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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’sfood. The nutrition information fed back to usersis 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 aranking
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 aregistered 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. Theranking obtained by the proposed method showed agood correl ation to nutritional value-based ranking
by adietitian. We then proposed anetwork that allows conditionsthat areimportant 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 plansfor patients with diabetes who need advice in choosing healthy meals.

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

Recently, many information technol ogy—supported systemsfor
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 thereis clear interest for diet monitoring
and recommendation using mobile apps[2]. With theinclusion
of acamerafeature, mobile devices areincreasingly being used
for image-based dietary assessment. One of these systems is
DialBetics[3], which is assisted by the food image recognition
app FoodL og [4] to input photos of mealsby semiautomatically
limiting the dish-selection area. Herein, werefer toa“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 Dial Betics,
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 generaly 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 anew category in the system. Thesefairly 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 asimplelisting, 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,” asingle
image of al of the dishesin ameal, contains some visual clues
that permit estimation of the healthiness of themeal. 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

http://formative.jmir.org/2020/10/e18507/

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 asimilar concept. The
feedback isnot detailed numeric nutrition data but rather amore
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 asmuch aspossible

[71-

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 devel opment of machine learning and alarge 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 containsaregular portion
or requires usersto select among alineup of valuesfor 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
theingredientsin each dish and their proportions/weights from
whichit calculates nutritional value[15,20]. Clearly, thesefood
recognition systems based on machine learning require alarge
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 al of them with such amodel isvirtually 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 methodsthat estimate nutrition
by recognizing the category of foods or ingredients, we propose
anovel approach of predicting whether or not ameal is healthy
by viewing thetotal meal image. Our approach avoidsthe highly
difficult food image recognition task that determines the absolute
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values of foods. Instead, our heal thi ness estimation method uses
aranking network and the ranking data generated by comparing
many pairs of meal images. We fuse a recognition network,
trained with afood dataset and with masks of food areas, with
a ranking network. This approach allows for extracting food
featuresfrom meal imagesthat 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 mealsto 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 imagesis that
the healthiness of meals should be estimated solely from the
foods or ingredients. Accordingly, mealsthat contain the same
ingredients but are photographed on different plates should be
estimated to have the same healthiness.

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

Sudo et d

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 isthe 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 rankingsfromthis
dataset.

Rank-SVM [23,24], an MLRA-based approach, isalso 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 inthis
experiment to optimize the system.

Methods

Wor kflow

We propose an image-based system that can rank mealsinterms
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 featuresthat 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 aregistered dietitian to improve

their meals.
—— Advice
—— Encouragement
L Healthy? N | Making Advice
Estimating =, Bv Redi
) 2 y Registered
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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
arefrom the average healthiness. In Figure 1, sisthe healthiness
score estimated by the proposed method and Thisthe 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 intervenesto 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
ahealthier meal if their initial choice achievesalow score.

Framework Overview

Our image-based meal rating system performs the following
processes: (1) examineswhether aregistered dietitian can judge
the healthiness of meals solely by viewing meal imagesin a
small dataset (100 meals); (2) generates ranking data based on
comparisons of sets of meal images (850 meals) by aregistered
dietitian viewing mea 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 ahealth
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 M eal 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 valuesto allow for
accurate calculation of thetotal nutritional values using proven

http://formative.jmir.org/2020/10/e18507/
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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 practica
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 aone. To establish the validity of this approach, we
verified that the expert, aregistered dietitian, can appropriately
judge the healthiness rank by viewing ameal 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 apprai sed the rel ationship between
therank given by the dietitian viewing images of the mealsand
the ground truth rank based on nutritional measurements. The
ground truth rank based on nutritional measurements was
calculated according to the standard val ues of food composition
in Japan [25,26]. Briefly, total energy and the energy ratio (ie,
theratio of protein, fat and carbohydrate), and the supplementary
items (appropriateness of salt, and the amount vegetabl es, beans,
and foodsrichin dietary fiber such as mushrooms) aretheitems
required for the calculation.

Generating Ranking Data

To generate adataset 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 healthinessfrom “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. Toreducethedietitian’sworkload, our app displays
only 4imagesat each step. Theapp interfaceisshownin Figure
2. For this study, we used the meal image database of patients
with type 2 diabetes.
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Figure2. App interface to generate the ranking data. A set of 4 meal imagesis presented, and the registered dieticians rank those images from the 1st

to 4th.

& WS AT

4

Click images in order from the most healthy

The ranking algorithm is shown in Multimedia Appendix 1, in
which N.=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] a gorithm can be used, which considers
thedistribution of annotation that mergestherank setsannotated
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 associ ated 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 sameingredients 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 featureswere only thoseincluded intheregion
of interest, eliminating any possible impact of food placement
or background such astables. In thetraining phase, we prevented
the network from learning relationships between healthiness
and factors other than thefood itself by using amask toindicate
the region of food. The mask simply used a1 valuein the food
aea and a O value elsewhere, so that pixel-by-pixel
multiplication of the original image and the mask resulted in
an image where the food areais the same as the original image
and any part of the image outside of the food areais given a

http://formative.jmir.org/2020/10/e18507/
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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 imagesand their relative rankings were input
in the training process, and al pairs were labeled to indicate
which ishealthier than the other. Duplicate networks were used
to predict healthiness. Their outputs were used to calcul ate the

loss, defined as:
E

]
2

where x;, x; isthe pair of imagesi, j for training, U is the set of
all pairs of labeled images, and f(x) isthe estimated healthiness
of image x. El and (=] are the ground truth healthiness, and

equation (2) is the relation between the ground truth order of
images x and X;.

@

We assigni and j for apair of images asthey satisfy [, Since
the value of the loss function of equation (1) becomes smaller
when the order of the estimated ranks f(x;) and f(x) isf(x)>f(x)
in the condition that the ground truth order relation between
imagesi and j is E, the ranking predictor is trained so as to
minimize the loss for all data. When f(x;)>f(x), it istrue, and L
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will give a value close to 0. When the order of the estimated
rank f(x) and f(x;) isf(x;)<f(x), itisfalse, and L will givealarge
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 thelocal region of the food, the feature extraction
modulewastrained in advance. It ispossibleto train thismodule
by optimizing both ranking and food class; however, a dataset

Sudo et d

that has annotation of both rank and food classis not available.
Therefore, we adopted a serial approach by pretraining the
feature extraction layer with alarge 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 thefeature 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.

Feature extraction layer (CNN+PSPNET)
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Sincethe 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 thisvariance
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.
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For pretraining of the CNN and evaluation of the domain
adaptability of theranking estimate, we used theimagesin 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]. Sincetheoriginal 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 theinput image
by embedding 0 valuesto 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 sametrained CNN as the network constructed
from the RSS-CNN—based network.

Theevaluation indiceswerethe error rate of comparison E, and
the average error of order E, determined as follows.
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When the order relation between the estimated scores s and §
of apair of testimages |; and I; are the same as the order relation
between the pair of scores §; and §; assigned by the registered
dietitian to I; and I;, the score estimation result for the pair i and
j iscounted as true, C(i,j)=1.

The accuracy of theranking of pairswas calculated for all pairs

of test images. Theratio of countsthat proved trueisthen taken
to be the error rate of comparison E of the pairs.

@
Bl

Where Q is the set of all other pairs of test samples (1;, 1)), (i, j
O{l4, I5,..., I5}) @and N isthe 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 theregistered dietitian. We then compared the order
o, of |, to the order 6, by the registered dietitian, and cal culated

the error between o; and 6, ase= | 0, —6; | ; 0, is obtained by
sorting the images according to the estimated ranks.

The average error of order E, is taken to be the mean of g; Q
isthe set of test samples{I, I5,..., Iy} and N is the number of
test samples.
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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 acorrelation
coefficient of 0.73, we confirmed that ranking based on viewing
images correl ateswith 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 aregistered dietitian’simage-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.
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. . . . method with masking, pretraining, and the CNN was better than
Pair Comparison and Rank Estimation that of the network without any module related to feature
Table 1 shows the results of the accuracy achieved in ranking  extraction.

healthiness under different conditions. Theresult of the proposed
Table 1. Evaluation of the error rate of healthiness between methods.

Method Conditions for training the model Error rate of therank (E;)  Error rate of the pairwise
rank (Ep)
Masking Pretraining Ranking method
Proposed method Yes Yes CNN? 13.94 16.40%
Yes No CNN 14.59 17.16%
No Yes CNN 16.6 19.5%
Yes Yes Rank-SVMb 16.2 19.1%
Rank-based CNN [21] Yes No CNN 15.44 18.15%

8CNN: convolutional neural network.

bsvM: support vector machine.

The relation between the ranking of healthiness based on the to range from 0 to 100. The correlation coefficient between
dietitian’sjudgment and the ranking estimated by the proposed  these rankings was 0.72. We also confirmed that there was no

method isshown in Figure 5. Therankingswerenormalizedto fixed bias or proportional bias by evaluation of the
have a mean of 0 and unit variance, and were then transformed ~ 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.
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Unhealthy Meal Detection

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

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

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

Method Conditions for training the model Accuracy of unhealthy meal detection
Masking Pretraining Ranking method
Proposed method Yes Yes CNN? 76.5%
Yes No CNN 73.9%
No Yes CNN 72.5%
Yes Yes Rank-SVMP 70.3%
Rank-based CNN [21] Yes No CNN 72.86%

8CNN: 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
versusthat of meals detected as unhealthy and are unhealthy in
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reality. Each curve shows the values when “unhealthy” was
defined asameal 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
isthe true positive rate (TP). Each curve shows the set of values of TP vs FR, when the definition of an unhealthy meal is a meal whose rank is lower

than k% (k=50, 60, 70) of all meals.
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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 mea 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 arelation between
theranking of healthiness based on the dietitian’sjudgment and
the ranking estimated by the proposed method (Figure 5), and
it ispossiblethat the CNN acquired something similar to human
intuition. Multimedia A ppendix 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

http://formative.jmir.org/2020/10/e18507/

RenderX

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 noodleswith alot 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 appearsthat someimplicit criteriaformed
by the dietitian had been transferred to the network model.

Theimagesin Multimedia Appendix 5 show sampleswith scores
that arerelatively high or low in UEC Food Dataset, which uses
adifferent domain from our original dataset in the training the
model. Most of the meal swith higher scores contained multiple
dishes that have balanced, nutritious ingredients (ie, meat plus
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vegetables). The mealswith lower scoresare mainly single-plate
dishes with no vegetables and high carbohydrates.

Although the mealswere cooked at different times and included
dightly different ingredients, some visual clues are associated
with healthiness, and we can assume that the proposed system
uses these visual cluesin assessing healthiness.

In thiswork, we trained the network to learn amodel 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
aranking 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
fromitsimage) [21] of 73.5%, and arelated study using machine
learning—based cal orie estimation from meal imagesthat contain
asingle 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” asameal ranking in the lower 50% of all meals, a
threshold can be selected so that the lower 30 images are
automatically detected with only afew healthy mealsincluded.
The assessment of domain adaptability of the ranking estimate
suggests that our method has domain adaptability, so that meal
imagestaken 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 patientswith type 2 diabetes, the scale of the database
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isnot 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
annotatestherank 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 thiswork, 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 apilot study. Generating alarger database with more
categories of mealswill 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
arelation 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
interms 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 plansfor diabetic patientswho 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.
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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: Theaim of this study was to explore attitudes toward smoking cessation apps and preferences regarding app design
in young adult smokers with serious mental ilIness.

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; adesire for apps
to provide distraction from smoking; concerns about app effectiveness due to alack 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 requiretailoring, optimization, and clinical support to effectively promote cessation in this popul ation.

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

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

interventions [1-3]. Tobacco smoking is amajor contributor to
high rates of chronic cardiovascular and lung diseases, high

People with serious mental illness (dlsabllng mood, anxiety, treatment costs (US $160 billion per year in the United States

and psychotic disorders) are morelikely to develop tobaccouse  [41), @nd to a 10- to 20-year reduction in life expectancy for

disorders and are less likely to quit smoking than those in the PEOPIe with serious mentdl illness [2,5-7]. While quitting
general population, even when using recommended cessation 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 reducetherisk of smoking-related disease and
can mitigate early mortality [8].

A significant body of literature [9-12] has described unique
challengesfaced by people with serious mental illnesswho 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 pathwaysin schizophrenia).
Additionally, people with serious mental illness may endorse
using tobacco to manage challenging psychiatric symptoms and
to overcome difficulties with sociadization [10,12,13].
Furthermore, some cessation medications (eg, bupropion) may
not beindicated for asubset of peoplewith serious mental illness
[14]. While overall, pharmacologic therapies are safe and
effective for people with psychiatric illnesses [3,11,15-17],
behavioral interventions are al so 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 isinformative.
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
ol der age groups were al so 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 callersfrom 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, werelesslikely
to initiate evidence-based tobacco use disorder treatment after
education or standard motivational interviewing, suggesting
that more appealing approachesto 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 usersto 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 adultswith low incomes
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(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 | (design and refinement) and phase Il (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
thisgap in knowledge for middle aged adultswith 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 asingle 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
agerange of 18to 35 yearsto focuson adultsfor 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 al so demonstrated that smoking
trgjectories 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 dligible 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
groupstook 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 experienceswith
smoking, narrowing to experiences with quitting or reducing
smoking, and finaly 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
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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.t (version
8, ATLASL 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 alowed us to generate codes based on prior
empirical data on facilitators and barriers to quitting smoking,
while also alowing new codesto emerge from the data set. The
3 researchers met regularly to refine the code definitions until
reaching afinal code structure, which they each independently
applied to the entire data set. Additional meetings were held to
discuss discrepanciesin 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]. Thethemes
were then developed into thematic statements, and emblematic
guotationswhere chosen toillustrate how the themes devel oped
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.

Gowarty et al

Characteristic

Value, n (%)

Demographic and clinical characteristics (n=22)
Gender
Male
Female
Race
White
Mixed
| don't know

Psychotic disorder diagnosis

Technology use characteristics (n=19%
Useinternet = twice daily
Ever downloaded an app
Ever downloaded a health app
Would try an app if recommended by a doctor

12 (54)
10 (46)

18 (82)
3(14)
1(5)

9 (41)

18 (95)
18 (95)
16 (84)
15 (79)

#Technology use data were missing for 3 participants.

Focus Group Themes

Facilitators and Barriersto Quitting Smoking

During the initial discussions about reasons for smoking and
participants’ prior experienceswith quitting, anumber of themes
emerged regarding facilitators and barriersto quitting. Reasons
for quitting included the desire to save money and concern
regarding their children’s, pets’, and persona hedth. For
example, one participant stated:

| feel like whenever | quit smoking, | can smell things
easier, | can taste things more, and | 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 | have bipalar, it helps. Smoking helps me not
have so much anxiety, but when | do quit, | 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
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comfortable with using prescription cessation medications due
to concern for psychiatric side effects. For example:

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

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

Roleof Appsin Supporting a Quit or Reduction Attempt

Focus group discussions regarding apps included participants
prior experiences with health-related apps as well as their
perceptionsregarding 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 appsduring
aquit 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 aslack 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 discussi ons are subsequenty presented.
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Table 2. Major themes regarding app use for smoking cessation, with corresponding illustrative quotations.

Themes

Ilustrative quotation

Suggested ways apps could support a quit attempt

Providing ongoing motivation

Increasing awareness of smoking patterns

Providing distraction

App limitationsin supporting a quit attempt

Lack of external accountability

Possible triggers

“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]

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

“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]

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

“You'd have to use, like acode 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]

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 appsto 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 | 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 goalsin 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.

M otivation

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 moativation.
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 suggestionsfor aternate 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 socia interactions and reduced social support for
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quitting, othersdiscussed desirefor 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 | 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:

| 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 planin

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, | feel like those are all helpful things to
know. [Group 4 Participant 1]

Some participants noted that quitting all at once can feel
insurmountabl e, 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

realigtic. If | could reduce, like, instead of smoking

20 cigarettes, if | 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:

| should, | 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 | 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 | 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 hasto 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 acrossfocus groupswasthe desire for rewards
within the app. Some participants mentioned financial rewards
such asgift cardsfor using the apps while others recommended
that the app award badgesfor progress, based on their experience
with other health behavior change apps:

| think that those badges, you know, when | 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 | 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 gamesto play
to avoid smoking. Others felt that the app could provide
suggestions for alternative activities to smoking:
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Yeah, ‘ cause when you're having a craving, you just
look at it [the app] and maybeit’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 mativation 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
servicein 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 theimportance of monitoring progress, participants
voiced concerns about the temptation to report falseinformation
to an app. One participant, who had previously used a cigarette
tracking app, noted:

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

In another focus group, asimilar sentiment arose:

...how is this going to know when I'm smoking a
cigarette or not? | can just say I’'mnot...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 amethod 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 cigarettesin 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 Resultsand Comparison With Prior Work

In this study, we explored the attitudes of young adults with
serious mental illnesswho 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 adesire
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. Thisgroup’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 desireto
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], participantsin 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
appswith 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 fal seinformation 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 featureswere 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
barriersto quitting asinability 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,
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rather than the application of skills to tolerate stress and urges
without smoking. Skills training, such as advice on changing
routines and improving coping strategiesfor 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 featuresfor cessation skillswould 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 financia
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 resultsregarding
therole of social support for quitting within apps[33,42,44,45],
participantsin our study clearly valued thisfeature. 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 aternative smoke-free
support system within the app. They specifically voiced adesire
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]. Thisdesire for
peer support issimilar to preferences described by young adults
with serious mental illnessin astudy [52] assessing the possible
roleof digital support for mental health diagnosesand highlights
the perceived importance of peer-to-peer interaction for
overcoming the stigmaand challenges associated with smoking
as well as living with mental illness. Although one study [53]
demonstrated the potential of a motivationa 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 appsare variablein 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
appsincluded 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.
Appsthat 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 popul ation.
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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 aquit 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

Severa study limitations merit consideration. First, participants
were not required to be interested in quitting smoking in order
to participatein the study; individualswho 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 illnesswho 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
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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
desiresfor 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
popul ation.

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 attemptsfor young
adults with serious menta illnessin anumber of ways, such as
providing ongoing moativation during aquit attempt, increasing
awareness of smoking habits and money spent, and providing
information and support for using cessation skills. However,
while young adult with serious menta 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 aimsto 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
hospitalsoutside of Nairobi, Kenya. Weinvited these women to complete a brief, automated screening delivered viatext messages
to determine their eigibility. Enrolled participants were randomized to a 1- or 2-week baseline period and then invited to begin
using Zuri. We prompted participantsto rate their mood via SM S 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 isfeasible to deliver via SM'S 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 aleading 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 anumber of poor outcomesin women and their
children, including increased maternal morbidity and mortality
[3.4], poor infant health [5-9], and poor devel opmental outcomes
[10-12].

Although effective interventions exist for common mental
disordersthat occur during pregnancy and the postpartum period
[13], most casesin LMICs go untreated. In these settings, more
than 7 of 10 people who need treatment cannot access care
because of alack of trained professionals [14]. In Kenya, for
example, there are only 180 psychiatric nurses outside of the
capital city, aratio of about 1 provider per 200,000 to 250,000
people. To close this gap, the World Health Organization
devel oped 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 guideisthe 15-session Thinking Healthy Program,
a cognitive behavioral therapy (CBT)—based intervention for
treating perinatal depression that isintentionally 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—aretrained over 5to 10 daysto 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 maor depression, and a 7-year
follow-up study reported a persistent effect of treatment (aswell
as some spontaneous recovery among the control group) [18].
A peer-delivered version of Thinking Healthy may offer an
aternative, cost-effective strategy for treating perinatal
depression [19].

Degspite 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 motherswithout additional engagement
[21]. Common implementation challenges of task-sharing
modelsinclude alack of funding and infrastructure for training
and service delivery, workforce retention in the absence of
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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 scal e these task-sharing approaches,
the fact remains that today, most women in LMICs who need
treatment still have no accessto care.

Given this treatment gap and barriersto scale-up, our intention
isto makeit possible for anyone with a basic mobile phone (ie,
afeature 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 (Al) system for automated psychological support
called Tess, which we have named Zuri in Kenya. Thisideais
innovative because it introduces an entirely new delivery
channel that has the potential for a step change in expanding
access to care while aso 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
coststo appointments, enhanced sense of privacy and avoidance
of social stigma, and high fidelity to treatment.

Our long-term goa 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
carefrom mental health professionals because of cost and human
resource constraints. The main objectives of this study are to
adapt Thinking Healthy for dissemination in Kenyathrough the
Zuri Al system, develop and test study procedures to inform
the design of arandomized controlled trial (RCT), and generate
preliminary evidence of feasibility, acceptability, and response
to treatment.

Methods

Research Design

We adapted Thinking Healthy for the Zuri Al system and
eval uated the combined perinatal depression intervention, which
we are calling Healthy Moms, with acohort 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 Kenyathrough the
Zuri Al 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 acounty-wide partnership offering patients innovative SMS
programsthat promote healthy motherhood [25]. When awoman
signed up for the county SMS, we sent her an invitation via
SMS to complete an automated SM S screening (in English) to
determineif shewas 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
guestion about her current mood.

Weinformed 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 areferral for counseling but were not
eigible to enroll in Healthy Moms, given the early stage of
intervention development. All other women were €ligible to
enroll aslong asthey 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 awoman chose to continue the enrollment process, the study
coordinator read the informed consent form, answered her
guestions, 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 digible 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 SM'S 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
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randomly assigned the pair to have a 1-week or 2-week baseline
period (using a random number generator). The intention was
to ensurethat every participant had aconcurrent 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 a so 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
workersto deliver thein-person intervention to women in need,
we designed Healthy Moms for automated delivery via text
messaging. We maintained the Thinking Healthy structure of
15 sessionsoveral: 3 prenatal sessionsand 12 postnatal sessions
during the first 10 months of the infant’slife.

When it wastimefor awoman to participatein aHealthy Moms
session, we (Zuri) sent her atext message to let her know that
a new session was ready. The automated session began when
shereplied viaSMS (L ater in the study, we al so 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 A ppendices
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 areyou feeling now?’ If the responseindicated neutral
or positive emotions, Zuri would offer arapport-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 cal 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 acrisis.). During enrollment,
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we aso 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, Al-enhanced systems such as Zuri aso 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 changesto thewording
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 | mplementation

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 responsesto regular promptsto complete automated
assessments throughout the study period.

I ntervention Engagement

We assessed intervention engagement by reviewing Zuri system
logsto document the compl etion of Healthy Moms sessionsand
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 I ntervention

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. Theinterviewswere conducted in English; however,
the study coordinator provided simultaneous trandation to
Swahili as needed.
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In addition to these interviews, we a so attempted to document
all contacts the research team had with participants outside of
the Zuri Al system and logged all adverse events. We were
interested in determining how much assi stance 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
viaSM S 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 aso administered the PHQ-9 [26] via SMS. Our intention
was to assess depression severity throughout the intervention
period. However, after devel oping 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 I mplementation and | ntervention
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 theintervention by either participating in aHealthy
Moms session (in response to a scheduled invite) or initiating
a chat with Zuri in between the scheduled sessions. We aso
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 compl eted,
and the duration of participant-initiated chats with Zuri.

Explore I ntervention Feasibility and Acceptability

Asahypothesis-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
aBayesian linear regression model.

We aso 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 memosfor 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 thefirst observation (equal to O for observations outside
of the baseline period), and (4) atime-within-treatment variable
centered around the last observation (equal to O 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 aso 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 sizesto 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 afuture 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.
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The study coordinator, AM (female, Kenyan, bachel or’sdegree),
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 viamobile 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.

X2Al, the creators of the Al system that we used to deliver
Healthy Moms, transferred data to the research team in
accordance with X2Al’s data security policies [32]. The first
author (EG) stored identifiable study data on a secure server
during the study and then deidentified the datafor analysisusing
the Safe Harbor method. Anonymized quantitative dataand 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 editsto 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 accessto theintervention
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 SM S 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 wereligible
to participate; 41 of 52 women compl eted the enrollment process
(Figure 1).
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Figure 1. Study flow diagram.
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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
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[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 theinterviewees attended some secondary schooling, and
2 had earned a bachelor's degree.
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Table 1. Characteristics of participants.
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Characteristics

All women (n=41)

Maternity status: preg- Maternity status: post-

nant (19/41, 46%) partum (22/41, 54%)
Age (years), mean (SD) 259 (4.8) 243(3.1) 272 (5.5)
Self-reported English language reading sKkills, n (%)
Poor 0(0) 0(0) 0(0)
Just okay 0(0) 0(0) 0(0)
Good 12 (30) 7(37) 5(23)
Excellent 28 (68) 12 (63) 16 (73)
Missing 1(2 0(0) 1(2
Highest level of school attended, n (%)
None 0(0) 0(0) 0(0)
Primary 0(0) 0(0) 0(0)
Postprimary or vocational 0(0) 0(0) 0(0)
Secondary 22 (54) 14 (74) 8(36)
College 11 (27) 3(16) 8(36)
University 7(17) 2(10.5) 5(23)
Missing 1(2 0(0) 1(4.5)
Phone type: smartphone, n (%) 33(81) 14 (74) 19 (86)
Employed outside the home: no, n (%) 32 (78) 15(79) 17 (77)
Number of dependent children, mean (SD) 1.1(0.9 0.5(0.5) 1.6 (0.9
Marital status, n (%)
Single 3(7) 1(5) 2(9)
Separated 0(0) 0(0) 0(0)
Cohabiting 0(0) 0(0) 0(0)
Married 37(90) 18 (95) 19 (86)
Missing 1(2 0(0) 1(4.5)
PHQ-9%total score, possible 0-27, mean (SD) 8.2(3.6) 8.7(41) 78(3.2)
Possible depression: (PHQ-9215), n (%) 1(2) 1(5 0(0)
Mean mood at enrollment, possible 0-9, mean (SD) 6.8 (2.4) 7.1(2.4) 6.6 (2.4)

3PHQ-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
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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 |east three ratings.
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PHQ-9 To further investigate the nature of participant-initiated chats,

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 compl ete 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 |east
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.
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we analyzed conversation transcripts and summarized the
conversation modul es engaged. Figure 4 showsthe 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 awoman’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 potentia crisis follow-up.
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Figure3. Distribution of number of days engaged and number of incoming messages sent anong 14 women who engaged with Zuri beyond registration.
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Figure 5. Engagement pattern for Participant 3. Dates shifted to maintain anonymity but pattern preserved.
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To examine the rel ationship 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
suggeststhat being pregnant (vs anew mom), reporting greater
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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 el se constant. For
every 2 SD increase in the baseline PHQ-9 score, holding all
€lse constant, the point estimate is that women sent 29.5 fewer

messages.

Figure6. Resultsof aBayesian 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.
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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:
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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:

| usually keep it to myself. So, when | am chatting
with Zuri, it’slike they have theright questionsto 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 acounsel or because they felt they could be more open
with the automated service. For instance, one woman said:

| 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. Thiswas not an issue
on Facebook Messenger; however, almost every woman said
they preferred to chat with Zuri through SMS. The main reason
being that SM S 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
Momswas the exercisestaught by Zuri and thejourna, 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 especialy liked information regarding breastfeeding and
how to play with the child. As one woman indicated:

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

Women gave three main reasons why they registered with Zuri
and continued to engage. Thefirst 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 | had was maybe if |
don’'t want food what will happen. And thenif | sleep
bad what will happen to my baby...Actually | was
getting worried if | 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:
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It's like | 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 | am
busy or if | am free to answer. If | amfree, | just sit
and relax. But you see, sometimes we aretexting, 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) anintercept, (2) adummy indicator for the treatment
phase, (3) a timewithin-baseline variable, and (4) a
time-within-treatment variable. Thetime-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. Thetreatment indicator isacontrast
between thefirst 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.

Inthismode, the average mood rating at the start of the baseline
period was 6.07 on ascale of 0to 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.
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Figure 7. Time series of 432 mood ratings by participant (N=12) and period. Days engaged with Zuri indicated by vertical lines.
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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 | mpact

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. | was very

active becauseit also made me have lessons. Because

| knew after waking up in the morning | will breathe

in and out some minutes. After that | brush, take my

breakfast, | wait for noon time something like 12:00

or even 1:00. | go for a walk. After walking | come

back shower then | keep myself busy with Zuri. Soit's

very helpful actually.

One woman who was ashamed of her body during pregnancy
said:
| started kind of thinking better, that when you are

pregnhant, 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
distressraising the child. As one woman said:

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

| 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 | learnt themfrom.

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 socia support, she
explained that she was willing to try asking for help. She
reported:

So | 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
mothersin Kenyato try an experimental psychological support

https://formative.jmir.org/2020/10/e17895

Green et a

service caled 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 asingle-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 individua interviews and areview 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 dightly 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 serviceiswithin the
range of other digital health apps. Clearly, preventing churn
(dropout) is acommon challenge.

Thiswasnot aclinically 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 speaksto 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 hegative rel ationship between depression severity
and engagement [38].

Users pointed to several positive features of Zuri, including
feeling connected to someonewho careswhile having the benefit
of perceived anonymity and privacy of chatting with amachine.
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 gapsin accessthat 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 amultiple baseline design with repeated
measures data collection and fit amultilevel model. Importantly,
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for making acausal inference, we did not observe anincreasing
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 confidencethat this effect isindeed 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 aclinically indicated group of users.

We can aso look to the digital health and psychotherapy
literature for external benchmarks. Although there has been a
proliferation of conversational agentsfor health in recent years
[40Q], 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 areported
standardized effect of 0.68 [42]. Another chatbot called Woebot,
a stand-alone app that delivers CBT, was tested in a trial with
70 studentsin the United States. Woebot reduced symptoms of
depression by 19%, with areported 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 usersreported, such asthe 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 subscriptionsin Kenyaincreased 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
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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
arequirement for inclusion in this study; however, it will bein
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 apool of at least 10,000 women.
Thiscan be easily achieved through print and digital advertising.
In Nairobi County alone, there were more than 130,000 live
birthsin 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
wereless successful at obtaining end-line data using the PHQ-9.
Inafuturetrial, it will beimportant 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 evidenceto guide the next round of Zuri's
development. Wewerelimited 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. Thisimpliesthat our estimatesfor future recruitment
are conservative. The other main limitation of operating Zuri
in English isthat we do not have data on how Zuri functionsin
Swahili. This is a priority target for development. A related
limitation is that, by virtue of requiring advanced language
skills, we recruited ahighly educated sample of women relative
to the general population. In afuture 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 hospitalsin Kenya. The results of
this prepilot study will serve as a baseline for future studiesin
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 existsin many low-resource settings, both asanew 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 problemsthan non-Hispanic Whites (NHWSs). Meditation
may aid in addressing this disparity, although the dosage |evel s 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 AAsand NHWs.,

Methods: A total of 64 prehypertensive adults (systolic blood pressure <139 mm Hg; 31 AAs and 33 NHWSs) 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 dataindicated 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 consi stent pattern of NHWSs exhibiting the most favorable
responses to the 5-min dose; they reported greater improvements in sleep efficiency and quality aswell asthe 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: Thesefindingsindicate 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.

(IMIR Form Res 2020;4(10):€20501) doi:10.2196/20501
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meditation; sleep; mobile phone; prehypertension; ethnicity
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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 stressmay not only aid in theimprovement
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 acomprehensive 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 stressare 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 dleep 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, deep efficiency, and sleep quality [24]. Another
meta-anaysisof 47 RCTsfound minimal evidence of meditation
studies improving positive mood, attention, eating habits, or
deep[17]. Collectively, the findings are somewhat mixed, with
mild-to-moderate effects of meditation interventions on sleep
quality. Potential reasonsfor the variability in outcomesincluded
heterogeneity of participants, with some studies using
individuals identified as having sleep disorders, some studies
using patientswith mental health disorders associated with sleep
disturbances (eg, anxiety, depression, posttraumatic stress
disorder [PTSD]), and others assessing sl eep 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 eval uate dose-response effects on sleep disturbance
indices.
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Large-scale dissemination of meditation programs using
traditional modes of training may be challenging. Individual or
group-based in-person training and monitoring methodol ogies
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 thein-person sessions hasbeen
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 (NHWSs) [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’suse
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 accel erometry. A recently completed
6-month dose-response study using Tension Tamer, a BAM
smartphone app, provides this opportunity. The primary goal
of the feasbility 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 baselinelevelsfor 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 reductionsin BP, with 5-min and 10-min conditions
showing average reductions in SBP (-5 to -8 mm Hg)
comparablewith other BAM and TM trialswith 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 assleep quality
[42-44].

Objectives
This paper reports on the exploratory analysis of 3 different
doses of BAM on dleep quality changes in adult NHWs and

JMIR Form Res 2020 | vol. 4 | iss. 10 [e20501 | p.46
(page number not for citation purposes)


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

JMIR FORMATIVE RESEARCH

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 dleep quality compared with NHWSs.

Methods

Participants

A total of 287 prehypertensive adultswere 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 eigibility screening and were
scheduled for the first of 3 clinic BP evaluations. Inclusion
criteria included participants aged between 18 and 90 years;
being NHWsor AAs; and having systolic prehypertension based
on the Seventh Report of the National Committee on Prevention,
Detection, Evaluation, and Treatment of High Blood Pressure
(2120 mm Hg-139 mm Hg) on 3 consecutive visits, each at least
2 daysapart. Exclusion criteriaincluded unwillingnessto 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
criteriaincluded 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 signa 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 softwareinvolving reflective photopl ethysmography
by using the smartphone video camera and light-emitting diode
(LED) flashlight [45]. The video cameraand 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 previoudy validated against
electrocardiogram-derived HR (Pearson r=.99, standard error
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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 Heath Insurance Portability and
Accountability Act—compliant server for storagein arelational
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 changetheories. Theseincluded
the self-determination theory [46] and the social cognitivetheory
[47] to guide the devel opment 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 perceivethetechnology asuseful in reaching adesired 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 changesin
BP from the 6-month doseresponse 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.
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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 questionnairesincluding
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
conditionsof 5, 10, or 15 min, each to be performed twice daily.

The Tension Tamer app wasinstalled on either theiOS (iPhone
operating system) or the Android operating system on each
participant’s personal smartphone. If the subject did not have
asmartphone, an AppleiPhone 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’sfeatures, including obtaining
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video cameraHR capture using thefingertip. An audio recording
of a British female voice guided them through their first BAM
session. Participants were instructed to place thetip of afinger
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 guideto sit comfortably,
closetheir 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 a4-beat rolling average basisthroughout 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 wasfollowed 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.

M easures

Actigraphy

Actigraphy was captured using the ActiSleep monitor
(ActiGraph modelsGT3XP-BTLE and ASP-BTLE; ActiGraph
Corp). The ActiSleep monitor isaresearch-grade accel erometer
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. Initidly, the
software’s automated sleep detection algorithm was used to
identify the sleep periods. Comparisonswere 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-Kripkealgorithm
[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 timein 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 valuesindicate 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, deep 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
(dleep 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
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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, preghant 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, NHWSs, Hispanic Americans) [59-62]. We used the
3factors (deep efficiency, deep 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 levelsincreased 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
amonthly 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
variancefor continuous dataand chi-squaretestsfor categorical
data. For al analyses, statistical significance was set at P=.05.
Analyses of longitudinal doseintervention effects from baseline
to fina 6-month evaluation for self-reported (PSQI) and
actigraphy deep indiceswere performed on the intention-to-treat
(ITT) sample comprising all participants who completed at | east
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 al time points (baseline
and months 1, 3, and 6) and summarized the difference between
groups at thefinal measurement (ie, month 6). A 2-level analysis
strategy was utilized. Our primary analysesincluded thesimple
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 asafixed
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 variableswere 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.
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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 ingligible. The primary
reasons for exclusion included not meeting prehypertension
criteria on al 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 igible participants, 64 (77%) consented to
participate in the clinical trial. A tota 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.
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Data for Actigraphy (n=11)

Basealine Characteristics

Overall, 47% (27/57) of the participants were female and 49%
(28/57) were African American. Asillustrated 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
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or greater). In addition, baseline sleep characteristics were not
significantly different among dosage groupsfor 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.
Characteristics Overdl (n=57) Dose P value®
5min (n=21) 10 min (n=16) 15 min (n=20)
Age (years), mean (SD) 34.98 (12.79) 35.8 (11.10) 37.8(13.9) 31.85 (13.48) 36
Gender (female), n (%) 27 (47) 11 (52) 8 (50) 8(40) 71
Ethnicity (African American), n (%) 28 (49) 12 (67) 8 (50) 8 (40) .55
BMI (kg/m?), mean (SD) 27.63(5.7) 285 (7.00) 26.4 (4.59) 27.7 (4.9) 57
Physical activity (days/week), mean (SD) 3.32(216) 3.1(2.08) 31(2.13) 37(2.1) 65
Annual income (US$), n (%) .28
<15,000 20 (35) 6(29) 4(25) 10 (50)
15,000-29,999 20 (35) 7(33) 7 (44) 6 (30)
30,000-49,999 10 (18) 4(19) 4(25) 2(10)
50,000-74,999 2(4) 0(0) 0(0) 2(10)
>75,000 1(2) 1(5) 0(0) 0(0)
Not reported 4(7) 3(14) 1(6) 0(0)
Education, n (%) 92
High school 5(9) 2(10) 2(13) 5(1)
Trade school 10 (18) 5 (24) 2(13) 3(15)
College educated 32 (56) 10 (48) 9 (56) 13 (65)
Not reported 10 (18) 4(19) 3(19) 3(15)
Actigraphy indices, mean (SD)
Sleep efficiency (%) 86.97 (6.62) 87.74 (5.45) 88.06 (6.40) 85.32 (7.82) 40
Sleep duration (min/night) 380.24 (61.96) 379.88 (65.44) 373.17 (76.08) 386.20 (46.92) 84
Sleep fragmentation (units) 26.76 (8.24) 25.67 (8.56) 25.06 (6.86) 29.26 (8.69) 26
valid days (days) 6.80 (0.49) 6.95 (0.22) 6.73 (0.59) 6.68 (0.58) 20
Pittsburgh Sleep Quality Index domains, mean (SD)
Sleep quality 23(14) 1.9(14) 2.3(1.5) 2.6(1.4) 23
Sleep efficiency 1.3(.96) 1.2(1.1) 15(1.0) 1.2(.8) 50
Daily disturbances 1.9(1.0 19(1.1) 20(1.2 21(.9 .76
Global score 5.6 (2.6) 5.0(2.8) 5.8(2.7) 5.9(2.4) 44

3P 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.
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Characteristics

Non-Hispanic White (n=29)

African American (n=28)  p yque?

Age (years), mean (SD) 32.07 (10.84) 38.00 (14.10) .08
Gender (female), n (%) 11 (38) 16 (57) A5
BMI (kg/m?), mean (SD) 25.47 (4.12) 29.87 (6.20) .003
Physical activity (days/week), mean (SD) 3.86 (2.21) 2.74 (1.75) .04
Annual income (US$), n (%) 31
<15,000 45 (13) 7(25)
15,000-29,999 9(31) 11 (39)
30,000-49,999 5(17) 5(18)
50,000-74,999 0(0) 2(7)
>75,000 1(3) 0(0)
Not reported 1(3) 3(1D
Education, n (%) .001
High school 0(0) 5(8)
Trade school 1(3) 9(32
College educated 21 (72) 11 (39)
Not reported 7(24) 3(1)
Actigraphy indices, mean (SD)
Sleep efficiency (%) 89.36 (4.71) 84.21 (7.48) .003
Sleep duration (min/night) 413.25 (42.58) 341.00 (59.33) .001
Sleep fragmentation (units) 24.34 (5.39) 29.57 (10.03) .02
Pittsburgh Sleep Quality Index domains, mean (SD)
Sleep quality 1.9 (1.4) 2.7(1.3) .03
Sleep efficiency 0.8(0.7) 1.8(0.9) <.001
Daily disturbances 2.0(1.1) 2.0(1.0) .89
Global score 4.7 (2.5) 6.5(2.5) .008

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

Onthebasisof the PSQI, AAs self-reported significantly poorer
sleep efficiency (ie, shorter average sleep duration, higher
percentage of time awake whiletrying to deep) and poorer sleep
quality (ie, using sleep medications, longer latency, poorer
overall deep quality); P<.001 and .03, respectively. Asexpected,
their PSQI global sleep quality scores were higher (P=.008),
with 50% (14/28) falling abovethe 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
indi ces supported the self-reported findings, with AAsexhibiting
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
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revea any statistically significant dosextime 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 M easures
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 dleep 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).
Characteristics Dose, 5 Dose, 10 Dose15min  Diff 510 Pvaue Diff5-15 Pvalue Diff 10-15 P vaue
min min
Sleep outcomes for non-Hispanic Whites?
Actigraphy indices, mean (SE)
Sleep efficiency (%) 91.4(12) 87.2(14)  89.7(13) 42(1.8) .03 17(18) .35 -25(19) .19
Sleep fragment 219(23) 261(27)  255(2.6) -42(18) 25 -36(35) .32 06(37) .87
Sleep duration 419.9 4035(14.7) 403.1(14.0) 16.4(19.5 .41 16.8(19.3) .39 0.40 (19.8) .98
(min/night) (12.8)
PSQIP, mean (SE)
Sleep quality 07(0.3) 15(0.3) 2.2(0.4) -07(05) .02 -15(05) .006 -0.8(05) .13
Sleep efficiency 03(02) 09(0.2) 0.9(0.2) -06(0.3) .11 -07(0.3) .02 -01(02) .83
Daily disturbances ~ 1.4(02)  1.6(0.3) 2.1(0.3) -02(0.4) 57 -0.7(0.4) .09 -05(0.4) .23
Global score 25(04) 4.0(0.4) 5.2 (0.4) -1.4(0.6) .03 -27(06) <001 -13(06) .04
Sleep outcomes for African Americans
Actigraphy indices, mean (SE)
Sleep efficiency (%) 85.9(2.0) 829(27)  83.0(2.6) 30(33) .38 29(32) .38 -01(38) .99
Sleep fragment 245(17) 309(22) 37.4(23) -6.4(2.7) .03 -120(3.1) <001 -6.7(34) .07
Sleep duration 334.2(9.9) 374.6(126) 294.0(133) -405 .02 40.1(17.0) .03 80.6(19.1) <.001
(min/night) (15.9)
PSQI, mean (SE)
Sleep quality 22(06) 22(0.6) 1.7 (0.8) -00(0.9) .99 04(09 .64 04(09 .63
Sleep efficiency 2.0(03) 1.6(0.3) 2.0(0.3) 04(04) .35 0.04(05) .93 -04(05) .44
Daily disturbances 1.6 (0.4)  2.2(0.4) 1.1(0.5) -06(06) .29 05(06) .64 11(06) .08
Global score 6.0(1.0) 6.0(10) 49(1.2) 00(15 .99 11(16) .50 11(15 50

Djfferences determined by longitudinal generalized linear mixed modeling adjusted for visit, dose-by-visit interaction, adherence, and baseline outcome

level (follow-up time pointsinclude 1, 3, and 6 months).
bpSQI: Pittsburgh Sleep Quality Index.

Asaresult of the above findings, an ethnicityxdose 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 Acti Graph-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 deep 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
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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 |ower 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 sSleep
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

JMIR Form Res 2020 | vol. 4 | iss. 10 [e20501 | p.54
(page number not for citation purposes)


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

JMIR FORMATIVE RESEARCH

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
deep quality factor, global sleep quality scores, and daily
disturbance factor score.

Effect of Differencesin Tension Tamer Dosages on
Sleep M easur es Between Ethnic Groups

Further modeling was carried out to examine potential ethnicity
differencesin 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 longitudina GLM modeling.
The model included sleep measure as the dependent variable
and dose asthe 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.

https://formative.jmir.org/2020/10/e20501

Sieverdes et al

Per the PSQI outcomes, NHWSs reported a consistent pattern of
greater improvement than AAs for each PSQI factor (Sleep
quality, sleep efficiency, and daily disturbances) and global
deep 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 NHWSs 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 NHWSs; 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 deep efficiency and
fragmentation than AAsacrossall 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
deep 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.
Characteristics Non-Hispanic Whites African Americans P value
Sleep outcomes for 5-min dose®
Actigraphy, mean (SE)
Sleep efficiency (%) 91.4(1.2) 85.9 (2.0) 18
Sleep fragment 21.9(2.3) 245 (1.7) .93
Sleep duration (min/night) 419.9 (12.8) 334.2(9.9) A3
PSQI °, mean (SE)
Sleep quality 0.7 (0.3) 2.2(0.6) 14
Sleep efficiency 0.3(0.2) 2.0(0.3) <.001
Daily disturbances 1.4 (02) 1.6(0.4) .56
Global score 25(0.4) 6.0 (1.0) .05
Sleep outcomes for 10-min dose
Actigraphy, mean (SE)
Sleep efficiency (%) 87.2 (1.4) 82.9 (2.7) 66
Sleep fragment 26.1(2.7) 30.9(2.2) .32
Sleep duration (min/night) 403.50 (14.7) 374.6 (12.6) .28
PSQI, mean (SE)
Sleep quality 1.5(0.3) 2.2 (0.6) .57
Sleep efficiency 0.9(0.2) 1.6 (0.3 .60
Daily disturbances 1.6 (0.3) 2.2(0.4) A3
Global score 4.0 (0.4) 6.0 (1.0) .32
Sleep outcomes for 15-min dose
Actigraphy, mean (SE)
Sleep efficiency (%) 89.7 (1.3) 83.0 (2.6) .02
Sleep fragment 255 (2.6) 37.4(2.3) .02
Sleep duration (min/night) 403.1 (14.0) 294.0 (13.3) .002
PSQI, mean (SE)
Sleep quality 2.2(0.4) 1.7(0.8) 48
Sleep efficiency 0.9(0.2) 2.0(0.3) A2
Daily disturbances 2.1(0.3) 1.1(0.5) .18
Global score 52(0.4) 49(1.2) .54

8Differences 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

Thisisthe 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 methodol ogy, we used the well-validated
PSQI survey [50,56] and a3-factor model first reported by Cole
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et al [57] and replicated it across multiple patient populations
and ethnic groups, including NHWSs and AAs [59-61]. AAs,
compared with NHWSs, 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 dleep. Importantly, these data corroborated the
baseline self-reported findings in that AAs exhibited shorter
deep 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
modul ated 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
changesin 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 analysisusing 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 dleep duration and both actigraphy- and
polysomnography-derived sleep durations (r range 0.15to 0.29)
compared with NHWSs (r range 0.45 to 0.56) [33,67-69].

On the other hand, among the NHWSs, a consistent pattern across
both self-reported and ActiGraph-derived indicesindicated 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 improvementsin 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 differencesin responseto 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 deep efficiency, reduced
fragmentation, and longer sleep duration compared with AAs
at each dosage condition. The PSQI findings provided support

https://formative.jmir.org/2020/10/e20501

Sieverdes et al

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 NHWSs, AAs in the 15-min dose condition
reported better sleep quality and PSQI daily disturbance scores,
with atrend 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
aroleaswell.

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 areview of 123 mind-body based interventions
by Neuendorf et a [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, especialy in studies conducted as home-based
programs[13]. These shortcomings are addressed in thisreport
where dosage and adherence measures bol ster 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
astravel, childcare, and other expense-rel ated 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 individualsin 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 alarger effect inimproving
dleep if used as a direct intervention or in combination with
other deep hygiene practices on those exhibiting sleep
complaints. Further iterative, user-centered design is needed
with NHWSs and AAs with sleep disturbances to understand
their levels of dlegp hygieneliteracy and identify potential needs
for culturally attuned tailoring of arefined 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 arefined Tension Tamer. This
alignswith recent recommendations by Johnson et al [68], who
emphasized the need for culturally sensitive efforts to reduce
racial and ethnic deep 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 alcohal).

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 digibility criteria related to sleep problems,
insomnia, or collect sleep medication usage. Therefore, bias
toward the null hypothesis may be an explanation for some of
thefindings. In future studies, inclusion of targeted intervention
materialsin addressing dleep-related barriersin 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 acontrol arm
and the relatively small sample size in each dosage arm, limit
the generdizability of thefindings. Comparisons between ethnic
groups aso 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 aso not designed to examine the daily timing
of BAM sessions around bedtime routines. A properly powered
trial using arefined 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 beneficia effect on sleep outcomes. We aso
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.
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To our knowledge, thisis the only study that has examined the
influence of varying doses of meditation delivered via a
smartphone app on multimethod-derived indices of deep (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 graphsto provide reinforcement
for engaging with the Tension Tamer app. Ethnicity was found
to play a modulating role on the effects of Tension Tamer.
Formative eval uation adapted from the devel opment of Tension
Tamer [75] can target ethnicity-related sleep issues utilizing a
theory-guided, user-centered iterative design. Thiscould aid in
using the Tension Tamer app to facilitate deep 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 differencesin self-reported and objectively
derived sleep measures using varying doses of BAM or other
types of meditation or cognitive behavioral sleep programs,
especialy among those with verified clinical levels of sleep
disturbance. I ssuesto addressincludelevelsof adherenceto the
regimen, potentia influence of timing of daily engagement, and
how it may differentially affect barriersto sleep. Finally, future
studies will benefit from identifying the underlying causal
mechanisms for BAM'’s beneficial impact on deep (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 STIsand 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—{ed phone calling to text-based communication.

Methods: Theformative 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 Afiyaincluded
atelephone-based PMI, devel opers of the original Afiyaphone scriptscrafted theinitial design of the SM S-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 afinal focus group. At the
advisory board’s request, this phase included an optional, additional week of text-based PM| 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 akey personain 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 EBIsincorporating 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 reveal ed that personas would offer insight into and opportunitiesfor a persona-specific
modification of texting narratives.

(IMIR Form Res 2020;4(10):€22485) doi:10.2196/22485
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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
femal es comprised approximately 13% of femalesin the United
States but accounted for 58% of new HIV diagnoses among
females, with 92% of infections attributed to heterosexual
contact. Theinfection rate for African American females (21.3
per 100,000 population) was 13 timestheratefor Whitefemales
(1.7 per 100,000). These data underscore the HIV disparities
disproportionately burdening African American women.

Disparities persist among adolescentsaswell. 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, morelikely to have multiple
partners (11.7%to 8.6%y), 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 topicsin 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
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programs[9]. However, arecent systematic review specifically
examining the impacts on African American adolescentsfound
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), especialy HIV
and AIDS, among youth and adol escents than about infants and
adults [11], there is accumulating evidence that designing
interventionsfor adol escents requires unique combinations and
insight into gender, developmental level, race, culture, and social
factors [12-14]. This is especially sdlient 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 I nterventions

A review of national ST1 and HIV prevention programstargeting
African American adolescentsindicated 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 eraof 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
i nter vention adaptations and supplementsthat may extend their
protective effects over time [24]. Thus, the problem becomes
one of sustaining program effectiveness over time—program
maintenance interventions. This echoesthe call from afocused
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 maintenanceintervention (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 asface-to-face programs and phone
cals, is difficult to sustain, labor intensive, and costly [23].
Consequently, sexua health researchers have called for the
increased use of technology-based interventionsto promotethe
maintenance of HIV and ST1 preventive behaviors[27,28]. One
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of the most promising technological platforms is the maobile
(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 technol ogy with specific promise
for adolescents [40], thus serving as an opportunistic technol ogy
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-faceinteractions, 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].

Thecritical pointisthat texting isasocial medium. Asopposed
to theoretical stancesthat presume the social ness 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 cuesfor agiven 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 consi stent with co-construction theories
of adolescent development and technol ogy-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 peoplein their offline lives [51]. Indeed, research
on Twitter and Facebook has shown remarkable structural
similarities between online socia networks and offline
(face-to-face) networks[52]. Thiscould include direct mapping
between the online and offline networks aswell astheinclusion
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 isas much asocial 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.

https://formative.jmir.org/2020/10/e22485

Daviset a

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

Aswith other intervention components, PMIsmust 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
behaviorsin adolescents (eg, sexua health, smoking, oral health,
sickle cell disease) reported that the overall efficacy findings
were modest, but again only a minority reported a theoretical
framework intheir design [34]. Thefeasibility and accessibility
of SMS as a behavioral maintenance strategy for African
American adolescent populations with increased risk of HIV
and STl 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 aformative pilot study that describes
the design process applied to adapting an EBI to reducetherisk
of HIV and STI1 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 | mplementation Science

Cdlls 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 hedth
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 trandating health educator—facilitated
phone cals 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 effectivenessin 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 settingsin 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
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on how best to evaluate the adapted EBI, (5) identify Topic
expertsto assist in the adaptation process, (6) I ntegrate 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
appliedthe ADAPT-ITT framework to translate an original EBI
(Afiya) that included aface-to-face workshop followed by health
educator phone call PMIsto 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
madeto EBI delivery or logistics. Thelessonslearned identified
as content describe changes to the information delivered in the
intervention. The core element of the translation process isthe
formation of an advisory board (advisory board) selected from
the target popul ation.
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Table 1. Application of the Assessment, Decision, Adaptation, Production, Topical experts—Integration, Training, Testing framework with apreventive
maintenance intervention texting adaptation in Afiya.

Phase Methodology decisions Results or observations
1. Assessment «  Formed advisory board «  Thetarget population (African American adolescent females) re-
«  Conducted an initial meeting with advisory board quires interventions addressing their specific situation
«  Conducted meetings with intervention expertsfor «  Theintervention needs to address safer sex norms, sexual negoti-
the target population ation, and refusal skills, HIV and STI2 preventive attitudes
«  Theadvisory 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 PMI°
2. Decision o Selected HORIZONS and Afiyainterventions « HORIZONS, an evidence-based intervention that successfully

3. Administration

4. Production

5. Topical experts

6. Integration

7. Training

8. Testing

Decided to adapt Afiya phone-based PMIsto tex-
ting PMIs
Original developer of Afiya-led adaptation

mHealth® and texting literature reviewed

Decided not to modify Afiya core elements
Decided to focus on Afiya core element support
by texts

Adaptation would involve scripts and texts respons-
es based on Afiya documents and data

Designed 8-week iterative formative pilot plan for
adaptation

Designed questionnaires and focus group—ed
guestions

Designed initia texts and support scripts
Selected company for formative pilot texting
Reviewed with Afiyaand HORIZONS creators
Reviewed plan with advisory board

Assembled Afiyaworkshop materials

Obtained review advice regarding HI PAAY issues
relevant to texting
Obtained review advice regarding pre- and postin-

tervention CASI€ instruments for future effective-
ness pilot

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

Integrated Draft 1 and topical expert commentsfor
scripts, SM Stexting content or form (Draft 2)
Conducted Afiyaworkshop with advisory board
Integrated topical expert comments of pre- and
postworkshop CASI materials

Integrated Draft 2 and CASI components (Draft 3)
Final review by advisory board and Afiyaand
HORIZONS crestors

Cresated training materials for the formative pilot

Submitted to IRB for clearance of the formative
pilot

Sep 1: formative pilot

reduced STls and increased condom use among young women,
was selected asit appropriately addressed the target population
Afiyaselected asit demonstrated a PMI based on HORIZONS to
the same target population, but extend the efficacy of the HORI-
ZONS intervention

Texting is most likely the simplest mHealth adaptation to adapt
from Afiya and appropriate implementation technology choice
for the target population

Retention of primary intervention form assured standard of care
and served as a shared primary intervention control (therefore,
theater testing was not conducted)

5 core elements of Afiyawere identified to be supported by PMIs

Iterative formative pilot designed for advisory board

Primary intervention led by Afiyaand HORIZONS developersin
formative pilot and support scripts and associated text messages
were created

Important to have both advisory board and intervention devel opers
review pilot design and timing

Important to have intervention devel opersreview PMI scriptsand
texting form or content (Draft 1 compl eted)

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

CASI content should be reviewed for duplication or replication
aswell astotal time required (test run the instrument)

Texting is not encrypted, so both HIPAA (and local IRBY/state)
requirements must be reviewed regarding texted data and data
privacy issues

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

Overall costs for the 8-week formative pilot were made

Draft 2 completed
Draft 3 completed
Final formative pilot design completed

Formative pilot materials completed

Obtained IRB clearance to determine adaptation efficacy
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Phase Methodology decisions

Results or observations

«  Conducted 8-week formative pilot with advisory

board: primary Afiyaintervention, 4-week texting,
focusgroup 1 (adjustments), 4-week texting, focus

group 2 (adjustments)

Sep 2: feasibility pilot

*  Designed texting PMI RCT" feasibility pilot study

«  Study methods submitted to IRB for approval

« lterative 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)

« 5personasidentified, exit interviews added

« Resultsinformed design of adaptation impact pilot

Obtained IRB clearance for 3-arm feasibility pilot study
«  Preparing for PMI RCT feasibility pilot study to examine short-
term intervention efficacy

83TI: sexually transmitted infection.

=V preventive maintenance intervention.

®mHealth: mobile health.

9HIPAA: Health Insurance Portability and Accountability Act.
€CASI: computer-assisted self-interview.

fIT: information technol ogy.

9IRB: Institutional Review Board.

PRCT: 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 strategiesthat are sustainable,
encouraging health behavior maintenance (as previously
summarized). The epidemiological datafor thistarget 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 1824 years to serve as additiona
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 appropriateismade. This
necessitates an examination of EBIsand of how likely thetarget
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
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as the intervention to be adapted for the project for 3 reasons.
First, Afiya[79] incorporatesthe HORIZONS intervention that
hasbeen evaluated and designated atier | (best) evidence-based
risk reduction intervention by the CDC [80]. HORIZONS, an
in-person group-delivered session tailored for Black adol escent
females, significantly reduced chlamydial infections and
increased HIV and STl preventive behaviors, partner
communication efficacy, condom use efficacy, and HIV and
STI prevention knowledge. Importantly, the underlying theories
of HORIZONS and Afiya are socia 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 behaviora 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 callswere brief, tailored one-on-one
sessions with a health educator, delivered over a 36-month
period, and the calls served as PMIs. In the Afiyatrial [79], the
workshop (tested in HORIZONS) wasimplemented asasingle
4-hour group session delivered by trained African American
female health educators. When answering a call, heath
educators followed an algorithm in their call scripts to guide
them through scenarios involving intimate and sexua
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 chlamydia (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 acohol [79].
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These findings provide initial insightsinto (1) how to begin to
adapt the telephone-based PMI to an SM S-based PMI and link
them to core elements of the intervention theory and (2) how
the target population would respond to a communi cation mode
that differed from the initial telephone calls.

Third, the developers of both HORIZONS and Afiya were
available for consultation and reviewed the project productsto
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
asit isubiquitous, tethered to individuals, and awidely accepted
technological application, especialy 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,
interms of reach, texting affords a prei mplemented, preadopted,
and preferred technological platform for adol escents.

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. Itisimportant to note that several of these activitiesinvolve
direct, face-to-face, and small group interactions (discussion
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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 subgtitutable by texting, it was
determined that the adaptation would not be directed toward
modification or replacement of the activities associated with
the core el ements of theworkshop. Discussionswith 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, asit turnsout, is
apowerful, yet efficient, mechanism to accomplish this. Toward
that end, all messageswould 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 humansinteract with computers were employed.
In general, thisis referred to as user experience (UX) analysis
and design [88,89].
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Table 2. Mapping Afiya core elements to texting categories.

Afiyacore elements Primary intervention activities ~ Associated text category or example

«  Ethnic and gender pride «  Poemsand affirmations Poems and affirmations (motivational message): “It iswhere you are

« Role models « Mediaimages headed not where you are from that will determine where you end up
« Rolemodels (Marion Wright Edelman)”

o Sexud hedth o Goal setting Sexual health choices (vote poll):

+  Decision making + Values Question: What is ur sexual health choice?

«  Sexud hedlthoptions(con- ., Apgtinence
doms, abstinence) «  Condoms
« Neither
o Not sexualy active

Automated responses:

*  Abstinenceisthe 100% way 2 protect against STDSYHIV. 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% STD? protection. Condoms protect u from STD
if u use them each& every time. Consider 1 of these options

« If udecide 2 have sex, condoms protect from STDs if used each &
every time. Talk with ur partner abt ur choice

«  HIV/STD knowledge «  Factsabout STDs STD testing (cues to action):
+ Tedling Question: When do u need an STD test?
« OPReH o  Partner hasSTD

« Condom do'sand 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&FP 8-4:30pm; XXX-XXX-XXXX

«  Healthy and unhealthy relation- «  Personal risk factors Boundary setting (cuesto action):
ships +  Understanding risks Question: Y isit important 2 know ur sexual health boundaries?
+  What tumsyou on? «  2helpstick 2 ur limits
+  Boundary setting « 2 communicate them to ur BF
o Peacefully breaking up . A&B
Automated responses:

e  Onethat'sastart! Stick 2 ur limits. Its okay 2 say what ur comfortable
doing & what u don’'t want 2 do

o That'sastart! Telling ur partner what ur boundariesr isimportant so
he doesn’t make u uncomfortable or cross the line

.  Exactly! Uwant 2 b comfortable & happy in ur relationship. Commu-
nicating ur boundaries 2 ur bf is healthy

«  Negotiating safe sex «  Healthy communication Communication (cues to action):

+ Sexnarios: negotiation skills - Question: What type of communicator are u in ur relationship?
«  Condom excuses and . Aggressive

comebacks . Pasive
o Assertive
Automated responses:

o Ifuraggressive, do 1-2 assertive things. Avoid yelling & threatening.
B direct & honest. C how he responds.

o  Passivelf ur passive, do 1-2 assertive things next time. Avoid thesilent
treatment. B direct & honest. C how he responds.

o  Great! Continue 2 b assertive when u talk 2 ur partner, even when it
gets hard. Be direct & honest. C how he responds

33TD: sexually transmitted disease.
PMTW&F: M onday, Tuesday, Wednesday, and Friday.

Text messagesfit into 1 of 3 categories: motivational messages, one-way messages delivered to participants to serve as
vote polls, and cues to action. Motivational messages are 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 Afiyacontent, serving asareminder 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 aspecific action, such as sexually transmitted disease testing
or initiating aconversation regarding ST prevention with a sex
partner. Each message mapson 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. Initialy, 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 Afiyadevelopers. We also initiated the design
of computer-assisted self-interview (CASI) questions and
instruments as well as focus group— ed 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 theimplementation requirements
for selecting a commercia texting platform that would best
serve our formative texting pilot needs to capture data from a
research study, including questionnaires, instruments, and focus
group-ed questions. At thetime of the study, many commercial
texting platforms were built for mass marketing. We needed a
platform that would allow usto easily set up and automatically
send messages based on their cohort or study condition aswell
asconditional texting responses given atexting 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

https://formative.jmir.org/2020/10/e22485
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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 mHeath 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 adjustmentsin design [90].

The overal 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 aweekly text prompt, such as:

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

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

Afiya talked abt sexual health choices: abstinence,
condomuse or neither. What choiceisbest for uright
now?

Subsequent texts were sel ected using response scripts based on
the original phone scripts used in the Afiya phone-based PMI.
Thetimelinefor the pilot study isshownin Figure 1. At theend
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, alowing 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 isthat users may have opinions of their needs
and how they would react to asystem but after actually engaging
asmall 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 interactionswith 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.

Review & Adjust
with topic experts
[Phase 6) | Review & Adjust with topic experts | | Review & Adjust with topic experts
¥
Establish & Afiya 4 weekl 4 weekl ! Requested 1:
Interact with workshop exy Advisory exly Advisory 1 au !
eract wi texting texting i optional |
Adviso (4-hours, . Board . Board ' !
ry in-person) + dialogues Focus dialogues Focus ! bonus week |
Board n pe&son ; with health Grou with health Grou 1 of texting |
(Phases 1, 4) pre- & post- educator P educator P ' (upaid) !

CASI

Texting PMI formative pilot study with Advisory Board (Phase 8)

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 psychosocia 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 SMStexting
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 estimatesincluded
the texting company, a graduate research assistant (GRA), and
participant incentives.

Phase 6: I ntegration

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
instrumentsto (1) reducetheir length and (2) include assessment
items appropriate for evaluating an SMS-based intervention.
We finalized the modified Afiya scripts for atexting 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 membersin phase 6.

https://formative.jmir.org/2020/10/e22485

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 educatorsweretrained
on how to implement the Afiya workshop; materials were
already available, with minor modifications introducing SMS
texting and approved by the Afiyadevel opers. Health educators
were trained on the SM S text scripting component and texting
platform use and were part of the devel opment process. One of
the study principal investigators and a GRA were trained to
develop and manage the texting platform and messages. Data
analystsweretrained on thetexting 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. Thisimportant 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 al the
operationa componentsincluding health educator training and
performance of the texting company. We decided against apure
formative pilot (ie, engaging anew 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 theiterative 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, Afiyaworkshop only, and Afiyattexting) 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 thisfocus group, we sought to distinctly examine
4 categories of texting issues: timing, wording, content, and
form. The narrative analysiswas very useful in extracting issues
regarding texting characteristics, such astiming (eg, thank you
messages came too early in the texting series), wording (eg,
guestions were judged as being clear and simple), content (eg,
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inspirational messages were appreciated), and form (eg, desired
moreindividualized feedback). Getting the text wording correct
for the target audience was aso a continuous improvement
processto facilitate culturally appropriate narrative engagement
viatext. Freguent use of commonly agreed-upon abbreviation
dialects in texting results in these abbreviations being rapidly
absorbed into the language and automatically (linguistically)
recognized aswords[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

«  Textsshould not cometoo 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

e Questions were clear and simple

Content:

«  Textsabout 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

« Participantsindicated 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 amotivational or inspirational message or quote each week

Form:
« Dissatisfied that there was not a person live on the other end of the texting
. Didliked texting with a computer that could not be more interactive and have a conversation with alive person

«  Wanted more individualized feedback and advice to come with the texting program

https:/formative.,jmir.org/2020/10/e22485 JMIR Form Res 2020 | vol. 4 | iss. 10 [e22485 | p.73

(page number not for citation purposes)


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

JMIR FORMATIVE RESEARCH

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 timeto interact).
Within the final focus group, comments were sought regarding
their overall experience and thoughtsfor the PMI. Exampl es of
the feedback after week 8 are summarized in Textbox 2. These
fell into 4 primary categories: HIV and STl information,

Daviset a

context-specific social network maintenance, social engagement,
and other ecologicaly relevant information or content.
Participants sought additional information on related programs
and topics beyond those addressed in the workshop. They aso
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 adesign 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:

o  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

Socia 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 anaysis defined 5 personas and linked each personato
counseling scriptsfrom the Afiyaintervention that reflected the
context of prevention needs based on the situational narrative,

https://formative.jmir.org/2020/10/e22485

the condom use behavior, and the current status of any
relationships. Persona results were reviewed and revised by
Afiyahealth educators and the project team. Note that personas
are usuadly 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 turninto aLexie). Theresultsare
shownin Table 3.
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Table 3. Results of the persona analysis for the Afiya texting adaptation.
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Characteristics

Shannon

Tonya

Kia

Shauna

Lexie

Narrative

Condom use

Shannon has beenin a
long-term relationship
with her boyfriend for

amost ayear. They

stopped using condoms
after thefirst couple of

months

Shannon has discontin-

Tonyaissingle. She
just got out of arela-
tionship and needs
some time to focus
on herself and her
schoolwork

Tonyais not having

Kiaisdating someone, but a-
so talking to acouple 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 rel ation-
ship

Kiauses condoms with her
sex partners

Shaunais starting a new
relationship with aguy.

They’ve been seeing

each other for a month.
Sheisabstinent and is
ready to let him know her

sexual health choice

Shauna does not need
condoms at thistime as

sheis not having sex

Lexie has both a
boyfriend and aca
sual sex partner

Lexie uses con-
domswith her casu-
al partner but not

ued the use of condoms  sex right now but
wants to use con-
domswhen shedoes
get into arelation-
ship again
Relationship status ~ Shannon has had a Tonya has no
boyfriend for 1 year boyfriend
Link to Afiyainter-  Script D: noto condom Script A: no

vention scripts use boyfriend; me time

Kiahas no boyfriend but has
multiple partners

Script C: yes to condom use

with her boyfriend

Lexie has concur-
rent sex partners

Shaunahasanew partner

Script B: yesto abstain-  Script E: inconsis-
ing tent condom use

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 asfollows:

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 aresponse from Tinawithin 24 hours.

5. If you have an emergency, you should always call 911.

Discussion

The motivation for this paper was provided by the significant
disparitiesin ST and HIV health risksamong African American
youth. Ethnic minoritiesin the United Stateshave STIs30times
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 mediacan 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 devel opment
of a systematic process to incorporate simple texting messages
as an adjunct program maintenance intervention to an
evidence-based sexua health intervention for African American
adolescent women.

https://formative.jmir.org/2020/10/e22485

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 devel opers) experienced
in adapting that intervention to a communication-based PMI
(Afiya). However, in devel oping technol ogical implementations,
we found it necessary to engage a sample of the target
population with the PMIsdirectly, 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.

Asshownin Figure 1, theformative pilot included 2 focus group
sessionsinterspersed within the SM Stexting intervention. This
allowed intermediate analysis of the 4-week experience to be
reviewed by the devel opers (and any rel evant topic experts) and
adjust the SMS texting narrative characteristics. Thus, the
formative pilot testing in phase 8 looped back to elements of
phases4to 7.

It is unlikely that technology will elevate an ineffective
intervention to onethat is effective—automating aweak process
generaly resultsin an automated weak process. Thereisaso a
risk that poorly designed and implemented technological
components may lower the efficacy of a proven intervention.
The selection of texting was seen as akey technology commonly
adopted by this group as a mechanism for sociocultural
connectivity, thus having the potentia 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 arguethat “ adol escents
should be involved throughout the process from design to
implementation.” This is supported by a recent systematic
review of mHealth appsfor adolescent users and concluded that
thereisafundamental difference between adult and adol escent
preferences in apps, where apps for adolescents need features
that support decision making [91]. In summary, a quote by
Glasgow et a [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 wulnerable 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
wor kshop and then discern how to adapt both.

EBI s (and the underlying theoretical base) define core el ements
that have demonstrated effective results. Technology alone
cannot increase efficacy to significance but has the potential to
decrease efficacy to insignificance. Thisleads 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 servicesin general
and how to assess the UX with technology in particular. This
leadsto an important conclusion regarding how to view the UX
with adapting an EBI using atexting PMI.

Suggestion 3
Texting isless 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
narrativeswith others. Thus, acritical communication pathway
already exists but it is limited. Interventions that use mHealth
and texting compete for the user’s attention and the user’stime.

https://formative.jmir.org/2020/10/e22485
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Regarding the EBI, attention isgained, for example, viathe 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]. Thisleadsto
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 terminol ogy 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 sexua hedlth choice. The use of SMSin behaviora
research should consider having aninitial 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 tailloring 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 alow 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 alonger period. We
also discovered that thereis one more critical persona: the health
educator; that is, each participant develops a mental model of
theindividual with whom she would be texting. Therefore, one
goa 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 alack 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 evaluationsin our PMI RCT
feasibility pilot study (step 2 of phase 8, Table 1). We believe
that the systematic design and devel opment 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 technol ogies[102] and argues
for theinclusion 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] aswell asfor public
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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 (SM S companiesin 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: Asof July 17, 2020, the COVID-19 pandemic has affected over 14 million people worldwide, with over 3.68
million casesin the United States. Asthe number of COVID-19 casesincreased in Massachusetts, the M assachusetts 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: Theam 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 sol ution over the span of one week using progressively
customized devel opment approaches as the requirements and use case become more solidified. We devel oped the minimum viable
product (MVP) of a mobile-responsive, web-based, self-service application using research electronic data capture (REDCap).
For employees without accessto acomputer or mobile device to use the self-service application, we established a manual process
wherein-person, socially distanced screeners asked employees entering the siteif they have symptoms and then manually recorded
the responsesin an Office 365 Form. A custom .NET Framework application solution was devel oped as COV D Pass was scaled.
We collected |og 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 (COV D Pass automatic screening vs manual screening), employee attestations
by time of day, and percentage of employees reporting COV1D-19 symptoms, were obtained.

Results: We rapidly created the MV P and gradually deployed it across the hospitalsin 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.

(IMIR Form Res 2020;4(10):€19533) doi:10.2196/19533

KEYWORDS

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 casesin the United
States[1]. Thisnumber continuesto grow, and the United States
has become the epicenter of COVID-19 [2]. By April 5, 2020,
in the Commonwealth of Massachusetts, there were aready
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 addressissues 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 al 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 passesand
face mask passes for employees as its output. We used a
prototype-driven innovation model combined with atransition
to amoretraditional custom development team asthe application
requirements matured, which allowed our group to rapidly
deploy and refine the solution asit was rel eased and approached
scale. In the first 2 weeks, COVID Pass transitioned from a
paper proposal to an enterprise-supported sol ution 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 HedthCare, a
not-for-profit, academic, integrated health care delivery system
in Boston, Massachusetts. Partners include Brigham and
Women's Hospital, Massachusetts General Hospital, community

https://formative.jmir.org/2020/10/€19533

and specialty hospitals, aphysician 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 M DPH requirement for symptom screening
in such alarge, 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
Resourcesteam and Occupational Health Servicesprovided 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-19infection prior to being allowed to enter thefacility.
This application needed to be mobile-responsive, provide
guidance to the employee about next steps if they indicated
symptomswere present, create apassthat would be“ glancesbl €’
to entrance way screening staff, and be capable of exporting
user logs on at least a daily basis. A manua pathway where
on-site screeners would ask employees about symptoms and
record them was al so 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
thissolution. REDCap isasecure, web-based software platform
that is designed to support data capture for research studies,
providing anintuitiveinterface 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 proceduresfor dataintegration
and interoperability with external sources[7,8].

The self-service application, initially developed in REDCap,
was called COVID Pass. The application required usersto log

JMIR Form Res 2020 | vol. 4 | iss. 10 [€19533 | p.84
(page number not for citation purposes)


http://dx.doi.org/10.2196/19533
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH

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'sfirst
name, last name, email address, and employee | D. The employee
would review this information and select whether they had
symptoms of COVID-19 from alist 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

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

Zhang et a

the day. The pass was displayed on the screen, and a copy was
automatically sent to the employee’s email address (Figure 2).
Employeesindicating 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 Peass.

[ © J

Symptoms "

No Symptoms - | am not
experiencing any symploms

NEW Lack of smell J

Influenza-like iliness

Fever (subjective or T >=100*
Fahrenheit/37 .8° Celsius) and/or

chills

NEW Cough (cough that started ]
with onset of other symptoms

listed)

Shortness of breath

Sore throat

Diarrhea/Nausea

PLEASE PRESS SUBMIT BUTTON
BELOW TO ATTEST

ployee Name Entry ployee Date
: Haipeng,D.0. Zhang Entry: 03-25-2020

Figure 2. “Cleared for Work” screen of the COVID Pass application.

COVID19 Fast Pass
CLEARED FOR WORK

Empioyee Name Date

Haipeng,D.0.
Zhang

03-21-2020
18:41:52

Employee reported NO symptoms on 03-
21-2020

CLEARED FOR WORK

https://formative.jmir.org/2020/10/€19533 JMIR Form Res 2020 | vol. 4 | iss. 10 [€19533 | p.85

(page number not for citation purposes)

RenderX


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

JMIR FORMATIVE RESEARCH
Figure 3. “Not Cleared for Work” screen of the COVID Pass application.
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COVIDIS Fast Pass - NOT CLEARED FOR WORK
03-21-2020 18:38:58

o portnerscha@partners.org
COVID19 Fast Pass
NOT CLEARED FOR WORK
Employee Name

Haipeng,D.0. 03-21-2020
Zhang

Date

18:38:58

Employee reported symptoms on
-21-2020

NOT CLEARED FOR WORK
DIRECT TO OCC HEALTH

Employee ©

Emplopee Emal

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

symptoms,

user gets a
CLEARED FOR

WORK Day

User logs into
COVID Pass
with Partners
HealthCare
enterprise
user 1D and
password on
day of work

User performs
symptom
questionnaire
on COVID Pass

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
smartphonesto 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 employeeswho did not have accessto acomputer or mobile
device to complete COVID Pass, a manua process was
established wherein-person, socially distanced screeners asked
employees entering the site if they had symptoms and then
manually recorded the responses. For the manual pathway MV P,
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we created custom Microsoft Office 365 forms (Microsoft
Corporation) that enabled screeners at each of the pilot sitesto
quickly record the employee's first and last name as well as
whether they had symptoms.

A custom .NET Framework application (Microsoft Corporation)
was devel oped by a separate development team asthe REDCap
version of COVID Passwas 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. AsCOVID 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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Figure5. 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 sitelevel and shared daily with site operational
leaders; names of individual s reporting positive symptomswere
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 overal employee
attestations by day and site, employee attestations by application
method (COV 1D Pass automatic screening vsmanual screening
vskiosk), employee attestations by time of day, and percentage
of employees reporting COVID-19 symptoms, were compiled
using SAS (Enterprise Guide 7.1, SAS | nstitute I nc) and Tableau
(Desktop 2020.2, Tableau Software LLC). This study was
reviewed by the Partners HealthCare I nstitutional Review Board
and deemed to not meet the definition of human subjects
research.

CLEARED FOR
WORK

You are cleared for work and may start your
shift after getting a mask from your location’s
distribution center.

TUE

04/07/2.020 2311818
Haipeng
Zhang

Zhang et a

The COVID Pass MVP was initially tested at two hospitals
within our system on March 23, 2020. As part of thiscontrolled
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
employeeswho completed COVID Passprior 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 Passwas relayed to the devel oper 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 asnew COVID
Pass sites went live. This documentation included standard
language, collateral such as flyers used in previous site

https://formative.jmir.org/2020/10/€19533
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and “lessons learned” from earlier

implementations,
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 3PM, 5and 7 PM, and 10 PM and midnight (Figure 7).

Zhang et a

As the number of COVID-19 cases stabilized in the region,
more empl oyees transitioned back to working on-site. Figure 7
presents a comparison between the average daily (Monday to
Friday) number of hourly attestationsin 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%).

Therewas 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 Peass 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.

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

App Kiosk Manual
1(732,278) 713,259 (97.4) 1552 (0.2) 17,467 (2.4)
2 (564,710) 497,101 (88.0) 16,129 (2.9) 51,480 (9.1)
3(166,985) 140,964 (88.4) 2466 (1.5) 23,555 (14.1)
4(148,918) 127,010 (85.3) 133(0.1) 21,775 (14.6)
5(107,191) 104,368 (97.4) 0(0.0) 2823 (2.6)
6 (93,142) 70,124 (75.3) 4763 (5.1) 18,255 (10.6)
7 (66,581) 64,838 (97.4) 18 (<0.1) 1725 (2.6)
8(57,773) 51,260 (88.7) 0(0.0) 6513 (11.3)
9(50,552) 34,845 (68.9) 0(0.0) 15,707 (37.9)
10 (47,532) 44,650 (93.9) 4(<0.1) 2878 (6.1)
11 (32,766) 32,080 (97.9) 22(0.1) 664 (2.0)
12 (32,176) 24,010 (74.6) 0(0.0) 8166 (23.4)
13 (25,744) 24,934 (96.9) 0(0.0) 810 (3.1)
14 (15,713) 13,438 (85.5) 1(<0.1) 2274 (14.5)
15 (14,132) 13,654 (96.6) 0(0.0) 478 (3.4)
16 (8437) 8400 (99.6) 1(<0.1) 36 (0.4)
17 (1837) 1803 (98.1) 31(1.7) 3(0.2)
18 (1048) 896 (85.5) 0(0.0) 152 (14.5)
19 (658) 568 (86.3) 6(0.9) 84 (12.8)
20 (643) 643 (100.0) 0(0.0) 0(0.0)
21 (571) 534 (93.5) 7(12) 30 (5.3)
All sites (2,169,387) 1,969,379 (90.8) 25,133 (1.2) 174,875 (8.1)
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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).

Hour

Daily attestations (n)

H6 30 2870

Discussion

Principal Findings

Within two weeks of conception, COVID Passwent 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 analysisand distribution of COVID
Pass data; and pre-emptive transition to a more durable and
scalable platform.

By making COVID Pass mandatory for employeesto 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

https://formative.jmir.org/2020/10/€19533

RenderX

multipledistribution channels, including asimple URL that was
sent with all communication to staff throughout our organi zation,
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 aso 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 MV P 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
decisionto use REDCap for the MV P. Asthe 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 reportsfrom COV D Passto our organization daily.
These datawere 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 threemonths, COVID Pass had identified 1865 employees
with symptoms. These employeeswere all instructed to contact
Occupational Health Services for next steps. In addition, all
employeeswith 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 employeesfor further
follow-up, COVID Pass likely played an important role in
limiting further spread of COV I D-19 within our workforce, our
patients, and the larger community in our region.

The World Health Organization estimates that up to 89 million
medical masksare required monthly for the COVID-19 response
[13]. As al 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 amore hardened version of thisapplication
would be needed. Some of the clear advantages of REDCap,
such as the prebuilt scaffolding to support survey creation and
dataexport, 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.

https://formative.jmir.org/2020/10/€19533
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We ultimately transitioned to the .NET version of COVID Pass
on March 30, 2020, at 5 PM. The process of developing the
same solutionin parallel and on two different platformsallowed
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 asthe .NET application, was better suited for
thelong-term needs of the project. Transitioning the application
to aninfrastructure 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 manua pathway built on the same platform enabled
streamlining of the data collection and analysis as well.

Limitations

We custom-devel oped COVID Passto meet local requirements
for employee symptom attestation. Other organizations may
have different operationa 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 Peass applications, we have no data on the number of
positive or negative COVID-19 tests given to employees who
were flagged by COVID Passto Occupational Health Services.

Conclusion

Health systemsworl dwide 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 Passis 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 theworkforce; one use casethat we are exploringisusing
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 aso want to ensure that
other ingtitutions that may want to implement asimilar 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  is that software solutions such as COVID Pass will play their
that the bravery, commitment, and perseverance of theclinicians  own small roles within this larger effort and that others may
and hospital staff on the front lines of thisworldwide crisiswill  make meaningful use of thistool, as our institution has.

help see us safely through the COVID-19 pandemic. Our hope
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Multimedia Appendix 1
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
CovVID-19.

Methods: Inaninterview 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 crisisin the Netherlands. The datawere analyzed using athematic 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):€21344) doi:10.2196/21344
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Introduction

In recent months, the COVID-19 pandemic and subsequent
governmental regulationsin 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 isinfluenced by avariety of factors, such asalack of
digital skills among both practitioners and clients, technical
issues, the assumption that technol ogy-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 congtitute, 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 onlinetreatment asanew normal in mental health
care[6-10]. Thereisoptimism about improving the accessibility
of mental health care by upscaling online treatment and
accommodating clients to receive therapy in a way that easily
fitsinto their daily lives. Thismay 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 ourselvesin.

Based on mental health care professionals’ experiences during
the COVID-19 pandemic, the current paper seeksto discussthe
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
experienceswith online treatment during the COV1D-19 period
and their expectations regarding the new ways of working in
mental health care when this crisisis controlled.

http://formative.,jmir.org/2020/10/e21344/
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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 thelocal government (youth mental health care).
Onlinetreatment is seen as an important development in mental
health care and is stimulated accordingly. For example, while
waiting lists can belong 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 beface
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
professionalsand 2 eHealth support staff employeesfrom 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 abroad range of other online
treatment toolsare available (eg, virtua reality, self-monitoring
apps), the upscaling of online treatment in the context of the
COVID-19 crisis primarily concerns the af orementioned 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 heath 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 professionalswho had been using online treatmentsfor >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.

Figure 1. Themes and subthemes.

Bierbooms et d

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 datawere 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 professionalsthemsel ves and how they perceivetheir clients
to experience online treatment. Figure 1 illustrates the main
themes and subthemes.

Expectations regarding the
new normal in mental health

care

Perceived possibilities of
online treatment

Practical possibilities

Possibilities to establish an
empathic interaction

Technological possibilities

Experienced advantages of
online treatment

Experienced barriers for
online treatment

The results of the interviews provide preliminary insight into
what the new normal in mental health care and therole of online
treatment could look like. There were anumber of (unexpected)
positive experiences, but there were aso concerns. On the one
hand, the results suggest that because important barriers such
asalack of skillsand 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

http://formative.,jmir.org/2020/10/e21344/
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Context of treatment
trajectory

Type of treatment

Type of client / client’s
preference

Client’s home situation

face-to-face treatment as the only way to create a therapeutic
aliance. In general, we found that the participantsin this study
who were already experienced online practitioners were more
confident about the continuation of onlinetreatment in thefuture
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 on€'s screen to go
through an online module together with aclient. Mental health
care professionals also report that their clients tend to be more
open when they arein their home environment and that genuine
empathic contact isindeed 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 practitionerswere
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 onlinetreatment optionswill beintegrated into the new
normal. Furthermore, mental health care professionals expect
that they will more frequently consider online treatment as an
aternative 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.

| do this by writing a message each morning asking
my client how he dlept and then | can give some
suggestionsto get through theday. [ ...] | 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 | have an online
meeting with my client, | can much more easily finish
the meeting after 20 minutes when we have nothing
elseto talk about anymore. [P4]

The future position of online treatment in mental health care
will also be determined by the technological conditionsrequired
to conduct online treatments. Mental health care professionals
report having experienced high levels of frustration over
technical issuesthey encountered whiletrying to get their online
environmentsto work. These problems are felt by both new and
experienced onlinetherapists. In addition, clientsdo 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 caseswithholds professionals, but
mainly clients, from wanting to perform therapy online.
Moreover, some clients receive therapy without their
family/relatives’ knowledge, which makesit difficult to engage
in online sessions from home.

Especially now that the kids are at home it is very
difficult for clientsto find a quiet place to talk to me.
Sometimes they are calling by telephone fromthe car
because they could not find a proper place at home.
(Pe]
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A struggle that is aso 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 asvideoconferencing. 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’ emotionsin an online therapeutic setting.

It can be very difficult to react to a client’s emotions,
for example, when someone starts to cry, | find it
difficult to react when | am not in the same room.
Thereisliterally 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 experienceisthat
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 therapiessuchasEMDR
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. Thereisal so no consensusregarding 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
onling, but | have very positive experiences with
onlineintakes. [P7]

Discussion

Overview

As the COVID-19 mitigation measures are slowly being lifted
inthe 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 socia media. The
question we raised at the beginning of this paper becomes
increasingly urgent with each step mental health care takesin
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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
asustainable increase in the use of online tools can be reached.
Asit is clear that experience and skill enhancement will lead
to fewer barriersamong mental health care professionalsto 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
timeand ismore 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 asclients 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 aliance can be achieved
through remote communi cation 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
faceto facein certain situations. The bottom line isthat 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 meansthat
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further research is needed to strengthen the results. Despite the
small samplesize, 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. Thiswas dueto
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 arereflections of practitioners based on their interactions
with their clients about online treatment.

Future Research

The sustainability of onlinetreatment in mental health care will
depend on the complex interplay of individual, socia,
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 compl exity
of the situation. In our future work, we will investigate the
sustainability of online treatment in mental health care in
post—-COVID-19 timein 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 onlinetreatment 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 focusis on innovative solutions
aimed to optimize the accessihility, 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
inthe symptom concernsreported by patientsin the areas of deep, sexua functioning, energy, and appetite at thetime of enrollment.
Patient responsesto related items from screening measuresfor 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 scal€). 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 problemswith 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 sexua 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. Sexua 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):€15037) doi:10.2196/15037

KEYWORDS

cognitive behavioral therapy; anxiety; depression; internet-based intervention; sleep; sexua 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 financia difficulties [1].
Transdiagnostic internet-delivered cognitive behavioral therapy
(T-ICBT) has emerged as an efficient and effective treatment
for individual swho experience concurrent symptoms of anxiety
and depression [2]. T-ICBT generdly involves clients
compl eting weekly web-based | essons 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 mal adaptive 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 typicaly
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
aresult, it is increasingly being implemented in routine care
[7]. T-ICBT protocols are particularly appealing because they
streamlinethe treatment processfor patientsand 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 protocol s 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

http://formative.jmir.org/2020/10/e15037/

additional symptom concernsthat are present with anxiety and
depression. For example, internalizing disorders such asanxiety
and depression share common features, such as sleep problems,
sexua dysfunction, loss of energy, and changes in
appetite/weight [ 13-20]; however, littleisknown about T-ICBT
clients' concernsin 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 istwo-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, sexua 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 dleep, sexual functioning, energy, or
appetite/weight. In terms of the nature of the clients' concerns,
we expected clients to report sleep problems such asinsomnia
or hypersomnia, sexual problems such asreduced sexual desire
and difficulties with arousal, fatigue or tiredness, and changes
in appetite and accompanying weight change. We aso
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 isagovernment-funded web-based therapy
clinic at the University of Reginathat 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 patientswho received T-ICBT with
once-aweek 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 asthey 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
(571462, 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 compl eting 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 accessto theinternet; 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 Generaized 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. Participantswith 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 problemswith 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 detail s 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
telephoneto 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
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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 theinclusion 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 behaviora 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). Asthey work through
the course, patients receive therapist assistance in the form of
weekly emailsand occasional telephone calls. Patients compl ete
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 problemswith
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 faling adeep).
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 asmall number of coding discrepancies between
the first and second coders and completed afinal 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
deep, 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

Edmonds et al

statistics were used to calculate the percentage of clients
endorsing each item pretreatment as well as mean symptom
change scoresfrom pre- to posttreatment. Although weincluded
al itemsin the analysis, we were particularly interested in the
itemsrelated to sleep (PHQ-9item 3: “troublefalling or staying
asleep, or sleeping too much”), energy (PHQ-9item 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 anitem to assessweight 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).

Theme and description Subcategories Representative quotes Frequency, n (%)
Sleep: concerns about quantity or quality «  Difficulty falling asleep « “I havetroublesfalling asleep, staying 339 (73.4)
of sleep « Difficulty staying asleep asleep, and when | finally fall asleepitis
.  Difficulty returning to Seep time to wake up and | have trouble waking
« Early waking up.”
«  Difficulty waking up o “Most days[I] wake up feeling unrested,
«  Sleeping too much even if | got to bed at adecent time.”
« Nightmares o “[I] want to dleep al thetime.”
o Genera sleep problems
Energy or motivation: concernsabout lack «  Decrease in energy « “lfeeltireddl thetime.[...] | can'teven 320 (69.3)
of energy, motivation, and self-care « Fedlingtired or exhausted muster energy to exercise or do things |
« Mentdly tired used to like doing.”
«  Lacking motivation o “l don't want to do anything except sleep
. Littleor no exercise or sit”
o “I'mjust very very tired, exhausted, low
energy, and have no motivation.”
Appetite/lweight: concernsrelatedtoeating, «  Variable appetite «  “Somedaysmy appetiteisvery poor, some 265 (57.4)
appetite, and weight changes «  Appetite greater than usual days| feel like eating all the time.”
o Appetitelessthan usual « “I haveno appetite and usually just eat be-
«  Poor diet cause | haveto.”
« Emotional eating o “Inthelast year | have gained 25Ibs dueto
«  Weight loss depression and not being able to continue
«  Weight gain with my normal active lifestyle.”
. Weight fluctuations
«  Overweight
«  Unsuccessful weight loss
o Unsuccessful weight gain
Sexual functioning: concernswithlow sex- «  Low sex drive e “My sexdriveispretty much non-existent.” 139 (30.1)
ual interest or engagement « Difficulty with arousal o “Sexually, [I am] unableto get aroused.”
o  Lack of sexud activity e
« “I have been avoiding intimacy.”
Cognitive-affective symptoms: concerns ~ «  Anxiety o “[1] cry regularly. [I am] irritable and 117 (25.3)
related to emotion regulation or cognitive «  Depression moody.”
functioning o Angry andirritable o  “lloseconcentration easily and feel foggy.”
« Low sdf-esteem e “[l]can’'treax.”
«  Emotiona fluctuations
o Lack of focus
o Inability to relax
«  Cannot turn off mind
o  Constant worry
«  Overthinking
Somatic symptoms. concerns about physical Digestive problems o “l constantly feel sick [to my stomach].” 30 (6.5)

symptoms and overall health

Nausea
Dizziness
Genera health concerns

“[In] theevening | feel pressure behind my
eyes and adight headache. “
“[I am] always sick with colds and flus”
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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

Table 2. Participant characteristics (N=462).

Edmonds et al

all 5 lessons and completed posttreatment measures. Almost
three-fourths of the participants were femal e (339/462, 73.4%),
and the average age was 37 years (SD 12.33). The mgjority of
participants reported being in arelationship and living in acity
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%).

Variables Values
Age (years)
Mean (SD) 37.12 (12.33)
Range 18-86
Gender, n (%)
Male 119 (25.8)
Female 339 (73.4)
Other 4(0.9)
Marital status, n (%)
Single or never married 104 (22.5)
Married 226 (48.9)
Living with partner 81(17.5)
Separated or divorced 45 (9.7)
Widowed 6(1.3)
Education, n (%)
Less than high school 13(2.8)
High school diploma 82 (17.7)
College certificate or diploma 135 (29.2)
Some university 64 (13.9)
University undergraduate degree 110 (23.8)
University professional or graduate degree 58 (12.5)
Employment status, n (%)
Employed full time 224 (48.5)
Employed part time 59 (12.8)
Unemployed 38(8.2)
Homemaker or retired or student 97 (21.0)
Short- or long-term disability 44 (9.5)
Location, n (%)
Large city (>200,000) 185 (40.0)
Small to medium city (10,000-200,000) 153(33.1)
Town or village 94 (20.3)
Farm 29 (6.3)
Reserve 1(0.2)
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Praoblems With Sleep, Sexual Functioning, Energy,
and Appetite

Thevast mgjority of patients (438/462, 94.8%) responded “yes’
to the question asking if they had experienced problemsrelated
to deep, sexual functioning, energy, or appetite/weight and thus
responded to the open-ended comment box asking them to
provide more detail about their problemsin 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 aresponse
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) onthe GAD-7 and 12.5 (SD 6.1)
on the PHQ-9, which represents moderate symptoms of anxiety
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Edmonds et al

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-9item 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 apositive impact on sleep, energy, and appetite
symptoms, that is, patients reported adecrease 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
sexua functioning and weight meant it was not possible to
assess whether T-1ICBT led to improved functioning in those
aress.
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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).
Item and symptom Distribution of pretrestment responses Pretreatment mean Posttreatment mean
score (SD) score (SD)
0 (not at 1 (severa 2 (morethan half 3 (nearly every
al),n(%) days),n(%) thedays),n(%) day), n (%)

7-item Generalized Anxiety Disorder (n=454)
Feeling nervous or anxious 12 (2.6) 127 (28.0) 143 (31.5) 172 (37.9) 2.05(0.87) 0.99 (0.80)
Uncontrollableworrying ~ 27(5.9)  125(27.5) 129 (28.4) 173(38.1) 1.99 (0.95) 0.83(0.88)
Worrying about avariety of 13 (2.9) 114 (25.1) 137 (30.2) 190 (41.9) 2.11(0.88) 0.95 (0.89)
things
Trouble relaxing 40 (8.8) 130 (28.6) 130 (28.6) 154 (33.9) 1.88(0.98) 0.81 (0.90)
Restl essness 145(31.9) 162 (35.7) 91 (20.0) 56 (12.3) 1.13(1.00) 0.52 (0.80)
Irritability 24 (5.3) 142 (31.3) 128 (28.2) 160 (35.2) 1.93(0.94) 1.02 (0.97)
Fearing something awful 96 (21.1) 144 (31.7) 109 (24.0) 105 (23.1) 1.49 (1.07) 0.60 (0.86)

9-item Patient Health Questionnaire (n=455)
Anhedonia 54(11.9) 201 (44.2) 107 (23.5) 93 (20.4) 1.53 (0.95) 0.76 (0.80)
Feeling depressed and 51 (11.2) 203 (44.6) 117 (25.7) 84 (18.5) 1.51(0.92) 0.76 (0.79)
hopeless
Sleep disruption 55(12.1) 122(26.8) 118 (25.9) 160 (35.2) 1.84(1.04) 1.00 (0.93)
Low energy 27(59)  127(27.9) 128 (28.1) 173 (38.0) 1.98 (0.95) 1.12(0.90)
Poor appetite or overeating 94 (20.7)  133(29.2) 111 (24.9) 117 (25.7) 1.55(1.09) 0.81 (0.93)
Feeling bad about self 59(13.0) 163 (35.8) 122 (26.8) 111 (24.4) 1.63 (0.99) 0.69 (0.85)
Trouble concentrating 100 (22.0) 147 (32.3) 117 (25.7) 91 (20.0) 1.44 (1.04) 0.62 (0.83)
Psychomotor agitationor 236 (51.9) 124 (27.3) 67 (14.7) 28(6.2) 0.75 (0.92) 0.31 (0.60)
retardation
Sdlf-harm or suicidality 359 (78.9) 69 (15.2) 19 (4.2) 8(L8) 0.29 (0.63) 0.11 (0.38)

Discussion

Principal Findings

This formative study qualitatively examined patients
self-reported concerns with sleep, sexua 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’ problemsin these areas. In addition, an item
analysis was conducted on screening measures of anxiety and
depression to explore whether T-ICBT producesimprovements
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
problemsin more than one area. Although thisisnot 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 problemsisimportant to understand so asto inform T-ICBT
delivery in routine care.

Qualitative analysis of patients’ descriptions of their concerns
revesl ed that sleep disturbance was the most common problem
described by clients (339/462, 73.4%). Ashypothesized, clients
sleep concerns were consistent with insomnia (eg, difficulty
faling asleep, difficulty staying asleep, and early waking) and

http://formative.jmir.org/2020/10/e15037/

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
theresults. 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. Thisismostly consistent with our hypothesis,
but we did not fully anticipate how widespread problemswould
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, whichisinline
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
clientsto 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 till be possible to optimize T-ICBT to
better address these problems. Moreover, we were unable to
monitor changesin 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 especialy
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.

Thefindings 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 deep, energy, appetite/weight, and sexual functioning. Thus,
there may be value in expanding screening or outcome measures
to include morethrough assessment of dleep, sexual functioning,
energy or motivation, and appetite/weight. Enhancing existing
screening or outcome measureswould allow researchersto make
concrete conclusions about the efficacy of T-ICBT inimproving
these symptoms. However, it would be important to balance
the desire for more detailed information with the increased
burden on clientswhen compl eting screening and posttreatment
guestionnaires. If measures were to be added, they would need
to be brief, psychometrically sound, and not redundant with
existing items or measures. In thelong term, learning about the
effects of T-ICBT on sleep, sexual functioning, energy or
motivation, and appetite/weight might provideinsight 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 awvare
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 devel opment, the results of this study suggest that
concernsrelated 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
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be an important part of maximizing the patient acceptability of
T-ICBT.

Strengthsand 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/lweight. 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 alarge 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 notabl e 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 severa 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/lweight, 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 makesit 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 aso 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 resultsinclude the fact that alarge
proportion of patientswere 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 patientswho 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

Thisstudy presents an overview of the concernsrelated to seep,
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 cliniciansinterested in
offering T-ICBT. We found that the mgjority of clientsreported
symptoms such as deep disruption, lack of energy or motivation,
and appetite/weight changes, and just less than one-third of the
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samplereported experiencing sexua dysfunction. Wealsofound toidentify severa areaswhere T-ICBT outcome measures could
preliminary evidence that T-ICBT resulted in reductionsinthe  be improved and provided a number of directions for future
reported frequency of sleep disruption, low energy, and appetite  research.

disturbance over 8 weeks. The results of this study allowed us
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Abstract

Background: Displeasurewith thefunctionality 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 MV C 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 theflexible
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 alow-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 CIGsin medicine.

(JMIR Form Res 2020;4(10):€17512) 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.
CDSSsattempt to mimic theway humansuseclinical 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 knowledgeand
information about different diseases, treatment protocols,
findings, and interpretations [ 3].

A CDSS produces patient-specific output based on patient data
combined with these representati ons of medical knowledge[4].
Traditionally, three functions are supported by a CDSS: the
provision of automated clinical information management such
asdataentry and retrieval, the attention-focusing functions such
as medica 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
isconsidered one of the primary challengesfor improving CDSS
development and acceptance [6]. A special challenge in this
regard is implementing a CDSS system with interactions that
match actual and desired clinica workflow as closely as
possible. Thisrequiresthat the CDSS interactionswith the user
be context sensitive and accessible at the point of care[7]. More
importantly, studies have shown that a CDSS should aso
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
clinica 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 aso desired to maintain a small
software and communications footprint for web applications
and mobile apps. Our approach was originally intended to create
areadable and minimal syntax for aweb and mobile application

http://formative.,jmir.org/2020/10/e17512/

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. Weintended 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
executabl e representation be human readabl e 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 datafootprint as possible, sinceweintended
to use the resulting tools both in aweb 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, thisisan ideal choice as acore component of
the World Wide Web. XML is key to formatting content into
HTML pagesand isan industry standard for datacommunication
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 CPGsin 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. Therepresentation
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 isin 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 challengesto CDSSsin 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
asmall communication and software footprint for mobile apps
that can aso be repurposed without modification for
incorporation into web applications and other mobile apps. To

Torres Silvaet al

our knowledge, none of the approaches taken above would be
satisfactory for those requirements. Inthe 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. Inthis paper, wefocus on the adequacy of satisfying
the requirements for expressivity and minima communication
and computing resources.

In Figure 1, weillustrate the architecture design of our CDSS,
which usesthe MV C architecture and aknowledge engine based
on XML. Specifically, we have (1) a model, (2) aview, (3) a
controller, and (4) a knowledge engine.

Figure 1. Architecture design used in the web-based clinical decision support system.

MODEL

>

_—
{ ) OpenMRS

Microsoft’

SQL Server

’ ‘ KNOWLEDGE ENGINE ‘ ‘

VIEW

Kendo Ul

THE ART OF WEE DEVELOPMENT

@

A
g

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 OpenM RS (OpenM RS 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 refersto the system components responsible
for processing queries and the user’sinteractions. The controllers
pass patient input datato the computable guideline model, which
is used to query the database, and then select aview 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 theknowledge
engine, a collection of XML documents and an associated
interpreter to handle clinical dataand encoded knowledge. The
relation between the functionality of the CIG subsystem and
the MV C architecture involves the knowledge engine driving
the controller’ sfunctionality, alongside agraphic representation

http://formative.,jmir.org/2020/10/e17512/

RenderX

CONTROLLER
Microsoft’

N.NET

of the views. We analyzed some CIG syntaxes in order to find
common and minimal features for knowledge representation to
incorporatein 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

K nowledge Engine Background

For the CDSS knowledge engine, we adopted state machines,
artificial intelligence (Al) planning techniques and methods,
and minimal CIG functionality. We now briefly describe our
decision-making process for each of these.

State M achine M odeling of Behavior for Health Care

There are many waysto computationally model knowledge and
behavior in Al systems, and the use of state machinesis one of
the oldest and best known [14]. State machinesmodel asystem’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 Al, aplanis generally defined as a sequence of actions that
will achieve aspecific state. A staterefersto themultiplelogical
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 Al refers to information and conditions about
the world and how actions change and affect theworld [17]. Al
planning approaches can be used to represent what is known

Table 1. Computer-interpretable guideline formalisms comparison.

Torres Silvaet al

about the current state of the world and the available actions.
Intermsof our CDSS, the world would bethe patient’s situation,
and the actions would be the testing, observations, diagnoses,
and treatments that change the state of the patient. An Al
planning conceptualization of CIG alowsfor aframework that
incorporates the various approaches to CIG taken in Table 1
and our approach. Adopting thisapproach allows usto envision
using Al planning techniques and methods for this part of the
CDsSS.

Detail Arden syntax GLIF? PROforma Asbru Eon

Model Medical logic mod-  Object-oriented flowchart ~ PROformatask on-  Plan Dharma guideline
ule structured in steps tology model

Model elements  Maintenance, Branch, decision, action, Plans, decisions, ac-  Preferences, intentions, condi-  Scenarios, decisions,
knowledge, library, patient state steps tions, inquiries tions, effects actions, activities
resources

Language -MLMS aretext - UMLYclassdiagramsin - Glidelinesare -DTD in Backus-Naur form  RDF

based (eachMLM is GLIF3 XML-based syntax
encoded as an

€
ASCII® file) - RDF~language

translated into lan-
guage called LR2L

- Containsaformal

- Control-flow language are
defined by means of XML

expression language

3GLIF: Guideline Interchange Format.

BMLM: medical logic module.

CASCII: American Standard Code for Information | nterchange.
dUML: Unified Modeling L anguage.

®RDF: Resource Description Framework.

'DTD: document type definition.

Minimal CIG Functionality Objective

In designing a minimal-specification XML file to manage
clinical dataand knowledge for aweb-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, asthose details can befound 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 carein 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 CPGsis 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 guidelinesrelated to pregnancy and childbirth in various
sources[1,29-32]. The knowledge and ontology analysisfound
in the CPGs were then aligned with Al planning theory
conceptualizations of the clinical workflow in antenatal carein
order to establish the knowledge representations in the
knowledge engine.

http://formative.,jmir.org/2020/10/e17512/

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 knowledgein health care settings.

Results

ClGs Comparison

Table 1 displaysthe key el ements of some guideline formalism
models. All the approaches support abasic Al planning structure
to handle decisions and actions based on medical criteria. At a
conceptual level, they arevery similar, but theformalisms share
similarities and differences in form and terminology. They all
abstractly incorporate the Al 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 goa itself refers to the
values of states of the world or knowledge states that must be
attained to satisfy amedical 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
takenistypically an action to assist the user (physician or health
care worker).
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Knowledge Extraction

As discussed in de Clercq et d [22], a balance must be
maintai ned between the aspects of abstractness, expressiveness,
formalization, acquisition, and execution of the knowledge in
order to create a successful CIG. Red effectiveness is also
dependent on the guideline development and knowledge
extraction processes from original sources. We implemented
the framework presented in Boxwala et a [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

Torres Silvaet al

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 Al planning system of the
applicablemedical procedures, treatments, diseases, and rel evant
information in our CPGs. It is important to note that our
knowledge representation framework, techni ques, 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.

Mainactions Health care provider action Goa

Precondition Action

Observation  Examination findings, family history,
lifestylefactors, health summary, pregnancy
summary, nutrition summary, physical ac-
tivity summary, social summary, laboratory

test, reason for encounter

Record observation and in-
formation about the patient

Information is missing or
incomplete

Request information

Evaluation  Absence of information, clinical synopsis, Analyze information and Informationisin database =~ Compare information, risk
adversereaction risk, health risk assessment,  absences of information assessment
problem/diagnosis

Action Careplan, health education, medication or-  Suggest a proper careplan ~ Evaluation is done Suggest medication order,
der, laboratory test request, procedurere-  and notify health care |aboratory test, or procedure;
guest, notification provider of an event generateanctification, aert,

or message
. through a match-and-resolve process. First, all rules with
XSD Design J P

At thenext level of system design, we used XM L-encoded rules
to represent the state transitions of a state machine. This state
machine protocol fileisthe 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 executethelogic

http://formative.,jmir.org/2020/10/e17512/

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 alarge amount of code. This can be
seenin the pseudocode, where each time an evaluation isfound,
it callsafunction to evaluate thelogical value of the conditions.

JMIR Form Res 2020 | vol. 4 | iss. 10 [e17512 | p.115
(page number not for citation purposes)


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

JMIR FORMATIVE RESEARCH

Figure 2. Pseudocode for our knowledge representation.
W:={State Protocol};

EffectList[]:=empty;
run( W)
{
foreach (Node in Protocol)
if (IMode. Goal) then

foreach (Action in Node)

Torres Silvaet al

If (evaluatePrecontion(Action Precondition)) then

Foreach [Effect in Action)

If (Effect lin Effectlist[Effect type]) then

EffectList[Effect type][] := Effect

Update 5
}
bool evaluate Precondition (operatorl, operator2, operand)
{
operatorlstatus = operator2status= null
if (operatorl.iscomplex|))
operatorlstatus = evaluatePrecondition (operatorl)
if (operator2.iscomplex|())
operator2status = evaluatePrecondition |operator2)
return eval

Therule sets are arranged in a hierarchical structure to capture
basic Al planning concepts; inner rules will only evaluate if
outer rules in the hierarchy are true. Nodes are aggregates of
conditions, which are sets of dataaswell asaset of rules. Each
XML node also has a goa representation, a precondition
representation, and an action representation. An XML node
corresponds to a basic Al 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

http://formative.,jmir.org/2020/10/e17512/

RenderX

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 accessthe required values of concept representations
that can be related to a specific ID in the database.

Preconditions are the statementsthat are required to be satisfied
before aruletriggersthe execution of the associated rule action.
Evenif theruleinsidethe goal satisfiesthe 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 adata 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 conditionswere satisfied
in the goal and precondition nodes. An action might be a new
request for data, a message, a medica aert, a medical
recommendation, or even a calculation, depending on the
situation. At thispoint, it isimportant to makeit 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.

Theresult of our knowledge representation iswritten and stored
inan 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) symboals, (3) values, (4) InSets, and (5) Parens.

First, the Boolean expression can be any of thelogical operators:
“and”, “or”, or “not”. It may aso 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, asymbol isjust a string representation of avariable.
Third, avalueisthe different “values’ that symbols can take.

Fourth, the InSet type represents whether a particular symbol
isin the set of values. The set can either be empty or infinite.

http://formative.,jmir.org/2020/10/e17512/
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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 examplefor themedical situation
of choosing atreatment when bacteria are present in the urine.
In our example, knowledgeis used to suggest atreatment when
bacteriaare present and their presenceis captured in the record.
Thegoal of our exampleisapatient free of bacteriain the urine.
When thisis 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
preconditionswill be satisfied and ruleswill betriggered 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 bacteriain the urine.

If the patient’s health improves but the lab result indicatesthere
is gtill 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 bacteriais
still positive, but the preconditions (trigger) and the actionswill
be different.

For illustrative purposes, Multimedia Appendix 1 shows the
contrast of an Arden medical logic module (MLM) for thistask
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, ingtitution, validation, and more. Both contain
the same encoded statements (medical knowledge), in this case
CFUsover 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 onthegoal itself but also on the current state of the patient.
Thismeansthat if the same goal issupplied for different patient
states, it can lead to different actions, like different treatments
or adifferent message sent to the physician.
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Figure 3. XML Schema Definition file schema.
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Discussion

Summary of Findings

In Table 1, we presented a comparison between some common
ClIGs used for CDSS. Each one has a unique representation
language used to encode the medi cal knowledge. Our approach
uses XML in order to take advantage of its flexible format to
facilitate the electronic sharing of structured data. More
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importantly, we can take advantage of its flexibility to
standardize CI G structure design in alow-specification language
that is ubiquitous, universal, and human readable.

Our plansinvolve the computerization of antenatal health care
guidelines with our knowledge representation for a web-based
CDSS, and then amobile app. The clinical decisions suggested
will assist clinicians in three situations. First, it will evaluate
obstetrical risk and inform clinicians and raise health aerts
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

Asdiscussed in the Introduction, our knowledge representation
was designed for an antenatal care CDSS project with
requirementsfor both aweb and mobile CDSS but a so 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 servicesand allow usto expand the framework as needed.

For our particular antenatal domain problem scenarios, wefound
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 separableinto
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 amore complex
hierarchical ontology, such as those in published biomedical
ontologies. Semantic elements such as object properties and
instanceswere captured in astraightforward manner in our XML
framework.

It ispossibleto accommodate either controlled vocabulary terms
from standardized sourcesin the XML representation or ad hoc
terms. We anticipate that controlled vocabulary terms will be
needed for more complex systemsfor interoperability with other
care systems or to accommodate a greater variety of usersthan
our current system allows. Standardized termswould al so result
in a more understandable human-computer interface. In more
complex systems, thereis often aneed to include common terms
for the purpose of human and machine reference and
communication, but with minimal addition, the current approach
appearsto accommodate any Arden syntax medical logic module
representation.

The task modeling ontology we chose was aso adequate for
our current system and easily represented in XML. Theelements
of the state machine process representation for the system’s
problem-solving steps that achieve atask 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.

Torres Silvaet al

An important step to consider in future projects will be parsing
existing Arden syntax MLMsto our representations, since Arden
syntax isan 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 minima 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 asacompiled 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 compl ex representationswould
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 moreeasily
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

Usahility 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 isto reduce the caregiver's mental load and
prevent possible errorsin clinical tasksthat involvetheanalysis
of a patient's status and the use of this context for action
decisions. Our knowledge representation framework
incorporatesfundamental elementsof other CIGsusedin 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 projectsin
medicine.

XML proved to be a language expressive enough to describe
the planning problemsin acomputable form and both restrictive
and expressive enough to implement in aclinical 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 trandation 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 atheoretical 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 apractical approach using datafrom areal-world setting, we studied the content of 1890 code sets used
in aninternationally 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 | nternational
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 al 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.

(IMIR Form Res 2020;4(10):€16094) doi:10.2196/16094

KEYWORDS
clinical decision support systems; clinical coding; medical informatics; electronic health records

knowledgeinto daily practice[1,2]. Effective health careimplies
well-informed choices and decisions based on reliable evidence,

Clinical decision support systems are considered to be an with attention to individual needs and drawn from clinical
important vehicle for implementing new evidence and ©xPerience [3]. Despite demonstrating rather small effects on
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adherenceinclinical trials[4], clinical decision support systems
are widely accepted as an important strategy for knowledge
trandation [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 systemsisguideline-driven, generating
reminders based on formal rulesand 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 aclinical decision support system consists
of clinical practice recommendations that have been trandlated
into machine-readable algorithms or artifacts. Artifacts are
formal expressions of the recommendations in clinica
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
guery the database of an electronic health record, each concept
needs to be trandated into a set of clinical codes also known as
aclinical code set [8]. Collections of clinical codes, or clinical

Delvaux et al

coding systems, are currently in use by electronic health records
to represent clinical concepts, all with different finalities and
purposes. Table 1illustrates several of the current clinical coding
systems used in electronic health records. Classificationsinclude
aform 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 1CD-10, the code for
calculus of the kidney (N20.0) is a child of calculus of the
kidney or ureter (N20) which isin turn a child of diseases of
the genitourinary system (N). Thesetypes of taxonomies prevent
clinical concepts from existing more than once in the
classification but sometimes simplify more complicated
concepts, such as pulmonary infectionsthat could be classified
as apulmonary disease but also as an infectious disease. More
complicated relationships are possible in ontologies, such as
that in SNOMED CT, which includes not only “isa’ 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.

Clinical coding system Domain coverage

Type, purpose

SNOMED CT
International Classification of Diseases (ICD)

Current Procedural Terminology (CPT) Procedures
Logical Observation Identifiers Names and Codes Laboratory tests
(LOINC)

Anatomical Therapeutic Chemical (ATC) Drugs

Multiple areas (diagnoses, alergies, symptoms, etc)

Diagnoses, some procedures

Terminology, clinical documentation

Classification, reporting
Terminology, clinical documentation

Terminology, clinical documentation

Classification, reporting

International Classification of Primary Care (ICPC) Diagnoses, reasons for encounter, some procedures  Classification, reporting

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 trandate 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. Designersof 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 terminologiesis required [10]. The
aim of this study wasto 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.

http://formative.jmir.org/2020/10/e16094/

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 conceptsin 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
carewhich included conceptsrelevant to primary care[11]. We
chose these recommendati ons 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 clinica 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 codesfrom asingle 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 (1CD-10) —Clinical
Modification (-CM), SNOMED CT, Anatomical Therapeutic
Chemical (ATC) Classification, and Logical Observation

Delvaux et al

Identifiers Names and Codes (LOINC). An example of this
processisillustrated in Figure 1.

Figure 1. Process for the development of code sets for a guideline recommendation. BMI: body mass index; |CD-10: International Classification of

Diseases, Tenth Revision.

~
Recommendation Step 1 Step 2
Three yearly screenings for type - Identifying individual - Development of code sets per
2 diabetes are advised for Concepts Concept
patients with at least one of the Yy,
following risk factors:
- has given birth to child > 4.5 / Concepts \ ' ~N ™~
kg . . - hypertension Code set for Code set for
- First-degree relative with 2bdominal hypertension hypertension
Eﬁff;ﬂéabetes circumference using ICD-10 SNO:IJJ:;E%CT
i abdo_minal circumference corticosteroids ICD-10: 110
- a child with high birth S
>88cm (¥) or>102 cm (&) weight 111,112,113, SNOMED CT:
- hypertension , 115 38341003
. body mass index -
- treatment with (includes 24
. . - firstdegree relative with child codes)
\ corticosteroids / \ type 2 diabetes / % JAN y

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 (344.0)
and chronic obstructive pulmonary disease with acute
exacerbation, unspecified (J44.1). Together, the codes J44.0
and J44.1 constitute the |CD-10 code set for acute exacer bation
of chronic obstructive pulmonary disease. If the constructed
code set wasincapabl e 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 alarge 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 alarge
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.

http://formative.jmir.org/2020/10/e16094/

For each code set, we reviewed al included clinical coding
systemsand compared their usage. Clinical coding systemsthat
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 acode set of 1CD-10 codes, and for 2 out of 10 concepts,
we were able to create a code set of |CPC-2 codes. We did not
find SNOMED CT codes for the concept having given birth to
achild over 4.5 kg; we did not find 1CD-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 setsincluded amedian of 11 (range 1-219) codes, whereas
the ICD-10 code setsincluded amedian of 1 (range 1-3) codes.
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Table 2. Code setsidentified from 3 preventive care recommendations.

Concept type and coding system Code sets per concept typea, n(%) Codes per set, median (rangeb)
Diagnosis (n=10)

SNOMED CT® 9(90) 11 (1-219)

ICD-10(-CM)? 8(80) 1(1-3)

ICcPC-28 22(0) 15(1-2)
Drugs (n=2)

ATC! 1(50) 1(—9

SNOMED CT 2 (100) 108 (53-163)

Vaccines (n=2)

ATC 2 (100) 1(—)

SNOMED CT 2 (100) 3(1-5)
Risk factor (n=2)

ICPC-2 2 (100) 1)

ICD-10(-CM) 2 (100) 1(—)

SNOMED CT 2 (100) 9(9-9)
Procedure (n=3)

|CD-10(-CM) 2(67) 15(1-2)

SNOMED CT 3(100) 1(1-37)

LOINC" 3(100) 5(2-9)
Investigation results (n=2)

SNOMED CT 1 (50) 2(—)

LOINC 2 (100) 8(7-9)

#The proportion of code sets per total number of concepts represents the proportion of clinical concepts for which aset of codeswas found that matched
theclinical concept.

B\Minimum to maximum.

CSNOMED CT: Systematized Nomenclature of Medicine—Clinical Terms.

dICD—10(—CM): International Classification of Diseases, Tenth Revision (—Clinical Modification).
€ICPC: International Classification of Primary Care.

fATC: Anatomical Therapeutic Chemical Classification.

9Indicates that the range is defined by a single value.

hLoINC: Logical Observation Identifiers Names and Codes.

. . concepts. Table 3 shows the distribution of clinical coding
Practical Evaluation systemsused in the code setsfor the clinical conceptsincluding
The majority of the predefined EBMeDS concepts were  the number of individua codes.

diagnosisor drug concepts, with very few risk factor or vaccine
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Table 3. Code sets defined in the EBMeDS service.

Concept type and coding system Code sets per concept type? n (%) Codes per set, median (range)
Diagnosis (n=790)
International
|CD-10° 739 (93.5) 1(1-53)
1cpC-2d 223(28.2) 1(1-26)
ICD-9-CM® 93(11.8) 1(1-550)
SNOMED CT 89 (11.3) 2(1-36)

Drugs (n=556)

International
ATCO 481 (86.5) 1(1-245)
SNOMED CT 25 (4.5) 1(1-2)
National
Read codes (United Kingdom) 17 (3.1 1(1-5)

Investigation results (n=317)

International
LoIne? 116 (36.6) 1(1-8)
Nomenclature for Properties and Units 76 (24.0) 1(1-9
National
KL Finnish classification for laboratory investigations 271 (85.5) 2 (1-60)
Read codes (United Kingdom) 25(7.9) 1(1-4)

Proprietary EHR'

Meldola Hospital measurement classification (Italy) 54 (17.0) 1(1-2)
SoSoeM e measurement classification (Belgium) 67 (21.1) 1(1-3)
Health One measurement classification (Belgium) 63 (19.9) 1(1-3)

Procedures (n=214)

I nternational
SNOMED CT 8(3.7) 1(1-43)
ICD-9-CM 27 (12.6) 1(1-16)
National
Current Procedural Terminology 17(7.9) 7(1-42)
Nordic procedure codes 179 (83.6) 1(1-468)

Proprietary EHR
Quantros Organization (United States) 7(3.3) 1( _j)
Risk factors (n=2)
I nternational
ICD-10 1 (50.0) 1(—)
Proprietary EHR
Health One measurement classification (Belgium) 1(50.0) 1(—)

Vaccines (n=11)

International
ATC 11 (100.0) 1(1-12)
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Concept type and coding system

Code sets per concept type® n (%) Codes per set, median (rangeb)

National
ROKVALM Finnish vaccination codes

ROK Finnish vaccination codes

9 (90.9)
8 (81.8)

7.5 (1-19)
1(1-7)

#The proportion of code sets per total number of concepts represents the proportion of clinical concepts for which aset of codes was found that matched

theclinical concept.

BMinimum to maximum.

%ICD-10: International Classification of Diseases, Tenth Revision.
dicPC: International Classification of Primary Care.

€CD-9-CM: International Classification of Diseases, Ninth Revision—Clinical Modification.

fSNOMED CT: Systematized Nomenclature of Medicine—Clinical Terms.
9ATC: Anatomical Therapeutic Chemical Classification.

PLoINC: Logical Observation Identifiers Names and Codes.

'EHR: electronic health record.

IIndicates that the range is defined by asingle value.

Discussion

Principal Findings

In the theoretical evaluation of clinical coding systems, we
found that SNOMED CT and | CD-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 aways define aroute 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 conceptsin thisstudy could
all bemappedto SNOMED CT and LOINC. Theonly instances
where SNOMED CT did not fully represent clinical concepts
were investigation results. Code setswith SNOMED CT codes
often included a lot more codes than those included for other
coding systems, with amedian of 108 codes for drug concepts.
Constructing code setswith this number of codes may challenge
thefeasibility of thistask. 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 lessfor 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 alack of internationally accepted
coding systems, since alot of code setsincluded national coding
systems or even electronic health record—specific proprietary
coding systems.

Thereare several reasonsfor the popularity of the World Health
Organization family of classifications. The comprehensiveness
and widespread use of these classifications make them popul ar
for clinical coding. Theclinical codesin ICD are alphanumeric
and arranged hierarchically. This allows for truncation of the

http://formative.jmir.org/2020/10/e16094/

codesin order to include alarge number of child conceptswith
codes starting with the same sequence. For instance, by
truncating the code K29*, it is possible to include the 10
different subcategories of gastritisand duodenitiswithout having
to include each of these 10 codes. SNOMED CT, the other
clinical coding system capable of representing alarge majority
of the clinical concepts, does not contain this feature because
the uniqueidentifiers of each code do not mirror the relationship
to one another. This does not allow for truncation of the codes
and explains why such alarge 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 aclinical 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 systemsthat have integrated EBMeDS.
|CPC-2, often used for documenting diseases and reasons for
encounter in primary care, isof limited usein defining concepts
requiredin clinical decision support systems; often the concepts
defined in ICPC-2 are too broad and insufficiently detailed.

SNOMED CT hashigh 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 termswith multipletypes 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 makesit 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.
Thismay beasaresult of locally used procedure lists generated
for billing purposeswhich may not beinternationally 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 amyriad of coding systemsfor
small-scale use requires multiple mappings and increases the
odds of inappropriate mapping.

Limitations

For this study, we choseto limit the number of recommendations
that we analyzed for each of the coding systems or
terminologies. Manual searching of codesand termsthat applied
to individual clinical concepts proved time consuming and is,
therefore, not feasible for alarger set of recommendations. We
also limited the clinical coding systems to those systems
currently in use in Europe. Therefore, severa clinical coding
systems that were included in the practical evaluation were not
included in thetheoretical 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 thisfirst 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
useof clinical coding systemsin 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
trandation into clinica coding. We did not study any
terminologies or classificationsthat attempt to structure concepts
such as pain, distress, anxiety, or other more complicated
concepts. Thesetypesof clinica 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 systemsin correctly
defining clinical conceptsrequired to trandl ate recommendations
in decision support rules. Our study does not evaluate the
efficiency of these systemsin assisting cliniciansin high-quality
documentation at the point of care. More important than the
capacity of aclinical coding systemto correctly defineaclinical
concept may be the capacity of cliniciansto 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
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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
isprobably not dueto limitationsin data coding or terminologies
but to the quality of the documentation by clinicians or other
sources of biasin 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
comprehensiveclinical coding system available, isalso the best
choicefor developing clinical decision support system artifacts.
Through itsrich 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 eval uation of SNOMED
CT implementations recognized the pivotal role of SNOMED
CT as acore 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 aclinical decision support
system. Moreover, SNOMED CT till 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 aburden rather than an advantage asillustrated 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 devel opment of local vocabularies
that contain clinical termswhich are mapped to multipleclinical
coding systems, including reference terminologies such as
SNOMED CT [10,20]. This would alow clinicians, and other
potential users, to codeclinical 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-careindicator measurement,
pay-for-performance schemes, or headlth 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 inimplementing 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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conceptsin clinical decision support system artifacts. Research  clinical coding systems such as SNOMED CT influences the
is needed to study whether the use of more comprehensive 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 patientsliving with chronic painislimited, findings areinconclusive, and new innovative ideas and solutions
are needed.

Objective: Thisfeasibility 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) onefollow-up phonecall at 2 to 3 weeks after theintroduction session. Patientsliving 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 |east 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:

(IMIR Form Res 2020;4(10):€23893) doi:10.2196/23893

Clinical Trials.gov NCT03705104; https://clinicaltrials.gov/ct2/show/NCT03705104
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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 optimaly managed by
treatments that address not only biological factors [2,3], but
also psychological and social influencesand 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 pan
self-management strategies can, therefore, be important [7].
International clinical guidelines aso recommend the inclusion
of self-management interventions in routine treatment for
patients living with chronic pain [2].

Psychosocia interventions based on cognitive behavioral
therapy (CBT) [8] and/or acceptance and commitment therapy
(ACT) [9], @ming 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, aswell asreduced pain, anxiety,
and depressive symptomatology [12-14]. Unfortunately, such
individual or group in-person psychosocia 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]. Patientswith 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 promisein terms
of the potential to address unmet needs, support psychological
well-being, strengthen self-efficacy, and increase flexibility
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[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-rel ated 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 dtill inconclusive and interventions need further testing, also
inapp format [13,22,26-28]. Systematic reviews have concluded
that eHealth interventions are more likely to be successful if
devel oped 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 appsindicate that
very few of these programs are devel oped with the invol vement
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 atheoretical 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 programsto date[33]. Given these challenges
identified by existing scientific literature, new extensiveresearch
and innovative solutions are required to show the feasibility,
useful ness/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 recommendsinitial intervention
testing and refinement to ensure intervention feasibility [40].
Thisfeasibility 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,
paininterference, hedth-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 devel oped
by acollaborative research team, consisting of scientists, health
care providers, eHealth experts, content and system devel opers,
and end-user representatives (ie, patients living with chronic
pain) [26]. Content development [26] was based on well-known
evidence-based aspectsfrom CBT, with someintegrated aspects
of ACT, focusing on self-management and coping for patients
living with chronic painin 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 contai ns nine modul es 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 modulesin 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 hasto 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 favoritelist 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 al so 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
thefollowing: (1) oneface-to-faceintroduction session; (2) nine
primarily CBT-based pain self-management modules [26],
delivered in an app-based format for smartphones or tablets;
and (3) onefollow-up phone call conducted at 2 to 3 weeks after
the introduction session.
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Study Design

A pre-post intervention study without a control group was
employed in thisstudy, 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 a [44] exploring (1) acceptability (to what extent isthe 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 criteriawere asfollows: 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 Committeefor 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
infformed 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 aso 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
completeal 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.

Per ceived 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), aswell
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
guestionnaire, inspired by Davis [50], measure participant
program perception asfollows: (1) the program was easy to use,
(2) the exercises were easy to understand, and (3) the program
was useful. Response optionsrange from totally agreeto totally
disagree. The remaning items in the study-specific
guestionnaire are open-ended questions designed to gather
information related to participants perceived usefulness and
ease of use asfollows: (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 disagreeto 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 itemsfrom the short
form of the Brief Pain Inventory (BPI) [52], a measure of the
impact of pain on daily function. The BPI has acceptableinterna
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
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of physical, role, emotional, cognitive, and social function, as
well asphysical, general, and global health. The RAND-36 has
acceptableinternal consistency and reliability [54] and hasbeen
validated in a Norwegian population sample with chronic pain
[55]. The score range of RAND-36 is 0 to 100, with higher
subscal e 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 symptomatol ogy, validated
as a unidimensional measure of psychological distress. The
HADS has acceptable internal consistency and reliability [56].
The scorerange of HADSis0to 21 for both scales, with higher
scores indicating a higher presence of anxiety or depression.

Salf-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], a13-item scale measuring
catastrophic thinking and mal adaptive responsesto pain. Three
subscal es measure hel plessness, magnification, and rumination.
The PCS has acceptable internal consistency and reliability,
and has been validated in a Norwegian popul ation sample with
chronic pain [59]. The score range of the PCSis 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
acceptableinternal consistency and reliability [61], and hasbeen
validated in a Norwegian population sample with chronic pain
[6Q]. 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 athematic analysis process (ie, coding
reliability) asdescribed by Braun and Clark [62]. Thefirst 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 differencesin
outcome measures, demographics, and program progress,

JMIR Form Res 2020 | vol. 4 | iss. 10 [€23893 | p.135
(page number not for citation purposes)


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

JMIR FORMATIVE RESEARCH

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,

Figure 1. Recruitment and participant flow.

Bostrem et al

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 participantswho did not complete
the 3-month outcome measures, two described aworsened health
condition asthe reason. No other reasonswere provided. Apart
from age (ie, noncompleters were significantly older than
completers, 62.2 yearsversus 51.3 years, P=.02), therewere no
differences between noncompl eters and compl eterswith regard
to baseline variables. Figure 1 provides a summary of the
recruitment and participant flow.

Assessed for eligibility (n=73)

Excluded (n=29]
- Did not want to participate (n=2}
- Did not mest the inclusion crizaria [n=8)
- Did not complete study reguirements {n=3]
* Did not complete informed consent (n=4)
* Did not particpate in the introduction session (n=4]

- Could not be reached/contacted {n=11)

[ Enrollment ] Pilot (n=50)
¥
Completed 3-month follow-up [n=45)
[ Follow-up ] User log data at 3 months (n=50]

User log data at & months (n=50)

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,
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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 mgjority (37/50, 74%) of the
participants reported having lived with painfor 5 years or longer.
Table 1 presents the baseline demographics and illness
characteristics of the participants.
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Table 1. Baseline demographics and illness characteristics (N=50).
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Variable Value, n (%)
Gender
Female 40 (80)
Male 10 (20)
Marital status
Married/cohabitating 29 (58)
Single/divorced 21 (42)
Education
Elementary/high school 17 (34)
University/college <4 years 21 (42)
University/college >4 years 12 (24)
Employment
Full-time/part-time work 14 (28)
Sick leave/disability benefits 29 (58)
Retired/others 7(14)
Yearsliving with pain
1-3years 10 (20)
3-5years 3(6)
5-10 years 13 (26)
>10 years 24 (48)
Health services usage?
General practitioner 47 (94)
Physiotherapy/physical therapy 40 (80)
Psychology 16 (32)
Pain physician/pain specialist services 6 (12)
Pain clinic 16 (32)
Occupational therapy 3(6)
Rehabilitation 16 (32)
Healthy life centers 3(6)
Educational courses 9(18)
Other 11(22)

parti cipants 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
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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.
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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.
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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.

Per ceived 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
understandabl e exercises (44/45, 98%). Main findings from the
open-ended questions showed that amajority 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
equalsexcellent (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
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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 I nterventions 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
areprovidedin Table 2). HRQoL findingsindicated statistically
significant improvements from baseline to postintervention for
“bodily pain” (mean difference[MD] 5.1; P=.02) and thesingle
item “change” (ie, perceived change in heath) (MD 5.6;
P=.049), and there was atrend 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 Clsfor the point estimatesin a number
of subscales (eg, HRQoL Role Emotional with a 10-point
positive score change, but with Cl —3.3 to 24.0 and consequently
no statistical significance, P=.13). Therewasalso atrend toward
significant reduced pain catastrophizing, but the result was not
statistically significant (MD 1.8; P=.06). Scores related to
anxiety, depression, and self-regul atory 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 psychosocia outcomes (n=45).
Psychosocial outcomes Baseline, mean (SD)  3-month follow-up, Mean difference (95% ClI) P value
mean (SD)

Pain interference (BPI3)P 45(2.1) 48(2.1) 0.3(-0.3t00.8) 31

HRQoL ¢ (RAND-36%)
Physical function 60.9 (24.6) 61.3 (25.4) 0.4(-3.1t03.9) .80
Role physical 17.2 (31.5) 27.2(36.5) 10.0 (-0.9 to 20.9) 07
Bodily pain 35.3 (13.4) 40.4 (15.9) 5.1(0.7 t0 9.5) .02
General hedlth 46.3 (19.6) 48.9 (19.7) 2.6(-1.2t06.3) 18
Vitality 31.9 (21.0) 34.1(20.8) 2.2(-2.4106.8) 34
Social function 50.3 (24.9) 52.8 (24.1) 2.5(-2.4t07.4) 31
Role emotional 56.3 (45.4) 66.7 (40.8) 10.4 (-3.3t0 24.0) 13
Mental health 63.7 (18.1) 65.1 (17.9) 1.3(-1.2t03.8) 29
Change 49.4 (25.3) 55.0 (23.0) 5.6 (0.0to 11.1) .049

Anxiety (HADS-A®) 7.9(36) 8.0 (4.0) 0.0(-0.8100.9) 96

Depression (HADS-D') 58(3.2) 5.8(3.9) 0.1(-0.610 0.6) >.99

Self-regulatory fatigue (SRF-189) 53.7(9.2) 53.3(9.2) 0.4 (-2.5t01.6) .66

Pain catastrophizing (PC§")
Rumination 7.4(3.9) 6.9 (4.0) 0.6 (-1.3t00.2) 12
Magnification 3.3(24) 3.0(22 0.3(-0.8t00.1) A4
Helplessness 8.4 (4.8) 7.6(5.2) 0.9(-1.9t00.2) 11
Total score 19.2(9.9 17.4 (10.4) 1.8(-3.7t00.1) .06

Chronic pain acceptance (CPAQi)
Willingness 14.0(2.8) 13.1(3.1) 09(-1.7t0-0.1) .03
Activity engagement 14.3 (3.3) 13.8(3.3) 0.5(-1.41t00.4) 23
Total score 28.3(5.2) 26.9 (5.3) 1.4(-2.7t0-0.2) .02

3BPI: Brief Pain Inventory.

bSubscale of the Brief Pain Inventory (score range 0-10; a higher score indicates higher interferencein life).

°HRQoL: hedlth-related quality of life.

9RAND-36: RAND 36-Item scale (score range 0-100; a higher score indicates higher emotional well-being).

®HADS-A: Hospital Anxiety and Depression Scale-Anxiety subscale (score range 0-21; a higher score indicates a higher degree of anxiety).
"HADSD: Hospital Anxiety and Depression Scale-Depression subscale (score range 0-21; a higher score indicates a higher degree of depression).
9SRF-18: Self-regulatory Fatigue 18 scale (score range 18-90; a higher score indicates higher self-regulatory fatigue).

PpCS: 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 Relationsto 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).

http://formative.jmir.org/2020/10/e23893/

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 interventionsin new patient populations
or recruitment settings [44]. Patients with chronic pain have
reported being interested in eHealth interventionsin support of
self-management [7,21]. Giventhe early stage of evidence-based
eHedlth 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]. Thisfeasibility 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 painin general, not pain/pain condition
specific).

Principal Findings

In the 3-month study-period, 62% (31/50) of participants
completed at |east 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 exercisesin 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 isa precondition for the effectiveness
of self-management interventions [64]. In thisfeasibility 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 exercisesasmuch aspossible.
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
challengefor eHealth interventions, sometimes being aslow 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
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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. Participantsin 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 thisfeasibility
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 futureresearchin RCTswith 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
suggestionsthat 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 physiciansif 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 useisnot clear, as several studies
have failed to show any difference in eHealth use based on age,
and more research in this areais 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
indicationsthat 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 ablended-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
toimprove eHealth intervention adherence and completion rates
could therefore beto 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 waslarge, 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 interviewsto aid in intervention program
use, usability, and effect interpretations.

Study Limitationsand Strengths

This study has some limitations. First, the study was designed
to assessthefeasihility of adigital self-management intervention
program in support of patients living with chronic pain;
therefore, participants were not randomized, al participants
received theintervention, and no definitive statementsregarding
the effectiveness of the intervention could be made. The study
did however successfully establish feasibility and acceptability
asintended, 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. Thisstudy therefore cannot conclude whether
patients living with chronic pain would in general beinterested
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 isdesigned to support patientsliving 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 mgjority 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 appsin
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
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include awider representation of potential end user groups (eg,
gender, education, and ethnicity) in order to further test
generalizability.

Thisstudy 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, aswell
as usefulness and ease of use examinations areimportant study
strengths. In addition, theinclusion of participantswith avariety
of pain-related diagnoses can be considered a strength. The goal
of the EPIO intervention isto 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
popul ation.

Future Directions

This study established the feasibility of the digital EPIO pain
self-management intervention. Suggestions for adjustments
needed for optimizing and preparing afuture RCT were made,
and qualitative interviews for further data exploration were
suggested. Additionally, the type of blended care delivery used
inthis study hasthe potential to enhance accessibility and actual
use of psychosocial interventions and to enhance outreach for
patients living with chronic pain. As adherence continuously
appearsto represent amajor 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 aso 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 eHeadth 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 usefor patientsliving with chronic pain. Finaly, rather
than attempting to interpret efficacy outcomes from feasibility
findings, efficacy must be evaluated in afuturelarge-scale RCT
with long-term follow-up. In the future, examining whether
interventions, such as EPIO, have more or less potentia for
impact based on the type of pain/pain condition targeted is of
importance.

Conclusions

Thisfeasibility 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 Intervention program optimization and efficacy testing in a
acceptability were established, and the program was rated as large-scale RCT are warranted and in progress.
useful and easy to use, with excellent user satisfaction.
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Abstract

Background: Immune checkpoint inhibitors (ICls) 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 IClsisfeasible. The study
analyzed (1) the variety of patient reported symptoms, (2) etiology of aerts, (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
alertsto 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 questionnaireswas 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