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Comorbid symptoms such as post-traumatic stress and pain are common barriers to optimal self-management among
veterans with type 2 diabetes. Additionally, self-management behaviors occur in the context of veterans’ daily routines
and social environments. This study evaluated the feasibility and acceptability of ecological momentary assessment
(EMA) among veterans with type 2 diabetes. Ten veterans with type 2 diabetes were asked to respond to random EMA
surveys during preprogrammed intervals five times per day for 14 days. EMA surveys were delivered via a mobile appli-
cation and assessed momentary physical location, activities, social interactions, mood, stress, and pain. The last sur-
vey of each day included additional items about daily post-traumatic stress symptoms, diabetes distress, social
support, physical activity, self-management behaviors, and functioning. Participants completed interviews assessing
their experience in the study and barriers to responding and indicated their likelihood of participating in similar stud-
ies. The mean survey response rate was 96%, providing 675 observations. The majority of participants completed the
five momentary surveys in <1 minute and the daily EMA surveys in <5 minutes. Results revealed substantial individ-
ual day-to-day variability across symptoms and self-management behaviors that is not captured by aggregated means
across all participants. Participants generally reported enjoying responding to surveys and experiencing few barriers.
Nine of 10 participants reported being “extremely likely” to participate in a similar study. These pilot data suggest
that intensive EMA designs are feasible and acceptable for veterans with type 2 diabetes and can inform the design of
future larger studies.

The prevalence of diabetes among veterans is nearly 25%,
or about double that in the general population (1). Even
after adjusting for age and other demographic factors,
diabetes is more common in veterans than in civilians (1).
Diabetes outcomes are substantially improved when pa-
tients engage in regular self-management behaviors such
as getting physical activity, taking prescribed medications,
following dietary recommendations, and monitoring
blood glucose levels (2). However, many veterans with
type 2 diabetes do not engage in consistent self-manage-
ment (3). Therefore, a more granular understanding is
needed of veteran-specific barriers to daily engagement in
diabetes self-management behaviors, such as comorbid
symptoms and social context.

Symptoms of comorbid medical and mental health condi-
tions represent one set of barriers to daily engagement in

diabetes management of particular relevance to the vet-
eran population, which is characterized by high comor-
bidity rates (4). Suboptimal type 2 diabetes management
is often asymptomatic, yet it is a leading cause of cardio-
vascular disease, kidney disease, blindness, and amputa-
tions in the long term (5). However, many veterans with
type 2 diabetes have at least one comorbid condition that is
more symptomatic than diabetes (e.g., pain) (4).While symp-
toms of common comorbid conditions such as depressed
mood, stress, and pain garner more attention from patients,
they also have been associated with poor functioning in type
2 diabetes (6–8). Although type 2 diabetes self-management
can benefit comorbid condition symptoms, these behaviors
often become a low priority (6,9).

Social context is another source of potential barriers or
facilitators to daily diabetes management that is especially
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pertinent to veterans, who may have more limited social
networks compared with civilians (10). Social support has
been associated with more engagement in diabetes self-
management behaviors for veterans (11). Research among
civilians suggests that social support is positively associ-
ated with target blood glucose levels, better mood, and
quality of life (12). Conversely, those with low social sup-
port have higher symptoms of depression and functional
disability (13), all of which may be barriers to daily diabe-
tes self-management.

The majority of prior research in this area has involved
cross-sectional studies of between-person relationships
between retrospective reports of diabetes self-manage-
ment behavior and global indicators of hypothesized bar-
riers to daily engagement. Conversely, there has been little
research on the moment-to-moment associations between
comorbid condition symptoms, other psychological states,
social support, and daily engagement in type 2 diabetes
self-management behaviors. That is, while evidence exists
for these cross-sectional associations at the between-person
level, few studies have examined links between comorbid
condition symptoms and daily diabetes self-management
within an individual over time.

Given that diabetes self-management activities take place
primarily outside of medical visits and in the context of
individuals’ daily physical and social environments, more
work is needed to capture and model within-person vari-
ability in diabetes self-management using ecologically valid
methods that sample daily life. A handful of daily diary
studies have shown that various social contextual factors are
positively related to diabetes self-management behaviors
(14–16), but none have focused on the veteran population,
and these studies, such as one by Khan et al. (14), have typi-
cally focused on daily occurrences and events rather than
momentary factors. Thus, understanding how daily barriers
to diabetes self-management actually unfold within and
across an individual’s everyday life is crucial to developing
person-centered interventions designed to improve diabetes
outcomes for veterans.

Real-world, ambulatory assessment methods, such as eco-
logical momentary assessment (EMA) can build on past
cross-sectional and daily diary work to understand the
dynamics of daily diabetes self-management behaviors and
psychosocial factors of veterans with type 2 diabetes. EMA is
a mobile health technology that assesses mood, behavior,
and environmental factors in the moment in participants’
own physical and social contexts, where barriers to self-
management occur. Whereas daily diary methods typically
involve a single daily assessment wherein participants report

on events of the day, EMA typically involves multiple
within-day assessments that are more focused on momen-
tary states and behaviors (17). A 2021 review (18) found few
published studies using EMA methodology to assess diabe-
tes self-management and contextual factors. Of the 10 stud-
ies included in the review, only two focused on type 2
diabetes (vs. type 1 diabetes) (18). Since this review was pub-
lished, additional conference abstracts and study protocols
have examined the use of EMA to assess self-management
among people with type 2 diabetes in the general population
(19–21), underscoring the emerging interest in and the need
for best practices and standardized measures when using
this methodology.

Given the limited prior EMA studies to examine psychoso-
cial and contextual barriers to self-management in adults
with type 2 diabetes and the lack of prior studies
in the high-risk veteran population, additional work is
needed to understand the feasibility and acceptability of
these methods and the utility of included measures to
inform the design of future studies. Thus, the primary aim
of this study was to pilot test an EMA protocol to assess the
feasibility and acceptability of EMA assessment among vet-
erans with type 2 diabetes who are treated through the VA
health care system.We also assessed the utility of our EMA
survey items among veterans with type 2 diabetes by exam-
ining the between-person versus the within-person variabil-
ity of our study measures.

Research Design and Methods

Participants

Veterans with type 2 diabetes were recruited for a pilot
research study from a list of participants who previously
participated in diabetes research at a Southern California
VA health care system. Participants were required to have
a diagnosis of type 2 diabetes as confirmed by electronic
health record (EHR) review, own a smartphone, be $18
years of age, and understand to and respond in English.
Of 19 participants screened, 16 were eligible and 10 agreed
to participate. Only one of the 19 participants screened did
not own a smartphone. One participant had type 1 diabetes,
two were not interested, and six were interested but not
available for our data collection window (e.g., because they
were going to be out of town). Participants were screened
until we met our target sample size (N = 10). The study was
approved by the health care systems institutional review
board, and participants provided informed consent. This
article was prepared according to the standard Checklist for
Reporting EMA Studies (22).
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Procedures

All EMA survey questions were programmed using the Life-
Data platform, a Web-based program for creating mobile
assessments that can be downloaded to smartphones via the
associated RealLife Exp mobile application (app) and does
not require consistent internet access. Participants com-
pleted informed consent and a brief research visit/instruc-
tion session either virtually or in person before beginning a
single 14-day EMA period. Data collection occurred between
7 October and 23 October 2020.

After consent, a research assistant helped eligible partici-
pants download the app to their personal smartphones
and access the study protocol. All EMA survey questions
were reviewed with participants during the instruction
session. Participants were given a 24-hour trial period to
further familiarize themselves with the protocol and trou-
bleshoot any issues with the study team. The protocol
delivered momentary surveys containing up to nine items
through an app notification five times a day randomly
within preprogrammed 2-hour intervals between 8:00
a.m. and 8:00 p.m. for each of the 14 days. Daily end-of-
the-day surveys containing up to 24 items were delivered
once daily in combination with the last momentary survey.
Participants were given up to three reminder notifications
for each survey until they completed it. Participants had 90
minutes from the notification time to respond to each sur-
vey, after which time the survey expired. A research assistant
also called each participant after 7 days to assess barriers to
participation and answer any questions.

Participants were compensated up to $150 in VA canteen
coupons based on their survey response rate. The com-
pensation schedule was discussed with participants dur-
ing the instruction session, and coupons were mailed to
participants after they completed the study. Participants
received $10 for completing the instruction session, $1 for
each momentary EMA survey, and $2 for each end-of-day
survey (encompassing the last momentary EMA survey
and daily EMA survey). Participants received an addi-
tional $20 for a 75% survey response rate and an addi-
tional $22 for a 100% response rate.

Measures

Feasibility. Feasibility was assessed by survey response
rate, with an average response rate >80% (completion of
56 of 70 possible EMA surveys) as a target.We also assessed
time to complete surveys and number of reminders before
responses.

Acceptability. Participants were asked to respond to four
open-ended questions and one Likert-scale question about
their experiences completing the EMA surveys via individ-
ual interview with a research assistant. These questions
included “What did you like?,” “What did you not like?,”
“What made it difficult to respond to questions?,” “What did
you think about the number of questions? Too many?,”
“What other feedback or suggestions do you have for us?,”
and “Would you be willing to participate in a future similar
study?” (with the latter ranked on a scale from 1 = unlikely
to 5 = extremely likely). The interviewer probed for clarifica-
tion as necessary and took detailed notes of each partici-
pant’s response, including direct quotations.

Demographic and Medical Characteristics. Participants’
demographic information including, age, sex, race, and eth-
nicity, was obtained through self-report for a previous study.
Medical information, including A1C, BMI, mental health
diagnoses, and chronic pain diagnoses, was obtained from
participants’ EHR.

EMA Momentary Survey Items. EMA momentary surveys
focused on constructs expected to fluctuate throughout a
day, including activities, comorbid symptoms, and social
and physical contexts. Specifically, these included:

� Daily activities. Participants responded to the question
“What are you doing?” using a list of possible daily
activities (e.g., watching TV, physical activity/exercise,
or working). If participants selected “other,” they could
type in a free-text response. Subscales were created
based on conceptually grouped activities adapted from
Moore et al. (23).

� Physical activities. If participants selected “physical
activity/exercise” from the options above, they were
asked to indicate “What type of physical activity/
exercise?” Response choices included running/jog-
ging, walking, weightlifting/strength training, using
cardiovascular equipment, bicycling, or other (free-
text response) (24).

� Comorbid symptoms. Participants were asked to rate
their current mood (depressed, happy, or anxious),
stress, and pain levels on a 0–10 Likert scales. For
example, for “I feel depressed,” 0 = not at all to 10 =
extremely.

� Social context. Participants were asked to indicate who
they were currently with (e.g., spouse) using a drop-
down menu (25) and the number of social interactions,
with the question, “Since the last alarm, how many
times did you socialize with someone else (e.g., spent
more than 5 minutes talking/communicating with
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someone else)?” (23). In light of coronavirus disease 2019
(COVID-19) restrictions, participants were instructed to
include virtual contact (i.e., phone or video).

� Physical context. Participants indicated their current
location by answering, “Where are you right now?”
using a dropdown menu of 13 options adapted from
Moore et al. (23) (e.g., “at hospital” or “at my home”).

EMA Daily Survey Measures. EMA daily surveys focused
on constructs expected to fluctuate on a day-to-day basis,
including post-traumatic stress symptoms (PTSS), diabe-
tes distress, diabetes-related support, self-management
behaviors, health-related functioning, and diabetes-related
quality of life. Specifically, these included:

� PTSS. These symptoms were assessed using four items
corresponding to each of the post-traumatic stress dis-
order symptom clusters: re-experiencing, avoidance,
negative cognitions and mood, and arousal (26). Partici-
pants indicated how much they were bothered by
each item from 0 = not at all to 10 = extremely,
through questions such as “Avoiding thoughts, activi-
ties, or feelings related to a traumatic event?” Partici-
pants were instructed to select “0” if they had never
experienced a traumatic event.

� Diabetes distress. Daily diabetes distress was assessed
using an item adapted from the 17-item Diabetes Dis-
tress Scale (27): “Today, how overwhelmed have you
felt by the demands of diabetes?” Participants rated
the item from 0 = not at all to 10 = extremely. This
item was selected because it has the highest correla-
tion with total scores from the full Diabetes Distress
Scale (28).

� Diabetes-related support. This was assessed with three
items about participants’ diabetes-related interactions
with others. One item was from a prior study protocol:
“When a problem related to your diabetes condition
arose, to what extent did someone else help you solve
it?” (21), rated from 0 = not at all to 10 = extremely.
Two items were developed for the current study and
included, “Did you talk to someone about your diabe-
tes today?” (yes/no) and, if yes was selected, “How help-
ful was that person?” rated from 0 = not at all helpful
to 10 = very helpful.

� Diabetes self-management behaviors. These behaviors
were assessed with the Summary of Diabetes Self-Care
Activities measure (29), modified for daily use (21), by
replacing the question asking how many were performed
in “the last 7 days” with “today.” Self-management behav-
iors assessed included dietary behaviors, physical
activity, exercise, blood glucose monitoring, foot care,

medication-taking, and smoking. We also included two
questions adapted for daily use from the Diabetes Self-
Management Questionnaire (30). These included “Did
you take your recommended insulin injections today?”
(yes/no/not taking insulin) and “Did you eats lots of
sweets or other foods rich in carbohydrates today?”

� Health-related functioning. This was assessed using
items from the Diabetes Quality of Life Clinical Trial
Questionnaire (31), adapted for daily use. Three items
were selected as a balance between capturing overall
health-related quality of life and functioning and mini-
mizing participant burden. These included, “Today,
how would you say your health is?” rated from 0 =
poor to 10 = excellent; “How much difficulty did you
have doing your daily work because of your physical
health or emotional problems today?” rated from
0 = none at all to 5 = could not do daily work; and
“Compared to others your age, were your social activi-
ties more or less limited because of your physical
health today?” rated from 0 = much less limited to 4 =
much more limited.

� Diabetes-related quality of life. This was assessed
using an item from the Diabetes Quality of Life
Clinical Trial Questionnaire (31), modified for daily
use: “How satisfied are you with the amount of time
it took to manage diabetes today?” rated from 0 =
very dissatisfied to 5 = very satisfied.

Data Analysis

Data analysis was performed using the statistical software
SPSS v. 27 (32) and Mplus v. 8.5 (33). Descriptive statistics were
computed to characterize the sample with respect to demo-
graphic and medical characteristics and study constructs.
Descriptive statistics were also used to assess the feasi-
bility and acceptability indicators. To examine the pro-
portion of the total variance in each EMA survey item
attributable to between-person differences versus within-
person (i.e., day-to-day) variability, we computed intraclass
correlation coefficients (ICCs). Responses to open-ended
interview questions were summarized and reviewed multi-
ple times by two study authors to identify patterns among
responses.

Results

Participant Characteristics

On average, participants were about 54 years of age (SD 4.2
years) and were mostly male veterans (80%), the majority of
whom identified as White (70%), with an annual income
$$30,000 (70%) and a bachelor’s or graduate/professional
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degree (60%). Time since being diagnosed with diabetes
ranged from 5.9 to 28.8 years (mean 9.8, SD 6.9 years). The
average BMI was 32.9 kg/m2 (SD 6.3 kg/m2), falling into the
obese range. Mean A1C was 7.2% (SD 1.8%), indicating blood
glucose levels close to the standard target of <7.0% (34). The
average systolic blood pressure was 130 mmHg (SD 16
mmHg), and the average diastolic blood pressure was 76
mmHg (SD 6 mmHg), with most participants falling in the
elevated or stage 1 hypertension range. Per EHR, 60% of par-
ticipants were using insulin, 70% were taking metformin,
and 30% were taking an additional oral diabetes medication.
Furthermore, 80% had a chronic pain diagnosis, and 60%
had at least one mental health diagnosis.

Feasibility

Participants reported no difficulties after the 24-hour trial
period or at the 1-week check-in. In total, 700 prompts were
delivered to participants, and no participants dropped out.

The mean response rate across all participants was 96%
(range 90–100%), providing a total of 675 EMA observa-
tions, with no significant difference between the first 7
days of participation (mean 96%, SD 20.2%) and the sec-
ond 7 days of study participation (mean 96%, SD 20.4%)
(t[698] = 0.05, P = 0.957). The response rate was signifi-
cantly higher on weekdays (mean 97%, SD 18.1%) than on
weekends (mean 94%, SD 24.7%) (t[698] = 1.83, P <0.001).
Response rate was not significantly correlated with age,
time since diabetes diagnosis, A1C, blood pressure, or
mean ratings of stress, mood, and diabetes distress.

Most participants responded to EMA surveys after the
initial notification (67.3%), followed by after the first reminder
(18.8%), after the second reminder (7.2%), and after the third
reminder (6.7%). Participants responded to prompts after an
average of 12 minutes, 8 seconds (SD 17 minutes, 42 seconds),
after the notification. More than half (57.9%) of the momen-
tary surveys were completed in <1 minute (mean 1.30
minutes, SD 2.30 minutes), and most (76.3%) end-of-day sur-
veys were completed in <5 minutes (mean 5.42 minutes, SD
8.52 minutes).

Acceptability

In open-ended interview questions, participants generally
reported enjoying participation and the opportunity to
reflect on their mood throughout the day. Three partici-
pants specifically stated that survey items reminded them
about self-management behaviors, including medication,
diet, and foot care. Participants reported encountering
very few barriers to engaging in study protocols. Most par-
ticipants (80%) said that the lengths of EMA momentary

and end-of-day surveys were reasonable; however, two par-
ticipants reported that the end-of-day survey was too long.
Two participants said they would be willing to answer addi-
tional questions. Two participants said the questions did not
fit into their waking hours and suggested custom time
windows.

Participants provided additional suggestions for including
a question about hypoglycemic episodes, additional activi-
ties such as outdoor labor, and more reminder alarms.
One participant asked if she could share her results with
her diabetes health care team. One participant reported
that the allowable response time was adequate when a
prompt was sent during exercising and a response could
not be sent immediately. Several participants (80%) men-
tioned that survey items helped them be more aware of
their moods or behaviors. Nine participants reported that
they would be “extremely likely” to participate in a simi-
lar study, and the remaining participant reported being
“likely” to participate.

Descriptive Statistics for EMA Survey Items

Descriptive statistics for EMA survey items are presented in
Table 1. Results show that participants spend most of their
time in sedentary behaviors (60.3%) and spend over one-
third of their time alone (37.5%). On average, participants
reported speaking to someone about diabetes 41% of days;
one participant never reported talking to someone about
diabetes during the 14 days, and another endorsed doing so
on all 14 days, with the remaining participants endorsing the
item on 10–80% of days). Of note, only five participants ever
endorsed currently engaging in physical activity. Individual
variability of two example comorbid symptoms (diabetes dis-
tress and pain) compared with the means across all partici-
pants is shown in Figure 1. This figure depicts a substantial
amount of intraindividual (within-person) day-to-day variabil-
ity across symptoms that is not captured by means across all
participants. Figure 2 shows engagement in diabetes self-man-
agement behaviors for each participant compared with the
mean percentage of engagement across all participants, indi-
cating that individual patterns of engagement in self-manage-
ment behaviors are not captured by the mean.

Discussion

We aimed to pilot test our EMA protocol and questions
to determine the feasibility and acceptability of EMA
assessment among veterans with type 2 diabetes. Given
the paucity of prior work examining daily diabetes self-
management using EMA or similar methods, we also
sought to describe the within-person versus between-
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person variability of our EMA measures to assess the util-
ity of EMA for examining our key constructs. Our results
suggest that EMA among veterans with type 2 diabetes is
feasible and acceptable. Our results also demonstrate

substantial within-person variability in many study meas-
ures, including mood, social interactions, diabetes dis-
tress, and self-management behaviors, that is not
captured by between-person means.

TABLE 1 Descriptive Statistics for EMA Survey Items

Variables Data Points, n Mean ± SD or % Observed Range ICC

Daily symptom ratings
Happy 669 6.40 ± 2.33 0–10 0.67
Depressed 669 2.87 ± 2.91 0–10 0.84
Anxious 669 3.18 ± 3.17 0–10 0.86
Stress 669 3.40 ± 3.19 0–10 0.79
Pain 669 3.79 ± 3.29 0–10 0.92
Diabetes distress 135 2.90 ± 2.93 0–10 0.74
PTSS 135 1.32 ± 1.19 0–4 0.84

Where are you? 669
At home 79.4 —

Work 6.7 —

In vehicle 4.3 —

Outside walking 3.4 —

Other 6.0 —

What are you doing? 669
Sedentary activities 60.3 —

Eating or preparing food 13.0 —

Instrumental activities of daily living 11.7 —

Intellectual activities 10 —

Physical activities 3.6 —

Social activities 1.5 —

Who are you with? 669
Alone 37.5 —

Spouse or partner 33.5 —

Friends 4.0 —

Other family members 7.2 —

Pets 30 —

Health care provider 0.3 —

Other known or unknown 8.2 —

Number of daily interactions 669 1.36 ± 1.23 0–4 0.34

Extent someone helped with a diabetes problem? 135 5.44 ± 3.65 0–10 0.74

Talked with someone about diabetes today? 135 41.5 0.29

How helpful was that person? 56 7.49 ± 1.91 2–10 0.36

Diabetes quality of life 135 2.96 ± 1.00 0–4 0.63
Limitations because of physical health or emotional problems 135 2.55 ± 1.26 1–5 0.71

Social activities limited because of physical health? 135 2.73 ± 1.20 1–5 0.76

Today, how would you say your health is? 135 5.73 ± 2.71 0–10 0.95

Diabetes self-management*
Followed a healthful eating plan 135 85.5 0.20
Ate five or more fruits and vegetables 135 44.4 0.44
Ate high-fat foods 135 29.6 0.08
Ate sweets and carbohydrates 135 11.1 0.40
Participated in physical activity 135 57.0 0.36
Participated in exercise 135 35.6 0.32
Monitored blood glucose 135 66.7 0.84
Monitored blood glucose as recommended 135 71.9 0.83
Checked feet 135 71.1 0.46
Took medication 135 98.5 NA
Took insulin 82 100 NA
Smoked even one cigarette 135 10.4 NA

*Diabetes self-management responses are reported as the mean percentage of days participants reported carrying out each item. NA, not applica-
ble. ICC could not be computed due to low variability.
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The response rates of EMA surveys were high, suggesting
that the number of reminders delivered, compensation
schedule, and degree of participant burden are appropri-
ate for this population. Thus, we recommend providing
incentives to participants based on their response rates
for observational EMA studies. However, for a treatment
study, use of financial incentives needs more careful con-
sideration, as this strategy could serve as an intervention
in and of itself.

Although within the range of typical EMA studies, our rel-
atively wide 90-minute window for participants to respond
to EMA prompts may have contributed to our high response
rate. However, most participants responded after the initial
prompt and in <15 minutes, suggesting that participants
were generally able to respond quickly and to notifications.
Participant interviews reported in Langer et al. (35) suggest
that, from the perspective of adult community members, 45
minutes may be too short and 60–90 minutes might be
more ideal. However, most standard approaches to model-
ing EMA data assume that intervals between observations
are equal both across time and across participants; thus,

wider time windows between EMA surveys can decrease
analytic precision. Therefore, in this population, a response
window closer to 60 minutes might be a more ideal balance
among participant preference, survey response rate, and
statical assumptions.

Participants found the study procedures and questions
acceptable, and all reported being willing to participate
in a similar future study. They were generally able to
complete EMA surveys in a relatively short time period,
also suggesting a low burden.We are unaware of norms
or standards for survey completion times in the EMA
literature, but time to complete our momentary surveys
was similar to one study that reported it took 1.15
minutes on average for participants to complete ran-
domly administered EMA surveys (36).

We found that smartphone ownership is common in this
population, and many participants are familiar with smart-
phone technology. In addition to being cost-effective, allow-
ing participants to use their own devices may increase
survey response rates, as it does not require participants to
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FIGURE 1 Daily diabetes distress (top) and daily pain (bottom) ratings for each of the 10 participants, as well as the daily mean for
all participants, across the 14-day study period. Diabetes distress and pain were each rated on a 0–10 scale.
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carry multiple devices or learn how to navigate a new
device.

In this study, EMA measures included both general mood,
activity, and social interaction variables similar to those
administered in prior EMA studies in other samples (16,18),
and diabetes-specific measures that are more novel and
exploratory given the few prior EMA studies in this popula-
tion. Several negative affect variables (e.g., depressed and
anxious) that were measured five times per day varied much
more from person to person than they did from moment to
moment within individual participants. Alternately, diabetes
self-management behaviors had more within-person (day-
to-day) variability than between-person variability. To better
understand how to support and improve upon an individual
patient’s diabetes management, these day-to-day fluctuations
in diabetes self-management and their psychosocial and
behavioral correlates are precisely what must be studied in
future research.This pilot study supports future studies with
larger between-person samples to examine the relationships
between daily comorbid symptoms, social interactions, and
diabetes self-management behaviors.

Measurement reactivity is an important consideration in
all EMA studies (25). Of particular concern in the current
study is the participant feedback that questions about
self-management behaviors served as reminders to engage
in the behaviors on the same day. Future studies may con-
sider constructing items to reflect engagement in behav-
iors before the prompt rather than “today.” Another
consideration is to use open-ended questions or participant-
initiated responses to assess daily diabetes self-management
behaviors. In addition to providing objective measures of

behaviors, passive measures such as blinded accelerometers
and continuous blood glucose monitoring (37,38) may reduce
measurement reactivity compared with self-report. We
had very few responses to our physical activity items, as
participants were only prompted to view these questions if
they were currently engaging in physical activity. Partici-
pants’ feedback that they were less likely to respond while
engaging in physical activity, combined with the low fre-
quency of physical activity in this population, suggested that
alternative items would better capture this behavior. For
example, items asking participants about physical activity
that had occurred since that last alarm would better identify
activity type and frequency and could be matched with
accelerometer data (25). Finally, while a concern in the cur-
rent study, the reported measurement reactivity suggests
that interventions providing reminders at opportune times
may help participants increase engagement in diabetes self-
management behaviors.

Another challenge when designing EMA studies is the
limited availability of previously validated EMA measures
(39), and researchers often rely on adapted or abbreviated
versions of validated scales. For example, social support is
a broad construct with many subdomains, which is diffi-
cult to capture with only one to three EMA items. Addi-
tionally, there is a distinction between perceived and actual
(or enacted) support; perceived support involves beliefs about
the availability or reliability of support resources should needs
arise, whereas actual support involves the actual receipt of
those resources (40). Although most prior work in diabetes
uses self-report measures of global perceived support from
others, the daily life context of an EMA study is an ideal

FIGURE 2 Percentage of 14 study days on which selected diabetes self-management behaviors were endorsed by each study participant
(N = 10 individuals), as well as the mean percentage of days each item was reported for all participants. Exercise = “Did you participate
in a specific exercise session (such as swimming, walking, biking) other than what you do around the house or as part of your work
today?” Physical activity = “Did you participate in at least 30 minutes of physical activity today (total minutes of continuous activity,
including walking)?” Diet = “Have you followed a healthful eating plan today?” Blood glucose monitoring = “Did you test your blood
sugar the number of times recommended by your health care provider today?” Foot care = “Did you check your feet today?”
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opportunity to assess actual social support exchanges in real-
time with greater precision than a one-time survey of global
perceptions (41). In the current study, we selected three EMA
items intended to tap both aspects of actual support (i.e., ask-
ing participants if someone helped them solve a diabetes-
related problem or if they talked to anyone about diabetes)
and perceived support (i.e., asking participants how helpful
they felt it was) specifically around diabetes management,
based on our interest in understanding barriers to daily dia-
betes self-management. However, future studies may aim to
focus more on the emotional aspects of social support or sup-
port in broader domains, for which other EMA items may be
better suited.

Our study had limitations. The small sample size (N = 10),
which produced 675 unique data points, was selected as
appropriate for a pilot study (42,43) and to inform larger
studies that may examine relationships between study
variables. All participants in our small veteran sample
had similar survey response rates; however, our results
may not generalize to the larger veteran population. Dif-
ferences in response rates based on demographic and
medical characteristics should be examined in future stud-
ies. Although it did not come up in our interviews, partici-
pants may have been confused by our question “How
helpful was that person?” if they talked to more than one
person about diabetes. Additionally, our study was con-
ducted during COVID-19 restrictions and may not represent
veterans with type 2 diabetes outside of this context. For
example, participants may have had more availability to
respond to EMA surveys. Use of biological measures such as
continuous glucose monitoring, heart rate variability, and
salivary cortisol levels may further elucidate relationships
among psychosocial factors, self-management behaviors,
and health outcomes. Future research may also consider
more in-depth qualitative interviews.

Conclusion

EMA is feasible and acceptable for veterans with type 2 dia-
betes and can provide nuanced information about within-
person dynamics. Real-time assessment tools developed
through EMA can inform clinical decision-making and treat-
ment planning that considers barriers to self-management
that occur outside of medical appointments. This research
can also be used to develop adaptive, patient-centered
mHealth interventions to supplement in-person treat-
ment or as stand-alone interventions.
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