill(TM): A Baysian Skill Rating System. 2006 Presented at: NIPS 2006; December
4-9, 2006; Vancouver.

23. Joachims T. Optimizing Search Engines using Clickthrough Data. Joachims; 2002 Presented at: ACM International
conference on Knowledge Discovery and Data Mining; SIGKDD; July 23-26, 2002; San Francisco. [doi:
10.1145/775047.775067]

24. Hu MLY, Yu N. Multiple Instance Ranking: Learning to Rank Images for Image Retrieval. 2008 Presented at: IEEE
Conference on Computer Vision and Pattern Recognition; CVPR 2017; July 22-25, 2017; Honolulu. [doi:
10.1109/cvpr.2008.4587352]

25. Dietary Reference Intakes for Japanese (2015).: Health Service Bureau, Ministry of Health, Labour and Welfare URL:
https://www.mhlw.go.jp/file/06-Seisakujouhou-10900000-Kenkoukyoku/0000208954.pdf [accessed 2020-10-15]

26. Yoshiike N, Hayashi F, Takemi Y, Mizoguchi K, Seino F. A new food guide in Japan: the Japanese food guide Spinning
Top. Nutr Rev 2007 Apr;65(4):149-154. [doi: 10.1111/j.1753-4887.2007.tb00294.x] [Medline: 17503709]

27. Zhao H, Shi J, Qi X, Wang X, Jia J. Pyramid Scene Parsing Network. 2017 Jul 22 Presented at: IEEE Conference on
Computer Vision and Pattern Recognition; CVPR; July 22-25, 2017; Honolulu. [doi: 10.1109/cvpr.2017.660]

Abbreviations
CNN: convolutional neural network
MLRA: machine learning rank algorithm
PSPNET: pyramid scene parsing network
SVM: support vector machine

Edited by G Eysenbach; submitted 02.03.20; peer-reviewed by M Donaldson, S Capra; comments to author 01.06.20; revised version
received 26.07.20; accepted 02.10.20; published 26.10.20.

Please cite as:
Sudo K, Murasaki K, Kinebuchi T, Kimura S, Waki K
Machine Learning–Based Screening of Healthy Meals From Image Analysis: System Development and Pilot Study
JMIR Form Res 2020;4(10):e18507
URL: http://formative.jmir.org/2020/10/e18507/ 
doi:10.2196/18507
PMID:33104010

©Kyoko Sudo, Kazuhiko Murasaki, Tetsuya Kinebuchi, Shigeko Kimura, Kayo Waki. Originally published in JMIR Formative
Research (http://formative.jmir.org), 26.10.2020. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work, first published in JMIR Formative Research, is properly cited. The
complete bibliographic information, a link to the original publication on http://formative.jmir.org, as well as this copyright and
license information must be included.

JMIR Form Res 2020 | vol. 4 | iss. 10 | e18507 | p.15http://formative.jmir.org/2020/10/e18507/
(page number not for citation purposes)

Sudo et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1109/JBHI.2014.2308928
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25014934&dopt=Abstract
http://dx.doi.org/10.1109/icip.2009.5413511
http://dx.doi.org/10.1109/cvpr.2016.126
http://dx.doi.org/10.1145/2647868.2654869
http://dx.doi.org/10.1145/3126686.3126742
http://dx.doi.org/10.1145/775047.775067
http://dx.doi.org/10.1109/cvpr.2008.4587352
https://www.mhlw.go.jp/file/06-Seisakujouhou-10900000-Kenkoukyoku/0000208954.pdf
http://dx.doi.org/10.1111/j.1753-4887.2007.tb00294.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17503709&dopt=Abstract
http://dx.doi.org/10.1109/cvpr.2017.660
http://formative.jmir.org/2020/10/e18507/
http://dx.doi.org/10.2196/18507
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33104010&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Original Paper

Perceptions of Mobile Apps for Smoking Cessation Among Young
People in Community Mental Health Care: Qualitative Study

Minda A Gowarty1,2,3, MD; Nathan J Kung2, BA; Ashley E Maher2, BA; Meghan R Longacre2,4, PhD; Mary F

Brunette2,3,5, MD
1Departments of Internal Medicine and Community and Family Medicine, Dartmouth Hitchcock Medical Center, Lebanon, NH, United States
2Geisel School of Medicine at Dartmouth, Hanover, NH, United States
3Center for Technology and Behavioral Health, Geisel School of Medicine at Dartmouth, Lebanon, NH, United States
4The Dartmouth Institute for Health Policy and Clinical Practice, Geisel School of Medicine at Dartmouth, Hanover, NH, United States
5Department of Psychiatry, Dartmouth Hitchcock Medical Center, Lebanon, NH, United States

Corresponding Author:
Minda A Gowarty, MD
Departments of Internal Medicine and Community and Family Medicine
Dartmouth Hitchcock Medical Center
1 Medical Center Drive
Lebanon, NH, 03756
United States
Phone: 1 6036536868
Email: minda.a.gowarty@hitchcock.org

Abstract

Background: Young adults with serious mental illness are over twice as likely to have tobacco use disorder than those in the
general population and are less likely to utilize proven treatment methods during quit attempts. However, little research has
evaluated the efficacy of interventions for this group. Smartphone apps may be an underutilized tool for tobacco use disorder
among young adults with serious mental illness.

Objective: The aim of this study was to explore attitudes toward smoking cessation apps and preferences regarding app design
in young adult smokers with serious mental illness.

Methods: Five focus groups involving 25- to 35-year-old adults with serious mental illness receiving treatment at a community
mental health center were conducted between May 2019 and August 2019. Three researchers independently coded transcripts
and identified themes using thematic analysis.

Results: Participants (n=22) were individuals who smoke daily: 10 (46%) self-identified as female, 18 (82%) self-identified as
White, and 9 (41%) had psychotic disorders. Key themes that emerged included a general interest in using health apps; a desire
for apps to provide ongoing motivation during a quit attempt via social support, progress tracking, and rewards; a desire for apps
to provide distraction from smoking; concerns about app effectiveness due to a lack of external accountability; and concerns that
apps could trigger cravings or smoking behavior by mentioning cigarettes or the act of smoking.

Conclusions: Apps have the potential to support smoking cessation or reduction efforts among young adults with serious mental
illness. However, they may require tailoring, optimization, and clinical support to effectively promote cessation in this population.

(JMIR Form Res 2020;4(10):e19860)   doi:10.2196/19860

KEYWORDS

smoking cessation; mHealth; serious mental illness; smartphone application; digital health; psychiatric illness; tobacco treatment

Introduction

People with serious mental illness (disabling mood, anxiety,
and psychotic disorders) are more likely to develop tobacco use
disorders and are less likely to quit smoking than those in the
general population, even when using recommended cessation

interventions [1-3]. Tobacco smoking is a major contributor to
high rates of chronic cardiovascular and lung diseases, high
treatment costs (US $160 billion per year in the United States
[4]), and to a 10- to 20-year reduction in life expectancy for
people with serious mental illness [2,5-7]. While quitting
smoking at any age confers health benefits, the harmful health
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effects of smoking worsen as the number of cigarettes and
duration of smoking increase [8]. Intervening at an early age
can dramatically reduce the risk of smoking-related disease and
can mitigate early mortality [8].

A significant body of literature [9-12] has described unique
challenges faced by people with serious mental illness who wish
to quit smoking, which include both sociocultural influences
(such as lower education and income, as well as higher stress
levels) and neurobiological influences (including the modulating
effect of nicotine on dopaminergic pathways in schizophrenia).
Additionally, people with serious mental illness may endorse
using tobacco to manage challenging psychiatric symptoms and
to overcome difficulties with socialization [10,12,13].
Furthermore, some cessation medications (eg, bupropion) may
not be indicated for a subset of people with serious mental illness
[14]. While overall, pharmacologic therapies are safe and
effective for people with psychiatric illnesses [3,11,15-17],
behavioral interventions are also needed to teach cessation skills,
provide education about the safety and efficacy of smoking
cessation medications, and support mental health. However,
little research has focused on interventions for young adults
with serious mental illness and tobacco use disorder, and
effective strategies for addressing tobacco use disorder among
young adults with serious mental illness have not yet been
established.

Research on treatment in the general population is informative.
Behavioral therapies for treating tobacco use disorder improve
abstinence rates in youth and young adults in the general
population, and are recommended by US Clinical Practice
Guidelines [18]. A meta-analysis [19] that extracted data for
young adult participants (18 to 24 years old) from studies of
adult smokers found that behavioral interventions designed for
older age groups were also effective for young adults. Research
on interventions designed specifically for young adults found
the most promising results from telephone and web-based
interventions [20]. Yet evidence-based, scalable tobacco use
disorder treatment approaches, such as telephone Quitline
counseling, are underutilized by young people. For example,
only 8.5% of US Quitline callers from 2011 to 2013 were young
adults [21], and that percentage decreased to 5% in 2016 [22].
Young adults with and without serious mental illness report
frequent quit attempts [23], but they are typically unaided and
unsuccessful [24]. In our previous research [25], we found that
young adults with serious mental illness, in contrast to
middle-aged adults with serious mental illness, were less likely
to initiate evidence-based tobacco use disorder treatment after
education or standard motivational interviewing, suggesting
that more appealing approaches to treatment are needed for this
group.

Young people are avid users of smartphone technology [26],
and smartphone apps offer beneficial features for behavioral
intervention delivery. App content can be accessed on-demand,
allowing users to capitalize on fleeting moments of motivation.
Additionally, apps can deliver personalized and interactive
content, including proactive notifications based on time and
location [27]. In a recent survey [28], we found that 80% of
young people with serious mental illness used smartphones,
similar to the overall rate among young adults with low incomes

(in the United States) [26]. Furthermore, 70% of young adults
with serious mental illness were willing to try digital health
interventions on their device [28], indicating preliminary
feasibility for digital interventions for tobacco use disorder
treatment in this group.

While smartphone apps offer a number of attributes that seem
well-suited to young adults with and without serious mental
illness, optimal development and implementation of this
technology requires input from the intended users. However,
phase I (design and refinement) and phase II (feasibility,
proof-of-concept, or pilot testing) trials of smoking cessation
apps are often omitted or are not reported in published literature
[29]. Assessing end users’ desires regarding app content and
features is important in developing appealing interventions as
well as for cost-effective implementation and reliable
interpretation of effectiveness [29]. Recent work has addressed
this gap in knowledge for middle aged adults with serious mental
illness [30-33]. However, to our knowledge, research evaluating
perceptions of apps for smoking cessation among young adults
with serious mental illness has not been published.

Given the need for improved engagement in tobacco treatment
among young adults with serious mental illness, and the promise
of smartphone apps as an accessible and tailorable vehicle for
behavioral intervention, we sought to explore attitudes among
young adults with serious mental illness who smoke toward
using apps for smoking cessation as well as preferences
regarding app design. The goal of this study was to obtain
information that could guide the tailoring of mobile app
interventions to the unique needs of this population.

Methods

Participants and Recruitment
We used purposive sampling to recruit potentially eligible
participants from a single large community mental health center
in New England between May 2019 and August 2019.
Recruitment occurred via flyers posted in waiting rooms and
clinician referral. Eligible participants were 18 to 35 years old,
English-speaking, stable in their outpatient mental health
treatment for serious mental illness (ie, no hospitalization in
past 30 days per chart review), and smoked daily. We chose the
age range of 18 to 35 years to focus on adults for whom quitting
smoking has the greatest potential long-term mortality benefit.
While the National Young Adult Health Survey found that
cessation attitudes were similar among 18- to 24-year-old and
25- to 34-year-old adults [34], it also demonstrated that smoking
trajectories differ between these age groups [35]. Thus, we
stratified patients by age into 2 groups—18 to 24 years and 25
to 35 years—to better characterize participants’cessation needs.
This paper presents findings from the 25 to 35-year-old age
group. Patients were excluded if they were pregnant or had a
current, unstable substance use disorder (per chart review or
per the participant’s mental health center clinician).

Prior to each focus group, research staff read the study
information sheet aloud with the participants and discussed the
purpose of the study with them. All eligible participants were
deemed competent to give consent, which participants provided
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verbally. Participants received a US $30 gift card to a retail
store after completing the focus group. The New Hampshire
State Institutional Review Board approved and monitored all
study activities.

Procedures

Brief Survey
Participants completed a 10-item survey prior to the start of
focus group discussions. The survey included questions about
the participants’ gender identity, race, tobacco use, and
technology use. Technology use included questions about app
use, including whether participants had ever downloaded a
health-related app (such as a step tracker or stress management
app). Participants’ DSM-5 (Diagnostic and Statistical Manual
of Mental Disorders, Fifth Edition) psychiatric diagnoses, as
determined by their mental health center clinicians, were
gathered by chart review.

Focus Groups
We conducted 5 focus groups between May 2019 and August
2019, each of which included 3 to 6 participants and lasted
approximately one hour. A researcher trained in qualitative
methods (MG) moderated the focus groups, with a second
member of the research team present to take field notes. Focus
groups took place at the community mental health center where
participants received services.

The moderator posed questions in a funnel-type structure [36],
starting with broad questions about participant experiences with
smoking, narrowing to experiences with quitting or reducing
smoking, and finally to perceptions about using smartphone
apps to quit or reduce smoking. We followed a semistructured
format, using probing and clarifying questions to elicit thick
descriptions of participants’ perceptions and experiences. The
focus group discussions were audiorecorded and transcribed.
A member of the research team who was present at the focus
groups compared the transcriptions to the audio files to ensure
accuracy. Focus groups were conducted until thematic saturation

was reached, which was identified when previously recognized
themes repeated without the emergence of new themes [37,38].
This occurred after the fifth focus group. The focus group
discussion guide can be found in Multimedia Appendix 1.

Data Analysis
Transcripts were iteratively analyzed using thematic analytic
techniques [39]. Three researchers (MG, NK, and AM)
independently coded each transcript using ATLAS.ti (version
8, ATLAS.ti Scientific Software Development GmbH). After
conducting an immersive review of the data set, an initial set
of codes was generated using a deductive-inductive approach.
This approach allowed us to generate codes based on prior
empirical data on facilitators and barriers to quitting smoking,
while also allowing new codes to emerge from the data set. The
3 researchers met regularly to refine the code definitions until
reaching a final code structure, which they each independently
applied to the entire data set. Additional meetings were held to
discuss discrepancies in applying the final codes to the data set
until consensus was reached through negotiation [40]. Memoing
was used throughout the coding process to facilitate a deeper
understanding of how the codes relate to each other, and how
codes could be represented by unifying themes [41]. The themes
were then developed into thematic statements, and emblematic
quotations where chosen to illustrate how the themes developed
from the data. Negative case analysis was used to ensure the
entire data set was represented in the emerging themes.

Results

Study Participants
Participants (n=22) were individuals who smoked daily and
who were stable in their community mental health treatment.
Almost half of participants (10/22, 46%) self-identified as
female, most (18/22, 82%) self-identified as white, and 9/22
(41%) were diagnosed with psychotic disorders. Technology
use data are presented in Table 1.
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Table 1. Focus group participant characteristics.

Value, n (%)Characteristic

Demographic and clinical characteristics (n=22)

Gender

12 (54)Male

10 (46)Female

Race

18 (82)White

3 (14)Mixed

1 (5)I don't know

9 (41)Psychotic disorder diagnosis

Technology use characteristics (n=19a)

18 (95)Use internet ≥ twice daily

18 (95)Ever downloaded an app

16 (84)Ever downloaded a health app

15 (79)Would try an app if recommended by a doctor

aTechnology use data were missing for 3 participants.

Focus Group Themes

Facilitators and Barriers to Quitting Smoking
During the initial discussions about reasons for smoking and
participants’prior experiences with quitting, a number of themes
emerged regarding facilitators and barriers to quitting. Reasons
for quitting included the desire to save money and concern
regarding their children’s, pets’, and personal health. For
example, one participant stated:

I feel like whenever I quit smoking, I can smell things
easier, I can taste things more, and I can breathe
better. [Group 1 Participant 3]

Commonly cited reasons to continue smoking despite a desire
to quit included addiction to nicotine, smoking as routine, and
smoking to manage mental health symptoms (such as stress,
anxiety, and depression):

...since I have bipolar, it helps. Smoking helps me not
have so much anxiety, but when I do quit, I get even
more. [Group 5 Participant 1]

Relapse triggers included socializing with other smokers,
smelling tobacco smoke, and seeing people smoke on television
or in movies. Of note, while many participants mentioned prior
use of nicotine replacement therapy or cessation medications
such as varenicline or bupropion with varying degrees of
success, most stated that either they or their clinicians were not

comfortable with using prescription cessation medications due
to concern for psychiatric side effects. For example:

I took Chantix for a while...it really did help. I was
smoking like two packs a day, and then when I was
on the Chantix I was smoking maybe six cigarettes a
day...and a doctor told me that it might contribute to
depression. And I decided to get off it because I
already have depression, and...I don’t want to worsen
it. [Group 4 Participant 1]

That’s what I was told. None of my doctors, nobody
will give me Chantix. Because of how bad I am.
[Group 4 Participant 2]

Role of Apps in Supporting a Quit or Reduction Attempt
Focus group discussions regarding apps included participants’
prior experiences with health-related apps as well as their
perceptions regarding the role of smoking cessation apps. Their
prior experiences were generally positive, though with variable
effect on behavior. As participants discussed mobile apps for
smoking cessation, many expressed interest in using apps during
a quit attempt and described a number of ways that apps could
offer support, such as providing motivation during a quit
attempt, increasing awareness of smoking habits and money
spent, and providing distraction from smoking. They also
described app limitations, such as lack of external accountability
and the potential to trigger cravings. These themes, along with
illustrative quotations, are summarized in Table 2. Subthemes
that emerged from these discussions are subsequenty presented.
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Table 2. Major themes regarding app use for smoking cessation, with corresponding illustrative quotations.

Illustrative quotationThemes

Suggested ways apps could support a quit attempt

“I think it’d be cool if you can be able to, like, challenge someone else who was
trying to quit smoking, but like a buddy, right? But it’s through the app. And they
could be thousands of miles away, but you got that one person...” [Group 5 Par-
ticipant 2]

Providing ongoing motivation

“Tracking when you smoke, the times you smoke, how much a day you smoke,
what led you to smoke that much. Like, I feel like those are all helpful things to
know” [Group 4 Participant 1]

Increasing awareness of smoking patterns

“Yeah, ‘cause when you’re having a craving, you just look at it [the app] and
maybe it’ll tell you, like, uh, go for an hour run, or you know, tell you some sort
of structure to keep your mind off of you smoking. Something to keep you busy,
keep your hands busy...” [Group 3 Participant 1]

Providing distraction

App limitations in supporting a quit attempt

“...how is this going to know when I’m smoking a cigarette or not? I can just say
I’m not...and then I’ll be sitting there smoking a cig, you know” [Group 2 Partic-
ipant 4]

Lack of external accountability

“You’d have to use, like a code word for cigarette so people don’t think it in their
heads because once they think ‘cigarette,’ they’re more likely to smoke” [Group
2 Participant 3]

Possible triggers

Prior Experiences With Apps
Many participants described interest in health-related apps such
as fitness trackers or mood trackers but noted varying degrees
of benefit during their prior experiences with these types of
apps. Participants discussed using the apps to review information
about their personal habits (ie, their “stats”), but altering a
behavior based on this feedback was rare. For example, a
participant using a step tracker said,

It was cool, a cool thing. It didn’t really matter
because I was working every day and I’d get about
the same amount of steps every day. [Group 1
Participant 4]

Only one participant described increasing her activity level to
achieve goals in her step tracker; others simply reviewed their
steps without this leading to change in behavior. Another
participant found a symptom tracker useful to bring to her
clinicians so they could change her treatment plan but did not
utilize the information herself.

Motivation
Participants felt that while motivation to quit is a prerequisite
for using a smoking cessation app, the app would need to
provide features that could facilitate ongoing motivation.
Participants suggested a number of ways that apps could
motivate them, such as receiving support from other people
within the app, feedback about progress (such as cigarettes
avoided or money saved), and rewards such as financial
incentives or badges. They also mentioned the importance of
distraction to avoid cigarettes and suggested that an app could
offer distraction by providing suggestions for alternate activities
instead of smoking or by including games within the app.

Social Support
While one participant was concerned that an app would lead to
missed social interactions and reduced social support for

quitting, others discussed desire for the app to incorporate social
support. Multiple participants suggested the ability to connect
with other smokers for support within the app. One person
suggested a chat feature:

So I think if you could, like, message someone on the
app that’s using it at the same time...if you could
communicate with someone else using it, like chat
with them... [Group 3 Participant 5]

Other participants recommended group challenges, similar to
those seen in popular fitness apps:

I think it’d be cool if you can be able to, like,
challenge someone else who was trying to quit
smoking, but like a buddy, right? But it’s through the
app. And they could be thousands of miles away, but
you got that one person... [Group 5 Participant 2]

While most of the participants who valued social support in
their quit attempt mentioned other smokers or peers, one
suggested involving family members as part of the quit plan in
the app:

Or someone, a family member or a loved one, could
work with the app and you could earn points or
something like that by doing that more than smoking.
[Group 2 Participant 3]

Tracking Progress
A prominent theme across focus groups was the desire to track
the number of cigarettes smoked per day. Many participants
wanted to track cigarettes to increase their awareness of how
much they smoke. Others added that they would like to record
additional information about their smoking so they could learn
their typical smoking patterns:

Tracking when you smoke, the times you smoke, how
much a day you smoke, what led you to smoke that
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much. Like, I feel like those are all helpful things to
know. [Group 4 Participant 1]

Some participants noted that quitting all at once can feel
insurmountable, but suggested that tracking cigarettes could be
motivating by allowing them to see progress toward quitting:

Maybe not to quit, because to me, quitting is not
realistic. If I could reduce, like, instead of smoking
20 cigarettes, if I could smoke 5 cigarettes a day, that
would’ve been a big difference. [Group 2 Participant
1]

Most participants cited money as a major motivator to quit or
reduce their smoking and would want the app to provide a
feature that tracks money spent on cigarettes or money saved
by avoiding cigarettes:

I should, I feel like what’d probably help me, if like,
if I kept track to see how much I’m paying, spending
on them [cigarettes] because... if I kept track to see
how much I’m paying every time, I’d be like, ‘Okay,
that needs to stop.’Because that’s money that I could
be using. [Group 4 Participant 3]

Skills Training
While tracking was a common theme, fewer participants
suggested skill-based features for behavioral change. One
participant recommended that an app include

Something to disassociate the triggers and patterns
associated with smoking. [Group 1 Participant 5]

Another stated that

The app has to be informative. It should have tips on
how to reduce the urge to smoke. [Group 2 Participant
1]

However, such statements were far less common than
recommendations for tracking.

Rewards
A common theme across focus groups was the desire for rewards
within the app. Some participants mentioned financial rewards
such as gift cards for using the apps while others recommended
that the app award badges for progress, based on their experience
with other health behavior change apps:

I think that those badges, you know, when I get those
rewards...nobody else sees them. I’m the only one,
but it is a reward to myself...It’s just mine. Nobody
can take it from me. This is stuff that I worked hard
for, and worked, probably, pretty hard for. [Group 5
Participant 2]

Distraction
Another prominently mentioned feature across focus groups
was the benefit of distraction during a quit attempt. Many
participants described using distraction as a tool for avoiding
cigarettes during prior quit attempts and felt that a smartphone
app would be well-suited to providing distraction. Some
participants suggested that the app could provide games to play
to avoid smoking. Others felt that the app could provide
suggestions for alternative activities to smoking:

Yeah, ‘cause when you’re having a craving, you just
look at it [the app] and maybe it’ll tell you, like, uh,
go for an hour run, or you know, tell you some sort
of structure to keep your mind off of you smoking.
Something to keep you busy, keep your hands busy...
[Group 3 Participant 1]

App Limitations
Most participants felt that the biggest barrier to using an app to
quit or reduce smoking was a lack of motivation to change
smoking behavior in general, and that once motivated, there
were few barriers other than practical issues related to any
mobile technology (eg, limited phone battery, inability to use
phone if lost or broken, limited cellular or wireless internet
service in certain locations). However, two main concerns arose
regarding the limitations of apps during a quit attempt—a lack
of external accountability and the potential to trigger cravings.

A prominent theme across focus groups was the need for
external accountability during a quit attempt and concern that
an app would not be able to provide this. Related to their
discussion of the importance of monitoring progress, participants
voiced concerns about the temptation to report false information
to an app. One participant, who had previously used a cigarette
tracking app, noted:

I tried a cigarette counter once, and realized it wasn’t
gonna work to help me quit smoking because I, at
that time, I would cheat and not log all of my
cigarettes. I don’t even know why I cheated because
it’s not like anyone was watching. [Group 1
Participant 2]

In another focus group, a similar sentiment arose:

...how is this going to know when I’m smoking a
cigarette or not? I can just say I’m not...and then I’ll
be sitting there smoking a cig, you know. [Group 2
Participant 4]

Other participants felt that apps might have limited benefit
without a method of confirming smoking status. One participant
stated:

Like, the phone has to have a contact system where
you’re, like, Face-Timing somebody who’s coming
to visit you to go meet for coffee and then they’re
smelling you and they can see if you smoked any
cigarettes by doing that test... [Group 2 Participant
3]

Despite general agreement that entering information into the
app on an honor system is a limitation, participants who
mentioned biochemical verification as a means to achieve this
did so unfavorably. In one group, a participant described mistrust
of the accuracy of breath carbon monoxide monitoring. In
another focus group, a participant who mentioned concern about
false reporting to the app went on to consider breath carbon
monoxide monitoring, but then immediately discounted it,
saying,

...that’s a little much... [Group 2 Participant 4]

Participants made few recommendations about features that
should be avoided in a smoking cessation app, but a common
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concern was the possibility that the app could trigger cravings.
Based on their prior experiences with smoking triggers, they
were concerned that any mention of cigarettes in the app could
increase their desire to smoke:

You’d have to use, like a code word for cigarette so
people don’t think it in their heads because once they
think ‘cigarette,’ they’re more likely to smoke. [Group
2 Participant 3]

Discussion

Principal Results and Comparison With Prior Work
In this study, we explored the attitudes of young adults with
serious mental illness who smoke toward quitting smoking and
the use of apps for this purpose. Overall, our findings share
significant overlap with those of prior early phase trials in
middle-aged adults with serious mental illness [30,33]. We
found that young adults with serious mental illness who smoke
shared similar reasons for quitting or continuing to smoke as
those in other populations and were interested in using apps
during a quit or reduction attempt. Participants voiced a desire
for apps to provide ongoing motivational content during a quit
attempt, features to increase awareness of smoking habits and
money spent, content that could be used as a distraction from
smoking, reward features, and social support for quitting
smoking. They also described potential app limitations, such
as the temptation to enter false information into the tracking
features, and an app’s potential to trigger cravings. This group’s
concern about psychiatric side effects of cessation
pharmacotherapy is an additional important characteristic that
could be countered or monitored with digital technology.

Our analysis revealed a tension between participants’ desire to
see progress via tracking features and their fear of seeing
personal failure via the same features. Similar to qualitative
findings in studies of middle-aged adults with and without
mental illness [30,33,42-44], participants in our study voiced a
strong desire for cigarette- and money-tracking features that
could demonstrate progress and enhance motivation during a
quit attempt. However, participants also described using other
apps with similar features that had not affected their patterns of
behavior. Additionally, and similar to other adults with and
without mental health issues [33,45], they expressed concern
that recording information that suggests a lack or loss of
progress might be demotivating and could lead to relapse or to
the temptation to enter false information into the app. Although
tracking smoking and viewing progress were popular features
noted by this study group and those in other research
[30,42,43,46], in one study of general population adult daily
smokers [43], these features were not associated with improved
abstinence.

Similar to other studies of adults with serious mental illness, in
general [10,12,13,33], and young people with mental health
conditions, in particular [47], participants described their main
barriers to quitting as inability to resist cravings, using smoking
to manage mental health symptoms, and smoking out of habit.
Yet, only a few suggested that apps could teach strategies to
overcome these barriers. Instead, most participants conveyed
the common perception that it just takes “will power” to quit,

rather than the application of skills to tolerate stress and urges
without smoking. Skills training, such as advice on changing
routines and improving coping strategies for cravings, has been
shown to improve abstinence outcomes for both in-person [48]
and app-based [43] interventions. Taken together, these data
suggest that tracking features are appealing and may enhance
engagement or motivation, but other skill building or clinical
support features for cessation skills would need to be prominent
and engaging to ensure use within the apps.

Many participants in this study recommended that cessation
apps include financial rewards or badges awarded by the app
for progress. There is a growing body of literature to support
the use of rewards in the form of praise [48] and financial
incentives [49,50] for smoking cessation. Inclusion of rewards
features in smoking cessation apps, therefore, has promise to
improve both engagement and abstinence outcomes.

While prior studies assessing users’ desire for specific features
in smoking cessation apps demonstrate mixed results regarding
the role of social support for quitting within apps [33,42,44,45],
participants in our study clearly valued this feature. In line with
prior findings regarding the role of social influence on smoking
behavior in people with serious mental illness [10,51], our
participants highlighted the importance of the effects of social
environment and peer interaction on their smoking behaviors
and described the potential benefit of an alternative smoke-free
support system within the app. They specifically voiced a desire
for peer support through chat functions and competitions, as
opposed to smoking cessation coaching or technology coaching
that has been described in other studies [30,32]. This desire for
peer support is similar to preferences described by young adults
with serious mental illness in a study [52] assessing the possible
role of digital support for mental health diagnoses and highlights
the perceived importance of peer-to-peer interaction for
overcoming the stigma and challenges associated with smoking
as well as living with mental illness. Although one study [53]
demonstrated the potential of a motivational intervention
delivered by peers, Dickerson and colleagues [54] described
numerous challenges to cessation associated with a peer
mentoring approach for people with serious mental illness.
While this feature may improve engagement in the app and
promote overall well-being, its effect on smoking behaviors
requires further study.

The landscape of smoking cessation apps is rapidly changing.
Currently available apps are variable in their content and features
[27,29,55-58], and few contain content that adheres to clinical
practice guidelines [27,55-57,59-61]. A recent literature review
[29] found that most smoking cessation apps included
self-tracking features, but only one-third included social support
and one-third included rewards systems. Furthermore, most
apps included three or fewer features, which typically involved
education, tracking, and a variable third feature [29]. Another
recent review [58] found that less than half of available apps
included advice on changing routines or coping with cravings.
Apps that include high-quality, evidence-based content as well
as an array of both desired features and features previously
found to be effective should be tested in this population.
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Compared to other populations of smokers, the young adults
with serious mental illness in this study voiced similar reasons
for smoking, quitting smoking, and relapsing after a quit attempt
[34,62,63], but they expressed specific concerns regarding
medication safety in relation to their mental health conditions.
A wide body of evidence has demonstrated the safety and
efficacy of cessation pharmacotherapy in the setting of mental
illness [3,11,15-17]. Thus, improving utilization of these
treatments can substantially impact quit rates. Our findings
suggest that content in a smoking cessation app tailored for
young adults with serious mental illness can likely overlap
substantially with content in other smoking cessation apps, with
additional information about medication safety for people with
mental illness.

Limitations
Several study limitations merit consideration. First, participants
were not required to be interested in quitting smoking in order
to participate in the study; individuals who are actively engaged
in an attempt to quit smoking may ultimately prefer different
app features. Second, participants were predominantly White
residents in a small New England city, and may not be
representative of smokers with serious mental illness who have
other demographic characteristics or are from other geographic
regions. Yet the substantial overlap between our findings and
those of research in other populations [30,33,42,43] supports

the validity and generalizability of the themes conveyed here.
Lastly, most participants had not previously used apps for
smoking cessation, and therefore, relied on anticipated future
desires for their responses. While anticipation of future desires
can be subject to a number of biases, assessing participants’
preferences prior to exposure to specific apps is important to
understanding how they will appraise apps during initial use.
Future work should assess responses to cessation apps in this
population.

Conclusions
Young adults with serious mental illness expressed similar
reasons for quitting smoking or continuing to smoke compared
to those expressed by other populations of individuals who
smoke, but low cessation treatment utilization rates and quit
rates suggest that other treatment modalities are needed. Apps
have the potential to support quit or reduction attempts for young
adults with serious mental illness in a number of ways, such as
providing ongoing motivation during a quit attempt, increasing
awareness of smoking habits and money spent, and providing
information and support for using cessation skills. However,
while young adult with serious mental illness who smoke are
interested in using apps, further tailoring, optimization, and
clinical support may be necessary to effectively promote
cessation in this population.
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Abstract

Background: Depression during pregnancy and in the postpartum period is associated with poor outcomes for women and their
children. Although effective interventions exist for common mental disorders that occur during pregnancy and the postpartum
period, most cases in low- and middle-income countries go untreated because of a lack of trained professionals. Task-sharing
models such as the Thinking Healthy Program have shown potential in feasibility and efficacy trials as a strategy for expanding
access to treatment in low-resource settings; however, there are significant barriers to scale-up. We address this gap by adapting
Thinking Healthy for automated delivery via a mobile phone. This new intervention, Healthy Moms, uses an existing artificial
intelligence system called Tess (Zuri in Kenya) to drive conversations with users.

Objective: This prepilot study aims to gather preliminary data on the Healthy Moms perinatal depression intervention to learn
how to build and test a more robust service.

Methods: We conducted a single-case experimental design with pregnant women and new mothers recruited from public
hospitals outside of Nairobi, Kenya. We invited these women to complete a brief, automated screening delivered via text messages
to determine their eligibility. Enrolled participants were randomized to a 1- or 2-week baseline period and then invited to begin
using Zuri. We prompted participants to rate their mood via SMS text messaging every 3 days during the baseline and intervention
periods, and we used these preliminary repeated measures data to fit a linear mixed-effects model of response to treatment. We
also reviewed system logs and conducted in-depth interviews with participants to study engagement with the intervention,
feasibility, and acceptability.

Results: We invited 647 women to learn more about Zuri: 86 completed our automated SMS screening and 41 enrolled in the
study. Most of the enrolled women submitted at least 3 mood ratings (31/41, 76%) and sent at least 1 message to Zuri (27/41,
66%). A third of the sample engaged beyond registration (14/41, 34%). On average, women who engaged post registration started
3.4 (SD 3.2) Healthy Moms sessions and completed 3.1 (SD 2.9) of the sessions they started. Most interviewees who tried Zuri
reported having a positive attitude toward the service and expressed trust in Zuri. They also attributed positive life changes to the
intervention. We estimated that using this alpha version of Zuri may have led to a 7% improvement in mood.

Conclusions: Zuri is feasible to deliver via SMS and was acceptable to this sample of pregnant women and new mothers. The
results of this prepilot study will serve as a baseline for future studies in terms of recruitment, data collection, and outcomes.
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Introduction

Depression is a leading cause of disability worldwide. Women
experiencing perinatal depression are a particularly underserved
population. Depression during pregnancy and in the postpartum
period (perinatal depression) affects as many as 20% of women
in high-income countries [1] and may be more prevalent in low-
and middle-income countries (LMICs) [2]. The condition is
associated with a number of poor outcomes in women and their
children, including increased maternal morbidity and mortality
[3,4], poor infant health [5-9], and poor developmental outcomes
[10-12].

Although effective interventions exist for common mental
disorders that occur during pregnancy and the postpartum period
[13], most cases in LMICs go untreated. In these settings, more
than 7 of 10 people who need treatment cannot access care
because of a lack of trained professionals [14]. In Kenya, for
example, there are only 180 psychiatric nurses outside of the
capital city, a ratio of about 1 provider per 200,000 to 250,000
people. To close this gap, the World Health Organization
developed the Mental Health Gap Action Programme (mhGAP)
intervention guide, which outlines how to deliver mental health
services in primary health care settings through nonspecialist
providers. This task-sharing approach has proved efficacious,
particularly for maternal mental health [15].

One example of an intervention based on the mhGAP
intervention guide is the 15-session Thinking Healthy Program,
a cognitive behavioral therapy (CBT)–based intervention for
treating perinatal depression that is intentionally nonstigmatizing
(eg, uses words such as stress and burden instead of depression
and illness) [16]. Community health workers—typically women
educated through secondary school with no specific background
in mental health—are trained over 5 to 10 days to help pregnant
women learn three skills: to identify unhealthy thinking, to
replace unhealthy thinking with helpful thinking, and to practice
thinking and acting healthy. In a trial in Pakistan with 900
pregnant women, Rahman et al [17] found that the intervention
halved the prevalence of major depression, and a 7-year
follow-up study reported a persistent effect of treatment (as well
as some spontaneous recovery among the control group) [18].
A peer-delivered version of Thinking Healthy may offer an
alternative, cost-effective strategy for treating perinatal
depression [19].

Despite this impressive evidence of feasibility and efficacy,
there are significant barriers to scale-up [20], and there is
evidence that the effects of Thinking Healthy might not extend
to children of depressed mothers without additional engagement
[21]. Common implementation challenges of task-sharing
models include a lack of funding and infrastructure for training
and service delivery, workforce retention in the absence of

compensation or incentives for nonspecialists, high workloads,
transportation costs, appointment scheduling logistics, and
inadequate clinical supervision [22]. Although it is critical to
study how to optimize and scale these task-sharing approaches,
the fact remains that today, most women in LMICs who need
treatment still have no access to care.

Given this treatment gap and barriers to scale-up, our intention
is to make it possible for anyone with a basic mobile phone (ie,
a feature phone with only text messaging capabilities) to receive
high-quality, evidence-based psychological support anytime,
anywhere. We are attempting this in the context of perinatal
depression by adapting Thinking Healthy to an existing artificial
intelligence (AI) system for automated psychological support
called Tess, which we have named Zuri in Kenya. This idea is
innovative because it introduces an entirely new delivery
channel that has the potential for a step change in expanding
access to care while also potentially augmenting and
strengthening existing task-sharing models.

Zuri works by engaging a patient in conversation via a variety
of trusted channels, including text messaging (SMS). Either
Zuri or the patient can start a conversation, and Zuri can be
programmed to walk a patient through a structured curriculum
such as Thinking Healthy. As a safety measure, conversations
with patients in need of additional support can be handed over
to live counselors as needed. The potential benefits of this
approach include on-demand 24/7 access for an unlimited
number of patients, no scheduling of appointments, no travel
costs to appointments, enhanced sense of privacy and avoidance
of social stigma, and high fidelity to treatment.

Our long-term goal is to expand access to high-quality,
on-demand treatment services to people who have common
mental disorders such as perinatal depression but cannot receive
care from mental health professionals because of cost and human
resource constraints. The main objectives of this study are to
adapt Thinking Healthy for dissemination in Kenya through the
Zuri AI system, develop and test study procedures to inform
the design of a randomized controlled trial (RCT), and generate
preliminary evidence of feasibility, acceptability, and response
to treatment.

Methods

Research Design
We adapted Thinking Healthy for the Zuri AI system and
evaluated the combined perinatal depression intervention, which
we are calling Healthy Moms, with a cohort of pregnant women
and new mothers recruited from 2 large public hospitals in
Kenya. We used a single-case experimental design (partially
nonconcurrent multiple baseline [23], open label) and qualitative
interviews to generate preliminary data on feasibility,
acceptability, and response to treatment. This is a stage 2
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Registered Report. The stage 1 protocol
(DERR1-10.2196/11800) describes our preliminary work to
adapt Thinking Healthy for dissemination in Kenya through the
Zuri AI system [24].

Participants and Recruitment
We recruited pregnant women and new mothers from 2 large
public hospitals in Kiambu County, Kenya (population
approximately 2.5 million, 60% urban). Both hospitals are part
of a county-wide partnership offering patients innovative SMS
programs that promote healthy motherhood [25]. When a woman
signed up for the county SMS, we sent her an invitation via
SMS to complete an automated SMS screening (in English) to
determine if she was eligible for Healthy Moms. The screening
included questions about age, maternity status, expected or
actual delivery date, 9 questions about symptoms of depression
from the Patient Health Questionnaire–9 (PHQ-9) [26], and a
question about her current mood.

We informed all women who completed the automated screening
that a study team member would call them within 1 business
day. During this follow-up call, women who endorsed having
thoughts of self-harm in the previous 2 weeks (question 9 on
the PHQ-9) were offered a referral for counseling but were not
eligible to enroll in Healthy Moms, given the early stage of
intervention development. All other women were eligible to
enroll as long as they confirmed that they were at least 20 weeks
pregnant or no more than 6 months postpartum. The study
coordinator (AM)—a Kenyan woman fluent in English and
Swahili—assessed each woman’s English-speaking ability on
the call and asked women to rate their ability to read and
understand English. Women could enroll regardless of language
ability; however, we informed women with low English literacy
that they might not find value in the current version of the
program if they were not comfortable reading and writing in
English.

If a woman chose to continue the enrollment process, the study
coordinator read the informed consent form, answered her
questions, and obtained verbal informed consent to enroll. The
study coordinator asked enrollees to share information about
the type of phone they use, schooling, number of dependents,
marital status, and employment status.

Eligibility
To be eligible to participate, women needed to meet the
following criteria: (1) pregnant (>20 weeks) or less than 6
months postpartum, (2) receiving antenatal or postnatal health
care services from a participating hospital in Kiambu County,
(3) have access to any type of mobile phone, (4) be enrolled in
the county SMS program, and (5) be at least 18 years of age.
English language proficiency and self-reported experience of
depression symptoms were not required but were assessed.
Women who endorsed suicidal ideation at the time of
recruitment were ineligible to enroll in the study and were
informed about potential resources for treatment.

Randomization to Baseline Length
As each woman enrolled in the study, we attempted to match
her to another new enrollee of similar maternity status and

randomly assigned the pair to have a 1-week or 2-week baseline
period (using a random number generator). The intention was
to ensure that every participant had a concurrent baseline period
with at least one other person.

Intervention
We developed the Health Moms intervention based on the
original Thinking Healthy manual for community health workers
[16]. We also created a companion Healthy Moms journal that
we printed and delivered to enrolled participants [27]. The
journal included modified health calendars from the original
Thinking Healthy manual along with short session summaries
and writing prompts. This prepilot study was an opportunity to
get feedback on the journal to ascertain how we might adapt
the content into text, audio, and video for electronic delivery
(and ultimately discontinue print versions in future trials). We
conducted an initial round of user testing to develop the SMS
intervention journal content [28].

Unlike Thinking Healthy, which trains community health
workers to deliver the in-person intervention to women in need,
we designed Healthy Moms for automated delivery via text
messaging. We maintained the Thinking Healthy structure of
15 sessions overall: 3 prenatal sessions and 12 postnatal sessions
during the first 10 months of the infant’s life.

When it was time for a woman to participate in a Healthy Moms
session, we (Zuri) sent her a text message to let her know that
a new session was ready. The automated session began when
she replied via SMS (Later in the study, we also enabled women
to chat with Zuri via Facebook Messenger.). Each automated
session followed the same 4-task format as that of Thinking
Healthy: (1) reviewing key lessons from the previous session,
(2) reviewing her mood ratings, (3) teaching new skills, and (4)
introducing practice-based homework. Multimedia Appendices
1 and 2 provide an example Healthy Moms session conversation
flow and associated journal content.

In between Healthy Moms sessions, women were encouraged
to start a conversation with Zuri by asking a question or saying
“Hi.” Zuri attempted to discern the user’s request and responded
automatically with answers or replies that used active listening
techniques such as restatement and reflection.

During this free chat mode, Zuri would ask a question similar
to “How are you feeling now?” If the response indicated neutral
or positive emotions, Zuri would offer a rapport-building module
(eg, music, cooking, passions). If the response indicated a
negative emotion, Zuri would offer a supportive intervention
(eg, mindfulness and relaxation). Module selection was
prioritized on the basis of aggregate helpfulness ratings from
all user interactions in the X2AI/Tess system so that the most
helpful modules were offered first. There was no limit to how
much or how often a user could engage with Zuri.

If a woman discussed self-harm or other crisis topics, Zuri
alerted a live study support member who could take over the
chat session or call the participant directly and facilitate a
referral to traditional in-person treatment if indicated (Zuri was
programmed to inform women that her response might not be
immediate at this stage of testing; therefore, they should seek
help at an emergency room if in a crisis.). During enrollment,
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we also informed participants that they were free to seek
concomitant care and interventions at any point during the study.

Just as mental health specialists and nonspecialists trained to
deliver psychotherapy improve over time with practice and
experience, AI-enhanced systems such as Zuri also change,
albeit in more subtle ways, given the current state of the
technology. For instance, Zuri’s emotion recognition algorithms
updated automatically when it correctly or incorrectly interpreted
the emotional valence of a user’s input; however, the didactic
intervention content did not change dynamically. Modifications
to the intervention content were made manually; we reviewed
conversation transcripts and made minor changes to the wording
or sequence of messages when we noticed that users were
confused or not engaging.

Outcomes and Data Collection Procedures
We collected data on study implementation, intervention
engagement, feasibility and acceptability of the intervention,
and patient outcomes, including depression severity and current
mood.

Study Implementation
We tracked data on the recruitment funnel from the initial
screening invite through the secondary eligibility screening to
ultimate engagement with the intervention. We also tracked
participants’responses to regular prompts to complete automated
assessments throughout the study period.

Intervention Engagement
We assessed intervention engagement by reviewing Zuri system
logs to document the completion of Healthy Moms sessions and
patient-initiated engagement with Zuri outside of scheduled
sessions. The Zuri system logs also informed our assessment
of feasibility and acceptability; low engagement was considered
a marker of potential barriers to feasibility or a lack of
acceptability.

Feasibility and Acceptability of the Intervention
We further explored feasibility and acceptability by inviting 15
enrolled women to participate in individual interviews during
the evaluation period. We purposively invited 3 different types
of participants: those who did not finish the registration process
with Zuri (n=5), those who finished the registration process but
did not complete a session (n=5), and those who completed at
least one session (n=5). A master’s level trainee (YL) and the
study coordinator (AM, Kenyan) conducted the interviews.
Women who did not complete a full session with Zuri were
interviewed over telephone. Women who completed one or
more sessions were reimbursed to travel to one of the study
hospitals for an in-person interview. The interviews lasted
approximately 20 to 40 min and were based on a semistructured
interview guide. The guide included open-ended questions and
follow-up probes related to reasons for using Zuri, attitudes
toward Zuri, favorite features, preferences of language and
platform, challenges encountered, and perceived impact after
using Zuri. The interviews were conducted in English; however,
the study coordinator provided simultaneous translation to
Swahili as needed.

In addition to these interviews, we also attempted to document
all contacts the research team had with participants outside of
the Zuri AI system and logged all adverse events. We were
interested in determining how much assistance or encouragement
users need from the team to understand and use the automated
intervention.

Patient Outcomes
To measure mood, we asked participants to rate their feelings
on a 10-point scale that we created and tested with users [24],
where 1 meant very sad and 10 meant very happy (shifted to
0-9 for analysis). We invited women to rate their current mood
via SMS during the enrollment screening and then every 3 days
throughout the baseline and intervention periods. Each rating
invitation reminded women of their previous rating. We also
encouraged women to track and reflect on their mood and
behaviors on a daily basis using the Healthy Moms journal we
provided as part of the intervention (not analyzed) [27].

We also administered the PHQ-9 [26] via SMS. Our intention
was to assess depression severity throughout the intervention
period. However, after developing the protocol, we determined
that the depression screening was too long to administer on a
repeating basis. Instead, we opted to collect our minimum target
of 2 self-ratings of depression severity, representing pre- and
posttreatment.

Empirical Approach

Describe Study Implementation and Intervention
Engagement
We used the study database to summarize the recruitment funnel
and outcome data collection progress. We quantified
intervention engagement in several ways. First, we used the
system logs to summarize how frequently each participant
engaged with the intervention by either participating in a Healthy
Moms session (in response to a scheduled invite) or initiating
a chat with Zuri in between the scheduled sessions. We also
calculated and summarized the delay between our invitations
to begin a Healthy Moms session and participants’ start times,
the proportion of Healthy Moms sessions started and completed,
and the duration of participant-initiated chats with Zuri.

Explore Intervention Feasibility and Acceptability
As a hypothesis-generating exercise, we estimated the magnitude
and direction of the associations between participant
characteristics measured at baseline (eg, age, education, literacy,
and symptom severity) and intervention engagement by fitting
a Bayesian linear regression model.

We also explored barriers to and facilitators of engagement
during in-depth interviews with participants and reviews of chat
transcripts. Throughout the process, the analyst (YL) wrote
memos to capture the main themes. In preparation for the
thematic analysis, she developed a codebook and randomly
selected one transcript that was double-coded and discussed.
After refining the codebook, she used NVivo 12 (QSR
International) to code memos and transcripts. The analyst wrote
analytic memos for each thematic code, identifying similarities
and differences across transcripts using a constant comparative
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method [29]. She identified representative quotations of each
theme.

Generate Preliminary Evidence About Participants’
Response to Treatment
We aggregated the individual N-of-1 studies and estimated the
magnitude of response and quantified uncertainty by fitting
Bayesian linear mixed-effects models [30] in R (version 3.5)
using the brms package [31] with default priors. As described
in the protocol, the first model we fit included a random effect
for observations nested within participants and the following
fixed effects: (1) an intercept, (2) a dummy indicator for the
treatment phase, (3) a time-within-baseline variable centered
around the first observation (equal to 0 for observations outside
of the baseline period), and (4) a time-within-treatment variable
centered around the last observation (equal to 0 for observations
outside of the treatment period). We applied a first-order
autoregressive structure on the covariance matrix for the
within-person residuals to account for autocorrelation.

We also fit a similar model not described in the protocol that
reflected a lesson we learned in another project: rather than
centering the time-within-period variables around a single
observation, it may be more reasonable to center around the
average of several consecutive observations when there is
substantial individual variability in daily ratings. In this model,
we centered the time-within-baseline variable around the first
3 observations and centered the time-within-treatment variable
around the last 3 observations. Given the data availability, this
3-observation centering window was practical; we did not run
the model with different window sizes to avoid cherry-picking
the results. In the end, our choice of centering had no impact
on the results; therefore, we decided to focus on the
3-observation centering window as an example of what we
would likely attempt in a future trial using this design.

We augmented this quantitative analysis with a qualitative
analysis of the in-depth interviews. We explored what links, if
any, participants could make between engagement with the
intervention and their mood, health, and relationships. We also
intended to explore themes among women who did not exhibit
positive changes in mood (nonresponders); however, this was
not feasible, given the delay in launching this study.

Research Ethics
We obtained approvals to conduct this study from the
institutional review boards at Duke University (US, 2018-0396)
and Strathmore University (Kenya, SU-IRB 0210/18) and from
the National Commission for Science and Technology in Kenya.

The study coordinator, AM (female, Kenyan, bachelor’s degree),
explained the study to prospective participants via telephone,
administered the informed consent procedures, and obtained
women’s oral consent to enroll in this study.

Study participants were provided with an honorarium of up to
Ksh 1500 (roughly US $15) delivered via mobile money transfer
to recognize the time spent in completing study assessments.
The original plan was to make these transfers after women
completed sessions 1, 5, and 10; however, in practice, we sent
women prorated honoraria on the basis of lower benchmarks
of engagement, given the delay in launching this study.

X2AI, the creators of the AI system that we used to deliver
Healthy Moms, transferred data to the research team in
accordance with X2AI’s data security policies [32]. The first
author (EG) stored identifiable study data on a secure server
during the study and then deidentified the data for analysis using
the Safe Harbor method. Anonymized quantitative data and the
code used to generate this manuscript are available for reanalysis
[33].

Summary of Deviations From Stage 1 Protocol
In addition to changing the tense of the writing from future to
past, we also made several edits to the Introduction section and
modified several procedures described in the Methods section
of the stage 1 protocol [24]: we (1) labeled the study as prepilot
rather than pilot to better reflect that the data are preliminary
and intended to inform the design of a larger pilot study; (2)
moved text from the Scientific Objectives and Significance and
Expected Outcomes sections to the Discussion section (but did
not alter the objectives); (3) expanded access to the intervention
from just SMS to include Facebook Messenger; (4) visualized
the daily mood ratings but relied on model fitting rather than
visual inspection to estimate trends and period impacts; and (5)
dropped a planned nonresponder qualitative inquiry and
modified the honorarium schedule because of limited time.

Results

Recruitment and Participants
We invited 647 women (446/647, 68.9% pregnant; 201/647,
31.1% new mothers) already enrolled in their county’s SMS
program to learn more about Zuri; 13.3% (86/647) of women
completed our automated SMS screening between February 12,
2019, and June 18, 2019 (15/86, 17% of all women screened
scored at or above the cutoff for possible depression; mean 9.5,
SD 4.9). We determined that 52 of these 86 women were eligible
to participate; 41 of 52 women completed the enrollment process
(Figure 1).
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Figure 1. Study flow diagram.

Table 1 reports the characteristics of the enrolled participants.
The sample was evenly divided between pregnant women and
new mothers. The average woman enrolled in the study was
25.9 years old (SD 4.8). All women reported that they could
read in English, and the study interviewer reported that all could
speak English. Most women used a smartphone, attended
secondary school or higher, were married, and did not work.
Women were not recruited on the basis of depression symptoms,
and only 1 had a PHQ-9 score ≥15 at the time of enrollment

[34]. The average PHQ-9 score upon study entry was 8.2
(possible maximum value of 27), and the average mood rating
was 7.8 (possible maximum value of 9).

We conducted interviews with 15 of the 41 women enrolled in
the study. They ranged in age from 20 to 38 years. Most were
married and had delivered their baby within the last 6 months.
All of the interviewees attended some secondary schooling, and
2 had earned a bachelor's degree.
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Table 1. Characteristics of participants.

Maternity status: post-
partum (22/41, 54%)

Maternity status: preg-
nant (19/41, 46%)

All women (n=41)Characteristics

27.2 (5.5)24.3 (3.1)25.9 (4.8)Age (years), mean (SD)

Self-reported English language reading skills, n (%)

0 (0)0 (0)0 (0)Poor

0 (0)0 (0)0 (0)Just okay

5 (23)7 (37)12 (30)Good

16 (73)12 (63)28 (68)Excellent

1 (2)0 (0)1 (2)Missing

Highest level of school attended, n (%)

0 (0)0 (0)0 (0)None

0 (0)0 (0)0 (0)Primary

0 (0)0 (0)0 (0)Postprimary or vocational

8 (36)14 (74)22 (54)Secondary

8 (36)3 (16)11 (27)College

5 (23)2 (10.5)7 (17)University

1 (4.5)0 (0)1 (2)Missing

19 (86)14 (74)33 (81)Phone type: smartphone, n (%)

17 (77)15 (79)32 (78)Employed outside the home: no, n (%)

1.6 (0.9)0.5 (0.5)1.1 (0.9)Number of dependent children, mean (SD)

Marital status, n (%)

2 (9)1 (5)3 (7)Single

0 (0)0 (0)0 (0)Separated

0 (0)0 (0)0 (0)Cohabiting

19 (86)18 (95)37 (90)Married

1 (4.5)0 (0)1 (2)Missing

7.8 (3.2)8.7 (4.1)8.2 (3.6)PHQ-9a total score, possible 0-27, mean (SD)

0 (0)1 (5)1 (2)Possible depression: (PHQ-9≥15), n (%)

6.6 (2.4)7.1 (2.4)6.8 (2.4)Mean mood at enrollment, possible 0-9, mean (SD)

aPHQ-9: Patient Health Questionnaire–9.

Data Collection

Mood Ratings
Overall, the enrolled women submitted 719 daily mood ratings
over the course of the study. The average woman submitted

17.5 ratings (SD 17.2), and 76% (31/41) of women submitted
at least 3 ratings. The grand mean mood rating was 6.4 of 9 (SD
1.3) among those who submitted at least 3 ratings. Figure 2
suggests that most women reported a high degree of variability
in ratings from one day to the next.
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Figure 2. Time series of 705 mood ratings among 31 participants who submitted at least three ratings.

PHQ-9
We did not attempt to administer the PHQ-9 on a regular,
ongoing basis to avoid frustrating users and distracting from
potential engagement with the intervention. Instead, we only
requested that women complete the PHQ-9 again at the end of
the study period; 54% (22/41) of women responded.

Intervention Feasibility and Acceptability

Engagement Patterns
Over the course of the study, 66% (27/41) women sent at least
one message to Zuri to begin the registration process, and 34%
(14/41) of these women engaged with the intervention content
beyond registration. Among this postregistration engagement
subset, the average woman engaged with Zuri on 7.7 days (SD
6.0) and sent 130.5 messages (SD 117.4). On average, women
sent 36.4% of these messages to Zuri in free chat mode, not as
part of a Healthy Moms session. The median conversation
unfolded over 0.6 hours (range 0.0-14.6 hours). Figure 3 displays
the distributions of these engagement metrics.

To further investigate the nature of participant-initiated chats,
we analyzed conversation transcripts and summarized the
conversation modules engaged. Figure 4 shows the distribution
of incoming messages by the free chat conversation module
and maternity status. The most common rapport building module
asked users about their passion in life. The most common
intervention module outside of the Healthy Moms content was
mindfulness-based meditation. In general, pregnant women
were more likely to engage in intervention content during free
chats compared with new mothers. This means that after
rapport-building chats, Zuri suggested an intervention module
and the women agreed to try.

On average, women who engaged in Zuri postregistration started
3.4 (SD 3.2) Healthy Moms sessions and completed 3.1 (SD
2.9) of the sessions they started. The median time from a push
session invite to a woman responding was 0.6 hours (range
0.0-740.1 hours). Figure 5 shows a woman’s engagement pattern
over the course of the study period. There were no reported
adverse events. One woman's conversation was flagged in real
time for a potential crisis follow-up.
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Figure 3. Distribution of number of days engaged and number of incoming messages sent among 14 women who engaged with Zuri beyond registration.

Figure 4. Distribution of incoming messages by free chat conversation module and maternity status.
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Figure 5. Engagement pattern for Participant 3. Dates shifted to maintain anonymity but pattern preserved.

Correlates of Engagement
To examine the relationship between participant characteristics
measured at baseline and intervention engagement, we estimated
a Bayesian linear regression model of incoming messages.
Figure 6 displays the Markov Chain Monte Carlo draws from
the posterior distribution of the parameters. Some evidence
suggests that being pregnant (vs a new mom), reporting greater

depression symptom severity, and being employed outside of
the home are associated with less engagement, whereas being
married and more educated are associated with more
engagement. For instance, the point estimate is that married
women sent 57.8 more messages, holding all else constant. For
every 2 SD increase in the baseline PHQ-9 score, holding all
else constant, the point estimate is that women sent 29.5 fewer
messages.

Figure 6. Results of a Bayesian linear regression model of incoming messages on participants’ characteristics measured at baseline (N=40; 1 participant
missing required data). The plot shows the Markov Chain Monte Carlo draws from the posterior distribution of the parameters. PHQ-9: Patient Health
Questionnaire-9.

Qualitative Findings on Feasibility and Acceptability
Most of the women who were interviewed and who had tried
Zuri had a very positive attitude toward the service and
expressed that they could trust Zuri. One woman said:

It’s like a mom to me. My mom is very far, and my
sister doesn’t have any knowledge of kids.

Another woman said:

I usually keep it to myself. So, when I am chatting
with Zuri, it’s like they have the right questions to ask
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me, and they teach me how to relate with my child,
relate with other people.

Some of the women had also shared Zuri with others, such as
their partners or neighbors, who often responded positively.
One woman said:

My husband was very supportive, because sometimes
he used to help me with some answers.

Many women said that they preferred to chat with Zuri than to
chat with a counselor because they felt they could be more open
with the automated service. For instance, one woman said:

I prefer Zuri because they don’t know me.

Nonetheless, women noticed that Zuri was not perfect and
described examples of when Zuri gave an irrelevant response
when they asked her a question. Most said they would just
ignore the messages and moved on. In our review of chat
transcripts, we learned that Zuri was easily confused by
messages coming out of order over SMS. This was not an issue
on Facebook Messenger; however, almost every woman said
they preferred to chat with Zuri through SMS. The main reason
being that SMS was free, whereas chatting through Facebook
Messenger required them to buy data bundles to access the
internet.

Many women mentioned that their favorite part of Healthy
Moms was the exercises taught by Zuri and the journal, including
meditation, breathing, and walking. They found that those
exercises were easy and could help them relax. One woman
said:

They made me be flexible...until my delivery day.

Other women said that they appreciated the unbiased
information provided by Zuri. They indicated that counselors
and nurses often give psychosocial advice based on their
personal experiences, which can be biased. They felt like they
could trust Zuri because she was more unbiased and factual.
They especially liked information regarding breastfeeding and
how to play with the child. As one woman indicated:

For the baby, I never knew she’s supposed to be
massaged after the bath at all. I never knew she can
see different colors.

Women gave three main reasons why they registered with Zuri
and continued to engage. The first reason was anxiety and stress
during pregnancy. They were either ashamed of their bodies or
worried about experiencing miscarriage. One woman said:

One of the negative thoughts I had was maybe if I
don’t want food what will happen. And then if I sleep
bad what will happen to my baby...Actually I was
getting worried if I don’t feel the movement of my
baby inside me sometimes.

The second reason was that many postpartum women did not
feel confident in their roles as new mothers. One woman
expressed her anxiety by saying:

It’s like I don’t know how to take care of her, good
care of her.

The final reason was that many of the women interviewed did
not have a stable source of income, causing them stress.

Women described 4 main barriers to engaging with Zuri. The
first was connectivity. Some women either damaged or lost
their phones and did not know how to reconnect with Zuri. The
second challenge was that women were easily (and
understandably) distracted by their new baby and forgot to
complete open sessions. As one woman said:

The text can come in the morning, no matter if I am
busy or if I am free to answer. If I am free, I just sit
and relax. But you see, sometimes we are texting, and
the baby starts crying.

The third challenge was that the registration process was very
confusing for some women, especially early on in the study;
therefore, some women stopped participating. Related to this,
some women were confused by our study’s use of 2 SMS short
codes: 1 for Zuri and 1 for study assessments. Despite these
challenges, women did not contact our study coordinator to
receive assistance in using Zuri.

Preliminary Evidence on Response to Treatment

Quantitative Findings
In preparation for modeling the response to treatment, we limited
the data to the 12 women who contributed at least 4 mood
ratings before and after starting the intervention. Figure 7 plots
the time series of ratings by period and overlays the days of
intervention engagement with vertical lines.

Figure 8 shows the estimates from a Bayesian linear
mixed-effects model. The model included a random effect for
observations nested within participants and the following fixed
effects: (1) an intercept, (2) a dummy indicator for the treatment
phase, (3) a time-within-baseline variable, and (4) a
time-within-treatment variable. The time-within-period variables
were centered around the first 3 or last 3 observations of the
period (first for baseline, last for treatment).

The intercept represents the mean value of the outcome at the
first 3 baseline assessments. The treatment indicator is a contrast
between the first 3 baseline assessments and last 3 observations
in the treatment period, and the time-within-period variables
estimate linear change during the baseline and treatment periods.

In this model, the average mood rating at the start of the baseline
period was 6.07 on a scale of 0 to 9, and there was no significant
baseline trend (an assumption for inference using the multiple
baseline design). The point estimate of the treatment effect was
0.42, which represents a 7.0% improvement in mood over the
baseline mean (d=0.17). The posterior probability that this effect
is greater than zero is 93.2%.

We could not run the same analysis using PHQ-9 scores because
we only attempted to collect data at 2 time points and only
obtained complete data for half of the (small) sample.

JMIR Form Res 2020 | vol. 4 | iss. 10 | e17895 | p.38https://formative.jmir.org/2020/10/e17895
(page number not for citation purposes)

Green et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 7. Time series of 432 mood ratings by participant (N=12) and period. Days engaged with Zuri indicated by vertical lines.

Figure 8. Estimates from a Bayesian linear mixed-effects model of repeated measures data on self-reported mood throughout the study period (432
observations among 12 participants). Uncertainty intervals computed from posterior Markov chain Monte Carlo draws.
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Qualitative Findings on Perceived Impact
Many women attributed positive impact to the intervention,
which we grouped into 3 themes. The first theme was that Zuri
helped them to take care of themselves. Women said that they
loved themselves more, that their mood had improved, and that
they had learned how to replace negative thoughts with positive
thoughts. One woman described her experience with Zuri by
saying:

Because a pregnant woman is…tired all the time,
right? But with Zuri everything was good. I was very
active because it also made me have lessons. Because
I knew after waking up in the morning I will breathe
in and out some minutes. After that I brush, take my
breakfast, I wait for noon time something like 12:00
or even 1:00. I go for a walk. After walking I come
back shower then I keep myself busy with Zuri. So it’s
very helpful actually.

One woman who was ashamed of her body during pregnancy
said:

I started kind of thinking better, that when you are
pregnant, the shape changes and after delivery and
doing exercises, everything goes back to normal.

The second theme was that women acquired new skills that
helped them take care of their babies. Many women indicated
that they could relate to their child better and experienced less
distress raising the child. As one woman said:

All those exercises, how to relate to the child, what
you do to the child...Honestly, if I hadn’t talked to
Zuri, I wouldn’t know.

One woman who feared miscarriage even attributed her baby’s
health and her uncomplicated delivery to Zuri, which we
interpret as the woman having found comfort in Zuri during a
stressful period.

The last theme was that women experienced improved
relationships with others. Some women reported socializing
more with others, and this expanding social support system
further improved their mood. As one woman said:

I used to have the habit of staying alone, not
socializing with other people. Zuri made me be able
to socialize with people. When they see me doing the
exercises, they like knowing where I learnt them from.

Some women felt more secure and trusted others more. One
woman said that she was anxious about leaving her child with
another person, even with her family members. However, after
finishing a session with Zuri on seeking social support, she
explained that she was willing to try asking for help. She
reported:

So I have tried. [The baby] was comfortable. She
cried for some time, then she got used to it.

Discussion

Principal Results
In this prepilot study, we recruited pregnant women and new
mothers in Kenya to try an experimental psychological support

service called Zuri. Zuri is a chatbot that engages users in
automated, text-based conversations over SMS and Facebook
Messenger. Users could initiate chats with Zuri or complete
sessions from the Healthy Moms perinatal depression
intervention curriculum, a CBT-based intervention we adapted
from the Thinking Healthy Program [16]. We used a single-case
experimental design with repeated measures data collection and
in-depth interviews to explore the feasibility and acceptability
of the service, generate a preliminary estimate of response to
treatment, and test study procedures.

Through individual interviews and a review of system logs, we
determined that the service was both feasible to deliver and
acceptable to this sample of users but not without significant
room for improvement and further refinement. Approximately
two-thirds of women in the study tried Zuri at least once, and
half of those who tried engaged beyond the registration process.
This retention rate of 51.9% is slightly more than the average
30-day retention rate of 43% across industries [35] and 40%
across provider-prescribed mental health apps specifically [36].
Although our retention rate is based on a small denominator of
27 women who tried the intervention, it suggests that
engagement with the initial version of the service is within the
range of other digital health apps. Clearly, preventing churn
(dropout) is a common challenge.

This was not a clinically referred sample; however, we observed
an association between depression severity and intervention
use—for every 2 SD increase in the baseline PHQ-9 score,
women sent 29.5 fewer messages. This is a small effect in
absolute terms; however, it speaks to the potential need for more
personalized interventions to maximize user engagement. Most
studies on digital mental health apps for common mental
disorders such as depression do not report detailed use and
usability metrics [37]; however, there is some evidence that
also suggests a negative relationship between depression severity
and engagement [38].

Users pointed to several positive features of Zuri, including
feeling connected to someone who cares while having the benefit
of perceived anonymity and privacy of chatting with a machine.
This is consistent with existing research showing that people
may be more willing to disclose personal information when
they believe their responses are not being observed by another
person [39], and it probably helps to explain our recruitment
experience. More than a quarter of the women who completed
the automated screening endorsed having recent suicidal
ideation, nearly all of whom accepted our referral to in-person
services. Despite having recent and regular contact with
antenatal or postpartum medical providers, these women were
reporting something to Zuri that they presumably had not
reported to frontline medical workers—either because they were
not asked, chose not to disclose, or both. There is a substantial
latent need for mental health treatment that exists alongside the
manifest gaps in access that chatbots such as Zuri could discover
and begin to address.

In addition to reporting largely positive impressions of Zuri,
users reported modest improvements in mood. To estimate this
improvement, we used a multiple baseline design with repeated
measures data collection and fit a multilevel model. Importantly,
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for making a causal inference, we did not observe an increasing
trend in mood during the baseline period. We did, however,
observe a small effect in the treatment period. With 432 mood
ratings from 12 women before and after beginning the treatment,
we estimated that mood improved by 7.0% over the average
mood reported at the start of the baseline period (d=0.17). We
have high confidence that this effect is greater than zero;
however, we are similarly confident that the effect is small. We
cannot conclude with confidence that this effect is indeed causal;
however, quantifying this effect estimate gives us a benchmark
for assessing progress in future iterations of the service. We
will look to replicate and hopefully increase this effect in an
RCT with a clinically indicated group of users.

We can also look to the digital health and psychotherapy
literature for external benchmarks. Although there has been a
proliferation of conversational agents for health in recent years
[40], the evidence base is small [41]. Two recent RCTs of
CBT-based chatbots stand out. In a study of 75 US college
students, Tess, an automated chatbot that provides brief
psychological interventions over common communication
channels such as SMS and Facebook Messenger, reduced the
depression symptom severity by roughly 20%, with a reported
standardized effect of 0.68 [42]. Another chatbot called Woebot,
a stand-alone app that delivers CBT, was tested in a trial with
70 students in the United States. Woebot reduced symptoms of
depression by 19%, with a reported standardized effect of 0.44
[43]. For reference, a recent meta-analysis reported that
standardized effects of traditional in-person psychotherapy for
depression range from 0.66 to 0.77 [44]. Automated
conversational agents such as Zuri, Tess, and Woebot have the
potential to lower the cost of service delivery while expanding
our reach, which could make them highly cost-effective.

Before testing this hypothesis with Zuri, however, we need to
build a more robust intervention. As expected with an alpha
version, we observed many opportunities for improvement.
Some challenges users reported, such as the use of 2 short codes
and a confusing registration process, were unique to the setup
of this particular study and will not be used again. The bigger
challenge will be to make the content more engaging to reduce
churn and make the service more robust to misunderstandings.
One way to avoid some of the confusion we observed in
conversations is to move away from SMS, which can jumble
the message order, and instead add a new channel through
WhatsApp, the most popular messaging app in Africa [45]. In
the short term, this might limit access owing to the cost of
internet connectivity; however, penetration rates continue to
climb rapidly. From September 2018 to September 2019, the
number of data subscriptions in Kenya increased by 23% from
42.2 million to 52 million [46].

In terms of study procedures, we observed a response rate of
13.3% (86/647) among a group of women already enrolled in

their county’s health SMS program. Seventeen percent of
women who completed the screening scored at or above the
cutoff for possible depression, and 79% (41/52) of eligible
women completed the enrollment process. Depression was not
a requirement for inclusion in this study; however, it will be in
future studies. Our experience in this prepilot study suggests
an overall enrollment rate of 1%, taking depression symptoms
into account. Therefore, to recruit a sample of 100 possibly
depressed pregnant women and new mothers in a future trial
using the same remote procedures, these estimates suggest that
we would need to advertise to a pool of at least 10,000 women.
This can be easily achieved through print and digital advertising.
In Nairobi County alone, there were more than 130,000 live
births in 2017 [47].

Our experience with remote automated data collection suggests
that women were willing and able to reply to a 1-question
prompt asking them to rate their current mood. However, we
were less successful at obtaining end-line data using the PHQ-9.
In a future trial, it will be important to budget and plan for study
staff to augment remote data collection procedures.

Limitations
The objective of this prepilot study was to adapt Thinking
Healthy for delivery through Zuri for developing and testing
study procedures to inform the design of a future trial and to
generate preliminary evidence to guide the next round of Zuri’s
development. We were limited in our pursuit of these objectives
given that we only offered screening and conversations in
English. This likely constrained our recruitment efforts as
non–English-speaking women did not have the opportunity to
participate. This implies that our estimates for future recruitment
are conservative. The other main limitation of operating Zuri
in English is that we do not have data on how Zuri functions in
Swahili. This is a priority target for development. A related
limitation is that, by virtue of requiring advanced language
skills, we recruited a highly educated sample of women relative
to the general population. In a future trial, it will be important
to explore how women of all educational backgrounds engage
with Zuri.

Conclusions
We determined that Zuri is feasible to deliver via SMS and
acceptable to a sample of pregnant women and new mothers
recruited from 2 large public hospitals in Kenya. The results of
this prepilot study will serve as a baseline for future studies in
terms of recruitment, data collection, and outcomes. The next
step in Zuri’s development is to refine the intervention content
and add Swahili language support. Conversational agents such
as Zuri have great potential to address the large treatment gap
that exists in many low-resource settings, both as a new channel
of treatment and as an adjunct to traditional and task-shifting
approaches.
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Abstract

Background: African Americans (AAs) experience greater sleep quality problems than non-Hispanic Whites (NHWs). Meditation
may aid in addressing this disparity, although the dosage levels needed to achieve such benefits have not been adequately studied.
Smartphone apps present a novel modality for delivering, monitoring, and measuring adherence to meditation protocols.

Objective: This 6-month dose-response feasibility trial investigated the effects of a breathing awareness meditation (BAM)
app, Tension Tamer, on the secondary outcomes of self-reported and actigraphy measures of sleep quality and the modulating
effects of ethnicity of AAs and NHWs.

Methods: A total of 64 prehypertensive adults (systolic blood pressure <139 mm Hg; 31 AAs and 33 NHWs) were randomized
into 3 different Tension Tamer dosage conditions (5,10, or 15 min twice daily). Sleep quality was assessed at baseline and at 1,
3, and 6 months using the Pittsburgh Sleep Quality Index (PSQI) and 1-week bouts of continuous wrist actigraphy monitoring.
The study was conducted between August 2014 and October 2016 (IRB #Pro00020894).

Results: At baseline, PSQI and actigraphy data indicated that AAs had shorter sleep duration, greater sleep disturbance, poorer
efficiency, and worse quality of sleep (range P=.03 to P<.001). Longitudinal generalized linear mixed modeling revealed a dose
effect modulated by ethnicity (P=.01). Multimethod assessment showed a consistent pattern of NHWs exhibiting the most favorable
responses to the 5-min dose; they reported greater improvements in sleep efficiency and quality as well as the PSQI global value
than with the 10-min and 15-min doses (range P=.04 to P<.001). Actigraphy findings revealed a consistent, but not statistically
significant, pattern in the 5-min group, showing lower fragmentation, longer sleep duration, and higher efficiency than the other
2 dosage conditions. Among AAs, actigraphy indicated lower sleep fragmentation with the 5-min dose compared with the 10-min
and 15-min doses (P=.03 and P<.001, respectively). The 10-min dose showed longer sleep duration than the 5-min and 15-min
doses (P=.02 and P<.001, respectively). The 5-min dose also exhibited significantly longer average sleep than the 15-min dose
(P=.03).

Conclusions: These findings indicate the need for further study of the potential modulating influence of ethnicity on the impact
of BAM on sleep indices and user-centered exploration to ascertain the potential merits of refining the Tension Tamer app with
attention to cultural tailoring among AAs and NHWs with pre-existing sleep complaints.

(JMIR Form Res 2020;4(10):e20501)   doi:10.2196/20501
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Introduction

Background
Obtaining an adequate amount and quality of sleep is essential
for optimal health. Chronically insufficient sleep negatively
impacts daytime function and has been linked to an increased
risk of hypertension, stroke, cardiovascular disease, obesity,
stress, and poor mood [1-6]. One of the most common
contributors to poor sleep is chronic stress [7-11], which can
disrupt sleep by increasing rumination, worries, intrusive
thoughts, and heightened muscular tension [12,13]. Mind-body
strategies addressing stress may not only aid in the improvement
of sleep quality but also reduce exacerbation of other chronic
conditions such as hypertension, cardiovascular disease,
diabetes, and obesity [14-16].

Mitigating stress through positive cognitive behavioral coping
strategies is a common treatment approach to improve sleep
quality [11]. Meditation is one tactic that can be incorporated
into a comprehensive treatment plan among those with chronic
stress experiencing trouble sleeping [8,10]. A variety of
meditation approaches already exist, including transcendental
meditation (TM) and breathing awareness meditation (BAM).
There is evidence to show improvements in anxiety, stress
[17-19], and blood pressure (BP) through the use of these types
of meditation techniques [20-23]. These practices focus on
relaxation, self-acceptance, and staying in the present moment
through slow, diaphragmatic breathing.

Although the benefits of meditation on stress are positive, sleep
outcomes have been mixed. Neuendorf et al [11] reviewed 112
mind-body–based randomized controlled trials (RCTs) on sleep
quality outcomes. Of the 23 meditation RCTs, only 39%
reported beneficial effects on sleep quality. A 2016
meta-analysis of 6 RCTs using mindfulness meditation
incorporating BAM reported statistically significant but mild
improvements in self-reported total wake time, sleep onset
latency, sleep efficiency, and sleep quality [24]. Another
meta-analysis of 47 RCTs found minimal evidence of meditation
studies improving positive mood, attention, eating habits, or
sleep [17]. Collectively, the findings are somewhat mixed, with
mild-to-moderate effects of meditation interventions on sleep
quality. Potential reasons for the variability in outcomes included
heterogeneity of participants, with some studies using
individuals identified as having sleep disorders, some studies
using patients with mental health disorders associated with sleep
disturbances (eg, anxiety, depression, posttraumatic stress
disorder [PTSD]), and others assessing sleep outcomes among
individuals not recruited for sleep issues. Many of these studies
were conducted for a short term (eg, 8-12 weeks), often relied
upon self-report rather than multimethod assessment (eg,
inclusion of polysomnography and actigraphy), did not
objectively monitor adherence to meditation protocols, and
failed to report study details such as the level of expertise of
the trainers and the degree of blinding of the evaluators.
[11,13,24]. Furthermore, none of the RCTs reviewed were
designed to evaluate dose-response effects on sleep disturbance
indices.

Large-scale dissemination of meditation programs using
traditional modes of training may be challenging. Individual or
group-based in-person training and monitoring methodologies
have typically been used [11,17]; however, these approaches
often result in challenges of travel, child care, and other
logistical barriers that may reduce participation and retention
rates. Finally, not having an objective indicator of adherence
to meditation sessions outside of the in-person sessions has been
noted as a potential contributor to the variability in outcomes
across studies [11,13,24].

Technology-delivered meditation programs are an innovative
option to overcome several of these barriers. Unfortunately, few
programs have been rigorously evaluated. In particular,
meditation programs delivered by smartphone apps are widely
available [25] and can be used for reducing stress and for other
clinical uses such as corresponding reductions in BP and
improved sleep. However, the effects of these meditation apps
on sleep indices have received sparse empirical evaluation [26].

Research has also consistently shown greater self-reported sleep
quality problems (eg, longer latency of onset, shorter duration,
greater disruption during sleep) among African Americans
(AAs) than non-Hispanic Whites (NHWs) [3,27-31]. These
findings have typically been supported in studies that included
both objective (eg, wrist actigraphy, polysomnography) and
self-reported measures [32-35]. The Tension Tamer study’s use
of self-reported and actigraphy-based sleep assessment will aid
in determining whether ethnic differences in sleep quality are
observed via both self-reported and objective measurements.
The available data enable a preliminary exploration of whether
ethnicity potentially modulates prehypertensive adult
responsivity to varying doses of the Tension Tamer app upon
sleep.

Further studies are warranted to determine if meditation
techniques, such as BAM, have a beneficial dose-response
influence upon indices of sleep based on self-reported and
objective verification via accelerometry. A recently completed
6-month dose-response study using Tension Tamer, a BAM
smartphone app, provides this opportunity. The primary goal
of the feasibility trial was to determine the potential
dose-response impact on resting BP among prehypertensive
adults [23]. We examined the reduction of resting systolic BP
(SBP) compared with baseline levels for the 3 twice-daily doses
(5, 10, and 15 min) of using the app at each evaluation point (1,
3, and 6 months). All dosage conditions had statistically
significant reductions in BP, with 5-min and 10-min conditions
showing average reductions in SBP (−5 to −8 mm Hg)
comparable with other BAM and TM trials with prehypertensive
and hypertensive samples [23,36-41]. The 15-min dose condition
showed larger average SBP reductions compared with the 5-min
and 10-min dose conditions, ranging from −10.9 mm Hg to
−12.4 mm Hg across the 6-month trial. Secondary analyses are
now directed at evaluating the potential impact of varying BAM
doses on known modulators of BP control, such as sleep quality
[42-44].

Objectives
This paper reports on the exploratory analysis of 3 different
doses of BAM on sleep quality changes in adult NHWs and
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AAs with prehypertension. We hypothesized that increased
doses of BAM would impart greater improvements in
self-reported and actigraphy-derived measures of sleep quality.
We also hypothesized that AAs would exhibit poorer baseline
levels of sleep quality compared with NHWs.

Methods

Participants
A total of 287 prehypertensive adults were recruited using paper
advertising and word-of-mouth referrals at an academic health
center in southeastern United States. Study candidates were
contacted by phone to initiate eligibility screening and were
scheduled for the first of 3 clinic BP evaluations. Inclusion
criteria included participants aged between 18 and 90 years;
being NHWs or AAs; and having systolic prehypertension based
on the Seventh Report of the National Committee on Prevention,
Detection, Evaluation, and Treatment of High Blood Pressure
(120 mm Hg-139 mm Hg) on 3 consecutive visits, each at least
2 days apart. Exclusion criteria included unwillingness to accept
randomization into 1 of 3 dosage groups, current medication
regimens that affected BP, inability to open and navigate the
Tension Tamer smartphone app after a hands-on training, or
inability of participants to position their fingers over their
smartphone camera because of tremors. Additional exclusion
criteria included being currently pregnant, lactating, or having
intention to become pregnant during the trial, participating in
another research study of any kind, inability to read or speak
English, and not having smartphone signal at the participant’s
place of residence. The study was conducted between August,
2014 and October, 2016.

Description of Tension Tamer App
Tension Tamer captures real-time heart rate (HR) with a
proprietary software involving reflective photoplethysmography
by using the smartphone video camera and light-emitting diode
(LED) flashlight [45]. The video camera and software can detect
HR pulses through the finger’s capillary beds and output the
digital reading on the interface and store the session HR data.
This feature has been previously validated against
electrocardiogram-derived HR (Pearson r≥.99, standard error

of the estimate≤2.09 bpm) [45]. Graphical HR feedback is
provided after each Tension Tamer session to illustrate the
average HR changes across each minute (Figure 1).

Users have the option to turn off (or reactivate) the audio BAM
instructions, set session midway and ending alerts (chime or
gong), and select different background themes for screenshots
(eg, nature, rock garden, beach scenes; Figure 1). The Tension
Tamer app sends duration and time stamp–encrypted HR data
to our institution’s Health Insurance Portability and
Accountability Act–compliant server for storage in a relational
database management system via a securely authenticated web
interface. The time-stamped HR data provide the duration of
session data, which is used to facilitate the measurement of
session adherence.

The Tension Tamer app was developed and tailored for
prehypertensive adults using a patient-centered iterative design
approach guided by behavioral change theories. These included
the self-determination theory [46] and the social cognitive theory
[47] to guide the development of the behavioral content and the
what, how, and why of Tamer Tension engagement and
maintenance by fostering self-efficacy and intrinsic motivation
to sustain engagement in the meditation sessions over time [48].
The People, Activity, Context, and Technology (PACT) model
guided the presentation and engagement process of using the
app. The PACT model posits that users must feel at ease with
and perceive the technology as useful in reaching a desired goal
[49]. Feedback based on the levels of adherence in the Tension
Tamer program was used to provide social reinforcement and
motivation via SMS messages to increase self-efficacy and
autonomous motivation to increase adoption and sustain
engagement of Tension Tamer for the management of stress
and BP. As noted earlier, the primary outcomes of changes in
BP from the 6-month dose-response trial involving
prehypertensive adults have been reported [23].

Sleep data were collected through self-reported surveys and
1-week continuous actigraphy acquisition at each evaluation
time point (baseline and months 1, 3, and 6). All research
procedures were approved by the institutional review board
before conducting the study (IRB #Pro00020894).
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Figure 1. The graphical heart rate feedback after each Tension Tamer session to illustrate average heart rate changes across each minute using the
smartphone’s camera (top). Screenshots of the home screen (bottom), breathing meditation instructions, information regarding how Tension Tamer
works, and a frequently asked questions page.

Procedures
Complete details of the study protocol have been reported
elsewhere [23]. After informed consent was obtained, and 3
separate confirmatory BP evaluations were done to verify the
prehypertensive status, baseline measures of demographics (ie,
ethnicity, education, income, height, weight, and physical
activity level) were taken and a set of questionnaires including
the Pittsburgh Sleep Quality Index (PSQI) were administered
[50]. BMI was calculated as weight in kilograms divided by
height in meters squared. Participants also wore an ActiGraph
monitor for 7 consecutive 24-hour periods. Participants were
subsequently randomized into 1 of 3 Tension Tamer dosage
conditions of 5, 10, or 15 min, each to be performed twice daily.

The Tension Tamer app was installed on either the iOS (iPhone
operating system) or the Android operating system on each
participant’s personal smartphone. If the subject did not have
a smartphone, an Apple iPhone 4 or 5 or Samsung Galaxy 4 or
5 was provided at no cost for the duration of the study. A staff
member trained in the use of the Tension Tamer app was present
to provide guidance as needed during the introductory tutorial.
The Tension Tamer app tutorial included Tension Tamer videos
explaining BAM, demonstrating diaphragmatic breathing, and
explaining how to operate the app’s features, including obtaining

video camera HR capture using the fingertip. An audio recording
of a British female voice guided them through their first BAM
session. Participants were instructed to place the tip of a finger
over the camera’s lens and LED light. The app would vibrate
if the finger were misaligned and prompt for realignment.
Participants were directed in the audio guide to sit comfortably,
close their eyes, and attend to the movement of their diaphragm
while taking deep, slow, belly breaths. At the start of each
session, a chime indicated the start with an on-screen timer.
Additional chimes notified the user of the midpoint and the end
of the session. Numeric feedback was immediately displayed
on a 4-beat rolling average basis throughout the session. A graph
was displayed immediately following the session, showing the
average HR response during each minute of the session (shown
in Figure 1). The training session ended with the participant
demonstrating the ability to initiate another Tension Tamer
session, including HR acquisition, before returning home. In
subsequent BAM sessions, the participants could toggle the
guided audio training on or off as desired.

An ActiGraph monitor was then fitted on their wrist, and
participants were given instructions to wear the device for 7
consecutive days and to complete a daily sleep log. The same
procedure was followed at each subsequent laboratory evaluation
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at 1, 3, and 6 months. Participants were compensated US $145
for their time after completion of each evaluation.

Measures

Actigraphy
Actigraphy was captured using the ActiSleep monitor
(ActiGraph models GT3XP-BTLE and ASP-BTLE; ActiGraph
Corp). The ActiSleep monitor is a research-grade accelerometer
that provides objective estimates of physical movement and
includes multiple sleep parameters that have been validated
against polysomnography [51-54]. The wrist monitor was
secured on the nondominant hand using the manufacturer’s
Velcro wrist strap. Participants were told to wear the device at
all times except during activities that would get the device wet
(eg, showering, bathing, swimming). Epochs were set to
10-second intervals. Participants were given sleep logs for
recording each night’s sleep time and wake time and to note
any disturbances (eg, awakened by noise, having bad dreams,
using the bathroom). Data were downloaded and processed
using ActiLife 6 software (version 6.13.3, ActiGraph LLC),
which converted the data to 60-second epochs. Initially, the
software’s automated sleep detection algorithm was used to
identify the sleep periods. Comparisons were performed against
the sleep log data by a doctoral-level analyst, and adjustments
were made when the sleep and wake times differed by more
than 15 min. Sleep and wake changes were identified using
visual examination of the graphical output, self-reported notes
on sleep logs, nonwear periods, lux readouts from the light
sensor, and patterns across all days. The Cole-Kripke algorithm
[55] was used to categorize the sleep and wake status during
each sleep period. The following variables were averaged at
each time point and retained for analysis: sleep time per night
(in min), sleep efficiency (ie, the percentage of time in bed that
was spent asleep), and sleep fragmentation index (ie, an
ActiSleep-derived index of restlessness during the entire sleep
period by measurement of the amount of movement while in
bed; lower values indicate better sleep). At least 4 days of valid
data, including 1 weekend night, were required at each
evaluation to be included in the analyses.

PSQI
PSQI, administered at each evaluation, is a well-validated
self-report questionnaire of sleep quality over the previous
month [50,56-59]. The 19 items on PSQI use both open-ended
(eg, regular bedtime and awakening times) and 5-point Likert
scale formats. Scoring algorithms provide 7 components
(subjective sleep quality, sleep latency, sleep duration, sleep
efficiency, sleep disturbances, sleep medication, and daytime
dysfunction). The total sleep quality score (0-21) is derived
from the 7 components (each scored 0-3). Higher scores on each
component are indicative of poorer sleep quality. In addition to
the 7 components, Cole et al [53] identified 3 latent factors
based on a combination of PSQI components: sleep efficiency
(sleep duration and sleep efficiency), perceived sleep quality
(subjective sleep quality, sleep latency, and sleep medication),
and daily disturbances (sleep disturbances and daytime
dysfunction). A recent meta-analysis of 37 PSQI psychometric
studies has revealed good internal consistency (Cronbach
alpha=.70-.83), construct validity (ie, discriminated between

groups with a disorder associated with poor sleep, such as
depression and PTSD, and healthy individuals), convergent
validity (eg, moderate positive correlations with anxiety and
depression), and divergent validity (eg, weak associations with
unrelated constructs such as vomiting and anger) [58]. The
3-factor structure has been replicated across a variety of
populations involving men and women with various chronic
illnesses or conditions (eg, depression, pregnant women, kidney
transplant recipients, PTSD, perimenopause, early
postmenopausal women) as well as those without any known
diseases. Participants have represented multiple ethnic groups
(eg, AAs, NHWs, Hispanic Americans) [59-62]. We used the
3 factors (sleep efficiency, sleep quality, and daily disturbances)
along with the global score in the statistical analyses.

Physical Activity
In addition to the objective physical activity data provided by
the ActiSleep monitor, a single-item self-report question was
completed at each evaluation for comparison. The question,
derived from the Sweat Index [63], was “How many days per
week are you active enough where you begin to sweat?”
Response options ranged from 0 to 7 days. Comparisons
between baseline and follow-up were used to adjust modeling
if activity levels increased or decreased significantly.

Adherence
Adherence was measured using the encrypted time and date
stamped HR data obtained via the Tension Tamer app’s built-in
photoplethysmogram that were automatically relayed to our
institution’s server infrastructure. These data provided objective
measures of adherence (ie, 1.0=2 sessions at full dose over a
24-hour period separated by >5 min; 0.5=completion of 1
session during the 24-hour period). Adherence was reported as
a monthly percentage calculated as the average of daily scores
(0, 0.5, and 1.0) across the number of days in the month.

Statistical Analyses
Demographic variables were analyzed using the analysis of
variance for continuous data and chi-square tests for categorical
data. For all analyses, statistical significance was set at P=.05.
Analyses of longitudinal dose intervention effects from baseline
to final 6-month evaluation for self-reported (PSQI) and
actigraphy sleep indices were performed on the intention-to-treat
(ITT) sample comprising all participants who completed at least
four Tension Tamer sessions following completion of the
baseline evaluation (n=57). A generalized linear mixed (GLM)
model approach was used to account for the correlation of
repeated measurements within patients [64,65]. The GLM
models used the available measures at all time points (baseline
and months 1, 3, and 6) and summarized the difference between
groups at the final measurement (ie, month 6). A 2-level analysis
strategy was utilized. Our primary analyses included the simple
mixed-effects model containing the intervention dose group,
the primary variable of interest, along with time (study visit),
a dose-by-study visit interaction term as the fixed effect and
adjusted for the baseline measure of the dependent variable with
an unstructured covariance structure. The model was further
adjusted for adherence.
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The second level of GLM modeling included ethnicity as a fixed
effect in addition to the previously included effects because of
the statistically significant differences in most
actigraphy-derived sleep indices observed at baseline. We
estimated changes in sleep for each subject over the trial
(preintervention and 1, 3, and 6 months) and the within-subject
longitudinal trajectories (eg, slopes) and summarized the mean
longitudinal trajectory within each dose group.

All sleep outcome variables were examined for normality using
the Shapiro-Wilk test. With 18 subjects randomized to each
intervention group, we had 80% power to detect at least a 0.96
SD unit effect size among the 3 groups (level of significance
[alpha]=.05, 2-tailed) for sleep outcomes. SAS Statistical
Software version 9.4 (SAS Institute Inc) and SPSS Statistics
version 25.0 (IBM Corp) were used to perform the analyses.

Results

Overview
The study was approved in July 2014 (IRB#Pro00020894) and
was performed between August, 2014 and October, 2016. A
total of 287 potential candidates were screened (Figure 2).
Overall, 204 patients were found to be ineligible. The primary
reasons for exclusion included not meeting prehypertension
criteria on all 3 screening visits (155/204, 76.0%), taking
prescription medications that influenced BP (23/204, 11.2%),
and failure to meet various other inclusion criteria (26/204,
12.7%), Of the 83 eligible participants, 64 (77%) consented to
participate in the clinical trial. A total of 2 participants
subsequently failed to complete the baseline evaluation
monitoring in the natural environment. Furthermore, 5 others
failed to complete at least 4 sessions during the first several
weeks and dropped out (n=4) or were removed from the trial
(n=3). These collective 7 individuals were evenly distributed
across dosage conditions.
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Figure 2. Recruitment and assessment flow diagram. PSQI: Pittsburgh Sleep Quality Index.

Baseline Characteristics
Overall, 47% (27/57) of the participants were female and 49%
(28/57) were African American. As illustrated in Table 1, there
were no significant baseline differences among the dosage
groups on any descriptive characteristics (eg, education levels,
income, BMI, physical activity, or stress; all values of P=.07

or greater). In addition, baseline sleep characteristics were not
significantly different among dosage groups for any self-reported
or objective variable (all P values were greater than .20).

AAs had higher BMI, reported less sweat-induced physical
activity, and had lower education levels compared with NHWs
(P=.04 to P=.001). Importantly, ethnicity differences were
observed in 6 of the 7 baseline sleep quality indices (Table 2).
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Table 1. Baseline demographic and sleep characteristics by dosage condition.

P valueaDoseOverall (n=57)Characteristics

15 min (n=20)10 min (n=16)5 min (n=21)

.3631.85 (13.48)37.8 (13.9)35.8 (11.10)34.98 (12.79)Age (years), mean (SD)

.718 (40)8 (50)11 (52)27 (47)Gender (female), n (%)

.558 (40)8 (50)12 (67)28 (49)Ethnicity (African American), n (%)

.5727.7 (4.9)26.4 (4.59)28.5 (7.00)27.63 (5.7)BMI (kg/m2), mean (SD)

.653.7 (2.1)3.1 (2.13)3.1 (2.08)3.32 (216)Physical activity (days/week), mean (SD)

.28Annual income (US$), n (%)

10 (50)4 (25)6 (29)20 (35)<15,000

6 (30)7 (44)7 (33)20 (35)15,000-29,999

2 (10)4 (25)4 (19)10 (18)30,000-49,999

2 (10)0 (0)0 (0)2 (4)50,000-74,999

0 (0)0 (0)1 (5)1 (2)>75,000

0 (0)1 (6)3 (14)4 (7)Not reported

.92Education, n (%)

5 (1)2 (13)2 (10)5 (9)High school

3 (15)2 (13)5 (24)10 (18)Trade school

13 (65)9 (56)10 (48)32 (56)College educated

3 (15)3 (19)4 (19)10 (18)Not reported

Actigraphy indices, mean (SD)

.4085.32 (7.82)88.06 (6.40)87.74 (5.45)86.97 (6.62)Sleep efficiency (%)

.84386.20 (46.92)373.17 (76.08)379.88 (65.44)380.24 (61.96)Sleep duration (min/night)

.2629.26 (8.69)25.06 (6.86)25.67 (8.56)26.76 (8.24)Sleep fragmentation (units)

.206.68 (0.58)6.73 (0.59)6.95 (0.22)6.80 (0.49)Valid days (days)

Pittsburgh Sleep Quality Index domains, mean (SD)

.232.6 (1.4)2.3 (1.5)1.9 (1.4)2.3 (1.4)Sleep quality

.501.2 (.8)1.5 (1.0)1.2 (1.1)1.3 (.96)Sleep efficiency

.762.1 (.9)2.0 (1.2)1.9 (1.1)1.9 (1.0)Daily disturbances

.445.9 (2.4)5.8 (2.7)5.0 (2.8)5.6 (2.6)Global score

aP values were determined by using the analysis of variance and the chi-square test (n=57).
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Table 2. Baseline demographic and sleep characteristics by ethnicity.

P valueaAfrican American (n=28)Non-Hispanic White (n=29)Characteristics

.0838.00 (14.10)32.07 (10.84)Age (years), mean (SD)

.1516 (57)11 (38)Gender (female), n (%)

.00329.87 (6.20)25.47 (4.12)BMI (kg/m2), mean (SD)

.042.74 (1.75)3.86 (2.21)Physical activity (days/week), mean (SD)

.31Annual income (US$), n (%)

7 (25)45 (13)<15,000

11 (39)9 (31)15,000-29,999

5 (18)5 (17)30,000-49,999

2 (7)0 (0)50,000-74,999

0 (0)1 (3)>75,000

3 (11)1 (3)Not reported

.001Education, n (%)

5 (8)0 (0)High school

9 (32)1 (3)Trade school

11 (39)21 (72)College educated

3 (11)7 (24)Not reported

Actigraphy indices, mean (SD)

.00384.21 (7.48)89.36 (4.71)Sleep efficiency (%)

.001341.00 (59.33)413.25 (42.58)Sleep duration (min/night)

.0229.57 (10.03)24.34 (5.39)Sleep fragmentation (units)

Pittsburgh Sleep Quality Index domains, mean (SD)

.032.7 (1.3)1.9 (1.4)Sleep quality

<.0011.8 (0.9)0.8 (0.7)Sleep efficiency

.892.0 (1.0)2.0 (1.1)Daily disturbances

.0086.5 (2.5)4.7 (2.5)Global score

aP values were calculated using the analysis of variance and chi-square tests (n=57).

On the basis of the PSQI, AAs self-reported significantly poorer
sleep efficiency (ie, shorter average sleep duration, higher
percentage of time awake while trying to sleep) and poorer sleep
quality (ie, using sleep medications, longer latency, poorer
overall sleep quality); P<.001 and .03, respectively. As expected,
their PSQI global sleep quality scores were higher (P=.008),
with 50% (14/28) falling above the clinical cutoff level for sleep
disturbance (PSQI global score >5) [50,58,61] compared with
13% (4/29) among NHWs. Importantly, all 3 actigraphy-derived
indices supported the self-reported findings, with AAs exhibiting
poorer sleep efficiency, greater fragmentation, and shorter
average sleep duration than NHWs (P=.02 to P=.001).

Impact of Tension Tamer dosage on Sleep
Longitudinal GLM models evaluating the impact of Tension
Tamer dosage conditions on sleep variables at 1, 3, and 6
months, controlling for baseline levels and adherence, did not

reveal any statistically significant dose×time interaction terms
in any of the PSQI-based sleep outcomes (all P=.08 or greater).
Among the ActiGraph-derived variables, a significant dose
effect was observed only for sleep fragmentation (P=.03).
Collapsed across the 3 evaluation time points, the 5-min dose
condition exhibited the lowest sleep fragmentation (23.4, SD
1.2) compared with both the 10-min (28.3, SD 1.5; P<.001) and
15-min (28.7, SD 1.3; P=.006) dose conditions.

Impact of Tension Tamer Dosage on Sleep Measures
Within Ethnic Groups
GLM modeling was conducted with ethnicity as a covariate in
the model (Table 3). Ethnicity was found to have a significant
impact on the models’ dosage results on 2 of the 3 actigraphic
measures (fragmentation and efficiency; for both, P=.01) and
on the PSQI sleep efficiency factor (P=.03).
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Table 3. Effect of the dosage of Tension Tamer app on sleep measures within ethnic groups (adjusted means with SE).

P valueDiff 10-15P valueDiff 5-15P valueDiff 5-10Dose,15 minDose, 10
min

Dose, 5
min

Characteristics

Sleep outcomes for non-Hispanic Whitesa

Actigraphy indices, mean (SE)

.19−2.5 (1.9).351.7 (1.8).034.2 (1.8)89.7 (1.3)87.2 (1.4)91.4 (1.2)Sleep efficiency (%)

.870.6 (3.7).32−3.6 (3.5).25−4.2 (1.8)25.5 (2.6)26.1 (2.7)21.9 (2.3)Sleep fragment

.980.40 (19.8).3916.8 (19.3).4116.4 (19.5)403.1 (14.0)403.5 (14.7)419.9
(12.8)

Sleep duration
(min/night)

PSQIb, mean (SE)

.13−0.8 (0.5).006−1.5 (0.5).02−0.7 (0.5)2.2 (0.4)1.5 (0.3)0.7 (0.3)Sleep quality

.83−0.1 (0.2).02−0.7 (0.3).11−0.6 (0.3)0.9 (0.2)0.9 (0.2)0.3 (0.2)Sleep efficiency

.23−0.5 (0.4).09−0.7 (0.4).57−0.2 (0.4)2.1 (0.3)1.6 (0.3)1.4 (02)Daily disturbances

.04−1.3 (0.6)<.001−2.7 (0.6).03−1.4 (0.6)5.2 (0.4)4.0 (0.4)2.5 (0.4)Global score

Sleep outcomes for African Americans

Actigraphy indices, mean (SE)

.99−0.1 (3.8).382.9 (3.2).383.0 (3.3)83.0 (2.6)82.9 (2.7)85.9 (2.0)Sleep efficiency (%)

.07−6.7 (3.4)<.001−12.0 (3.1).03−6.4 (2.7)37.4 (2.3)30.9 (2.2)24.5 (1.7)Sleep fragment

<.00180.6 (19.1).0340.1 (17.0).02−40.5
(15.9)

294.0 (13.3)374.6 (12.6)334.2 (9.9)Sleep duration
(min/night)

PSQI, mean (SE)

.630.4 (0.9).640.4 (0.9).99−0.0 (0.9)1.7 (0.8)2.2 (0.6)2.2 (0.6)Sleep quality

.44−0.4 (0.5).930.04 (0.5).350.4 (0.4)2.0 (0.3)1.6 (0.3)2.0 (0.3)Sleep efficiency

.081.1 (0.6).640.5 (0.6).29−0.6 (0.6)1.1 (0.5)2.2 (0.4)1.6 (0.4)Daily disturbances

.501.1 (1.5).501.1 (1.6).990.0 (1.5)4.9 (1.2)6.0 (1.0)6.0 (1.0)Global score

aDifferences determined by longitudinal generalized linear mixed modeling adjusted for visit, dose-by-visit interaction, adherence, and baseline outcome
level (follow-up time points include 1, 3, and 6 months).
bPSQI: Pittsburgh Sleep Quality Index.

As a result of the above findings, an ethnicity×dose interaction
term was added to the model to determine whether ethnicity
modulated the effects of dosage level on sleep outcomes.
Significant interaction effects were observed for 2 of the 3
actigraphic measures (efficiency P=.05; duration P=.03). The
sleep measure was the dependent variable, whereas dosage was
the primary independent variable adjusted for visit, dose-by-visit
interaction term, baseline level of particular outcome measure,
and adherence.

The NHWs exhibited a consistent pattern across both
self-reported and ActiGraph-derived measures. The 5-min dose
resulted in the greatest improvements in sleep measures
compared with the other 2 dosage conditions. On the basis of
the PSQI data, participants in the 5-min condition reported
significantly better values for the sleep efficiency factor
compared with both the 10-min and 15-min conditions (for both,
P=.02). Similarly, they also reported better scores for the sleep
quality factor compared with the 10-min and 15-min dose
conditions, with the difference for the 15-min condition being
statistically significant (P=.006). Finally, the 5-min condition
reported significantly better global sleep quality compared with

both the 10-min and 15-min conditions (P=.03 and <.001,
respectively).

The ActiGraph findings supported these patterns among NHWs,
with the 5-min group showing higher sleep efficiency compared
with the 10-min (P=.03) and 15-min groups; however, the latter
difference did not reach statistical significance. Similarly, the
5-min condition exhibited lower fragmentation and longer sleep
duration compared with the other 2 conditions, but the
differences were not statistically significant.

Among AAs, the actigraphy findings indicated that the 5-min
condition exhibited significantly lower sleep fragmentation than
both the 10-min and 15-min conditions (P=.03 and P<.001,
respectively). The 10-min condition showed the highest sleep
duration, which was significantly longer than both the 5-min
and 15-min conditions (P=.02 and P<.001, respectively). The
5-min condition also exhibited significantly longer sleep
duration compared with the 15-min condition (P=.03).

With regard to the self-reported results among AAs, none of
the PSQI factor scores were significantly and differentially
impacted by the Tension Tamer dosage, except for PSQI daily
disturbances. The 15-min group showed a trend of lower daily
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disturbances compared with the 10-min group (P=.08).
Furthermore, the overall pattern of PSQI factor scores did not
emulate the actigraphy findings. For example, the 15-min dose
condition, which had the shortest actigraphy-derived sleep
duration and greatest fragmentation during sleep, had the best
sleep quality factor, global sleep quality scores, and daily
disturbance factor score.

Effect of Differences in Tension Tamer Dosages on
Sleep Measures Between Ethnic Groups
Further modeling was carried out to examine potential ethnicity
differences in response to the 3 dosage levels given in Table 4.
Adjusted means and SE by ethnicity within each dosage level
at month 6 were obtained from longitudinal GLM modeling.
The model included sleep measure as the dependent variable
and dose as the primary independent variable of interest adjusted
for visit, ethnicity, dose-by-visit and dose-by-visit-by-ethnicity
interaction terms, baseline value of sleep measure, and
adherence.

Per the PSQI outcomes, NHWs reported a consistent pattern of
greater improvement than AAs for each PSQI factor (sleep
quality, sleep efficiency, and daily disturbances) and global
sleep quality for the 5-min and 10-min dose conditions.
However, the only statistically significant differences observed
were for the 5-min dose condition, in which NHWs reported
greater sleep efficiency (P=.002) and better global sleep quality
(P=.05) than AAs. The 15-min dose condition revealed a
different pattern in which AAs reported better scores in sleep
quality and daily disturbance factors and lower global sleep
quality scores than NHWs; however, none of these differences
reached statistical significance (all values of P=.18 or greater).

The ActiGraph results revealed a pattern in which NHWs
exhibited comparable or better sleep efficiency and
fragmentation than AAs across all 3 doses. They also exhibited
longer sleep durations at the 5-min and 15-min dose conditions.
However, statistically significant differences were observed in
the 15-min dose condition only. NHWs exhibited better
efficiency (P=.02), lower fragmentation (P=.02), and longer
sleep duration (P=.002) than AAs.
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Table 4. Effect of ethnicity differences and the dosage of Tension Tamer app on sleep measures at 6-month follow-upa. Values represent the adjusted
means and SE.

P valueAfrican AmericansNon-Hispanic WhitesCharacteristics

Sleep outcomes for 5-min dosea

Actigraphy, mean (SE)

.1885.9 (2.0)91.4 (1.2)Sleep efficiency (%)

.9324.5 (1.7)21.9 (2.3)Sleep fragment

.13334.2 (9.9)419.9 (12.8)Sleep duration (min/night)

PSQI b , mean (SE)

.142.2 (0.6)0.7 (0.3)Sleep quality

<.0012.0 (0.3)0.3 (0.2)Sleep efficiency

.561.6 (0.4)1.4 (02)Daily disturbances

.056.0 (1.0)2.5 (0.4)Global score

Sleep outcomes for 10-min dose

Actigraphy, mean (SE)

.6682.9 (2.7)87.2 (1.4)Sleep efficiency (%)

.3230.9 (2.2)26.1 (2.7)Sleep fragment

.28374.6 (12.6)403.50 (14.7)Sleep duration (min/night)

PSQI, mean (SE)

.572.2 (0.6)1.5 (0.3)Sleep quality

.601.6 (0.3)0.9 (0.2)Sleep efficiency

.132.2 (0.4)1.6 (0.3)Daily disturbances

.326.0 (1.0)4.0 (0.4)Global score

Sleep outcomes for 15-min dose

Actigraphy, mean (SE)

.0283.0 (2.6)89.7 (1.3)Sleep efficiency (%)

.0237.4 (2.3)25.5 (2.6)Sleep fragment

.002294.0 (13.3)403.1 (14.0)Sleep duration (min/night)

PSQI, mean (SE)

.481.7 (0.8)2.2 (0.4)Sleep quality

.122.0 (0.3)0.9 (0.2)Sleep efficiency

.181.1 (0.5)2.1 (0.3)Daily disturbances

.544.9 (1.2)5.2 (0.4)Global score

aDifferences determined by longitudinal generalized linear mixed modeling adjusted for visit, dose-by-visit interaction, adherence, and baseline outcome
level.
bPSQI: Pittsburgh Sleep Quality Index.

Discussion

Principal Findings
This is the first study to use a smartphone app to examine the
effect of varying doses of BAM on self-reported and objective
indices of sleep. Baseline measurements corroborated the
literature with regard to adult ethnicity differences in sleep
quality [27-31,35,57-59,66]. Similar to most research that has
utilized self-reported methodology, we used the well-validated
PSQI survey [50,56] and a 3-factor model first reported by Cole

et al [57] and replicated it across multiple patient populations
and ethnic groups, including NHWs and AAs [59-61]. AAs,
compared with NHWs, reported statistically significant poorer
scores for sleep efficiency (ie, shorter average sleep duration,
higher percentage time awake while trying to sleep) and sleep
quality (ie, using sleep medications, longer latency, poorer
general sleep quality) factors. On the basis of the clinical cutoff
point for poor sleep quality (ie, PSQI global score of >5)
[50,58,61], AAs had a significantly higher prevalence of poor
sleep quality compared with NHWs.
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The 24-hour monitoring with the ActiGraph wrist monitor for
7 consecutive days at each evaluation point provided objective
indices of sleep. Importantly, these data corroborated the
baseline self-reported findings in that AAs exhibited shorter
sleep duration, more fragmented sleep, and lower sleep
efficiency.

Longitudinal modeling analyses indicated that the BAM
program, delivered and monitored using the Tension Tamer
smartphone app, had a beneficial impact on sleep, which was
modulated by ethnicity. On the basis of actigraphy monitoring,
among AAs, the 5-min dose resulted in significantly lower
fragmentation compared with both the 10-min and 15-min dose
conditions. The 5-min dose group also had significantly longer
sleep duration than the 15-min dose group; however, the 10-min
dose resulted in the longest sleep duration compared with both
the 5-min and 15-min doses. Previously, we compared the
changes in SBP among dosage conditions and observed that the
15-min condition had significantly lower adherence rates
compared with the other 2 conditions [23]. By 6 months, the
ITT analysis using 75% adherence criterion found that the 5-min
condition had higher percentages (57%) meeting this criterion
compared with 37% for the 10-min condition and 14% for the
15-min condition.

Among the AAs, no significant differential impact by dosage
condition was observed on self-reported sleep. Furthermore,
the general pattern of PSQI-derived sleep dimensions did not
corroborate the actigraphy findings. This discrepancy is akin
to the findings that AAs exhibit lower correlations between
self-reported sleep duration and both actigraphy- and
polysomnography-derived sleep durations (r range 0.15 to 0.29)
compared with NHWs (r range 0.45 to 0.56) [33,67-69].

On the other hand, among the NHWs, a consistent pattern across
both self-reported and ActiGraph-derived indices indicated that
the 5-min dose resulted in the greatest improvements in sleep
measures. On the basis of the PSQI, the 5-min condition reported
significantly greater improvements in sleep efficiency compared
with both the 10-min and 15-min conditions. Similarly, the
5-min condition reported better sleep quality compared with
the other 2 conditions, with the difference for the 15-min
condition being statistically significant. Finally, the 5-min dose
condition reported significantly better PSQI global scores
(summation of the original 7 sleep components) compared with
both 10-min and 15-min dose conditions. The pattern of
actigraphy findings supported the self-reported findings. The
5-min condition exhibited higher sleep efficiency scores
compared with both 10-min and 15-min conditions, with the
10-min comparison being statistically significant. Similarly, the
5-min condition had lower fragmentation compared with the
other 2 dosage conditions; however, the differences did not
reach statistical significance.

Evaluations of potential ethnicity differences in response to the
3 Tension Tamer doses revealed a consistent pattern of
significantly better responsivity among the NHWs.
ActiGraph-derived measures indicated significantly greater
improvements among NHWs in sleep efficiency, reduced
fragmentation, and longer sleep duration compared with AAs
at each dosage condition. The PSQI findings provided support

to the actigraphy findings, with NHWs reporting a pattern of
higher quality, efficiency, and better PSQI global sleep scores
for both 5-min and 10-min dose conditions compared with AAs.
Compared with NHWs, AAs in the 15-min dose condition
reported better sleep quality and PSQI daily disturbance scores,
with a trend toward better global sleep scores. A higher use of
Tension Tamer in the 5-min group across the trial may have
contributed to the generally greater beneficial influence on sleep
quality. Anecdotally, the 5-min participants appeared to more
often note at posttrial key informant interviews using Tension
Tamer immediately before going to bed, which may have played
a role as well.

As noted earlier, the findings have been mixed with regard to
the impact of meditation on sleep [9,11,13,17,24]. The overall
results of this study provide increasing support for the role of
smartphone-enabled meditation and the benefits of
multimethod-based sleep outcomes among individuals not
originally recruited for sleep disturbance studies [70-72]. As
pointed out in a review of 123 mind-body based interventions
by Neuendorf et al [11], the use of meditation may be
advantageous to improve sleep among individuals who do not
have clinical levels of sleep disturbance, but the observed effect
sizes are likely to be less. The mixed sleep results observed in
earlier studies may be due to poor scientific rigor, lack of
measurement of adherence, or dosage of mindfulness-based
practices, especially in studies conducted as home-based
programs [13]. These shortcomings are addressed in this report
where dosage and adherence measures bolster the quality of our
findings.

Use of cellular technology provides the possibility of
disseminating efficacious mind-body intervention programs
such as BAM to larger audiences, circumventing barriers such
as travel, childcare, and other expense-related issues. In addition,
the penetration of smartphone-assisted technology into lower
income, rural, and urban areas enables these programs to be
widely disseminated and available. This is increasingly
important as 81% of adults own a smartphone as of June 2019
[73]. Our exit surveys suggest that Tension Tamer sessions
conducted before bedtime may aid individuals in going to sleep
faster. Thus, engagement with Tension Tamer as part of the
sleep preparation ritual may be beneficial for future studies.
Tension Tamer may potentially have a larger effect in improving
sleep if used as a direct intervention or in combination with
other sleep hygiene practices on those exhibiting sleep
complaints. Further iterative, user-centered design is needed
with NHWs and AAs with sleep disturbances to understand
their levels of sleep hygiene literacy and identify potential needs
for culturally attuned tailoring of a refined Tension Tamer app
that would include sleep hygiene education, video testimonies
by NHWs and AAs who had experienced sleep issues and
benefited from Tension Tamer, and video segments by such
individuals showing how to use a refined Tension Tamer. This
aligns with recent recommendations by Johnson et al [68], who
emphasized the need for culturally sensitive efforts to reduce
racial and ethnic sleep disparities. The study emphatically
reports the disparities in AAs among the sleep dimensions of
duration, quality, and sleepiness. Specifically, sleep programs
involving ethnic minorities will likely need to include sleep
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hygiene education to help eradicate false beliefs on managing
issues such as long sleep latency (eg, to fall asleep, just watch
TV in bed or drink alcohol).

Limitations
A limitation of this study was that the Tension Tamer app was
not designed to specifically target individuals with sleep issues
but was rather for those with prehypertension. As a result, we
did not include eligibility criteria related to sleep problems,
insomnia, or collect sleep medication usage. Therefore, bias
toward the null hypothesis may be an explanation for some of
the findings. In future studies, inclusion of targeted intervention
materials in addressing sleep-related barriers in prehypertensive
patients may have a greater effect. Such tactics could include
increasing basic sleep hygiene awareness or using the Tension
Tamer app in combination with cognitive behavioral therapy
[68]. Furthermore, 2 other limitations, the lack of a control arm
and the relatively small sample size in each dosage arm, limit
the generalizability of the findings. Comparisons between ethnic
groups also found that the AA sample was older, had higher
BMIs, and lower levels of physical activity, which could have
contributed to poorer sleep quality results.

This study was also not designed to examine the daily timing
of BAM sessions around bedtime routines. A properly powered
trial using a refined Tension Tamer app, including BAM as part
of bedtime preparation rituals, is needed to understand how the
timing and dosage of BAM or other meditation techniques may
provide the most beneficial effect on sleep outcomes. We also
did not investigate any related mechanistic evaluations such as
electromyography or other common sleep tests such as
polysomnography [74], which could impart important
information on how BAM affects sleep using causal pathways.

Conclusions
To our knowledge, this is the only study that has examined the
influence of varying doses of meditation delivered via a
smartphone app on multimethod-derived indices of sleep (ie,
self-report and actigraphy) in a multiethnic population not
diagnosed with sleep disturbance issues. A high level of
methodological rigor was incorporated, including random
assignment to dosage condition, automated feedback of dosage
adherence, and postsession HR graphs to provide reinforcement
for engaging with the Tension Tamer app. Ethnicity was found
to play a modulating role on the effects of Tension Tamer.
Formative evaluation adapted from the development of Tension
Tamer [75] can target ethnicity-related sleep issues utilizing a
theory-guided, user-centered iterative design. This could aid in
using the Tension Tamer app to facilitate sleep hygiene
education, dispel myths, incorporate sleep ritual behaviors, and
further address ethnic sleep disparities, as suggested by Johnson
et al [68]. Future studies should further investigate the potential
for ethnicity-induced differences in self-reported and objectively
derived sleep measures using varying doses of BAM or other
types of meditation or cognitive behavioral sleep programs,
especially among those with verified clinical levels of sleep
disturbance. Issues to address include levels of adherence to the
regimen, potential influence of timing of daily engagement, and
how it may differentially affect barriers to sleep. Finally, future
studies will benefit from identifying the underlying causal
mechanisms for BAM’s beneficial impact on sleep (eg,
alterations in sleep stages, HR variability,
hypothalamic-pituitary-adrenal axis, sympathetic nervous system
activation, rumination, worry, intrusive thoughts) [76].
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Abstract

Background: African American adolescent females are disproportionately affected by sexually transmitted infections (STIs)
and HIV. Given the elevated risk of STIs and HIV in African American women, there is an urgent need to identify innovative
strategies to enhance the adoption and maintenance of STI and HIV preventive behaviors. Texting is a promising technology for
creating preventive maintenance interventions (PMIs) that extend the efficacy of the original intervention. However, little guidance
in public health literature is available for developing this type of application.

Objective: This paper describes a formative pilot study that incorporates user experience methods to design and test PMI texts
for Afiya, an original evidence-based intervention (EBI) specifically designed for African American adolescent females. This
study aims to describe the adaptation process of health educator–led phone calling to text-based communication.

Methods: The formative process followed the assessment, decision, adaptation, production, topical experts-integration, training,
testing (ADAPT-ITT) framework for adapting EBIs and using them in a new setting, for a new target population or a modified
intervention strategy. This study presents the details of how the phases of the ADAPT-ITT framework were applied to the design
of the adaptation. An advisory board was constituted from the target population, consisting of 6 African American women aged
18-24 years, participating in formative activities for 12 weeks, and involving components of the PMI design. As Afiya included
a telephone-based PMI, developers of the original Afiya phone scripts crafted the initial design of the SMS-based texts and texting
protocol. The advisory board participated in the 1-day Afiya workshop, followed by 4 weeks of texting PMI messages and a
midcourse focus group, followed by 4 more weeks of texting PMI messages, ultimately ending with a final focus group. At the
advisory board’s request, this phase included an optional, additional week of text-based PMI messages.

Results: The methods provided a rich source of data and insights into the fundamental issues involved when constructing
SMS-based PMI for this target population and for this EBI. Prior contact and context are essential as the health educator was
identified as a key persona in the process and the messages were situated in the original (workshop) context. Narrative adaptations
for personas emerged from advisory board discussions. Suggestions on how to expand the PMI to current, specific social contexts
indicated that the use of narrative analysis is warranted.

Conclusions: The use of existing EBIs incorporating telephone-based PMI scripts facilitated the initial design of the texts, with
a subsequent narrative analysis of the advisory board data providing additional adjustments given the actual context. Additional
examination of the advisory board feedback revealed that personas would offer insight into and opportunities for a persona-specific
modification of texting narratives.
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Introduction

Young people in the United States have never known a world
without HIV [1]. The National HIV and AIDS Strategy has
consistently identified African Americans as a population at
increased risk for HIV to which prevention efforts and resources
should be directed (President Donald Trump closed the Office
of National AIDS Policy in 2017) [2]. In recent Centers for
Disease Control and Prevention (CDC) reports [3,4], in 2018,
African Americans comprised approximately 12.3% of the US
population but accounted for approximately 42% of the new
HIV diagnoses and a disproportionate rate of HIV deaths at
28.4 per 100,000 population (vs 4.9 per 100,000 for Whites),
leading all other racial and ethnic groups. African American
females comprised approximately 13% of females in the United
States but accounted for 58% of new HIV diagnoses among
females, with 92% of infections attributed to heterosexual
contact. The infection rate for African American females (21.3
per 100,000 population) was 13 times the rate for White females
(1.7 per 100,000). These data underscore the HIV disparities
disproportionately burdening African American women.

Disparities persist among adolescents as well. In 2018, the HIV
diagnosis rate among adolescents in the United States was
highest among African Americans (26.0 per 100,000), which
was 19 times the rate for White adolescents (1.4 per 100,000)
[5]. Young people aged 13 to 24 years accounted for 21% of
new HIV infections, of which 52% were African American.
The incidence among persons aged 13 years between 2014 and
2018 revealed that the rate among African Americans was still
excessive, being 8 times that of Whites [6]. These disparities
highlight a need for increased, effective efforts to address HIV
prevention efforts among young African American women.

Challenges to HIV prevention include low testing rates, youth
unsure of their HIV status, inadequate or delayed sex education,
incorrect or no condom use, substance use, multiple partners,
and high sexually transmitted disease rates. The 2017 Youth
Risk Behavioral Surveillance Survey results from 144 high
schools [7] estimated that African American adolescents,
compared with White adolescents, were more likely (15.2% to
7.9%) to have been tested for HIV, more likely to have multiple
partners (11.7% to 8.6%), and more likely to have had sex before
the age of 13 years (7.5% to 2.1%). The required health
education varied widely, especially within large, urban school
districts where, across grades 6 through 12, the range was 0%
to 100% for each grade (median: 6th grade, 59.9%; 7th grade,
47.6%; 8th grade, 27.0%; 9th grade, 75.9%; 10th grade, 44.4%;
11th grade, 39.1%; and 12th grade, 53.6%) [8]. Even when
delivered in those districts, variances were found on coverage
of all 20 topics in grades 6 through 8 (range 17.6% to 41.0%)
and grades 9 through 12 (range 42.8% to 75.0%) [8].

A systematic review and meta-analysis of extant US
school-based HIV and STI prevention programs found no
persuasive evidence for the effectiveness of school-based

programs [9]. However, a recent systematic review specifically
examining the impacts on African American adolescents found
that sexual health interventions are associated with increases
in abstinence and condom use and improved sexual health
knowledge, self-efficacy, and intentions [10]. It is essential that
the response to HIV and AIDS effectively addresses African
American youth.

Early prevention programs addressing behavioral risk factors
are important for reducing the HIV disparity observed among
African American adolescents relative to White adolescents.
Although less is known about the burden and epidemiological
details of sexually transmitted infections (STIs), especially HIV
and AIDS, among youth and adolescents than about infants and
adults [11], there is accumulating evidence that designing
interventions for adolescents requires unique combinations and
insight into gender, developmental level, race, culture, and social
factors [12-14]. This is especially salient in the escalated
concentration of HIV and AIDS in southern United States
[3,15-17]. Understanding these factors in the context of
adolescents is essential for designing and delivering effective
prevention programs to ensure that they are developmentally
appropriate [13,18]. In addition, there is one particularly
important question that is salient to this paper: how can the
effect of a successful intervention be maintained?

Program Maintenance Interventions
A review of national STI and HIV prevention programs targeting
African American adolescents indicated that the frequency and
duration of a program’s implementation was related to its
efficacy [19]. The implementation fidelity of extended
face-to-face programs is difficult to maintain and expensive,
particularly in an era of uncertain funding and support for HIV
and STI prevention programs [20-23]. A recent metareview of
youth-focused interventions concluded that they effectively
influenced condom use, sexual health knowledge, and safer sex
norms but suggested that future work should focus on
intervention adaptations and supplements that may extend their
protective effects over time [24]. Thus, the problem becomes
one of sustaining program effectiveness over time—program
maintenance interventions. This echoes the call from a focused
review of HIV prevention interventions targeting African
American women where technology can serve as boosters
sustaining the effects of the intervention [25].

In general, preventive maintenance intervention (PMI) strategies
such as making phone calls to participants have been more
effective in sustaining intervention effects over time compared
with interventions without a maintenance component [26].
However, incorporating intervention components to enhance
behavior maintenance such as face-to-face programs and phone
calls, is difficult to sustain, labor intensive, and costly [23].
Consequently, sexual health researchers have called for the
increased use of technology-based interventions to promote the
maintenance of HIV and STI preventive behaviors [27,28]. One
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of the most promising technological platforms is the mobile
(smart) phone delivering health-related services—texting.

The Social Role of Texting
Mobile health (mHealth) technology is gaining recognition in
the field because it affords a wide array of user-facing
functionality and services [29]. Evidence supporting the
feasibility, acceptability, and efficacy of digital interventions
is growing [30-32], particularly for adolescents [33-39]. SMS
texting is seen as an mHealth technology with specific promise
for adolescents [40], thus serving as an opportunistic technology
for impacting sexual health behavior [41-45]. For younger
adolescents (aged 13-17 years), texting is the preferred mode
of communication with friends, surpassing social media apps,
face-to-face interactions, and telephone calls [46], with 95% of
adolescents (African Americans: 94%) having access to a
smartphone and 89% of adolescents being on the web almost
constantly or several times a day [47].

The critical point is that texting is a social medium. As opposed
to theoretical stances that presume the socialness of technology
is heavily determined by the characteristics of the channel’s
ability to provide cues, we adopted a social information
processing perspective. This suggests that individuals adapt
available cues for a given channel (eg, language, textual display
options) to successfully accommodate their management of
social interactions [48,49] over time. Technological
characteristics are less about limiting the amount of social
information exchanged and more about determining the rate of
that exchange [49]. Furthermore, the social information
processing approach is consistent with co-construction theories
of adolescent development and technology-mediated exchanges,
wherein adolescents are cocreating the internet environment
through processes of social interaction and construct the same
developmental issues online as they do off [50]. It is about
establishing a common conceptual framework shared between
the health educator and the client.

Adolescents’ online and offline worlds are strongly connected
as they use online communication for offline issues, and to
connect with people in their offline lives [51]. Indeed, research
on Twitter and Facebook has shown remarkable structural
similarities between online social networks and offline
(face-to-face) networks [52]. This could include direct mapping
between the online and offline networks as well as the inclusion
of online-only individuals, thus treating the modes of
communication as essentially the same [52]. This explains the
explosion of messaging among adolescents for relationship
management. For adolescents, texting is as much a social choice
as a technical choice. In fact, it is often the preferred choice
[53], surpassing social media apps and phone calls, with
adolescent females more likely to use texting as conduits for
conversations with friends [54].

Consequently, we suggest that interventions beginning by
establishing a strong social context (eg, initial meetings,
workshops) would benefit from a texting-based PMI that can
retain the social presence of that context by affording social
presence cues to enhance the message [55]. The belief is that
such hybrid intervention models can help sustain the impacts
of EBI by sustaining the narrative engagement of participants.

A mechanism we are developing to sustain narrative engagement
is the tailoring of PMI messages via the specification of
context-determined personas.

As with other intervention components, PMIs must be carefully
designed and implemented, otherwise they may undermine the
initial intervention [23]. Reviews of texting or mobile apps
intended to increase various specific preventive or adherence
behaviors in adolescents (eg, sexual health, smoking, oral health,
sickle cell disease) reported that the overall efficacy findings
were modest, but again only a minority reported a theoretical
framework in their design [34]. The feasibility and accessibility
of SMS as a behavioral maintenance strategy for African
American adolescent populations with increased risk of HIV
and STI acquisition requires continued adaptation of
evidence-based interventions with text messaging–enhanced
content to expand our knowledge of the potential of this
approach [56].

Therefore, instead of starting with the technology, start with a
theoretically grounded EBI, then discern how to adapt the EBI
to technology to each other. The integrity of the EBI must be
maintained whereas the capability of the technology must be
exploited in the context of the target population. Although a
variety of generic approaches (design guides or review
recommendations) for integrating technology into behavioral
change interventions have been proposed [57-62], a more
focused approach was appropriate for this adaptation. We
selected a design framework to guide how the intervention can
besystematicallyadapted to a technological form and use.

In this paper, we present a formative pilot study that describes
the design process applied to adapting an EBI to reduce the risk
of HIV and STI among African American adolescent females.
We selected an existing EBI for this target group that would
likely benefit from a text-based program maintenance
intervention to extend the EBI’s reach, sustainability, and
effectiveness. We applied an adaptation-implementation
framework that demonstrated efficacy for that purpose—the
Assessment, Decision, Adaptation, Production, Topical
experts—Integration, Training, Testing (ADAPT-ITT)
framework [63].

ADAPT-ITT Framework and Implementation Science
Calls to advance implementation science argue for the
development of adaptation strategies that would more
comprehensively describe the needed fit betweeninterventions
and their settings [64]. A recent review [65] traces the history
of the most prominent models, including the ADAPT-ITT
framework, noting the primary health context of their application
and extracts steps that is common across frameworks. These
frameworks reflect the CDC’s earlier general guidance
describing the ADAPT process intended to assist health
departments and community-based organizations in adapting
an EBI to fit the cultural context, risk determinants, risk
behaviors, and unique circumstances of the agency without
competing with or contradicting the core elements and internal
logic [66].

The purpose of this research is to use the ADAPT-ITT
framework to modify existing EBIs to increase STI and HIV
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preventive behaviors among African American females.
Adaptation focuses on translating health educator–facilitated
phone calls to SMS-delivered messages. We selected the
ADAPT-ITT framework because of our experience with the
framework, its relevance to our target population, and its
demonstrated effectiveness in guiding the design implementation
of postworkshop PMIs to extend elements of the primary
intervention over time [67]. The ADAPT-ITT framework is
being widely used to design and implement HIV and STI
prevention interventions and other prevention adaptations in
diverse settings in different cultural contexts, both domestically
and internationally [68-78].

Methods

This was a formative study using qualitative methods.
ADAPT-ITT has 8 phases. Each phase brings contextual nuances
and constraints that determine how the phases are engaged and
the timing of corresponding tasks. The phases are as follows:
(1) Assess the proposed new priority population’s HIV risk
profile, (2) Decide on whether to adopt or adapt an EBI, (3)
Administer novel methods to facilitate the adaptation process,
(4) Plan on what aspects of the EBI need to be adapted and plan

on how best to evaluate the adapted EBI, (5) identify Topic
experts to assist in the adaptation process, (6) Integrate material
from the topic experts to adapt the EBI, (7) Train staff to
implement the adapted EBI, and (8) Test the adapted EBI. Our
texting adaptation process describes how the ADAPT-ITT
phases can be used to guide the adaptation of EBI components
to texting.

The goal was to select an existing EBI for African American
adolescent females who would benefit from text-based PMIs
to extend the EBI’s reach, sustainability, and effectiveness. We
applied the ADAPT-ITT framework to translate an original EBI
(Afiya) that included a face-to-face workshop followed by health
educator phone call PMIs to an adapted intervention that would
include the same face-to-face workshop but followed-up by
health educator texting PMIs. Table 1 summarizes the 8 steps
and the lessons learned in the context of this adaptation pilot.
The lessons learned identified as structure describe changes
made to EBI delivery or logistics. The lessons learned identified
as content describe changes to the information delivered in the
intervention. The core element of the translation process is the
formation of an advisory board (advisory board) selected from
the target population.
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Table 1. Application of the Assessment, Decision, Adaptation, Production, Topical experts—Integration, Training, Testing framework with a preventive
maintenance intervention texting adaptation in Afiya.

Results or observationsMethodology decisionsPhase

1. Assessment • The target population (African American adolescent females) re-
quires interventions addressing their specific situation

• Formed advisory board
• Conducted an initial meeting with advisory board

• The intervention needs to address safer sex norms, sexual negoti-

ation, and refusal skills, HIV and STIa preventive attitudes

• Conducted meetings with intervention experts for
the target population

• The advisory board was selected for project, met, and provided
input on the plan

• Advisory board members were paid as consultants to develop or

test the feasibility of texting PMIb

2. Decision • HORIZONS, an evidence-based intervention that successfully
reduced STIs and increased condom use among young women,

• Selected HORIZONS and Afiya interventions
• Decided to adapt Afiya phone-based PMIs to tex-

ting PMIs was selected as it appropriately addressed the target population
• Afiya selected as it demonstrated a PMI based on HORIZONS to

the same target population, but extend the efficacy of the HORI-
• Original developer of Afiya-led adaptation
• mHealthc and texting literature reviewed

ZONS intervention
• Texting is most likely the simplest mHealth adaptation to adapt

from Afiya and appropriate implementation technology choice
for the target population

3. Administration • Retention of primary intervention form assured standard of care
and served as a shared primary intervention control (therefore,

• Decided not to modify Afiya core elements
• Decided to focus on Afiya core element support

by texts theater testing was not conducted)
• 5 core elements of Afiya were identified to be supported by PMIs• Adaptation would involve scripts and texts respons-

es based on Afiya documents and data

4. Production • Iterative formative pilot designed for advisory board• Designed 8-week iterative formative pilot plan for
adaptation • Primary intervention led by Afiya and HORIZONS developers in

formative pilot and support scripts and associated text messages• Designed questionnaires and focus group–led
questions were created

• Designed initial texts and support scripts • Important to have both advisory board and intervention developers
review pilot design and timing• Selected company for formative pilot texting

• Important to have intervention developers review PMI scripts and
texting form or content (Draft 1 completed)

• Reviewed with Afiya and HORIZONS creators
• Reviewed plan with advisory board

• Texting platforms vary in terms of capacity, functionality, and
cost. Total program costs should be estimated

• Assembled Afiya workshop materials

5. Topical experts • CASI content should be reviewed for duplication or replication
as well as total time required (test run the instrument)

• Obtained review advice regarding HIPAAd issues
relevant to texting

• Texting is not encrypted, so both HIPAA (and local IRBg/state)• Obtained review advice regarding pre- and postin-

tervention CASIe instruments for future effective- requirements must be reviewed regarding texted data and data
privacy issuesness pilot

• Role, functionality, and cost of texting companies were more
clearly defined with this experience

• Met with texting companies (with advice from ITf)
for future effectiveness pilot

• Overall costs for the 8-week formative pilot were made

6. Integration • Draft 2 completed• Integrated Draft 1 and topical expert comments for
scripts, SMS texting content or form (Draft 2) • Draft 3 completed

• Conducted Afiya workshop with advisory board • Final formative pilot design completed
• Integrated topical expert comments of pre- and

postworkshop CASI materials
• Integrated Draft 2 and CASI components (Draft 3)
• Final review by advisory board and Afiya and

HORIZONS creators

7. Training • Formative pilot materials completed• Created training materials for the formative pilot

8. Testing • Obtained IRB clearance to determine adaptation efficacy• Submitted to IRB for clearance of the formative
pilot

Step 1: formative pilot
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Results or observationsMethodology decisionsPhase

• Iterative pilot design provided important feedback on texts (timing,
wording, dose) as well as script and CASI modifications

• Information gathered during the first advisory board focus group
was applied to modifying the second 4-week texting session, in-
formation gathered during the second 4-week focus group was
also useful (topic experts were consulted during these sessions as
necessary)

• 5 personas identified, exit interviews added
• Results informed design of adaptation impact pilot

• Conducted 8-week formative pilot with advisory
board: primary Afiya intervention, 4-week texting,
focus group 1 (adjustments), 4-week texting, focus
group 2 (adjustments)

Step 2: feasibility pilot

• Obtained IRB clearance for 3-arm feasibility pilot study
• Preparing for PMI RCT feasibility pilot study to examine short-

term intervention efficacy

• Designed texting PMI RCTh feasibility pilot study
• Study methods submitted to IRB for approval

aSTI: sexually transmitted infection.
bPMI: preventive maintenance intervention.
cmHealth: mobile health.
dHIPAA: Health Insurance Portability and Accountability Act.
eCASI: computer-assisted self-interview.
fIT: information technology.
gIRB: Institutional Review Board.
hRCT: randomized controlled trial.

Phase 1: Assessment
Who will be the primary audience for the EBI? Phase 1 included
incorporating information from the published literature on the
need for behavioral maintenance strategies that are sustainable,
encouraging health behavior maintenance (as previously
summarized). The epidemiological data for this target population
highlighted the health disparities in the prevalence of HIV
transmission through heterosexual contact among African
American female adolescents and young women. Our target
population was well defined, and the population attributes and
risk profiles were already matched with EBI theory and design
approaches to interventions. Therefore, we could immediately
recruit an advisory board from that target population. The
advisory board members consisted of 6 African American
women aged 18-24 years to serve as additional
assessment-informative roles throughout the adaptation process.
The advisory board members were compensated to participate
in the formative advisory activities for 12 weeks.

Phase 2: Decision

What EBI Will Be Used and Will It Be Adapted?
In phase 2, the critical decision on which EBI to select or to
determine whether any EBI would be appropriate is made. This
necessitates an examination of EBIs and of how likely the target
population is to respond to the adapted components of the
intervention. In this case, texting. This provides the theoretical
and empirical foundation for the form and substance of the
texting PMI.

Selection of the Primary EBI: Afiya
We examined several HIV and STI interventions explicitly
designed and tested for either Blacks, Black females, Black
adolescents, or Black adolescent females. Afiya was selected

as the intervention to be adapted for the project for 3 reasons.
First, Afiya [79] incorporates the HORIZONS intervention that
has been evaluated and designated a tier I (best) evidence-based
risk reduction intervention by the CDC [80]. HORIZONS, an
in-person group-delivered session tailored for Black adolescent
females, significantly reduced chlamydial infections and
increased HIV and STI preventive behaviors, partner
communication efficacy, condom use efficacy, and HIV and
STI prevention knowledge. Importantly, the underlying theories
of HORIZONS and Afiya are social cognitive theory [81] and
the theory of gender and power (TGP) [82-84]. The TGP
addresses partner influences and gender-based social correlates
that influence behavioral risk factors, which have been extended
to address the exposures, social or behavioral risk factors, and
biological properties that increase women’s vulnerability to
HIV acquisition [83,85].

Second, Afiya used HORIZONS plus bimonthly phone calls
for 3 years to determine whether healthy behaviors could be
maintained over time. The calls were brief, tailored one-on-one
sessions with a health educator, delivered over a 36-month
period, and the calls served as PMIs. In the Afiya trial [79], the
workshop (tested in HORIZONS) was implemented as a single
4-hour group session delivered by trained African American
female health educators. When answering a call, health
educators followed an algorithm in their call scripts to guide
them through scenarios involving intimate and sexual
partnerships, referencing information from the workshop. Afiya
(1 workshop+18 phone calls) was efficacious. Over the
36-month follow-up, compared with the control group,
participants in the treatment group had significantly lower
incidences of chlamydial (50% reduction) and gonococcal
infections (60% reduction), a higher proportion of condom use
(both within 90 days and 6 months before assessment), and
fewer sexual episodes when high on drugs and/or alcohol [79].
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These findings provide initial insights into (1) how to begin to
adapt the telephone-based PMI to an SMS-based PMI and link
them to core elements of the intervention theory and (2) how
the target population would respond to a communication mode
that differed from the initial telephone calls.

Third, the developers of both HORIZONS and Afiya were
available for consultation and reviewed the project products to
maintain the integrity of the adaptation and ensure that it
remained faithful to the theoretical components of the original
intervention.

Selection of Texting Adaptation
As discussed, simple mobile phone–based texting was selected
as it is ubiquitous, tethered to individuals, and a widely accepted
technological application, especially in the target population
(teen or adolescent African American women). Using mobile
phone technology for adolescent and young adult health
purposes was promising as most members of this population
possess this technology and exhibit distinct patterns of use,
especially the enduring dominance of texting [40,86,87]. Thus,
in terms of reach, texting affords a preimplemented, preadopted,
and preferred technological platform for adolescents.

Phase 3: Administration
What components of the selected EBIs should be adapted? We
decided that the adaptation should address the selected core
elements of the EBI: (1) ethnic and gender pride role models,
(2) sexual health decision making, (3) HIV and STI knowledge,
(4) healthy and unhealthy relationships, and (5) negotiating safe
sex. It is important to note that several of these activities involve
direct, face-to-face, and small group interactions (discussion

and simulations) to address situational-partner negotiation
strategies and skills, and other activities involve physical skill
development and practice (eg, condom application). As these
are both essential and not substitutable by texting, it was
determined that the adaptation would not be directed toward
modification or replacement of the activities associated with
the core elements of the workshop. Discussions with experienced
health educators noted that each core element and its associated
activities supported thematic narratives that recurred in the
workshop. Consequently, the core elements of the EBI did not
need to be adapted; rather, the narratives that surrounded each
core element needed to be extended. Texting, as it turns out, is
a powerful, yet efficient, mechanism to accomplish this. Toward
that end, all messages would be set in the context of participants
in interacting with messages prepared by Tina (one of the health
educators).

The adaptation of Afiya involved modifying the telephone
scripts and phone-based messages to an SMS text narrative
form, aligning with the Afiya core elements. These messages
were designed by the developers of Afiya and served as
plausible first approximations to test the messages, the
messaging concepts, and the messaging technology with
members of the target population in the formative pilot (phase
8). Thus, the Afiya scripts were predefined narrative structures
tailored to the texting form (examples shown in Table 2). As
this is a text-based intervention, theater testing was not used;
rather, equivalent methods (and supporting theory) designed to
examine how humans interact with computers were employed.
In general, this is referred to as user experience (UX) analysis
and design [88,89].
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Table 2. Mapping Afiya core elements to texting categories.

Associated text category or examplePrimary intervention activitiesAfiya core elements

Poems and affirmations (motivational message): “It is where you are
headed not where you are from that will determine where you end up
(Marion Wright Edelman)”

•• Poems and affirmationsEthnic and gender pride
• •Role models Media images

• Role models

Sexual health choices (vote poll):

Question: What is ur sexual health choice?

•• Goal settingSexual health
• •Decision making Values

• Sexual health options (con-
doms, abstinence)

• Abstinence
• Condoms
• Neither
• Not sexually active

Automated responses:
• Abstinence is the 100% way 2 protect against STDsa/HIV. Remember

2 talk with ur partner abt ur sexual health choice
• Remember 2 use condoms each & every time u have sex. Talk with

ur partner abt ur sexual health choice before u have sex
• Abstinence is 100% STDa protection. Condoms protect u from STD

if u use them each&every time. Consider 1 of these options
• If u decide 2 have sex, condoms protect from STDs if used each &

every time. Talk with ur partner abt ur choice

STD testing (cues to action):

Question: When do u need an STD test?

•• Facts about STDsHIV/STD knowledge
• Testing
• OPRaH • Partner has STD
• Condom do’s and don’ts • Had sex-no condom

• New partner
• All of the above

Automated responses for (A)-(D): Get tested when new partner, STD
symptoms, sex no condom, ur partner has STD. Planned parenthood

MTW&Fb 8-4:30pm; xxx-xxx-xxxx

Boundary setting (cues to action):

Question: Y is it important 2 know ur sexual health boundaries?

•• Personal risk factorsHealthy and unhealthy relation-
ships • Understanding risks

• What turns you on? • 2 help stick 2 ur limits
• Boundary setting • 2 communicate them to ur BF
• Peacefully breaking up • A & B

Automated responses:
• One that’s a start! Stick 2 ur limits. Its okay 2 say what ur comfortable

doing & what u don’t want 2 do
• That’s a start! Telling ur partner what ur boundaries r is important so

he doesn’t make u uncomfortable or cross the line
• Exactly! U want 2 b comfortable & happy in ur relationship. Commu-

nicating ur boundaries 2 ur bf is healthy

Communication (cues to action):

Question: What type of communicator are u in ur relationship?

•• Healthy communicationNegotiating safe sex
• Sexnarios: negotiation skills
• Condom excuses and

comebacks
• Aggressive
• Passive
• Assertive

Automated responses:
• If u r aggressive, do 1-2 assertive things. Avoid yelling & threatening.

B direct & honest. C how he responds.
• Passive If ur passive, do 1-2 assertive things next time. Avoid the silent

treatment. B direct & honest. C how he responds.
• Great! Continue 2 b assertive when u talk 2 ur partner, even when it

gets hard. Be direct & honest. C how he responds

aSTD: sexually transmitted disease.
bMTW&F: Monday, Tuesday, Wednesday, and Friday.

Text messages fit into 1 of 3 categories: motivational messages,
vote polls, and cues to action. Motivational messages are

one-way messages delivered to participants to serve as
inspiration using poetry from Black authors and other leaders.
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Vote polls are two-way messages initiated by Afiya’s texting
platform. The vote polls pose a close-ended question, and
participants respond with the letter corresponding to their
answer. On the basis of their answers, the system has
predesigned responses that will automatically reply to the
participant. The automated replies provide information linked
back to the Afiya content, serving as a reminder of key messages
from Afiya. The cues to action are like vote polls and are
two-way messages initiated by the Afiya texting platform.
However, cues to action are specifically designed to have
automated replies that cue or prompt the participant to engage
in a specific action, such as sexually transmitted disease testing
or initiating a conversation regarding STI prevention with a sex
partner. Each message maps on to at least one of the Afiya core
elements presented in the main intervention workshop.

Phase 4: Production
How do you adapt and document adaptations? We analyzed
the results of the focus groups and texting and then reviewed
them with the HORIZONS and Afiya creators. Initially, the
responses to SMS texts were made by a health educator and
guided using the modified Afiya phone scripts, and these were
adjusted based on the analysis and the consultation with the
HORIZONS and Afiya developers. We also initiated the design
of computer-assisted self-interview (CASI) questions and
instruments as well as focus group–led questions. Measures of
fidelity and quality assurance included postsession interviews
and participant evaluations. Initial designs of the SMS texting
and automated two-way communication were created with help
from the Afiya developer with respect to the core elements of
the EBI.

In parallel, we began to design the implementation requirements
for selecting a commercial texting platform that would best
serve our formative texting pilot needs to capture data from a
research study, including questionnaires, instruments, and focus
group–led questions. At the time of the study, many commercial
texting platforms were built for mass marketing. We needed a
platform that would allow us to easily set up and automatically
send messages based on their cohort or study condition as well
as conditional texting responses given a texting question (probe).
Additionally, we needed to be able to initially use the platform
for recruitment and then transition people into the appropriate
study cohort or condition once they consented and were enrolled
into the study. Once selected, we would have to code the scripts
or texts and conditions as required by the vendor to realize the
texting PMI for Afiya.

During this phase, the group drafted an 8-week formative pilot
plan to engage the advisory board in the adaptation process.
However, given the nature of mHealth technology and
uncertainty regarding the specifics of adapting the narratives,
we engaged an alternative design method involving an individual
texting and response analysis, followed by a group discussion.
This resulted in iterations between the administration and
production phases, reflecting a development approach often
used in software projects to define and refine the UX by tightly
integrating interactions and adjustments in design [90].

The overall sequence of the formative pilot is as follows:
advisory board members initially participated in a 4-hour
HORIZONS workshop (ie, the primary intervention) led by a
health educator. Following the workshop, weekly automated
SMS text messages were sent that highlighted key messages
from the core elements of the workshop for 4 weeks. Advisory
board members would activate the weekly text by responding
to a weekly text prompt, such as:

Good morning! 2 get ur next HORIZONS convo with
Tina, reply to this text with the word WEEK1

They would then receive a text that required a response related
to a specific core element covered in the workshop, such as
sexual health decision making:

Afiya talked abt sexual health choices: abstinence,
condom use or neither. What choice is best for u right
now?

Subsequent texts were selected using response scripts based on
the original phone scripts used in the Afiya phone-based PMI.
The timeline for the pilot study is shown in Figure 1. At the end
of 4 weeks, the advisory board focus group met to provide
feedback. The team reviewed the results and adjusted the scripts
and texts. There were then 4 additional weeks of messages
followed by the final advisory board focus group, allowing 2
cycles of iterated user response elicitation and refinement (this
type of small-scale, iterated focused development is common
in UX studies and is similar in theory to spiral development in
software engineering but involves rapid testing and turnaround.
The presumption is that users may have opinions of their needs
and how they would react to a system but after actually engaging
a small prototype system the requirements change, which will
cause the system to be modified and reassessed in an evolving
spiral that converges as the system is developed. This is most
common when requirements are ill-defined, as is often found
when implementing new types of interactions with technology).
Finally, the decisions, designs, and information emerging from
phases 1 to 4 were integrated into the first draft, Draft 1.
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Figure 1. Timeline for formative pilot study. PMI: preventive maintenance intervention.

Phase 5: Topic Experts
Who can assist with the adaptation? Although experts were
consulted as needed throughout the process, phase 5 involved
additional experts whose input was specifically necessary to
help review the adapted intervention design (content and form).
In this case, additional experts were solicited: (1) experts in
designing CASI items and psychosocial instruments relevant
to the purpose and population, (2) representatives from selected
third-party texting companies to determine capabilities,
constraints, and pricing, and (3) those who had specific Health
Insurance Portability and Accountability Act knowledge
regarding ethical-legal implications of the possible SMS texting
content and data privacy or protection issues. We generated
initial estimates of total program costs and had them reviewed
by the team and administrators. Primary cost estimates included
the texting company, a graduate research assistant (GRA), and
participant incentives.

Phase 6: Integration
What is going to be included in the adapted EBI? Phase 6
involved the integration of the results from Draft 1 (phase 4)
with the results of the topic experts’ review of the fidelity of
the script or message designs relative to the original Afiya
intervention core components (phase 5) to create Draft 2. Project
members reviewed the pre- and post-Afiya workshop CASI
measures (the workshop was offered when phase 4 CASI
materials were completed and vetted) and revised the
instruments to (1) reduce their length and (2) include assessment
items appropriate for evaluating an SMS-based intervention.
We finalized the modified Afiya scripts for a texting algorithm
that would be used by the health educator in the postworkshop
texting in phase 8. These were reviewed by Afiya developers
and the advisory board. Our team produced Draft 3 after
completing the workshop and after text communication with
advisory board members in phase 6.

Phase 7: Training
Who needs to be trained? Once the decisions were made
regarding the adapted text intervention (scripts, SMS texts,
texting platform), intervention-specific training materials were
developed for the formative pilot. Health educators were trained
on how to implement the Afiya workshop; materials were
already available, with minor modifications introducing SMS
texting and approved by the Afiya developers. Health educators
were trained on the SMS text scripting component and texting
platform use and were part of the development process. One of
the study principal investigators and a GRA were trained to
develop and manage the texting platform and messages. Data
analysts were trained on the texting platform’s data components
such that texts and associated data could be acquired from the
company.

Phase 8: Testing
Was the adaptation successful? The definition of success and
the form of the testing depend on the context of the adaptation,
but the general objectives remain. As our adaptation did not
include delivery to a different target population, we modified
the two-step testing processes of phase 8.

In Step 1, we assessed the adaptation efficacy by conducting
an 8-week formative pilot study with the advisory board
members, as shown in Figure 1. This important validation step
addresses whether the intervention was effectively adapted and
implemented correctly, involving close monitoring and specific
types of data acquisition and feedback and testing all the
operational components including health educator training and
performance of the texting company. We decided against a pure
formative pilot (ie, engaging a new set of participants) because
of the extensive involvement of the advisory board and
HORIZONS and Afiya developers, the retention of the same
target population as Afiya, and the success of the iterative design
process with the advisory board for the formative pilot. This
approach was extremely helpful and informative in designing
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the final product of this stage, the randomized controlled trial
(RCT) efficacy study.

Step 2 involves assessing the short-term intervention efficacy
of the PMI by conducting an RCT feasibility study to test the
efficacy of the PMI over an extended duration with the target
population. Regarding Part 2, a 3-arm RCT efficacy study
(standard of care, Afiya workshop only, and Afiya+texting) was
designed. This has been approved by Emory’s Institutional
Review Board and is being initiated.

Results

As noted, the formative study involved the advisory board
members (n=6) actively participating in adapting Afiya to a
texting platform, and they were compensated for their time and
effort. Focus groups with the advisory board were conducted
midway through the pretest and after the last week, allowing 2
cycles of iterated user response elicitation and refinement.
Examples of the feedback after week 4 are summarized in
Textbox 1. For this focus group, we sought to distinctly examine
4 categories of texting issues: timing, wording, content, and
form. The narrative analysis was very useful in extracting issues
regarding texting characteristics, such as timing (eg, thank you
messages came too early in the texting series), wording (eg,
questions were judged as being clear and simple), content (eg,

inspirational messages were appreciated), and form (eg, desired
more individualized feedback). Getting the text wording correct
for the target audience was also a continuous improvement
process to facilitate culturally appropriate narrative engagement
via text. Frequent use of commonly agreed-upon abbreviation
dialects in texting results in these abbreviations being rapidly
absorbed into the language and automatically (linguistically)
recognized as words [91], reflecting how humans socially adapt
to a technology (and its constraints). On the basis of the first
focus group with the advisory board, the following modifications
were made for the second 4-week session:

1. We added a motivational or inspirational message each
week in addition to the regular text, such as “It is where
you are headed not where you are from that will determine
where you end up” (Marion Wright Edelman).

2. We added more complex response scripts to the prompts
because participants felt some of the texts were too open
ended and not specific to them.

3. We provided individualized feedback and advice during a
time for open questions about any topic.

4. We gave advisory board members a specific window of
time to chat with the health educator
live
instead of always getting the automated message responses.

Textbox 1. Results from the advisory board texting formative pilot (texting issues and examples of reactions; weeks 1-4).

Timing:

• Texting frequency should be increased; daily texts are acceptable

• No preferences for weekday vs weekend texts

• Texts should not come too early in the day; better to get texts starting mid-day and continue through early evening

• Participants indicated that the Thank You message came too early in the text series and would have preferred a more in-depth conversation via
text

Wording:

• Text wording was straight-forward and participants liked that the messages were not sugar coated

• Questions were clear and simple

Content:

• Texts about sexually transmitted diseases were favorite and made them think about their behaviors

• When discussing relationships, participants emphasized that content should focus on communication in relationships and engaging in safe
behaviors. They also wanted the discussion to expand to other facets of relationships (eg, quality of relationship, satisfaction with relationship)

• For more complex issues like relationships and communication, the participants requested more feedback and information to help keep them on
track

• Participants indicated that any topic would be acceptable by text if they knew where their answers were going and who was reading or responding
to the texts

• Wanted a motivational or inspirational message or quote each week

Form:

• Dissatisfied that there was not a person live on the other end of the texting

• Disliked texting with a computer that could not be more interactive and have a conversation with a live person

• Wanted more individualized feedback and advice to come with the texting program
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All advisory board members participated during weeks 5 and
6; participation decreased during the second half of the pilot.
Reasons for nonparticipation were as follows: (1) phone
temporarily disconnected and (2) busy during the specific
designated conversation window (the scheduled time to interact).
Within the final focus group, comments were sought regarding
their overall experience and thoughts for the PMI. Examples of
the feedback after week 8 are summarized in Textbox 2. These
fell into 4 primary categories: HIV and STI information,

context-specific social network maintenance, social engagement,
and other ecologically relevant information or content.
Participants sought additional information on related programs
and topics beyond those addressed in the workshop. They also
reported that the social connection with the health educator was
indeed maintained, facilitating engagement. An interesting
consequence of the pilot was the value of the social network
that emerged within the context of the pilot and the role that
delivery platform could play in maintaining that social network.

Textbox 2. Results from the advisory board formative pilot (weeks 5-8, final focus group).

HIV and sexually transmitted infection information:

• Participants wanted to make sure that information about new programs they may be able to participate in would be sent to them

• Participants requested that the texting program also be a forum to let participants know about group meetings and group events surrounding
related topics, such as medical or health service options (clinics that provide free or reduced-price services), education events, and training
activities

Context-specific social network maintenance:

• They stated that they enjoyed the texting but loved the groups

• They emphasized repeatedly a desire to continue meeting (in person) with the groups

• They expressed a design to have a forum to stay in touch in case their phone numbers change

• Participants noted that they liked having greater time to talk and the ability to have more detailed, back-and-forth conversations

Other ecologically relevant information:

• Participants stated they wanted information on the following topics: relevant community events, parenting, housing (different locations, pricing,
etc), job information (job fairs, career info, etc), and health insurance information

Social engagement:

• Participants stated that they felt like they were texting with a friend and felt very comfortable texting with the health educator. Important
characteristics for health educator: woman, relatable, trustworthy, the same person over time to develop a relationship with, knowledgeable
person who can provide accurate information

Postadaptation, we analyzed how advisory board members
engaged during the adaptation process, focusing on the emergent
themes of interactions, to define an initial set of personas.
Personas are specific, but hypothetical, individuals possessing
core sets of relevant characteristics (eg, situations, beliefs, goals)
that differentially influence the interaction narratives. The
persona analysis defined 5 personas and linked each persona to
counseling scripts from the Afiya intervention that reflected the
context of prevention needs based on the situational narrative,

the condom use behavior, and the current status of any
relationships. Persona results were reviewed and revised by
Afiya health educators and the project team. Note that personas
are usually stable (as a descriptive model for the target
population), but individuals may move between personas. If
certain characteristics change, persona classifications can be
modified (eg, a Shannon may turn into a Lexie). The results are
shown in Table 3.
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Table 3. Results of the persona analysis for the Afiya texting adaptation.

LexieShaunaKiaTonyaShannonCharacteristics

Lexie has both a
boyfriend and a ca-
sual sex partner

Shauna is starting a new
relationship with a guy.
They’ve been seeing
each other for a month.
She is abstinent and is
ready to let him know her
sexual health choice

Kia is dating someone, but al-
so talking to a couple of other
guys. She does not have a
formal boyfriend but has a
consistent sex partner. Howev-
er, they are not in an exclu-
sive, monogamous relation-
ship

Tonya is single. She
just got out of a rela-
tionship and needs
some time to focus
on herself and her
schoolwork

Shannon has been in a
long-term relationship
with her boyfriend for
almost a year. They
stopped using condoms
after the first couple of
months

Narrative

Lexie uses con-
doms with her casu-
al partner but not
with her boyfriend

Shauna does not need
condoms at this time as
she is not having sex

Kia uses condoms with her
sex partners

Tonya is not having
sex right now but
wants to use con-
doms when she does
get into a relation-
ship again

Shannon has discontin-
ued the use of condoms

Condom use

Lexie has concur-
rent sex partners

Shauna has a new partnerKia has no boyfriend but has
multiple partners

Tonya has no
boyfriend

Shannon has had a
boyfriend for 1 year

Relationship status

Script E: inconsis-
tent condom use

Script B: yes to abstain-
ing

Script C: yes to condom useScript A: no
boyfriend; me time

Script D: no to condom
use

Link to Afiya inter-
vention scripts

Finally, upon request from the advisory board members, we
provided them with the opportunity to text in with any questions
they may have. This was an opportunity for them to seek
additional information that they may not have learned through
the program thus far. The text lines were open for 7 days.
advisory board members were not compensated for texting
during the bonus week 9; it was an opportunity for them to get
any additional information from a health educator before the
program ended. Half of the advisory board members participated
in the unpaid bonus week of texts. The chat line parameters
were as follows:

1. Chat lines open for 7 days.
2. You will not get paid for these texts.
3. You can ask about anything you have questions or concerns

about.
4. You will get a response from Tina within 24 hours.
5. If you have an emergency, you should always call 911.

Discussion

The motivation for this paper was provided by the significant
disparities in STI and HIV health risks among African American
youth. Ethnic minorities in the United States have STIs 30 times
greater than that in White, middle-class populations [92]. To
address this disparity, coupled with scarce funding and staffing
resources, new forms of digital technology solutions are
constantly being sought, proposed, and attempted to curb the
STI and HIV risk behaviors of adolescents and young adults,
who are at most risk [67]. However, few guidelines currently
exist to inform designers how digital media can be used in ways
that can impact the efficacy of an intervention.

This paper describes a conservative approach to contribute to
this effort. Specifically, this paper describes the development
of a systematic process to incorporate simple texting messages
as an adjunct program maintenance intervention to an
evidence-based sexual health intervention for African American
adolescent women.

The systematic approach of the ADAPT-ITT framework was
clear and effective in phases 1 through 7. The reason was the
reliance on the well-proven and understood primary intervention
(HORIZONS) and the prior efforts (and developers) experienced
in adapting that intervention to a communication-based PMI
(Afiya). However, in developing technological implementations,
we found it necessary to engage a sample of the target
population with the PMIs directly, rather than the theater-testing
approach suggested in phase 1.

The type of small-scale, iterated development approach with
the formative pilot is common in UX design and software
engineering. The presumption is that users may have beliefs
about their needs and how they would react to such a system,
but after engaging a system, many of their beliefs and
preferences (therefore the requirements) change. This is most
common when implementing new (to users) types of interactions
with technology. Consequently, the formative pilot was
conducted in phase 8: Testing, as it required a full
implementation of the PMI to gather efficacy and
implementation data.

As shown in Figure 1, the formative pilot included 2 focus group
sessions interspersed within the SMS texting intervention. This
allowed intermediate analysis of the 4-week experience to be
reviewed by the developers (and any relevant topic experts) and
adjust the SMS texting narrative characteristics. Thus, the
formative pilot testing in phase 8 looped back to elements of
phases 4 to 7.

It is unlikely that technology will elevate an ineffective
intervention to one that is effective—automating a weak process
generally results in an automated weak process. There is also a
risk that poorly designed and implemented technological
components may lower the efficacy of a proven intervention.
The selection of texting was seen as a key technology commonly
adopted by this group as a mechanism for sociocultural
connectivity, thus having the potential to increase the uptake
of extant interventions by extending the narratives that began
in the core EBI workshop activities.
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Early and repeated inclusion of the target population, advisory
board, was essential in the development. In particular, the
generation of personas from the advisory board participants
provided insight into important narrative variations for
subsequent delivery design. Key considerations for end users
should be sought early in the process of app (or other digital)
behavioral intervention design to ensure both short- and
long-term engagement [93-95]. In the paper by Pettifor et al
[13], titled Adolescent Lives Matter, they argue that “adolescents
should be involved throughout the process from design to
implementation.” This is supported by a recent systematic
review of mHealth apps for adolescent users and concluded that
there is a fundamental difference between adult and adolescent
preferences in apps, where apps for adolescents need features
that support decision making [91]. In summary, a quote by
Glasgow et al [96] echoes the spirit of this paper’s intent:

Controlling the epidemic will not only require
bringing successful interventions to scale but also
tailoring them to vulnerable and marginalized
populations and understanding the social, cultural,
and institutional contexts in which interventions are
delivered. [Page S26]

In summary, 4 general suggestions can be made regarding how
to proceed when considering mHealth solutions.

Suggestion 1
Do not start with the technology. Start with the EBI-based
workshop and then discern how to adapt both.

EBIs (and the underlying theoretical base) define core elements
that have demonstrated effective results. Technology alone
cannot increase efficacy to significance but has the potential to
decrease efficacy to insignificance. This leads to the necessary
inclusion of methods that address user-centered issues when
designing the technological components.

Suggestion 2
Technological adaptations of EBIs need to explicitly address
the user’s experience as developers design, evaluate, and
implement the technical components of an intervention.

Participants of technology-based intervention components are
indeed users interacting with a service. Much is known about
how to design, evaluate, and implement user services in general
and how to assess the UX with technology in particular. This
leads to an important conclusion regarding how to view the UX
with adapting an EBI using a texting PMI.

Suggestion 3
Texting is less of a technical choice and more of a social choice.

Texting is not about creating a technological intervention and
then trying to get individuals to adopt and to disseminate it.
Everyone who has a mobile phone has the application; most
people know how to use that application; most people have
adopted that application for use. There is another element to
consider; people use it for the same reason: engaging in
narratives with others. Thus, a critical communication pathway
already exists but it is limited. Interventions that use mHealth
and texting compete for the user’s attention and the user’s time.

Regarding the EBI, attention is gained, for example, via the EBI
workshop (as demonstrated for this population for this health
problem).

However, the narratives occurring in the workshop must be
maintained through the initial (and continuing) establishment
of trust, which mediates between information quality and use
[97]. All health educators know this. By understanding the
cultural components of the target population’s preferences,
choices of how the technology is used can engender that trust,
thus sustaining critical narrative connections. Indeed, today’s
young adults value technology as a way to enhance, not replace
their interactions with their health providers [37]. This leads to
our fourth suggestion.

Suggestion 4
Texting as a PMI used with an EBI workshop is less about
reminding and more about re-engaging narratives from the
core intervention.

Texting can be used to extend the information and skills covered
in an initial workshop or session. The Afiya intervention did
not cover new information via texting. All information was
presented in the in-person initial workshop. Therefore, testing
then served to boost and further highlight details covered in the
initial intervention. For example, the initial Afiya workshop
demonstrated communication and condom use skills. The
follow-up texts used terminology from the original intervention
to remind or cue participants to the content. Subsequent text
messages would then ask the participant about her
communication style or whether she talked with her partner
about her sexual health choice. The use of SMS in behavioral
research should consider having an initial in-person presentation
of information and using SMS to serve as a reminder of the
information, resources, and skills presented.

Limitations
The challenge in future research will be to transition from
administration on a small scale to a larger scale while
maintaining the tailoring and personalization participants
preferred in this study phase. Additional study challenges
included intervention length. This study included 8 to 9 weeks
of two-way texting between a health educator and participants.
To allow SMS to serve as a true intervention booster and to
increase the maintenance of study outcomes, the intervention
length may need to be implemented over a longer period. We
also discovered that there is one more critical persona: the health
educator; that is, each participant develops a mental model of
the individual with whom she would be texting. Therefore, one
goal moving forward is to ensure that the health educator (for
a workshop) conveys a consistent persona in future iterations
of the study.

Finally, and admittedly, there is a lack of strong economic data
to support the use of mHealth behavioral interventions [98,99],
and this pilot study did not examine the economic implications.
We will be engaging in economic evaluations in our PMI RCT
feasibility pilot study (step 2 of phase 8, Table 1). We believe
that the systematic design and development of mHealth solutions
based on strong evidence-based foundations can begin to show
economic value as critical adjuncts (PMIs) by extending the
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efficacy of interventions. This requires systematically
determining how a technological form can be adapted to an
evidence-based intervention. However, this is both ill-defined
and underresearched, leaving distinct gaps in the design,
implementation, and acceptance of mHealth apps [100,101].
The incorporation of mHealth technologies necessitates
considerations of how the current theories and practices
employed can accommodate these technologies [102] and argues
for the inclusion of theories and practices from other disciplines
[103,104], especially those disciplines associated with explicitly
studying how humans use technology [105,106]. This paper
offers an approach to address such gaps.

Conclusions
In conclusion, given that digital technology is seen as an
important component of addressing the STI and HIV epidemic
in African American adolescents [67,107] as well as for public

health innovation in general [108], we demonstrated how to
systematically adapt an existing HIV and STI EBI designed for
telephone-based health educator communication with African
American females to one that is based on SMS texting. The
ADAPT-ITT approach was used to navigate the adapted
intervention. As recommended, we involved the target user
group, sexual health experts, behavior change experts, software
developers (SMS companies in this case), and research experts
[109], a considerable strength of the study methodology. It is
important to note that if mHealth technologies are to be
components of an intervention, it is inappropriate to assume
(explicitly or implicitly) that technology is neutral. This paper
represents an initial step toward engaging a more systematic
process, ADAPT-ITT, that will provide guidance for EBIs to
extend the duration (and retain the integrity) of their impact
using the most common communication technology on
earth—texting.
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Abstract

Background: As of July 17, 2020, the COVID-19 pandemic has affected over 14 million people worldwide, with over 3.68
million cases in the United States. As the number of COVID-19 cases increased in Massachusetts, the Massachusetts Department
of Public Health mandated that all health care workers be screened for symptoms daily prior to entering any hospital or health
care facility. We rapidly created a digital COVID-19 symptom screening tool to enable this screening for a large, academic,
integrated health care delivery system, Partners HealthCare, in Boston, Massachusetts.

Objective: The aim of this study is to describe the design and development of the COVID Pass COVID-19 symptom screening
application and report aggregate usage data from the first three months of its use across the organization.

Methods: Using agile principles, we designed, tested, and implemented a solution over the span of one week using progressively
customized development approaches as the requirements and use case become more solidified. We developed the minimum viable
product (MVP) of a mobile-responsive, web-based, self-service application using research electronic data capture (REDCap).
For employees without access to a computer or mobile device to use the self-service application, we established a manual process
where in-person, socially distanced screeners asked employees entering the site if they have symptoms and then manually recorded
the responses in an Office 365 Form. A custom .NET Framework application solution was developed as COVID Pass was scaled.
We collected log data from the .NET application, REDCap, and Microsoft Office 365 from the first three months of enterprise
deployment (March 30 to June 30, 2020). Aggregate descriptive statistics, including overall employee attestations by day and
site, employee attestations by application method (COVID Pass automatic screening vs manual screening), employee attestations
by time of day, and percentage of employees reporting COVID-19 symptoms, were obtained.

Results: We rapidly created the MVP and gradually deployed it across the hospitals in our organization. By the end of the first
week, the screening application was being used by over 25,000 employees each weekday. After three months, 2,169,406 attestations
were recorded with COVID Pass. Over this period, 1865/160,159 employees (1.2%) reported positive symptoms. 1,976,379 of
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the 2,169,406 attestations (91.1%) were generated from the self-service screening application. The remainder were generated
either from manual attestation processes (174,865/2,169,406, 8.1%) or COVID Pass kiosks (25,133/2,169,406, 1.2%). Hospital
staff continued to work 24 hours per day, with staff attestations peaking around shift changes between 7 and 8 AM, 2 and 3 PM,
4 and 6 PM, and 11 PM and midnight.

Conclusions: Using rapid, agile development, we quickly created and deployed a dedicated employee attestation application
that gained widespread adoption and use within our health system. Further, we identified 1865 symptomatic employees who
otherwise may have come to work, potentially putting others at risk. We share the story of our implementation, lessons learned,
and source code (via GitHub) for other institutions who may want to implement similar solutions.

(JMIR Form Res 2020;4(10):e19533)   doi:10.2196/19533
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public health; clinical informatics; digital health; coronavirus; COVID-19; SARS-CoV-2; 2019-nCov; app; eHealth

Introduction

To date, over 14 million cases of COVID-19 have been
confirmed worldwide, with over 3.68 million cases in the United
States [1]. This number continues to grow, and the United States
has become the epicenter of COVID-19 [2]. By April 5, 2020,
in the Commonwealth of Massachusetts, there were already
12,500 confirmed cases of COVID-19 and 231 deaths [3]. With
exponentially increasing numbers of COVID-19 cases, the need
for digital technology to address issues arising from pandemics
such as COVID-19 has grown considerably [4].

To limit the spread and “flatten the curve,” on March 16, 2020,
the Massachusetts Department of Public Health (MDPH) and
the Commissioner of Public Health issued an order that
Massachusetts hospitals must screen all visitors, including
employees, for symptoms of a respiratory infection (fever,
cough, shortness of breath, or sore throat) and that individuals
with any symptoms should not be permitted to visit the hospitals
[5]. Shortly after, our institution enacted a policy that all
employees working in a patient care facility must wear a face
mask while working as another measure to limit the spread of
COVID-19 within the health care workforce [6].

We created a digital symptom screening and attestation
tool, called COVID Pass, that provides daily facility passes and
face mask passes for employees as its output. We used a
prototype-driven innovation model combined with a transition
to a more traditional custom development team as the application
requirements matured, which allowed our group to rapidly
deploy and refine the solution as it was released and approached
scale. In the first 2 weeks, COVID Pass transitioned from a
paper proposal to an enterprise-supported solution used by over
25,000 employees daily. After 3 months, over 2 million
attestations were performed using the application.

In this paper, we describe the design, development, and use of
the COVID Pass application, and we make the code available
for other institutions seeking to implement a similar solution.

Methods

This study was conducted at Partners HealthCare, a
not-for-profit, academic, integrated health care delivery system
in Boston, Massachusetts. Partners include Brigham and
Women’s Hospital, Massachusetts General Hospital, community

and specialty hospitals, a physician network, community health
centers, home care, a health insurance plan, and other
health-related services. The largest private employer in
Massachusetts, Partners HealthCare has approximately 74,000
employees, including physicians, nurses, scientists, and
caregivers.

Complying with the MDPH requirement for symptom screening
in such a large, widely geographically distributed organization
was expected to be difficult. The Partners HealthCare Chief
Human Resources Officer recognized an opportunity to link the
distribution of masks (something that employees wanted) with
completion of the symptom screening (something that might
be more difficult to have all employees complete). The Human
Resources team and Occupational Health Services provided the
initial requirements, including an application that would enable
employees who must work on-site at a facility that provides
direct patient care to be able to self-screen for symptoms of
COVID-19 infection prior to being allowed to enter the facility.
This application needed to be mobile-responsive, provide
guidance to the employee about next steps if they indicated
symptoms were present, create a pass that would be “glanceable”
to entrance way screening staff, and be capable of exporting
user logs on at least a daily basis. A manual pathway where
on-site screeners would ask employees about symptoms and
record them was also created to address the needs of employees
who were unable to use the electronic self-screening tool.

Using agile principles, we designed, tested, and implemented
a solution over the span of a week using progressively
customized development approaches as the requirements and
use case become more solidified. Based on the requirements,
we developed the minimum viable product (MVP) of the
self-service application using research electronic data capture
(REDCap) due to the speed at which we could develop a
functional prototype using the prebuilt data export systems of
this solution. REDCap is a secure, web-based software platform
that is designed to support data capture for research studies,
providing an intuitive interface for validated data capture; audit
trails for tracking data manipulation and export procedures;
automated export procedures for seamless data downloads to
common statistical packages; and procedures for data integration
and interoperability with external sources [7,8].

The self-service application, initially developed in REDCap,
was called COVID Pass. The application required users to log
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in with a Partners HealthCare network user ID and password.
The application then authenticated the user against Active
Directory and used the login ID to look up the employee’s first
name, last name, email address, and employee ID. The employee
would review this information and select whether they had
symptoms of COVID-19 from a list of symptoms determined
by infection control leaders (Figure 1). Some symptoms were
marked as NEW in the system to better differentiate chronic
symptoms from acute onset symptoms. If the employee selected
“no symptoms,” they were required to attest to this with their
initials and were then provided a pass to enter the facility for

the day. The pass was displayed on the screen, and a copy was
automatically sent to the employee’s email address (Figure 2).
Employees indicating one or more symptoms were directed not
to come to work and to call their manager and Occupational
Health Services (Figure 3). The occupational health team would
receive a daily report of positive symptom attestations and
follow up according to their standard protocols. A copy of the
relevant information was also sent to the employee’s email
address. Figure 4 shows a schematic of the processes and
procedures involved in using the self-service component of
COVID Pass.

Figure 1. Employee symptom reporting screen of the COVID Pass application.

Figure 2. “Cleared for Work” screen of the COVID Pass application.
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Figure 3. “Not Cleared for Work” screen of the COVID Pass application.

Figure 4. Schematic of the process and procedures involved in using the COVID Pass application.

We made COVID Pass available to employees via multiple
methods. Working with marketing and

internal communications experts, we selected an
easy-to-remember URL,[9]. We also created a quick response
(QR) code for the URL that that users could scan with their
smartphones to be directed to the website. Finally, we wrapped
the website in native iOS and Android apps so that the
application could be distributed internally through our employee
App Catalog.

For employees who did not have access to a computer or mobile
device to complete COVID Pass, a manual process was
established where in-person, socially distanced screeners asked
employees entering the site if they had symptoms and then
manually recorded the responses. For the manual pathway MVP,

we created custom Microsoft Office 365 forms (Microsoft
Corporation) that enabled screeners at each of the pilot sites to
quickly record the employee’s first and last name as well as
whether they had symptoms.

A custom .NET Framework application (Microsoft Corporation)
was developed by a separate development team as the REDCap
version of COVID Pass was being refined and its requirements
solidified (Figure 5). In this version, both the self-service
attestation mode and the manual process were rolled into one
build. In addition, a kiosk mode version of COVID Pass was
created for employees to provide attestations at the entrances
of facilities. As COVID Pass scaled, we ultimately transitioned
from the REDCap application to the custom .NET application
on March 30, 2020, at 5 PM.
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Figure 5. Screenshot of the .NET Framework version of COVID Pass.

All versions of COVID Pass recorded employee attestations
and stored them in one central database. The data were
aggregated at the site level and shared daily with site operational
leaders; names of individuals reporting positive symptoms were
shared with Human Resources leadership daily. In this report,
we share three months of data from COVID Pass use from
March 30, 2020, to June 30, 2020.

Aggregate descriptive statistics, including overall employee
attestations by day and site, employee attestations by application
method (COVID Pass automatic screening vs manual screening
vs kiosk), employee attestations by time of day, and percentage
of employees reporting COVID-19 symptoms, were compiled
using SAS (Enterprise Guide 7.1, SAS Institute Inc) and Tableau
(Desktop 2020.2, Tableau Software LLC). This study was
reviewed by the Partners HealthCare Institutional Review Board
and deemed to not meet the definition of human subjects
research.

The COVID Pass MVP was initially tested at two hospitals
within our system on March 23, 2020. As part of this controlled
rollout, the project team participated in on-site testing of the
application, gathering user feedback and being “at the elbow”
with the staff at the entranceways of the sites. Figure 6 shows
an image of a hospital entrance with a COVID Pass lane for
employees who completed COVID Pass prior to or immediately
upon arrival. The manual screening lane includes a table at
which screeners can enter the employees’attestations manually.
Feedback from both staff assigned to screen employees and
employees using COVID Pass was relayed to the developer for
further refinement of the application. In parallel to this
development process, the number of sites within the system
using COVID Pass was slowly increased throughout the week.
By March 30, 2020, COVID Pass was deployed across the
enterprise.

Figure 6. Hospital staff entrance showing the COVID Pass lane for employees who used the COVID Pass application and the manual screening lane
for employees who did not use the application.

Documentation about the initiation of COVID Pass within a
facility was collated and distributed to the sites as new COVID
Pass sites went live. This documentation included standard
language, collateral such as flyers used in previous site

implementations, and “lessons learned” from earlier
implementations. The collective documentation also simplified
the process of scaling this solution across the enterprise.
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Results

Multimedia Appendix 1 summarizes the number of employee
attestations (using either COVID Pass, the manual process, or
kiosks) by week and site. 1,976,379 of the 2,169,387 total
attestations (91.1%) were generated from the self-service
screening application. The remainder (Table 1) were generated
either from manual attestation processes (174,865/2,169,387,
8.1%) or COVID Pass kiosks (25,133/2,169,387, 1.2%).
Hospital staff continued to work 24 hours per day, with peak
staff attestations during shift changes between 6 and 8 AM, 1
and 3 PM, 5 and 7 PM, and 10 PM and midnight (Figure 7).

As the number of COVID-19 cases stabilized in the region,
more employees transitioned back to working on-site. Figure 7
presents a comparison between the average daily (Monday to
Friday) number of hourly attestations in week 1 (week of March
30) vs week 13 (week of June 22). By week 13, the average
number of attestations at the peak 6 AM shift change had
increased by 1593 (25.63%).

There was an overall increase of 26,179 attestations weekly by
week 13 compared to week 1, representing a 14.46% increase
in attestations.

Table 1. COVID Pass attestations by employee app-based self-attestation, manual screening, and kiosk by site on March 30 to June 30, 2020
(N=2,169,387). Note that some sites used separate manual screening data collection methods; data for these sites are not reflected here.

Attestation source, n (%)Site number (total attestations, n)

ManualKioskApp 

17,467 (2.4)1552 (0.2)713,259 (97.4)1 (732,278)

51,480 (9.1)16,129 (2.9)497,101 (88.0)2 (564,710)

23,555 (14.1)2466 (1.5)140,964 (88.4)3 (166,985)

21,775 (14.6)133 (0.1)127,010 (85.3)4 (148,918)

2823 (2.6)0 (0.0)104,368 (97.4)5 (107,191)

18,255 (10.6)4763 (5.1)70,124 (75.3)6 (93,142)

1725 (2.6)18 (<0.1)64,838 (97.4)7 (66,581)

6513 (11.3)0 (0.0)51,260 (88.7)8 (57,773)

15,707 (37.9)0 (0.0)34,845 (68.9)9 (50,552)

2878 (6.1)4 (<0.1)44,650 (93.9)10 (47,532)

664 (2.0)22 (0.1)32,080 (97.9)11 (32,766)

8166 (23.4)0 (0.0)24,010 (74.6)12 (32,176)

810 (3.1)0 (0.0)24,934 (96.9)13 (25,744)

2274 (14.5)1 (<0.1)13,438 (85.5)14 (15,713)

478 (3.4)0 (0.0)13,654 (96.6)15 (14,132)

36 (0.4)1 (<0.1)8400 (99.6)16 (8437)

3 (0.2)31 (1.7)1803 (98.1)17 (1837)

152 (14.5)0 (0.0)896 (85.5)18 (1048)

84 (12.8)6 (0.9)568 (86.3)19 (658)

0 (0.0)0 (0.0)643 (100.0)20 (643)

30 (5.3)7 (1.2)534 (93.5)21 (571)

174,875 (8.1)25,133 (1.2)1,969,379 (90.8)All sites (2,169,387)
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Figure 7. Average daily employee attestations from Monday to Friday (COVID Pass, manual screening, and kiosk) by hour of day during Week 1
(March 30 to April 3, 2020) and Week 13 (June 22 to 26, 2020).

Discussion

Principal Findings
Within two weeks of conception, COVID Pass went live across
the entire Partners HealthCare enterprise. During weekdays,
COVID Pass recorded over 25,000 attestations per day. This
high rate of adoption would not have occurred at such a fast
pace without the following key considerations: mandatory and
incentivized use while minimizing friction; planning for
accessibility; leveraging REDCap to enable an agile
development process; rapid analysis and distribution of COVID
Pass data; and pre-emptive transition to a more durable and
scalable platform.

By making COVID Pass mandatory for employees to gain access
to their work sites and incentivizing it by pairing it with the
distribution of masks, we quickly increased the acceptability of
the potential burden of mandatory prework self-attestation. We
believed that COVID Pass would further benefit from
minimization of friction during completion of the attestation
process. We achieved this by minimizing the number of
interactions users needed to perform to complete the COVID
Pass process while maximizing the data captured. By
autopopulating demographic information after login, we only
required the user to answer one question (symptom review). If
the user was asymptomatic, we required them to attest to this
with their initials to receive their COVID Pass for the day. We
also simplified access to COVID Pass through the creation of

multiple distribution channels, including a simple URL that was
sent with all communication to staff throughout our organization,
a QR code that was used on flyers in the entranceways of our
facilities, and iOS and Android app versions of COVID Pass
that were made available through our employee-facing App
Catalog.

As part of this work, we also knew that we would need to
provide an accessible pathway for users who might not be able
to complete the self-service COVID Pass due to limited
proficiency with a smartphone or computer, language
limitations, or other reasons. By incorporating this accessibility
requirement early in our development process and creating a
manual pathway, we ensured that COVID Pass would be a
comprehensive solution for all employees. Eventually, we also
added a kiosk mode for COVID Pass, along with multilingual
support to further enhance accessibility.

We adopted an agile development process to further minimize
friction for the end user through early on-site testing and rapid
iteration cycles. An agile development approach emphasizes
“early and continuous delivery of valuable software” while
accommodating changing requirements as the software is used
in the real world and assumptions are validated or invalidated
[10]. Our team created the MVP for COVID Pass within 48
hours and began testing the solution the very next day. We
refined the requirements for COVID Pass and made updates to
the MVP multiple times throughout the day at the beginning of
this process.
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Much of this early ability to create rapid changes and
adjustments to COVID Pass came from the initial platform
decision to use REDCap for the MVP. As the core functionality
of REDCap was able to accommodate most of the initial
requirements of COVID Pass, the symptom survey fields and
conditional text could be adjusted almost instantaneously. This
enabled our team to sustain a rapid iteration cycle during the
first week of deployment while additional sites across the
organization went live with COVID Pass.

In addition, REDCap enabled our team to rapidly export data
and custom reports from COVID Pass to our organization daily.
These data were primarily used to perform two major functions
within the organization: (1) tracking symptomatic employees
for further workup of COVID-19 by occupational health and
(2) estimating the number of employees on site for personal
protective equipment (PPE) supply planning.

Within the first week, COVID Pass had identified over 500
employees with symptoms suggestive of COVID-19 infection.
After three months, COVID Pass had identified 1865 employees
with symptoms. These employees were all instructed to contact
Occupational Health Services for next steps. In addition, all
employees with positive symptoms were flagged to be contacted
by Occupational Health Services for further questioning and
triage. Further work is needed to determine how many of these
employees were actually confirmed to have COVID-19.

The reproduction number of COVID-19 has been preliminarily
estimated to be between 2 and 4 [11,12]. By identifying 1865
employees with symptoms suggestive of COVID-19 and
instructing them to not report to work, and by alerting
Occupational Health Services about these employees for further
follow-up, COVID Pass likely played an important role in
limiting further spread of COVID-19 within our workforce, our
patients, and the larger community in our region.

The World Health Organization estimates that up to 89 million
medical masks are required monthly for the COVID-19 response
[13]. As all COVID Pass users who are cleared for work are
issued a face mask, the daily logs from COVID Pass have
become an important proxy for the number of masks being
distributed daily to employees within our organization. This
also provides leaders within the organization with a good
approach to predict face mask allocations per facility per day
and plan accordingly.

By the middle of the first week of the COVID Pass rollout, it
became apparent that a more hardened version of this application
would be needed. Some of the clear advantages of REDCap,
such as the prebuilt scaffolding to support survey creation and
data export, became limitations as more custom change requests
began to surface for COVID Pass. In addition, as COVID Pass
was rapidly adopted across the enterprise, a more formalized
support structure was needed to maintain the operation of
COVID Pass 24 hours per day, 7 days per week. As a result,
we worked in parallel with a second, in-house development
team to create a custom version of COVID Pass built on the
Microsoft .NET Framework with a structured query language
(SQL) database, using the lessons learned and updated
requirements gained through the release of the live REDCap
application.

We ultimately transitioned to the .NET version of COVID Pass
on March 30, 2020, at 5 PM. The process of developing the
same solution in parallel and on two different platforms allowed
us to leverage the strengths of each one and achieve a more
robust final product. The established processes and large user
base for COVID Pass meant that a compiled, single-purpose
application, such as the .NET application, was better suited for
the long-term needs of the project. Transitioning the application
to an infrastructure environment that provided 24/7 support and
available resource capacity enabled the system to handle high
load times during the morning hours, when the highest number
of concurrent users occurs. A refined self-service module and
a manual pathway built on the same platform enabled
streamlining of the data collection and analysis as well.

Limitations
We custom-developed COVID Pass to meet local requirements
for employee symptom attestation. Other organizations may
have different operational requirements. We are making both
the REDCap and .NET source code available to other
organizations to use and modify as needed. Secondly, some of
our sites did not track manual attestation using the Office 365
forms or .NET applications; therefore, we do not possess
complete data on manual screenings. Finally, as the scope of
this paper is focused on the data generated directly from the
COVID Pass applications, we have no data on the number of
positive or negative COVID-19 tests given to employees who
were flagged by COVID Pass to Occupational Health Services.

Conclusion
Health systems worldwide have faced incredible challenges due
to the COVID-19 pandemic. At Partners HealthCare, one
challenge was the evolving role of symptom monitoring for all
employees working on-site. Technology is not a panacea;
however, when it is used appropriately and scoped to the right
problems, technology can play a meaningful role in the era of
COVID-19.

With the combination of a rapid, agile approach to software
development and a use case paired with an end-user incentive,
we quickly created and deployed a dedicated employee
attestation application that gained widespread adoption and use
within our health system. COVID Pass is continuing to support
daily screening for over 30,000 employees. Further, we
identified 1865 symptomatic employees who otherwise may
have come to work, potentially putting others at risk.

We continue to use the data obtained through COVID Pass for
incident planning, such as PPE supply. The COVID Pass
platform also has potential to be an effective communication
tool to the workforce; one use case that we are exploring is using
the final page of COVID Pass to inform employees about
voluntary COVID-19 research studies within our institution.

As we share these lessons learned and the story of our
implementation of COVID Pass, we also want to ensure that
other institutions that may want to implement a similar solution
can not only learn from our implementation but can also access
the source code for COVID Pass. Therefore, we are making the
source code for COVID Pass available to all via GitHub [14].
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We are living through extraordinary times. We are confident
that the bravery, commitment, and perseverance of the clinicians
and hospital staff on the front lines of this worldwide crisis will
help see us safely through the COVID-19 pandemic. Our hope

is that software solutions such as COVID Pass will play their
own small roles within this larger effort and that others may
make meaningful use of this tool, as our institution has.
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Weekly completed employee symptom attestations (COVID Pass and manual) by day and site.
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Abstract

Background: The COVID-19 pandemic has necessitated an immediate and large-scale uptake of online treatment for mental
health care. However, there is uncertainty about what the “new normal” in mental health care will be like in post–COVID-19
times. To what extent will the experiences gained during the pandemic influence a sustainable adoption and implementation of
online mental health care treatment in the future?

Objective: In this paper, we aim to formulate expectations with regard to the sustainability of online mental health care after
COVID-19.

Methods: In an interview study, 11 mental health care professionals were asked about their experiences and expectations for
the future. Participants were recruited from a mental health care organization in the Netherlands. The interviews took place
between April 7-30, 2020, at the peak of the COVID-19 crisis in the Netherlands. The data were analyzed using a thematic coding
method.

Results: From the interviews, we learn that the new normal in mental health care will most likely consist of more blended
treatments. Due to skill enhancement and (unexpected) positive experiences with online treatment, an increase in adoption is
likely to take place. However, not all experiences promise a successful and sustainable upscaling of online treatment in the future.
Mental health care professionals are learning that not all clients are able to benefit from this type of treatment.

Conclusions: Sustainable upscaling of online mental health care requires customized solutions, investments in technology, and
flexibility of mental health care providers. Online treatment could work for those who are open to it, but many factors influence
whether it will work in specific situations. There is work to be done before online treatment is inherently part of mental health
care.

(JMIR Form Res 2020;4(10):e21344)   doi:10.2196/21344
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Introduction

In recent months, the COVID-19 pandemic and subsequent
governmental regulations in the Netherlands have urged mental
health care providers to accommodate an immediate and
large-scale uptake of online treatment. Up to that point, many
mental health care professionals were still quite hesitant, despite
the proven benefits, to use online treatment options [1,2].
Previous studies have shown that the adoption of online
treatment is influenced by a variety of factors, such as a lack of
digital skills among both practitioners and clients, technical
issues, the assumption that technology-mediated treatment may
not allow for real interpersonal contact, and (lack of) prior
experiences regarding the potential added value of online
treatment [3-5].

Many questions currently are being raised about what the “new
normal” of society will constitute, if and when COVID-19 has
run its course. This also applies to mental health care. Both
optimism and concerns have been expressed about the
acceptance of online treatment as a new normal in mental health
care [6-10]. There is optimism about improving the accessibility
of mental health care by upscaling online treatment and
accommodating clients to receive therapy in a way that easily
fits into their daily lives. This may empower clients, foster their
self-efficacy, and enable them to engage in their treatment
(more) independently of time and place (eg, [8,10]). However,
concerns are expressed that not everyone will benefit equally
from this game changer. Specifically, vulnerable mental health
clients may lack the digital skills, cognitive ability, motivation,
and/or resources to partake successfully in online digital
treatment, and are at risk of being disconnected from the care
they need (eg, [7,9]).

Online treatment as part of the new normal in mental health
care will—and must—depend on mental health care
professionals’ and clients’ experiences regarding their use of
online treatment during the COVID-19 pandemic [10]. These
experiences are therefore important sources of feedback that
will help anticipate the effects of this period of “forced
upscaling” on the sustainability of online treatment in mental
health care and the new normal that we will find ourselves in.

Based on mental health care professionals’ experiences during
the COVID-19 pandemic, the current paper seeks to discuss the
expectations regarding the sustainability of online treatment in
mental health care when it is no longer necessitated by
COVID-19 regulations.

Methods

Design
We used an exploratory qualitative study design in which we
interviewed mental health care professionals about their
experiences with online treatment during the COVID-19 period
and their expectations regarding the new ways of working in
mental health care when this crisis is controlled.

Context
In the Netherlands, mental health care is provided within a
system of frontline services by general practitioners; primary
and secondary mental health care is provided by specialized
mental health care providers. Funding depends on the type of
treatment that is required and can be provided by the national
government (long-term secondary mental health care), health
insurance companies (primary and short-term secondary mental
health care), or the local government (youth mental health care).
Online treatment is seen as an important development in mental
health care and is stimulated accordingly. For example, while
waiting lists can be long in mental health care, health insurance
companies have made arrangements with mental health care
professionals to provide online treatment to people on the
waiting list. This is fully funded although people are not yet
registered as clients [11].

This study was conducted at Stichting Geestelijke
Gezondheidszorg Eindhoven en de Kempen (GGzE), a mental
health care provider in Eindhoven, the Netherlands. GGzE has
approximately 2200 employees (including management and
supporting staff) and provides clinical and ambulatory mental
health care to more than 20,000 clients. Mental health care is
provided either in group therapy or individually and can be face
to face or online. In 2019, GGzE started an online treatment
team providing full online treatment trajectories (ie, using
videoconferencing, online modules, and messaging services).
This online treatment team currently has a caseload of
approximately 200 clients with light to complex psychological
and psychiatric problems.

Participants
For the interviews, we recruited 9 mental health care
professionals and 2 eHealth support staff employees from GGzE.
In the sample of mental health care professionals, 5 had recently
started working online, and 4 were already experienced, having
used online treatment tools for more than 1 year. The latter
group comprised those who specifically chose to be an online
therapist and were therefore already positive about it before
they started, in contrast to the therapists who were recently
“forced” to start with online treatment since face-to-face therapy
was not possible. During the COVID-19 pandemic, online
treatment services consisted of videoconferencing, online
treatment modules, and messaging services using a secured
communication platform. Whereas a broad range of other online
treatment tools are available (eg, virtual reality, self-monitoring
apps), the upscaling of online treatment in the context of the
COVID-19 crisis primarily concerns the aforementioned tools.
During the COVID-19 period, an average of 1060 therapy
sessions were conducted online per week versus 59 online
consultations per week in the first 6 weeks of 2020.

The participants were approached after obtaining consent from
their manager. They were provided with an invitational email
in which the purpose of the interview was explained; then
volunteers were contacted by the researcher. The purpose of
the interview was explained once again, and the participants
were asked to sign an informed consent form.
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Data Collection
Data collection took place between April 7-30, 2020, when the
COVID-19 crisis was at its peak and mental health care
professionals had been working online between 3-6 weeks.
Mental health care professionals who were new to using online
treatment were asked about their experiences related to
performing treatment online, their skill improvement, and their
intentions to use online treatment in the future. Mental health
care professionals who had been using online treatments for >1
year were asked about the barriers they had encountered prior
to becoming an online therapist, their current experiences, and
their strategies for establishing rapport with their clients. The
supporting staff was asked which questions and concerns they
encountered while supporting professionals with online
treatment tool use. All participants were asked about their
expectations regarding the continued use of online psychological
treatment in post–COVID-19 times.

Data Analysis
The interviews were recorded and transcribed verbatim. The
data were analyzed using a thematic coding approach [12].
Themes were identified based on the purpose of the study.
Subsequently, all fragments of the data were coded and assigned
to subthemes.

Results

Overview
From the data analysis, two main themes could be derived
regarding the role of online treatment in the new normal in
mental health care: the perceived possibilities of online treatment
and the context of a treatment trajectory. The data revealed
several subthemes that represent the issues that contribute to
this new normal based on current experiences during the
COVID-19 period from the perspective of the mental health
care professionals themselves and how they perceive their clients
to experience online treatment. Figure 1 illustrates the main
themes and subthemes.

Figure 1. Themes and subthemes.

The results of the interviews provide preliminary insight into
what the new normal in mental health care and the role of online
treatment could look like. There were a number of (unexpected)
positive experiences, but there were also concerns. On the one
hand, the results suggest that because important barriers such
as a lack of skills and experience have now been lowered, online
treatment will be used more frequently. On the other hand, some
professionals also expect that they, or their colleagues, will
revert to regular face-to-face treatment as soon as possible, since
a number of professionals and clients perceive regular

face-to-face treatment as the only way to create a therapeutic
alliance. In general, we found that the participants in this study
who were already experienced online practitioners were more
confident about the continuation of online treatment in the future
compared to others.

Perceived Possibilities of Online Treatment
Overall, the results show that mental health care professionals
come to understand that much more is possible in online
treatment than what they had initially expected, for example,
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drawing something on paper or sharing one’s screen to go
through an online module together with a client. Mental health
care professionals also report that their clients tend to be more
open when they are in their home environment and that genuine
empathic contact is indeed possible in remote communication.
These positive effects surprised the mental health care
professionals who started delivering online treatment during
the COVID-19 period; the experienced online practitioners were
already convinced of these possibilities. One respondent
predicted that because clients are now experiencing the benefits
of online treatment, there is a significant chance that they will
continue to ask for it, which will to a large extent determine
whether online treatment options will be integrated into the new
normal. Furthermore, mental health care professionals expect
that they will more frequently consider online treatment as an
alternative now that they are aware of its potential value.
Reported examples of such added value include the reduction
in travel time, an increase in self-efficacy and activation in
clients, more openness by clients when they are in their home
environment, and increased accessibility to treatment due to
flexibilities in time and place. This, in turn, leads to more
frequent, shorter consultations, which adds to a higher level of
connectedness between client and therapist.

I do this by writing a message each morning asking
my client how he slept and then I can give some
suggestions to get through the day. [...] I noticed, and
this is surprising to me, that this delivers epistemic
trust from my client towards me. [P1]

In a face-to-face meeting, you tend to fill the 45
minutes you planned, despite the fact that you only
need 20 minutes, because your client came all the
way over to your office. When I have an online
meeting with my client, I can much more easily finish
the meeting after 20 minutes when we have nothing
else to talk about anymore. [P4]

The future position of online treatment in mental health care
will also be determined by the technological conditions required
to conduct online treatments. Mental health care professionals
report having experienced high levels of frustration over
technical issues they encountered while trying to get their online
environments to work. These problems are felt by both new and
experienced online therapists. In addition, clients do not always
possess the necessary technical devices or a robust internet
connection, nor do they always have an appropriate and quiet
place with sufficient privacy where they can talk to their
therapist. There is also the issue of confidence in the security
of the system, which in some cases withholds professionals, but
mainly clients, from wanting to perform therapy online.
Moreover, some clients receive therapy without their
family/relatives’ knowledge, which makes it difficult to engage
in online sessions from home.

Especially now that the kids are at home it is very
difficult for clients to find a quiet place to talk to me.
Sometimes they are calling by telephone from the car
because they could not find a proper place at home.
[P6]

A struggle that is also mentioned, mostly by the more
unexperienced online therapists, is that it is very difficult to
connect at an interpersonal level during an online interaction,
such as videoconferencing. Nonverbal cues can be easily missed,
which requires a number of additional questions and explicit
feedback moments from a therapist. Moreover, participants
stated multiple times that it can be very difficult to react
adequately to clients’ emotions in an online therapeutic setting.

It can be very difficult to react to a client’s emotions,
for example, when someone starts to cry, I find it
difficult to react when I am not in the same room.
There is literally a distance. [P9]

Context of a Treatment Trajectory
According to mental health care professionals, the continued
use of online treatment in the future will depend on the type of
treatment and the type of clients—there will not be a
one-size-fits-all solution. On this issue, both experienced and
unexperienced online mental health care practitioners agree.
The resilience that is now shown by a number of clients in
responding to online treatment does not apply to every one of
them. According to the participants, not all clients are equally
susceptible to online treatments. The general experience is that
group therapy does not work well online, nor do therapy sessions
with multiple participants from the social network of a client.
In addition, Eye Movement Desensitization and Reprocessing
(EMDR) is considered close to impossible to perform online
by some professionals. Interestingly, others report unexpected
positive experiences regarding complex therapies such as EMDR
and imagery rescripting. For those with positive experiences
with these complex therapies, the benefits that were mentioned
earlier (eg, reduction of travel time) will probably determine
whether these forms of therapy will be continued remotely after
the COVID-19 period. There is also no consensus regarding the
necessity to do at least the intakes in a face-to-face setting. In
particular, therapists who are more experienced in online
treatment tend to claim they have very effective online intakes
for various complex mental health care problems. This may
imply that the number of online intakes might increase to at
least some extent in comparison to the pre–COVID-19 situation,
due to experiences gained in this period.

Some colleagues argue that an intake cannot be done
online, but I have very positive experiences with
online intakes. [P7]

Discussion

Overview
As the COVID-19 mitigation measures are slowly being lifted
in the Netherlands, mental health care organizations have started
to think about expanding possibilities beyond regular
face-to-face treatment. Numerous pleas, opinions, and
discussions regarding the continuation of online treatment in
mental health care are being prompted in professional literature,
on professional network platforms, and on social media. The
question we raised at the beginning of this paper becomes
increasingly urgent with each step mental health care takes in
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liberalizing COVID-19 measures: what new normal will we
adopt regarding online treatment in mental health care?

Expectations
Based on therapists’ experiences with online treatment during
the COVID-19 period, we can create a clearer image of the
possibilities of online treatment in mental health care and how
a sustainable increase in the use of online tools can be reached.
As it is clear that experience and skill enhancement will lead
to fewer barriers among mental health care professionals to use
online treatment tools [13-15], there will likely be more online
treatment in the near future than there was before COVID-19.
We also argue that some of the positive experiences will
convince even therapists who were previously resistant toward
online treatment to consider an online session when this saves
time and is more convenient for the client. A recent study shows
that, in most cases, the perceived advantages regarding online
treatment outweigh the disadvantages [3]. However, we also
have reason to believe that in some cases online therapy may
not work. There are issues that are more difficult to overcome,
such as clients having an inadequate environment without proper
(technological) facilities to receive online treatment or clients
for whom it is difficult to open up to this concept. The
conviction that a real therapeutic alliance can be achieved
through remote communication does not seem to come simply
by gaining experience in using online treatment. Additionally,
frequent users of online treatment and therapists who are
generally positive about the possibilities prefer to see people
face to face in certain situations. The bottom line is that mental
health care delivery in the new normal will most likely result
in more blended forms of care. The sustainability of blended
care requires giving space to diversity and being flexible in
providing online treatment for those who benefit from it, while
providing alternatives for those who do not.

Limitations
This paper describes a small study with 11 participants from
one particular mental health care organization. This means that

further research is needed to strengthen the results. Despite the
small sample size, data saturation was reached and many mental
health care professionals also indicated that were disclosing
ideas and experiences of their colleagues. Another limitation is
that clients were not interviewed in this round. This was due to
the limited amount of time in which we wanted to draw a
preliminary overview of experiences with online treatment in
mental health care. A focus on mental health care professionals
was chosen because of the large impact the adoption among
therapists has on a sustainable implementation of online
treatment. The clients’ experiences that are described in this
paper are reflections of practitioners based on their interactions
with their clients about online treatment.

Future Research
The sustainability of online treatment in mental health care will
depend on the complex interplay of individual, social,
organizational, and economic factors [16]. The exact
implications of the COVID-19 crisis for online mental health
care need further exploration taking into account the complexity
of the situation. In our future work, we will investigate the
sustainability of online treatment in mental health care in
post–COVID-19 time in relation to the significant changes the
pandemic and its aftermath will continue to impose upon mental
health care. We will continue to work with mental health care
organizations in addressing the challenges they face in
effectively delivering online and blended forms of treatment,
including skill enhancement in online treatment of mental health
care professionals and investigating the acceptance and use of
online treatment tools by both therapists and clients. In
addressing these challenges, our focus is on innovative solutions
aimed to optimize the accessibility, effectiveness, efficiency,
and treatment quality of online treatment tools, including their
various technological and user requirements as well as the
organizational conditions that encourage a sustainable uptake
of online treatment.
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Abstract

Background: Transdiagnostic internet-delivered cognitive behavioral therapy (T-ICBT) is an effective treatment for anxiety
and depression, and nowadays, there is interest in exploring ways to optimize T-ICBT in routine care. T-ICBT programs are
designed to address the primary cognitive-affective and behavioral symptoms of anxiety and depression (eg, low mood, worry,
anhedonia, and avoidance). Treatment also has the potential to resolve other symptom concerns (eg, sleep disruption, sexual
dysfunction, lack of energy, and appetite or weight changes). Having additional information regarding the extent of these concerns
and how concerns change over time could prove beneficial for further development of T-ICBT in routine care.

Objective: This exploratory formative study aims to better understand sleep, sexual functioning, energy, and appetite concerns
among T-ICBT clients seeking treatment for depression and anxiety. A qualitative analytic approach was used to identify themes
in the symptom concerns reported by patients in the areas of sleep, sexual functioning, energy, and appetite at the time of enrollment.
Patient responses to related items from screening measures for anxiety and depression were also examined pre- and posttreatment.

Methods: Patients in routine care who applied for a T-ICBT program for depression and anxiety over a 1-year period were
included in this study. As part of the application and screening process, participants completed depression and anxiety symptom
measures (ie, 9-item Patient Health Questionnaire and 7-item Generalized Anxiety Disorder scale). These same measures were
administered posttreatment. Subsequently, they were asked if they were experiencing any problems with sleep, sexual activity,
energy, or appetite (yes or no). If their response was yes, they were presented with an open-ended comment box that asked them
to describe the problems they had experienced in those areas.

Results: A total of 462 patients were admitted to T-ICBT during the study period, of which 438 endorsed having some problems
with sleep, sexual activity, energy, or appetite. The analysis of open-ended responses indicated that 73.4% (339/462) of patients
reported sleep problems (eg, difficulty initiating or maintaining sleep), 69.3% (320/462) of patients reported problems with energy
or motivation (eg, tiredness and low motivation), 57.4% (265/462) of patients reported appetite or body weight concerns (eg,
changes in appetite and weight loss or gain), and 30.1% (139/462) of patients described concerns with sexual functioning (eg,
loss of interest in sex and difficulty with arousal). Item analysis of symptom measures demonstrated that T-ICBT produced
improvements in sleep, energy, and appetite in 8 weeks. Sexual dysfunction and weight changes were not represented in the
screening measures, so it remains unclear what effect T-ICBT has on these symptoms.
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Conclusions: Sleep disruption, lack of energy, appetite or weight changes, and sexual dysfunction are common concerns reported
by clients enrolled in T-ICBT in routine practice and may deserve greater attention in T-ICBT program development and
administration.

(JMIR Form Res 2020;4(10):e15037)   doi:10.2196/15037

KEYWORDS

cognitive behavioral therapy; anxiety; depression; internet-based intervention; sleep; sexual health; motivation; appetite

Introduction

Background
Anxiety and depression are prevalent, disabling, and frequently
comorbid mental health conditions that are associated with a
range of negative outcomes, including a number of physical
health problems, lower marital satisfaction, absenteeism or
presenteeism in the workplace, and financial difficulties [1].
Transdiagnostic internet-delivered cognitive behavioral therapy
(T-ICBT) has emerged as an efficient and effective treatment
for individuals who experience concurrent symptoms of anxiety
and depression [2]. T-ICBT generally involves clients
completing weekly web-based lessons and homework that teach
cognitive and behavioral techniques for managing symptoms
[3]. The transdiagnostic approach is based on the premise that
anxiety and depression are often comorbid and share common
symptoms, such as maladaptive thinking patterns and avoidance
[4,5]. T-ICBT protocols typically teach clients a variety of
symptom management strategies that are applicable to both
anxiety and depression, including cognitive restructuring,
behavioral activation, and graded exposure [6]. Although some
T-ICBT programs are unguided (ie, the patient completes the
program independently), many are therapist assisted (ie, the
patient has regular contact with a web-based therapist). In
therapist-assisted T-ICBT programs, support is typically
provided through secure messaging or over the phone wherein
therapists answer patient questions, offer guidance and
encouragement, and provide feedback on symptom changes [3].

Considerable evidence supports the efficacy of T-ICBT, and as
a result, it is increasingly being implemented in routine care
[7]. T-ICBT protocols are particularly appealing because they
streamline the treatment process for patients and therapists [2,4].
From the patient’s perspective, T-ICBT produces equally
impressive treatment effects as disorder-specific
internet-delivered cognitive behavioral therapy (ICBT) while
saving patients from the burden of having to complete several
treatment protocols sequentially to address comorbid conditions
[2,4,8-11]. From the therapist’s perspective, T-ICBT protocols
simplify referral decision making and training for staff who can
learn and implement one transdiagnostic program rather than
several disorder-specific programs [2,4]. Although T-ICBT
programs show considerable promise, it remains a relatively
new form of treatment in routine care; thus, it is important to
learn from patients and continually seek to improve treatment
to meet the needs of patients [12].

T-ICBT programs are designed to address the primary
cognitive-affective and behavioral symptoms of anxiety and
depression (eg, low mood, worry, anhedonia, and avoidance),
yet successful treatment has the potential to resolve many

additional symptom concerns that are present with anxiety and
depression. For example, internalizing disorders such as anxiety
and depression share common features, such as sleep problems,
sexual dysfunction, loss of energy, and changes in
appetite/weight [13-20]; however, little is known about T-ICBT
clients’ concerns in these areas at the beginning of T-ICBT and
the impact of T-ICBT on these additional concerns. Formative
research that seeks to improve understanding of diverse
symptoms pre- and posttreatment could be beneficial for
identifying opportunities to improve the delivery of T-ICBT in
routine care.

Objectives
The goal of this exploratory study is two-fold. First, we aim to
better understand the nature of client concerns about sleep,
sexual functioning, energy, and appetite/weight at the time of
enrollment by analyzing responses to an open-ended question
about problems with sleep, sexual functioning, energy, and
appetite or weight at pretreatment. Qualitative research is an
excellent method for examining patient concerns [21]. Second,
following an approach similar to qualitative assurance studies
[22], item-level data from screening measures of anxiety and
depression were examined to explore whether T-ICBT was
associated with symptom improvements in these areas at
posttreatment. Given the nature of depression and anxiety, we
hypothesized that clients would commonly report experiencing
problems with sleep, sexual functioning, energy, or
appetite/weight. In terms of the nature of the clients’ concerns,
we expected clients to report sleep problems such as insomnia
or hypersomnia, sexual problems such as reduced sexual desire
and difficulties with arousal, fatigue or tiredness, and changes
in appetite and accompanying weight change. We also
hypothesized that item analysis would show improvements in
these areas posttreatment; however, we did not have hypotheses
about the magnitude of symptom reduction.

Methods

Study Design and Ethics
This study involved extracting patient records from the Online
Therapy Unit, which is a government-funded web-based therapy
clinic at the University of Regina that freely offers ICBT on a
routine basis to residents of Saskatchewan. In addition to
providing T-ICBT, the Online Therapy Unit conducts research
to optimize the delivery of ICBT in routine care; thus, patients
who receive T-ICBT are asked for consent to use their
deidentified data for research purposes. This study involved
retrieving records from 462 patients who received T-ICBT with
once-a-week therapist support over a 1-year period (June 1,
2016, to May 31, 2017). We did not retrieve additional data
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from patients who received ICBT for chronic pain or received
T-ICBT without regular weekly therapist support. Of note, 245
of the 462 patient records were part of a registered trial
(ISRCTN14230906) [23], but as they received standard T-ICBT
with the same once-a-week therapist support, their data were
included in this study.

Participants and Procedure
Individuals who participated in this study reported that they
heard about the Online Therapy Unit through a variety of
sources, including referral from a community mental health
clinic (170/462, 36.5%), referral by their family physician
(101/462, 21.7%), word of mouth (69/462, 14.8%), media
(57/462, 12.2%), searches on the web and email announcements
(55/462, 11.8%), or printed posters or cards (14/462, 3%).
Individuals who wished to take part in the Wellbeing Course
began by completing a brief web-based screening questionnaire.
The questionnaire ensured that participants met the basic
inclusion criteria, including (1) being aged 18 years or older;
(2) residing in Saskatchewan, Canada; (3) endorsing symptoms
of depression and/or anxiety; (4) being comfortable using a
computer with access to the internet; and (5) willing to consent
to treatment and provide a medical contact for emergency
purposes. Of note, a formal diagnosis of an anxiety or mood
disorder was not required to participate in the program, but all
patients endorsed at least some symptoms of anxiety or
depression.

Those who met the basic inclusion criteria then completed
additional web-based screening questions about their
background (eg, demographic characteristics and contact
information) and symptoms (eg, anxiety and depression).
Specifically, patients completed the 7-item Generalized Anxiety
Disorder (GAD-7) scale and the 9-item Patient Health
Questionnaire (PHQ-9), widely used screening measures that
ask patients to report the frequency of anxiety and depression
symptoms over the previous 2 weeks [24,25]. The PHQ-9 and
GAD-7 are formatted and scaled very similarly, with response
options ranging from 0 (not at all) to 3 (nearly every day),
resulting in possible scores between 0 and 21 for the GAD-7
and between 0 and 27 for the PHQ-9. Of relevance to this study
were items 3, 4, and 5 from the PHQ-9, which assessed
symptoms of sleep, energy, and weight. Participants with scores
greater than 5 on the GAD-7 or PHQ-9 were considered eligible
for T-ICBT. An additional interest to this study, participants
were asked to answer the yes or no question: “Have you had
any problems with sleep, appetite/weight, energy level, or sexual
activity?” following the symptom measures. If they responded
“yes,” participants were presented with an open-ended comment
box that asked them to provide details about the difficulties they
had experienced in those areas.

After completion of the web-based screening questionnaire,
participants were briefly interviewed by a clinician via the
telephone to further assess suitability for the Wellbeing Course.
Specifically, telephone screeners would provide more
information about the nature of the Wellbeing Course to ensure
clients were interested and ask any additional questions to
determine whether patients should be excluded because they
(1) were considered high risk for suicide or reported very severe

symptoms (n=55), (2) were seeking primary treatment for
another disorder (ie, obsessive compulsive disorder,
posttraumatic stress disorder, bipolar disorder, psychotic
symptoms, and alcohol or drug problems; n=21), (3) were
receiving regular concurrent in-person psychotherapy (eg,
receiving face-to-face cognitive behavioral therapy [CBT] in
an outpatient setting) that is expected to address the client’s
concern (n=6), or (4) did not meet the inclusion criteria (eg, age
or lack of computer access or skills) described earlier (n=21).

All patients accepted for treatment received the same T-ICBT
intervention, a program called the Wellbeing Course, which
was developed by the eCentreClinic in Sydney, Australia. The
Wellbeing Course has previously been studied in numerous
clinical trials and found to be effective in reducing symptoms
of anxiety and depression [4,6,8,9,26], but specific examination
of how T-ICBT impacts sleep, sexual functioning, energy, and
appetite/weight has not been undertaken. The Wellbeing Course
is 8 weeks in duration and comprises 5 core lessons designed
to target symptoms of depression and/or anxiety: (1) the
cognitive behavioral model, (2) thought monitoring and
challenging, (3) dearousal strategies and pleasant activity
scheduling, (4) gradual exposure, and (5) relapse prevention.
Each lesson consists of psychoeducation, instruction on
cognitive behavioral strategies used for symptom reduction,
case examples, and homework exercises. Participants also have
access to additional resources on topics that are relevant to
depression and anxiety (ie, assertiveness, communication,
problem solving, worry time, and sleep). As they work through
the course, patients receive therapist assistance in the form of
weekly emails and occasional telephone calls. Patients complete
the PHQ-9 and GAD-7 symptom measures again after
completing the 8-week course.

Data Analysis
Qualitative content analysis was used to explore patients’
responses to the open-ended question about their problems with
sleep, sexual functioning, energy, and appetite/weight [27]. A
conventional or inductive approach was used, wherein the data
were coded without the use of a preexisting coding guide [27].
The researchers involved with data analysis had all received
didactic training in qualitative research methods, and two
researchers had experience publishing qualitative research.

Data analysis was an iterative process that began with one
undergraduate research assistant (AA) reading each response
closely to obtain an initial impression of the data and engage
in open coding, wherein basic codes representing each unit of
meaning were derived (eg, difficulty falling asleep).
Subsequently, the research assistant met with a PhD student in
psychology (ME) to discuss initial impressions and create a
preliminary coding guide of keywords and definitions. The
research assistant then comprehensively coded all participant
responses using the new coding guide. Next, several researchers
(AA, ME, and HH) came together to sort the individual codes
into meaningful themes and developed definitions for each
theme (eg, the theme difficulty falling asleep was defined to
capture any client statement that describes problems with
initiating sleep). Finally, to ensure the accuracy of the coding,
all participant responses were recoded by a second PhD student
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in psychology (KG) using the finalized coding guide. The lead
author resolved a small number of coding discrepancies between
the first and second coders and completed a final review of the
data. After coding was complete, the identified themes (Table
1) were analyzed using descriptive statistics to determine which
concerns and symptoms were reported most frequently by
participants.

In addition, to preliminarily explore the impact of T-ICBT on
sleep, sexual functioning, energy, and appetite/weight from pre-
to posttreatment, an item analysis was conducted on patients’
responses on the GAD-7 and PHQ-9. Specifically, descriptive

statistics were used to calculate the percentage of clients
endorsing each item pretreatment as well as mean symptom
change scores from pre- to posttreatment. Although we included
all items in the analysis, we were particularly interested in the
items related to sleep (PHQ-9 item 3: “trouble falling or staying
asleep, or sleeping too much”), energy (PHQ-9 item 4: “feeling
tired or having little energy”), and appetite (PHQ-9 item 5:
“poor appetite or overeating”). Neither the GAD-7 nor the
PHQ-9 included an item to assess weight or sexual functioning;
thus, we were unable to determine if T-ICBT helped resolve
these problems.

Table 1. Description of each theme along with subcategories, representative quotes, and frequencies (N=462).

Frequency, n (%)Representative quotesSubcategoriesTheme and description

339 (73.4)Sleep: concerns about quantity or quality
of sleep

•• “I have troubles falling asleep, staying
asleep, and when I finally fall asleep it is
time to wake up and I have trouble waking
up.”

Difficulty falling asleep
• Difficulty staying asleep
• Difficulty returning to sleep
• Early waking

• “Most days [I] wake up feeling unrested,
even if I got to bed at a decent time.”

• Difficulty waking up
• Sleeping too much

• “[I] want to sleep all the time.”• Nightmares
• General sleep problems

320 (69.3)Energy or motivation: concerns about lack
of energy, motivation, and self-care

•• “I feel tired all the time. [...] I can’t even
muster energy to exercise or do things I
used to like doing.”

Decrease in energy
• Feeling tired or exhausted
• Mentally tired

• “I don’t want to do anything except sleep
or sit.”

• Lacking motivation
• Little or no exercise

• “I’m just very very tired, exhausted, low
energy, and have no motivation.”

265 (57.4)Appetite/weight: concerns related to eating,
appetite, and weight changes

•• “Some days my appetite is very poor, some
days I feel like eating all the time.”

Variable appetite
• Appetite greater than usual

• “I have no appetite and usually just eat be-
cause I have to.”

• Appetite less than usual
• Poor diet

• “In the last year I have gained 25lbs due to
depression and not being able to continue
with my normal active lifestyle.”

• Emotional eating
• Weight loss
• Weight gain
• Weight fluctuations
• Overweight
• Unsuccessful weight loss
• Unsuccessful weight gain

139 (30.1)Sexual functioning: concerns with low sex-
ual interest or engagement

•• “My sex drive is pretty much non-existent.”Low sex drive
• •Difficulty with arousal “Sexually, [I am] unable to get aroused.”
• Lack of sexual activity

• “I have been avoiding intimacy.”

117 (25.3)Cognitive-affective symptoms: concerns
related to emotion regulation or cognitive
functioning

•• “[I] cry regularly. [I am] irritable and
moody.”

Anxiety
• Depression

• “I lose concentration easily and feel foggy.”• Angry and irritable
• “[I] can’t relax.”• Low self-esteem

• Emotional fluctuations
• Lack of focus
• Inability to relax
• Cannot turn off mind
• Constant worry
• Overthinking

30 (6.5)Somatic symptoms: concerns about physical
symptoms and overall health

•• “I constantly feel sick [to my stomach].”Digestive problems
• •Nausea “[In] the evening I feel pressure behind my

eyes and a slight headache. “• Dizziness
• “[I am] always sick with colds and flus.”• General health concerns
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Results

Sample Characteristics
A total of 462 patients enrolled in the Wellbeing Course during
the study period (see Table 2 for sample characteristics) and
completed initial screening measures. Of the 442 patients who
began treatment by logging in to the website, 341 (77.1%)
completed 4 of the 5 core lessons and 298 (67.4%) completed

all 5 lessons and completed posttreatment measures. Almost
three-fourths of the participants were female (339/462, 73.4%),
and the average age was 37 years (SD 12.33). The majority of
participants reported being in a relationship and living in a city
with more than 10,000 people. Participants varied widely in
education level, although only 2.8% (13/462) had less than a
high school education. Most participants reported being
employed (283/462, 61.3%).

Table 2. Participant characteristics (N=462).

ValuesVariables

Age (years)

37.12 (12.33)Mean (SD)

18-86Range

Gender, n (%)

119 (25.8)Male

339 (73.4)Female

4 (0.9)Other

Marital status, n (%)

104 (22.5)Single or never married

226 (48.9)Married

81 (17.5)Living with partner

45 (9.7)Separated or divorced

6 (1.3)Widowed

Education, n (%)

13 (2.8)Less than high school

82 (17.7)High school diploma

135 (29.2)College certificate or diploma

64 (13.9)Some university

110 (23.8)University undergraduate degree

58 (12.5)University professional or graduate degree

Employment status, n (%)

224 (48.5)Employed full time

59 (12.8)Employed part time

38 (8.2)Unemployed

97 (21.0)Homemaker or retired or student

44 (9.5)Short- or long-term disability

Location, n (%)

185 (40.0)Large city (>200,000)

153 (33.1)Small to medium city (10,000-200,000)

94 (20.3)Town or village

29 (6.3)Farm

1 (0.2)Reserve
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Problems With Sleep, Sexual Functioning, Energy,
and Appetite
The vast majority of patients (438/462, 94.8%) responded “yes”
to the question asking if they had experienced problems related
to sleep, sexual functioning, energy, or appetite/weight and thus
responded to the open-ended comment box asking them to
provide more detail about their problems in these areas. Patients
described problems with sleep, sexual functioning, energy or
motivation, and appetite/weight; however, they also reported
on cognitive-affective symptoms and somatic symptoms. Table
1 includes descriptions, examples, representative quotes, and
frequencies for each identified category. The most commonly
reported problems were sleep, energy/motivation, and
appetite/weight. Of the patients who responded to the
open-ended comment box, 13.7% (60/438) provided a response
that was coded into only 1 category, 24.8% (109/438) of
responses were coded into 2 categories, 37.7% (165/438) were
coded into 3 categories, 18.3% (80/438) were coded into 4
categories, 4.8% (21/438) were coded into 5 categories, and
0.9% (4/438) were coded into all 6 categories.

Treatment Outcomes and Item Analysis
Overall, patients’ anxiety and depression scores decreased over
the course of treatment. The mean total scores at the time of
enrollment were 12.6 (SD 5.0) on the GAD-7 and 12.5 (SD 6.1)
on the PHQ-9, which represents moderate symptoms of anxiety

and depression. In this sample, treatment resulted in a mean
score reduction at posttreatment of 6.6 points (SD 5.1) on the
GAD-7 and 5.9 points (SD 5.1) on the PHQ-9, indicating that
patients’ anxiety and depression symptoms were in the mild
range at the end of treatment. The results from the GAD-7 and
PHQ-9 item analyses are presented in Table 3. Of the symptoms
of interest in this study, low energy was the most frequently
endorsed item on the PHQ-9, with 94.1% (428/455) of patients
indicating they had felt tired or had little energy several days
or more over the last 2 weeks. Sleep disruption was the second
most commonly endorsed symptom, with 87.9% (400/455) of
patients indicating they experienced trouble falling or staying
asleep or sleeping too much on several days or more over the
last 2 weeks. Appetite problems were another commonly
endorsed item on the PHQ-9, with 79.3% (361/455) of patients
indicating they experienced poor appetite or overeating several
days or more over the last 2 weeks. Promisingly, T-ICBT
appeared to have a positive impact on sleep, energy, and appetite
symptoms, that is, patients reported a decrease in the frequency
of low energy, sleep disturbance, and appetite problems from
pre- to posttreatment. It is important to note, however, that
patients still reported experiencing symptoms in these areas
posttreatment. The lack of GAD-7 or PHQ-9 items related to
sexual functioning and weight meant it was not possible to
assess whether T-ICBT led to improved functioning in those
areas.
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Table 3. Frequencies of responses to the 7-item Generalized Anxiety Disorder scale and the 9-item Patient Health Questionnaire items at pretreatment
(N=462).

Posttreatment mean
score (SD)

Pretreatment mean
score (SD)

Distribution of pretreatment responsesItem and symptom

3 (nearly every
day), n (%)

2 (more than half
the days), n (%)

1 (several
days), n (%)

0 (not at
all), n (%)

7-item Generalized Anxiety Disorder (n=454)

0.99 (0.80)2.05 (0.87)172 (37.9)143 (31.5)127 (28.0)12 (2.6)Feeling nervous or anxious

0.83 (0.88)1.99 (0.95)173 (38.1)129 (28.4)125 (27.5)27 (5.9)Uncontrollable worrying

0.95 (0.89)2.11 (0.88)190 (41.9)137 (30.2)114 (25.1)13 (2.9)Worrying about a variety of
things

0.81 (0.90)1.88 (0.98)154 (33.9)130 (28.6)130 (28.6)40 (8.8)Trouble relaxing

0.52 (0.80)1.13 (1.00)56 (12.3)91 (20.0)162 (35.7)145 (31.9)Restlessness

1.02 (0.97)1.93 (0.94)160 (35.2)128 (28.2)142 (31.3)24 (5.3)Irritability

0.60 (0.86)1.49 (1.07)105 (23.1)109 (24.0)144 (31.7)96 (21.1)Fearing something awful

9-item Patient Health Questionnaire (n=455)

0.76 (0.80)1.53 (0.95)93 (20.4)107 (23.5)201 (44.2)54 (11.9)Anhedonia

0.76 (0.79)1.51 (0.92)84 (18.5)117 (25.7)203 (44.6)51 (11.2)Feeling depressed and
hopeless

1.00 (0.93)1.84 (1.04)160 (35.2)118 (25.9)122 (26.8)55 (12.1)Sleep disruption

1.12 (0.90)1.98 (0.95)173 (38.0)128 (28.1)127 (27.9)27 (5.9)Low energy

0.81 (0.93)1.55 (1.09)117 (25.7)111 (24.4)133 (29.2)94 (20.7)Poor appetite or overeating

0.69 (0.85)1.63 (0.99)111 (24.4)122 (26.8)163 (35.8)59 (13.0)Feeling bad about self

0.62 (0.83)1.44 (1.04)91 (20.0)117 (25.7)147 (32.3)100 (22.0)Trouble concentrating

0.31 (0.60)0.75 (0.92)28 (6.2)67 (14.7)124 (27.3)236 (51.9)Psychomotor agitation or
retardation

0.11 (0.38)0.29 (0.63)8 (1.8)19 (4.2)69 (15.2)359 (78.9)Self-harm or suicidality

Discussion

Principal Findings
This formative study qualitatively examined patients’
self-reported concerns with sleep, sexual functioning, energy,
and appetite/weight at the time of enrollment in T-ICBT for
depression and anxiety to learn more about the prevalence and
nature of patients’ problems in these areas. In addition, an item
analysis was conducted on screening measures of anxiety and
depression to explore whether T-ICBT produces improvements
in these symptoms posttreatment. Of importance, the vast
majority of T-ICBT clients (438/462, 94.8%) endorsed problems
in at least one area and 87.4% (404/462) of clients reported
problems in more than one area. Although this is not surprising
given research has demonstrated that sleep problems, sexual
dysfunction, lack of energy, and appetite/weight changes are
shared features of anxiety and depression [13-20], the extent of
the problems is important to understand so as to inform T-ICBT
delivery in routine care.

Qualitative analysis of patients’ descriptions of their concerns
revealed that sleep disturbance was the most common problem
described by clients (339/462, 73.4%). As hypothesized, clients’
sleep concerns were consistent with insomnia (eg, difficulty
falling asleep, difficulty staying asleep, and early waking) and

hypersomnia (eg, difficulty waking up, and sleeping too much),
although a number of clients also reported having nightmares.
Loss of energy or motivation was the second most common
client concern (320/462, 69.3%). Consistent with our
expectations, clients described experiencing a loss of energy
and mental or physical tiredness; however, they also reported
a lack of motivation and loss of interest in self-care.
Interestingly, clients often discussed energy and motivation in
tandem, which is why these problems are grouped together in
the results. The third most common client concern was changes
in appetite/weight (265/462, 57.4%), with some clients
describing an increase in appetite/weight and others a decrease
in appetite/weight. This is mostly consistent with our hypothesis,
but we did not fully anticipate how widespread problems would
be with poor diet or emotional eating. A less common concern,
although still affecting one-third of the sample, was sexual
dysfunction (139/462, 30.1%). In this domain, clients reported
loss of sexual desire and difficulty with arousal, which is in line
with our hypothesis.

Although the question presented to clients asked specifically
about sleep, sexual functioning, energy, and appetite/weight,
clients also described problems in other areas without being
prompted to do so. Specifically, 25.3% (117/462) of clients
reported experiencing cognitive-affective symptoms (eg, worry,
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low mood, anger or irritability, lack of focus, and inability to
relax), and 6.5% (30/462) of clients described somatic symptoms
(eg, digestive problems, nausea, dizziness, and compromised
immune system). These concerns were not the intended focus
of this study, yet the fact that they were brought up by clients
suggests they are important. It remains to be seen if these
concerns would be more prevalent if the question prompted
clients to think about these domains.

The results of the item analysis provided preliminary evidence
that T-ICBT leads to improvements in sleep, energy, and
appetite in 8 weeks. This promising finding suggests that
T-ICBT has a positive impact on problems in these areas. It is
important to note, however, that patients’ problems with sleep,
energy, and appetite were not eliminated entirely, which
suggests that it may still be possible to optimize T-ICBT to
better address these problems. Moreover, we were unable to
monitor changes in sexual functioning or weight over the course
of treatment because these symptoms were not represented by
the items on the GAD-7 of PHQ-9. This seems especially
problematic for sexual functioning, an issue that was raised by
more than one-third of the study sample. A recent study found
that face-to-face CBT resulted in modest reductions in reports
of sexual dysfunction [20], but it is unknown if T-ICBT
produces similar reductions in sexual concerns.

The findings of this study have implications for future T-ICBT
research with regard to symptom screening and outcome
monitoring. Specifically, single-item measures can provide
some indication of symptom change over the course of
treatment, but it is unclear whether they are sensitive enough
to the wide variety of problems patients reported with regard
to sleep, energy, appetite/weight, and sexual functioning. Thus,
there may be value in expanding screening or outcome measures
to include more through assessment of sleep, sexual functioning,
energy or motivation, and appetite/weight. Enhancing existing
screening or outcome measures would allow researchers to make
concrete conclusions about the efficacy of T-ICBT in improving
these symptoms. However, it would be important to balance
the desire for more detailed information with the increased
burden on clients when completing screening and posttreatment
questionnaires. If measures were to be added, they would need
to be brief, psychometrically sound, and not redundant with
existing items or measures. In the long term, learning about the
effects of T-ICBT on sleep, sexual functioning, energy or
motivation, and appetite/weight might provide insight into ways
to enhance treatment content, which, in turn, might influence
treatment engagement or outcomes. The results of this study
also have implications for clinical practice and future T-ICBT
program development. With regard to therapist support, the
results of this study emphasize that therapists need to be aware
of how common and diverse problems with sleep, energy or
motivation, appetite/weight, and sexual functioning are within
their client group and provide support accordingly. With respect
to program development, the results of this study suggest that
concerns related to sleep, energy or motivation, appetite/weight,
and sexual functioning are common, and ensuring program
content relates to these concerns (eg, by using symptoms of
sleep disruption in case examples provided to patients) could

be an important part of maximizing the patient acceptability of
T-ICBT.

Strengths and Limitations
This study makes a valuable contribution to the literature
because it is the first to qualitatively examine the prevalence
and nature of T-ICBT clients’ self-described problems with
sleep, sexual functioning, energy, and appetite/weight. The
qualitative approach to data analysis provided a depth of
information unavailable in previous quantitative studies. For
example, we found that clients’ specific concerns about sleep,
sexual functioning, energy or motivation, and appetite/weight
are diverse and may not be adequately captured by common
symptom screening measures. The inclusion of a large sample
of clients increases our confidence that the results are
generalizable to other clients seeking T-ICBT in routine care.
The addition of the item analysis is another notable strength of
the study, as it provides preliminary evidence that T-ICBT has
some positive effects on sleep disruption, low energy, and
appetite change.

This study also had several limitations. First, the wording of
the question patients responded to may have prompted clients
to respond in a certain way. Patients were specifically asked
only a single question about sleep, sexual functioning, energy,
and appetite/weight, and using a more open-ended question or
asking about each symptom domain separately may have
produced different results. Second, in terms of question order,
clients responded to the research questions after they had
completed the GAD-7 and PHQ-9, which makes it possible that
clients were primed by the items related to sleep, energy,
appetite, and cognitive-affective symptoms. In interpreting the
results, readers should also consider that the PHQ-9 and GAD-7
measure the frequency of symptoms but not the severity of the
symptoms, and there is no way to know from our data what
proportion of clients were experiencing clinically significant
difficulties in each area. It is also important to note that the
characteristics of the sample used in this study may limit the
generalizability of the results to other ICBT programs. The
characteristics of the sample that should be considered by the
reader when interpreting the results include the fact that a large
proportion of patients were self-referred to the service (193/462,
41.8%), that 58.9% (272/462) of patients reported receiving
simultaneous pharmacological treatment for their concerns at
pretreatment, and that patients who were receiving simultaneous
in-person therapy (n=6) were excluded from the study.
Posttreatment results must also be interpreted with caution, as
32.6% (144/442) of participants had withdrawn from treatment
before the 8-week point, and the extent to which patients used
skills described in the course or gained knowledge was not
assessed in this study.

Conclusions
This study presents an overview of the concerns related to sleep,
energy, appetite, and sexual functioning reported by individuals
seeking T-ICBT for anxiety and depression and may therefore
be of interest to program designers and clinicians interested in
offering T-ICBT. We found that the majority of clients reported
symptoms such as sleep disruption, lack of energy or motivation,
and appetite/weight changes, and just less than one-third of the
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sample reported experiencing sexual dysfunction. We also found
preliminary evidence that T-ICBT resulted in reductions in the
reported frequency of sleep disruption, low energy, and appetite
disturbance over 8 weeks. The results of this study allowed us

to identify several areas where T-ICBT outcome measures could
be improved and provided a number of directions for future
research.
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Abstract

Background: Displeasure with the functionality of clinical decision support systems (CDSSs) is considered the primary challenge
in CDSS development. A major difficulty in CDSS design is matching the functionality to the desired and actual clinical workflow.
Computer-interpretable guidelines (CIGs) are used to formalize medical knowledge in clinical practice guidelines (CPGs) in a
computable language. However, existing CIG frameworks require a specific interpreter for each CIG language, hindering the
ease of implementation and interoperability.

Objective: This paper aims to describe a different approach to the representation of clinical knowledge and data. We intended
to change the clinician’s perception of a CDSS with sufficient expressivity of the representation while maintaining a small
communication and software footprint for both a web application and a mobile app. This approach was originally intended to
create a readable and minimal syntax for a web CDSS and future mobile app for antenatal care guidelines with improved
human-computer interaction and enhanced usability by aligning the system behavior with clinical workflow.

Methods: We designed and implemented an architecture design for our CDSS, which uses the model-view-controller (MVC)
architecture and a knowledge engine in the MVC architecture based on XML. The knowledge engine design also integrated the
requirement of matching clinical care workflow that was desired in the CDSS. For this component of the design task, we used a
work ontology analysis of the CPGs for antenatal care in our particular target clinical settings.

Results: In comparison to other common CIGs used for CDSSs, our XML approach can be used to take advantage of the flexible
format of XML to facilitate the electronic sharing of structured data. More importantly, we can take advantage of its flexibility
to standardize CIG structure design in a low-level specification language that is ubiquitous, universal, computationally efficient,
integrable with web technologies, and human readable.

Conclusions: Our knowledge representation framework incorporates fundamental elements of other CIGs used in CDSSs in
medicine and proved adequate to encode a number of antenatal health care CPGs and their associated clinical workflows. The
framework appears general enough to be used with other CPGs in medicine. XML proved to be a language expressive enough
to describe planning problems in a computable form and restrictive and expressive enough to implement in a clinical system. It
can also be effective for mobile apps, where intermittent communication requires a small footprint and an autonomous app. This
approach can be used to incorporate overlapping capabilities of more specialized CIGs in medicine.

(JMIR Form Res 2020;4(10):e17512)   doi:10.2196/17512
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Introduction

Background and Significance
With the increasing adoption of electronic health records and
hospital information systems, the implementation of clinical
practice guidelines (CPGs) through integration with these
information systems is possible during clinical encounters [1],
creating what is known as clinical decision support systems
(CDSSs), which assist physicians during health care encounters.
CDSSs attempt to mimic the way humans use clinical guidelines
with patient information and make decisions based on existing
clinical knowledge and knowledge specific to a patient [2].
These systems are built using representations of knowledge and
information about different diseases, treatment protocols,
findings, and interpretations [3].

A CDSS produces patient-specific output based on patient data
combined with these representations of medical knowledge [4].
Traditionally, three functions are supported by a CDSS: the
provision of automated clinical information management such
as data entry and retrieval, the attention-focusing functions such
as medical alerts and reminders, and the provision of
patient-specific recommendations or advice based on individual
patient data [5]. All these functions can be useful in providing
health care services, but the execution and effectiveness of these
functions are determined by the effectiveness of the utilization
of medical knowledge in the associated clinical workflow [3].

There have been widespread reports of dissatisfaction and user
complaints with existing CDSS functionality, and satisfaction
is considered one of the primary challenges for improving CDSS
development and acceptance [6]. A special challenge in this
regard is implementing a CDSS system with interactions that
match actual and desired clinical workflow as closely as
possible. This requires that the CDSS interactions with the user
be context sensitive and accessible at the point of care [7]. More
importantly, studies have shown that a CDSS should also
integrate into the overall organizational workflow in order to
make its use easy and efficient [4].

In a CDSS, computer-interpretable guidelines (CIGs) are used
to formalize medical knowledge contained in CPGs into a
computable form. Additionally, we can create a set of software
functions for the CDSS user interactions that also match the
clinical workflow [6]. However, existing CIG frameworks
require a specific interpreter or compiler for each computable
representation language, hindering their widespread
implementation and interoperability [7]. This has led us to
propose a different approach to CIGs and workflow
representation that addresses how both clinical knowledge and
data are represented while retaining the ability to capture
workflow constraints in order to create a more positive user
perception of the CDSS. We also desired to maintain a small
software and communications footprint for web applications
and mobile apps. Our approach was originally intended to create
a readable and minimal syntax for a web and mobile application

CDSS for antenatal care guidelines that would improve
human-computer interaction and enhance usability by aligning
the system behavior with clinical workflow. In the antenatal
system design, a requirement was to implement a CDSS that
was well integrated with existing medical workflow, first as a
web application and then as a mobile app. A number of such
systems have been developed and shown to improve clinical
outcomes [8-10].

Alternative Solutions
We considered several different representation languages for
our CDSS system. One approach we considered was to use an
existing CIG syntax, such as Arden syntax or Guideline
Interchange Format, to represent the medical knowledge found
in the CPG. However, we decided to develop our own syntax
to handle clinical data and knowledge because we are aiming
to implement our CDSS with a model-view-controller (MVC)
architecture appropriate for both web applications and mobile
apps. We intended to repurpose the CIG knowledge engine core
and the represented medical content for mobile app
development. We had the additional goal of ensuring that the
executable representation be human readable and have sufficient
but minimal syntax and process elements for our particular
CPGs. Importantly, we took a minimal design approach, in that
we wanted the footprint of the software to have as small a
computational and data footprint as possible, since we intended
to use the resulting tools both in a web application and mobile
app. In our environment, the mobile app may not have
continuous connectivity to the networked computing resources,
requiring it to execute autonomously if necessary.

With these requirements in mind, we chose XML as a better
language to represent CPG knowledge. For web applications
and mobile apps, this is an ideal choice as a core component of
the World Wide Web. XML is key to formatting content into
HTML pages and is an industry standard for data communication
among different computer systems [11]. We took advantage of
the XML schema over other formats like JavaScript Object
Notation to validate the computable representation of CPG
documents and verify each piece of item content in a document
[12].

There is increasing interest in software frameworks and the
feasibility of representing knowledge such as CPGs in semantic
web technologies [13-18]. One such advanced system combines
a formalization of CPGs using fuzzy cognitive maps (FCMs)
implemented in semantic web technology [10]. The CPGs are
represented in the form of if-then fuzzy rules. The representation
of FCMs uses Notation 3 [11], which is a shorthand non-XML
serialization of resource description framework models. The
Euler sharp reasoning engine [12] is used to implement
inferencing for this FCM implementation. This approach, as
well as similar ones that use a sematic web technology layer,
has great expressive power but is in conflict with our minimalist
requirements for mobile environments, in which connectivity
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is intermittent and thus requires that CDSS run with minimal
computing resources without connectivity to the internet.

There are many other challenges to CDSSs in the environments
in which we are implementing our system. There are issues of
scale in the management of guidelines in CIG forms, history
tracking, CIG version control, and automatic aggregation of
CIGs. In this paper, we focus on a narrow subset of such
desirable requirements. We are only concerned with having
sufficient expressivity of the representation while maintaining
a small communication and software footprint for mobile apps
that can also be repurposed without modification for
incorporation into web applications and other mobile apps. To

our knowledge, none of the approaches taken above would be
satisfactory for those requirements. In the future, as our approach
develops, we will also address these other important issues and
be in a better place to compare our approach on those
dimensions. In this paper, we focus on the adequacy of satisfying
the requirements for expressivity and minimal communication
and computing resources.

In Figure 1, we illustrate the architecture design of our CDSS,
which uses the MVC architecture and a knowledge engine based
on XML. Specifically, we have (1) a model, (2) a view, (3) a
controller, and (4) a knowledge engine.

Figure 1. Architecture design used in the web-based clinical decision support system.

First, the model consists mainly of a database system used to
store the patient's phenotypic and laboratory data so the database
can be queried when required [19]. In our CDSS web
application, we use Microsoft SQL Server (Microsoft Corp) as
the relational database management system with a data model
based on the OpenMRS (OpenMRS Inc) medical record system.

Second, the view refers to the system components the user
interacts with that display in the user interface.

Third, the controller refers to the system components responsible
for processing queries and the user’s interactions. The controllers
pass patient input data to the computable guideline model, which
is used to query the database, and then select a view to display
for the user interface [19].

Fourth, the knowledge engine is the CIG where the
decision-making rules capturing the CPGs are stored and where
the knowledge for integrating the clinical health care workflow
and CPGs are stored and interpreted.

In this paper, we exclusively present the design of the knowledge
engine, a collection of XML documents and an associated
interpreter to handle clinical data and encoded knowledge. The
relation between the functionality of the CIG subsystem and
the MVC architecture involves the knowledge engine driving
the controller’s functionality, alongside a graphic representation

of the views. We analyzed some CIG syntaxes in order to find
common and minimal features for knowledge representation to
incorporate in our XML. We particularly wanted to have design
control of features directing user attention to system outputs
and improve system usability by being able to match the
standard workflow of the clinical situation.

Methods

Knowledge Engine Background
For the CDSS knowledge engine, we adopted state machines,
artificial intelligence (AI) planning techniques and methods,
and minimal CIG functionality. We now briefly describe our
decision-making process for each of these.

State Machine Modeling of Behavior for Health Care
There are many ways to computationally model knowledge and
behavior in AI systems, and the use of state machines is one of
the oldest and best known [14]. State machines model a system’s
states, or features of a system, at a particular point in time and
characterize its future behavior based on these states [15]. In
our approach, we use state machine models as an intermediate
level of design and implementation before representing the state
machines in executable XML code.
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Planning
In AI, a plan is generally defined as a sequence of actions that
will achieve a specific state. A state refers to the multiple logical
conditions that are true in a certain situation, or what could be
also known as the “state of the world” [16]. Planning can be
used to take advantage of the knowledge of the world.
Knowledge in AI refers to information and conditions about
the world and how actions change and affect the world [17]. AI
planning approaches can be used to represent what is known

about the current state of the world and the available actions.
In terms of our CDSS, the world would be the patient’s situation,
and the actions would be the testing, observations, diagnoses,
and treatments that change the state of the patient. An AI
planning conceptualization of CIG allows for a framework that
incorporates the various approaches to CIG taken in Table 1
and our approach. Adopting this approach allows us to envision
using AI planning techniques and methods for this part of the
CDSS.

Table 1. Computer-interpretable guideline formalisms comparison.

EonAsbruPROformaGLIFaArden syntaxDetail

Dharma guideline
model

PlanPROforma task on-
tology

Object-oriented flowchart
structured in steps

Medical logic mod-
ule

Model

Scenarios, decisions,
actions, activities

Preferences, intentions, condi-
tions, effects

Plans, decisions, ac-
tions, inquiries

Branch, decision, action,
patient state steps

Maintenance,
knowledge, library,
resources

Model elements

RDF- DTDf in Backus-Naur form

- Control-flow language are
defined by means of XML

- Guidelines are
translated into lan-
guage called LR2L

- Contains a formal
expression language

- UMLd class diagrams in
GLIF3 XML-based syntax

- RDFe language

- MLMsb are text
based (each MLM is
encoded as an

ASCIIc file)

Language

aGLIF: Guideline Interchange Format.
bMLM: medical logic module.
cASCII: American Standard Code for Information Interchange.
dUML: Unified Modeling Language.
eRDF: Resource Description Framework.
fDTD: document type definition.

Minimal CIG Functionality Objective
In designing a minimal-specification XML file to manage
clinical data and knowledge for a web-based and mobile CDSS
for antenatal care, we compared and analyzed some CIG
approaches found in OpenClinical [20] (see “CIG
Comparisons”). We will not attempt to explain each of the
methods here, as those details can be found in the original papers
[21-25]. We incorporated into our representation the elemental
model structures and language of each CIG.

The knowledge engine design also integrated the requirement
of matching care workflow that was desired in the CDSS. Here
we used a work ontology analysis [26] of the CPG, as it is
applied to antenatal care in our particular target clinical settings.
The ontology analysis was used to reach a common
understanding of the structure of information [27] (see
“Knowledge Extraction”) in the care process, since the format
of CPGs is not standardized and shows variations according to
the organization producing the guidelines and the clinical area
[28]. This knowledge extraction and ontology analysis were
performed for antenatal health care from published clinical
practice guidelines related to pregnancy and childbirth in various
sources [1,29-32]. The knowledge and ontology analysis found
in the CPGs were then aligned with AI planning theory
conceptualizations of the clinical workflow in antenatal care in
order to establish the knowledge representations in the
knowledge engine.

We then used Microsoft Visual Studio (Microsoft Corp) to
develop an XML Schema Definition (XSD) to ease the
knowledge-encoding process into rule statements. Lastly, we
compared our XML document file with an Arden syntax file
that we coded doing a similar task in the interest of comparing
our representations with one of the CDSS standards often used
to manage and apply clinical knowledge in health care settings.

Results

CIGs Comparison
Table 1 displays the key elements of some guideline formalism
models. All the approaches support a basic AI planning structure
to handle decisions and actions based on medical criteria. At a
conceptual level, they are very similar, but the formalisms share
similarities and differences in form and terminology. They all
abstractly incorporate the AI conceptualization of planning as
being capturable by a hierarchical task structure, that is, steps
in a plan that can be represented by representations of their
preconditions, actions, and goals. The goal itself refers to the
values of states of the world or knowledge states that must be
attained to satisfy a medical decision criterion that would lead
to a certain action. The preconditions specify the context in
which an encapsulated collection of represented knowledge (a
knowledge module) should be executed, and the action to be
taken is typically an action to assist the user (physician or health
care worker).
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Knowledge Extraction
As discussed in de Clercq et al [22], a balance must be
maintained between the aspects of abstractness, expressiveness,
formalization, acquisition, and execution of the knowledge in
order to create a successful CIG. Real effectiveness is also
dependent on the guideline development and knowledge
extraction processes from original sources. We implemented
the framework presented in Boxwala et al [33] to extract the
knowledge found in the guidelines. We separated the main
health care actions into the main actions that health care
professionals could perform. Table 2 illustrates some of the

results of our ontology and knowledge analysis of the antenatal
CPG knowledge. This table is structured into the divisions of
knowledge represented in a basic AI planning system of the
applicable medical procedures, treatments, diseases, and relevant
information in our CPGs. It is important to note that our
knowledge representation framework, techniques, and methods
were designed in a way that can be a used for other medical
system design purposes. The current implementation is a proof
of concept that the general framework can be successfully
specialized for a specific set of medical problems to be
represented in a CDSS.

Table 2. Ontology knowledge structure extraction for antenatal clinical practice guidelines.

ActionPreconditionGoalHealth care provider actionMain actions

Request informationInformation is missing or
incomplete

Record observation and in-
formation about the patient

Examination findings, family history,
lifestyle factors, health summary, pregnancy
summary, nutrition summary, physical ac-
tivity summary, social summary, laboratory
test, reason for encounter

Observation

Compare information, risk
assessment

Information is in databaseAnalyze information and
absences of information

Absence of information, clinical synopsis,
adverse reaction risk, health risk assessment,
problem/diagnosis

Evaluation

Suggest medication order,
laboratory test, or procedure;
generate a notification, alert,
or message

Evaluation is doneSuggest a proper care plan
and notify health care
provider of an event

Care plan, health education, medication or-
der, laboratory test request, procedure re-
quest, notification

Action

XSD Design
At the next level of system design, we used XML-encoded rules
to represent the state transitions of a state machine. This state
machine protocol file is the core component for future proposed
implementations of CDSS content captured in a state machine
and interpreted as state machine behavior.

The CDSS uses XML logical methods to interpret data entries
through conditional rules to achieve representations of goals
and actions. The XML interpreter will usually execute the logic

through a match-and-resolve process. First, all rules with
conditions corresponding with the input data are evaluated, and
if the conditions are satisfied, the rules will execute.

In the pseudocode of Figure 2 for the XML layer, it can be seen
how our interpreter will read the XML file. The structure is
designed so that the interpreter will use a small number of
recursive functions to read a large amount of code. This can be
seen in the pseudocode, where each time an evaluation is found,
it calls a function to evaluate the logical value of the conditions.
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Figure 2. Pseudocode for our knowledge representation.

The rule sets are arranged in a hierarchical structure to capture
basic AI planning concepts; inner rules will only evaluate if
outer rules in the hierarchy are true. Nodes are aggregates of
conditions, which are sets of data as well as a set of rules. Each
XML node also has a goal representation, a precondition
representation, and an action representation. An XML node
corresponds to a basic AI planner module. After the execution
of the actions, there will be an update of the representation in
terms of state representations, as seen in the pseudocode.

Nodes are the containers where a particular set of goals are
established; this is used to give a structure and readability to
the XML file.

Goals are considered the main representational purpose for the
node to achieve, and when the representation conditions are

accomplished, the node will be considered complete and will
no longer be able to execute. This is so the system will not
compute statements for an undefined period of time. For each
of the conditions or rules inside the goal representations and
precondition representations, we declare a Boolean expression
with the logical operator or operators, including the set
operation, in a set as well as in range. Inside each Boolean
expression, we reference a represented semantic path to a
symbol to access the required values of concept representations
that can be related to a specific ID in the database.

Preconditions are the statements that are required to be satisfied
before a rule triggers the execution of the associated rule action.
Even if the rule inside the goal satisfies the conditions, the action
will not be executed. In our knowledge representation, actions
can be triggered in 4 different ways: (1) the passage of time;
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(2) the entry of a data pattern for a patient’s symptom, problem,
or diagnosis; (3) the entry of a representation of a diagnostic
test value; and (4) the entry of a representation of a treatment
result.

Actions are the representation’s output based on specific input
conditions, which in turn are based on the rule by which goals
and preconditions are satisfied. The actions that are applicable
to a state are all those whose preconditions are satisfied. An
action means there is a transition between states for the state
machine, meaning that certain medical conditions were satisfied
in the goal and precondition nodes. An action might be a new
request for data, a message, a medical alert, a medical
recommendation, or even a calculation, depending on the
situation. At this point, it is important to make it clear that when
an action takes place, the conditions in the goal will be
completed. Otherwise, the node will execute every time the
system evaluates the conditions.

The result of our knowledge representation is written and stored
in an XML file. XML-encoded rules represent state transitions
of the state machine system. This XML file and associated
interpreter will be the inference engine core for any expanded
future CDSS CIGs with state machine behavior in our future
designs.

XSD Structure
An XSD schema file was designed with the intention to ease
the creation of the XML representations of CPGs with the
medical knowledge representation proposed. In Figure 3, the
final structure for our knowledge representation is presented.
The most important data types of the structure are (1) Boolean
expressions, (2) symbols, (3) values, (4) InSets, and (5) Parens.

First, the Boolean expression can be any of the logical operators:
“and”, “or”, or “not”. It may also be any of the comparison
operators: equal to, greater than, less than, not equal to, greater
than or equal to, or less than or equal to. It can be true or false.
It also includes the set operations “in-set” and “in-range.”

Second, a symbol is just a string representation of a variable.

Third, a value is the different “values” that symbols can take.

Fourth, the InSet type represents whether a particular symbol
is in the set of values. The set can either be empty or infinite.

Fifth, the Paren type represents a parenthesized expression. It
contains both the opening and closing parentheses and the
expression within the parentheses.

To demonstrate the proposed knowledge representation, we will
now show the code of an XML example for the medical situation
of choosing a treatment when bacteria are present in the urine.
In our example, knowledge is used to suggest a treatment when
bacteria are present and their presence is captured in the record.
The goal of our example is a patient free of bacteria in the urine.
When this is conceptualized as a state machine system, the goal
will be achieved by a state machine node representing the patient
no longer having the bacteria present in the urine. Our
preconditions will be satisfied and rules will be triggered by the
colony-forming unit (CFU) value found in a previous urine
culture test. There can be multiple kinds of potential actions.
We want to address two common actions, a drug order for
treatment according to the CFU count and an alert to the
physician to determine if there remain bacteria in the urine.

If the patient’s health improves but the lab result indicates there
is still the presence of bacteria in the urine, but with a lower
CFU, the system should evaluate the conditions and suggest a
different treatment more matched to the patient conditions. The
goal will still be the same, since the presence of the bacteria is
still positive, but the preconditions (trigger) and the actions will
be different.

For illustrative purposes, Multimedia Appendix 1 shows the
contrast of an Arden medical logic module (MLM) for this task
and our XML file representation, both with the same logic of
treating a patient with bacterial infection. They share some
similarities, as intended in the design structure. In the
maintenance section, it is clear that the Arden syntax allows
more details, being able to hold information for the guideline’s
author, version, institution, validation, and more. Both contain
the same encoded statements (medical knowledge), in this case
CFUs over 100,000, which trigger the generation of an antibiotic
order. A big difference is the existence of the encoded goal in
our knowledge representation proposal, where its existence with
our state machine behavior makes actions no longer dependent
only on the goal itself but also on the current state of the patient.
This means that if the same goal is supplied for different patient
states, it can lead to different actions, like different treatments
or a different message sent to the physician.
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Figure 3. XML Schema Definition file schema.

Discussion

Summary of Findings
In Table 1, we presented a comparison between some common
CIGs used for CDSS. Each one has a unique representation
language used to encode the medical knowledge. Our approach
uses XML in order to take advantage of its flexible format to
facilitate the electronic sharing of structured data. More

importantly, we can take advantage of its flexibility to
standardize CIG structure design in a low-specification language
that is ubiquitous, universal, and human readable.

Our plans involve the computerization of antenatal health care
guidelines with our knowledge representation for a web-based
CDSS, and then a mobile app. The clinical decisions suggested
will assist clinicians in three situations. First, it will evaluate
obstetrical risk and inform clinicians and raise health alerts
about patients’medical conditions, like pre-eclampsia, diabetes,
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or premature birth. Second, it will suggest medical procedures
and drugs according to the gestational age of the mother and
her clinical condition. Third, it will make referral suggestions
for transferring patients from primary to secondary care and
vice versa.

As discussed in the Introduction, our knowledge representation
was designed for an antenatal care CDSS project with
requirements for both a web and mobile CDSS but also designed
to be usable for many other purposes as part of future
implementations of other clinical applications. Future
applications will test the adequacy of the framework to support
additional information and workflow needs of CPGs for other
health services and allow us to expand the framework as needed.

For our particular antenatal domain problem scenarios, we found
our current framework and implementation methods adequate
to capture the workflow and decision logic of the existing
guidelines (Table 2). The domain knowledge, task knowledge,
and inferences required were easily extracted and separable into
the architecture components and the underlying representation.
We did not find it necessary to use a more complex
representation, such as the alternatives discussed earlier in the
paper (Table 1). Adequate domain object representations were
accommodated in the framework as well as the representation
of the task ontology we used. The inferences required fit into
the simple rule syntax and the deterministic state change
representations in the state machine conceptualization. The
inferences could also easily be separated in the modular structure
of the described state machine, both hierarchically and by
arranging rule application precedence. For the domain ontology
and task ontology in particular, we did not need a more complex
hierarchical ontology, such as those in published biomedical
ontologies. Semantic elements such as object properties and
instances were captured in a straightforward manner in our XML
framework.

It is possible to accommodate either controlled vocabulary terms
from standardized sources in the XML representation or ad hoc
terms. We anticipate that controlled vocabulary terms will be
needed for more complex systems for interoperability with other
care systems or to accommodate a greater variety of users than
our current system allows. Standardized terms would also result
in a more understandable human-computer interface. In more
complex systems, there is often a need to include common terms
for the purpose of human and machine reference and
communication, but with minimal addition, the current approach
appears to accommodate any Arden syntax medical logic module
representation.

The task modeling ontology we chose was also adequate for
our current system and easily represented in XML. The elements
of the state machine process representation for the system’s
problem-solving steps that achieve a task goal and decompose
tasks into subtasks were adequate for the antenatal system. A
stochastic process representation addition is anticipated for other
domains but can be accompanied within a stochastic state
machine framework. The rule representation used also proved
adequate for capturing the performance of Arden syntax MLMs.

An important step to consider in future projects will be parsing
existing Arden syntax MLMs to our representations, since Arden
syntax is an official and commonly used standard and there are
plenty of MLMs with encoded medical knowledge using it.
Certainly, at its current stage of development, our approach is
not able to capture the more sophisticated logic required by the
axioms using semantic web rules, such as Semantic Web Rule
Language [34], which is commonly used in Web Ontology
Language–based CDSSs.

We have sacrificed generality in the representation to achieve
a minimal design footprint and execution efficiency across
multiple computing environments while adequately capturing
the guidelines required for our project. It is possible to think of
the current representation as a compiled or low-level interpreted
version of a more complex representation of guidelines that
retains the computation resource efficiency and probability of
the current approach for both web applications and mobile apps.
In that case, an associated higher-level representation allowing
for more generality and a friendlier user development
environment based on the more complex representations would
be possible.

In the future, having an interface design tool for authoring and
editing our XML-represented protocols will be useful to ease
the encoding of knowledge. XML is not hard to understand
once people get used to it, but this does not mean that there
cannot be another tool to encode medical knowledge more easily
with XML. A graphic user interface that is object oriented can
likely be designed to help the encoding process for health care
professionals, who are more motivated than computer engineers
to participate in encoding medical knowledge.

Conclusions
Usability of a CDSS depends heavily on the match of system
flow to health care workflow. Allowing for consistent stepwise
processing of health data over time can support adherence to
best clinical practice. Consistent with best-practice CPGs, the
intent of the CDSS is to reduce the caregiver’s mental load and
prevent possible errors in clinical tasks that involve the analysis
of a patient’s status and the use of this context for action
decisions. Our knowledge representation framework
incorporates fundamental elements of other CIGs used in CDSSs
in medicine to encode a number of antenatal health care CPGs
and associated clinical workflows. The framework appears
general enough to be useful with other CPG-to-CIG projects in
medicine.

XML proved to be a language expressive enough to describe
the planning problems in a computable form and both restrictive
and expressive enough to implement in a clinical system. It can
be effective for mobile apps, where intermittent communication
requires a small-footprint autonomous app. It can be used to
incorporate overlapping capabilities of more specialized CIGs
in medicine. These qualities of the XML language give it
viability for use in CDSSs as a knowledge engine core that is
based on a widely available and understood collection of
technologies for web applications and mobile apps.
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Abstract

Background: Effective clinical decision support systems require accurate translation of practice recommendations into
machine-readable artifacts; developing code sets that represent clinical concepts are an important step in this process. Many
clinical coding systems are currently used in electronic health records, and it is unclear whether all of these systems are capable
of efficiently representing the clinical concepts required in executing clinical decision support systems.

Objective: The aim of this study was to evaluate which clinical coding systems are capable of efficiently representing clinical
concepts that are necessary for translating artifacts into executable code for clinical decision support systems.

Methods: Two methods were used to evaluate a set of clinical coding systems. In a theoretical approach, we extracted all the
clinical concepts from 3 preventive care recommendations and constructed a series of code sets containing codes from a single
clinical coding system. In a practical approach using data from a real-world setting, we studied the content of 1890 code sets used
in an internationally available clinical decision support system and compared the usage of various clinical coding systems.

Results: SNOMED CT and ICD-10 (International Classification of Diseases, Tenth Revision) proved to be the most accurate
clinical coding systems for most concepts in our theoretical evaluation. In our practical evaluation, we found that International
Classification of Diseases (Tenth Revision) was most often used to construct code sets. Some coding systems were very accurate
in representing specific types of clinical concepts, for example, LOINC (Logical Observation Identifiers Names and Codes) for
investigation results and ATC (Anatomical Therapeutic Chemical Classification) for drugs.

Conclusions: No single coding system seems to fulfill all the needs for representing clinical concepts for clinical decision
support systems. Comprehensiveness of the coding systems seems to be offset by complexity and forms a barrier to usability for
code set construction. Clinical vocabularies mapped to multiple clinical coding systems could facilitate clinical code set
construction.

(JMIR Form Res 2020;4(10):e16094)   doi:10.2196/16094

KEYWORDS

clinical decision support systems; clinical coding; medical informatics; electronic health records

Introduction

Clinical decision support systems are considered to be an
important vehicle for implementing new evidence and

knowledge into daily practice [1,2]. Effective health care implies
well-informed choices and decisions based on reliable evidence,
with attention to individual needs and drawn from clinical
experience [3]. Despite demonstrating rather small effects on
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adherence in clinical trials [4], clinical decision support systems
are widely accepted as an important strategy for knowledge
translation [5]. Clinical decision support systems generate
patient-specific recommendations by matching individual patient
characteristics to a knowledge base [6]; they are available in
various formats and presentations, but an important variant of
clinical decision support systems is guideline-driven, generating
reminders based on formal rules and algorithms. The 3 essential
components of a clinical decision support systems are (1) a
knowledge base, (2) an inference or reasoning engine, and (3)
an interface that can communicate with the user [7]. The
knowledge base of a clinical decision support system consists
of clinical practice recommendations that have been translated
into machine-readable algorithms or artifacts. Artifacts are
formal expressions of the recommendations in clinical
guidelines. They include concepts from many different aspects
from clinical practice, such as diagnoses, procedures,
observations, or drugs. For the inference engine to be able to
query the database of an electronic health record, each concept
needs to be translated into a set of clinical codes also known as
a clinical code set [8]. Collections of clinical codes, or clinical

coding systems, are currently in use by electronic health records
to represent clinical concepts, all with different finalities and
purposes. Table 1 illustrates several of the current clinical coding
systems used in electronic health records. Classifications include
a form of taxonomy or structure of the included codes [8]. In
some cases, this taxonomy is basic, such as those in the World
Health Organization (WHO) family of classifications. For
instance, in the International Classification of Diseases Tenth
Revision (ICD-10), the structure is reflected by hierarchical
alphanumeric codes. For instance, in ICD-10, the code for
calculus of the kidney (N20.0) is a child of calculus of the
kidney or ureter (N20) which is in turn a child of diseases of
the genitourinary system (N). These types of taxonomies prevent
clinical concepts from existing more than once in the
classification but sometimes simplify more complicated
concepts, such as pulmonary infections that could be classified
as a pulmonary disease but also as an infectious disease. More
complicated relationships are possible in ontologies, such as
that in SNOMED CT, which includes not only “is a” hierarchy
but also “has finding site” or “has causative agent [9].”

Table 1. Overview of some clinical terminologies used in electronic health records including their domain coverage and purpose. This list is not
exhaustive.

Type, purposeDomain coverageClinical coding system

Terminology, clinical documentationMultiple areas (diagnoses, allergies, symptoms, etc)SNOMED CT

Classification, reportingDiagnoses, some proceduresInternational Classification of Diseases (ICD)

Terminology, clinical documentationProceduresCurrent Procedural Terminology (CPT)

Terminology, clinical documentationLaboratory testsLogical Observation Identifiers Names and Codes
(LOINC)

Classification, reportingDrugsAnatomical Therapeutic Chemical (ATC)

Classification, reportingDiagnoses, reasons for encounter, some proceduresInternational Classification of Primary Care (ICPC)

Most attention, when evaluating clinical decision support
systems, is directed at ensuring technical interoperability and
digitally structured data within the electronic health record as
these determine the appropriateness of clinical decision support
system alerts. Electronic health records currently use a variety
of clinical coding systems to structure and represent clinical
data, often with different purposes. Despite reports [8] on
methods to translate clinical practice recommendations into
interoperable artifacts and their code sets, it remains unclear
whether currently used clinical coding systems are capable of
representing the concepts needed for clinical decision support
systems. Designers of terminology for clinical decision support
systems have suggested that no one clinical coding system is
capable of describing all necessary clinical concepts and that
concurrent use of multiple terminologies is required [10]. The
aim of this study was to evaluate whether currently used clinical
coding systems are capable of efficiently representing the
clinical concepts that are required for translating artifacts into
executable code for clinical decision support systems.

Methods

We used 2 separate methods—(1) theoretical and (2) practical
evaluation using data from a real-world setting.

Theoretical Evaluation
We aimed to evaluate whether a selection of clinical coding
systems was capable of representing the clinical concepts in a
small set of recommendations and how many codes were
required for this. First, we designed clinical decision support
system artifacts based on 3 recommendations for preventive
care which included concepts relevant to primary care [11]. We
chose these recommendations because they were evidence-based
and locally applicable, in addition, adherence to these
recommendations was suboptimal. The recommendations used
for this evaluation are described in Multimedia Appendix 1.
We identified the clinical information described in the
recommendations and isolated all individual clinical concepts
to be used in the artifact. For each clinical concept, a clinical
code set was constructed containing codes from a single system.
We repeated this task for a selection of classifications,
terminologies, and coding systems, including International
Classification of Primary Care (ICPC)–2, International
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Classification of Diseases Tenth Revision (ICD-10) –Clinical
Modification (-CM), SNOMED CT, Anatomical Therapeutic
Chemical (ATC) Classification, and Logical Observation

Identifiers Names and Codes (LOINC). An example of this
process is illustrated in Figure 1.

Figure 1. Process for the development of code sets for a guideline recommendation. BMI: body mass index; ICD-10: International Classification of
Diseases, Tenth Revision.

However, not all coding systems were capable of representing
the clinical concepts in an artifact. For example, for acute
exacerbation of chronic obstructive pulmonary disease, there
is no ICPC-2 code. The ICPC classification only includes a
code for chronic obstructive pulmonary disease (R95) but does
not allow specification of an acute exacerbation. The ICD-10
classification contains 2 codes for an acute exacerbation of
chronic obstructive pulmonary disease: chronic obstructive
pulmonary disease with acute lower respiratory infection (J44.0)
and chronic obstructive pulmonary disease with acute
exacerbation, unspecified (J44.1). Together, the codes J44.0
and J44.1 constitute the ICD-10 code set for acute exacerbation
of chronic obstructive pulmonary disease. If the constructed
code set was incapable of fully representing the clinical concept
due insufficient granularity or overlap with other concepts, the
code set was excluded from further evaluation. For SNOMED
CT, we included all the codes, including child codes, that were
required to fully represent the clinical concept.

Practical Evaluation
Rather than constructing new code sets from recommendations,
we studied the content of a large database of existing code sets
used in an internationally available clinical decision support
system, the Evidence-Based Medicine electronic Decision
Support (EBMeDS, Duodecim Medical Publications Ltd). At
the time of this study, EBMeDS contained 1890 concepts, and
for each concept, a code set had been constructed using a large
number of clinical coding systems currently in use. In addition
to international coding systems, code sets also included local
or national clinical coding systems and, in some cases, even
electronic health record–specific proprietary coding systems.

For each code set, we reviewed all included clinical coding
systems and compared their usage. Clinical coding systems that
were used in less than 3% of the code sets were not reported as
these were always electronic health record proprietary coding
systems.

Results

Theoretical Evaluation
For the 3 recommendations, we identified 21 different clinical
concepts which we defined using 5 different clinical coding
systems (see Multimedia Appendix 2 for the full code sets). Of
these concepts, 10 were diagnoses, 3 were procedures, 2 were
risk factors, 2 were laboratory tests, 2 were drugs, and 2 were
vaccines. Table 2 show the distribution of the clinical coding
systems for which we were able to create code sets describing
the clinical concepts. In the case of the diagnosis concepts, for
9 out of 10 concepts, we were able to create a code set of
SNOMED CT codes, for 8 out of 10 concepts we were able to
create a code set of ICD-10 codes, and for 2 out of 10 concepts,
we were able to create a code set of ICPC-2 codes. We did not
find SNOMED CT codes for the concept having given birth to
a child over 4.5 kg; we did not find ICD-10 codes for presence
of a cochlear implant and stress hyperglycemia; and we did not
find ICPC-2 codes for asplenia, sickle cell disease,
hemoglobinopathy, cerebrospinal fluid leak, presence of a
cochlear implant, weak immunity, stress hyperglycemia, and
having given birth to a child over 4.5 kg. The SNOMED CT
code sets included a median of 11 (range 1-219) codes, whereas
the ICD-10 code sets included a median of 1 (range 1-3) codes.

JMIR Form Res 2020 | vol. 4 | iss. 10 | e16094 | p.125http://formative.jmir.org/2020/10/e16094/
(page number not for citation purposes)

Delvaux et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 2. Code sets identified from 3 preventive care recommendations.

Codes per set, median (rangeb)Code sets per concept typea, n (%)Concept type and coding system

Diagnosis (n=10)

11 (1-219)9 (90)SNOMED CTc

1 (1-3)8 (80)ICD-10(-CM)d

1.5 (1-2)2 2(0)ICPC-2e

Drugs (n=2)

1 (—g)1 (50)ATCf

108 (53-163)2 (100)SNOMED CT

Vaccines (n=2)

1 (—)2 (100)ATC

3 (1-5)2 (100)SNOMED CT

Risk factor (n=2)

1 (—)2 (100)ICPC-2

1 (—)2 (100)ICD-10(-CM)

9 (9-9)2 (100)SNOMED CT

Procedure (n=3)

1.5 (1-2)2 (67)ICD-10(-CM)

1 (1-37)3 (100)SNOMED CT

5 (2-9)3 (100)LOINCh

Investigation results (n=2)

2 (—)1 (50)SNOMED CT

8 (7-9)2 (100)LOINC

aThe proportion of code sets per total number of concepts represents the proportion of clinical concepts for which a set of codes was found that matched
the clinical concept.
bMinimum to maximum.
cSNOMED CT: Systematized Nomenclature of Medicine—Clinical Terms.
dICD-10(-CM): International Classification of Diseases, Tenth Revision (–Clinical Modification).
eICPC: International Classification of Primary Care.
fATC: Anatomical Therapeutic Chemical Classification.
gIndicates that the range is defined by a single value.
hLOINC: Logical Observation Identifiers Names and Codes.

Practical Evaluation
The majority of the predefined EBMeDS concepts were
diagnosis or drug concepts, with very few risk factor or vaccine

concepts. Table 3 shows the distribution of clinical coding
systems used in the code sets for the clinical concepts including
the number of individual codes.
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Table 3. Code sets defined in the EBMeDS service.

Codes per set, median (rangeb)Code sets per concept typea, n (%)Concept type and coding system

Diagnosis (n=790)

International

1 (1-53)739 (93.5)ICD-10c

1 (1-26)223 (28.2)ICPC-2d

1 (1-550)93 (11.8)ICD-9-CMe

2 (1-36)89 (11.3)SNOMED CTf

Drugs (n=556)

International

1 (1-245)481 (86.5)ATCg

1 (1-2)25 (4.5)SNOMED CT

National

1 (1-5)17 (3.1)Read codes (United Kingdom)

Investigation results (n=317)

International

1 (1-8)116 (36.6)LOINCh

1 (1-9)76 (24.0)Nomenclature for Properties and Units

National

2 (1-60)271 (85.5)KL Finnish classification for laboratory investigations

1 (1-4)25 (7.9)Read codes (United Kingdom)

Proprietary EHRi

1 (1-2)54 (17.0)Meldola Hospital measurement classification (Italy)

1 (1-3)67 (21.1)SoSoeMe measurement classification (Belgium)

1 (1-3)63 (19.9)Health One measurement classification (Belgium)

Procedures (n=214)

International

1 (1-43)8 (3.7)SNOMED CT

1 (1-16)27 (12.6)ICD-9-CM

National

7 (1-42)17 (7.9)Current Procedural Terminology

1 (1-468)179 (83.6)Nordic procedure codes

Proprietary EHR

1 (—j)7 (3.3)Quantros Organization (United States)

Risk factors (n=2)

International

1 (—)1 (50.0)ICD-10

Proprietary EHR

1 (—)1 (50.0)Health One measurement classification (Belgium)

Vaccines (n=11)

International

1 (1-12)11 (100.0)ATC
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Codes per set, median (rangeb)Code sets per concept typea, n (%)Concept type and coding system

National

7.5 (1-19)9 (90.9)ROKVALM Finnish vaccination codes

1 (1-7)8 (81.8)ROK Finnish vaccination codes

aThe proportion of code sets per total number of concepts represents the proportion of clinical concepts for which a set of codes was found that matched
the clinical concept.
bMinimum to maximum.
cICD-10: International Classification of Diseases, Tenth Revision.
dICPC: International Classification of Primary Care.
eICD-9-CM: International Classification of Diseases, Ninth Revision–Clinical Modification.
fSNOMED CT: Systematized Nomenclature of Medicine—Clinical Terms.
gATC: Anatomical Therapeutic Chemical Classification.
hLOINC: Logical Observation Identifiers Names and Codes.
iEHR: electronic health record.
jIndicates that the range is defined by a single value.

Discussion

Principal Findings
In the theoretical evaluation of clinical coding systems, we
found that SNOMED CT and ICD-10 were capable of describing
the majority of diagnosis concepts; however, for some clinical
concepts, a very large number of codes was required. In our
theoretical analysis, SNOMED CT was superior to ATC for
drug concepts, which in our small set was entirely due to the
fact that ATC does not always define a route of administration.
The small sample of code sets for drug concepts probably
exaggerated the superiority of SNOMED CT in comparison to
ATC. The shortcomings of ATC—sometimes lacking a route
of administration and not always including all substances of
compound drugs—are probably less influential than our
evaluation suggests. The procedure concepts in this study could
all be mapped to SNOMED CT and LOINC. The only instances
where SNOMED CT did not fully represent clinical concepts
were investigation results. Code sets with SNOMED CT codes
often included a lot more codes than those included for other
coding systems, with a median of 108 codes for drug concepts.
Constructing code sets with this number of codes may challenge
the feasibility of this task. When compared to the results of the
practical evaluation of current code sets in the EBMeDS
database of clinical concepts, SNOMED CT was noticeably
less present. Only 11.3% of diagnosis concepts (89/790) were
mapped to SNOMED CT codes and even less for drug (25/556,
4.5%) and procedure concepts (8/214, 3.7%). Most used in
EBMeDS were the ICD-10 and ICD-9 families, ICPC-2, ATC,
and LOINC. For procedure, investigation result, and vaccine
concepts, there appeared to be a lack of internationally accepted
coding systems, since a lot of code sets included national coding
systems or even electronic health record–specific proprietary
coding systems.

There are several reasons for the popularity of the World Health
Organization family of classifications. The comprehensiveness
and widespread use of these classifications make them popular
for clinical coding. The clinical codes in ICD are alphanumeric
and arranged hierarchically. This allows for truncation of the

codes in order to include a large number of child concepts with
codes starting with the same sequence. For instance, by
truncating the code K29*, it is possible to include the 10
different subcategories of gastritis and duodenitis without having
to include each of these 10 codes. SNOMED CT, the other
clinical coding system capable of representing a large majority
of the clinical concepts, does not contain this feature because
the unique identifiers of each code do not mirror the relationship
to one another. This does not allow for truncation of the codes
and explains why such a large number of codes are required to
define each concept. As described earlier, ICD-10(-CM) only
contains single parent-child relationships, but SNOMED CT
includes multiple relationships. In investigating further, we
found that if a clinical decision support system could recognize
all possible SNOMED CT hierarchical relationships through a
programmed expression, then the number of codes required to
identify a concept was similar for SNOMED CT and
ICD-10(-CM) (Multimedia Appendix 2). If, however, the
clinical decision support system was only capable of recognizing
the concept’s unique SNOMED CT identifier without its
relationships, then a much larger number of codes was
necessary. To date, very few SNOMED CT codes are included
in EBMeDS mappings, and most mappings are for
demonstration purposes only because the license to use
SNOMED CT in EBMeDS has only recently been obtained.
Therefore, the limited use of SNOMED CT may well be a
consequence of fragmented uptake of this terminology in
electronic health record systems that have integrated EBMeDS.
ICPC-2, often used for documenting diseases and reasons for
encounter in primary care, is of limited use in defining concepts
required in clinical decision support systems; often the concepts
defined in ICPC-2 are too broad and insufficiently detailed.

SNOMED CT has high sensitivity and specificity in representing
clinical concepts [12,13]. However, creating code sets using
SNOMED CT poses some important challenges. Through its
poly-hierarchical structure, SNOMED CT creates an intricate
web of clinical terms with multiple types of relationships defined
through attributes. As opposed to a mono-hierarchical
classification which has a branched structure, SNOMED CT
has a profoundly complex web-like structure. This complexity
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may be a barrier to implementing this clinical coding system.
In addition, SNOMED CT contains a very large number of
terms, which makes it very difficult to create clinical code sets
[8].

LOINC is very good at defining laboratory and physiological
tests, but similar to that of SNOMED CT, the complex and
granular classification structure is problematic. Despite the
capacity of SNOMED CT to describe procedure codes, many
countries use their own proprietary clinical coding systems.
This may be as a result of locally used procedure lists generated
for billing purposes which may not be internationally applicable.
National or electronic health record system proprietary clinical
coding systems may be very useful for some aggregate use of
the electronic health record, but a myriad of coding systems for
small-scale use requires multiple mappings and increases the
odds of inappropriate mapping.

Limitations
For this study, we chose to limit the number of recommendations
that we analyzed for each of the coding systems or
terminologies. Manual searching of codes and terms that applied
to individual clinical concepts proved time consuming and is,
therefore, not feasible for a larger set of recommendations. We
also limited the clinical coding systems to those systems
currently in use in Europe. Therefore, several clinical coding
systems that were included in the practical evaluation were not
included in the theoretical evaluation, such as Current Procedural
Terminology. The code sets were constructed by one person
(ND) and were not validated by a second reviewer. The small
scale of this first assessment and the lack of external validation
of the code sets demands caution when drawing conclusions,
but some trends were clear. We correlated these trends with a
large EBMeDS database of existing mappings used in an
internationally available clinical decision support system. The
use of clinical coding systems in EBMeDS may not necessarily
imply that they are well suited for defining concepts but may
merely mirror the de facto use of these coding systems in the
electronic health records where EBMeDS is integrated.

Our study did not assess all possible domains that may need
translation into clinical coding. We did not study any
terminologies or classifications that attempt to structure concepts
such as pain, distress, anxiety, or other more complicated
concepts. These types of clinical information are currently often
lacking in clinical decision support systems and remain
underexposed in studies.

In addition, the findings from this study are limited to one
particular aspect of clinical decision support systems, namely
the efficiency of particular clinical coding systems in correctly
defining clinical concepts required to translate recommendations
in decision support rules. Our study does not evaluate the
efficiency of these systems in assisting clinicians in high-quality
documentation at the point of care. More important than the
capacity of a clinical coding system to correctly define a clinical
concept may be the capacity of clinicians to correctly use these
systems to document clinical data into the electronic health
record. In a study [14] on clinical decision support systems
using gastrointestinal risk scores, when confronted with identical
patients consulting for identical problems, differences in how

clinical information was recorded led to almost 80% of
inaccurate recommendations by the clinical decision support
systems. Similarly, a recent study [15] on clinical decision
support system alerts on potential adverse drug events showed
that almost 9 out of 10 alerts were overridden and that more
than 8 out of 10 of these overrides were appropriate [15]. Quite
often, alerts were triggered on drugs that had been stopped but
were inadequately documented in the electronic health record.
These findings suggest that the true bottleneck in data quality
is probably not due to limitations in data coding or terminologies
but to the quality of the documentation by clinicians or other
sources of bias in electronic health records [16].

Implications
One would expect that the more detailed a coding system
becomes, the more suited it becomes for defining concepts
necessary for clinical decision support systems. However, it is
unclear whether SNOMED CT, currently the most
comprehensive clinical coding system available, is also the best
choice for developing clinical decision support system artifacts.
Through its rich poly-hierarchical relationships, SNOMED CT
is growing into a true ontology potentially allowing for
consistent documentation of practically all aspects of health
care [17]. A European comprehensive evaluation of SNOMED
CT implementations recognized the pivotal role of SNOMED
CT as a core reference terminology but placed it as a part of a
greater ecosystem of terminologies [18]. Important advantages
of SNOMED CT are its single ownership, unique source, and
clear ontology-based architecture, including the capacity to
postcoordinate (combine concepts to create new, more detailed
concepts). This potential is offset by important disadvantages
such as its complexity and granularity, which require a
comprehensive understanding of its structure before it can be
used for knowledge representation in a clinical decision support
system. Moreover, SNOMED CT still needs to prove its
usability and user-friendliness as a clinical coding dictionary
at the point of care, since its comprehensiveness may very well
be a burden rather than an advantage as illustrated in the satirical
paper by Richard Williams [19]. Hence, clinical coding systems
suited for clinical documentation may not necessarily be the
most adequate for information retrieval or other secondary use
such as clinical decision support systems. A possible solution
to this problem could be the development of local vocabularies
that contain clinical terms which are mapped to multiple clinical
coding systems, including reference terminologies such as
SNOMED CT [10,20]. This would allow clinicians, and other
potential users, to code clinical information using routinely used
terms, simultaneously documenting the data in multiple
structures. Depending on the type of aggregate use, clinical
decision support system, quality-of-care indicator measurement,
pay-for-performance schemes, or health policies, different
clinical codes can be queried in the electronic health record.

Conclusions
Translating recommendations from clinical guidelines into
artifacts for clinical decision support systems is an important
step in implementing evidence-based health care. Not all clinical
coding systems used in electronic health records for routine
collection of clinical data are equally efficient in defining the
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concepts in clinical decision support system artifacts. Research
is needed to study whether the use of more comprehensive

clinical coding systems such as SNOMED CT influences the
appropriateness of clinical decision support system alerts.
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Abstract

Background: Chronic pain can be complex and taxing to live with, and treatment and support require a multicomponent
approach, which may not always be offered or available. Smartphones, tablets, and personal computers are already incorporated
into patients’ daily lives, and therefore, they can be used to communicate, educate, and support self-management. Although some
web-based self-management interventions exist, research examining the evidence and effect of digital solutions supporting
self-management for patients living with chronic pain is limited, findings are inconclusive, and new innovative ideas and solutions
are needed.

Objective: This feasibility pilot study aimed to explore the system use, perceived usefulness, ease of use, and preliminary effects
of EPIO, an app-based cognitive-behavioral pain self-management intervention program for patients living with chronic pain.

Methods: The EPIO intervention was delivered in a blended-care model containing (1) one face-to-face introduction session,
(2) nine cognitive behavior–based pain self-management modules, delivered in an app-based format for smartphones or tablets,
and (3) one follow-up phone call at 2 to 3 weeks after the introduction session. Patients living with chronic pain (N=50) completed
pre-post outcome measures at baseline and 3 months after the introduction session, with registration of system use (ie, log data)
until 6 months. The use, perceived usefulness, and ease of use of the EPIO program were examined through system use data, as
well as a study-specific use/usability questionnaire and the System Usability Scale (SUS). Outcome measures to test feasibility
of use and estimate preliminary effects included the Brief Pain Inventory, health-related quality of life (HRQoL) scale, Hospital
Anxiety and Depression Scale, Self-Regulatory Fatigue scale, Pain Catastrophizing Scale, and Chronic Pain Acceptance
Questionnaire.

Results: Participants (N=50) had a median age of 52 years (range 29-74 years) at inclusion and were mainly female (40/50,
80%). Thirty-one participants completed at least six of the nine modules within the 3-month study period (62% completion rate).
Forty-five participants completed outcome measures at 3 months, and the EPIO program was rated as useful (ie, “totally agree”
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or “agree”; 39/45, 87%) and easy to use (42/45, 93%), and as having easily understandable exercises (44/45, 98%). The average
overall system usability (SUS) score was 85.7, indicating grade A and excellent system usability. Preliminary psychosocial
outcome measure estimates showed primarily nonsignificant pre-post intervention improvements at 3 months, but with significant
positive effects related to some aspects of HRQoL (bodily pain, P=.02 and change, P=.049).

Conclusions:  Digital self-management intervention programs may be of use and support for patients living with chronic pain.
In this feasibility study, EPIO showed an acceptable program completion rate and was rated as useful and easy to use, with
excellent user satisfaction. Program optimization and efficacy testing in a large-scale randomized controlled trial are warranted
and in progress.

Trial Registration: ClinicalTrials.gov NCT03705104; https://clinicaltrials.gov/ct2/show/NCT03705104

(JMIR Form Res 2020;4(10):e23893)   doi:10.2196/23893
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chronic pain; feasibility; acceptability; self-management; eHealth; digital; cognitive-behavioral pain; usability; user centered

Introduction

Background
Chronic pain is complex and taxing to live with, and how
patients perceive and relate to pain is based on an interplay of
biomedical, psychosocial, behavioral, and cultural factors [1].
Given this intricacy, chronic pain is optimally managed by
treatments that address not only biological factors [2,3], but
also psychological and social influences and consequences. The
complexity, demands, and challenges of living with chronic
pain may lead to a draining of capacity to self-regulate [4-6].
Helping patients to build or strengthen their self-regulatory
capacity and support motivation to engage in pain
self-management strategies can, therefore, be important [7].
International clinical guidelines also recommend the inclusion
of self-management interventions in routine treatment for
patients living with chronic pain [2].

Psychosocial interventions based on cognitive behavioral
therapy (CBT) [8] and/or acceptance and commitment therapy
(ACT) [9], aiming to support coping and self-management for
patients living with chronic pain [10,11], have been shown to
be associated with improved quality of life, pain acceptance,
functioning, and self-efficacy, as well as reduced pain, anxiety,
and depressive symptomatology [12-14]. Unfortunately, such
individual or group in-person psychosocial interventions are
not always an option for patients living with chronic pain [15].
Possible barriers include lack of accessibility of services,
personal preferences, the medical condition itself, lack of
insurance coverage, and geographical distance [16,17]. Given
the limited availability and options of in-person psychosocial
interventions for patients living with chronic pain, new and
innovative ideas and solutions are needed [18].

Digital solutions in the form of eHealth solutions, defined as
the use of digital communication-based technology to provide
health care and support self-management of health conditions
[19], may provide innovative options for patients living with
chronic pain [20]. Patients with chronic pain have also reported
being interested in eHealth interventions in support of
self-management [7,21], and existing eHealth interventions for
self-management of chronic pain have shown promise in terms
of the potential to address unmet needs, support psychological
well-being, strengthen self-efficacy, and increase flexibility

[18,22]. However, findings and indications of efficacy for such
pain-related interventions are still limited and mixed.

Most patient-oriented apps for people living with chronic pain
only provide information about pain or about the illness,
including ways to check symptoms and track medication use
[23]. Few eHealth pain-related apps provide information about
coping and self-management strategies [24,25], and even though
some web-based CBT or ACT-based interventions have been
tested in support of people living with chronic pain, findings
are still inconclusive and interventions need further testing, also
in app format [13,22,26-28]. Systematic reviews have concluded
that eHealth interventions are more likely to be successful if
developed with a user-centered focus, increasing the likelihood
of matching the user’s needs and requirements [29,30].
However, systematic literature reviews examining the
development and use of pain-related eHealth apps indicate that
very few of these programs are developed with the involvement
of health-care professionals and actual end users (ie, patients
with chronic pain), and only a few existing pain-related apps
appear to be based on a theoretical and evidence-based rationale
[31,32]. These aspects emerge as major limitations of eHealth
pain self-management interventions so far. In addition, few
existing studies report system use and level of engagement (ie,
app activity), and/or satisfaction/usability with eHealth pain
self-management programs to date [33]. Given these challenges
identified by existing scientific literature, new extensive research
and innovative solutions are required to show the feasibility,
usefulness/usability, and effectiveness of eHealth interventions
supporting self-management for patients living with chronic
pain [20,34].

In response to existing research and recommendations, the
current research team has examined users’ (ie, patients living
with chronic pain) [21] and health care providers’ [35] inputs
related to needs and requirements for a potential eHealth pain
self-management intervention [21,35]. Incorporating findings
[21,35] and combining these with existing clinical and research
evidence for the effectiveness of CBT/ACT-type interventions
[36-39], the team subsequently designed and developed a
cognitive-behavioral pain self-management eHealth intervention
called EPIO (inspired by the Greek goddess for the soothing of
pain, Epione), aiming to support patients living with chronic
pain (ie, chronic pain in general, not pain/pain condition
specific) [21,26,35]. This study builds on this research line.
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Objectives
To enable the effective evaluation of complex interventions,
the Medical Research Council recommends initial intervention
testing and refinement to ensure intervention feasibility [40].
This feasibility pilot study therefore aimed to assess system use
(ie, user app activity), perceived usefulness, and ease of use of
the EPIO intervention program in order to identify needs for
adjustments and to enable optimization in preparation for a
future randomized controlled trial (RCT). The current feasibility
pilot also aimed to explore preliminary efficacy findings (ie,
pain interference, health-related quality of life [HRQoL], anxiety
and depression, self-regulatory fatigue, pain catastrophizing,
and pain acceptance) using unadjusted exploratory pre-post
intervention analyses.

Methods

Description of the EPIO Intervention Program
The EPIO intervention program was designed and developed
by a collaborative research team, consisting of scientists, health
care providers, eHealth experts, content and system developers,
and end-user representatives (ie, patients living with chronic
pain) [26]. Content development [26] was based on well-known
evidence-based aspects from CBT, with some integrated aspects
of ACT, focusing on self-management and coping for patients
living with chronic pain in general [7,11,15,30,41,42]. Focusing
on chronic pain in general, the EPIO intervention program is
so far not developed to be pain type/pain condition specific.
The EPIO program contains nine modules designed with several
interconnected parts of information and education (eg, pain
physiology, coping strategies, thought challenges, and the
importance of activity balance) and a variety of
self-management–based exercises for patients living with
chronic pain (eg, diaphragmatic breathing, graded behavioral
activation, mindfulness, and progressive muscle relaxation)
[26,41,43]. The nine modules in the EPIO program include the
following topics: (1) information about pain, (2) balance, (3)
thoughts and feelings, (4) stress and coping, (5) what is
important to me (ie, values), (6) behaviors and lifestyle, (7)
communication, relations, and social support, (8) coping during
difficult times, and (9) summary and the road ahead [26].

To encourage program content practice, each module has to be
open for 3 days (ie, practicing mode) before the next module
will open. To provide structure and to allow individualization,
the first five EPIO modules are sequential, while the order of
modules 6 to 8 can be chosen. In addition, participants can create
their own favorite list by highlighting exercises and can receive
reminders according to their own needs. Participants can also
choose between reading and listening to the program at any
time. To ensure availability, the program can also be used while
participants are offline. Details for the design, development,
and content of EPIO are presented elsewhere [26]. The EPIO
intervention is delivered in a blended-care model containing
the following: (1) one face-to-face introduction session; (2) nine
primarily CBT-based pain self-management modules [26],
delivered in an app-based format for smartphones or tablets;
and (3) one follow-up phone call conducted at 2 to 3 weeks after
the introduction session.

Study Design
A pre-post intervention study without a control group was
employed in this study, with all participants receiving the EPIO
intervention. Outcome measures to test feasibility of use and
derive estimates of preliminary efficacy were collected at
baseline and at 3 months after the introduction session. In
addition, data of system use (ie, log data) were collected for 6
months, and extracted at 3 and 6 months after the introduction
session. Feasibility conceptualization was guided by Bowen
et al [44] exploring (1) acceptability (to what extent is the EPIO
program judged as suitable, satisfying, or attractive to program
recipients); (2) demand (to what extent is EPIO likely to be
used, ie, exploration of the actual use of the program); and (3)
limited efficacy testing (does the EPIO program show promise
of being successful with the intended population?).

Participants and Recruitment
Information about the study was communicated through the
research project website [45], through the initiating institution
(Oslo University Hospital), and through collaborating partners,
including local health care services and primary care practices.
Study and recruitment information was also advertised through
social media channels and through patient organizations’ web
pages. The inclusion criteria were as follows: age ≥18 years,
living with chronic pain in general (ie, not pain/pain condition
specific), pain duration ≥3 months (self-reported), access to a
smartphone or tablet, being able to understand oral and written
Norwegian, and being able to attend an in-person introduction
session. The exclusion criteria were as follows: having untreated
severe mental illness, migraine, or cancer-related pain (all
self-reported). Participants were recruited between January and
May 2019.

Study Procedure
The study was approved by the Regional Committee for Medical
and Health Research Ethics (REK 2018/8911) and the Oslo
University Hospital Institutional Review Board equivalent
function (PVO 2017/6697). All participants provided written
informed consent. Participants attended one in-person
introduction session where they were introduced to the
self-management program in the introduction session and
received help downloading the EPIO app from the App Store
or Google Play Store, with instructions on how to get started.
They also received a follow-up phone call from the study staff
2 to 3 weeks after the introduction session to see how things
were going and whether there were any questions. If the
participants had any additional questions or feedback (eg,
technical issues) related to the EPIO program during the study,
they could contact the study staff by phone. System use was
logged for 6 months through a secure server at Services for
Sensitive Data (TSD; University of Oslo). Outcome measures
were completed through a secure TSD server online at baseline
(ie, before the introduction session) and at 3 months after the
introduction session (ie, at a 3-month follow-up). Program
completers were defined as participants completing at least six
out of the nine modules (67%) of the EPIO program in the
3-month study period [46].
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System Use
For study purposes, participants were encouraged to try to
complete all nine app-based modules within 3 months, but they
could continue to use the program for as long as they wanted.
System use (ie, user app activity) and program progress were
automatically logged for 6 months through a secure server (ie,
TSD) using an encrypted connection. To explore the extent to
which the EPIO program was used by participants (ie, demand)
[44], system use log data (ie, app activity) were extracted at 3
and 6 months after the introduction session.

Perceived Usefulness and Ease of Use
To explore the extent to which the EPIO program was judged
as suitable, satisfying, or attractive to intervention recipients
(ie, acceptability) [44], participants completed a six-item
study-specific questionnaire (Multimedia Appendix 1), as well
as the System Usability Scale (SUS) [47] at the 3-month
follow-up. The study-specific questionnaire was based on
previous experience with developing eHealth apps in the
research team [26,48] and was guided by the Technology
Acceptance Model (TAM) [49]. The first three items in the
questionnaire, inspired by Davis [50], measure participant
program perception as follows: (1) the program was easy to use,
(2) the exercises were easy to understand, and (3) the program
was useful. Response options range from totally agree to totally
disagree. The remaining items in the study-specific
questionnaire are open-ended questions designed to gather
information related to participants’ perceived usefulness and
ease of use as follows: (4) What did you like the best? (5) What
did you like the least? and (6) What are your suggestions for
improvement? The SUS [47] is a 10-item questionnaire with
five response options ranging from strongly disagree to strongly
agree. SUS scoring yields a single number representing a
composite measure of the overall usability of the system being
studied. Scores are to be summarized and multiplied by 2.5,
leading to a value range of 0 to 100, and 68 is considered the
average score. A score above 80.3 can be interpreted as grade
A (ie, the top 10% of scores), which equals excellent system
usability [51].

Preliminary Effects: Outcome Measures
Outcome measures were collected at baseline (ie, before the
introduction session) and at the 3-month follow-up. At baseline,
patients also completed a study-specific demographic and
disease-related measure. To test feasibility of use, explore
preliminary effects, and assess whether the EPIO program
showed promise of being successful in the intended patient
population (ie, limited efficacy testing), participants completed
several psychosocial outcome measures.

Pain interference was measured with seven items from the short
form of the Brief Pain Inventory (BPI) [52], a measure of the
impact of pain on daily function. The BPI has acceptable internal
consistency and reliability and has been validated in a
Norwegian chronic pain population sample [53]. The score
range of BPI is 0 to 10, with higher scores indicating higher
pain interference.

HRQoL was measured with the noncommercial SF-36 Short
Form Health Survey (RAND-36) [54,55], a 36-item measure

of physical, role, emotional, cognitive, and social function, as
well as physical, general, and global health. The RAND-36 has
acceptable internal consistency and reliability [54] and has been
validated in a Norwegian population sample with chronic pain
[55]. The score range of RAND-36 is 0 to 100, with higher
subscale scores indicating better HRQoL.

Anxiety and depressive symptoms were measured with the
Hospital Anxiety and Depression Scale (HADS) [56], a 14-item
measure of anxiety and depressive symptomatology, validated
as a unidimensional measure of psychological distress. The
HADS has acceptable internal consistency and reliability [56].
The score range of HADS is 0 to 21 for both scales, with higher
scores indicating a higher presence of anxiety or depression.

Self-regulatory fatigue was measured with the Self-Regulatory
Fatigue 18 (SRF-18) [57], an 18-item scale measuring
self-regulatory capacity with cognitive, emotional, and
behavioral components. The SRF-18 has acceptable internal
consistency and reliability [57]. The score range of SRF-18 is
18 to 90, with higher scores indicating higher self-regulatory
fatigue.

Pain catastrophizing was measured with the Pain
Catastrophizing Scale (PCS) [58,59], a 13-item scale measuring
catastrophic thinking and maladaptive responses to pain. Three
subscales measure helplessness, magnification, and rumination.
The PCS has acceptable internal consistency and reliability,
and has been validated in a Norwegian population sample with
chronic pain [59]. The score range of the PCS is 0 to 52, with
higher scores indicating higher catastrophic thoughts and
feelings about pain.

Pain acceptance was measured with the short form of the
Chronic Pain Acceptance Questionnaire (CPAQ-8) [60,61], an
eight-item scale measuring pain acceptance. The CPAQ-8 has
acceptable internal consistency and reliability [61], and has been
validated in a Norwegian population sample with chronic pain
[60]. The score range of the CPAQ-8 is 0 to 24, with higher
scores indicating a higher acceptance of pain.

Qualitative Analyses
Qualitative data from the open-ended questions in the
study-specific questionnaire were analyzed using an Excel
spreadsheet, according to a thematic analysis process (ie, coding
reliability) as described by Braun and Clark [62]. The first author
(KB) performed the analyses of the data, in collaboration with
a coauthor (EB). The data were grouped as domains, directly
guided by the study questions (ie, what did you like the best,
what did you like the least, and suggestions for improvement),
before categories were derived.

Statistical Analyses
Data were analyzed using the Statistical Program for Social
Sciences (SPSS), version 25 (IBM Corp). Data on baseline
characteristics, system log data, and usefulness/ease of use data
are presented as medians and ranges for continuous variables
and as proportions with percentages for categorical variables.
Paired samples t tests were used to assess possible pre-post
intervention changes. To explore potential group differences in
outcome measures, demographics, and program progress,

JMIR Form Res 2020 | vol. 4 | iss. 10 | e23893 | p.135http://formative.jmir.org/2020/10/e23893/
(page number not for citation purposes)

Bostrøm et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


univariate linear regression analyses were conducted. All
statistical tests were two-sided. P values <.05 were considered
statistically significant. As this was a feasibility pilot study,
results were considered exploratory and no correction for
multiple testing was performed [63].

Results

Recruitment, Participant Flow, and Sample
Description
Between January and May 2019, 79 patients living with chronic
pain were referred for potential study participation. Of these,

29 were excluded (ie, did not meet the inclusion criteria, did
not complete study requirements, could not be reached, or
declined to participate). Fifty patients with chronic pain were
included in the study and received the EPIO intervention.
Forty-five of the initial participants completed the 3-month
outcome measures. Of the five participants who did not complete
the 3-month outcome measures, two described a worsened health
condition as the reason. No other reasons were provided. Apart
from age (ie, noncompleters were significantly older than
completers, 62.2 years versus 51.3 years, P=.02), there were no
differences between noncompleters and completers with regard
to baseline variables. Figure 1 provides a summary of the
recruitment and participant flow.

Figure 1. Recruitment and participant flow.

Participants (N=50) were primarily Caucasian (48/50, 96%),
had a median age of 52 years (range 29-74 years) at inclusion,
and were mainly female (40/50, 80%). Forty-one participants
provided self-reported details related to their pain conditions,
including pain related to unspecific musculoskeletal pain (eg,
back and neck pain [16/41, 39%], unspecified disc disorder
[8/41, 19%], osteoarthritis [7/41, 17%], fibromyalgia [7/41,

17%], neuropathy [7/41, 17%], complex regional pain syndrome
[4/41, 10%], injuries [5/41, 12%], and surgeries [3/41, 7%]),
with more than half of the participants reporting more than one
diagnosis (23/41, 56%). The majority (37/50, 74%) of the
participants reported having lived with pain for 5 years or longer.
Table 1 presents the baseline demographics and illness
characteristics of the participants.

JMIR Form Res 2020 | vol. 4 | iss. 10 | e23893 | p.136http://formative.jmir.org/2020/10/e23893/
(page number not for citation purposes)

Bostrøm et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 1. Baseline demographics and illness characteristics (N=50).

Value, n (%)Variable

Gender

40 (80)Female

10 (20)Male

Marital status

29 (58)Married/cohabitating

21 (42)Single/divorced

Education

17 (34)Elementary/high school

21 (42)University/college <4 years

12 (24)University/college ≥4 years

Employment

14 (28)Full-time/part-time work

29 (58)Sick leave/disability benefits

7 (14)Retired/others

Years living with pain

10 (20)1-3 years

3 (6)3-5 years

13 (26)5-10 years

24 (48)>10 years

Health services usagea

47 (94)General practitioner

40 (80)Physiotherapy/physical therapy

16 (32)Psychology

6 (12)Pain physician/pain specialist services

16 (32)Pain clinic

3 (6)Occupational therapy

16 (32)Rehabilitation

3 (6)Healthy life centers

9 (18)Educational courses

11 (22)Other

aParticipants could report having received several types of health services during the course of their illness.

System Use
Thirty-one participants completed at least six of the nine EPIO
program modules within the 3-month study period, yielding a
62% intervention completion rate at 3 months. Fourteen (28%)
participants completed all nine modules within 3 months.
Noncompleters (ie, completing less than six modules in the

3-month study period) completed an average of two modules
in 3 months. Of the EPIO intervention program exercises, the
top three exercises repeated most frequently during the 3-month
study period were as follows: “What is challenging to you,”
“Choice of fun activities,” and ”What kind of thoughts do you
use.” For example screenshots of the EPIO program, refer to
Figure 2.

JMIR Form Res 2020 | vol. 4 | iss. 10 | e23893 | p.137http://formative.jmir.org/2020/10/e23893/
(page number not for citation purposes)

Bostrøm et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 2. Example screenshots from the EPIO intervention program. From the left: (1) Exercise example about daily challenges; (2) Module about
activity pacing; (3) Practicing mode; and (4) Module about values.

While the pre-post intervention study period was 3 months for
practical purposes, system use was monitored for 6 months. At
the 6-month follow-up, 32 (64%) participants had completed
at least six out of the nine program modules. Nineteen (38%)
participants had completed all nine modules at the 6-month
follow-up.

Perceived Usefulness and Ease of Use
At the 3-month follow-up, 45 participants (90%) completed
measures related to their satisfaction with the EPIO program.
In the study-specific use/usability questionnaire, the EPIO
program was rated as useful (ie, totally agree or agree; 39/45,
87%) and easy to use (42/45, 93%), and as having easily
understandable exercises (44/45, 98%). Main findings from the
open-ended questions showed that a majority of the participants
reported appreciating the exercises (eg, the relaxation and
diaphragmatic breathing exercises), the combination of exercises
and educational information, the easy access, and the
functionality of being able to choose between reading and
listening or being able to do both. The mean system usability
(ie, SUS) score was 85.7 (SD 12.9), indicating grade A, which
equals excellent (ie, score >80.3) system usability. Even though
few men participated in this study, there were some indications
of gender differences, with more women (85%) than men (50%)
rating the program as useful. Additionally, there were some
differences related to education, with higher educated

participants (ie, >4 years of university) having significantly
higher SUS scores than lower educated participants (ie,
elementary/high school, P=.04).

Preliminary Effects: Pre-Post Interventions Results
Preliminary pre-post intervention findings at the 3-month
postintroduction session did not reach statistical significance
for the majority of the psychosocial outcome measures (details
are provided in Table 2). HRQoL findings indicated statistically
significant improvements from baseline to postintervention for
“bodily pain” (mean difference [MD] 5.1; P=.02) and the single
item “change” (ie, perceived change in health) (MD 5.6;
P=.049), and there was a trend toward significant improvements
for the Role Physical scale, but the result was not statistically
significant (MD 10.0; P=.07). There was a high degree of
heterogeneity in the data, reflected in large values of variance
and subsequently broad CIs for the point estimates in a number
of subscales (eg, HRQoL Role Emotional with a 10-point
positive score change, but with CI −3.3 to 24.0 and consequently
no statistical significance, P=.13). There was also a trend toward
significant reduced pain catastrophizing, but the result was not
statistically significant (MD 1.8; P=.06). Scores related to
anxiety, depression, and self-regulatory fatigue remained stable.
Moreover, the results after 3 months indicated statistically
significant lower pain acceptance (“Willingness to accept”
subscale, MD 0.9; P=.03; total score, MD −1.4; P=.02).
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Table 2. Preliminary effects: pre-post intervention changes in psychosocial outcomes (n=45).

P valueMean difference (95% CI)3-month follow-up,
mean (SD)

Baseline, mean (SD)Psychosocial outcomes

.310.3 (−0.3 to 0.8)4.8 (2.1)4.5 (2.1)Pain interference (BPIa)b

HRQoLc (RAND-36d)

.800.4 (−3.1 to 3.9)61.3 (25.4)60.9 (24.6)Physical function

.0710.0 (−0.9 to 20.9)27.2 (36.5)17.2 (31.5)Role physical

.025.1 (0.7 to 9.5)40.4 (15.9)35.3 (13.4)Bodily pain

.182.6 (−1.2 to 6.3)48.9 (19.7)46.3 (19.6)General health

.342.2 (−2.4 to 6.8)34.1 (20.8)31.9 (21.0)Vitality

.312.5 (−2.4 to 7.4)52.8 (24.1)50.3 (24.9)Social function

.1310.4 (−3.3 to 24.0)66.7 (40.8)56.3 (45.4)Role emotional

.291.3 (−1.2 to 3.8)65.1 (17.9)63.7 (18.1)Mental health

.0495.6 (0.0 to 11.1)55.0 (23.0)49.4 (25.3)Change

.960.0 (−0.8 to 0.9)8.0 (4.0)7.9 (3.6)Anxiety (HADS-Ae)

>.990.1 (−0.6 to 0.6)5.8 (3.9)5.8 (3.2)Depression (HADS-Df)

.660.4 (−2.5 to 1.6)53.3 (9.2)53.7 (9.2)Self-regulatory fatigue (SRF-18g)

Pain catastrophizing (PCSh)

.120.6 (−1.3 to 0.2)6.9 (4.0)7.4 (3.9)Rumination

.140.3 (−0.8 to 0.1)3.0 (2.2)3.3 (2.4)Magnification

.110.9 (−1.9 to 0.2)7.6 (5.2)8.4 (4.8)Helplessness

.061.8 (−3.7 to 0.1)17.4 (10.4)19.2 (9.9)Total score

Chronic pain acceptance (CPAQi)

.030.9 (−1.7 to −0.1)13.1 (3.1)14.0 (2.8)Willingness

.230.5 (−1.4 to 0.4)13.8 (3.3)14.3 (3.3)Activity engagement

.021.4 (−2.7 to −0.2)26.9 (5.3)28.3 (5.2)Total score

aBPI: Brief Pain Inventory.
bSubscale of the Brief Pain Inventory (score range 0-10; a higher score indicates higher interference in life).
cHRQoL: health-related quality of life.
dRAND-36: RAND 36-Item scale (score range 0-100; a higher score indicates higher emotional well-being).
eHADS-A: Hospital Anxiety and Depression Scale-Anxiety subscale (score range 0-21; a higher score indicates a higher degree of anxiety).
fHADS-D: Hospital Anxiety and Depression Scale-Depression subscale (score range 0-21; a higher score indicates a higher degree of depression).
gSRF-18: Self-regulatory Fatigue 18 scale (score range 18-90; a higher score indicates higher self-regulatory fatigue).
hPCS: Pain Catastrophizing Scale (score range 0-52; a higher score indicates higher catastrophizing).
iCPAQ: Chronic Pain Acceptance Questionnaire (score range 0-52; a higher score indicates a higher acceptance of pain).

Program Completion and Relations to Psychosocial
Outcomes
The participants who completed the EPIO program (ie,
completed six or more modules) within the 3-month study period
had higher mean pain interference and lower emotional
well-being scores at baseline compared with those who did not
complete the program (ie, completed five or less modules).
However, these differences were not statistically significant
(both P=.28).

Preparation for Optimization and a Randomized
Controlled Trial
In order to optimize the EPIO intervention and prepare for
efficacy testing in an RCT, system use, perceived usefulness,
and ease of use findings from this study were employed to
prioritize and address the needs for further adjustments to the
EPIO intervention program after the feasibility pilot. For
example, as the 3-day delay between modules (ie, practicing
mode) received mixed feedback, with some preferring to move
forward more rapidly and others liking the practicing mode,
modules 1 and 2 were set to open simultaneously as the
introduction session and module 1 had overlapping themes.
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Additionally, based on system log data showing increased
program activity right before and right after the 2 to 3 week
follow-up phone call, a decision was made to add a second
follow-up phone call (eg, at 6-7 weeks) for the future RCT.

Discussion

Feasibility of eHealth in Chronic Pain
Feasibility studies play an important role in the planning of
RCTs to examine novel interventions or to examine a
combination of existing interventions in new patient populations
or recruitment settings [44]. Patients with chronic pain have
reported being interested in eHealth interventions in support of
self-management [7,21]. Given the early stage of evidence-based
eHealth interventions, however, the need for more studies
reporting on the feasibility, usability, and efficacy of eHealth
intervention programs for patients living with chronic pain is
evident [20,34]. This feasibility pilot study therefore examined
the system use, perceived usefulness, ease of use, and
preliminary effects of EPIO, an app-based cognitive-behavioral
pain self-management intervention for patients living with
chronic pain (ie, chronic pain in general, not pain/pain condition
specific).

Principal Findings
In the 3-month study-period, 62% (31/50) of participants
completed at least six out of nine modules of the EPIO program.
The participants rated the program as useful (39/45, 87%) and
easy to use (42/45, 93%), and mentioned the presence of easily
understandable exercises (44/45, 98%). System usability was
rated as excellent, and although mainly nonsignificant (details
are provided in Table 2), preliminary psychosocial outcome
measures indicated some positive impact related to HRQoL.
The repeated use of multiple self-management exercises in the
EPIO program also suggests that exercise variety may be
particularly of interest and may support program use and
engagement for patients living with chronic pain. As suggested
by scientific literature reviews examining status and limitations
of eHealth interventions [20,32,34], the EPIO intervention
program was developed based on existing evidence, in close
collaboration among scientists, user representatives, and health
care providers [26], which may have contributed to the positive
feasibility and acceptability, including system use, perceived
usefulness, and ease of use findings, noted in this study.

Participants’ engagement is a precondition for the effectiveness
of self-management interventions [64]. In this feasibility pilot,
participants were therefore encouraged to spend as much time
as possible becoming familiar with the EPIO program and to
practice the content and variety of exercises as much as possible.
The 62% completion rate (ie, completing at least six modules)
during the 3-month study period is likely lower than the
completion rates for equivalent in-person interventions.
However, adherence/completion rates have emerged as a
challenge for eHealth interventions, sometimes being as low as
20% to 40%, and the 62% completion rate in this study can
therefore be considered acceptable.

System log data examinations also revealed slightly higher
program completion rates at the 6-month follow-up than at the

3-month follow-up. Research indicates that the complexity,
demands, and challenges of living with chronic pain may lead
to a draining of the capacity to self-regulate cognitive,
emotional, and behavioral activities, sometimes particularly
related to executing functioning [4-6]. If patients living with
chronic pain struggle with the many important decisions and
the behavioral changes often required for successful
self-management, finding new ways to support patients with
chronic pain to maintain engagement and adhere to
self-management programs may be important [65]. Given the
findings from this study, it is possible that patients living with
chronic pain could benefit from having more time (ie, >3
months) to process the program information than initially
estimated by this research team. Participants in this study were
however given access to the EPIO program for as long as they
wanted. Therefore, despite the limited increase in use and
completion rates from 3 to 6 months, the apparent continued
use of the EPIO program in the poststudy period (ie, >3 months)
may indicate that participants took their time engaging in the
EPIO intervention program and found the program useful after
study completion.

Program completers in this study reported higher pain
interference and lower emotional well-being at baseline
compared with noncompleters. This could potentially suggest
that higher levels of pain interference and lower emotional
well-being may be positively associated with program interest,
motivation for change, engagement, and completion. Such
indications could be of great interest for the development and
use of future eHealth interventions. However, in this feasibility
pilot study, the associations among program completion,
progress, and psychosocial outcomes were nonsignificant
(P=.28). Conclusions cannot be made, and this issue needs to
be further explored by future research in RCTs with larger study
populations.

Despite some indications that older participants may have been
more likely to be noncompleters in this study, only five
individuals were study noncompleters by 3 months, and
conclusions cannot be made. There are however some
suggestions that high age could be associated with lower eHealth
use, with younger people expressing more willingness and
interest in using eHealth and older adults expressing worry
about losing personal contact with their physicians if they start
to use eHealth [66]. Research nevertheless also suggests that
older adults seem to adhere to eHealth technology longer than
younger people after starting to use such technology [66]. The
link between age and eHealth use is not clear, as several studies
have failed to show any difference in eHealth use based on age,
and more research in this area is needed [66].

The outcomes of eHealth self-management interventions seem
to depend on patients’ motivation and adherence [7,25,64,67].
The adherence issues related to eHealth interventions are of
great concern and need to be addressed in order for end users
to achieve the intended intervention benefit. There are some
indications that eHealth interventions may yield better adherence
and subsequent effects when combined with
face-to-face/in-person support [64]. The EPIO intervention was
delivered in a blended-care model, which aimed to increase the
motivation and likelihood of acceptance and completion of the
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self-management intervention. It is therefore possible that the
introduction session and follow-up phone call helped increase
acceptability and program engagement in this study. One way
to improve eHealth intervention adherence and completion rates
could therefore be to increase the level of contact between health
care/research study personnel and participants throughout the
intervention [65], which is also one reason the research team
decided to change from one to two follow-up phone calls for
the planned future RCT.

As the primary aim of this study was to examine feasibility,
including system use, usability, and ease of use, psychosocial
outcome measures were primarily included to test feasibility of
use. Potential pre-post effects were only examined as
preliminary indications, and findings did not yield relevant
results. Despite limited findings, the potential positive impact
on HRQoL can be considered promising. Additionally, data
variability was large, which may indicate that even though some
participants may not have benefited greatly from the EPIO
intervention program, others may have benefited greatly. The
statistically significant (P=.02) finding showing reduced pain
acceptance at the 3-month follow-up in this study is challenging
to interpret. However, given that almost half (24/50, 48%) of
the participants in the study reported having lived with chronic
pain for more than 10 years, it may be overly optimistic to
expect improvement in pain acceptance, particularly that the
“willingness to accept” subscale would be impacted in such a
short time. On the other hand, the trend toward reduced pain
catastrophizing could be a positive indication. Future research
should pay attention to these issues though, preferably also
undertaking qualitative interviews to aid in intervention program
use, usability, and effect interpretations.

Study Limitations and Strengths
This study has some limitations. First, the study was designed
to assess the feasibility of a digital self-management intervention
program in support of patients living with chronic pain;
therefore, participants were not randomized, all participants
received the intervention, and no definitive statements regarding
the effectiveness of the intervention could be made. The study
did however successfully establish feasibility and acceptability
as intended, with acceptable system use and excellent perceived
usefulness and ease of use. Second, the participants were
recruited through social media and collaborating partners, and
it may be assumed that the study population consisted of highly
motivated people. This study therefore cannot conclude whether
patients living with chronic pain would in general be interested
in or benefit from such an intervention. The strong indications
of feasibility in this study, with high acceptability/usability, are
however promising. It should also be noted that as the EPIO
program is designed to support patients living with chronic pain
in general (ie, not pain condition specific), this study was not
designed to examine differences in results based on the pain
condition. The majority of the participants in this study were
Caucasian, women, and those with higher education. People
with higher education may be more likely to use health apps in
general, while women may be more likely to use self-care or
self-management apps and tend to exhibit the highest adherence
to digital interventions [68]. Future studies should strive to
incorporate user testing and recruitment strategies that may

include a wider representation of potential end user groups (eg,
gender, education, and ethnicity) in order to further test
generalizability.

This study has several strengths. The EPIO intervention is built
on clinical and research-based scientific evidence, and is
designed and developed in collaboration with end users and
related health care personnel, which is a definite strength. The
extensive data gathering of 6-month logged system use, as well
as usefulness and ease of use examinations are important study
strengths. In addition, the inclusion of participants with a variety
of pain-related diagnoses can be considered a strength. The goal
of the EPIO intervention is to contribute to reducing the negative
impact of chronic pain, no matter which type of pain patients
experience, and as such, the current feasibility findings may be
indicative for patients living with chronic pain in the general
population.

Future Directions
This study established the feasibility of the digital EPIO pain
self-management intervention. Suggestions for adjustments
needed for optimizing and preparing a future RCT were made,
and qualitative interviews for further data exploration were
suggested. Additionally, the type of blended care delivery used
in this study has the potential to enhance accessibility and actual
use of psychosocial interventions and to enhance outreach for
patients living with chronic pain. As adherence continuously
appears to represent a major challenge for the success of eHealth
interventions, future research should explore how aspects of
design and development (eg, user involvement and prototype
adherence testing) as well as delivery (eg, blended care,
continuous follow-up, and social support features) could
strengthen intervention adherence in future studies.

Given the mixed findings in the literature related to the utility
of eHealth interventions for older adults [66], future research
should also aim to incorporate ways to help older adults adopt
eHealth interventions. This could potentially be done by
including older adults in the design and development process
of eHealth interventions [69], but perhaps even more
importantly, providing proper training and education for
participants on introducing such interventions [69,70]. A future
EPIO intervention RCT should also explore this issue further.
As system log data examinations revealed continued use and
slightly higher program completion rates at the 6-month than
3-month follow-up, future research should examine the preferred
and perhaps most likely to be effective period of intervention
program use for patients living with chronic pain. Finally, rather
than attempting to interpret efficacy outcomes from feasibility
findings, efficacy must be evaluated in a future large-scale RCT
with long-term follow-up. In the future, examining whether
interventions, such as EPIO, have more or less potential for
impact based on the type of pain/pain condition targeted is of
importance.

Conclusions
This feasibility pilot study showed how digital self-management
intervention programs, such as EPIO, a cognitive-behavioral
eHealth pain self-management intervention, may be of use and
support for patients living with chronic pain. EPIO program
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completion rates were acceptable, program feasibility and
acceptability were established, and the program was rated as
useful and easy to use, with excellent user satisfaction.

Intervention program optimization and efficacy testing in a
large-scale RCT are warranted and in progress.
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Abstract

Background: Immune checkpoint inhibitors (ICIs) have become a standard of care for various tumor types. Their unique
spectrum of side effects demands continuous and long-lasting assessment of symptoms. Electronic patient-reported outcome
(ePRO) follow-up has been shown to improve survival and quality of life of cancer patients treated with chemotherapy.

Objective: This study aimed to investigate whether ePRO follow-up of cancer patients treated with ICIs is feasible. The study
analyzed (1) the variety of patient reported symptoms, (2) etiology of alerts, (3) symptom correlations, and (4) patient compliance.

Methods: In this prospective, one-arm, multi-institutional study, we recruited adult cancer patients whose advanced cancer was
treated with anti-programmed cell death protein 1 (PD)- ligand (L)1 agents in outpatient settings. The ePRO tool consisted of a
weekly questionnaire evaluating the presence of typical side effects, with an algorithm assessing the severity of the symptom
according to National Cancer Institute Common Terminology Criteria for Adverse Events and an urgency algorithm sending
alerts to the care team. A patient experience survey was conducted monthly. The patients were followed up to 6 months or until
disease progression.

Results: A total of 889 symptom questionnaires was completed by 37 patients (lung cancer, n=15; melanoma, n=9; genitourinary
cancer, n=9; head and neck cancer, n=4). Patients showed good adherence to ePRO follow-up. The most common grade 1
symptoms were fatigue (28%) and itching (13%), grade 2 symptoms were loss of appetite (12%) and nausea (12%), and grade
3-4 symptoms were cough (6%) and loss of appetite (4%). The most common reasons for alerts were loss of appetite and shortness
of breath. In the treatment benefit analysis, positive correlations were seen between clinical benefit and itching as well as progressive
disease and chest pain.

Conclusions: According to the results, ePRO follow-up of cancer patients receiving ICIs is feasible. ePROs capture a wide
range of symptoms. Some symptoms correlate to treatment benefit, suggesting that individual prediction models could be
generated.

Trial Registration: Clinical Trials Register, NCT3928938; https://clinicaltrials.gov/ct2/show/NCT03928938

(JMIR Form Res 2020;4(10):e17898)   doi:10.2196/17898

KEYWORDS

ePRO; immune checkpoint inhibitors; symptoms; side-effects; anti-PD-(L)1 therapy

JMIR Form Res 2020 | vol. 4 | iss. 10 | e17898 | p.147http://formative.jmir.org/2020/10/e17898/
(page number not for citation purposes)

Iivanainen et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

mailto:jussi.koivunen@ppshp.fi
http://dx.doi.org/10.2196/17898
http://www.w3.org/Style/XSL
http://www.renderx.com/


Introduction

Cancer patients experience a variety of symptoms derived from
the malignancy itself as well as side effects of the given
treatment. Many symptoms are left unnoticed due to factors
such as limited symptom follow-up between prescheduled health
care visits, nonsystematic evaluation of symptoms, and
inadequate communication [1-7]. In general, worsening of
symptoms indicates cancer progression or severe side effects
of the treatment and is linked to poorer cancer survival [8].

Patient-reported outcomes (PROs) consist of health-related
questionnaires completed by the patients themselves, which can
capture symptoms and signs and their severity. Web-based
reporting of PROs has many advantages compared to paper
questionnaires such as reducing time to complete and
overcoming geographic location limitations. Scheduled
electronic patient-reported outcomes (ePROs) enable timely
and continuous collection of symptoms in a cost-effective
manner [9-14]. Furthermore, use of ePROs in cancer patient
monitoring has shown impressive improvements in overall
survival compared to standard follow-up [15,16]. In addition,
ePROs can be coupled to an urgency algorithm, which sends
an alert to the care unit upon report of severe or altering
symptoms by a patient. This enables rapid reaction to and
treatment of important medical events.

In the past 5 years, there has been significant advancement in
the development of cancer immunotherapies with the
introduction of immune checkpoint inhibitor (ICI) therapies
such as anti-PD-(L)1 and anti-T-lymphocyte-associated protein
4 (CTLA-4) antibodies [17]. ICI therapies have become the
most important medical therapies in many malignancies such
as melanoma, non-small cell lung cancer, and urogenital cancers
[18-27]. ICIs differ from traditional cancer therapies due to
potentially severe side effects in all organs of the body and late
timing of side effect occurrence [27-29]. Therefore, there is a
need for comprehensive and ongoing assessment of symptoms.

Approximately 15% of patients receiving ICI monotherapies
reportedly have severe grade 3-4 side effects, and about 30%
have lower grade adverse events (AEs). Even life-threatening
side effects can occur, but they can, in most cases, be managed
with early detection, by delaying or stopping the ICI therapy,
and with the initiation of immunosuppressive medication
[30-32].

To our knowledge, this is the first prospective trial investigating
ePROs in the follow-up of cancer patients receiving ICIs. The
study aim was to investigate the feasibility of ePRO symptom
follow-up and to analyze the spectrum of patient-reported
symptoms, number and aetiology of urgency algorithm alerts,
correlations between different symptoms and treatment benefit,
and patient compliance.

Methods

Study Design and Participants
KISS was an investigator-initiated, multicenter, prospective,
one-arm study, which was undertaken in 3 multidisease cancer
centers in Finland. Patients were recruited during routine

doctors’ appointments at study centers by study doctors. The
inclusion criteria included advanced cancer to be treated with
anti-PD-(L)1 in outpatient settings, initiation of anti-PD-(L)1
therapy had occurred ≤2 weeks prior to study recruitment, age
≥18 years, Eastern Cooperative Oncology Group ≤3, and
availability of internet access and email. Baseline information
such as basic laboratory values, age, and gender were collected
from electronic health care records. After providing written
informed consent, study patients received a short (5-15 minutes)
instruction on how to use the Kaiku software by a study
physician. At the initiation of the treatment phase (within 0-2
weeks from the first anti-PD-(L)1 infusion) and weekly
thereafter until treatment discontinuation or 6 months of
follow-up, patients received an email notification to complete
the baseline electronic symptom questionnaire of 17 questions.
If a weekly symptom questionnaire was not completed on the
day of email receipt, daily email reminders were sent for 6 days.
In addition, patients were asked to fill in a monthly electronic
patient experience survey until treatment discontinuation or 6
months of follow-up. The use of the ePRO tool was free of
charge for the patients and study centers. Online technical
support by Kaiku Health for the users was available from 8 am
to 4 pm Monday to Friday. The investigators evaluated the
treatment response according to Response Evaluation Criteria
in Solid Tumors (RECIST) 1.1 criteria at 8-10 weeks after
treatment initiation. Clinical benefit rate was selected as a
benefit measure instead of objective response rate since (1) we
had a small number of study subjects, (2) responses were
analyzed only up to 12 weeks from inclusion, and (3) the
correlation between clinical benefit and objective response rate
is not as clearly defined with immunotherapies as with
traditional cancer medications.

According to the protocol, study results were analyzed when
the last included patient had 12 weeks of follow-up. The major
endpoints of the study included (1) patient-reported symptoms
and their severity; (2) number of triggered alerts by the ePRO
tool and their correlation to treatment side effects, cancer
progression, other medical events, or survival; (3) correlations
between different symptoms and treatment side effects, cancer
progression, other medical events, or survival; and (4) patient
compliance using the patient experience survey and response
rates to symptom questionnaires. Sample size was based on the
estimation that 15% of patients receiving ICI monotherapies
will experience severe (grade 3-4) side effects and about 30%
will experience lower grade AE. In a 40-patient cohort, 3-6
patients will experience a severe immune-related AE. It was
estimated that the expected study population is sufficient to
evaluate the feasibility of the symptom questionnaire in
detecting severe AEs. Questionnaires from several timepoints
were estimated to be collected from 90% of the study population
(~35 patients), which would enable a more comprehensive
assessment of feasibility, patient experience, and correlation of
ePRO changes to treatment response and survival.

All data collection was carried out according to national
legislation and under permit from the medical director of each
research center. The study was approved by the
Pohjois-Pohjanmaan sairaanhoitopiiri (PPSHP) ethics committee
(number 9/2017), Valvira (number 361), and Oulu University
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Hospital Ethics Committee (9/2017). The study was conducted
in accordance with the Declaration of Helsinki and Good
Clinical Practice guidelines.

ePRO Follow-Up
The Kaiku Health ePRO tool is a web-based solution scaled to
be used easily on smartphones and home computers. The Kaiku
Health immune-oncology module designed for the study consists
of 17 questions. The symptoms selected for the Kaiku Health
symptom tracking tool for cancer immunotherapy are based on
the most common AEs that have occurred during clinical trials
of anti-PD-1, anti-PD-L1, and anti-CTLA-4 monotherapies.
The symptoms tracked by the instrument are potential signs and
symptoms of immune-related AEs. The symptom selection was
based on publications from the following clinical trials:
CheckMate 017 (NCT01642004), CheckMate 026
(NCT02041533), CheckMate 057 (NCT01673867), CheckMate
066 (NCT01721772), CheckMate 067 (NCT01844505),
KEYNOTE-010 (NCT01905657), and OAK (NCT02008227).
Food and Drug Administration labels for nivolumab,
pembrolizumab, and atezolizumab were also used in the
symptom selection for the instrument. The questions for each
symptom in the instrument were developed based on the
National Cancer Institute Common Terminology Criteria for
Adverse Events (NCI-CTCAE) register by converting the
description of a grading into patient-friendly language. Any
criterion that would be impossible for patients to report has been
excluded from the available questions. Developing the symptom
questionnaire in this manner enabled self-reporting by patients
and development of an algorithm that provides an assessment
and approximation of the severity of each symptom according
to NCI-CTCAE criteria. NCI-CTCAE grades the symptoms
from 0 to 4: no (0), mild (1), moderate (2), severe (3), and
life-threatening (4).

Questions assess the presence of blood in stool, blood in urine,
blurred vision, chest pain, cough, loss of appetite, diarrhea,
dizziness, fatigue, fever, headache, itching, nausea, pain in
joints, rash, shortness of breath, stomach pain, and vomiting.
Besides recording the presence of a symptom, a severity

algorithm that grades the symptom according to NCI-CTCAE
was applied. The severity algorithm triggered an email alert to
the study physician of the care unit based on preset limits
(presence of a grade 3 or higher symptom or increase in
symptom severity from grade 0 to 2). The patients were
informed that the care unit would react to the alerts promptly
within 3 days; thus, the ePRO follow-up was intended only for
nonurgent communication, and in urgent matters, patients were
advised to contact emergency care.

Patient Experience Survey
Study participants were requested to reply to a monthly patient
experience survey. The patient experience survey consisted of
6 yes/no or multiple-choice questions. The survey was developed
by the investigators for the study and has not been previously
validated.

Statistical Analysis
The analysis was carried out when the last patient included had
12 weeks of follow-up data available. Correlations of different
patient-reported symptoms were analyzed using heat maps with
Pearson product-moment correlation. In the heat map analysis,
the intensity of the color signifies the level of correlation: red,
negative correlation; blue, positive correlation. In other words,
a large effect correlation was defined as 0.5; medium as 0.3,
and small as 0.1 (absolute values).

Results

Study Accrual and Patient Characteristics
Patient recruitment took place between June 2017 and March
2019, and the last study patient visit was in June 2019.
Anticipated recruitment for the study was 40 patients in 12
months, but due to a slow recruiting pace, the period was
extended. Informed consent was provided by 43 patients, and
analysis was limited to a total of 37 patients who had
anti-PD(L)-1 therapy initiated and answered at least 2 symptom
questionnaires (baseline and one following; Figure 1). No
technical issues nor security breaches related to the web-based
tool occurred during the study period.
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Figure 1. Flowchart of patient accrual and analysis.

The median age of the study participants was 62 years (range
32-80 years). The majority of patients were male (27/37, 73%),
and 5 patients had a history of an autoimmune disease, with
hypothyreosis (4/5, 80%) being the most common. Tumor types

included lung cancer (15/37, 41%), melanoma (9/37, 24%),
genitourinary (GU) cancer (9/37, 24%), and head and neck
cancer (4/37, 11%), and 28 (28/37, 76%) patients had stage IV
disease (Table 1).

Table 1. Patient demographics.

ResultsCharacteristics

61.7Age (years), median

Gender, n (%)

27 (73)Male

10 (27)Female

Autoimmune disease, n (%)

5 (14)Yes

32 (87)No

Tumor type, n (%)

9 (24)Melanoma

15 (41)Lung cancer

9 (24)Genitourinary cancer

4 (11)Head and neck

Stage at diagnosis, n (%)

9 (24)Stage III

28 (76)Stage IV

Eastern Cooperative Oncology Group ( ECOG), n (%)

20 (54)0

15 (41)1

2 (5)2
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Patient-Reported Symptoms and Alerts
During the study, 889 completed symptom questionnaires were

registered. The range of answered questionnaires was 0.583-1.27
per patient per week, with high response rates throughout the
complete follow-up period up to 24 weeks (Table 2).

Table 2. Average number of answered symptom questionnaires completed per patient per week, up to 24 weeks.

Number of questionnaires per patient, meanWeek

1.271

0.8822

1.143

0.8614

1.065

0.8336

0.8337

0.8618

0.7659

0.84210

0.88211

0.74812

0.99113

0.82414

0.74215

0.70716

0.70417

0.71918

0.73319

0.82620

0.8321

0.61122

0.58323

0.79824

During the first 12 weeks of ePRO follow-up, the most common
grade 1-2 symptoms were fatigue (346/889, 39%), cough
(187/889, 21%), pain in joints (160/889, 18%), itching (151/889,
17%), loss of appetite (151/889, 17%), nausea (151/889, 17%),

and shortness of breath (133/889, 15%). The most common
grade 3-4 symptoms were cough (53/889, 6%), loss of appetite
(36/889, 4%), and nausea (36/889, 4%). None of the patients
(0/37) reported blood in stool or hematuria (Table 3).
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Table 3. Distribution of the severity of the reported symptoms according to all the answered symptom questionnaires (n=889) in weeks 1-12.

Grades 3-4, %Grade 2, %Grade 1, %Grade 0, %Symptom

000100Blood in stool

04096Blurred vision

11494Chest pain

691274Cough

01396Diarrhea

02692Dizziness

1112860Fatigue

00595Fever

021087Headache

000100Hematuria

141383Itching

412579Loss of appetite

412594Nausea

261281Pain in joints

11988Rash

27883Shortness of breath

12394Stomach pain

00298Vomiting

Of the 391 answered symptom questionnaires during the first
12 weeks, the ePRO tool triggered 67 (67/391, 17.1%) alerts.
The most common reasons for alerts were loss of appetite,
shortness of breath, pain in joints, blurred vision, and cough.
The treating physicians were asked to evaluate the etiology of

alerts by grading them to cancer, treatment, or unclear
categories. Unclear reasons were the most common cause of
alerts (38/67, 57%), followed by treatment (21/67, 31%) and
cancer (8/67, 11%; Table 4).
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Table 4. Etiology of the symptom questionnaire alerts (n=67).

n (%)Characteristics

Etiology

38 (57)Unclear

21 (31)Treatment

8 (11)Cancer

By symptom

32 (48)Loss of appetite

31 (46)Shortness of breath

21 (31)Pain in joints

17 (25)Blurred vision

16 (24)Cough

15 (22)Fatigue

12 (18)Itching

9 (13)Chest pain

8 (12)Headache

6 (9)Stomach pain

6 (9)Rash

5 (8)Nausea

3 (5)Diarrhea

3 (5)Dizziness

Patient Compliance
Patient compliance was assessed every 4 weeks based on the
electronic patient experience survey provided through Kaiku
software. During the first 12 weeks, 31 patients replied to the
survey, and analysis was limited to these. All the patients replied
that using the Kaiku software was easy or very easy, and only

1 of 6 patients reported that they needed assistance using the
software. Over 90% of the patients (29/31, 94%) reported that
the questions were understandable. In addition, 90% of the
patients (28/31, 90%) felt that the Kaiku ePRO follow-up
improved their cancer care, and 95% (29/31) said they would
recommend using it in the follow-up of cancer patients (Table
5).

JMIR Form Res 2020 | vol. 4 | iss. 10 | e17898 | p.153http://formative.jmir.org/2020/10/e17898/
(page number not for citation purposes)

Iivanainen et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 5. Kaiku Health patient experience survey results during the first 12 weeks of follow-up (n=31).

n (%)Survey questions

How easy or difficult is the use of the Kaiku Health application?

15 (48)Very easy

16 (52)Easy

0Difficult

0Very difficult

0I cannot say

Have you needed the help of another person to use the Kaiku Health application, not taking into account the training that you received at
the health care unit?

5 (16)Yes

26 (84)No

Were the questions in the symptom questionnaire in the Kaiku Health application understandable?

21 (68)Totally agree

8 (26)Partly agree

2 (7)Partly disagree

0Totally disagree

0I cannot say

Do you think that the use of the Kaiku Health application will improve the follow-up of your cancer treatment (compared to a situation
where the application would not have been used)?

28 (90)Yes

3 (10)No

0I cannot say

Have you benefited from using the Kaiku Health application?

19 (61)Yes

1 (3)No

11 (36)I cannot say

Would you recommend the use of the Kaiku Health application in cancer care follow-up?

29 (94)Yes

0No

2 (7)I cannot say

Correlations Between Patient-Reported Symptoms
and Treatment Benefit
Correlations between ePRO-collected symptoms were analyzed
using heat maps. According to the results, the symptom
correlations during the first 12 weeks and beyond were very

similar (Figure 2). During the first 12 weeks, large positive
correlations were seen between nausea, diarrhea, loss of appetite,
and vomiting; stomach pain and decreased appetite; and rash
and itching. Only small negative correlations were detected
between cough and vomiting, itching and chest pain, and itching
and fever (Figure 2A).
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Figure 2. Correlation analysis between different symptoms and treatment benefit (complete response, partial response, or stable disease as a best
response) using heat maps during the (A) first 12 weeks of follow-up and (B) entire study. The color intensity signifies the correlation strength (0.5,
large effect; 0.3, medium effect; 0.1, small effect): red, negative correlation; blue, positive correlation.

Of the 37 patients, 34 were evaluated for objective treatment
response (RECIST 1.1) by the investigators and included in the
treatment benefit analysis. Of the 34 patients, 22 (65%) patients
had complete response (CR), partial response (PR), or stable
disease (SD) as the best response, while 12 (12/34, 35%) patients
had progressive disease (PD). The heat map analysis suggested
a small positive correlation between clinical benefit (CR/PR/SD)

and itching (0.23 for the first 12 weeks, Figure 2A; 0.25 for all
data, Figure 2B) and medium correlations between PD and chest
pain (–0.41 for the first 12 weeks, Figure 2A; –0.47 for all data,
Figure 2B). We further analyzed symptom progression and
severity for itching and chest pain. During the first 12 weeks,
15-23% of the patients with clinical benefit reported itching,
while the rate was much lower for patients with PD (0-14%;
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Figure 3). Furthermore, the average grade was much higher for
patients with clinical benefit (weeks 1-12, 0.26-0.37; all 12
weeks, 1.18) compared to patients with PD (weeks 1-12, 0-0.17;
all 12 weeks, 0.75; Table 6). For the complete follow-up period,
most of the patients with clinical benefit had itching (14/22,
64%), while this was much lower for patients with PD (4/12,
33%; Figure 3). The severity of itching for the patients with
clinical benefit was mainly low grade (grade 1: 6/22, 27%; grade

2: 4/22, 18%; Figure 3). During the complete follow-up period,
chest pain was much more common in patients with PD (7/12,
58%) than in the patients with clinical benefit (4/22, 18%; Figure
4). In the first 12 weeks, patients with PD had a tendency for
gradually increasing average grades for chest pain; conversely,
a continuing decrease in the average grade was seen for patients
who responded to the therapy (Table 6).

Figure 3. Distribution of the symptom grades reported on the symptom questionnaires during the first 12 weeks for itching for (A) all patients, (B)
patients with complete response (CR)/partial response (PR)/stable disease (SD), and (C) patients with progressive disease (PD).
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Table 6. Average grade of itching and chest pain reported by patients.

Chest painItchingWeeks

PD (n=12)CR/PR/SD
(n=22)

Entire sample
(n=34)

PDd (n=12)CRa/PRb/SDc

(n=22)

Entire sample (n=34)

0.040.090.060.000.260.16Weeks 1-2

0.130.110.110.170.290.24Weeks 3-4

0.110.040.060.050.300.22Weeks 5-6

0.330.030.130.140.370.28Weeks 7-8

0.220.000.070.000.300.20Weeks 9-10

0.440.030.150.000.330.24Weeks 11-12

1.330.320.620.751.180.97All 12 weeks

aCR: complete response.
bPR: partial response.
cSD: stable disease.
dPD: progressive disease.
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Figure 4. Distribution of the symptom grades reported on the symptom questionnaires during the first 12 weeks for chest pain for (A) all patients, (B)
patients with complete response (CR)/partial response (PR)/stable disease (SD), and (C) patients with progressive disease (PD).

Discussion

According to previous studies, ePRO follow-up has improved
survival and quality of life compared to routine surveillance
when used with cancer patients receiving chemotherapy and
lung cancer patients treated with curative intention [15,16].
However, the ePRO approach remains virtually unstudied in
the context of cancer immunotherapies [33]. For optimal

follow-up of patients receiving ICIs, there is a need for
comprehensive assessment, grading, and long-term surveillance
of symptoms. ePROs could provide a cost-effective follow-up
tool to meet these 3 requirements. We previously reported a
retrospective pilot study of ePRO follow-up of cancer patients
treated with ICIs [34]. To our knowledge, this study is the first
prospective clinical trial investigating ePRO follow-up of cancer
patients treated with anti-PD-(L)1 therapies.
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In this study, we used an ePRO module with 17 questions and
an algorithm grading the PROs according to NCI-CTCAE. The
questionnaire was designed specifically for patients receiving
ICIs based on the published side effect profile of these agents.
The symptom variety based on patient reporting and the grading
algorithm performed well, and the symptom data followed
closely what has been reported in clinical trials investigating
ICIs. A recent meta-analysis with more than 20,000 patients
suggested that fatigue (18%), itching (11%), and diarrhea (9%)
are the most common AEs reported in patients treated with
anti-PD-(L)1 agents [35]. The incidence of AEs in clinical trials
are generally lower than in our study, which might be related
to better capture of patient-reported low-grade symptoms, which
are often overlooked in physician-based AE reporting in clinical
trials [36-42].

In the present study, the symptom questionnaire was also
coupled to an urgency algorithm, which generated alerts in 17%
of the answered questionnaires during the first 12 weeks. Loss
of appetite and fatigue were among the most common symptoms
generating alerts. These symptoms very rarely alter the cancer
treatment, and symptomatic treatments are scarce. Furthermore,
physicians determined that most of the alerts were caused by
unclear reasons, which is probably related to the high frequency
of symptoms with unclear etiology. Fine-tuning of the alerts to
focus not only on the symptom grade but also the nature of the
symptom could lower the number of alerts and staff workload
without sacrificing the performance of ePROs.

Patient adherence to and experience with ePRO follow-up was
found to be very good in this study. The patients were requested
by email to complete symptom questionnaires weekly, and the
number of completed questionnaires was very close to one per
patient per week for the first 12 weeks. Based on the patient
experience surveys, the system was easy to use, and patients
felt that ePRO follow-up improved their cancer care, which is
in line with previous studies [40,41].

Our previous retrospective study with patients treated with ICIs
suggested that some ePRO-reported dermatological,
gastrointestinal (GI), and pulmonary symptoms co-occur [34].
Similarly, we saw large positive correlations between treatment
response and GI symptoms as well as between treatment
response and dermatological symptoms. Furthermore, the data
showed small negative correlations between pulmonary
symptoms and some GI symptoms and between itching,
pulmonary symptoms, and fever. In our previous retrospective
study, which did not include data on the treatment responses,

we generated a hypothesis that GI and skin symptoms might be
related to immune activation and treatment benefit, while
pulmonary symptoms could signal tumor progression. Since
this study also included data on treatment benefit, it enabled us
to investigate our hypothesis. The results showed that there was
a small positive correlation between treatment benefit
(CR/PR/SD) and itching (ePRO) and between PD and chest
pain (ePRO). Previous studies have linked autoimmune skin
toxicity (rash) to PD-1 agent benefit [43-45]. Our results are
hypothesis-generating while suggesting that ePRO-collected
symptom data can mimic physician-assessed symptoms and
correlate with treatment benefit. Furthermore, compared to
physician-based AE reporting, it is possible that ePROs enable
enhanced capturing of low-grade AEs without visible
presentation such as itching and therefore facilitate predicting
clinical treatment benefit.

ePROs enable cost-effective capture of symptoms and their
change over long periods [46]. Changes over time might better
predict treatment side effects and benefit than just a single
presentation of a symptom. Furthermore, data from this study
showed that early (in the first 12 weeks) changes in symptoms
correlate with treatment benefit as well as symptoms from the
whole follow-up period. This further highlights the possibility
that early changes in symptoms predict outcomes. Large-scale
symptom data coupled with treatment benefit and side effects
could be used to build prediction models using artificial
intelligence methods. These models could predict an individual’s
risk for symptom development, treatment-related side effects,
and treatment benefit.

Our study has some limitations. The sample size is small (n=37);
however, the size is typical for feasibility studies. The small
sample size prevents us from making strong generalizations
based on the data. The one-arm design of the study precludes
comparison of the effectiveness of the intervention. However,
we feel that our study is important since it lays the groundwork
for future studies on the topic.

In conclusion, this study is the first reported prospective clinical
trial investigating the use of ePROs in the follow-up of cancer
patients treated with ICIs. The results of this study suggest that
follow-up of cancer patients using ePROs is feasible, enabling
comprehensive capturing of symptoms over long periods with
good patient adherence and satisfaction. Moreover, some early
patient-reported symptoms were found to correlate with
treatment benefit suggesting that individual prediction models
for treatment benefit could be generated.
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Abstract

Background: Developing a digital health innovation can require a substantial amount of financial and human resource investment
before it can be scaled for implementation across geographical, cultural, and health care contexts. As such, there is an increased
interest in leveraging eHealth innovations developed and tested in one country or jurisdiction and using these innovations in local
settings. However, limited knowledge exists on the processes needed to appropriately adapt digital health innovations to optimize
their transferability across geographical, cultural, and contextual settings.

Objective: We report on the results of an adaptation study of Horyzons, a digital health innovation originally developed and
tested in Australia. Horyzons is designed to prevent relapses and support recovery in young people receiving services for
first-episode psychosis (FEP). The aim of this study is to assess the initial acceptability of Horyzons and adapt it in preparation
for pilot testing in Canada.

Methods: This research took place in 2 specialized early intervention clinics for FEP, located in 1 urban and 1 urban-rural
setting, in 2 Canadian provinces. A total of 26 participants were recruited: 15 clinicians (age range 26-56 years) and 11 patients
(age range 19-37 years). Following the digital health adaptation framework developed by our team, we used a mixed methods
approach, combining descriptive quantitative and qualitative methods across 3 stages of data collection (focus groups, interviews,
and consultations), analysis, and adaptations.

Results: Overall, patients and clinicians appreciated the strengths-based approach and social media features of Horyzons.
However, participants expressed concerns related to implementation, especially in relation to capacity (eg, site moderation, crisis
management, internet speed in rural locations). They also provided suggestions for adapting content and features, for example,
in relation to community resources, volume of text, universal accessibility (eg, for individuals with limitations in vision), and
optimization of platform accessibility through mobile devices. Additional aspects of the innovation were flagged for adaptation
during the final stages of preparing it for live implementation. These included terms of use, time zone configuration to reflect
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local time and date, safety and moderation protocols, the need help now feature, and the list of trigger words to flag posts indicative
of potential risk.

Conclusions: In the context of the COVID-19 pandemic and public health guidelines for social distancing, there is an increasing
interest and need to leverage the internet and mobile technologies for delivering youth mental health services. As countries look
to one another for guidance on how to navigate changing social dynamics, knowledge on how to utilize and adapt existing
innovations across contexts is now more important than ever. Using a systematic approach, this study illustrates the methods,
processes, results, and lessons learned on adapting a digital health innovation to enhance its local acceptability.

International Registered Report Identifier (IRRID): RR2-10.2196/resprot.8810

(JMIR Form Res 2020;4(10):e19887)   doi:10.2196/19887

KEYWORDS

psychotic disorders; mental health; telemedicine; young adult; mental health services; cultural adaptation; mobile phone; e-mental
health; virtual care; schizophrenia; e-health

Introduction

Digital Health Adaptations
Health service providers, community organizations, and
consumers are increasingly looking toward leveraging digital
health/eHealth innovations developed and tested in one part of
the world (eg, country, state, region) for importation and use in
their local communities. This approach can help reduce
duplication of efforts and make better use of investments from
the public, private, and philanthropic sectors of the community
[1]. At the same time, little is known about the optimal processes
involved in adapting digital health innovations when
implementing them across geographical, cultural, and other
types of contexts [1,2].

A digital health (eHealth) adaptation refers to a “systematic,
purposeful, and collaborative process of making changes” to a
digital health innovation to increase its “relevance and
acceptability” for a local community [1]. Building on the
adaptation models from the education, psychology, and
technology fields, eHealth adaptation involves the consideration
of factors such as language, culture, and context [1,3,4] when
tailoring innovations for use in local settings. The ultimate
purpose of adaptation is to increase the likelihood for an
innovation to have value and impact for the population it is
being adapted for. This is in alignment with the current
guidelines for developing and evaluating complex interventions
that highlight the importance of adapting interventions to local
settings to improve their impact potential [5].

Indeed, within the broader mental health literature, previous
studies have indicated that interventions originally designed for
a population and adapted to the cultural and contextual needs
of another population can yield better outcomes than providing
those interventions to the same population without adaptation
[2,6-8]. However, there are inconsistencies in terms of the extent
of adaptations reported across studies [2]. There are also
challenges in reviewing the effectiveness of adapted eHealth
innovations given the limited consensus on guidelines, methods,
and processes for adaptation and limited documentation on the
adaptations undertaken by researchers when transporting or
importing digital health innovations across contexts [1].

The Horyzons Platform
In a previous paper, we reported on a digital health adaptation
framework and research protocol for adapting Horyzons, an
innovative digital mental health intervention that was originally
developed and tested in Australia, in preparation for a pilot
implementation study in Canada [1]. Horyzons is a web-based
application powered by the Moderated Web-Based Social
Therapy (MOST) system. MOST consists of interactive and
strengths-focused psychosocial interventions, web-based social
networking, and clinical and peer moderation. By tailoring the
therapy content to target the treatment of specific conditions
and adding any required code customizations, the flexible MOST
platform enables the setting up of individual sites for a variety
of mental health cohorts. Horyzons is a MOST-based
intervention originally designed for cohorts of young people
recovering from first-episode psychosis (FEP). The original
version of Horyzons was developed iteratively over 30 months
following participatory design principles and user-centered
methodologies by an interdisciplinary team of experts in
collaboration with young people receiving specialized early
intervention (SEI) services for FEP [9].

Horyzons has been tested on a sample of 20 young Australian
adults for its feasibility, acceptability, utility, and safety [9,10],
and more recently, it has been pilot-tested in other international
contexts [11]. There is also a randomized controlled trial of
Horyzons [12] that was completed in 2018 and is currently
undergoing data analysis. In addition, the MOST platform has
been improved and adapted to address the needs of young people
and their caregivers across the diagnostic spectrum [13-17].
Further details on the Horyzons platform and its core features
are provided in our research protocol detailing phase 1 of our
international research program [1].

Objectives
The objectives of phase 1 were to assess the initial acceptability
of Horyzons and adapt it in preparation for phase 2 pilot testing
in Canada. In this paper, we report on the results of our phase
1 adaptation study.
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Methods

Study Design and Setting
This study applied a mixed methods approach, combining
descriptive quantitative and qualitative methods. The research
took place in 2 SEI clinics for FEP, located in 1 urban and 1
small urban-rural setting in 2 Canadian provinces (Quebec and
Ontario). Both programs provide a comprehensive range of
services for young people diagnosed with FEP and follow best
practice guidelines [18,19]. Ethics approval was first obtained
from the ethics review board of the primary recruitment site
before seeking and obtaining approval from the ethics review
board of the secondary site.

Participants
All participants (clinicians and patients) provided written
informed consent before participating in the study. Eligibility
criteria for patients were as follows: diagnosed with a psychotic
disorder, within their first 3 years of treatment, currently in
treatment, considered to be symptomatically stable and capable
of participating in focus groups as judged by their primary
treating clinician, 18 years of age or older, and the ability to
speak and read in English. Eligibility criteria for clinicians were
psychiatrists, case managers, or other health care professionals

with a minimum of 2 years of experience working in the field
of SEI for FEP and regularly involved in delivering services to
youths with FEP.

Adaptation Framework and Data Collection
The adaptation framework informed the data collection methods
and processes. The framework is organized by 3 objectives and
stages: (1) assess the initial perspectives of service users and
providers of the eHealth intervention (before any modifications)
following a brief orientation to the website, (2) assess the
perspectives of the eHealth intervention following an extended
exploration of the website, and (3) adapt the eHealth intervention
on the basis of feedback from key stakeholder groups (while
respecting its core therapeutic elements and principles and
considering feasibility). Further details on the methods and
processes of the eHealth adaptation framework are described
in our previous protocol publication [1].

Data collection included a sociodemographic and technology
use questionnaire, focus groups, and written feedback forms
(Table 1). Sociodemographic and technology use questionnaires
were used to ascertain the sociodemographic features of the
participant sample (for both clinicians and patients) and to better
understand their baseline access to and experience with
technology.

Table 1. Summary of data collection activities.

Data collection activitiesParticipantsStage

Sociodemographic and technology use questionnaire11 patients: 6 urban, 5 urban-rural1

Exploration of beta version of the web portal and focus group discussion (90-120 min). In-
cludes the following steps:

15 clinicians: 10 urban, 5 urban-rural

• Assigned to individual computer stations and provided user access
• Orientation to the web portal
• Individual exploration of the web portal
• Individual feedback forms, for example, general impressions; usefulness, safety, and

support; design, layout, navigation; accessibility; and organizational capacities (the
latter pertaining to clinicians only)

• Group discussion

Personal extended exploration of beta version of the site, including the following steps: Up
to 120 min over a 2- to 4-week duration from a personal computer, guided by a set of instruc-
tions on activities to complete; completion of the feedback form on personal impressions
and suggestions for modifications and adaptations

6 patients: 4 urban, 2 urban-rural;

4 clinicians: 3 urban, 1 urban-rural

2

With clinicians: individual consultation interview and follow-up meetings to review and
complete recommended adaptations

4 clinicians: 2 urban, 2 urban-rural3

With patients: reviewing modifications and completion of the feedback form2 patients: 1 urban, 1 urban-rural

In alignment with our eHealth adaptation framework, data
collection was conducted in 3 iterative stages by a research
assistant (LR). Clinicians and patients participated in all the 3
stages in separate groups. In the first stage, all participants were
invited to complete the sociodemographic and technology use
questionnaire, followed by an exploration of the web portal
within the context of a focus group discussion (see Multimedia
Appendix 1 for the visual setups of the group discussion).
During the focus group, participants were asked questions on
likes and dislikes of the platform, helpfulness of the content
and features, how engaging the platform is to use, factors that
could reduce motivation, platform safety, thoughts on the
supports offered, design and layout, ease of use,

difficult-to-understand words or expressions, and suggestions
for adaptations (eg, language, metaphor, ease of use, content).

The second stage consisted of personal exploration of the
platform. All participants were given log-in access to the
platform. They were invited to explore its content and features
over a 2- to 4-week duration on their personal computer,
complete a set of activities on the platform, and fill out a
personal feedback form regarding their comments and
suggestions for adaptations. Feedback topics included items
such as appropriateness of language; likes, dislikes, facilitators,
and barriers; usefulness; safety; design and ease of use;
therapeutic alignment; and organizational factors. Clinicians
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and patients were encouraged to explore 4 features, activities,
or modules to evaluate (2 preselected by researchers, for
clinicians these were preselected on the basis of their area of
expertise, and 2 selected by the participants). Clinicians provided
written feedback for each activity that included suggested
adaptations, reasons why the adaptations were important, and
general comments. Patients provided written feedback related
to each activity regarding content; difficult-to-understand
sentences or words; and likes, dislikes, and general comments.
Patients were also asked additional questions regarding other
activities they tried on the website, their comments on those
other activities (eg, likes, dislikes, recommendations for change),
and any additional comments or suggestions.

In the third stage, we conducted individual consultation
interviews with clinicians to complete the recommended
adaptations and interviews with patients to review the
adaptations. This process was iterative in the sense that it
involved back and forth communication with participants and
revisions to arrive at a satisfactory version of the adaptations.

Data Management and Analysis
Quantitative data from the sociodemographic and technology
use questionnaires were analyzed using simple descriptive
statistics (counts and percentages). In terms of data management,
the qualitative data from the focus group discussions were
recorded and transcribed verbatim and written feedback
responses from the focus group and the extended exploration
phase were organized into tables. The qualitative data were
managed using Atlas.ti (version 7.5.6; ATLAS.ti Scientific
Software Development GmbH), which supported the coding

and analysis process. First, a preliminary coding framework
was developed on the basis of the research objectives and initial
review and discussion of the data by SL and LR. Once the
coding framework was finalized (Multimedia Appendix 2), it
was systematically applied to all the data by LR. A synthesis
table of the data for each of the codes was then prepared per
site (including the participant ID, data source, and verbatim
citation) and themes were identified on the basis of patterns
within the data (ie, topic mentioned by a minimum of 3
participants). The coding was also audited by a second research
assistant who was not involved in the data collection and who
was asked to assign codes to the extracted data. This audit
process revealed minor discrepancies, which were discussed
among the research teams to arrive at a consensus. A final
review of the coding was then conducted by SL.

Results

Sociodemographic Characteristics
In total, 11 patients and 15 clinicians participated in this
adaptation study. More than half of the patients were males
(6/11, 55%) and between the ages of 19 and 25 years (6/11,
55%). The majority of patients reported completing a
college-level education or higher (8/11, 73%); engaging in
school, work, or caregiving activities (8/11, 73%); an annual
income of less than Can $14,999 (approximately US $10,499)
(9/11, 82%); and receiving specialized services for FEP for
more than 2 years (7/11, 64%; see Table 2 for additional details
on the sociodemographic characteristics of the patients).
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Table 2. Sociodemographic breakdown of patients (total=11; urban=6; urban-rural=5).

Values, n (%)Characteristics

Gender

6 (55)Male

4 (36)Female

1 (9)Other

Age (years)

6 (55)19-25

5 (45)26-37

Race

7 (64)White

3 (27)Two or more races

1 (9)Hispanic

Education (highest level completed)

1 (9)Less than high school

2 (18)High school

5 (45)College/vocational degree or diploma

2 (18)Bachelor’s degree

1 (9)Graduate diploma

Length of receiving services at urban or urban-rural site

4 (36)0-6 months

7 (64)>2 years

Current occupation

3 (27)Not in education, employment, or caregiving activities

5 (45)Working

1 (9)In school

2 (18)In school and working

Annual household income, Can $ (US $)

9 (82)Under 14,999 (10,499) per year

1 (9)15,000-29,000 (10,500-20,300) per year

1 (9)50,000 (35,000) and above per year

Current living situation

5 (45)Live alone

5 (45)Live with parent(s)/sibling(s)

1 (9)Live with partner and children

Current relationship status

8 (73)Single

2 (18)In a relationship

1 (9)Legally married

Access to a smartphone

9 (82)Yes

1 (9)No

1 (9)Other/sometimes
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Values, n (%)Characteristics

Access to a home computer

8 (73)Yes

3 (27)No

Use of the internet to search for mental health information, services, and support

8 (73)Once per week or less

1 (9)Once per week

2 (18)2 to 3 times per week

Use of social media to communicate with others

9 (82)Yes

2 (18)No

Frequency of use of social media

2 (18)Once per week or less

2 (18)2 to 3 times per week

5 (45)Daily

2 (18)N/Aa

Use of SMS text messaging to communicate with others

8 (73)Yes

3 (27)No

Frequency of use of SMS text messaging

1 (9)2 to 3 times per week

7 (64)Daily

3 (27)N/Aa

Use of email to communicate with others

9 (82)Yes

2 (18)No

Frequency of use of email

1 (9)Once per week or less

1 (9)Once per week

2 (18)2 to 3 times per week

5 (45)Daily

2 (18)N/Aa

To what extent do you feel competent in using a computer

0 (0)Not competent

0 (0)Somewhat not competent

4 (36)Neutral

4 (36)Somewhat competent

3 (27)Very competent

To what extent do you feel competent in using social media to communicate with others

1 (9)Not competent

0 (0)Somewhat not competent

2 (18)Neutral

5 (45)Somewhat competent
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Values, n (%)Characteristics

3 (27)Very competent

To what extent do you feel competent in searching the internet for mental health information, services, and supports

0 (0)Not competent

2 (18)Somewhat not competent

4 (36)Neutral

4 (36)Somewhat competent

1 (9)Very competent

aN/A: not applicable.

In terms of patient access, use, and perceived competence with
technology (Table 2), the majority (9/11, 82%) had access to a
smartphone and to a home computer (8/11, 73%). Only a few
patients (3/11, 27%) reported using the internet to search for
mental health information, services, and supports once per week
or at least two to three times per week; more than half of the
patients reported using SMS text messaging (7/11, 64%) daily
and social media (7/11, 64%) daily or at least two to three times
per week to communicate with others. Three patients reported
not using SMS text messaging and 2 patients reported not using
social media for communication purposes at all. In terms of
perceived competence with technology, the majority of patients
reported feeling at least somewhat competent with respect to
using a computer (7/11, 64%) and using social media to
communicate with others (8/11, 73%). Slightly less than half
of the patients reported feeling at least somewhat competent
searching the internet for mental health–related content (5/11,
45%), and the remaining patients reported feeling neutral (4/11,
36%) or somewhat not competent (2/11, 18%).

With regard to clinicians, the majority were women (12/15,
80%), between the ages of 26 and 56 years, had a master’s
degree (9/15, 60%), and had a professional background in social

work (7/15, 47%) or nursing (3/15, 20%). Their duration of
time working in youth mental health services ranged from 2 to
16 years (see Table 3 for additional details on the
sociodemographic characteristics of the clinicians).

In terms of clinician access, use, and perceived competence
with technology (Table 3), the majority (14/15, 93%) had access
to a smartphone and all had access to a home computer. A little
over half of the clinicians (8/15, 53%) reported using the internet
to search for work-related mental health information, services,
and supports daily or at least two to three times per week. The
majority reported using SMS text messaging (13/15, 87%) daily,
and more than half reported using social media (10/15, 67%)
daily to communicate with others. In terms of perceived
competence with technology, approximately half of the
clinicians (7/15, 47%) reported feeling somewhat competent
when using a computer and social media, with 40% (6/15)
feeling very competent using a computer and 27% (4/15) feeling
very competent using social media to communicate with others.
Approximately 60% (9/15) reported feeling very competent
when searching the internet for mental health–related content,
and the remaining 40% (6/15) indicated feeling somewhat
competent with this activity.
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Table 3. Sociodemographic breakdown of clinicians (total=15; urban=10; urban-rural=5).

Values, n (%)Characteristics

Sex

3 (20)Male

12 (80)Female

Age (years)

7 (47)26-40

8 (53)42-56

Race

14 (93)White

1 (7)Asian

Education (highest level completed)

3 (20)College/vocational degree/diploma

2 (13)Bachelor’s degree

9 (60)Master’s degree

1 (7)Medical degree

Professional discipline

1 (7)Psychology

1 (7)Psychiatry

1 (7)Human relations

2 (13)Occupational therapy

3 (20)Nursing

7 (47)Social work

Length of time working in youth mental health services (years)

4 (27)2-5

6 (40)6-10

5 (33)11-16

Access to a smartphone

14 (93)Yes

1 (7)Other/sometimes

Access to a home computer

15 (100)Yes

Use of the internet to search for work-related mental health information, services, and supports

7 (47)Once per week or less

2 (13)2 to 3 times per week

6 (40)Daily

Use of social media to communicate with others

12 (80)Yes

3 (20)No

Frequency of use of social media

2 (13)2 to 3 times per week

10 (67)Daily

3 (20)N/Aa
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Values, n (%)Characteristics

Use of SMS text messaging to communicate with others

15 (100)Yes

Frequency of use of SMS text messaging

1 (7)Once per week or less

1 (7)2 to 3 times per week

13 (87)Daily

Use of email to communicate with others

14 (93)Yes

1 (7)No

Frequency of use of email

4 (27)Once per week or less

3 (20)2 to 3 times per week

7 (47)Daily

1 (7)N/Aa

To what extent do you feel competent in using a computer

0 (0)Not competent

1 (7)Somewhat not competent

1 (7)Neutral

7 (47)Somewhat competent

6 (40)Very competent

To what extent do you feel competent in using social media to communicate with others

1 (7)Not competent

2 (13)Somewhat not competent

1 (7)Neutral

7 (47)Somewhat competent

4 (27)Very competent

To what extent do you feel competent in searching the internet for mental health information, services, and supports

0 (0)Not competent

0 (0)Somewhat not competent

0 (0)Neutral

6 (40)Somewhat competent

9 (60)Very competent

aN/A: not applicable.

Perspectives on the Digital Health Innovation
The results from the focus groups and written feedback from
the extended explorations are organized according to the
following themes: (1) appreciating the therapeutic approach and
relatability of Horyzons; (2) diverging opinions on design,
layout, and ease of navigation; (3) being concerned about
implementation; and (4) providing suggestions for changing
content and features. The following sections provide further
details on each of these themes with illustrations through
participant quotes. Quotes are labeled with ID codes that
represent the stakeholder group (ie, patient, P, or clinician, C).

Given the small sample size, we removed gender and site-level
identification to protect the anonymity of the participants.

Appreciating the Therapeutic Approach and Relatability
of Horyzons
Overall, the majority of patients (10/11, 90%) and all clinicians
(15/15, 100%) expressed appreciation of the platform in terms
of its therapeutic approach (eg, related to content, activities,
social media features) and relatability for young people,
including those that have experienced FEP. For example, in
terms of relatability, patient participants stated:
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The website does a nice job of outlining scenarios
that are very relatable as well as steps for how to deal
with these different instances. [P1]

I enjoyed reading people’s stories because it is from
a trusted site and it was interesting to see stuff I could
relate to from their story. [P2]

Similarly, clinicians mentioned that the stories of characters
presented on the website “provided a relatable way to deliver
psychoeducation about psychosis,” (C1) and that the content is
relatable for youth:

It’s more of a general site for everybody, which I think
is good. And I get the impression that these are
general topics that young adults and young
adolescents anyway would talk about. [C2]

Positive comments about Horyzons were made by both
clinicians and patients in reference to its content,
strengths-focused activities, and social media features. In terms
of content, clinicians commented that the platform was
informative, for example:

As a platform for information, I think it’s fantastic
and I think our client, from entry to exit, could easily
benefit from this. [C3]

Patient participants highlighted their interest in topics addressed
in the website:

I liked the content itself. I find it interesting topics
and stuff. [P3]

Across both stakeholder groups, participants expressed
appreciation for how content was presented and organized, in
relation to tips, things to do on the website, and multimedia:

I appreciate the videos and audio tracks, not everyone
wants to read a lot of material. It is easier to follow
audio tracks also for certain types of exercises. [C4]

I found the tips helpful. [P4]

I found that since there are lots of [activities], like it
can help many people. [P5]

Clinician and patient participants also linked the therapeutic
value of the platform to evidence-based psychosocial therapies
such as cognitive behavioral therapy and mindfulness therapy:

It’s like CBT! … tips to change your behav[iour], to
improve your wellbeing. [P7]

Good ‘training’ on affective regulation, mindfulness
in an understandable and user-friendly way. [C1]

In terms of the strengths-based approach, patients and clinicians
highlighted the personal strengths card sorting activity conducted
at the beginning of the website intervention:

I can see how this would make someone feel pretty
positive about themselves … because there’s so many
to choose from, like ‘Wow! I have way more than 5
top strengths! [C5]

Several of the participants (patients and clinicians) reacted
favorably toward the social media and community features of
the platform and expressed appreciation of how they resembled

mainstream social media, such as Facebook (P8; C6) and how
the website includes clinical moderation with peer networking:

Mixing the community part with the like helping part.
I think that’s a good idea. [P5]

Patient participants highlighted the value of these features in
relation to accessing peer support:

Lets people know that other people experience similar
things. [P10]

Being able to talk to other people that have or are
going through similar things. [P11]

We can exchange with others on certain
subjects/share stories. [P7]

In addition, clinicians commented that Horyzons could be a
useful resource when patients start receiving specialized services
for FEP in addition to transitions between services. For example,
one clinician explained how the site could help patients stay
engaged in their treatment:

The stories and explanations are great and
could…encourage newly admitted FEP clients to
maintain their treatment, alliance building, etc. [C3]

Diverging Opinions on Design, Layout, and Ease of
Navigation
Participants across both groups reported contradicting opinions
on the design, layout, and navigation. For instance, some
appreciated the calm and neutral look of the site. One patient
explained:

I like that there’s nothing that’s too distracting on it
[P3]

Others would have preferred a more colorful design or sounds
to certain features for a more dynamic and interactive
experience. Only 1 patient raised general issues with respect to
navigating the site, in contrast to several clinicians who
expressed challenges navigating information on the site. For
example, clinicians expressed that there was a lot of text to
navigate on the platform, that the exploratory navigation style
of the platform may lead to some users disengaging from the
site, and that the organization of content could be better
organized:

It would be more useful for the content to be
organized under clear headings rather than have to
sift through what has been posted on the main wall.
[C7]

Being Concerned About Implementation
Clinicians raised several concerns about its implementation.
These concerns pertained to patient safety, clinical moderation,
and internet connectivity. For example, clinicians raised
concerns about the respectful use of the site:

I wonder what the “café” comments and other
comments from users will look like. Will they be
respectful? There could be some occasional problems.
[C1]

Clinicians also voiced concerns about users witnessing others
on the site going through a crisis, crisis response management,
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integration of moderation into clinical workflow, and new roles
and expectations (eg, in relation to web-based moderation and
web-based crisis management response). Regarding the latter,
some clinicians were concerned that if web-based moderation
of the site became a part of their workday, it would take away
from their duties as a case manager:

I think there is a certain amount of time that a
clinician will have to look through it. So, whatever
time they are spending doing that, it is time they are
not actually doing case managing…personally, for
me, it is not the type of work I would do with my
clients. [C7]

Clinicians also expressed concern regarding technology
infrastructure. Participants from the urban-rural setting
experienced navigation and uploading difficulties due to a very
slow internet connection. They highlighted that having internet
connectivity issues was common in their setting and something
that will need to be considered in a live implementation scenario:

Our internet is not going to be like it is in the city…
but that’s something that they’re gonna have to think
about, right? Because it is really really different
access here. [C9]

Patients also raised concerns about access and safety. They
reported that some individuals may not want to connect with
others on the web, “they might prefer to deal with their problems
more privately” (P1); might have limited access to the
technology needed to participate on the site, “access to the
internet/computer capable of using the site” (P11); or might be
deterred from using the site due to their psychosis symptoms,
“fear of being tracked about what is being said or done (paranoia
for some youth)” (P11) or due to concerns “about online
bullying” (P11). They offered several strategies to promote
engagement with the platform, including having its use:

Encouraged by their doctor or peers. [P1]

Making the site cell phone accessible. [P11]

Putting stories on there about successful recovery
(normal people and celebrities alike). [P11]

Recommending Changes to Content and Features
In terms of recommendations for adaptations, patient (4/11,
36%) and clinician (13/15, 86%) participants provided various
suggestions. Mostly, these pertained to making
Canadian-specific adaptations to content on finding work, study,
and volunteer opportunities (job interviews, job-finding tools,
job hunting and study searching, work, study, and life) and
content on postdischarge care (finding a doctor, paying for
postdischarge support, and support after discharge). They also
recommended having the audio tracks read by individuals with
a Canadian accent (vs Australian) and adding content pertaining
to physical health (eg, adding a section on sleep hygiene),
medication use and side effects, aptitude tests and self-rating
scales, information on nondistressing psychosis, and links to
other websites and resources:

Definitely agree that there needs to be more resources
connected to the website. So, you know, it’s not just

one mental health issue, it’s many issues, so it’s best
to know what’s out there. [P12]

In terms of the features of the site, clinicians recommended
reducing the volume of text and adding more audio tracks to
deliver the content, given that youths recovering from FEP can
have:

residual cognitive difficulties which could limit their
ability to read through text for extended time periods.
[C8]

Adapting the Digital Health Innovation
Subsequent to the data collection phases of this study, we
proceeded to develop the content for the module adaptations,
especially in relation to employment, education, and
postdischarge. This process was conducted iteratively (ie, back
and forth communications and reviews until a satisfactory
outcome was achieved) in consultation with four of the clinician
participants (2 urban and 2 urban-rural) and two of the patient
participants (1 urban and 1 urban-rural). With respect to the
topics of employment, study, and volunteer opportunities,
modifications were made to the following sections on Horyzons:
(1) job-finding tools, (2) job hunting and study searching, (3)
job interviews, and (4) work, study, and life. For example,
modifications were made to ensure that local organizations and
government agency services, resources, and links replaced the
Australian ones to reflect the local provincial and municipal job
market. Moreover, some of the content was adapted to Canadian
norms, for example, the do’s and don’ts of what is included in
a resume.

With respect to the topic of postdischarge, modifications were
made to the entire content, and the sections were named as
follows: (1) getting provincial health insurance, (2) finding a
family doctor, and (3) postdischarge follow-up. Clinician
participants suggested that the text in these modules be presented
using flowcharts and tables, and they participated in the
development and visual representation of this content. For
example, for the module on postdischarge, one clinician
suggested a table to organize information that provides patients
with a brief description of the 3 types of postdischarge follow-up
care that are available to them depending on their needs.

Once a preliminary version of the adaptations was completed,
it was shared with the patient participants along with a feedback
form and a brief survey. One patient participant from each site
completed the feedback form and the survey, and both expressed
that they perceived the job-related modules to be helpful and
informative. The patient participants also provided additional
recommendations at this stage, such as modifications to the
sample resume in terms of using “more specific or detailed
information” (P1); adding an example of cold emailing to
potential employers; expanding the section on what the
provincial employment sector “offers to help seek employment”
(P11); adding “more information on what is deducted from a
pay,” “what might constitute diminished capabilities at a place
of work,” and “how to balance work, school, and life so as to
not get over stressed and have a relapse” (P11).

With regard to the postdischarge modules, the patient
participants had limited feedback. One of the participants
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suggested including more information about transitioning from
disability support to gainful employment and how this relates
to health insurance. This same participant also commented on
needing more information pertaining to which type of
postdischarge setting (eg, family doctor vs secondary outpatient
psychiatry) would be most suitable for different circumstances.

Once the content of the adaptations was finalized, a separate
copy of the Horyzons platform was created for Canadian use
in which the adaptations were made, herein referred to as
HoryzonsCa. The platform has an inbuilt authoring system, so
that those responsible for localizing content can simply log on
to the system and make the changes themselves, with limited
need for technical support. We then began preparing for the live
pilot implementation study of HoryzonsCa. We decided to focus
the pilot study on the urban site, given the issues with internet
connectivity at the urban-rural site. This issue may be something
for the research team to consider for future projects in
community settings that have limited infrastructure in terms of
internet connectivity. The preparations for the pilot study
resulted in additional modifications to the following: terms of
use, setting the time to match our time zone (ie, Eastern Standard
Time), making the need help now button more apparent by
changing the font color to red and adapting the content of the
need help now page to the local context.

MOST contains a mechanism whereby client newsfeed postings
containing problematic words, as contained in a system word
list, are automatically blocked from being posted. This list of
words consists of both swear words and danger words (ie, words
indicating that the user is at risk). Postings with swear words
are blocked, and the user is prompted to provide an appropriately
reworded version of the post. Posts containing danger words
are automatically sent to a moderation quarantine, where they
are assessed by a moderator and either deemed okay and
released to the newsfeed or deemed problematic, prompting a
check in with the user. We translated the Australian list of words
to French and made any other culturally required modifications
even though the implementation was planned to be in English.
This is because many of the youths seen in the program are
bilingual, with their mother tongue being French. As such, it
was considered that some of these individuals might naturally
revert back to their mother tongue during crisis situations and
moments of disinhibition. Thus, to increase the safety of the
platform, we added translated French words to the trigger list.
We also made changes to the moderation interface of the
platform, including the contact list, safety check and supervision
roster, and the structure and process for the moderators to
document their notes to fit with local practices (see Table 4 for
a summary of the adaptations made to the Horyzons platform).
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Table 4. Summary of adaptations.

Adapted versionParticipant feedbackOriginal features

Keep the structure and integrate the
local content

Job-finding tools module • Canadian do’s and don’ts of writing a resume and a cover letter
• A sample resume and cover letter

Keep the structure and integrate the
local content

Job-hunting and study-
searching module

• Description and links to provincial and local job-seeking sites, government
agencies, employment centers, major employers (eg, retail and fast food),
LinkedIn, recruitment agencies, student internships (for urban areas only),
web-based resources and career guides, career guidance professionals, and
finding volunteer work

• Deleted one section on a training and university program only relevant to
Australia

Keep the structure and integrate the
local content

Job interviews module • No modifications

Keep the structure and integrate the
local content

Work, study, life module • Description and link to the provincial employment guide
• Provincial and local answers to the drop-down menu of questions related

to pay and conditions, health, and work

Completely adapt the content and vi-
sual display of information to make
it locally relevant and easy to navigate

Finding a doctor module • New module name: Finding a family doctor
• Flowchart with yes and no questions with provincial content and links

Completely adapt the content and vi-
sual display of information to make
it locally relevant and easy to navigate

Paying for postdischarge
support module

• New module name: Getting provincial health insurance
• Flowchart with yes and no questions with provincial content and links

Completely adapt the content and vi-
sual display of information to make
it locally relevant and easy to navigate

Support after discharge
module

• New module name: Postdischarge follow-up
• Local postdischarge follow-up options detailed in a visual format

—aGeneral use and safety fea-
tures

• Adapted terms of use
• Changed to local time zone
• Enhanced the need help now button and integrated local content

—Moderation features • Translated Australian list of problematic words to French because local
youths taking part in the pilot phase may be bilingual, with their mother
tongue being French

• Adapted the following to local content and practices: contact list, safety
check, supervision roster, and structure and process for moderators’ notes

aParticipants did not give specific adaptation feedback on the topic.

Discussion

Principal Findings
Overall, the HoryzonsCa beta version was well received by both
patient and clinician participants. In particular, they appreciated
the strengths-based therapeutic approach of the platform and
considered the content and social media features to be supportive
of the recovery process. Their interest and positive comments
about this digital health innovation provide us with the validation
for moving forward with a live pilot implementation study of
HoryzonsCa. Across the various stages of the adaptation study,
both clinician and patient participants provided different types
of comments, suggestions, and questions. Feedback offered
insights into attitudes toward the innovation, potential barriers
to its implementation, and adaptations to make before piloting
the intervention within a Canadian context. Some of the
suggestions from participants in this study are consistent with
those reported in previous research on Horyzons (eg, making
the intervention accessible via mobile devices) [11];
concurrently, many of the suggestions for adaptations and

improvement are novel. This may be due to the qualitative nature
of our process, the elicitation of feedback from multiple
stakeholder groups (ie, clinicians in addition to patients), the
multiple opportunities given to reflect and contribute, the active
engagement of participants in the adaptation process, and the
factors related to context (eg, different characteristics of the
employment and health sector). In addition, many of our patient
participants had sociodemographic characteristics that may have
facilitated receptivity to Horyzons, for example, several had
high levels of education, which has been associated with active
use of the internet [20], seeking medical information on the web
[21], and the depth and breadth of engagement with web-based
interventions [22] among those with psychosis and other
psychotic disorders.

Beyond the content-specific modifications for Canadian
applicability, this adaptation study also highlighted several
issues for future consideration. First, we learned of the utility
of having a framework to guide the adaptation process. The
digital health innovation adaptation framework [1] that we used
was feasible to apply and provided a clear pathway for the
adaptation process. We also learned that digital health adaptation
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processes should incorporate multiple opportunities over time
for users to provide feedback on how a digital health innovation
can be optimized to address their needs. However, it is also
important to consider that tailored adaptations of a digital health
innovations across multiple settings and population groups may
raise challenges for managing the technology infrastructure on
the back end; this could be an area warranting consideration in
future digital mental health innovation research.

We also learned from this study that a multiple stakeholder
consultation approach to digital health adaptation can create
challenges in terms of meeting a diverse set of expectations.
We balanced this challenge by prioritizing adaptations that were
raised by multiple participants (ie, patterns) and through
collective reflection on which adaptations were necessary before
live implementation and which suggestions for adaptations
could be considered as secondary. It is also important to note
that none of the suggestions that were made jeopardized the
core features of the intervention (eg, peer support or clinician
moderation) nor its theoretical underpinnings (eg,
self-determination theory).

Second, it is important to consider the universal accessibility
of digital health innovations, including, for example,
accessibility to individuals with visual, cognitive, and physical
impairments. The latest version of the platform has begun to
address some of these issues, for example, by reducing the
amount of text and conveying information through visual media,
such as comic illustrations. Third, it is important to consider
that adaptations to a digital health innovation must align with
jurisdictional guidelines for privacy and security. Fourth, as
several participants outlined the lack of access to technology
infrastructure as a barrier, it is important to optimize or configure
the intervention for ease of navigation and access by
communities living in urban-rural, rural, and remote settings
with limited internet speed.

Finally, it is important to consider workforce capacity, training,
and readiness in terms of providing blended approaches to care
(eg, case management in person and on the web). With respect
to the latter, the concerns raised by clinicians regarding
moderating the site may be linked to limited knowledge and
experience with using technology-based interventions and
services. This lack of experience highlights the ongoing need
for continuing education and training on digital health for the

mental health workforce [23]. Aligned with this, it is also
important to consider whether clinical training materials to
implement digital health innovation need to be adapted for use
in a specific context. Furthermore, there may be a need to
consider new models for moderating digital health innovations
that combine the human resource capacity across a range of
stakeholders (eg, case managers, peer support workers, clinician
moderators).

Conclusions
With the majority of young people now using the internet, social
media, and mobile devices, the use of technology is an important
avenue for supporting recovery in young people experiencing
FEP. Research on the use of technology to deliver psychosocial
interventions is emerging within the field of early intervention
for psychosis [24-27]; however, less attention has been given
to how digital health innovations can be adapted across settings.
Our study addresses this gap and contributes to the growing
field of implementing digital health innovations within the
context of mental health service delivery. Specifically, this
adaptation study provides insights into the processes and
outcomes of adapting and testing an existing digital health
innovation for use in different contexts and health care settings.
Using a systematic approach, this study identified specific
aspects of a digital health intervention perceived by clinicians
and patients as being important to adapt to enhance the
contextual implementation and acceptability of the intervention.
Our next plan is to test the acceptability, safety, and potential
benefits (eg, clinical efficacy) of the adapted platform using a
live version of the site with a sample of 20 to 25 participants
over an 8-week follow-up period, with access to clinician and
peer support moderators. Finally, in the context of the
COVID-19 pandemic and public health guidelines for social
distancing, there is an increasing interest and need to leverage
internet and mobile technologies for delivering youth mental
health services. As countries look to one another for guidance
on how to navigate the changing social dynamics, knowledge
on how to utilize and adapt existing innovations across cultural
contexts is now more important than ever. Our study provides
insights into the processes and methods that can be used to
prepare for transporting a digital health innovation across
settings and geographical contexts and lessons learned through
this process.
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Abstract

Background: Self-guided web-based mental health programs are effective in treating and preventing mental health problems.
However, current engagement with these programs in the community is suboptimal, and there is limited evidence indicating how
to increase the use of existing evidence-based programs.

Objective: This study aims to investigate the views of people with lived experience of depression and anxiety on factors
influencing their engagement with self-guided web-based mental health (e–mental health) programs and to use these perspectives
to develop an engagement-facilitation intervention (EFI) to increase engagement (defined as both uptake and adherence) with
these programs.

Methods: A total of 24 community members (female=21; male=3) with lived experience of depression and anxiety or depression
or anxiety alone participated in 1 of 4 focus groups discussing the factors influencing their engagement with self-guided e–mental
health programs and the appearance, delivery mode, and functionality of content for the proposed EFI. A subsequent evaluation
survey of the focus group participants (n=14) was conducted to evaluate the resultant draft EFI. Data were thematically analyzed
using both inductive and deductive qualitative methods.

Results: Participants suggested that the critical component of an EFI was information that would challenge personal barriers
to engagement, including receiving personalized symptom feedback, information regarding the program’s content or effectiveness
and data security, and normalization of using e–mental health programs (eg, testimonials). Reminders, rewards, feedback about
progress, and coaching were all mentioned as facilitating adherence.

Conclusions: EFIs have the potential to improve community uptake of e–mental health programs. They should focus on providing
information on the content and effectiveness of e–mental health programs and normalizing their use. Given that the sample
comprised predominantly young females, this study may not be generalizable to other population groups. There is a strong value
in involving people with a lived experience in the design and development of EFIs to maximize their effectiveness.

(JMIR Form Res 2020;4(10):e22528)   doi:10.2196/22528

JMIR Form Res 2020 | vol. 4 | iss. 10 | e22528 | p.180http://formative.jmir.org/2020/10/e22528/
(page number not for citation purposes)

Gulliver et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

mailto:amelia.gulliver@anu.edu.au
http://dx.doi.org/10.2196/22528
http://www.w3.org/Style/XSL
http://www.renderx.com/


KEYWORDS

mental health; internet; anxiety; depression; technology; treatment adherence and compliance

Introduction

Common mental disorders such as depression and generalized
anxiety disorders are experienced by 5% to 10% of the
population each year [1-3]. Depression and anxiety can cause
high levels of disability and burden [4,5]; however, only
one-third of those experiencing a disorder seek professional
help [6]. Mental health programs delivered on the web (e–mental
health programs) have been proposed as a lower-cost alternative
to face-to-face therapy [7]. Web-based programs may be
particularly appropriate for those identified as at risk for mental
health problems or those with mild-to-moderate symptoms [8].
These programs are evidence-based, often as effective as
face-to-face therapy, and have the potential to lessen the impact
of many of the key barriers to seeking professional help,
including cost, stigma, and accessibility [9].

Barriers to Uptake and Adherence for eMental Health
Programs
Despite addressing some of these critical barriers, community
uptake of e–mental health programs is low [10,11]. Studies
based on primary care have reported rates of uptake between
3% and 25% [12]. Factors such as awareness of e–mental health
programs and community views on the effectiveness of
web-based versus face-to-face therapy could be fueling this lack
of uptake [13]. Accordingly, research has demonstrated a
preference in the community for face-to-face therapy over
e–mental health programs [11,14,15]. However, studies have
also shown that most people are willing and very few people
would refuse to try an e–mental health program [16,17]. Thus,
it is important to determine the factors that could explain the
lack of uptake in community settings. Overcoming these
implementation barriers is critical to gaining the maximum
benefit of e–mental health programs in the community. Public
campaigns have previously been used to raise awareness of
e–mental health programs [18]. However, there is a paucity of
evidence regarding the effectiveness of these campaigns and
other effective strategies for increasing uptake of e–mental
health programs.

Reported barriers to the uptake of self-guided e–mental health
programs include a lack of general education, cost of hardware
and internet access, and time demands [19]. Other potentially
modifiable barriers include acceptability of web-based programs
and knowledge of how to use technology [19]. Further research
has investigated the issue of acceptability barriers to e–mental
health programs [12]. The acceptability of these programs is
thought to be impacted by a wide range of attitudes, including
concerns about data security, anxiety about the internet in
general, belief that the programs will not work, poor attitudes
to help-seeking in general, a general lack of knowledge about
web-based programs, or concern that the programs are not
endorsed by health care authorities [9,12,14,19-22].

Poor adherence is also a common feature of self-help e–mental
health programs. Only about 56% of users completed their
assigned web-based program in trial settings compared with

85% in face-to-face settings and 65% in guided internet-based
cognitive behavioral therapy for depression [19]. Adherence is
even more problematic in naturalistic settings [23]. One study
indicated that only 1 in 3 community users completed a
minimum of one module with only 10% of the users completing
at least two modules out of 6 [24]. Reasons for poor adherence
are complex as the drop outs may be because of the lack of need
(eg, healthy users), symptom remission, lack of response to
treatment, lack of engaging or relevant content, or a high level
of symptoms that can interfere directly with the ability to engage
(eg, through low motivation or fatigue) [23-26]. Together, these
factors act as barriers to the widespread adoption of potentially
effective e–mental health programs, limiting the ability of these
technologies to deliver on their potential.

Engagement-Facilitation Interventions
This study adopts a model of engagement [27,28] that includes
both the initiation of the program (uptake) and its continued use
(adherence). Research on the theory of planned behavior [29]
suggests that if the factors affecting both uptake and adherence
in e–mental health programs are addressed, we might be able
to increase the overall engagement with these programs.
Acceptance-facilitation interventions (AFIs) have been described
as brief programs to increase acceptance of e–mental health
programs [12]. Using the theory of planned behavior, the goal
of AFIs is to alter subjective societal norms surrounding the
knowledge and use of e–mental health programs [12,30].
Engagement-facilitation interventions (EFIs) are related to AFIs.
AFIs aim to increase acceptability of internet interventions
among end users [12,31]. In contrast, EFIs aim to increase
engagement, which incorporates both uptake and adherence, by
addressing factors associated with the acceptability of internet
interventions and additional barriers to engagement, such as a
lack of time or perceptions that the benefits of the program are
not worth the investment [26]. One study found that the
acceptability of e–mental health programs for depression in a
primary care setting increased after watching a video-based EFI
[12]. However, another study using a video-based EFI for
increasing engagement with a chronic pain intervention did not
demonstrate increased engagement (uptake or adherence) [32].
It was argued that this failure to find an effect may have been
because of the sample’s overall high level of motivation before
the intervention [32]. Thus, there remains limited evidence on
the effectiveness of EFIs in increasing engagement with
e–mental health programs in the community. In addition,
although previous studies examining barriers to engagement
exist [16,26,33], very few qualitative studies with consumer
groups have been conducted, and there is a paucity of research
investigating the factors that facilitate the use of self-help
e–mental health programs for common mental disorders.

Consumer Involvement
There is widespread acknowledgment of the importance of
partnership in health and medical services with consumers who
are defined as people with lived experience of the health
condition of interest [34]. Effective involvement in research
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can be described as that which is appropriately chosen for the
task and the skills of both the involvers, in this case, the
researchers, and the involvees, the consumers [35]. It is noted
that, at a minimum, consultation with the target population in
the creation of a service is critical as it allows for tailoring and
an assessment of the appropriateness of the content, which can
also improve the uptake of and engagement with services [36].

This study brings together the latest evidence in e–mental health
program development and implementation and investigation of
the primary factors influencing the engagement of self-guided
e–mental health programs for consumers living in the
community. We define engagement as addressing both the
uptake and adherence to these programs. This study presents
the development and preliminary evaluation of an EFI based
on the results of a series of consumer focus groups. The resultant
EFI will be tested in a randomized controlled trial [37] to assess
its effectiveness in improving engagement with an existing
e–mental health program.

Objectives
The aim of this study is to investigate factors influencing
engagement (uptake and adherence) in e–mental health programs
in a community-based sample of those with lived experience
of depression and anxiety. The aim of generating this material

is to inform the development of a brief EFI for a specific
e–mental health program. The principles identified in the
development process may be used to guide the development of
a variety of future EFIs to maximize uptake and impact.

Methods

This study adheres to the Standards for Reporting Qualitative
Research reporting guidelines [38]. These are presented in
Multimedia Appendix 1.

Ethical Approval
Approval for the ethical conduct of the study was granted by
The Australian National University Human Research Ethics
Committee (ANU HREC 2018/257).

Participants
Table 1 presents the demographic characteristics of those who
participated in the focus groups and the evaluation survey. The
focus group participants were 24 community members aged
between 18 and 70 years, who were identified as having lived
experience of depression and anxiety or depression or anxiety
alone. Approximately 60% (14/23) of these members
participated in the evaluation survey.

Table 1. Participant demographic information for the focus groups and subsequent evaluation survey.

Evaluation surveya (n=14)Focus groups (n=24)Demographic data

Age (years)

31.6 (15.3)27.9 (12.4)Mean (SD)

18-7018-70Range

Gender, n (%)

14 (100)21 (87)Female

0 (0)3 (12)Male

Study status, n (%)

9 (64)15 (62)University student

5 (36)9 (37)Nonstudent

aThe survey participants were a subset of the focus group participants.

Recruitment
We recruited participants through advertisements posted in
various local community and university Facebook groups and
via direct email to local consumer and caregiver groups in the
Australian Capital Territory. We specifically sought to sample
a group of relevant consumers who would be a natural target
audience for an e–mental health program; this included targeting
a sample of young people via a university Facebook group.

Inclusion Criteria
To ensure that the group was relevant to the development of
the EFI, inclusion criteria listed the characteristics of our
targeted e–mental health program users. Participants were
required to be adults (aged 18 years or above) who
self-identified as having a lived experience of mild-to-moderate
depression or anxiety, with no severe distress or suicide plan at

present. Given the small number of participants, minimal
demographic information was collected to reduce the risk of
participants being identified.

Procedure

Focus Groups
We conducted 4 focus groups in July 2018 in Canberra,
Australia. A total of 24 adults participated across the 4 focus
groups (n=5, 8, 6, and 5), which ran for approximately 1-hour
each. The groups were moderated by author AG (a lived
experience researcher) and an assistant (NK, a research assistant
or LF, a mental health clinician). All participants provided
written consent to participate in the focus groups and completed
a brief demographic survey. Focus group participants were
advised of the respectful, voluntary, and confidential nature of
the discussion and its purpose. We conducted the groups
according to the principles of participatory design and iterative
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development, whereby the potential users of a product or service
are involved in its design [36]. Focus group discussions were
digitally recorded and transcribed by a professional transcription
service. A research assistant or clinician (NK or LF) recorded
field notes during the session. Gift cards of Aus $50 (US $35)
were distributed to thank participants for their involvement
before the discussion sessions.

Evaluation Survey
After the completion of the focus groups, the points discussed
were used to inform the development of a draft EFI. As a
separate stage of the research, we sent an email to focus group
participants inviting them to participate in a single focus group
to evaluate the resultant draft EFI. The demand for this final
group was unexpectedly high with 21 out of 24 participants
(21/24, 88%) expressing an interest. To maximize the data
collected from this final stage of the research, a web-based
survey was offered to collect the participants’ views. Out of the
21 interested participants who were sent a link to complete the
survey, 14 (67%) responded. They were sent an e–gift card of
Aus $35 (US $25) to thank them for their participation.

Data Collection

Focus Groups
Focus groups were selected as they can capitalize on the
interaction among participants to generate richer data than that
obtained from individual interviews [39]. However, a limitation
of this method is that depending on group dynamics, some
participants may find it difficult to voice their opinion. Thus, a
modified nominal group technique [40] was used to ensure that
all participants’ ideas could be heard. A phase of silent idea
generation [41] provided all participants with an opportunity
to provide ideas for what factors may increase or decrease their
engagement in e–mental health programs. This was followed
by a group discussion and then an individual ranking activity
to determine the relative importance of barriers to engagement,
which were previously discussed.

Multimedia Appendix 2 presents the list of focus group
questions for each of the 4 groups (groups 1-4). The discussions
were highly structured and based on predetermined topics
sourced by the authors from previous reviews of the literature
[9,12,14,19-21]. Participants were initially provided with a
verbal description and visual examples of self-guided e–mental
health programs to ensure clear understanding of the topic before
the discussion. Overall, 2 key topics were discussed in each
group, such as (1) factors decreasing (barriers) and increasing
(facilitators) their potential engagement in web-based
self-guided mental health programs and (2) preferences for EFI
content and presentation (eg, video, text, audio, presenters).

Multimedia Appendix 3 presents the written activities that were
also completed by participants within the focus groups. The
activities were designed to identify the most critical factors
decreasing (barriers) and increasing (facilitators) their
engagement in e–mental health programs. Participants were
instructed to write, on their worksheet, 3 things that might stop
them from engaging in a web-based self-guided mental health
program (activity 1, targeting both uptake and adherence) and
3 things that could help keep them engaged in a web-based

self-guided mental health program (activity 3, primarily
targeting adherence). They were also asked to rank their top 3
barriers to engaging in web-based self-guided mental health
programs by numbering them (1, 2, and 3) in the order of the
barriers they felt were the most important in stopping them from
engaging with these programs (activity 2, targeting both uptake
and adherence). Participants in focus groups 2 to 4 were also
presented with a basic EFI prototype to comment on, which
was iteratively developed based on the discussion and input of
previous focus groups.

Relevant probing questions were used to gather further details
where necessary. The researcher (AG) conducting the focus
groups used their lived experience to develop rapport with the
participants and to encourage open responses. The groups were
continued until the lead author was satisfied that theoretical
saturation of ideas about the factors influencing engagement
and design concepts for the EFI had occurred (no new insights
generated from the data) [42].

Evaluation Survey
Multimedia Appendix 4 presents the questions included in the
evaluation survey to gauge focus group participants’ opinions
on the draft EFI developed as a result of the focus groups. The
survey consisted of a range of quantitative and qualitative
measures assessing what the participants liked and disliked
about the EFI, what was missing from the EFI, the likely effect
the EFI would have on their decision to start and complete an
e–mental health program, their satisfaction with the EFI, and
identifying to whom the EFI may appeal.

Analytical Strategy
Thematic analysis [43] was used by the first author (AG) to
group key concepts into themes. For the ranking activity as part
of the modified nominal group technique, the relative importance
of the ranked barriers was assessed by reverse scoring the ranks,
which were then cumulated across participants and tabulated.
Thematic analysis of the focus group discussion on both factors
influencing engagement and the proposed presentation of the
EFI was primarily deductive. Structured questions that were
developed ahead of the focus groups based on previous literature
on engagement in e–mental health programs were used to
develop themes for key factors for inclusion in the EFI. This
was complemented by themes generated inductively from
written activities that were used to create thematic concept maps.
Data from the written activities are presented first, followed by
the focus group discussion on factors influencing engagement,
including the proposed presentation of the EFI. Finally, the
results of the evaluation survey that evaluated the draft EFI are
presented. To protect privacy, participants were identified using
a participant number.

Results

Focus Group

Written Activities

Factors Decreasing Engagement

Figure 1 presents a concept map of the factors that participants
identified as likely to decrease their engagement with self-guided
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e–mental health programs from written activities. The most
common factors or barriers to engagement identified were (1)
perception that the programs could not be sufficiently tailored
or personalized because of their web-based delivery (15/74,
20%), (2) perception of a lack of awareness about the existence

of web-based programs (14/74, 19%), (3) perception of
difficulties with self-motivation to complete a web-based
program (11/74, 15%), and (4) perception that e–mental health
programs may not work (9/74, 12%).

Figure 1. Factors proposed to decrease engagement from the written activity. Larger shapes indicate a greater number of factors reported in that theme.

Ranked Barriers to Engagement

Table 2 provides a summary of the ranked barriers to engaging
with an e–mental health program. Overwhelmingly, the most

highly ranked factor was related to not knowing whether the
program would help them. This was followed by a general lack
of awareness of e–mental health programs.
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Table 2. Barriers to engaging in e–mental health programs as ranked by participants in the written activity.

ScoreaBarriersRank

48“I don’t know if the online program will help me”1

19“I’m not aware of online mental health programs”2

10“The online program is too hard to use”3

10“I think that I should be able to solve my problems on my own”3

9“I’m worried about data security”5

6“I’m not comfortable or familiar with existing online mental health programs”6

6“I’d be worried about someone finding out I was using an online mental health program”6

3“I’m worried that using online mental health programs isn’t something normal, that lots of people do”8

3“I don't think any of these would stop me engaging in online self-guided mental health programs”8

3“Other (please explain)—User interface design”8

3“Other (please explain)—Not understanding or relating to the material, or activity, and knowing if you did it correctly”8

3“Other (please explain)—Less accountability to engage than face to face”8

3“Other (please explain)—Too many options (overwhelming)”8

2“Other (please explain)—They do not present an accurate picture of my mental health”14

2“Other (please explain)—No feedback/validation”14

2“Other (please explain)—The amount of effort to use it”14

2“Other (please explain)—Feeling that face-to-face mental health help is more useful”14

2“Other (please explain)—I feel I need a therapist”14

1“Other (please explain)—Don’t know what the program entails/what to expect”19

1“Other (please explain)—They make me feel more depressed because it reinforces that there is no one there who cares (wants
to talk to me)”

19

1“Other (please explain)—Lacking the motivation to access the program”19

1“Other (please explain)—Expecting that there will be a lot of effort involved”19

1“Other (please explain)—I do not want to put in the effort to a potentially dull process”19

0“I feel anxious about using the internet overall”24

aRanks are reverse scored and cumulated across participants. Scores for each topic were calculated by cumulating the reverse-scored ranks (ie, 1=3,
2=2, and 3=1) across participants. Higher scores indicate higher importance.

Factors Increasing Engagement

Figure 2 presents a visual depiction of the factors considered
to increase participants’ engagement with e–mental health
programs from the written activities. The most common factors
or facilitators of engagement included (1) a need for the content
to be interesting and engaging (15/71, 21%) and (2) the
knowledge that peers had used the program (9/71, 13%).

Despite being specifically asked about self-guided programs,
several participants (8/71, 11%) indicated a need for outside
input from a mental health professional such as a psychologist.
A smaller number of comments suggested that the program
needed to be easily accessible (eg, works on phones; 5/71, 7%),
and some comments expressed a desire for gamification and
rewards (4/71, 6%).
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Figure 2. Factors proposed to increase engagement from the written activity. Larger shapes indicate a greater number of factors reported in that theme.

Focus Group Discussion

EFI Development

Overall, participants identified 2 main concerns that needed to
be addressed in an EFI to increase user engagement, including
both uptake and adherence to a self-guided e–mental health
intervention. These were information about (1) what the program
involved and what they could expect (in terms of activities, time
commitments, etc) and (2) proof of the program’s effectiveness
from both scientific (information) and peer (testimonial) sources.
Furthermore, desired components included feedback about
symptoms and information about privacy and confidentiality.
Participants also provided suggestions on the style and
presentation of the overall EFI, noting a strong preference for
a simple linear click-through format rather than having the
content presented on a single page. Participants are referred to
by numbers (ie, participant number 1=P1).

Key Factors for Inclusion in an EFI

Awareness

Most participants were not aware of the e–mental health
programs that we presented as examples in the focus groups.

This lack of awareness was noted by participants as a key factor
that reduced e–mental health program uptake in the community.
Although e–mental health programs were considered beneficial
for help-seeking, particularly for those who felt uncomfortable
with face-to-face care, participants felt, “you have to know of
its existence [first]” (P1).

Information About What the Program Involves

Overall, participants reported a strong need for an EFI to contain
information about what would be involved in completing the
subsequent e–mental health program. This included descriptions
of the therapy type and the activities they would be required to
complete. One participant remarked that they wanted to know
about the specific therapy types (eg, cognitive behavioral
therapy). Before participating in a program, participants also
wanted to know how structured or prescribed the overall
program would be, the frequency and duration of recommended
usage, and also the number of sessions or timeframe before they
could expect to feel better. One participant thought that it would
be motivating to display the potential for symptom improvement
on a graph—“here’s where you are and with use of our program
we predict you could be all the way down to here” (P2).
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Evidence of the Program’s Effectiveness

To increase the likelihood of starting and continuing to use a
program, participants also reported the need of evidence of a
program’s effectiveness based on both scientific sources and
peer reviews or testimonials. Many participants reported a desire
for evidence in the EFI that a web-based program works for
people “like them” or with similar psychological problems.
They also wanted to know from the EFI that the e–mental health
program was tailored and could adapt to each person, that it
could handle more than one problem at once (comorbidity), and
that it was worth the time investment:

When you’re feeling a bit low or something it takes
extra effort to go in and do something and if you’re
going to spend a lot of your limited energy on
something and you don’t think there’s going to be of
a difference from where you are now then you might
not bother with it if it’s not very effective. [P3]

It was considered particularly important for increasing uptake
and adherence for an EFI to demonstrate the effectiveness of
web-based programs specifically, as participants noted that there
remains, in the community, strong “perceptions that [e–mental
health programs are] not as effective as face-to-face” (P4).

Participants also suggested that the EFI could include evidence
of effectiveness from peers who had used the program. It was
a common view expressed across all 4 groups that multiple and
varied genuine testimonials (reviews) were desired as further
proof that the program worked. Viewing a review from someone
they trust who has had success with the program was considered
as, or even more, important than evidence from scientific or
professional sources. However, these reviews had to appear
genuine, as participants believed that they could tell if they were
faked—usually they were viewed as disingenuous if the reviews
were too positive or if there were no negative reviews. In
addition, if the people in the reviews were too attractive or not
sufficiently varied in appearance, these were also viewed as
simulated:

There needs to be a variety. I think you can’t just have
textbook 30 something woman, you know, aesthetic
face. I think there needs to be a variety of ages
because I think these things need to cater to older
generations as well as younger ones. And also a
variety of ethnicities I think is very important…They
can’t all be beautiful. [P5]

The participants also wanted reviews to take into account
complex and relevant issues such as outlining what is different,
better, or worse than face-to-face therapy.

Other Concepts

Several other topics were also discussed to a lesser degree,
including the provision of feedback, privacy, and confidentiality
information, emergency contacts, and cost. Some participants
believed that it was important to provide feedback on symptoms,
particularly before starting a web-based self-guided mental
health program to help them accept that they needed help. They
also thought that it would be helpful if the EFI could provide a
description of what type of mental health problem they likely
had and evidence that a program could be effective for and

tailored to that particular type of mental health problem. Some
participants wanted financial information to be included in the
EFI about how much it would cost them personally to use the
program, as this was considered as important information in
their decision to start the program. Other information desired
was how privacy and confidentiality would be maintained. Some
believed privacy was the most important factor for deciding
whether to engage in these programs; whereas, many others felt
that it was now part of modern day life to give up some privacy
to access web-based or mobile services and that “this is just the
way the world is now, everyone knows everything...my phone’s
listening to me right now” (P6).

However, this did not extend to all information; there was a
preference for providing less personal information:

It doesn’t worry me that much. Particularly ‘cause
I’m not putting in my super, super personal
information. Yeah, if I was...write down my address
and you know the names of these people that you’ve
seen and your GP, and whatever, maybe that would
worry me more. [P7]

Conversely, participants with concerns relating to their place
of employment shared that they may not start an e–mental health
program without evidence that the program was completely
confidential and that their data would be kept private.

Optimal Presentation for the EFI

Participants also provided advice about the overall style and
presentation of the EFI, as this would also impact their
likelihood of engaging in a program.

Overall Presentation and Delivery

In general, participants did not like the content of the EFI being
displayed statically on one page; they found it overwhelming
and confusing. They commented that they would prefer to have
information presented slowly and step-by-step, citing that when
experiencing symptoms of anxiety or depression, too much
content or words on a page could be stressful. In addition, for
similar reasons, all but one participant also disliked the idea of
one page with the inclusion of drop-down menus to access
content.

Presentation of Symptom Feedback

Participants were shown multiple versions for how feedback
on symptoms could be presented in an EFI after the completion
of a brief assessment of depression or anxiety: a traditional
histogram-style graph, a traffic light, or a simple meter pointing
to the symptom severity. In general, participants preferred the
simplicity of a meter with 3 or 4 points to display the severity
of symptoms. However, they did say that a small amount of
explanatory text was essential so that they could understand
what the feedback meant. However, some of the participants in
one group did not like cutoffs for the meter, preferring a
spectrum model of symptoms:

I like things that kind of have kind of a spectrum,
which I think both of these do. Because…if you draw
a line then that is really stressful for people who are
on one side or people who are kind of getting towards
that line. [P6]
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Some participants preferred the more complicated
histogram-style graph, although they explicitly noted that they
did not want to be presented with normative population data.
They noted that they already knew how bad they felt and
comparisons with other people would likely make them feel
worse, particularly if their symptoms appeared more or less
severe than the population or were incongruent with how they
felt:

Yeah, I don’t really want to know everyone else’s
because I’m sure everyone else was probably a lot
better than mine and that makes me feel really
ostracised…I really am depressed and everyone else
is so far ahead so what’s the point in trying? It would
just make me feel worse [P8]

Presentation of Information

Overall, text was the dominant preference for the display of
information in an EFI; however, it was clear that this text had
to be brief and preferably with bullet points for ease of reading.
Participants believed that video presentation in an EFI may be
preferred by some users, although, again, they indicated that it
must be brief (ie, 30 seconds or less). They also said that the
videos should be accessible, including subtitles or a written
transcript. Suggestions for presenters within an EFI video were
very broad—some participants wanted someone famous who
could elicit trust, such as a well-known athlete, some wanted
experts, and some mentioned that they would prefer animations
or cartoons that transcend specific population groups. A strong
preference for variety in the way that information was presented
in an EFI emerged, and several participants mentioned that a
mixture of presentations would likely help to keep them
engaged. Variety was also preferred for flexibility of use, such

as using audio with headphones or preferring visual data on
public transport. When asked if they wanted a helper or a guide
character to accompany them through the EFI, some participants
agreed that this could be helpful, but they explicitly noted that
it must be optional as “you want to encourage people to look
at it and click on it, you don’t want it just in their face” (P3).

Presentation for Testimonials and Reviews

When participants were asked about their preferred delivery
mode for the testimonials they desired in the EFI, there was a
strong preference for video as it was easier to judge whether
they thought that it was real or not, and it was more believable
and likely to be genuine because of the higher degree of effort
involved compared with written forms. Overall, many
participants stated that they wanted to see as many different
testimonials as possible. This included testimonials from
different genders, ages, and ethnicities so that the participants
could find the one they identify themselves with as “if they’re
a completely different person to me, I’m just not sure if I could
relate to them and their experiences” (P9).

Evaluation Survey
The draft EFI shown to the participants in the evaluation survey
is presented in Multimedia Appendix 5. Table 3 presents the
quantitative data collected in the evaluation survey assessing
the focus group participants’ views on the resultant draft EFI.
Overall, participants reported that the draft EFI would likely
have a modest effect on their uptake and engagement with
e–mental health (myCompass, developed by Black Dog
Institute). Participants were also satisfied with the EFI and the
way it captured their suggestions, and they were satisfied to
highly satisfied with their participation in the study.

Table 3. Participant satisfaction of the engagement-facilitation intervention created via the focus groups.

Score, mean (SD)Participants, nQuestion item

4.07 (0.83)b14“What effect would the EFIa have on your decision to start using myCompass?”

3.93 (0.48)b14“What effect would the EFI have on your decision to complete myCompass?”

4.08 (0.64)c13“How satisfied are you with the EFI overall?”

4.08 (0.49)c13“How satisfied are you with the way the EFI has captured your suggestions?”

4.54 (0.52)c13“How satisfied are you with your participation in this study?”

aEFI: engagement-facilitation intervention.
bScored as 5=much more likely, 4=a little more likely, 3=no change, 2=a little less likely, and 1=much less likely.
cScored as 5=highly satisfied, 4=satisfied, 3=neutral, 2=dissatisfied, and 1=very dissatisfied.

Participants’ Views on the EFI
Participants reported approving of a number of aspects of the
draft EFI, including the brief, easy-to-read information that
effectively used bullet points and headings to aid understanding.
Participants also reported enjoying the video testimonials but
requested that there should be a greater variety and number of
them. Half (n=7) of the participants praised the design, graphics,
and color scheme as being “engaging but doesn’t distract from
the information provided” (P10), whereas 2 participants
mentioned that they did not like the color scheme—the orange
in particular. Finally, several participants liked the graphical

feedback and the impression that it was professional, tailored
to the user, flexible, and provided recommendations.

Participants were also invited to report what aspects of the EFI
they did not like. A number of participants (n=5) had no
comments for this question—“I like it as it is. I was actually
feeling ready to get started!” (P11), whereas others reported
very specific suggestions about adding clearer information about
the potential cost (or the lack thereof) and the removal of a line
at the end of the feedback for depression and anxiety that sought
rhetorical confirmation from the participant (eg, “Does this
sound right to you?”). The participant noted that this question
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sounded tentative and unlikely to provide a sense of confidence
in the program. These suggestions were used to change the final
version of the EFI for the RCT.

Potential Influence of the EFI
Several participants noted that the EFI was likely to influence
them to start the e–mental health program, with one participant
indicating that “the statement that it could be as useful as
medication would be very persuasive for me” (P9). However,
participants disagreed on whether the time required to use the
program seemed too long. Some said that the recommended
timeframes, for example, 60 min to 90 min, and 15 min per
module seemed onerous. Others thought that a 15-min block of
time to complete a module was easily digestible. Another
participant acknowledged that although the time period seemed
intimidating as a commitment, they believed that the addition
of the word recommended helped them to overcome this barrier
to uptake. Several participants noted that they found the EFI
presentation and content simple to read and made the e–mental
health program seem achievable. Another participant also
mentioned that the EFI was not overwhelming and that this was
critical to them to be able to do a program while experiencing
mental health problems:

I wanted to start using myCompass now. I was really
surprised, because I dislike online therapy programs.
The EFI makes it…a fun activity rather than therapy,
and one which would appeal to me when I was
depressed, rather than being hard work. When I am
depressed it is difficult for me to do any activities, so
anything that appeals to me makes it easier to do. The
EFI makes it the opposite to overwhelming. When I
am depressed, I am overwhelmed. [P12]

Finally, one participant noted that the program was unlikely to
encourage her to use it, given her preexisting privacy concerns
about using such a program.

Groups to Which the EFI Would Appeal
A number of participants reported that the EFI looked as though
it was targeted at younger people or adults (n=7), possibly
because of the bright colors used and the fact that it was
delivered via the internet. However, several other participants
noted that it did not seem to be targeting any specific
demographic, including age and gender, which they found
appealing.

Discussion

Principal Findings
This study presents a detailed examination of consumers’views
of factors influencing their potential engagement with
self-guided e–mental health programs for depression and
anxiety. In addition, it provides consumer perspectives on the
development of an EFI to improve engagement with these
programs. Overall, this study indicates that presenting multiple
forms of evidence that an e–mental health program can be
effective was seen as the primary driver of whether an EFI could
improve the uptake and engagement of the e–mental health
program. A critical factor preventing participants’ uptake of

e–mental health programs was uncertainty about whether it
could help them and whether it is worth investing their time
and energy. This is consistent with previous research identifying
low expectations of effectiveness as an important barrier for the
uptake of e–mental health programs [12]. The information
needed to confirm this varied, including demonstrating that it
was sufficiently tailored, showing that other people used it via
testimonials or peer use, and evidence for the effectiveness of
web-based programs, which have been found to be important
factors for the uptake of e–mental health programs previously
[10,21]. In particular, participants reported a strong desire to
receive information about program effectiveness from trusted
peers. This is congruent with the theory of planned behavior,
noting the importance of subjective norms in changing an
individual’s actions [29]. It was noted as important that these
people were believable and real. However, consistent with
previous research, participants also wanted scientific evidence
in addition to evidence presented by peers [16]. It is likely that
this issue can be addressed in part by the provision in an EFI
of information about effectiveness, what it involves, what they
can expect by participating, and testimonials. The participants’
views on videos from this study were consistent with previous
research [44] where videos had been found to be the most
effective form of providing testimonials. Testimonials can
contain powerful messages by using identification with the
person telling the story and the viewer can relate and empathize
with the person [44]. Testimonials have also been found to
increase belief and message uptake more than the presentation
of statistical data [45].

Privacy was not considered an important factor by most
participants in influencing e–mental health program usage in
this study. This differs from previous studies that had found
that security and confidentiality of personal information
concerns are considered critical for using e–mental health
[16,22]. However, certain people in the community may have
a greater desire for privacy and confidentiality assurances, which
highlights the importance of clearly providing this information
to ensure that participants are not opting out based on its
absence. Concerns about privacy are also likely to depend on
how much information is sought within a digital intervention;
anonymous programs are likely to cause less concern than a
program requiring names, email addresses, or phone contacts.

The finding that participants did not want to see their scores
displayed in the EFI relative to normative population data was
unexpected, particularly because the presentation of normative
data is commonly used to motivate help-seeking for multiple
mental health problems, including alcohol use [46] and
depression [47]. The idea behind presenting normative data is
to reduce normative misperceptions about alcohol or other drug
use [48] and to motivate the person to seek help. However, it
is possible that this does not translate directly to other mental
health problems and that there may be sensitivities and stigma
associated with labeling an individual as having a certain level
of symptoms. An approach taken in the alcohol or other drug
usage field when presenting normative feedback may be
important in this context, that is, permission is sought from the
participant before providing normative feedback, giving the
person some control over the type of feedback to which they
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are exposed. Some participants did find the concept of
graphically presenting their baseline score and their capacity to
improve with treatment as important, suggesting that if feedback
is provided, it may need to be in the context of messaging how
(and by how much) symptoms can be improved by engaging
with the e–mental health program. Potentially, an algorithm for
future EFIs could be presented to people about to embark on
an e–mental health program that uses average improvement
scores drawn from previous research with that program to
estimate the percentage symptom improvement a participant
could expect based on their baseline score. However, it is
important to note that it is difficult to convey the complexity of
changes in severity over time using a simple illustration, so
there may be unintended consequences of presenting this
information, such as a sense of failure if expected gains are not
achieved. More research on this particular issue is warranted.

There was a significant lack of awareness of available e–mental
health programs among participants. Given that recruitment
specifically noted the topic, this was an unexpected finding.
Despite local public campaigns about e–mental health programs
[18], it appears that there may be a lack of knowledge in the
community about these programs. As noted by both Ebert et al
[12] and Gun [21], an alternative avenue of increasing
knowledge in the community about the availability and
effectiveness of e–mental health programs is to better inform
clinicians about e–mental health programs, as they are important
gatekeepers to the usage of these programs [49]. However,
engaging clinicians may be a complex process, and most people
with mental disorders do not engage with mental health
professionals [6]; thus, direct-to-consumer pathways are also
needed to maximize the impact of e–mental health programs in
the community [9,50].

Implications for Intervention Development
Consumer views are critical in the development of new
interventions and resources [36]. However, it is important to
recognize that perspectives often vary broadly and it is often
not possible to reach group consensus [51]. In the creation of
an intervention, it is important to balance the selection of
components using information that combines both the best
available evidence (eg, content that aligns with theory, previous
research, consumer views) with the practical constraints of the
intervention development. For example, it was not feasible for
the EFI that was developed in this study within our budget to
create multiple testimonial videos of a wide variety of genders,
ethnicities, and ages. However, on balance, this factor was also
not deemed to be as critical or as practical to implement as
education about how e–mental health can help people in the
community. Thus, a pragmatic approach to the development of
interventions using consumer perspectives is recommended.
Broadly, evidence from this study suggests that EFIs should
include information about the purpose of e–mental health
programs and its components and evidence demonstrating that
the program is effective. Use of video testimonials, simple text
and images, and simple feedback about symptoms are also likely
to be useful.

Increasing consumer engagement with internet interventions is
challenging. However, ensuring that the content is interesting,

interactive, and visually appealing may increase
engagement—color selection and the inclusion of graphics is
particularly important. Despite explicitly examining self-guided
interventions, several participants noted the need for
accountability to someone. Having a virtual guide assist the
users through a program may address the barrier of a lack of
motivation to engage by addressing the perceived lack of
accountability to a computerized program (as opposed to a
therapist). Dynamic engagement processes through the course
of an intervention, such as the use of guides and reminders, may
be more useful for promoting adherence than passive
information provided at the start of the intervention.

Knowing peers who had used the program or providing a referral
was seen as helpful. Testimonials may provide a proxy for
personal referral; however, they were seen by some to be fake
or less compelling. This issue could potentially be addressed
by the inclusion of authentic video testimonials that explicitly
address potential challenges with the program, particularly by
avoiding the use of actors. Ensuring that the content appears
sufficiently tailored to the person is also important. Although
it is difficult to ensure that all mental health problems are
covered, simple tailoring strategies, such as choice of a relatable
avatar, may provide a sense of agency. Finally, to use the
programs, the participants said that they had to know that such
programs existed. The cost of advertising may preclude
large-scale campaigns. In addition, viral campaigns to increase
awareness of internet interventions on social media may be
considered. When delivering internet interventions in a
community setting, inclusion of these features may lead to
greater uptake and adherence.

Limitations
There were many limitations to this study. The sample was
limited to a single state in Australia, with predominantly highly
educated (university students) participants. In addition, overall,
very few males participated, with none responding to the EFI
evaluation survey. However, this is common in other
self-selected samples for studies on anxiety and depression [52]
where females are overrepresented. In addition, the sample
reflects similar gender imbalances in the usage of e–mental
health programs in the community, where substantially more
females are found to use these services [24]. Engaging men in
mental health research is challenging; they may be less likely
than women to participate because of specific factors such as
stigma [53]. Despite this, these issues with the sample limit the
generalizability of the study to other populations. It is also
possible that the evaluation survey could have been biased
toward those who were more engaged in the process, and thus,
this may not be reflective of the entire sample. In addition, many
participants stated that they believed the resultant EFI would
increase their engagement with a web-based self-help e–mental
health program; however, this may not reflect their actual
behavior.

Conclusions
One of the critical barriers to the uptake of e–mental health
programs is the lack of certainty among community members
about whether the program can help them. A second major
barrier to uptake is the lack of awareness of e–mental health
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programs and their availability in the community. This study
found that an EFI for depression and anxiety primarily requires
information about what the program involves, such as evidence
for its effectiveness, normalization of participation in e–mental
health programs, including testimonials, and finally, brief

information on data security, although this factor was not as
prevalent as expected. Attention to these factors may guide the
development of future technology-based interventions that are
designed to increase engagement and adherence.
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Abstract

Background: Given the high volume of text-based communication such as email, Facebook, Twitter, and additional web-based
and mobile apps, there are unique opportunities to use text to better understand underlying psychological constructs such as
emotion. Emotion recognition in text is critical to commercial enterprises (eg, understanding the valence of customer reviews)
and to current and emerging clinical applications (eg, as markers of clinical progress and risk of suicide), and the Linguistic
Inquiry and Word Count (LIWC) is a commonly used program.

Objective: Given the wide use of this program, the purpose of this study is to update previous validation results with two newer
versions of LIWC.

Methods: Tests of proportions were conducted using the total number of emotion words identified by human coders for each
emotional category as the reference group. In addition to tests of proportions, we calculated F scores to evaluate the accuracy of
LIWC 2001, LIWC 2007, and LIWC 2015.

Results: Results indicate that LIWC 2001, LIWC 2007, and LIWC 2015 each demonstrate good sensitivity for identifying
emotional expression, whereas LIWC 2007 and LIWC 2015 were significantly more sensitive than LIWC 2001 for identifying
emotional expression and positive emotion; however, more recent versions of LIWC were also significantly more likely to
overidentify emotional content than LIWC 2001. LIWC 2001 demonstrated significantly better precision (F score) for identifying
overall emotion, negative emotion, and anxiety compared with LIWC 2007 and LIWC 2015.

Conclusions: Taken together, these results suggest that LIWC 2001 most accurately reflects the emotional identification of
human coders.

(JMIR Form Res 2020;4(10):e18246)   doi:10.2196/18246

KEYWORDS

linguistic analysis; emotion; validation

Introduction

Recent studies have provided evidence that emotions can be
effectively identified in written text [1-4]. Written emotions
have been identified as significantly different from
characteristically nonemotional writing, such as academic tasks
[4], and more importantly, they can be correctly identified by
readers [3]. As the use of web-based interventions, mobile app,

social media, other text communication (eg, emails and text
messages), and web-based communication (eg, Zoom and
Skype) increases, the need for validated tests that can rapidly
analyze text data has become exceptionally important. A large
proportion of emotion-based text data are currently analyzed
by human coders [5,6] as they add predictive power above and
beyond that of computer analyses for the identification of
positive emotions [7] as well as symptoms of depression [8].
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Although computer analysis has become increasingly more
efficient in evaluating written text, it lacks the nuance and
accuracy provided by human coders [9]. Although qualitative
analysis provides the most complete method for characterizing
text-based communications [10], the cost, time requirements,
and subjectivity of manual coding make these methods
prohibitively difficult for many applications. Computerized text
analysis programs may be able to ameliorate these limitations.
Unfortunately, many computerized text analysis programs are
not validated for the identification of emotional expression and
still have time-consuming data preparation to ensure that the
text is clear of all typographical errors [9].

The Linguistic Inquiry and Word Count (LIWC) [11] is a text
analysis program that calculates the degree to which various
categories of words are used in text. Bantum and Owen [12]
previously evaluated the validity of the LIWC 2001,
demonstrating that LIWC 2001 had good sensitivity and
specificity for identifying emotion; however, the positive
predictive value (PPV), or precision of emotional identification,
was poor. Additional work by our team with the creation of a
machine learning program [13] demonstrated that a machine
learning approach was not necessarily more predictive than
LIWC. Since our previous validation study, Pennebaker et al
[14] have released 2 updates: LIWC 2007 and LIWC 2015, both
of which have removed categories found to have poor emotional
identification (eg, optimism) and increased the dictionary size
of the program. These updates have greatly altered the dictionary
for this program, including new categories of drive, analytical
thinking, emotional tones, time orientation, and relativity and
new subcategories of gender references and netspeak. In terms
of emotional content, the largest change involves the inclusion
of netspeak to quantify emotional expression (eg, “:)” would
be categorized as a positive emotion word).

It is essential to validate LIWC 2007 and LIWC 2015 due to
the widespread use of LIWC in research, clinical treatment, and
commercial applications. LIWC 2001 and 2015 successfully
identified individuals at risk for suicide as they had an increased
presence of first-person singular self-references and negative
emotional expression as they approached their suicide [1,2,15].
Sonnenschein et al [16] indicated LIWC 2007 noted that
depressed individuals produced more words related to the
sadness subcategory when compared with anxious individuals.
Overall, LIWC has been determined to be able to accurately
identify language differences between people who are diagnosed
with attention deficit hyperactivity disorder, anxiety, bipolar,
borderline, depression, eating disorders, obsessive-compulsive
disorder, schizophrenia, and seasonal affective disorder [17,18].
LIWC 2007 has been used to evaluate whether a clinician’s
distancing language increases suicide rates among veterans [19],
assess what men and women value in romantic relationships
[20], determine how social media predicts the outcomes of
presidential elections [21], and evaluate language style and its
ability to determine relationship initiation and stability [22].

Similar to LIWC 2001, the original evaluation of the validity
of LIWC 2007 and LIWC 2015 was based on the results of a
series of correlations between judges’ ratings and LIWC scores.
Bantum and Owen [12] found that LIWC have low predictive
value and overidentification of emotions, despite significant,

though modest, correlations between judges’ ratings and LIWC
scores [12]. Given these shortcomings and the need to
independently validate LIWC 2007 and LIWC 2015 for emotion
recognition in text [23,24], we sought to determine whether
LIWC 2007 and LIWC 2015 are valid for emotion recognition
in text and whether they improve upon the known limitations
of LIWC 2001. The first aim of this study was to assess the
accuracy of LIWC 2007 and LIWC 2015 for the detection of
emotional expression using tests of specificity, sensitivity, PPV,
and negative predictive value (NPV). The second aim was to
evaluate potential differences between LIWC 2001, LIWC 2007,
and LIWC 2015 for emotional identification. It is hypothesized
that LIWC 2015 will be more efficacious in emotional
identification than LIWC 2007 and LIWC 2001 because of the
significant alterations in the most recent dictionary, recent regard
for some contextual information in written text, and continued
improvement in word selection through the construction of the
product.

Methods

Participants
The participants were recruited from a hematology/oncology
outpatient clinic at a large medical center in the southeastern
United States. The participants included 49 women with stage
1 or stage 2 breast cancer and 14 women with stage 3 or stage
4 breast cancer. Participants were not excluded from
participation based on the time elapsed since their diagnosis or
medical treatment. The women participated in a randomized
12-week clinical trial of an internet-based support group.
Additional information regarding the sample has been previously
reported [25]. The textual data of the 63 participants were
analyzed for this particular study. The participants had a mean
age of 49.8 years (SD 11.0), the majority were college educated
(mean 15.4 years, SD 2.4), and they were largely of White
descent (57/63, 93%).

Procedures
All participants completed a baseline assessment once they
agreed to participate in the study, before being given access to
the web-based support group. Once the participants were given
access to the web-based support group, they were encouraged
to communicate with one another through a discussion board
regarding general topics and a series of interactive coping-skills
training. The textual data were stored in an individual data file
for each participant. Further information regarding the
experimental procedures for these participants has been
previously reported [12,26]. The study data set is identical to
that used in the original validation study of LIWC 2001.

Rater Coding of Emotional Expression
This particular study utilized human-coded ratings of emotion
generated in a previous analysis of these linguistic data [12].
To briefly describe how these codes were generated, Bantum
and Owen [12] had a well-defined set of rater coding rules for
the human coders to follow. Each coder independently identified
all words containing emotional expression. If the coders
determined that emotional expression was present in a given
sentence (as taken into consideration within the context of the
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text), then the word that most acutely captured the emotion was
placed into the best fitting subcategory, based on categories
specified by LIWC 2001. Eight potential categories were used:
“positive feelings,” “optimism,” “anxiety,” “anger,” “sadness,”
“other positive emotion,” “other negative emotion,” or “not
emotion.” Coders were asked to differentiate between what was
likely to be a physical pain and emotional pain or experience
(eg, “the impact of chemotherapy on me physically was
physically exhausting”). This process took quite a lot of training
and judgment, as the use of emotion can be ambiguous,
especially solely in text. Any discrepancies found between
coders were discussed among the researchers, and final codes
were established by consensus. The interrater reliability between
the two trained coders was excellent (κ=0.80). Two additional
raters were trained on the coding process and then reviewed
33% of the text. The interrater reliability was evaluated between
the two additional raters and was established to have substantial
agreement between raters (κ=0.69).

Materials

LIWC 2001
LIWC 2001 is a computational text analysis method that
processes text-based data on a word-by-word basis. LIWC
compares each word of text with a library of 5 categories (ie,
linguistic dimensions, psychological processes, relativity,
personal concerns, and experimental dimensions) of words to
identify whether each specific word from the source data set
matches any of the words or word fragments found in the LIWC
library. With regard to emotion, words are compared with each
of the 3 categories of emotion (eg, emotional expression,
positive emotion, and negative emotion). For each word that is
established as a match to a word or fragment in a LIWC emotion
dictionary, the program iterates a count of all emotion words
identified in that particular emotion dictionary (eg, positive
emotion). LIWC uses the results of the word count to establish
a percentage of total words in the text that contain emotion
words or a specific type of emotion. After the word has been
identified as positive or negative, it is then placed into a specific
category, such as positive feelings or optimism in the positive
category and sadness, anger, or anxiety in the negative category.
In some instances, words may be identified as expressing
emotion and categorized as positive or negative, but LIWC is
unable to resolve a more specific emotion category (eg, anxiety
vs sadness), which may cause it to identify a word as belonging
to multiple emotion dictionaries.

LIWC 2007
Each participant’s text information was also analyzed using
LIWC 2007 (n=63) [14]. LIWC 2007 has a similar structure to
that of LIWC 2001 in that it is a computational text analysis
program that evaluates each item on a word-by-word basis.
Furthermore, LIWC 2007 also provides a percentage of total
words that are represented by emotion.

Pennebaker et al [14] developed LIWC 2007 to specifically
address a number of key limitations in LIWC 2001, such as a
limited dictionary, uncommonly used word categories, and a
lack of function words (eg, conjunctions, adverbs, quantifiers,
auxiliary verbs, and impersonal pronouns). The creators of

LIWC 2007 removed the following word categories found in
LIWC 2001 because they had poor base rates: optimism, positive
feelings, communication verbs, metaphysical, sleeping,
grooming, and school. The new dictionary for LIWC 2007 was
altered to provide more accurate word categories by omitting
those categories with insufficient validity and adding a number
of categories to represent function words as well as including
previously experimental categories into the program (eg, swear
words, nonfluencies, and fillers). Additionally, researchers
increased the dictionary count from 2300 words and word stems
to 4500 words so that it may better represent emotional
expression and other key psychological constructs. There were
a number of words defined as emotion in the LIWC 2007
dictionary that were previously categorized as nonemotion (eg,
confident, champ, and resolve). In addition to a reclassification
of preexisting words, LIWC 2007 added emotional words that
were not originally included in the LIWC 2001 dictionary (eg,
grace, jaded, joke, openness, and rancid) and removed some
emotional words that were in the LIWC 2001 dictionary (eg,
sensitive). Finally, the LIWC 2007 dictionary classified the
roots of words as emotion (eg, stammer) that may be perceived
as nonemotion by human coders in an extended form (eg,
stammered and stammering).

LIWC 2015
Each participant’s text information was also analyzed using
LIWC 2015 (n=63) [27]. LIWC 2015 has a similar structure to
the previous versions in that it evaluates textual data on a
word-by-word basis, looking for specific target words within
the appropriate word category scales. As words are identified
as target words, they are classified into one or more categories
or subcategories, which are then arranged hierarchically.
Specifically, the word “cried” may be placed in the categories
of sadness, negative emotion, overall affect, verbs, and past
focus. Furthermore, LIWC 2015 provides a percentage of total
words that are represented by emotion, and various structural
composition elements (eg, sentence punctuation) are also
incremented.

Pennebaker et al [27] created an entirely new dictionary and
software system, rather than simply updating the previous
versions of LIWC. This resulted in an increase in the dictionary
size, totaling nearly 6400 words, word stems, and select
emoticons. In addition to an increase in dictionary size, LIWC
2015 added 9 word categories tapping into psychological
constructs (eg, affect and cognition) and 5 informal language
categories (assents, fillers, swear words, and netspeak). There
was the removal of one personal concern category (eg, work,
home, and leisure activities) and one standard linguistic category
(eg, percentage of words in the text that are pronouns, articles,
and adjectives). Pennebaker et al [27] also reclassified how the
word “like” is categorized in an attempt to reduce the risk of
false positives that may occur in utterances, comparatives, or
prepositions. Specifically, in previous versions of LIWC, the
word “like” was categorized as indicative of emotion,
particularly positive emotion. In LIWC 2015, the word “like”
only qualifies as an emotion word when attributed to a person
or an action, such as “I like,” “they like,” and “will like.”
Pennebaker et al [27] added a category of Netspeak to assess
for words and communication styles (eg, btw, lol, and thx)
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common on social media platforms (eg, Facebook, Snapchat,
and instant messaging).

Data Preparation
Each time the individuals participated in the web-based support
group, their textual data were saved in person-specific files. The
files were then combined into a single spreadsheet per
participant so that each word was considered a subject. The text
files from the human rater coding of emotional expression were
created and combined with the results from the LIWC 2001,
LIWC 2007, and LIWC 2015 data analysis. Each instance of
emotion was counted as one point, and the frequency of a given
emotion was divided by total words for that participant, resulting
in a percentage of a given emotion for each participant. This
was true for LIWC 2001, LIWC 2007, and LIWC 2015.

Data Analytic Plan
This study contains a total of 165,754 words consisting of 278
single-spaced, 12-point font pages. Each word is considered as
a single variable. An analysis of power was conducted using
G*Power 3 [28] and indicated that with an effect size of 0.5,
alpha level of .01, and a sample size of 165,754, the power to
detect between-method differences in greater than 0.80. To
assess the differences between LIWC 2001, LIWC 2007, and
LIWC 2015 with regard to the accuracy of emotional
identification, we calculated tests of proportions. We calculated
the sensitivity, specificity, PPV, and NPV to identify the
proportion of words that were similarly identified by human
coders for LIWC 2001, LIWC 2007, and LIWC 2015.
Subsequently, we utilized the overall proportions for each
emotional category and conducted the test of proportions using
the total number of emotion words identified by human coders
for each emotional category as the reference group. To control
for the number of tests, we calculated a Bonferroni correction

for the P value to provide more stringent criteria for meeting
sensitivity, which was calculated at P=.008. In addition to tests
of proportions, we calculated F scores to evaluate the accuracy
of LIWC 2001, LIWC 2007, and LIWC 2015. Accuracy was
assessed by considering the harmonic mean of precision, or the
fraction of retrieved items that are relevant, and recall, or the
fraction of retrieved items that are relevant and successfully
retrieved, of each program. This is a way of balancing the
various measures (sensitivity and PPV) that we have evaluated.
The F score was calculated by multiplying 2 with the results of
PPV (precision) multiplied by sensitivity (recall) divided by
PPV (precision) added to sensitivity (recall).

Results

Overview
The average percentage of words identified by LIWC 2001,
LIWC 2007, LIWC 2015, and human coders as emotion,
positive emotion, and negative emotion as well as specific
subcategories of anxiety, anger, and sadness ranged from 0.1%
to 4.1% of total words (Table 1). Pearson correlations were
conducted to evaluate the strength of the relationship between
each version of LIWC as well as human coders (Tables 2 and
3). The results revealed significant positive relationships across
each version of LIWC, particularly between LIWC 2007 and
LIWC 2015 (affect, r=0.95, P<.01; positive, r=0.95, P<.01;
negative, r=0.97, P<.01; anxiety, r=0.97, P<.01; anger, r=0.91,
P<.01; and sad, r=0.90, P<.01). With regard to the relationship
between LIWC and human coders, the largest positive
relationships occurred between LIWC 2001 (positive, r=0.47,
P<.01; negative emotions, r=0.58, P<.01; and anxiety, r=0.74,
P<.01) and LIWC 2015 (affect, r=0.55, P<.01; anger, r=0.51,
P<.01; and sad, r=0.57, P<.01).

Table 1. Linguistic Inquiry and Word Count 2001, 2007, 2015, and human coder average of words identified in each emotional category and subcategory.

Human coders, % (SD)LIWC 2015, % (SD)LIWC 2007, % (SD)LIWCa 2001, % (SD)Type of emotion

1.8 (0.134)6.1 (0.239)6.1 (0.239)4.8 (0.214)Total affect

0.9 (0.096)4.1 (0.198)4.1 (0.198)3.2 (0.175)Positive emotion

0.9 (0.094)1.9 (0.138)1.9 (0.137)1.6 (0.125)Negative emotion

0.3 (0.058)0.6 (0.077)0.6 (0.079)0.5 (0.067)Anxiety

0.1 (0.034)0.2 (0.046)0.2 (0.050)0.2 (0.046)Anger

0.2 (0.044)0.2 (0.066)0.4 (0.063)0.3 (0.059)Sadness

aLIWC: Linguistic Inquiry and Word Count.
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Table 2. Correlations between Linguistic Inquiry and Word Count 2001, 2007, and 2015 with human codes for classification of emotion.

Human codesType of emotion

SadAngerAnxietyNegativePositiveAffect

LIWCa 2001

0.17b0.12b0.23b0.34b0.38b0.50bAffect

−0.010.00−0.01b0.000.47b−0.03bPositive

0.30b0.20b0.40b0.58b0.000.89bNegative

−0.000.02b0.74b0.54b0.01b0.47bAnxiety

0.000.49b0.04b0.23b−0.000.33bAnger

0.52b0.000.000.29b0.010.42bSad

LIWC 2007

0.16b0.11b0.21b0.32b0.35b0.53bAffect

−0.01b−0.00−0.01b−0.000.43b−0.03bPositive

0.28b0.19b0.38b0.55b0.001.00cNegative

−0.000.02b0.65b0.50b0.01b0.56bAnxiety

0.000.46b0.000.19−0.010.34bAnger

0.50b0.000.000.28b0.01c0.45bSad

LIWC 2015

0.15b0.11b0.21b0.35b0.36b0.55bAffect

0.01b−0.00−0.01b−0.000.43b−0.30Positive

0.27b0.20b0.37b0.54b0.001.00bNegative

−0.000.02b0.66b0.49b0.01b0.55bAnxiety

0.000.51b−0.000.21b−0.000.33bAnger

0.57b0.000.000.31b0.01c0.47bSad

aLIWC: Linguistic Inquiry and Word Count.
bP<.001.
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Table 3. Correlation matrix comparing Linguistic Inquiry and Word Count 2001, 2007, and 2015.

201520072001Type of
emotion

SadAngerAnxi-
ety

Nega-
tive

Posi-
tive

Af-
fect

SadAngerAnxi-
ety

Nega-
tive

Posi-
tive

Af-
fect

SadAngerAnxi-
ety

Nega-
tive

Posi-
tive

Af-
fect

2001

——————————————————aAf-
fect

—————————————————0.81bPosi-
tive

————————————————−0.02b0.57bNega-
tive

———————————————0.53b−0.01b0.30bAnxi-
ety

——————————————0.05b0.36b−0.01b0.21bAnger

—————————————−0.000.03b0.46b−0.01b0.26bSad

2007

————————————0.23b0.18b0.27b0.50b0.70b0.86bAf-
fect

———————————0.81b−0.01b−0.01b−0.01b−0.03b0.86b0.69bPosi-
tive

——————————−0.03b0.55b0.42b0.33b0.48b0.91b−0.03b0.51bNega-
tive

—————————0.57b−0.02b0.31b0.02b0.04b0.85b0.56b−0.01b0.31bAnxi-
ety

————————−0.000.36b−0.01b0.20b−0.00.086b−0.000.33b−0.01b0.19bAnger

———————−0.030.02b0.45b−0.01b0.25b0.93b−0.000.02b0.46b−0.01b0.26bSad

2015

——————0.25b0.19b0.31b0.54b0.77b0.95b0.23b0.18b0.26b0.49b0.68b0.85bAf-
fect

—————0.81b−0.01b−0.01b−.02b−0.03b0.95b0.77b−0.01b−0.01b−0.01b−0.03b0.84b0.67bPosi-
tive

————−0.03b0.55b0.45b0.34b0.56b0.97b−0.03b0.53b0.42b0.33b0.47b0.89b−0.03b0.50bNega-
tive

———0.55b−0.02b0.31b0.02b0.01b0.97b0.56b−0.02b0.31b0.02b0.05b0.82b0.54b−0.01b0.31bAnxi-
ety

——0.000.33b−0.01b0.18b−0.000.91b−0.000.32b−0.01b0.18b−0.000.80b−0.000.32b−.01b0.18bAnger

—−0.000.02b0.47b−0.01b0.26b0.90b−0.000.020.47b−0.01b0.26b0.88b−0.000.02b0.50b−0.01b0.28bSad

aNot applicable.
bP<.01.

Relationship Between LIWC 2001 and LIWC 2007
Coding Methods

Sensitivity
Sensitivity captured the proportion of total emotion words
identified by human raters as being representative of emotional
expression that were also captured by LIWC 2001, LIWC 2007,
or LIWC 2015. Sensitivity for overall emotional expression
was good (eg, greater than 0.80, equivalent to at least 80%
accuracy) for all 3 versions: LIWC 2001 (0.858), LIWC 2007

(0.896), and LIWC 2015 (0.904; Table 4). Additionally, all 3
versions demonstrated good sensitivity for positive emotion,
negative emotion, and anxiety, with results ranging from 0.819
to 0.892. Alternatively, LIWC 2001 and LIWC 2007
demonstrated poor (less than 0.80) performance in anger (0.663
and 0.679, respectively) and sadness (0.699 and 0.718,
respectively), whereas LIWC 2015 demonstrated good
performance for sadness (0.856) and poor performance for anger
(0.695). Compared with LIWC 2001, LIWC 2007 and LIWC
2015 produced significantly higher identification of emotional
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expression in the categories of overall emotion and positive
emotion. Additionally, LIWC 2015 demonstrated higher
sensitivity for the category of sadness when compared with

LIWC 2001 and LIWC 2007. Notably, there were no differences
between LIWC 2001, LIWC 2007, and LIWC 2015 for negative
emotions, anxiety, or anger.

Table 4. Linguistic Inquiry and Word Count 2001, 2007, and 2015 sensitivity and specificity with 95% CI (N=63)a.

2015 specificity
(95% CI)

2007 specificity
(95% CI)

2001 specificity
(95% CI)

2015 sensitivity
(95% CI)

2007 sensitivity
(95% CI)

2001 sensitivity
(95% CI)

Emotion categories

0.955 (0.954-
0.956)

0.955 (0.954-
0.956)

0.967 (0.966-
0.968)

0.904c (0.894-
0.915)

0.896b (0.884-0.906)0.858a,b (0.845-
0.871)

Total affect

0.967 (0.958-
0.976)

0.967 (0.966-
0.967)

0.976 (0.975-
0.977)

0.928 (0.915-
0.941)

0.913b (0.898-0.927)0.873b,c (0.855-
0.889)

Positive emotion

0.988 (0.982-
0.994)

0.987 (0.987-
0.988)

0.990 (0.990-
0.991)

0.810 (0.789-
0.830)

0.814 (0.793-0.834)0.822 (0.803-
0.839)

Negative emotion

0.997 (0.993-1.00)0.997 (0.996-
0.997)

0.998 (0.998-
0.999)

0.883 (0.856-
0.910)

0.892 (0.863-0.916)0.862 (0.829-
0.888)

Anxiety

0.999 (0.995-1.00)0.998 (0.998-
0.999)

0.998 (0.998-
0.999)

0.695 (0.629-
0.761)

0.679 (0.607-0.744)0.663 (0.591-
0.729)

Anger

0.997 (0.991-1.00)0.997 (0.997-
0.997)

0.997 (0.997-
0.998)

0.856c,d (0.818-
0.895)

0.718d (0.664-0.766)0.699c (0.645-
0.748)

Sadness

aP value corrected after Bonferroni P<.0021 (P=alpha/N).
bSignificant difference between Linguistic Inquiry and Word Count 2001 and Linguistic Inquiry and Word Count 2007 at P<.0021.
cSignificant difference between Linguistic Inquiry and Word Count 2001 and Linguistic Inquiry and Word Count 2015 at P<.0021.
dSignificant difference between Linguistic Inquiry and Word Count 2007 and Linguistic Inquiry and Word Count 2015 at P<.0021.

Specificity
Specificity measured the proportion of nonemotional words that
were accurately coded by LIWC 2001, LIWC 2007, or LIWC
2015 as not being indicative of emotion. Specificity for LIWC
2001, LIWC 2007, and LIWC 2015 was exceptional in all
emotion categories (Table 4). Specificity values for LIWC 2001,
LIWC 2007, and LIWC 2015 ranged from 0.955 for total
emotional expression to 0.999 for anger. There were no
differences in overall emotional expression, positive emotions,
negative emotions, anxiety, anger, or sadness between LIWC
2001 and LIWC 2007.

PPV
PPV measured the probability that a word identified by LIWC
2001, LIWC 2007, and LIWC 2015 as being representative of
emotional expression was in agreement with human rater coding
of emotional expression. PPV for LIWC 2001, LIWC 2007,
and LIWC 2015 was poor in all emotion categories (Table 5).
The PPV values for all 3 versions ranged from 0.207 to 0.640.
LIWC 2001’s PPV was significantly better than LIWC 2007’s
and LIWC 2015’s PPV in total emotion, negative emotion, and
anxiety and was significantly better than LIWC 2007’s PPV in
positive emotion. Notably, there were no differences in anger
or sadness.
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Table 5. Linguistic Inquiry and Word Count 2001, 2007, and 2015 positive predictive value and negative predictive value with 95% CI (N=63)a.

2015 NPV (95%
CI)

2007 NPV (95% CI)2001 NPVc (95%
CI)

2015 PPV (95% CI)2007 PPV (95%
CI)

2001 PPVb (95%
CI)

Emotion categories

0.998 (0.996-
0.999)

0.997 (0.997-0.998)0.997 (0.997-
0.997)

0.270e (0.254-0.286)0.268d (0.259-
0.277)

0.326d,e (0.315-
0.336)

Total affect

0.999 (0.997-1.00)0.999 (0.999-0.999)0.998 (0.998-
0.998)

0.211 (0.191-0.231)0.207d (0.197-
0.217)

0.256d (0.244-
0.268)

Positive Emotion

0.998 (0.996-1.00)0.998 (0.998-0.998)0.998 (0.998-
0.998)

0.373e (0.348-0.398)0.377d (0.361-
0.395)

0.498d,e (0.479-
0.516)

Negative Emotion

0.999 (0.996-1.00)0.999 (0.999-0.999)0.999 (0.999-
0.999)

0.496 (0.454-0.538)0.477d (0.446-
0.508)

0.640d (0.605-
0.675)

Anxiety

0.999 (0.995-1.00)0.999 (0.999-0.999)0.999 (0.999-
0.999)

0.375e (0.306-0.444)0.317 (0.273-
0.366)

0.357e (0.307-
0.409)

Anger

0.999 (0.996-1.00)0.999 (0.999-0.999)0.999 (0.999-
0.999)

0.377 (0.324-0.430)0.351 (0.315-
0.389)

0.389 (0.349-
0.431)

Sadness

aP value corrected after Bonferroni P<.0021 (P=alpha/N).
bPPV: positive predictive value.
cNPV: negative predictive value.
dSignificant difference between Linguistic Inquiry and Word Count 2001 and Linguistic Inquiry and Word Count 2007 at P<.0021.
eSignificant difference between Linguistic Inquiry and Word Count 2001 and Linguistic Inquiry and Word Count 2015 at P<.0021.

NPV
NPVs measured the probability that a word not identified as
emotion by LIWC 2001, LIWC 2007, and LIWC 2015 agreed
with raters’ judgment that the word was not associated with
emotional expression. LIWC 2001, LIWC 2007, and LIWC
2015 have excellent NPVs across all emotion categories (Table
5). The NPV for LIWC 2001, LIWC 2007, and LIWC 2015
ranged from 0.997 for total emotional expression to 0.999 for
anxiety, anger, and sadness. There were no significant
differences between LIWC 2001, LIWC 2007, and LIWC 2015
with regard to NPV.

F Score
The results of the F score were compared using a test of
difference, which was conducted to determine whether the
difference between two proportions was significant, and it
revealed that LIWC 2001 was significantly more precise in its
evaluation of total emotional expression, positive emotion, and
anxiety in comparison with LIWC 2007. Additionally, LIWC
2001 showed significantly more precision in its evaluation of
total affect, positive emotion, negative emotion, and anxiety in
comparison with LIWC 2015. Notably, there were no significant
differences in accuracy between LIWC 2007 and LIWC 2015
(Table 6).

Table 6. Linguistic Inquiry and Word Count 2001, 2007, and 2015 F score values.

Difference 2007-2015Difference 2001-2015Difference 2001-20072015 F score2007 F score2001 F scoreEmotion categories

.875<.0001a<.0001a0.4150.4130.472Total affect

.683.003a.0007a0.3440.3370.396Positive emotion

.786.007a.0140.5110.5160.561Negative emotion

.654.0003a<.0001a0.6350.6220.735Anxiety

.291.654.5420.4870.4330.464Anger

.198.544.4970.5230.4970.499Sadness

aP value corrected after Bonferroni P<.0083 (P=alpha/N).

Discussion

Successive versions of LIWC have become increasingly
sensitive to identifying emotional expression. Our hypothesis
that LIWC 2015 would significantly differ from LIWC 2001
and 2007 and be more efficacious in emotional identification
was not supported. LIWC 2007 and 2015 were able to increase

the previously established strength of LIWC 2001 in the
identification of overall emotional expression emotion and
positive emotion, whereas LIWC 2015 also increases the
strength in the identification of sadness. However, LIWC 2007
and 2015 both exacerbate the existing weakness of LIWC 2001
in that many of the words it identifies as emotion do not match
the ratings of human coders. Regarding the identification of
nonemotional words, there was no improvement by LIWC 2015

JMIR Form Res 2020 | vol. 4 | iss. 10 | e18246 | p.202https://formative.jmir.org/2020/10/e18246
(page number not for citation purposes)

McDonnell et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


or LIWC 2007. These findings suggest that although LIWC
2015 and LIWC 2007 had higher levels of emotional
identification, more words were also inaccurately classified as
emotion, compared with LIWC 2001. Therefore, although LIWC
2001, LIWC 2007, and LIWC 2015 measure a number of
domains other than emotional expression, our findings suggest
that all 3 versions, LIWC 2001, LIWC 2007, and LIWC 2015,
have excellent sensitivity for detecting emotional expression,
but LIWC 2001 has more precision with respect to PPV—the
words it identifies as representing emotion are more likely than
LIWC 2007 and LIWC 2015 to be in agreement with human
raters.

The sensitivity levels for all 3 versions of LIWC indicate
strength with regard to the identification of emotional content,
such that they were highly sensitive to the identification of
emotional expression. This is exceptionally important when
analyzing text data where the expected prevalence of emotional
expression is low or where the risk of overidentification is much
lower than the risk of under-identification (eg, in evaluating
suicide risk), where a missed instance could have grave
consequences. There are many applications for which sensitivity,
rather than accuracy, may be preferable, and LIWC 2007 and
LIWC 2015 demonstrate an improved performance in sensitivity
relative to LIWC 2001. However, there are potential
consequences to the overidentification of emotional expression,
particularly when accurate emotion recognition is required for
a specific utterance.

In contrast to sensitivity, the PPV was fairly poor for LIWC
2001, LIWC 2007, and LIWC 2015. LIWC 2001 produced a
significantly more precise performance with regard to PPV
compared with LIWC 2007 and LIWC 2015, whereas there
were no significant differences between LIWC 2007 and LIWC
2015. Evaluation of the F score, which balances both PPV and
sensitivity, revealed that LIWC 2001 was superior to LIWC
2007 in the emotional identification of overall affect, positive
emotions, and anxiety. The remaining categories were not
significantly different, indicating that LIWC 2001 and LIWC
2007 performed similarly in their identification of those emotion
categories (eg, negative emotion, anger, and sadness).
Additionally, with regard to F scores, LIWC 2001 was superior
to LIWC 2015 in terms of total overall affect, positive emotions,
negative emotions, and anxiety. The remaining categories were
not significantly different, indicating that LIWC 2001 and LIWC
2015 performed similarly in their identification of those emotion
categories (eg, anger and sadness). Finally, there were no
significant differences in the F scores of emotional identification
between LIWC 2007 and LIWC 2015 across the emotion
categories (eg, overall affect, positive emotions, negative
emotions, anxiety, anger, and sadness). These results indicate
that LIWC 2001 is more inclined to accurately identify emotion
in accordance with human coders when compared with LIWC
2007 and LIWC 2015, wherein one balances the problem of
overidentification against the problem of under-identification,
which is pertinent when considering at-risk populations (eg,
suicidal patients). Considering that human coders are the gold
standard for emotional identification and that LIWC 2001
provides results that are most similar to those of human coders,
LIWC 2001 is superior to LIWC 2007 and LIWC 2015.

As previously mentioned, Pennebaker et al [14] made a number
of changes to the LIWC 2007 and LIWC 2015 dictionaries,
which may have resulted in the decrease in precision of the
subsequent versions. Although the alterations to LIWC 2007
and LIWC 2015 resulted in improvements in sensitivity, these
changes did not improve LIWC 2001’s previously established
flaws. The alterations to the LIWC 2007 and LIWC 2015
dictionary may have resulted in the increased identification but
a decrease in the precision of the identification.

LIWC 2001 may present as superior in its emotional
identification over LIWC 2007 and LIWC 2015, yet the
accuracy in its performance is highly dependent upon the
population being evaluated. The PPV is dependent upon the
prevalence in the population, meaning it can vary based on the
sample utilized, whereas sensitivity may remain the same despite
what population is being evaluated [29]. More specifically,
cancer patients have been found to express more emotion than
a physically healthy population [30], meaning that the
prevalence of expressed emotion is higher for the sample utilized
in this study than that of the general population. Considering
prevalence rates or emotional expression in the cancer
population, LIWC 2001 and LIWC 2007 are likely to produce
poorer PPVs if being utilized with the emotional expression of
a nonclinical population. Text that is likely to have nuanced
emotion, such as is often the case in the experience of cancer,
will also be less likely to be related to accuracy when coded by
LIWC. LIWC 2001 and LIWC 2007 currently have a high rate
of false positives, which may increase when evaluating a less
emotionally expressive population or decrease when evaluating
a more emotionally expressive population. Ultimately, the LIWC
programs would benefit from further validation utilizing
alternative populations with varying levels of emotional
expression.

The initial validation of LIWC 2001, 2007, and 2015 relied
heavily on simple correlations between LIWC codes and judge’s
ratings of emotional content. Correlation analyses describe the
extent to which the variables covary, but not the accuracy of
identification. For this, measures of testing accuracy are more
appropriate. Conducting analyses such as a test of proportions
allows users to see the weaknesses and strengths of the
relationship and what factors contribute to the strengths of that
relationship. Additionally, future studies may also benefit from
evaluating writers’ intentions related to emotional expression
to further validate both LIWC and human coders’ ratings. For
example, the LIWC classification results (eg, negative emotion)
could have been reviewed while also conducting a review with
the text writers, ensuring that they intended to express negative
emotions, thus confirming the LIWC classification. A machine
learning approach, in which rules for coding are created as the
raw data are under analysis, in combination with LIWC is
another possibility for increasing the overall accuracy as well
as making the coding procedure more sample dependent. With
a machine learning approach, automated coding rules or
algorithms are generated from patterns seen in other coding
methods, such as manual coding, potentially allowing for
increased accuracy without the time-consuming nature of manual
coding [13]. Emotions are multifaceted, making them much
more difficult to accurately identify when simplified to one
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modality. It is important to note that there are many other ways
to code emotion in text, and this study focused on validating a
program that is commonly used in the field of web-based
behavioral sciences.

It must be noted that there are some limitations to this study.
The narratives utilized in this study were obtained from women
diagnosed with breast cancer. Research has indicated that female
cancer patients express more emotion than male counterparts
[30]. Additionally, cancer patients are more inclined to endorse
affective disorders, such as anxiety, which may impact their
emotional expression [31]. Additionally, based on the specific
circumstances these women faced (eg, cancer diagnosis,
treatment, and outcomes), this could have limited the range of
emotions that may have been discussed compared with a healthy
population. On the basis of the population utilized, results may
be limited to cancer survivors rather than the general population.
Furthermore, there were few emotions evaluated (eg, overall
affect, positive emotions, negative emotions, anger, anxiety,
and sadness), which does not reflect the full range of emotions
experienced. This limited range of emotions measured may not
accurately reflect the emotions expressed (eg, frustration,
excitement, and fear). Finally, the sample utilized was highly
homogenous with respect to gender, ethnicity, level of education,
and even health status, further limiting the generalizability of
the findings.

In contrast to the sample, additional limitations present within
this study include intricacies specific to LIWC. As previously
mentioned, the classification of the word “like” has been altered
across each iteration of LIWC. Most notably, when utilizing
LIWC 2015 in text analysis, it may be most accurate to manually

evaluate each instance of the word “like” to determine the
contextual meaning of the word to ensure appropriate
classification of each word. Despite this, manual evaluation
determining the context of the word “like” was not performed
before conducting automatic analysis with LIWC 2015, as this
defeats the utility and efficiency that automatic programs of
text analysis offer.

Although human coders are the gold standard for emotional
identification in text data, due to the time and cost associated
with evaluating such large volumes of data, human coding is
not always practical. In addition, manual coding of text, although
considered the gold standard, is not entirely accurate. There is
inevitably some ambiguity in any attempt to capture the emotion
expressed by another person. Text-based data also leave absent,
nonverbal expression, leaving fewer cues to code. On the basis
of the results, LIWC 2001 is clearly superior to LIWC 2007
and LIWC 2015 with respect to overall precision, but LIWC
2007 and LIWC 2015 are more sensitive to identifying overall
expressed emotions. The PPV is highly dependent on the
prevalence of emotion in the specific population, such that the
more emotion presented in a population, the more accurate the
analysis will likely be. Considering the high prevalence of
emotion in a cancer population and that LIWC 2001 performed
significantly better than LIWC 2007 and LIWC 2015, this
indicates that for a population with much less emotional
expression, LIWC 2007 and LIWC 2015 will still perform
significantly poorer than LIWC 2001. LIWC 2001 seems to
have good validity in emotional identification and presents as
a reasonable tool for identification of emotion in text data, which
is important in the increasingly digital world.
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Abstract

Background: The COVID-19 outbreak was first reported to the World Health Organization on December 31, 2019, and it was
officially declared a public health emergency of international concern on January 30, 2020. The COVID-19 outbreak and the
safety measures taken to control it caused many psychological issues in populations worldwide, such as depression, anxiety, and
stress.

Objective: The objectives of this study were to assess the psychological effects of the lockdown due to the COVID-19 outbreak
on university students in the United Arab Emirates (UAE) and to investigate the students’ awareness of mobile mental health
care apps as well as their attitudes toward the use of these apps.

Methods: A two-part self-administered web-based questionnaire was delivered to students at United Arab Emirates University.
The first part of the questionnaire assessed the mental state of the participants using the 12-item General Health Questionnaire
(GHQ-12), while the second part contained questions investigating the participants’ awareness of and attitudes toward mental
health care apps. Students were invited to fill out the web-based questionnaire via social media and mailing lists.

Results: A total of 154 students participated in the survey, and the majority were female. The results of the GHQ-12 analysis
showed that the students were experiencing psychological issues related to depression and anxiety as well as social dysfunction.
The results also revealed a lack of awareness of mental health care apps and uncertainty regarding the use of such apps.
Approximately one-third of the participants (44/154, 28.6%) suggested preferred functionalities and characteristics of mobile
mental health care apps, such as affordable price, simple design, ease of use, web-based therapy, communication with others
experiencing the same issues, and tracking of mental status.

Conclusions: Like many groups of people worldwide, university students in the UAE were psychologically affected by the
lockdown due to the COVID-19 outbreak. Although apps can be useful tools for mental health care delivery, especially in
circumstances such as those produced by the outbreak, the students in this study showed a lack of awareness of these apps and
mixed attitudes toward them. Improving the digital health literacy of university students in the UAE by increasing their awareness
of mental health care apps and the treatment methods and benefits of the apps, as well as involving students in the app creation
process, may encourage students to use these tools for mental health care.

(JMIR Form Res 2020;4(10):e19876)   doi:10.2196/19876
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Introduction

On December 31, 2019, the World Health Organization (WHO)
was informed of several cases of pneumonia of unknown cause
detected in Wuhan City, China [1]. On January 7, 2020, the
cause was reported to be a new coronavirus, which was then
referred to as “2019-nCoV” [1]. By January 20, 2020, the virus
had spread, and multiple cases were reported in four countries
[1]. On January 30, 2020, the WHO declared the outbreak to
be a public health emergency of international concern [2]. By
February 11, 2020, the virus had spread to more than 24
countries in addition to China, and the coronavirus disease was
officially named COVID-19 [3]. By May 2020, the virus had
spread to all regions of the world [4]. More than 3 million cases
and 248,847 deaths were reported worldwide as of May 4, 2020.
To limit the spread and risk of the virus, the WHO advised
people to practice social distancing and to stay at home [5].
Countries took different safety measures and precautions to
prevent the spread of the disease. Several countries declared
obligatory lockdowns, travel was halted and airports were shut
down, and many work spaces, schools and universities were
closed.

Lockdown-related stressors such as concern about the duration
of lockdown, fear of infection, boredom, inadequate information
[6], and fear of the unknown [7] had significant psychological
effects on people, including posttraumatic stress disorder
symptoms, anger, confusion, fear, worry, sadness, and elevated
anxiety and stress [6,8]. As part of its application of precautions
and safety measures to address the outbreak, the United Arab
Emirates (UAE) closed its universities and stopped all related
activities. To investigate the impact of the lockdown on
university students in the UAE, we conducted a mental health
assessment based on the 12-item General Health Questionnaire
(GHQ-12). The GHQ-12 has been used in previous studies to
assess the mental health of students and has shown positive
reliability results. A study using the GHQ-12 to assess the
psychological state of Malaysian college students affirmed that
the GHQ-12 is a good tool for assessing the overall
psychological well-being of students [9]. In another study, the
questionnaire was used with Australian college students; the
results suggested that the GHQ-12 is a viable tool with good
clinical utility and that it can be implemented as part of routine
school screening procedures to help identify young people at
risk of depressive and anxiety disorders [10]. Another study
used the GHQ-12 with Tehrani university students, and it was
concluded that the questionnaire is suitable for screening
psychopathology in university students [11].

Moreover, the validity of the psychometric properties of the
GHQ-12 was asserted in several studies. The GHQ-12 was
assessed against the Clinical Interview Schedule (CIS) in three
primary care settings in Brazil and was found to be acceptable
and valid [12]. The GHQ-12 was also assessed in a sample of
dermatological patients against the Skindex-29, which is a tool
to evaluate the impact of skin conditions on the quality of life
of patients. The results showed that the GHQ-12 is a reliable
and valid instrument [13]. Furthermore, the GHQ-12 was
reported to be robust and suitable for use as a screening
instrument in a study conducted by the WHO in which the

28-item General Health Questionnaire (GHQ-28) was compared
to the GHQ-12 [14].

Identifying existing psychological issues is an important step;
however, it is more important to deliver mental health care when
it is needed. This delivery is currently challenging because of
the safety measures being applied to prevent the spread of
COVID-19. Telehealth is a health care delivery method that,
like tele-education and telework, currently seems to be the safest
approach. Telehealth can be applied to mental health care via
several methods, one of which is mobile apps. Apps are highly
suitable to provide services while safety measures are being
applied during the pandemic. They can be used to provide
mental health care without need for human contact, and the user
can benefit from care delivered via the app without needing to
leave their home and risk exposure to the virus. Apps can also
help overcome several pre-existing barriers to mental health
care delivery in addition to those created by the COVID-19
outbreak, such as cost problems, stigma, and distance or shortage
of mental health professionals. Apps have also shown promising
results in the management of many mental issues, such as
anxiety, depression, and stress [15,16].

This study had two main goals. The first goal was to assess the
mental state of university students during the first period of the
lockdown caused by the COVID-19 outbreak. The second goal
of the study was to investigate the students’awareness of mobile
apps for mental health care and their willingness to use them
as well as to discover the features they would like a mental
health care app to have and the factors that would encourage
them to use such apps. A two-part web-based questionnaire was
delivered to United Arab Emirates University (UAEU) students
via social media and email during the first two weeks of the
lockdown imposed in the UAE. The first part of the form
consisted of the GHQ-12 questionnaire, and the second part of
the form included questions investigating the students’ attitudes
toward mobile apps for mental health care. The study verified
the following hypotheses: (h1) the lockdown has an impact on
the psychological state of the university students in the UAE;
(h2) university students are aware of the existence of mobile
apps for mental health care; and (h3) university students have
positive attitudes toward mobile mental health care apps and
are open to the use of such solutions.

Methods

Research Design
This study constitutes two main parts. The objective of the first
part was to assess the psychological health of university
students. The objective of the second part was to investigate
the students’ awareness of and attitudes toward mHealth apps
for mental health care.

Recruitment and Data Collection
A self-administered web-based questionnaire was created using
Google Forms and sent to UAEU students via social media and
mailing lists. Recruiting participants through social media has
been found to be effective and time-efficient [17]. The included
participants were a self-selecting sample, as participation in the
survey was voluntary and participants were not offered any
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incentives. The questionnaire consisted of 20 questions and was
made available on the internet for two weeks, from March 15,
2020, to March 29, 2020. The questions included 13 predefined
multiple-choice questions, 4 yes/no questions, and 3 open
questions. None of the questions were personal questions that
could reveal the participants’ identity. The questionnaire was
tested by the authors before it was sent to students. The
estimated time to complete the questionnaire was 4 minutes,
which was stated in the questionnaire. The questionnaire also
stated that the responses would be anonymous. Prior to data
collection, permission was obtained from the relevant authorities
at UAEU, and a psychologist was consulted to determine the
appropriateness of the questionnaire for the target respondents.
The information provided about the questionnaire was based
on the Checklist for Reporting Results of Internet E-Surveys
(CHERRIES) [18].

Survey Questions
The web-based questionnaire contained 20 questions. The first
three questions aimed to obtain basic information and
characteristics of the participants (age, gender, and academic
major). The remaining questions were divided into two parts.

Part 1: GHQ-12
In this part, we used the GHQ-12 [19] to measure the
psychological health of the survey participants. The GHQ-12
can be analyzed as a single dimension psychological health test
[20]. However, many researchers have suggested that it can be
divided into two or three specific and meaningful factors, in
which each factor is composed of several items from the
questionnaire. Gribbin and Worsley [21] proposed a three-factor
approach: anxiety/depression, social dysfunction, and loss of
confidence. Andrich and van Schoubroeck [22] suggested that
positively worded items or questions constitute one factor and
negatively worded ones constitute another. Politi et al [23]
identified two factors: general dysphoria and social dysfunction.

Martin [24] proposed three factors: self-esteem, stress, and
successful coping. When compared to other methods and applied
to different samples, the three-factor model proposed by Gribbin
and Worsley [21], including anxiety and depression (4 items),
social dysfunction (6 items), and loss of confidence (2 items),
was found to give the best fit [25,26]. Therefore, we used this
model in this study.

Table 1 presents the 12 items of the GHQ-12. Table 2 presents
the association between the GHQ-12 items and the three
psychological factors. A study by Gao et al [27] showed that
the loadings of the items on their associated factors are very
close, ranging from 0.72 to 0.9. The correlation between the
three factors was also found to be very high, ranging from 0.83
to 0.9 [27]. Based on these results, and to simplify the
assessment, we assumed that all items had the same loadings
on their associated factors.

The potential answers to the GHQ-12 items range from
“better/healthier than normal” through “same as usual” and
“worse/more than usual” to “much worse/more than usual.” The
answers reflect the difference between the psychological health
states of the participants when they responded to the
questionnaire and when they considered their health states to
be normal. The answers can be scored in four different ways:
GHQ scoring (0-0-1-1), C-GHQ scoring ((0-1-1-1) for negative
items and (0-0-1-1) for positive items), Likert scoring (0-1-2-3),
and modified Likert scoring (0-0-1-2).

This study investigates the severity of the identified
psychological issues in addition to their prevalence; therefore,
we used the Likert scoring method to score the answers because
it produces a wider and smoother score distribution, which helps
to assess severity [28]. Each item of the GHQ-12 had 4 possible
answers that were scored from 0 to 3. A higher score indicated
a more severe condition. The scores for each answer of the 12
items are presented in Table 1.
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Table 1. Questions, answers, and scores of the 12-item General Health Questionnaire.

ScoreAnswersQuestionItem ID

0Better than usualHave you recently been able to concentrate on what you are doing?1

1Same as usual

2Less than usual

3Much less than usual

0Not at allHave you recently lost much sleep over worry?2

1No more than usual

2Rather more than usual

3Much more than usual

0More so than usualHave you recently felt you were playing a useful part in things?3

1Same as usual

2Less than usual

3Much less than usual

0More so than usualHave you recently felt capable of making decisions about things?4

1Same as usual

2Less than usual

3Much less than usual

0Not at allHave you recently felt constantly under strain?5

1No more than usual

2Rather more than usual

3Much more than usual

0Not at allHave you recently felt you couldn’t overcome your difficulties?6

1No more than usual

2Rather more than usual

3Much more than usual

0More so than usualHave you recently been able to enjoy your normal day-to-day activities?7

1Same as usual

2Less so than usual

3Much less than usual

0More so than usualHave you recently been able to face up to your problems?8

1Same as usual

2Less so than usual

3Much less than usual

0Not at allHave you recently been feeling unhappy and depressed?9

1No more than usual

2Rather more than usual

3Much more than usual

0Not at allHave you recently been losing confidence in yourself?10

1No more than usual

2Rather more than usual

3Much more than usual

0Not at allHave you recently been thinking of yourself as a worthless person?11

1No more than usual
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ScoreAnswersQuestionItem ID

2Rather more than usual

3Much more than usual

0More so than usualHave you recently been feeling reasonably happy, all things considered?12

1About same as usual

2Less so than usual

3Much less than usual

Table 2. Associations between items and psychological factors of the 12-item General Health Questionnaire.

Associated item IDsPsychological factor

2, 5, 6, and 9Anxiety and depression

1, 3, 4, 7, 8, and 12Social dysfunction

10 and 11Loss of confidence

The answers of the participants were collected and scored. Based
on the maximum score of each psychological factor and the
total score, the answers were categorized to represent three
severity categories: normal, high, and severe.

For the total score of the GHQ-12, the normal state score
category ranged from 0 to 12, the high-risk score category
ranged from 13 to 24, and the severe case score category ranged
from 25 to 36. For the anxiety and depression factor, the normal
state scores ranged from 0 to 4, the high-risk category scores
ranged from 5 to 8, and the severe case scores ranged from 9
to 12. For the social dysfunction factor, the normal state scores
ranged from 0 to 6, the high-risk scores ranged from 7 to 12,
and the severe case scores ranged from 13 to 18. For the “loss
of confidence” factor, the normal state scores ranged from 0 to
2, the high risk state included scores of 3 and 4, and the severe
case state included scores of 5 and 6.

Part 2: Awareness of and Attitudes Toward Mobile
Mental Health Apps
The second part of the questionnaire served to investigate the
university students’ knowledge of mental health apps and their

opinions about the use of these apps for mental health care. The
questions were formulated based on questions retrieved from
related literature investigating similar topics [29-32]. As shown
in Table 3, the questions were formulated mainly to determine
if the students had any previous knowledge or experience with
mental health apps; understand their willingness to consider
using a mental health app; and understand the preferences and
factors that could encourage them to use apps for mental health
care.

Questions Q1 and Q2 were yes/no questions. Questions Q3 and
Q4 had possible answers of “Yes,” “No,” or “I don’t know.” If
a participant answered “Yes” to Q4, they were asked to provide
the reason for their choice in Q4.1, in which the participant
could choose from a predefined list of reasons, including cost
problems, stigma related to mental problems, distance from
mental health care professionals, shortage of mental health care
professionals, and lack of knowledge (information) on mental
health; they could also choose the “Other” option and express
their own reasons. Q5 was an open question.

Table 3. Questions in Part 2 of the questionnaire related to mental health care apps.

QuestionItem ID

Have you ever heard of mobile mental health apps?1

Have you ever used a mobile app for your mental well-being?2

Would you be open to using a mobile app for your mental well-being in the future?3

Would you prefer using a mobile app over consulting with a mental health care specialist?4

If yes, why?4.1

What would you like to see in an app for mental health care?5

Correlations
The correlations between the age and the total GHQ-12 score
as well as between the gender and the total GHQ-12 score were
calculated using the Pearson correlation coefficient, which has
a value between +1 and –1. A value of +1 indicates a perfect
positive correlation between the sets of data, while a value of

–1 indicates a perfect negative correlation. A value of 0 indicates
no correlation between the sets; the closer the correlation value
is to 0, the weaker the correlation is.

Summary of the Analytical Strategy
For the GHQ-12 items, the participants answered each GHQ-12
item with “better/healthier than normal,” “same as usual,”
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“worse/more than usual,” or “much worse/more than usual.”
The collected answers were converted to numerical scores based
on the Likert scoring (0-1-2-3) method. The scores were
regrouped to investigate the psychosocial factors presented in
Table 2 (anxiety and depression, social dysfunction, and loss
of confidence). A total GHQ-12 score was calculated based on
the scores of all the items. The total score and scores of the
psychological factors were categorized into three categories:
normal state, high-risk state, and severe state. The higher the
score, the more severe the participant’s condition.

For the questions related to mental health care apps, the
participants answered questions Q1 to Q4 using predefined
options. The answers to questions Q1 to Q4 were then quantified

and analyzed. For the open questions (Q5 and the “Other “option
in Q4.1), the participants provided short answers. The answers
of these open questions were then categorized based on their
meanings and presented in a list.

Results

Sample Characteristics
A total of 154 university students participated in the survey; the
majority of the participants were female (113, 73.4%). The
academic majors of the majority of the respondents fell into the
categories of science, mathematics, and technology (89/154,
57.8%). Table 4 summarizes the main characteristics of the
participants.

Table 4. Characteristics of the study participants (N=154).

ValueVariable

Gender, n (%)

113 (73.4)Female

41 (26.6)Male

Age (years)

118 (76.6)15-22, n (%)

36 (23.4)≥23, n (%)

22.45 (5.87)Mean (SD)

Academic major, n (%)

89 (57.8)Science, mathematics, and technology

24 (15.6)Business

10 (6.5)Health and medicine

5 (3.2)Social sciences

5 (3.2)Public and social services

21 (13.6)Other

Part 1 Results

Results by Item
The results of the analysis of the items identified specific issues
that the students suffered from more during the period of the
survey. If the participant’s answer to an item indicated a
better/healthier state than usual or the same state as usual, the
issue investigated by the item was not considered to be more
present than usual for the participant; however, if the answer
indicated a worse or much worse state than usual, it reflected
an abnormal presence of the issue during the survey period.
Figure 1 presents the answers to the GHQ-12 items.

One third of the 154 participants (50, 32.5%) had sleep issues
(Item 2): 32 (20.8%) reported worse sleep than usual and 18

(11.7%) reported much worse sleep than usual. The same
number of participants (50/154, 32.5%) showed elevated states
of unhappiness and depression (Item 9), with 31/154 (20.1%)
answering worse than usual and 19/154 (12.3%) answering
much worse than usual. One-third of the participants (47/154,
30.5%) reported feeling constantly under strain (Item 5), with
34/154 (22.1%) answering worse than usual and 8.4% (13/154)
answering much worse than usual. The issues for which
participants showed the least elevated states were the capabilities
of making decisions and facing problems (Items 4 and 8,
respectively); 19/154 participants (12.3%) reported worse
capability of making decisions, and 21/154 (13.6%) reported
worse ability to face problems.
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Figure 1. Proportions of participants’ answers to the 12-item General Health Questionnaire.

Total Score and Psychological Factors
Analysis of the total scores and the scores of each psychological
factor gave a general idea of the students’ mental states and the
mental issues they were more susceptible to. Figure 2 presents
the severity categories of each psychological factor as well as
the total score of the GHQ-12. The figure also presents a
classification by gender for each category.

More than one-third of the participants (66/154, 42.9%) had
high scores indicating high risk of having mental issues, and a
small number of participants (2/154, 1.3%) had very high scores
and were classified as severe cases. The issues of the participants
mainly seemed to relate to depression and anxiety.

Weak correlations were found between the age of the
participants and the total score of the GHQ-12 (–0.101) and
between the gender of the participants and the total score of the
GHQ-12 (–0.128).

Figure 2. Classification of GHQ-12 answers by severity category and gender. GHQ-12: 12-item General Health Questionnaire.
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Part 2 Results

Answers to the Questions
Figure 3 presents the responses to questions Q1 to Q4 related
to mental health care apps.

Half of the participants (78/154, 50.6%) had never heard of
mental health care apps (Q1). The majority of the participants

(114/154, 74.0%) had never used an app for mental health care
(Q2). More than half of the participants (82/154, 53.2%) showed
uncertainty regarding their willingness to use mental health care
apps in the future (Q3). Of the 154 participants, 83 (53.9%)
justified their answers of “Yes” or “I don’t know” to Q4 by the
reasons shown in Figure 4.

Figure 3. Answers to questions Q1, Q2, Q3, and Q4 pertaining to mental health apps.

Figure 4. Answers to Q4.1 indicating the participants’ reasons for preferring the use of a mobile app over consulting with a mental health care specialist
(n=83).

To identify the features that the students would need or prefer
to see in mental health care apps, the participants were asked
an open question (Q5) about what would they like to see in an
app for mental health care. Almost one-third of the participants

(44/154, 28.6%) answered the open question Q5 with the
functionality and characteristics that they thought mental health
care apps should have. Their answers are grouped and presented
in Textbox 1.
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Textbox 1. Preferred functionality and characteristics of mental health care apps indicated by the survey participants.

Functionality

• Web-based therapy

• Communication with others experiencing same issues

• Tracking mental status

• Advice from specialists

• Motivational statements

• Educational content

• Games

• Recommendations of activities and tips

• General health management

• Emergency features

• Tracking of progress

• Stories

Characteristics

• Anonymity

• Simple design and ease of use

• Affordable price

• Diversity of features

Associations Between the Answers
Figure 5 shows the associations between the participants’
previous use of apps for mental health care (Q2) and their

willingness to use these apps in the future (Q3). Figure 6
presents the answers to questions Q1 to Q4 by the participants
who had high or severe risk scores in Part 1 of the questionnaire.

Figure 5. Associations between the answers to Q2 and Q3.
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Figure 6. Answers to questions Q1 to Q4 by participants whose total GHQ-12 scores indicated high and severe mental health risk (n=68).

Discussion

Main Findings
The results of Part 1 of our questionnaire showed that more than
one-third of the participants (66/154, 42.9%) were experiencing
psychological health issues associated with anxiety and
depression. The most frequently reported issues related to
anxiety and depression were sleep problems, feelings of
unhappiness, depression, and being constantly under strain.
Given the period of the survey, those results can be linked to
the measures taken by universities in the UAE due to the
COVID-19 pandemic. The questionnaire was made available
on the internet after universities were officially closed to
students for two weeks and lectures were being given on the
internet. Students were required to adjust to new circumstances
and lifestyles and face ambiguity regarding what would happen
next concerning their education and future. These findings are
consistent with those of other studies conducted in other
countries to analyze the psychological impact of the COVID-19
pandemic. Several studies have shown that anxiety, depression,
sleep issues [33], and stress [34] are the most common
psychological issues caused by the outbreak.

Many students also showed high risk of social dysfunction
issues. Items 4 and 8 of the questionnaire were related to the
students’capabilities of making decisions and facing problems,
respectively. The nature of these issues implies that they are
mainly linked to critical and problematic cases of social
dysfunction; also, they may be indicators of serious pre-existing
problems that may not necessarily be linked to the COVID-19
lockdown. Social dysfunction issues were mainly related to the
lack of enjoyment of daily activities (item 7) and lack of a sense
of playing a useful part in things (item 3). This can be linked
to the pausing of many activities and the limitations on what
students could do at and from home due to the safety measures
taken during the outbreak.

We found weak correlations between the age of the participants
and the total score of the GHQ-12 (–0.101) and between the
gender of the participants and the total score of the GHQ-12

(–0.128). This indicates that university students at any age can
be psychologically influenced by the lockdown due to
COVID-19. The majority of participants that had high or very
high psychological factor scores were female. Women have
been reported to be more susceptible to anxiety, fear, and stress
[35-37], which may explain this result.

The COVID-19 outbreak has caused many psychological issues
among different groups of people, and with the required safety
measures, it can be difficult to consult with mental health care
professionals even in emergency cases. Alternative remote
mental health care solutions are needed during the pandemic,
just as distance learning was required as an alternative to
in-school learning. Apps are convenient solutions during the
current pandemic, as they provide mental health care via mobile
devices, which are owned by the majority of people in the UAE,
particularly the younger generation [38]. Apps for mental health
care can also help overcome some pre-existing mental health
care barriers, such as stigma, cost, and distance from mental
health care professionals and institutions [39,40]. Apps have
also been reported to be effective to alleviate anxiety, stress,
and depression [15,16]. The results showed that the majority of
participants (78/154, 50.6%), who are university students in the
UAE, had never heard of mobile mental health care apps, and
114/154 respondents (74.0%) had never used this type of app.
This was also reflected in their attitudes toward these solutions,
as 82/154 participants (53.2%) were unsure about their
willingness to use an app for mental health care in the future.
One-third of the participants (48/154, 31.2%) were not sure if
they would prefer using an app to consulting with a mental
health care professional. These results were also persistent when
analyzing answers of participants who had high or very high
general GHQ-12 scores, as shown in Figure 6. These participants
may be in need of such apps. The lack of knowledge and use
of apps may be due to the fact that the younger generation
mainly associates apps with games, communication, or other
activities not related to health or mental health in particular [41].
A person who is not familiar with the concept of a mental health
care app may not think to search for one.
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There is a need for digital health literacy, particularly for mental
health care, in the UAE. This can be provided using social
networks such as Instagram and Twitter or via widely used
websites such as YouTube, as these platforms reach a large
number of people and can help spread knowledge about
available mental health care apps.

Some participants (12/114, 10.5%) who had never used such
apps expressed unwillingness to use one in the future; this may
be due to a lack of knowledge or trust regarding these apps.
Involving mental health professionals in the design of apps for
mental health could give the apps more credibility and encourage
university students to be more open toward using them. It is
noteworthy that a group of participants who had used apps for
mental health care before (7/40, 17.5%) expressed unwillingness
to use them again in the future; this may be due to poor usability
and/or lack of functionality of the used apps. End users should
be involved in the creation of mHealth apps [42] to improve
the adoption of these solutions. Integrating gamification features
in these apps may also be a solution to make the apps more
enjoyable and engaging and to encourage users to continue
using them.

The majority of participants (109/154, 70.8%) answered “Yes”
or “I don’t know” when asked if they preferred using an app to
consulting with a mental health care professional; these
participants justified their choices as being mainly due to their
lack of knowledge of mental health. Apps can be a useful means
for people to educate themselves about mental issues and to
obtain easy access to information. The participants also
suggested that educational content could be provided in mental
health care apps. It must be noted that mental health care apps
are not a substitute for professional care. These apps can aid
the management of certain mental issues and deliver certain
treatment methods; however, seeking professional help is
imperative to treat serious mental health issues.

Stigma was among the expressed reasons for preferring mental
health care apps. Apps can provide anonymity and
confidentiality when only users can access their content, which
helps overcome stigma barriers. The aforementioned listed
reasons were consistent with the students’preferred functionality
and characteristics, such as web-based therapy, advice from
specialists, anonymity to help overcome stigma, and affordable
price to overcome cost issues. The results of this study are
consistent with the results of previous studies reporting that
stigma, cost, and distance from mental health care professionals
are the main barriers to mental health care delivery [39,40].
Simple design and ease of use were among the characteristics
suggested by the participants. They felt that the apps should be
easy to use, easy to learn, and provide enjoyable user experience.
The aforementioned functionality and characteristics suggested
by the students could be established as requirements of mental
health apps for university students in the UAE.

Although mental health care apps are a convenient means to
overcome many mental health care barriers, it must be noted
that for an app to be beneficial, it must ensure safety, privacy,
security, and confidentiality of users’ data. Available apps for
mental health care differ in their quality, effectiveness, and

security measures. Psychological health is a sensitive subject;
therefore, the user should check the permissions required by
these apps and the treatment approaches they provide before
using them.

Limitations
This study may have some limitations. First, the survey was
conducted during the early stages of lockdown in the UAE; the
psychological state of the students may have changed since
then, and they are likely to be experiencing more psychological
issues. Second, the difference in the number of participants by
gender may have affected the psychological investigation results;
the majority of participants were female, and women have been
reported to more susceptible to certain psychological issues. It
should be noted that female students represent 81% of the entire
UAEU student population [43], which may also have impacted
the results. Third, comparing the results with a prelockdown
investigation of the psychological state of university students
in the UAE using the GHQ-12 would have improved the
discussion of the results. However, to the best of our knowledge,
no such investigation exists. Fourth, a broader number of
participants may have been included if the survey had not been
conducted during a pandemic. Fifth, conducting semistructured
interviews could have improved the discussion of the results.
However, as the study was conducted at the beginning of the
lockdown due to the COVID-19 pandemic, delivering the
questions through a web-based form was our best and only
choice. Finally, given that more than half of the respondents
were unfamiliar with mental health apps, the conclusions
regarding the benefits of the use of these apps were not based
on the results of the questionnaire but on results of previous
studies investigating the effectiveness and advantages of mental
health care apps.

Conclusions and Future Work
The COVID-19 outbreak and the applied safety measures to
limit its spread have caused many psychological issues
worldwide. Our psychological assessment test of university
students based on the GHQ-12 showed that more than one-third
of the participants were experiencing issues related to depression
and anxiety as well as to social dysfunction, which confirmed
our first hypothesis. In contrast, our second hypothesis was
found to be unsupported, as the majority of students showed a
lack of awareness of mental health care apps. The students also
showed mixed attitudes and uncertain willingness to use such
apps, which does not support our third hypothesis. The
participants proposed characteristics and functionalities of
mental health care apps that could encourage them to use such
apps. We encourage developers of mental health apps to
consider these suggestions, especially when targeting university
students or the younger generation. We do believe that the
findings of this study may assist researchers and practitioners
investigating the impact of the COVID-19 outbreak on the
psychological health of university students.

In future work, we intend to build on the results of this study
and develop a mobile app to help university students cope with
mental health issues.
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Abstract

Background: The COVID-19 pandemic has had numerous worldwide effects. In the United States, there have been 8.3 million
cases and nearly 222,000 deaths as of October 21, 2020. Based on previous studies of mental health during outbreaks, the mental
health of the population will be negatively affected in the aftermath of this pandemic. The long-term nature of this pandemic may
lead to unforeseen mental health outcomes and/or unexpected relationships between demographic factors and mental health
outcomes.

Objective: This research focused on assessing the mental health status of adults in the United States during the early weeks of
an unfolding pandemic.

Methods: Data was collected from English-speaking adults from early April to early June 2020 using an online survey. The
final convenience sample included 1083 US residents. The 71-item survey consisted of demographic questions, mental health
and well-being measures, a coping mechanisms checklist, and questions about COVID-19–specific concerns. Hierarchical
multivariable logistic regression was used to explore associations among demographic variables and mental health outcomes.
Hierarchical linear regression was conducted to examine associations among demographic variables, COVID-19–specific concerns,
and mental health and well-being outcomes.

Results: Approximately 50% (536/1076) of the US sample was aged ≥45 years. Most of the sample was White (1013/1054,
96%), non-Hispanic (985/1058, 93%), and female (884/1073, 82%). Participants reported high rates of depression (295/1034,
29%), anxiety (342/1007, 34%), and stress (773/1058, 73%). Older individuals were less likely to report depressive symptomology
(OR 0.78, P<.001) and anxiety symptomology (OR 0.72, P<.001); in addition, they had lower stress scores (–0.15 points, SE
0.01, P<.001) and increased well-being scores (1.86 points, SE 0.22, P<.001). Individuals who were no longer working due to
COVID-19 were 2.25 times more likely to report symptoms of depression (P=.02), had a 0.51-point increase in stress (SE 0.17,
P=.02), and a 3.9-point decrease in well-being scores (SE 1.49, P=.009) compared to individuals who were working remotely
before and after COVID-19. Individuals who had partial or no insurance coverage were 2-3 times more likely to report depressive
symptomology compared to individuals with full coverage (P=.02 and P=.01, respectively). Individuals who were on
Medicare/Medicaid and individuals with no coverage were 1.97 and 4.48 times more likely to report moderate or severe anxiety,
respectively (P=.03 and P=.01, respectively). Financial and food access concerns were significantly and positively related to
depression, anxiety, and stress (all P<.05), and significantly negatively related to well-being (both P<.001). Economy, illness,
and death concerns were significantly positively related to overall stress scores (all P<.05).

Conclusions: Our findings suggest that many US residents are experiencing high stress, depressive, and anxiety symptomatology,
especially those who are underinsured, uninsured, or unemployed. Longitudinal investigation of these variables is recommended.
Health practitioners may provide opportunities to allay concerns or offer coping techniques to individuals in need of mental health
care. These messages should be shared in person and through practice websites and social media.

(JMIR Form Res 2020;4(10):e22043)   doi:10.2196/22043
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Introduction

The COVID-19 pandemic has produced over 41 million
confirmed cases and over 1.1 million confirmed deaths
worldwide as of October 21, 2020 [1]. Of these, nearly 8.3
million cases are in the United States, with nearly 222,000
deaths [1]. In addition to health impacts, many have raised the
alarm about the potential for a widespread global mental health
crisis as a result of the pandemic [2-5]. Specific groups may be
at increased risk for adverse mental health outcomes, such as
frontline health care workers [6] and those that have experienced
illness or death of family, friends, or coworkers. Many more
are likely to experience distress as a result of economic hardship,
disruption to social networks, and work- and school-related
changes due to the protracted crisis.

Elevated rates of depression and anxiety have been documented
following stressors such as disease outbreaks, including the
2014-2016 Ebola crisis in West Africa, among caretakers,
survivors, their immediate contacts, and others [7,8]. In addition,
epidemics such as SARS and HIV have been associated with
depression and other mental health concerns among various
groups [9-14]. The current pandemic is likely to be associated
with similar mental health outcomes, as a result of potential
exposure to stressors including loss of loved ones, economic
hardship, social isolation, and childcare responsibilities
following school and day care closures.

Countless businesses across the United States closed in an
attempt to protect workers, limit transmission of the coronavirus,
and allow health care systems to keep pace with the needs of
those requiring hospital care. With the exception of essential
services, much of the economy has come to a virtual standstill,
resulting in unprecedented rates of unemployment [15].
Financial struggles, including job loss and food insecurity, are
known risk factors for mental illness, particularly anxiety,
depression, and suicide [16,17].

In most US states, nonessential workers have been required to
stay at home for several weeks. Many states have had
stay-at-home orders in place for longer periods of time.
Although there is an easing of movement restrictions in some
areas within the United States, many people are still concerned
about the potential safety risks of resuming prepandemic levels
and types of activities. As a result, so-called “social distancing”
continues for many in the United States. Physical distancing
requirements (eg, social distancing) have the potential to limit
physical and social contact, disrupt prepandemic social
networks, and undermine the potential for social support at a
time when it may be needed most. This may result in an increase
in loneliness and social isolation. Across numerous studies,
social isolation has been associated with increased morbidity
and mortality, with an increase in coronary heart disease, stroke,
and poor mental health outcomes such as depression and anxiety
[18-22].

The increase in financial and familial struggles for some families
may have exacerbated the negative effects of strict social

distancing measures and overall trauma. Although studies
examining the mental health impacts of COVID-19 are limited,
findings from a few recent studies indicate that many in the
United States are experiencing significant and worsening mental
health difficulties during the pandemic [23]. A review of the
emerging literature regarding the effects of the pandemic
suggests that symptoms of anxiety and depression are common
[24]. In one study [25], which used a representative sample and
compared recent mental health concerns to those in 2018, large
increases in mental health distress were noted. Younger people,
those with children in the household, married individuals, and
Asians appeared to be faring worse than others [25]. Authors
suggested these findings may reflect economic hardship, but
more research is needed to understand factors contributing to
greater difficulties in some groups than others.

The current study examines demographic differences in mental
health and well-being outcomes and specific sources of concern
that impact these outcomes among a US sample of 1083 adults
surveyed between April 7 and June 1, 2020, immediately
following business closures and movement restrictions. This
study may bring to light additional factors related to mental
health during the pandemic and fill gaps in the current literature.
Specifically, several COVID-19–specific concern-related items
that have not been previously assessed were included in the
current analyses. These findings have the potential to inform
current intervention efforts as well as new initiatives, with the
potential to mitigate suffering and bolster resilience during the
ongoing pandemic.

Methods

Procedures
The Mental Health and Wellbeing Survey during COVID-19
Pandemic received ethical approval from the Colorado Multiple
Institutional Review Board (COMIRB Protocol #20-0676).
Survey data was collected between April 7 and June 1, 2020.
A snowball sampling technique was used. This survey was
advertised on Facebook and Instagram via paid targeted
advertising. In addition, it was sent out via listservs and other
media including Centers for Disease Control and Prevention
(CDC) Prevention Research Centers, American Public Health
Association Mental Health Section, Colorado Public Radio,
University of Colorado research announcements, and the
University of South Florida. Study data were collected and
managed using REDCap electronic data capture tools hosted at
the University of Colorado [26]. REDCap (Research Electronic
Data Capture) is a secure, web-based application designed to
support data capture for research studies, providing the following
features: (1) an intuitive interface for validated data entry, (2)
audit trails for tracking data manipulation and export procedures,
(3) automated export procedures for seamless data downloads
to common statistical packages, and (4) procedures for importing
data from external sources. Participants consented digitally
before beginning the survey. Additionally, participants in the
initial survey were given the opportunity to opt in to future
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surveys to collect longitudinal data. A participation incentive
in the form of a drawing for one of two $50 gift cards was
offered.

Participants
Adults aged ≥18 years were eligible to take the English-language
survey, regardless of country of residence. There were no
exclusion criteria beyond ability to provide consent. Although
data was collected from an international sample initially, most
of the participants were residing in the United States. As a result,
only data from the US subsample is included in the present
analyses. The final US sample consisted of 1083 individuals.

Measures
The 71-item survey consisted of demographic questions, mental
health and well-being measures, coping mechanisms, and
questions gauging COVID-19–specific concerns. Demographic
questions included age, race/ethnicity, gender, work status,
household size, and insurance coverage. The survey also
included four mental health and well-being scales measuring
well-being, depression, anxiety, and stress. The Short
Warwick-Edinburgh Mental Wellbeing Scale (SWEMWBS)
was used as a continuous measure of well-being. It has high
internal consistency and convergent validity with other measures
of life satisfaction and physical and mental health (α=.93 in this
sample). The SWEMWBS has a range of 7-35, with higher
scores indicating higher well-being [27]. The Patient Health
Questionnaire-2 (PHQ-2) was used as a brief measure of
depression (α=.81 in this sample). The PHQ-2 has a sensitivity
of 83% and a specificity of 92% for major depression. The
PHQ-2 has a range of 0-6 and was dichotomized for analyses
using a cutoff score of ≥3 [28,29]. Generalized Anxiety Disorder
(GAD) was assessed using the GAD-7, which has a sensitivity
of 89% and a specificity of 82% (α=.92 in this sample). The
GAD-7 has a range of 0-21, and moderate or severe anxiety
was based on a cut-off of ≥10 [30]. Lastly, stress was assessed
using a validated 1-item continuous measure with 5 response
options ranging from “not at all” to “very much” stress “these
days” (Elo stress-symptoms item). This stress item has
demonstrated construct, content, and criterion validity for
group-level analysis [31].

The survey included a coping checklist, comprised of 12
behavioral items with an additional “other” option, to ascertain
which types of coping were most common (eg, exercise,
engaging with media, engaging remotely with family/friends).
The survey items examining COVID-19–specific concerns
included questions about personal financial impact, food
security, economic impact, and risk of serious illness or death
(in participants or others known to participants) related to
COVID-19. Questions were phrased in the following manner:
“How concerned are you about... [the financial impact current
events may have on your family]?”

Analyses
Data were exported from REDCap into SPSS (Version 25; IBM
Corp) for analyses. Data cleaning included testing of
assumptions, exploration of outliers, and missingness for all
key variables. As all key variables had less than 10% missing

data and data were missing completely at random (χ2
9=12.86,

P=.17), listwise deletion was used in all analyses. Univariate
and bivariate analyses were conducted. Two proportion z tests
were also used to calculate differences between responses (%)
to the PHQ-2 and GAD-7 and national prevalence data. An
independent sample t test was run to compare the sample
average for the Warwick wellbeing score with a nationally
representative sample.

Two hierarchical multivariable logistic regression models were
run (logistic regression models 1 and 2) to explore associations
among demographic variables, depression (not depressed versus
depressed), and anxiety (no or mild anxiety versus moderate or
severe anxiety) outcomes. Hierarchical regression was used to
investigate if specific sources of concern (eg, financial concern,
illness-related concern) were related to the outcome measures
after controlling for demographic characteristics of the analytical
sample. For categorical variables, well-established cutoffs based
on representative US samples were used. All demographic
variables were added simultaneously to each model, after which
5 unique sources of concern were entered into models (logistic
regression models 3 and 4) to see which sources of concern
predicted depression and anxiety outcomes after controlling for

demographics. R2 values, odds ratios, and P values for logistic
regression models are presented.

Next, two hierarchical linear regression models were run (linear
regression models 1 and 2) to explore associations between
demographic variables and stress and well-being outcomes. In
total, 5 unique sources of concern were entered into models
(linear regression models 3 and 4) to see which sources of
concern predicted stress and well-being outcomes after
controlling for demographics. Unstandardized coefficients, P

values, and adjusted R2 values are reported for all linear
regression models. Alpha (α) was set at .05.

Results

Table 1 depicts demographics and the prevalence of mental
health and well-being indicators of the final analytical sample,
which included 1083 individuals. In total, 45 states within the
United States were represented within the sample. Overall, 56%
of the participants resided in Colorado. The remaining states
comprised 0%-4% of the sample. Approximately 50%
(536/1076) of the analytical sample were aged ≥45 years. Most
of the sample was White (1013/1054,96%). Hispanic individuals
made up 7% (73/1058) of the sample and 82% (884/1073) of
participants were female. The average household size of the
sample was 2.6 individuals. The self-reported depression rate
in the sample population was 29% (295/1034) compared to a
national average of 7% (z=27.8, P<.01) [32]. Approximately
one-third of the sample reported moderate or severe anxiety
(342/1007, 34%) compared to a national average of 20% of US
adults prior to the pandemic (z=11.4, P<.01) [33]. Three-quarters
(773/1058, 73%) of the sample reported experiencing stress “to
some extent” or greater (“rather much” or “very much”). The
average well-being score of the sample was 45.1 (SD 10.0),
which compares to a national average of 51 (t[4349]=17.02,
P<.01) [34]. From the 12 items provided (including the “other”
specify option), the most prevalent coping behaviors reported
by the sample included use of television (661/1083, 61%),
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texting with family and friends (661/1083, 61%), social media
(617/1083, 57%), and exercise (617/1083, 57%).

Logistic regression models for the depression and anxiety
outcomes are presented in Table 2. Age was related to mental
health outcomes; older individuals were less likely to report
depressive and anxiety symptomology compared to younger
individuals (OR 0.78, 95% CI 0.70-0.87, P<.001 and OR 0.72,
95% CI 0.65-0.80, P<.001, respectively). Additionally,
individuals who were no longer working due to COVID-19
were 2.25 times more likely to report symptoms of depression
compared to individuals who were working remotely before
and after COVID (“no change” group; 95% CI 1.15-4.43,
P=.02). Finally, insurance status was significantly associated
with both depression and anxiety outcomes. Individuals who
had partial coverage and individuals with no coverage were
2.67 and 3.22 times more likely to report depressive
symptomology compared to individuals with full coverage,
respectively (95% CI 1.91-6.00, P=.02 and 95% CI 1.33-7.80,
P=.01, respectively). Individuals who were on
Medicare/Medicaid and individuals with no coverage were 1.97
and 4.48 times more likely to report moderate or severe anxiety
compared to individuals with full coverage, respectively (95%
CI 1.09-3.57, P=.03 and 95% CI 1.73-11.60, P=.01,
respectively).

Linear regression models for the well-being and stress outcomes
are presented in Table 3. An increase in age decade was
associated with a 0.15-point decrease in stress score (SE 0.01,
P<.001) and a 1.86-point increase in well-being score (SE 0.22,
P<.001). On average, individuals who did not have insurance
reported a 0.72-point higher stress score (SE 0.29, P=.002) and
a 9.59-point lower well-being score (SE 2.09, P<.001). No
longer working due to COVID-19 was associated with a
0.51-point increase in stress score and 3.90-point decrease in
well-being score compared to individuals who were working
remotely before and after COVID (“no change” group; SE 0.17,
P=.02; SE 1.49, P=.009). Males also reported significantly lower
stress scores compared to females (B=0.42, SE 0.10, P<.001).

Financial concerns and food access concerns were significantly
and positively related to depression, anxiety, and stress (all
P<.05) and significantly negatively related to well-being (both
P<.001). Economy-, illness-, and death-related concerns were
significantly and positively related to overall stress score after
controlling for all demographic variables (all P<.05).

Additional analyses were considered, including investigating
the effects of race/ethnicity and parenthood status. The cell sizes
for these variables were too small to conduct analyses.
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Table 1. Sample characteristics and mental health and well-being (N=1083).

ValuesVariables

Demographics

Age (years), n (%)

46 (4.3)18-25

494 (45.9)25-44

313 (29.1)45-59

223 (20.7)≥60

Race, n (%)

1013 (96.1)White

4 (0.4)Black or African American

13 (1.2)Asian

24 (2.3)Native Hawaiian or Pacific Islander

Ethnicity, n (%)

73 (6.9)Hispanic

985 (93.1)Non-Hispanic

Gender, n (%)

189 (17.6)Male

884 (82.4)Female

Health care insurance, n (%)

893 (82.6)Full coverage

38 (3.5)Partial coverage

120 (11.1)Medicaid/Medicare

30 (2.8)No insurance

Work status, n (%)

104 (9.9)Remote before and after COVID-19

167 (15.9)Unemployed prior to COVID-19

120 (11.4)Work outside home

107 (10.2)No longer working due to COVID-19

552 (11.4)Working remotely due to COVID-19

2.6 (1.4)Household size, mean (SD)

Mental health and well-being variables

45.1 (10.0)Warwick Wellbeing Scale, mean (SD)

Anxiety (GAD-7a), n (%)

665 (66.0)No/mild (<10)

342 (34.0)Moderate or severe (≥10)

Depression (PHQ-2b), n (%)

739 (71.5)Not depressed (<3)

295 (28.5)Depressed (≥3)

Stress, n (%)

67 (6.3)Not at all

218 (20.6)Only a little

363 (34.3)To some extent
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ValuesVariables

240 (22.7)Rather much

170 (16.1)Very much

aGAD-7: Generalized Anxiety Disorder 7-item scale.
bPHQ-2: Patient Health Questionnaire 2-item scale.
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Table 2. Logistic regression models showing associations between depression (Models 1 and 3), anxiety (Models 2 and 4), demographic variables, and
sources of concern (N=1083).

Model 4 (GAD-7)Model 3 (PHQ-2)Model 2 (GAD-7b)Model 1 (PHQ-2a)Predictor variables

P valueOdds ratioP valueOdds ratioP valueOdds ratioP valueOdds ratio

<.001c0.68<.001c0.76<.001c0.72<.001c0.78Age

Race

RefRefRefRefRefRefRefRefdWhite

.640.54.820.75.492.00.452.13Black

.212.35.321.98.242.11.311.91Native American or American Indian

.100.34.250.49.140.41.240.50Asian

Ethnicity

RefRefRefRefRefRefRefRefHispanic

.991.01.311.43.941.02.391.34Non-Hispanic

Work status

RefRefRefRefRefRefRefRefWorking remotely before and after
COVID-19

.260.69.421.33.790.92.221.51Unemployed prior to COVID-19

.780.91.991.00.930.97.991.00Work outside home

.451.32.111.80.061.92.02e2.25No longer working due to COVID-19

.220.70.280.72.360.77.310.75Working remotely due to COVID-19

Insurance

RefRefRefRefRefRefRefRefFull coverage

.911.05.04e2.35.671.20.02e2.67Partial coverage

.02e2.18.581.19.03e1.97.491.22Medicare/Medicaid

.03e3.09.201.84<.001c4.48.01c3.22None

Gender

RefRefRefRefRefRefRefRefFemale

.680.91.221.33.190.75.411.19Male

.840.99.130.91.650.97.120.91Household size

.01c1.32<.001c1.49N/AN/AN/AN/AfFinancial concern

<.001c1.39.01c1.29N/AN/AN/AN/AFood access concern

.071.29.081.27N/AN/AN/AN/AEconomy-related concern

.121.33.840.97N/AN/AN/AN/AIllness-related concern

.071.33.211.21N/AN/AN/AN/ADeath-related concern

N/A.18N/A.13N/A.09N/A.07Adjusted R2

aPHQ-2: Patient Health Questionnaire 2-item scale.
bGAD-7: Generalized Anxiety Disorder 7-item scale.
cP<.05.
dRef: reference.
eP<.01.
fN/A: not applicable.
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Table 3. Linear regression models showing associations between stress (Models 1 and 3), well-being (Models 2 and 4), demographic variables, and
sources of concern (N=1083).

Model 4 (well-being)Model 3 (stress)Model 2 (well-being)Model 1 (stress)Predictor variables

B (SE)B (SE)B (SE)B (SE)

1.91 (0.21)a–0.15 (0.02)a1.86 (0.22)a–0.15 (.02)aAge

Race

ReferenceReferenceReferenceReferenceWhite

3.57 (5.23)0.12 (0.55)2.62 (4.71)0.41 (0.54)Black

2.30 (2.76)0.33 (0.29)2.18 (2.97)0.36 (0.33)Native American or American Indian

2.15 (2.16)–0.32 (0.22)1.94 (2.24)–0.32 (0.25)Asian

Ethnicity

ReferenceReferenceReferenceReferenceHispanic

2.06 (1.44)–0.03 (0.15)2.62 (1.48)–0.08 (0.54)Non-Hispanic

Work status

ReferenceReferenceReferenceReferenceWorking remotely before and after COVID-19

–2.09 (1.36)–0.12 (0.14)–2.81 (1.41)–0.03 (0.16)Unemployed prior to COVID-19

0.12 (1.43)0.02 (0.15)0.03 (1.47)0.04 (0.16)Work outside home

–2.58 (1.46)0.26 (0.15)–3.90 (1.49)a0.51 (0.17)aNo longer working due to COVID-19

–0.20 (1.16)0.05 (0.12)–0.33 (1.19)0.07 (0.13)Working remotely due to COVID-19

Insurance

ReferenceReferenceReferenceReferenceFull coverage

–1.57 (1.87)0.37 (0.19)b–2.20 (1.19)0.50 (0.21)bPartial coverage

–1.70 (1.22)0.21 (0.12)–1.77 (1.26)0.24 (0.14)Medicare/Medicaid

–6.42 (2.06)b0.28 (0.21)–9.59 (2.09)a0.72 (0.29)bNone

Gender

ReferenceReferenceReferenceReferenceFemale

1.17 (0.89)–0.28 (0.09)b1.61 (0.91)–0.42 (0.10)aMale

0.50 (0.25)b–0.04 (0.03)0.44 (0.25)–0.05 (0.03)Household size

–1.41 (0.40)a0.28 (0.04)aN/AN/AcFinancial concern

–1.77 (0.42)a0.18 (0.04)aN/AN/AFood access concern

–0.79 (0.49)0.15 (0.05)bN/AN/AEconomy-related concern

0.94 (0.69)0.15 (0.07)bN/AN/AIllness-related concern

–1.37 (0.61)b0.13 (0.06)bN/AN/ADeath-related concern

43.63 (2.56)1.79 (0.26)33.94 (1.81)4.21 (0.20)Intercept

.19.29.12.10Adjusted R2

aP<.05.
bP<.01.
cN/A: not applicable.

Discussion

The imposed social distancing experienced by many throughout
the United States undoubtedly contributed to numerous short-
and long-term negative effects within the population. This

survey aimed to identify the impact of the COVID-19 pandemic
and imposed social distancing on mental health among US
residents within a small window of time during which many
businesses were closed and many individuals were out of work.
Based on the findings associated with this convenience sample,
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when compared to prepandemic representative population-level
data in the United States, it appears that mental health declined
overall during the late spring of 2020. Prevalence rates of both
depressive symptoms and anxiety symptoms were notably higher
than national prepandemic averages. In addition, mental
well-being significantly decreased, and stress levels were
elevated in this sample. These findings support early evidence
that the effects of the pandemic on mental health are significant
[23].

The findings from the regression analyses suggest that age may
be an important factor in considering mental health impacts of
the pandemic. As age increased, anxiety symptoms, depression
symptoms, and stress decreased, and well-being increased. This
effect may be explained by stress on younger individuals due
to inconsistent income or parenting-related obligations; however,
these relationships could not be analyzed due to small cell sizes.
Based on a review of the limited literature specifically related
to the COVID-19 pandemic, Rajkumar [24] found that older
adults were at greater risk for mental health concerns [35]. No
other studies we reviewed found a relationship with age. Further
research should be conducted to determine mental health risks
relative to age and associated factors during the COVID-19
pandemic.

Findings from this study suggest loss of work due to
pandemic-related closures greatly increased the odds of
depression symptoms when compared to individuals who did
not experience a change in their employment (were working
remotely both before and after closures began). Loss of
employment was also related to increased stress levels and
decreased mental well-being. This could indicate a segment of
the population that may require additional support to overcome
mental health challenges during the pandemic. Economic crises
have been tied to poor mental health outcomes in numerous
studies [16,17]. Employment, in contrast to unemployment, has
been linked to decreased mental illness, including depression
and anxiety, and increased mental well-being [36]. Job
instability, including moving from a permanent position to a
temporary position, has been linked to increased mental illness
[37]. Public health officials should make targeted efforts to
reach out to the segment of the population that completely lost
the ability to work during social distancing regulations. These
individuals may need aid that extends beyond financial support.

Partial and no insurance coverage was associated with increased
odds of depression symptoms when compared to fully insured
individuals. This finding supports previous evidence that
increased health care coverage reduces the prevalence of
undiagnosed and untreated depression [38]. Individuals with
limited health coverage also had higher stress scores and lower
well-being scores. A similar effect was seen with moderate to
severe anxiety. This finding was particularly pronounced in the
uninsured population. The effects of partial or no insurance
coverage on mental health may be exacerbated by the
circumstances of the pandemic. Those with no insurance
demonstrated extremely high odds of anxiety symptoms. This
is likely related to concern about what would happen to them
if they contracted COVID-19. Practitioners working with
uninsured and partially insured individuals should take note of
potentially decreased mental health in this population. Although

these practitioners may not have the ability to affect their
patients’ insurance status or concerns about the potential
financial burden of contracting COVID-19, they do have the
opportunity to encourage low- or no-cost coping methods that
may decrease depressive and anxiety symptomatology.

Several other factors demonstrated relationships with mental
health. Males reported significantly lower stress levels than
females. This is consistent with findings on gender and stress
[39]. This difference in stress levels may be due to gender
differences in coping with stressful situations and differences
in hormonal responses to stressful events [40]. Increased family
financial concern and family food access concern were
positively related with depression symptoms, anxiety symptoms,
and stress, and negatively related to well-being. In addition,
concern about the economy, illness-related concern, and
death-related concern were positively related to stress scores.
The financial concern and food security findings are consistent
with previous work investigating this relationship [41,42]. Each
of the relationships between the concern items and mental health
variables is consistent with expected outcomes from the
COVID-19 pandemic [43]. Practitioners may wish to ask their
patients about specific concerns that they may be experiencing
during this time. Using a sliding scale for medical fees and
having referrals and information about different types of aid
available (eg, food banks and local, state, and federal funds)
may reduce the mental burden on some individuals. Practitioners
are also in the best position to convey accurate information
about COVID-19 risk status and effective protective measures.
Information of this type can be conveyed in person or online
through practice websites and social media. This reliable
information may counteract the concern of illness and death
and reduce poor mental health outcomes.

There are noteworthy limitations to this study. The convenience
sample was primarily insured, non-Hispanic, White, and female,
which may have led to results that are not generalizable to the
broader population of US adults. Minority populations tend to
experience the effects of trauma to a greater degree than others.
Given the results seen in this study in a non-Hispanic White
population that is primarily insured, it is reasonable to assume
that minority populations may be impacted to an even greater
degree than what was demonstrated in this study. Particular care
should be taken to measure and address these concerns in future
studies.

In addition, due to the small number of African Americans in
this sample, we were not able to explore the relationship between
race and mental health, a limitation that should be prioritized
for exploration in follow-up research. In addition, the sample
did not include a representative percentage of young people or
individuals with children. Given the age effects in this study,
further investigation is encouraged to determine the effect of
age on mental health outcomes during the pandemic. The results
of this study are based on a comparison with prepandemic
norms, which may not be representative of the morbidity of
these mental health conditions in peripandemic or postpandemic
times. Functional impairment was not measured. Therefore,
assumptions about the impact of negative mental health
symptomatology in the peripandemic period cannot be made.
Furthermore, the survey was conducted online, which likely
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inadvertently excluded individuals that do not have access to
or are uncomfortable with the internet.

The strengths of this study include the large sample, which
consisted of respondents from 45 of 50 states in the United
States. This survey was also developed and launched early in
the pandemic’s course through the United States. Therefore, it
likely captured early mental health responses that later surveys
may not have captured. These responses included both mental
health struggles and positive mental health indicators. This study
was designed with a follow-up in mind. Respondents to this
survey were asked if they would be willing to participate in a
follow-up survey at a later date. This will allow for longitudinal
data collection at multiple time points as social distancing
restrictions change throughout the United States.

Our findings suggest that many US citizens, particularly
non-Hispanic, White, insured individuals, are experiencing high
stress, depressive, and anxiety symptomatology. Practitioners,
including health care workers and mental health specialists, can
be a resource for those struggling with mental health concerns
during the pandemic. These messages should not only be made
in person, but also through practice websites and social media
accounts. The overwhelming amount of information available
to the public regarding COVID-19 makes it difficult to delineate
accurate information from inaccurate information [44].
Practitioners have a preexisting rapport with their patients that
they should use to shift the balance toward accurate information.

This patient-provider relationship may engender trust that does
not exist with larger health or government entities. Practitioners
should capitalize on this rapport to convey accurate, timely
information regarding risk factors, protective measures, coping
techniques, financial relief, and food banks.

Policy makers should encourage growth in areas of mental
health support that are most feasible during this time. Telemental
health, for example, has been shown to be highly effective,
cost-efficient, and accessible, especially in isolated communities
[45]. Online mental health assessments and self-directed mental
health interventions have also been widely introduced in China,
with their effectiveness remaining to be seen [46].

Future research should continue to track the mental health effects
of the pandemic as it progresses. There may be future waves of
illness that impact social distancing recommendations and
requirements. These, in turn, may impact mental health.
Longitudinal investigation of these effects is recommended.
Future studies should make concerted efforts to obtain a
representative sample. Representative state-specific samples
are available through various entities for a fee. In addition,
specific outreach to underrepresented populations is
recommended. Knowledge of these fluctuations in population
mental health can be used by public health practitioners, mental
health practitioners, and policy makers in their decision making
and in their framing of recommendations.
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