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Abstract

Background: The monitoring and management of chronic illness has always been a challenge. Patient-reported outcome
measures (PROMs) can be powerful tools for monitoring symptoms and guiding treatment of chronic diseases, but the available
PROM tools are either too broad or too disease specific for the needs of a primary care practice focused on longitudinal care.

Objective: Inthis study we describe the development and preliminary validation of the Parsley Symptom Index (PSI).

Methods: This prospective cohort study took place from January 5, 2018, to June 05, 2020, among a sample of 4621 adult
patients at Parsley Health. After areview of literature, followed by binning and winnowing of potential items, a 45-item PROM
that also served as a review of systems (ROS) was developed. The PSI was deployed and completed by patients via an online
portal. Construct and face validity was performed by clinicians, tested on patients, and feasibility was measured by response rate,
completion rate, and percentage of missing data.

Results: Theresponseratefor 12,175 collected PSIswas 93.72% (4331/4621) with a 100% item completion rate. A confirmatory
factor analysis confirmed the model structure was satisfactory by a Comparative Fit Index of 0.943, Tucker—Lewisindex of 0.938,
and root mean square error of approximation of 0.028.

Conclusions: A 45-item ROS-style PROM designed to capture chronic disease symptoms was developed, and preliminary
validation suggests that the PSI can be deployed, completed, and helpful to both patients and clinicians.

(JMIR Form Res 2021;5(6):€29122) doi: 10.2196/29122
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underdiagnosed up to 90% of the time in the devel oped world
[3]. Current models also predict that prevalence of chronic
Chronic diseaseisnow the primary cause of death and disability ~ disease will reach 80% by 2030 [2]. The existing health care
in the United States [1] and accounts for 90% of the nation's ~ SyStem was designed for acute illness and is poorly suited for
US $3.5 trillion in annual health care costs [2]. The incidence  chronic disease, which now accountsfor themgority of services
of chronic disease is on the rise, and people are developing prowde(_j [4]. The mass_vemcreaselnchronlcdls_easelsrapldly
chronic diseases long before they are bedbound, hospitalized, Unmasking the gaps in our health care delivery system,
or even symptomatic. Epidemiological dataindicatethat chronic  Particularly in disease monitoring and management.

diseases such as diabetes, heart disease, and asthma are

Introduction
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The monitoring and management of chronic disease is a
challenge regardless of a medical practice size or physical
location. For clinicians, a limited number of chronic disease
monitoring and management tools exist that can be quickly
deployed into the patient—clinician workflow, can integrate with
an electronic medical record system, can be utilized across a
variety of different conditions, can supplement a review of
systems (ROS), areclinically validated, and can be brief enough
to be collected on an ongoing basis. Patient-reported outcome
measures (PROMs) can be incredibly helpful for monitoring
and guiding treatment of chronic diseases [5-7]. Examples of
PROM sthat have been crested to address some of the aforesaid
challenges range from single-form assessments such as the
Medical Symptom Questionnaire (MSQ) [8], which are akin to
a ROS, to the Patient-Reported Outcomes Measurement
Inventory System (PROMIYS) that offers variations for general
health and specific conditions [9].

The MSQ assesses physica symptoms in a brief form, and
serves as a ROS within amedical note. However, the MSQ has
yet to be validated and hasinconsistent categorization of items.
The items included within the MSQ range from clinica
diagnoses such asasthmaand arthritis, vital sign measurements
such as weight, and symptoms that range from slurred speech
to drainage from the ear. The M SQ a so has complex instructions
where the user must assess each item’s frequency and severity
at the same time, regardless of whether the item is for a
symptom, condition, or vital sign. These and other concerns
make the M SQ difficult to integrate into a clinician’s workflow
and patient visits.

By contrast, the PROMIS is one of the most rigorously
developed sets of PROMSs, and covers awide range of chronic
diseasesin both short- and long-form versions[10] that capture
physical and psychosocial domains. In comparison to the M SQ,
the PROMIS short forms focus heavily on psychological
well-being and overall quality of life questions, but not
extensively enough to double asaROS likethe M SQ. PROMIS
has also developed specific variations for individual chronic
diseases[11]. Thetechnical deployment of PROMISvariations
(short versus long form, condition specific) can be managed by
the information technology departments that exist within large
medical practices (eg, academic medical centers), but can be
burdensome for a small primary care practice without those
resources.

Both the PROMIS and the M SQ are powerful toolsin their own
right, but neither offer asingle, short-form assessment that could
be easily integrated into the clinician workflow or electronic
medical record, as well as capture symptoms across body
systems like a ROS. Furthermore, neither allows for more
opportunitiesto engage with patientslike adigital health tracker
(eg, smart watch, fitness tracker). Approximately 1 in 5 US
adults say they regularly wear a digital tracker that can collect
health information [12]. While the data collected from these
devices can be motivational and promote behavioral change
[13], long-term engagement is still achallengefor thesetrackers
[14]. In summary, we envision anew type of PROM that could
function like a ROS, feed into the collaborative patient—doctor
conversation to promote personalized tailoring of care plans,
while also offering opportunities for more continuous
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engagement like a digital health tracker. The aim of this study
isto (1) describetheinitial development of the Pard ey Symptom
Index (PSl) and (2) assessfeasibility of the PSI among patients
receiving care at Parsley Health.

Methods

Setting and Population

Parsley Hedlth is a subscription-based model for delivering
primary care and proactive chroni ¢ disease management through
afunctional medicinelens. Patientsreceive care from clinicians
and health coaches in-person and virtually, and have additional
access to their care team via email and a web portal. Parsley
Health patients are predominantly female (85%), range from
18 to 83 years in age (mean age 37 [SD 6.7]), and are located
primarily in metropolitan areas such asNew York City and Los
Angeles. Commonly reported diseases and health problems
(ICD-10 chapters) for patients seeking trestment include mental,
behavioral, and neurodevel opmental disorders (F41.9, Anxiety
disorder; R53.83, Fatigue, G47, Insomnia), digestive system
(K21.9, Gastro-esophageal Reflux Disease; K90.41, Non-celiac
Gluten Sensitivity; K58.0, Irritable Bowel Syndrome), and
diseases of the skin and subcutaneous tissue (L70.9, Acne;
L20.9, Atopic Dermatitis).

Inclusion criteria were Parsley Health patients that had (1) an
active 12-month complete care” membership between January
12, 2018, and June 05, 2020; (2) a minimum of 1 clinical visit
within their membership period; and (3) located at 1 of the 3
locations: New York City, Los Angeles, or San Francisco.
Exclusion criteria were (1) severe psychiatric disorders
(particularly psychosis and depression reguiring a change in
treatment in thelast 30 days); (2) under the age of 18; (3) unable
to speak or read English; or (4) lacked access to a computer.

PSI Development

Overview

The PSI development and testing followed the frameworks
outlined by the Federal Drug Agency (FDA) guide for PROM
development [15], and the PROMIS investigators [9,16]. Our
approach included initial item identification by literature review
and secondary data analysis of 2 US national health surveys,
item classification and selection (binning and winnowing), focus
group exploration followed by item revision, and field testing
followed by further revision. This study involved
patient-reported survey datathat were recorded in such amanner
that participants could not be identified by the researchers. The
institutional review board at Stony Brook University considered
this study exempt from 45 Code of Federal Regulations
requirements [17].

Review of Literature and Secondary Data Analysis

Item development started with a systematic literature review of
PROM for adult patient populations. Our initial PubMed search
was performed using the MeSH terms for PROMs: “patient
outcome assessment” and “ pati ent reported outcome measures.”
This search returned a list of 342 systematic literature review
articles. The vast majority of results returned by the search
focused onindividual chronic diseasesand quality of life (QoL).
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Subsequent searches were focused on the identification of the
most prevalent chronic diseases and their symptoms in the
United States defined by the National Health Interview Survey
(NHIS) [18] and the National Ambulatory Medical Care Survey
(NAMCS) [19].

A secondary analysis of datapulled from the 2015 NHIS survey
included a subsample of 17,201 unique patient responses
between the ages of 18 and 50, and a sample of 3583 physician
responses and 76,330 completed patient record forms from the
2012 NAMCS. Chronic diseases and their symptoms described
inthe NHIS and NAMCS were combined with theinitial PROM
MeSH terms to create additional PubMed searches.
Approximately 320 individual items from 27 PROMs were
inspected and entered into a document by our clinical team

Williams et d

members to ensure the item list reflected common clinical
symptoms.

Binning and Winnowing

Binning is a systematic process that groups items by meaning
and construct, while winnowing is used to reduce an item pool
to a representative and manageable set of items [16]. The
clinician study team independently sorted 320 items into bins
according to meaning and construct in order to identify
redundant items, and ensure a representative sample of items.
At the end of the binning process each team member compared
bins and discussed discrepancies. For unresolved discrepancies,
an additional team member was brought into the discussion
until a resolution was reached. What remained was 78 items
sorted into 15 domain bins (Figure 1).

Figure 1. Original PSI design: 78 items sorted into 15 domain bins. PSI: Parsley Symptom Index.
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result was a set of 45 items sorted into 9 bins (Multimedia
Appendix 1). Based on areview of other similar assessments
(Figure 2), each bin was relabeled with patient facing
terminology to reflect bodily systems: Cardiac and Circulatory,
Gadtrointestinal, Metabolic, Hair and Skin, Neurological,
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Respiratory, Musculoskeletal, Mental, and Reproductive
(Female and Male). The stem of each item was standardized to
ask if the symptom was present or not present; then,
double-barreled items (i, itemsthat assess morethan 1 concept)
were removed and the response time frame was set to a 14-day
period. A 14-day window was selected to minimize recall bias
[20] and allow for repeat testing. For questions answered
present, an additional exploratory question was displayed to
capture the symptom’s intensity on a dliding Visual Analog

Williams et al

Scale (VAS) of 1-10. Emoticons (smiley and sad faces) were
displayed on each endpoint to clarify the meaning of the scale.
A VAS was selected to quantify symptom severity because it
issimple to use, requires no training, and is both accurate and
sensitive [21]. To alow for straightforward calculation and
interpretation by patients and clinicians, a total score was
constructed by a sum of the VAS scores for all “yes’ answers,
with “no” being assigned a value of 0.

Figure2. Logic for PSI bin relabeling with patient facing terminology to reflect bodily systems. ADL: activities of daily living; PSI: Pardey Symptom

Index.
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To quickly identify gapsin item coverage, timeto complete the
PSI, and assess clarity of item language, a convenience sample
of 76 patients (mean age 34 [SD 4.3]; 62/76, 82% female)
provided preliminary feedback [22,23]. Patients were asked to
provide open-ended qualitative feedback in a free-text box at
the end of the assessment. For 82% (62/76) of patients the PSI
took lessthan 5 minutes to complete, for 14% (11/76) between
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5and 10 minutes, and more than 10 minutesfor 4% (3/76). Two
team members (HW and RB) reviewed all patient responses to
identify missing content or functionality. Patient feedback on
individual PSI items were generally positive. Patient feedback
on functionality focused on user interface and user experience;
examples included the addition of a progress bar, preferences
on multipage versus single-page layouts, and how to make the
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PSI more engaging through the addition of animationsand visual
changes as the patient completes the PSI. Despite the
overwhelming positive feedback, a dilemma did occur for
patients that experienced symptoms over the 14-day window
that had resolved, which was why a sub category was added to
the yes response: “ Yes—ongoing” and “ Yes—resolved.”

Integration Into Clinical Workflow

Patients were provided instructions to login to their “My
Parsley” web portal to complete the PSI 24-48 hours before
each clinical visit. Because the initial visit requires multiple
data collection forms (medical, family, and social histories) as
well as the PSI, there was greater motivation to complete all
theformsfor thefirst visit than for follow-up visits. Initial visits
were rescheduled if all the forms were not completed, whereas
follow-up visits were never postponed for lack of a completed
PSI. To encourage compliance, aclinical operations coordinator
looked for arecorded online PSI response before each follow-up
visit, and prompted the patient to fill one out if missing.

Patients and providers both interacted with the PSI at several
points. Before the clinical visit patients completed the PSI and
viewed their score online, which provided them with immediate
feedback. Within the clinical visit the PSI score was used as a
touch point for the patient—provider discussion, and assisted the
clinician by removing the need to spend visit time collecting
ROS information. In subsequent visits, clinicians were able to
share PSI trend data with patients to support longitudinal care.

Statistical Approach

Analyses were conducted with Python (version 3.6.4) and R
(version 4.0.4) [24]. Descriptive statistics to summarize age,
gender, membership duration, and participant location were
generated using the Python package TableOne (version 0.7.10)
[25]. Feasibility of the PSI was examined by response rate,
completion rate, and percentage of missing data. We considered
aresponse rate of over 85% to be adequate [26,27]. Theresponse
rate was calculated by determining the percentage of patients
who had at least one clinical visit between January 12, 2018,
and June 05, 2020, that completed at |east one PSI. Skewness,
kurtosis, and response distributions were reviewed for each PS|
item to help assess relevance and response frequency. To
translate the PSI total score into clinically meaningful values,
preliminary cut-off points based on quartile ranges were
calculated. Lastly, we did not expect missing values due to the
fact that only a fully completed PSI can be submitted, so if
missing values were to occur, they would be likely related to a
software defect.

A confirmatory factor analysis (CFA) was conducted to examine
the proposed factor structure of the PSI as opposed to an
exploratory factor analysis (EFA). In an EFA each item would
be free to load on to any factor, potentially leading to a model
that is inconsistent with the theory-derived determination of
PSl items and factors, whereas a CFA allows data to be fitted
to a theory-derived model, with each item only loading to the
factorsit was designed to measure, hel ping to address potential
weaknesses of specificitems. The minimum samplesizefor the
CFA was calculated with an item-to-respondent ratio of 30:1
[28,29]. Kline [28] notes the N:q rule, which states that the

https://formative.jmir.org/2021/6/€29122

Williams et al

sample size should be determined by the number of g parameters
in your model with a recommended ratio that can range from
15:1 to 30:1. With a45-item assessment, the minimum sample
size would be 900 participants based on a 30:1 ratio.

To prepare the data for the CFA, each item was recoded into a
numerical dummy variable (O for symptom not present; 1 for
symptom present or resolved). The CFA was conducted in R
with the lavaan latent variable analysis package version 0.6.8
[30] using diagonally weighted least squares (DWLS). The
DWLS estimator has growing consensus among researchers as
thebest approach for the analysis of binary variables[31]. Model
appropriateness was assessed via the root mean square error of
approximation (RMSEA; 0.05 < cut-off < 0.08) [32,33], the
Tucker—Lewis index (TLI; cut-off = 0.90) [34], and the
Comparative Fit Index (CFl; cut-off = 0.90) [35]. The model
was improved based on the removal of items with small factor
loadings and the through assessment of expected versus
observed counts for each categorical indicator variable.
Standardized factor loadings () less than 0.30 or Cls below
95% were deemed poorly performing items [36,37]. These cut
points were used as a guide rather than strict rules [38]. We
focused on therelative size of theseindicatorsto inform choices
around item retention and removal, in conjunction with the
impact to the overall model fit following item removal, and the
theoretical coverage of the remaining items.

Results

A total of 12,175 PSI-unique assessments were collected from
4621 patients. Femal es accounted for 80.22% (3707/4621), the
mean age was 38.9 years (SD 11), and each patient had an
average of 296 (SD 1.7) clinician visits per 12-month
membership period (MultimediaAppendix 2). The PSI response
rate was 93.72% (4331/4621). Over the duration of the study
the PSI was completed 1 time by 24.41% (1128/4621), 2-3times
by 43.26% (1999/4621), and 4 or more times by 26.73%
(1235/4621) of study patients.

The 3 bodily domains with the highest frequency of present or
resolved symptomswere neurological (10,113/12,175, 83.06%),
mental  (9667/12,175, 79.40%), and gastrointestinal
(9428/12,175, 77.44%), whilethe bodily domain with the lowest
frequency was sexual health (3165/12,175, 25.99%). The top
reported individual symptoms across all bodily domains were
“fatigue or low energy” (7954/12,175, 65.33%), “nervousness
or anxiety” (7449/12,175, 61.18%), and “ bl oating or abdominal
pain” (7086/12,175, 58.20%). The normality, skewness, and
kurtosis for the reported VAS of each item are displayed in
Multimedia Appendix 1.

Quartiles calculated for the total scoreresulted in thefollowing
4 cut-off ranges: 0-24, 25-43, 44-71, and greater than 71. The
clinical study team assigned thefollowing terminol ogy for these
ranges. “well” (0-24), “symptomatic’ (25-43), “very
symptomatic” (44-71), and “sick” (71+). These ranges provide
apreliminary rubric that allowed cliniciansto quickly interpret
the total score and assess changes to symptoms over time.

Of note, the PSI cannot be submitted with incomplete responses.
Nonresponders (290/4621, 6.27%) included those who filled
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out the PS| partially and those who did not fill it out at al. While
completion rates for the PSI decreased over time with
subsequent clinical visits, clinicians reported that when patients
did completefollow-up PSIs, they were helpful for longitudinal
tracking and improved their ability to trend symptoms over
time. Furthermore, cliniciansreported that modeling the PSI on
aROS increased perceived workflow efficiency, and motivated
them to encourage their patients to complete the PSI prior to
each visit. Additional feedback indicated that the PS| assisted
in making the patient feel heard, and provided meaningful
context for the visit.

For the CFA, 2 items were initially removed (“hives’ from the
skin factor and “genital itch” from the malefactor) dueto having
only asinglelevel (symptom not present). Theinitia fit statistics
for the model were satisfactory (CFI=0.929, TL1=0.923, and
RMSEA=0.031). Nearly all items had 3 values >.3 except for
“snoring” (B=.246). With the removal of “snoring” the model
marginally improved (CFI=0.931, TLI=0.925, and
RMSEA=0.031). To explore ways of improving the model
further, items with high modification indices were investigated
for cross-loading. Two items with poor conceptual specificity
that loaded onto several other dimensionswere “wheezing/chest
tightness” within the respiratory factor (high cross-loading onto
“shortness of breath” [cardiac] and “chest pain” [cardiac]) and
leg swelling from the cardiac factor (high cross-loading onto
“joint swelling” [muscul oskeletal] and “ limited range of motion
or function” [muscul oskeletal]). The removal of these 2 items
improved the model to asmall degree (CFI=0.943, TL1=0.938,
and RMSEA=0.028).

Discussion

Principal Findings

Our goal in designing the PSI wasto create anew type of PROM
that could function like a ROS, feed into the collaborative
patient—doctor conversation to promote personalized tailoring
of care plans, and offer opportunitiesfor continuous engagement
like a digital health tracker. The preliminary data described
within this study set the groundwork for future research that
can further assess the efficacy and ecological validity of the
PSI, and explore the PSI's potentiad impact on the
patient—clinician interaction within avisit.

During the data-collection phase of the study, we quickly
realized that in asking patients to fill out the PSI, we were
competing with digital health trackers for our patients
engagement. In general, patients have become increasingly
interested in tracking their own habits and symptoms[39], and
there is an ever-growing patient demand for more engaging
monitoring technologies [40,41]. Many of our own patients
already use digital health trackers to monitor activities related
to physical movement, sleep behaviors, heart rate and blood
pressure, weight, and nutritional intake. Most of these trackers
involvethe recording of one’'s own dataand receiving immediate
feedback, yet the majority still lack the ability to provide
feedback to the patient that is personalized and actionable.

In competing for our patients’ engagement, we drew inspiration
and borrowed what has worked for digital health trackers and
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attempted to address their shortcomings. First, we focused on
the importance of a user-centered design that emphasizes the
importance of the user interface and user experience. In the
design process we paid particular attention to the visual styles,
design elements, and the overall user experience. Second,
because providing immediate results in digital health trackers
has been shown to influence behavioral change [42,43], we
designed the PSI to provide an immediate result upon
completion, a total score. At the current stage in PSI
development there is no automated interpretation of the total
score. The scoreisinterpreted by the clinician within the patient
visit whereit is contextualized based on recent patient illnesses,
stressors, and treatments. Third, we have addressed the inability
of most trackers to provide individualized interpretation of
health data by incorporating the results into the clinical
encounter. Through this approach the PS| goes beyond generic
recommendations, and assists the clinician with creating a
personalized, actionable treatment plan that is patient centered.
Going forward, we suggest that future enhancementsto the PSI
and other PROMs are performed through the lens of digital
health trackers to expand engagement and utilization beyond a
traditional questionnaire.

An important finding within this study was the PSI's high
completion rate (4331/4621, 93.72%) for initia visits. While
preliminary data showed PSI completion rates declined after
initial visits, clinician feedback was extremely positive for
patientsthat did continueto fill out the PSI for follow-up visits.
This further highlights that the monitoring of chronic disease
symptoms over along period isadifficult challenge, regardless
of patient condition or technology used.

In our attempt to enhance long-term engagement and completion
of the PSI, we have initiated and continue to engage in quality
improvement efforts. Two areas of improvement that have been
identified by our patients and staff are reminder notifications
and reporting of results. Related to notifications, we are
exploring the impact of (1) delivery time (day, weekend,
morning, evening), (2) phrasing of messaging in reminder
notifications, and (3) delivery medium (email, text, telephone).
As for PSI reporting, we are exploring (1) addition of
longitudinal line graph of total scores, and (2) a stacked line
graph visualizing each body system over time. Graphical
presentations of data are used to make information “stickier”
with existing digital health trackers, so we believe both
clinicians and patients may derive further benefits from seeing
a picture of their progress over time at the macro level (total
score) and micro level (bodily system).

Limitations

The PSI generalizability may belimited dueto our samplebeing
largely female. In future validation studies, testing in populations
with greater gender diversity will help improve ecological
validity. Second, due to workflow issues around initial data
entry, we do not have sufficient data to describe race and
ethnicity. Future external validation of the PS| should include
testing in diverse patient populations.
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Conclusion inclinical practice. Drawing lessonsfrom digital health trackers,

This study detailsthe processand methodology for how theps)  the PSI —offers immediate feedback that informs the
was created. With a response rate of nearly 94% (43314621, patient—clinician dlalogue,_and_ may promote enhanceq tracking
93.72%), the initial findings suggest that the PSI can be used ~ @"d management of chronic disease symptoms over time.

Acknowledgments

The authors thank the Parsley Health team for their ongoing support and dedication to clinical research, and pursuit of
evidenced-based best practices.

Authors Contributions

HW and RB designed the study, and were involved in the data collection, analysis and interpretation, and reporting. SS was
involved in the analysis and interpretation, and reporting.

Conflictsof Interest

RB and SS are full-time employees of Parsley Health, and HW is an employee of Stony Brook University. The views expressed
by the authors in the publication do not necessarily reflect the views of the Parsley Health or Stony Brook University.

Multimedia Appendix 1

Descriptive statistics of individual PSI items.
[DOCX File, 23 KB-Multimedia Appendix 1]

Multimedia Appendix 2

Descriptive statistics of sample.
[DOCX File, 16 KB-Multimedia Appendix 2]

References

1.  Kochanek K, Xu J, Arias E. Mortality in the United States. United States: National Center for Health Statistics; 2019.

2. Buttorff C, Ruder T, Bauman M. Multiple Chronic Conditions in the United States. Santa Monica, CA: Rand Corp; 2017.

3. FaagasM, VardakasK, Vergidis P. Under-diagnosis of common chronic diseases. prevalence and impact on human health.
Int J Clin Pract 2007 Sep;61(9):1569-1579. [doi: 10.1111/j.1742-1241.2007.01423.x] [Medline: 17686096]

4.  Raghupathi W, Raghupathi V. An Empirical Study of Chronic Diseasesin the United States: A Visual Analytics Approach
to Public Health. IJERPH 2018 Mar 01;15(3):431. [doi: 10.3390/ijerph15030431]

5. Patient Reported Outcome Measures (PROMS). United King National Health Service (NHS). URL: https://digital.nhs.uk/
data-and-information/data-tool s-and-services/data-services/pati ent-reported-outcome-measures-proms [ accessed 2020-02-15]

6. Hostetter M, Klein S. Using Patient-Reported Outcomes to Improve Health Care Quality. The Common Wealth Fund.
URL: https://www.commonwealthfund.org/publications/newsl etter-article/
using-patient-reported-outcomes-improve-health-care-quality [accessed 2020-02-15]

7.  Deshpande P, Sudeepthi B, Rajan S, Abdul Nazir C. Patient-reported outcomes. A new erain clinical research. Perspect
Clin Res 2011;2(4):137. [doi: 10.4103/2229-3485.86879]

8. MSQ-Medical Symptom/Toxicity Questionnaire. Hyman, MA. URL.: http://drhyman.com/downloadsM SQ_Fillable.pdf
[accessed 2020-05-01]

9. CdlaD,Riley W, Stone A, Rothrock N, Reeve B, Yount S, et al. The Patient-Reported Outcomes M easurement |nformation
System (PROMIS) devel oped and tested its first wave of adult self-reported health outcome item banks: 2005-2008. JClin
Epidemiol 2010 Nov;63(11):1179-1194 [FREE Full text] [doi: 10.1016/j.jclinepi.2010.04.011] [Medline: 20685078]

10. CedlaD, Choi SW, Condon DM, Schalet B, Hays RD, Rothrock NE, et al. PROMIS Adult Health Profiles: Efficient
Short-Form Measures of Seven Health Domains. Value Health 2019 May;22(5):537-544. [doi: 10.1016/j.jval.2019.02.004]
[Medline: 31104731]

11. Ahmad FS, Kallen MA, Schifferdecker KE, Carluzzo KL, Yount SE, Gelow JM, et al. Development and Initial Validation
of the PROMIS®-Plus-HF Profile Measure. Circ: Heart Failure 2019 Jun;12(6):e005751. [doi:
10.1161/circheartfailure.118.005751]

12.  Pew RC. About one-in-five Americans use a smart watch or fitness tracker. PEW. URL.: https.//www.pewresearch.org/
fact-tank/2020/01/09/about-one-in-five-ameri cans-use-a-smart-watch-or-fitness-tracker/ [accessed 2020-08-01]

13. Den Ouden H, Vos RC, Rutten GEHM. Effectiveness of shared goal setting and decision making to achieve treatment
targetsin type 2 diabetes patients: A cluster-randomized trial (OPTIMAL). Health Expect 2017 May 24;20(5):1172-1180.
[doi: 10.1111/hex.12563]

https:/formative.,jmir.org/2021/6/€29122 JMIR Form Res 2021 | vol. 5 | iss. 6 | €29122 | p. 7
(page number not for citation purposes)

RenderX


https://jmir.org/api/download?alt_name=formative_v5i6e29122_app2.docx&filename=150c54d357a38e73443570d7987848f0.docx
https://jmir.org/api/download?alt_name=formative_v5i6e29122_app2.docx&filename=150c54d357a38e73443570d7987848f0.docx
https://jmir.org/api/download?alt_name=formative_v5i6e29122_app1.docx&filename=d1d9b84d14e458ce1dc3f12c0a9cd939.docx
https://jmir.org/api/download?alt_name=formative_v5i6e29122_app1.docx&filename=d1d9b84d14e458ce1dc3f12c0a9cd939.docx
http://dx.doi.org/10.1111/j.1742-1241.2007.01423.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17686096&dopt=Abstract
http://dx.doi.org/10.3390/ijerph15030431
https://digital.nhs.uk/data-and-information/data-tools-and-services/data-services/patient-reported-outcome-measures-proms
https://digital.nhs.uk/data-and-information/data-tools-and-services/data-services/patient-reported-outcome-measures-proms
https://www.commonwealthfund.org/publications/newsletter-article/using-patient-reported-outcomes-improve-health-care-quality
https://www.commonwealthfund.org/publications/newsletter-article/using-patient-reported-outcomes-improve-health-care-quality
http://dx.doi.org/10.4103/2229-3485.86879
http://drhyman.com/downloads/MSQ_Fillable.pdf
http://europepmc.org/abstract/MED/20685078
http://dx.doi.org/10.1016/j.jclinepi.2010.04.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20685078&dopt=Abstract
http://dx.doi.org/10.1016/j.jval.2019.02.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31104731&dopt=Abstract
http://dx.doi.org/10.1161/circheartfailure.118.005751
https://www.pewresearch.org/fact-tank/2020/01/09/about-one-in-five-americans-use-a-smart-watch-or-fitness-tracker/
https://www.pewresearch.org/fact-tank/2020/01/09/about-one-in-five-americans-use-a-smart-watch-or-fitness-tracker/
http://dx.doi.org/10.1111/hex.12563
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Williams et &

14. Kullgren J, Williams G, Resnicow K. The Promise of Tailoring Incentives for Healthy Behaviors. Int J Workplace Health
Manag 2016;9(1):2-16. [doi: 10.1108/ijwhm-12-2014-0060]

15. Patient-Reported Outcome Measures: Use in Medical Product Development to Support Labeling Claims. Federal Drug
Administration (FDA). 2019. URL : https.//www.fda.gov/regul atory-information/search-fda-guidance-documents/
pati ent-reported-outcome-measures-use-medi cal - product-devel opment-support-labeling-claims [accessed 2020-08-01]

16. DeWalt DA, Rothrock N, Yount S, Stone AA. Evaluation of I1tem Candidates. Medical Care 2007;45(Supp! 1):S12-S21.
[doi: 10.1097/01.mlIr.0000254567.79743.€2]

17. United States Department of Health and Human Services. Protection of human subjects. Washington, DC: United States
Department of Health and Human Services; 2009.

18. 2015 Data Release. National Health Interview Survey from the Centers for Disease Control. 2015. URL: https://www.
cdc.gov/nchs/nhis/nhis 2015 data release.htm [accessed 2018-01-01]

19. The2012 NAMCS Summary Data. The National Ambulatory Medical Care Survey (NAMCS) from the Centersfor Disease
Control. 2012. URL : https://www.cdc.gov/nchs/data/ahcd/namcs summary/2012_namcs web tables.pdf [accessed
2018-05-17]

20. Stone AA, Schwartz JE, Broderick JE, Shiffman SS. Variability of momentary pain predicts recall of weekly pain: a
consequence of the peak (or salience) memory heuristic. Pers Soc Psychol Bull 2005 Oct;31(10):1340-1346. [doi:
10.1177/0146167205275615] [Medline: 16143666]

21. Maxwell C. Sensitivity and accuracy of the visual analogue scale: apsycho- physical classroom experiment. British Journal
of Clinical Pharmacology 2012 Jul 04;6(1):15-24. [doi: 10.1111/j.1365-2125.1978.tb01676.X]

22.  Kirwan JR, Fries JF, Hewlett S, Osborne RH. Patient Perspective: Choosing or Developing Instruments. J Rheumatol 2011
Aug 01;38(8):1716-1719. [doi: 10.3899/jrheum.110390]

23. Paterson C. Seeking the Patient's Perspective: A Qualitative Assessment of EuroQol, COOP-WONCA Chartsand MY MOP.
Qual Life Res 2004 Jun;13(5):871-881. [doi: 10.1023/b:qure.0000025586.51955.78]

24. R: A language and environment for statistical computing. R Foundation for Statistical Computing. URL : https://www.
R-project.org/ [accessed 2016-11-01]

25. Pollard T, Johnson A, Raffa J, Mark R. tableone: An open source Python package for producing summary statistics for
research papers. JAMIA Open. . Published 2018 May 2018;1(1):23. [doi: 10.1093/jamiaopen/ooy012]

26. Schulz KF, Grimes DA. Sample size slippagesin randomised trials: exclusions and the lost and wayward. The Lancet 2002
Mar;359(9308):781-785. [doi: 10.1016/90140-6736(02)07882-0]

27. Preston NJ, Fayers P, Walters SJ, Pilling M, Grande GE, Short V, et al. Recommendations for managing missing data,
attrition and response shift in palliative and end-of-life care research: Part of the MORECare research method guidance on
statistical issues. Palliat Med 2013 May 07;27(10):899-907. [doi: 10.1177/0269216313486952]

28. Snijders T, Bosker R. The worship and principles of the Church of England: a sermon, preached at the opening of Christ's
Church, in Great-Barrington, on Christ-Mass Day, M.DCC.LXIV. Multilevel modeling: Printed and sold by William
Goddard, at the Post-Office; 1999:A.

29. Oshorne J, Costello A. Sample size and subject to item ratio in principal components analysis. Practical Assessment,
Research, and Evaluation. URL: https://doi.org/10.7275/ktzg-jg66 [accessed 2020-05-01]

30. Rossed Y. lavaan: An R Packagefor Structural Equation Modeling. J Stat Soft 2012;48(2):1-36. [doi: 10.18637/jss.v048.i102]

31. LiC. Confirmatory factor analysiswith ordinal data: Comparing robust maximum likelihood and diagonally weighted | east
squares. Behav Res Methods 2016 Sep;48(3):936-949. [doi: 10.3758/s13428-015-0619-7] [Medline: 26174714]

32. Browne MW, Cudeck R. Alternative Ways of Assessing Model Fit. Sociological Methods & Research 2016 Jun
29;21(2):230-258. [doi: 10.1177/0049124192021002005]

33. MacCalum RC, Browne MW, Sugawara HM. Power analysis and determination of sample size for covariance structure
modeling. Psychological Methods 1996;1(2):130-149. [doi: 10.1037/1082-989X.1.2.130]

34. Bentler PM, Bonett DG. Significance tests and goodness of fit in the analysis of covariance structures. Psychological
Bulletin 1980;88(3):588-606 [FREE Full text] [doi: 10.1037/0033-2909.88.3.588]

35. Bentler PM. Comparative fit indexes in structural models. Psychological Bulletin 1990;107(2):238-246. [doi:
10.1037/0033-2909.107.2.238]

36. Hair J, Tatham R, Anderson R, Black W. Multivariate Data Analysis. 5th edition. London: Prentice-Hall; 1998:0138948585.

37. Brown T. Confirmatory factor analysis for applied research. New York: Guilford Press; 2006:9781462515363.

38. Marsh HW, Hau K, Wen Z. In Search of Golden Rules: Comment on Hypothesis-Testing Approaches to Setting Cutoff
Values for Fit Indexes and Dangersin Overgeneralizing Hu and Bentler's (1999) Findings. Structural Equation Modeling:
A Multidisciplinary Journal 2004 Jul;11(3):320-341. [doi: 10.1207/s15328007sem1103 2]

39. Nayak S, Blumenfeld NR, Laksanasopin T, Sia SK. Point-of-Care Diagnostics: Recent Devel opmentsin a Connected Age.
Anal. Chem 2016 Dec 13;89(1):102-123. [doi: 10.1021/acs.anal chem.6b04630]

40. Henriksen A, Haugen Mikalsen M, Woldaregay AZ, Muzny M, Hartvigsen G, Hopstock LA, et al. Using Fitness Trackers
and Smartwatchesto Measure Physical Activity in Research: Analysis of Consumer Wrist-Worn Wearables. JMed I nternet
Res 2018 Mar 22;20(3):€110. [doi: 10.2196/jmir.9157] [Medline: 29567635]

https:/formative.,jmir.org/2021/6/€29122 JMIR Form Res 2021 | vol. 5 | iss. 6 | €29122 | p. 8

(page number not for citation purposes)


http://dx.doi.org/10.1108/ijwhm-12-2014-0060
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/patient-reported-outcome-measures-use-medical-product-development-support-labeling-claims
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/patient-reported-outcome-measures-use-medical-product-development-support-labeling-claims
http://dx.doi.org/10.1097/01.mlr.0000254567.79743.e2
https://www.cdc.gov/nchs/nhis/nhis_2015_data_release.htm
https://www.cdc.gov/nchs/nhis/nhis_2015_data_release.htm
https://www.cdc.gov/nchs/data/ahcd/namcs_summary/2012_namcs_web_tables.pdf
http://dx.doi.org/10.1177/0146167205275615
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16143666&dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2125.1978.tb01676.x
http://dx.doi.org/10.3899/jrheum.110390
http://dx.doi.org/10.1023/b:qure.0000025586.51955.78
https://www.R-project.org/
https://www.R-project.org/
http://dx.doi.org/10.1093/jamiaopen/ooy012
http://dx.doi.org/10.1016/s0140-6736(02)07882-0
http://dx.doi.org/10.1177/0269216313486952
https://doi.org/10.7275/ktzq-jq66
http://dx.doi.org/10.18637/jss.v048.i02
http://dx.doi.org/10.3758/s13428-015-0619-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26174714&dopt=Abstract
http://dx.doi.org/10.1177/0049124192021002005
http://dx.doi.org/10.1037/1082-989X.1.2.130
https://doi.org/10.1037/0033-2909.88.3.588
http://dx.doi.org/10.1037/0033-2909.88.3.588
http://dx.doi.org/10.1037/0033-2909.107.2.238
http://dx.doi.org/10.1207/s15328007sem1103_2
http://dx.doi.org/10.1021/acs.analchem.6b04630
http://dx.doi.org/10.2196/jmir.9157
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29567635&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Williams et &

41.

42.

43.

Garg S, WilliamsNL, Ip A, Dicker AP. Clinical Integration of Digital Solutionsin Health Care: An Overview of the Current
Landscape of Digital Technologiesin Cancer Care. JCO Clin Cancer Inform 2018 Dec;2:1-9 [FREE Full text] [doi:
10.1200/CCI.17.00159] [Medline: 30652580]

Nittas V, Lun P, Ehrler F, Puhan MA, Miitsch M. Electronic Patient-Generated Health Datato Facilitate Disease Prevention
and Health Promotion: Scoping Review. JMed Internet Res 2019 Oct 14;21(10):€13320. [doi: 10.2196/13320]

Omboni S. Connected Health in Hypertension Management. Front Cardiovasc Med 2019 Jun 13;6:76 [FREE Full text]
[doi: 10.3389/fcvm.2019.00076] [Medline: 31263703]

Abbreviations

PROM: patient-reported outcome measure

PROMIS: Patient-Reported Outcomes Measurement Inventory System
PSl: Parsley Symptom Index

ROS: review of symptoms

TLI: Tucker—Lewisindex

Edited by G Eysenbach; submitted 26.03.21; peer-reviewed by A Bashir; comments to author 19.04.21; revised version received
02.05.21; accepted 16.05.21; published 11.06.21

Please cite as:

WiliamsH, Seinberg S Berzn R

The Development of a Digital Patient-Reported Outcome Measurement for Adults With Chronic Disease (The Parsley Symptom Index):
Prospective Cohort Study

JMIR Form Res 2021;5(6):€29122

URL: https://formative.jmir.org/2021/6/€29122

doi: 10.2196/29122

PMID: 33999007

©Hants Williams, Sarah Steinberg, Robin Berzin. Originally published in IMIR Formative Research (https://formative.jmir.org),
11.06.2021. This is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in IMIR Formative Research, is properly cited. The complete bibliographic information,
alink to the original publication on https://formative.jmir.org, aswell asthis copyright and license information must be included.

https:/formative.,jmir.org/2021/6/€29122 JMIR Form Res 2021 | vol. 5 | iss. 6 | €29122 | p. 9

RenderX

(page number not for citation purposes)


http://ascopubs.org/doi/full/10.1200/CCI.17.00159?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1200/CCI.17.00159
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30652580&dopt=Abstract
http://dx.doi.org/10.2196/13320
https://doi.org/10.3389/fcvm.2019.00076
http://dx.doi.org/10.3389/fcvm.2019.00076
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31263703&dopt=Abstract
https://formative.jmir.org/2021/6/e29122
http://dx.doi.org/10.2196/29122
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33999007&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

