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Abstract

Background: Inthe United States, more than one-third of the adult population is obese, and approximately 25.2% of those aged
>65 years have type 2 diabetes (T2D), which is the seventh leading cause of death. It is important to measure patient-reported
outcomes and monitor progress or challenges over time when managing T2D to understand patients perception of health and
quantify the impact of disease processes or intervention effects. The evaluation of patient-reported outcome measures (PROMS)
is especialy important among patients with multiple chronic conditions in which clinical measures do not provide a complete
picture of health.

Objective: This study examined the feasibility of collecting Patient-Reported Outcome Measurement Information System
(PROMIS) measures, and preliminarily evaluated changes in PROMI'S scores and compared the scores with standard scores of
the general US population. The parent study is a pilot randomized controlled clinical trial testing three different modes (mobile
health [mHealth], paper diary, and control) of self-monitoring in a behaviora lifestyle intervention among overweight or obese
patients with T2D.

Methods: Patients with comorbid overweight or obesity and a diagnosis of T2D for at least 6 months were recruited from a
diabetes education program. Participants were randomized to the following three groups: mHealth, paper diary, and control
(standard of care) groups. Paper diary and mHealth experimental groups received additional behavioral lifestyle intervention
education sessions, aswell as tools to self-monitor weight, physical activity, diet, and blood glucose. All participants completed
PROMIS-57 and PROMIS-Global Health (GH) version 1.0 questionnaires during visits at baseline, 3 months, and 6 months. The
PROMIS-57 includes the following seven domains. anxiety, depression, fatigue, pain interference, physical function, satisfaction
with participation in social roles, and sleep disturbance. The PROMIS-GH is composed of the following two domains: global
mental health and global physical health.

Results. A total of 26 patients (mHealth, 11; paper diary, 9; control, 6) were included in our analysis. The study sample was
predominantly African American (68%) and female (57%), with a mean age of 54.7 years and a mean BMI of 37.5 kg/m?. All
patients completed the PROMIS-57 and PROMIS-GH questionnaires, and we compared the mean scores of the three groups to
investigate potential differences. No relevant differences were noted across the groups. However, positive trends were noted in
both intervention (mHealth and paper diary) groups in the middle (month 3) and end (month 6) of the study.

Conclusions:  Our pilot study provides evidence for the feasibility of using PROMIS questionnaires to record important
components of T2D-related symptoms among overweight or obese individuals. The results from our study support the use of
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PROMIS questionnaires to provide clinicians and researchers with a benchmark for assessing the overall need for symptom
management and determining the success or challenges of an intervention.

Trial Registration:

(JMIR Diabetes 2020;5(3):€19268) doi: 10.2196/19268
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Introduction

Inthe United States, more than one-third of the adult population
is obese [1], and the prevalence of obesity among adults in
Texas is currently 33.0% (up from 21.7% in 2000). Texas is
ranked 14th for obesity inthe United States[2]. Obesity-related
conditions, such astype 2 diabetes (T2D), heart disease, stroke,
and certain types of cancer, are some of the leading causes of
preventable premature death [3]. Obesity affects some groups
more than others, and Hispanic people and non-Hispanic black
peoplewere reported to have the highest age-adjusted prevalence
of obesity at 47.0% and 46.8%, respectively [3]. T2D is the
seventh leading cause of death in the United States, and the
percentage of adults with diabetes shows an increase with age,
reaching a high of 25.2% among those aged =65 years [4].
Compared with non-Hispanic white people, the age-adjusted
prevalence of diagnosed and undiagnosed diabetes was reported
to be higher among Hispanic and non-Hispanic black people
[4]. The management of diabetesis complex, and peopleliving
with diabetes need to make many choices related to their
treatment and management, including self-monitoring their diet
and activity.

Mobile health (mHealth), defined as the delivery of health care
services and information using mobile technologies, is being
increasingly utilized in diabetes management [5,6]. The
technol ogiesinclude smartphones, wearable devices, smart and
connected devices, and apps. Severa studies and systematic
reviews have strongly supported the effectiveness of mobile
apps and smart devicesfor diabetes management in recent years
[5-8]. The authors have highlighted the positive clinica
outcomes of these interventions, including reduction of
hemoglobin A, when compared with standard care, and other
diabetes and cardiometabolic variables such as blood glucose
levels, blood pressure, serum lipid levels, and body weight.

Although clinical outcomes are important in the management
of T2D, itisalsoimportant to integrate patient-reported outcome
measures (PROMs) to improve overall care among people with
T2D. The Peatient-Reported Outcome Measurement Information
System (PROMIYS) initiative from the National Institutes of
Health was devel oped to improve and standardize measurements
of patient-reported outcomes [9]. PROMIS is a set of
person-centered measure scores that screen; evaluate
interventions; and monitor physical, mental, and social health
and well-being in genera populations and among individuals
with chronic conditionsto understand their perceptions of health
and ultimately what information is most meaningful to them
[9]. This is especially important among patients with chronic
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conditions in which clinical performance measures do not
provide a complete picture of health [10]. It can also provide
clinicians and researchers with a benchmark for ng the
overall need for treatment and management, and determining
the success or challenges of an intervention or treatment [9].
There is growing evidence of the validity of PROMIS toals,
and they are in widespread use but have undergone limited
validation in vulnerable populations with multiple comorbid
conditions, including overweight or obese adults with T2D.

This study is a secondary analysis examining the feasibility of
collecting PROMIS dataand apreliminary evaluation of changes
in PROMIS questionnaires, as part of a pilot randomized
controlled clinical trial testing three different modes (mHealth,
paper diary, and control) of self-monitoring of behavioral
lifestyleinterventions among overweight or obese patientswith
T2D [11]. We compared the mean scores and SDsfor the three
study groups to the data of a US reference population. The
presence of a common set of outcome metrics would greatly
improve the ability to compare outcomes acrossinstitutions and
populations and inform the provision of effective care [9].

This study aimed to examine the feasibility of collecting
PROMIS measures and to preliminarily evaluate the changes
in PROMI1S-57 and PROMI S Global Health (GH) questionnaires
in a pilot randomized controlled clinical tria testing three
different modes (mHealth, paper diary, and control) of
self-monitoring of behavioral lifestyle interventions among
overweight or obese adults with T2D from a parent study [11].

Methods

Recruitment

Participants were recruited from a certified American Diabetes
Association diabetes education program in Harris County, Texas.
The primary clientele of the selected location is uninsured or
underinsured individual sfrom the surrounding area. Flyerswere
distributed by diabetes educators to patients attending diabetes
education classes, and interested participants could contact the
study team for additional details and enrollment.

Participantswere screened for eligibility based on the following
criteria: (1) diagnosis of T2D for at least 6 months (confirmed
inthe el ectronic health records); (2) overweight or obesity (BMI
>25 kg/mz); (3) age 21 to 75 years, (4) ability to read and write
in English; and (5) completion or near completion of the basic
diabetes self-management education offered at the recruitment
site. Theexclusion criteriawere asfollows: (1) history of severe
psychiatric disorders (eg, bipolar disorder and schizophrenia);
(2) inability to perform regular activity; (3) current pregnancy
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or planning for pregnancy or nursing in the next 6 months; (4)
planning for a vacation in the next 6 months; (5) previous
participation in an intensive behavioral lifestyle intervention;
and (6) substance abuse in the past year.

Thispaper describesthe secondary dataanalysis of athree-group
pilot randomized controlled clinical trial, which compared the
efficacy of behaviora lifestyle interventions using either
mHealth or paper diary self-monitoring toolsamong underserved
populationswith comorbid T2D and overweight or obesity [11].
The pilot study’s primary and secondary outcome measures
were glycemic control and weight, respectively. All three groups
completed usual diabetes care and education; the mHealth and
paper diary experimental groups additionally completed 11
group sessions as part of the behavioral lifestyle intervention
over 6 months and self-monitored their diet, physical activity,
weight, and blood glucose levels[11].

In addition to other measures, participants in all three groups
completed PROMIS-57 and PROMIS-GH version 1.0
guestionnaires at baseline, 3 months, and 6 months to evaluate
the impact of behavioral lifestyle interventions on PROMs in
this study.

Thereissubstantia clinically valid evidence that PROMIS was
successful in developing measures that are effective across a
range of chronic conditions (chronic heart failure, chronic
obstructive pulmonary disease, rheumatoid arthritis, cancer,
back pain, and major depression) and predominately in white
non-Hispanic people[12]. The PROMIS-57 isintended for use
across avariety of conditions and assesses the following seven
domains: physical function, anxiety, depression, fatigue, sleep
disturbance, pain interference, and satisfaction with participation
in socia roles and activities[13]. Thereisalso asingleitemin
all PROMIS questionnaires measuring pain intensity, which
has 11 response options ranging in value from 0 to 10. For the
pain intensity domain, higher values reflect greater pain [13].
The seven domains are composed of eight items, with response
options ranging on a 5-point Likert scale (always, often,
sometimes, rarely, and never). For the physical function and
satisfaction with participation in social roles domains, higher
scores reflect better functioning. In contrast, for the anxiety,
depression, fatigue, pain interference, and sleep disturbance
domains, higher scoresreflect poorer functioning. PROMIS-GH
refers to a person’s general evaluation of health and produces
the following two scores: globa physical health (GPH) and
global mental health (GMH). The GPH assesses physical health
(ie, physical functioning, pain intensity, and fatigue), whereas
the GMH assesses overall quality of life, mental health,
satisfaction with social activities, relationships, and emotional
problems. Higher scores for GMH and GPH reflect better
functioning [13].
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Statistical Analysis

Statistical Package for the Social Sciences (SPSS) version 25
(IBM Corp) was used for al statistical analyses. Significance
was set at a=.05 [14]. For al variables, frequency distributions
were generated. For nominal and ordinal variables, percentages
and modes were evaluated. For interval and ratio variables,
means and standard deviations were calculated if the variables
were normally distributed. When response sets for participants
were incomplete, missing responses were imputed using
regression substitution if 80% or more of the responses were
present. After imputations, raw score totals and T-scores were
generated for complete response sets[13]. The Mann-Whitney
U test was used when comparing two groups for an ordinal
dependent variable (mHealth group and paper diary group). The
Kruskal-Wallis test was used when comparing three groups
(mHealth, paper diary, and control) for an ordinal dependent
variable. To compare the T-scores of the mHealth group to those
of the paper diary group for the seven domains from the
PROMIS-57 and the two domains from the PROMIS-GH,
Mann-Whitney U analyses were performed. To examine if the
T-scores for the seven domains from the PROMIS-57 and the
two domains from the PROMIS-GH varied as afunction of the
group at each time point, Kruskal-Wallis tests were performed.

Results

Sample Description

A total of 26 patients (11 in the mHealth group, 9 in the paper
diary group, and 6 in the control group) were included in our
analysis. The study sample consisted of predominantly African
American (68%) and female (57%) participants, with a mean

age of 54.7 years and a mean BMI of 37.5 kg/m?. A detailed
description of the sample can be found in the parent study [11].

Table 1 presents the descriptive statistics for PROMIS-57 and
PROMIS-GH. The feasibility of collecting PROMIS-57 and
PROMIS-GH datain apilot randomized controlled clinical trial
ishigh, and all of the 26 patients completed the baseline and 3-
and 6-month assessments on PROMI S tools.

The analysis compared group scores at baseline, 3 months, and
6 months. Evaluation of the results from the Mann-Whitney U
test and Kruskal-Wallistest indicated that there were no relevant
differences in PROMIS scores among the three groups at any
time point. However, interpretation of the results from the
Mann-Whitney U test indicated a trend for the PROMIS-GH
domain GMH at 3 months (U=-1.8, P=.06), that is, GMH
showed a trend of lower scores in the mHealth group (mean
42.3, SD 4.5) than in the paper diary group (mean 45.9, SD 5.2)
at 3 months; however, this was not significant (P=.06).
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Table 1. Descriptive statistics on PROMIS-57 and PROMIS Global Health.

Questionnaire domain and time point® mHealth? (n=11), Paper diary (n=9), Control (n=6),
mean (SD) score mean (SD) score mean (SD) score

PROM | S-57

Physical Function®

Baseline 40.6 (7.5) 39.1(6.3) 415(5.2)
Three months 41.4(8.4) 44.1(7.9) 42.5(8.9)
Six months 40.2 (8.2 47.1(10.1) 45.1(11.9)

Satisfaction with social roles?

Baseline 46.6 (9.2) 42.4(10.5) 465 (4.3)

Three months 49.0 (10.3) 53.4 (11.9) 425 (7.5)

Six months 45.6 (11.4) 46.6 (14.8) 52.0 (13.1)
Anxiety®

Baseline 53.4(10.2) 56.1 (11.6) 52.0 (10.5)

Three months 54.8 (8.1) 55.0 (9.9) 51.6 (6.7)

Six months 51.7 (11.7) 50.4 (14.2) 48.1(8.5)
Depression®

Baseline 489 (9.9) 53.2 (10.5) 45.0 (10.2)

Three months 49.0 (9.8) 49.8 (11.6) 50.4 (3.0)

Six months 46.6 (12.9) 49.9 (12.7) 44.0 (7.4)
Fatigue®

Baseline 53.5(10.1) 55.4 (12.6) 52.9 (5.5)

Three months 54.0 (7.7) 53.1(11.1) 53.5(7.8)

Six months 53.9(7.7) 47.8(13.1) 52.8(2.9)

Sleep disturbance®

Baseline 56.4 (5.4) 53.0 (10.0) 59.4 (3.1)
Three months 56.6 (3.2) 56.1(5.7) 59.3(1.7)
Six months 56.6 (5.6) 59.5 (4.1) 56.8 (4.4)

Pain interference®

Baseline 61.0(9.1) 57.0 (10.3) 59.5 (5.5)
Three months 61.7 (5.2) 56.3 (11.8) 57.6 (11.5)
Six months 58.2 (9.8) 55.1 (12.5) 57.2(3.5)

Pain intensity®

Baseline 5.7 (2.4) 47 (2.4) 45(4.2)

Three months 55(2.8) 42(3.1) 5.3(4.4)

Six months 4.8 (2.5) 3.6(35) 5.6 (2.3)
PROMIS-GH'

Global Physical Health®

Baseline 378(4.2) 39.3(5.1) 394 (4.2
Three months 38.7 (4.0) 39.8 (5.0) 41.4(7.0)
Six months 38.2(4.9) 41.1(5.4) 425 (5.9)

Global Mental Health®

http://diabetes.jmir.org/2020/3/€19268/ JMIR Diabetes 2020 | vol. 5 | iss. 3| €19268 | p. 4
(page number not for citation purposes)

RenderX


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

JMIR DIABETES

Jiwani et &

Questionnaire domain and time point®

mHealth? (n=11),
mean (SD) score

Peper diary (n=9),

mean (SD) score

Control (n=6),
mean (SD) score

Baseline 40.8 (4.9)
Three months 42.3(4.5)
Six months 42.3(5.1)

42.3(4.5) 458 (2.6)
45.9 (5.2) 455 (6.2)
42.8(6.0) 44.4 (4.0)

8 or all domains listed, the mean (SD) score for the US reference population is 50 (10).

bmHealth: mobile health.

°PROMIS: Patient Reported Outcome Measurements Information System.

dHigher scores indicate better functioning.
€Higher scores indicate worse functioning.

'PROMIS-GH: Patient Reported Outcome Measurements Information System Global Health.

Thereafter, we compared the mean scores and SDsfor the three
groups (ie, mHealth, paper diary, and contral) to the data of the
US reference population. The mean score and SD for the US
reference population for each of the seven domains of the
PROMIS-57 and two domains of the PROMIS-GH were 50 and
10, respectively. For each domain, a higher score indicates that
more of the concept has been measured. For the three groups
in our study, the mean scores for physical function
(PROMIS-57) and for PROMIS-GH werelower than the scores
in the US reference population (mean score of 50), indicating
poorer functioning (Table 1). Specifically, for physical function,
the mean scores ranged from 39.1 to 47.1; for GMH, the mean
scores ranged from 37.8 to 42.5; and for GPH, the mean scores
ranged from 40.8 to 45.9. In addition, for the three groups in
our study, the mean scores for anxiety, pain interference, and
deep disturbance were higher than the scoresin the US reference
population (mean score of 50), indicating poorer functioning.
Specifically, for anxiety, the mean scores ranged from 48.1 to
56.1; for pain interference, the mean scores ranged from 55.1
t0 61.7; and for sleep disturbance, the mean scoresranged from
53.0t0 59.5. Furthermore, the baseline scores of anxiety (mean
53.4), depression (mean 48.9), pain interference (mean 61.0),
and pain intensity (mean 5.7) improved at the end of the study
in the mHealth intervention group.

Discussion

Principal Findings

Our pilot study provides evidence for the feasibility of using
the PROMIS questionnaires to measure patient-reported
outcomes among overweight or obese individuals diagnosed
with T2D. The mean T-scores across time for each group (ie,
raw view) indicated that those in the mHealth and paper diary
groups reported symptom improvement at months 3 and 6 from
baseline. It isimportant to note that individualswith T2D inthe
study had greater symptom burden and poorer physica
functioning at baseline than the general US population. The
PROMIS P values were >.05; however, positive trends were
noted in both intervention groups (mHealth and paper diary) in
the middlie (month 3) and end (month 6) of the study. Our results
found that the mean scores of our participantsfor most domains
were poorer than those of the US reference population. This
suggests that overweight or obese individuals diagnosed with
T2D have higher symptom burden and poorer functioning
compared with healthy individuals. The results from our study
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support the use of the PROMIS questionnaires to provide
clinicians and researchers with a benchmark for assessing the
overal need for disease management and determining the
success or challenges of an intervention.

Similar results have been reported in a cross-sectional study
among patients diagnosed with T2D, where patients reported
higher levels of pain and fatigue that were closely related to
sleep disturbance [15]. Another cross-sectional study reported
that patients who were very active in their self-care related to
T2D had lower depression, better social outcomes, and better
physical function [16]. To address the missing items from our
study, we looked at the study conducted by Paz et a [17] that
estimated the readability of the PROM IS questionnairesto assess
their comprehensibility in a sample of African American and
Latino older adults (aged =65 years). The authors reported that
the participants had challenges in readability, comprehension,
and interpretation of PROMIS items. The authors further
reported that the study participants had limited educational
attainment and socioeconomic status (similar to our study) and
may experience cognitive declinefrom aging, chronic diseases,
and possible polypharmacy, which could have contributed to
our findings of missing items.

Strengths and Limitations

The PROMIS instruments chosen for the study offer an
opportunity to explore a variety of health concerns in patients
with T2D, which may not have time for discussion during a
standard clinic visit. The participation retention rate of 92% at
6 months supports the idea that participants are interested in
and accepting of self-monitoring behaviora lifestyle
interventions.

Our pilot study has several limitations. It is important to note
that the study population included individuas who were
overweight or obese and had T2D, predominantly included
African American people, and mostly included individuals
lacking health insurance and having a lower socioeconomic
status. At baseline, they had lower PROMIS scores than the
mean score of the general US population (mean 50, SD 10),
and their scores stayed low throughout the study. The
participants were those seeking care at a diabetes education
center and thus may not be representative of the general
population. In addition, the pilot study was not designed to
detect statistical significance, as the study was a feasibility
study.
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Conclusions

Our pilot study provides evidence for the feasibility of using
the PROMIS questionnaires to measure patient-reported
outcomes among overweight or obese individuals diagnosed
with T2D. It is important to note that individuals with T2D in
this study started out with greater symptom burden and poorer
physical functioning at baseline compared with the general US
population. The results from our study support the use of
PROMIS questionnaires to provide clinicians and researchers
with a benchmark for ng the overall need for treatment
and determining the success or challenges of the intervention.
The P values of the PROMIS-57 and PROMIS-GH were >.05

Jiwani et &

(not significant); however, positive trends were noted in both
intervention groups (mHealth and paper diary) in the middle
(month 3) and end (month 6) of the study.

Future studies should consider using PROMIS computerized
assessment testing that may be associated with higher
completion rates and may reduce respondent burden by limiting
the number of questions (fixed length) that participants need to
answer. Futuredirectionsinclude (1) development and validation
of a T2D-specific PROM that combines persons with similar
clinical characteristics and risks for complications to identify
treatment needs and (2) integration of these patient-reported
outcome tools into routine patient care and research studies.

Acknowledgments

This study was supported by the RL5 Mentored Research Career Development Award through San Antonio Claude D. Pepper
Older Americans Independence Center (P30AG044271). The parent study was funded by the Dean’s Research Award and
PARTNERS Awards at UT Health Cizik School of Nursing.

Conflictsof Interest
None declared.

References

1.

2.

10.

11.

http://diabetes.jmir.org/2020/3/e19268/

Hales CM, Carroll MD, Fryar CD, Ogden CL. Prevalence of Obesity Among Adults and Youth: United States, 2015-2016.
NCHS Data Brief 2017 Oct(288):1-8 [FREE Full text] [Medline: 29155689]

Overweight and Obesity-Adult Obesity Prevalence Maps. Centersfor Disease Control and Prevention. Atlanta, GA: Centers
for Disease Control and Prevention, US Department of Health and Human Services; 2019 Oct 29. URL: https://www.
cdc.gov/obesity/data/prevalence-maps.html [accessed 2020-01-18]

Centers for Disease Control and Prevention CDC. Adult Obesity Facts. Obesity isacommon, serious, and costly disease.
Atlanta, GA: Centers for Disease Control and Prevention, US Department of Health and Human Services; 2017. URL:
https://www.cdc.gov/obesity/data/adult.html [accessed 2020-01-17]

National Diabetes Statistics Report 2020-Estimates of Diabetes and Its Burden in the United States. Centers for Disease
Control and Prevention. Atlanta, GA: Centers for Disease Control and Prevention, US Department of Health and Human
Services; 2020. URL : https://www.cdc.gov/diabetes/pdfs/data/statisti cs/nati onal -diabetes-stati stics-report.pdf [accessed
2020-01-19]

Kim BY, Lee J. Smart Devices for Older Adults Managing Chronic Disease: A Scoping Review. IMIR Mhealth Uhealth
2017 May 23;5(5):e69 [FREE Full text] [doi: 10.2196/mhealth.7141] [Medline: 28536089)]

Arnhold M, Quade M, Kirch W. Mobile applicationsfor diabetics: asystematic review and expert-based usability evaluation
considering the special requirements of diabetes patients age 50 years or older. JMed Internet Res 2014 Apr 09;16(4):€104
[FREE Full text] [doi: 10.2196/jmir.2968] [Medline: 24718852]

Wu'Y, Yao X, Vespasiani G, Nicolucci A, Dong Y, Kwong J, et al. Correction: Mobile App-Based Interventions to Support
Diabetes Self-Management: A Systematic Review of Randomized Controlled Trialsto Identify Functions Associated with
Glycemic Efficacy. IMIR Mhealth Uhealth 2018 Jan 15;6(1):e20 [FREE Full text] [doi: 10.2196/mhealth.8789] [Medline:
29334479

Cui M, Wu X, Mao J, Wang X, Nie M. T2DM Self-Management via Smartphone Applications: A Systematic Review and
Meta-Analysis. PLoS One 2016;11(11):e0166718 [ FREE Full text] [doi: 10.1371/journal.pone.0166718] [Medline: 27861583]
Haugstvedt A, Hernar |, Strandberg RB, Richards DA, Nilsen RM, Tell GS, et a. Use of patient-reported outcome measures
(PROMSs) in clinical diabetes consultations: study protocol for the DiaPROM randomised controlled trial pilot study. BMJ
Open 2019 Jan 17;9(1):€024008 [FREE Full text] [doi: 10.1136/bmjopen-2018-024008] [Medline: 30782722]

Scholle SH, Morton S, Homco J, Rodriguez K, Anderson D, Hahn E, et al. Implementation of the PROMIS-29 in Routine
Care for People With Diabetes: Challenges and Opportunities. J Ambul Care Manage 2018;41(4):274-287. [doi:
10.1097/JAC.0000000000000248] [Medline: 29923844]

Wang J, Cai C, Padhye N, Orlander P, Zare M. A Behavioral Lifestyle Intervention Enhanced With Multiple-Behavior
Self-Monitoring Using Mobile and Connected Tools for Underserved Individuals With Type 2 Diabetes and Comorbid
Overweight or Obesity: Pilot Comparative Effectiveness Trial. IMIR Mhealth Uhealth 2018 Apr 10;6(4):€92 [FREE Full
text] [doi: 10.2196/mhealth.4478] [Medline: 29636320]

JMIR Diabetes 2020 | vol. 5 | iss. 3| €19268 | p. 6
(page number not for citation purposes)


http://www.cdc.gov/nchs/data/databriefs/db288.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29155689&dopt=Abstract
https://www.cdc.gov/obesity/data/prevalence-maps.html
https://www.cdc.gov/obesity/data/prevalence-maps.html
https://www.cdc.gov/obesity/data/adult.html
https://www.cdc.gov/diabetes/pdfs/data/statistics/national-diabetes-statistics-report.pdf
https://mhealth.jmir.org/2017/5/e69/
http://dx.doi.org/10.2196/mhealth.7141
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28536089&dopt=Abstract
https://www.jmir.org/2014/4/e104/
http://dx.doi.org/10.2196/jmir.2968
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24718852&dopt=Abstract
https://mhealth.jmir.org/2018/1/e20/
http://dx.doi.org/10.2196/mhealth.8789
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29334479&dopt=Abstract
http://dx.plos.org/10.1371/journal.pone.0166718
http://dx.doi.org/10.1371/journal.pone.0166718
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27861583&dopt=Abstract
http://bmjopen.bmj.com/cgi/pmidlookup?view=long&pmid=30782722
http://dx.doi.org/10.1136/bmjopen-2018-024008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30782722&dopt=Abstract
http://dx.doi.org/10.1097/JAC.0000000000000248
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29923844&dopt=Abstract
https://mhealth.jmir.org/2018/4/e92/
https://mhealth.jmir.org/2018/4/e92/
http://dx.doi.org/10.2196/mhealth.4478
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29636320&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR DIABETES Jiwani et &

12.

13.

14.

15.

16.

17.

Cook KF, Jensen SE, Schalet BD, Beaumont JL, Amtmann D, Czajkowski S, et al. PROMIS measures of pain, fatigue,
negative affect, physical function, and social function demonstrated clinical validity across arange of chronic conditions.
JClin Epidemiol 2016 May;73:89-102 [FREE Full text] [doi: 10.1016/j.jclinepi.2015.08.038] [Medline: 26952842]
CellaD, Riley W, Stone A, Rothrock N, Reeve B, Yount S, PROMIS Cooperative Group. The Patient-Reported Outcomes
Measurement Information System (PROMIS) devel oped and tested its first wave of adult self-reported health outcomeitem
banks: 2005-2008. J Clin Epidemiol 2010 Nov;63(11):1179-1194 [FREE Full text] [doi: 10.1016/j.jclinepi.2010.04.011]
[Medline: 20685078]

IBM SPSS Statistics for Windows, Version 25. IBM Corp. 2020. URL : https.//www.ibm.com/products/spss-statistics
[accessed 2020-01-01]

Zhu B, Quinn L, Fritschi C. Relationship and variation of diabetes related symptoms, sleep disturbance and sleep-related
impairment in adults with type 2 diabetes. J Adv Nurs 2018 Mar;74(3):689-697. [doi: 10.1111/jan.13482] [Medline:
29114911]

Shortell SM, Poon BY, Ramsay PP, Rodriguez HP, Ivey SL, Huber T, et al. A Multilevel Analysis of Patient Engagement
and Patient-Reported Outcomesin Primary Care Practices of Accountable Care Organizations. J Gen Intern Med 2017
Jun;32(6):640-647 [FREE Full text] [doi: 10.1007/s11606-016-3980-z] [Medline: 28160187]

Paz SH, Jones L, Calderén JL, Hays RD. Readability and Comprehension of the Geriatric Depression Scale and PROMIS
Physical Function Itemsin Older African Americans and Latinos. Patient 2017 Feb;10(1):117-131 [FREE Full text] [doi:
10.1007/s40271-016-0191-y] [Medline: 27599978]

Abbreviations

GH: global health

GMH: global mental health

GPH: global physical health

mHealth: mobile health

PROM: patient-reported outcome measure

PROMIS: Patient-Reported Outcome Measurement Information System
T2D: type 2 diabetes

Edited by G Eysenbach; submitted 10.04.20; peer-reviewed by JH Cho, J Rich; commentsto author 04.05.20; revised version received
31.05.20; accepted 21.06.20; published 24.07.20

Please cite as:

Jiwani R, Wang J, Berndt A, Ramaswamy P, Mathew Joseph N, Du Y, Ko J, Espinoza S

Changes in Patient-Reported Outcome Measures Wth a Technology-Supported Behavioral Lifestyle Intervention Among Patients
With Type 2 Diabetes: Pilot Randomized Controlled Clinical Trial

JMIR Diabetes 2020;5(3):€19268

URL: http://diabetes.jmir.org/2020/3/€19268/

doi: 10.2196/19268

PMID: 32706652

©Rozmin Jiwani, Jing Wang, Andrea Berndt, Padmavathy Ramaswamy, NithaMathew Joseph, Yan Du, Jisook Ko, SaraEspinoza.
Originally published in IMIR Diabetes (http://diabetes.jmir.org), 24.07.2020. This is an open-access article distributed under the
terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work, first published in IMIR Diabetes, is properly cited.
The complete bibliographic information, a link to the original publication on http://diabetes.jmir.org/, as well as this copyright
and license information must be included.

http://diabetes.,jmir.org/2020/3/€19268/ JMIR Diabetes 2020 | vol. 5 | iss. 3| €19268 | p. 7

RenderX

(page number not for citation purposes)


http://europepmc.org/abstract/MED/26952842
http://dx.doi.org/10.1016/j.jclinepi.2015.08.038
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26952842&dopt=Abstract
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
https://www.ibm.com/products/spss-statistics
http://dx.doi.org/10.1111/jan.13482
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29114911&dopt=Abstract
http://europepmc.org/abstract/MED/28160187
http://dx.doi.org/10.1007/s11606-016-3980-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28160187&dopt=Abstract
http://europepmc.org/abstract/MED/27599978
http://dx.doi.org/10.1007/s40271-016-0191-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27599978&dopt=Abstract
http://diabetes.jmir.org/2020/3/e19268/
http://dx.doi.org/10.2196/19268
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32706652&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

