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ABSTRACT
Effective diabetes problem solving requires identification of risk factors for inadequate mealtime selfmanagement. Ecological momentary assessment was used to enhance identification of factors hypothesized to
impact self-management. Adolescents with type 1 diabetes participated in a feasibility trial for a mobile app
called MyDay. Meals, mealtime insulin, self-monitored blood glucose, and psychosocial and contextual data
were obtained for 30 days. Using 1472 assessments, mixed-effects between-subjects analyses showed that social context, location, and mealtime were associated with missed self-monitored blood glucose. Stress, energy,
mood, and fatigue were associated with missed insulin. Within-subjects analyses indicated that all factors were
associated with both self-management tasks. Intraclass correlations showed within-subjects accounted for the
majority of variance. The ecological momentary assessment method provided specific targets for improving
self-management problem solving, phenotyping, or integration within just-in-time adaptive interventions.
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INTRODUCTION
Diabetes problem solving is dependent upon obtaining information
that points to specific and actionable influences on selfmanagement. Processes important for self-management problem
identification, such as pattern recognition and causal inference, are
often based on unreliable and incomplete patient recall of events.
Dependence on recall may lead to identification of factors that are
salient but not correlated with self-management. Psychosocial and
contextual factors have been related to diabetes self-management.1
However, greater accuracy and specificity regarding which, when,
and how often psychosocial and contextual barriers occur and their

relationship to self-management are needed for effective
self-management problem solving. Ecological momentary assessment (EMA) utilizes repeated sampling of behavior in real-time
within the natural environment. It provides a valuable method to examine relationships between events that are proximal in nature.
EMA has been shown to be more accurate and reliable compared
with traditional questionnaire methods.2–4 Momentary assessment
studies have rarely been conducted in diabetes.5,6 To improve inferences regarding potential risk factors for missed self-management,
we assessed momentary psychosocial and contextual factors and related those to self-monitored blood glucose (SMBG) and insulin
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administration in adolescents with type 1 diabetes. The MyDay mobile app development process, feasibility, and engagement patterns
have been reported previously.7,8

MATERIALS AND METHODS

RESULTS
One participant from the pilot study was not included in the current
analyses as there was no data available after week 1. The sample
(n ¼ 30) was on average 15.40 6 1.52 years of age, 53% were girls, and
90% were non-Hispanic white. Duration of diabetes was on average
5.96 6 4.41 years, 73% used an insulin pump, 13% used continuous
glucose monitoring, and the mean hemoglobin A1c was 8.0 6 1.16%.
Of the 1472 mealtime assessments with reported meals, there were
4% (n ¼ 57) self-reported missed insulin boluses (median 2.26) and
28.0% (n ¼ 412) missed SMBG (median 38.19) from the Bluetooth
meter. Average levels of momentary factors were as follows: stress
(mean 25.23 6 11.81; median 24.20 [range, 0-100]), energy (mean
46.81 6 13.63; median 44.85 [range, 0-100]), and mood (mean 68.88
6 16.24; median 72.01 [range, 0-100]). Locations reported most frequently at mealtimes were home (62.80%), school, (20.10%), and restaurant (10.60%). Social contexts reported most frequently were with
family (60.00%), with friends (25.50%), and alone (17.50%). Situational barriers were reported for 57.41% of assessments. The most frequently reported situational barriers were fatigue (32.70%), hunger
(26.27%), having fun (13.10%) and rushing (12.87%).
Figure 1 shows the between- and within-subjects odds ratios and
95% confidence intervals for associations between momentary factors and missed mealtime SMBG. The between-subjects factors
“with family,” “with friends,” school, restaurant, and lunch and
dinnertimes were related to more missed SMBG. Within-subjects
random-effects odds ratios indicated that all momentary factors
were significant for SMBG. Figure 2 shows between- and withinsubjects odds ratios and 95% confidence intervals for associations
between momentary factors and mealtime insulin. Stress, energy,
mood, and fatigue were associated with more missed insulin. Variables with odds ratios less than 1 indicate less missed insulin. Dinnertime and having fun were associated with less missed insulin.
Within-person random effects odds ratios indicated that all momentary factors were associated with more missed insulin. Intraclass
correlation coefficients indicated between 63.3% and 77.8%
within-person variability for SMBG and between 63.2% and 74.7%
within-person variability for insulin.

DISCUSSION
The current study utilized EMA to identify psychosocial and contextual
risk factors important for understanding and improving adolescent diabetes self-management. Using this in vivo method, unique temporal relationships were documented among contextual variables, subjective
experiences, and critical mealtime self-management behaviors.
The results of the study should be interpreted in context of the between-subjects and within-subjects analyses. Between-subjects analyses
identified associations relevant for the sample, and by inference, the
population. The within-subjects analyses identified association based
on the variability of individuals and the degree to which individuals
within the sample varied on a given factor. The relevant between-subjects factors for missed SMBG or insulin administration were stress, energy, mood, having fun, fatigue, mealtime, social influences, and
location. In within-subjects analyses all momentary factors were associ-
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Inclusion criteria in the mobile app study included patients 1)
treated in the Vanderbilt Eskind Pediatric Diabetes Clinic over 12
years of age, 2) diagnosed with type 1 diabetes for at least 6 months,
3) able to speak and read English, 4) in possession of an Android or
iOS smartphone, and 5) who were willing to use a Bluetooth blood
glucose meter for 1 month. Recruitment occurred via clinic flyers and
clinician referral. Parent consent and adolescent assent were obtained
before research procedures commenced. Momentary data were collected using a mobile application for iOS/Android called MyDay.
The dependent variables in this study were missed mealtime
blood glucose monitoring (1 ¼ missed, 0 ¼ completed) and missed
mealtime insulin administration (1 ¼ missed, 0 ¼ completed). Momentary psychosocial and contextual factors were assessed at each
self-reported mealtime and included stress, energy, mood, location,
people, and situational barriers. Stress, energy, and mood were
assessed using a “slider” interface and could range from 0 to 100 in
value. Stress and energy had high (value ¼ 100) and low (value ¼ 0)
and mood had bad (value ¼ 100) and good (value ¼ 0) labels as
anchors for the sliders. Options for locations included home, school,
friend’s house, work, restaurant, on the road, and other. Multiple
responses could be selected for who the adolescent was with at the
mealtime (“people”) and included the options of no one, parent(s),
sibling(s), close friends, casual friends, strangers, and boyfriend or girlfriend, or other. Participants could select (yes/no) multiple contextual
barriers associated with mealtime self-management behaviors: rushing,
with people, hungry, busy, having fun, tired, without supplies, meter
or pump issues, and nothing. Participants selected either breakfast,
lunch, or dinner for the assessment. Snacks were not assessed. Data
could be entered up until midnight of that day. The time gap between
reported mealtime and momentary assessment data submission varied
by meal but was consistently within 1 hour, except for lunchtime,
which was delayed approximately 2 hours due to school attendance.7
Bluetooth iHealth meters were used to passively obtain SMBG frequency and self-report was used for insulin administration.
Mixed-effects logit models were used to assess the associations
of the momentary variables with mealtime self-management behaviors. The most prevalent responses for momentary question options
were analyzed and defined as responses endorsed by at least 10% of
the sample. Analyses were conducted via the maximum likelihood
adaptive Gauss-Hermite quadrature estimation and logit-link function as implemented in the STATA “xmelogit” procedure (version
14; StataCorp, College Station, TX). Exponentiation of the fixed
estimates resulted in the between-subjects odds ratios controlling for
within-subjects autocorrelation. Within-subjects random effects
odds ratios were also calculated. Analyses provide the likelihood of
a missed self-management task in the presence of a risk factor relative to the likelihood without that factor. Breakfast served as the referent for mealtime and home was the referent for the location
factor. With the exception of location and mealtimes, each of the
momentary factor categories were dichotomous (eg, family yes/no,
rushing, yes/no) resulting in a single between-subjects and respective
within-subjects odds ratio. However, location and mealtime had
mutually exclusive categories. Given that a single individual can
only have one location or mealtime (of the 3 mutually exclusive

categories) for a specific momentary assessment, only a single
pooled within-subjects odds ratio could be calculated for those 2
factors. Intraclass correlations were calculated to quantify withinsubjects variability in self-management behaviors.
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ated with both SMBG and insulin. Additionally, based on intraclass
correlations, it appears that the relative majority of variability in selfmanagement was due to within-subjects. The within-subjects results
underscore the need to study individual-level patterns of risk factors to
inform precision behavioral interventions and clinical practice.
The momentary factors included in this study were selected based
on their documented associations with self-management using traditional assessment methods or hypotheses regarding potential impact.
Previous research has largely documented self-management barriers
based on retrospective patient perceptions of influences and used questionnaires that aggregate multiple self-management behaviors.9–11
EMA allowed the aggregation and quantification of specific instances
when the actual presence of a risk factor negatively impacted a specific
self-management behavior. For example, previous research has shown
that adolescents perceive peers can have a negative influence on their
self-management11,12; here, between-subjects results indicated that being in the presence of friends was associated with 2 greater chance of
missing a blood glucose check compared with being alone.
Similarly, while meals or food in general have been identified as
general risk factors for problems in self-management,13,14 we were
able to identify that on average school and restaurants were

associated with 2 greater risk for missed SMBG compared with being at home. In addition to enhancing our understanding of previously identified self-management risk factors, the current study
identified novel risk factors. Research to date has few studies focused on protective factors related to self-management with notable
exceptions focused on resilience.15,16 The between-subjects results
uniquely identified dinnertime and “having fun” as protective factors related to insulin administration, and being in the presence of
family as a risk factor for missed SMBG.
While advancing our understanding of momentary influences on
health behavior and providing novel targets for intervention, the
current study has limitations. The ultimate goal for research and
clinical practice is to obtain accurate and actionable patientgenerated data using the most feasible and objective methods. EMA
typically depends on self-report of experiences and response burden
is a valid concern regarding feasibility for clinical use. While mobile
location services provide valuable geographic data and will be used
in this system moving forward, objective passive data streams are
not currently available for many experiences or behaviors such as
mood, persons present, or nutritional intake. Current interest in
wearable devices and personal health tracking will facilitate the
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Figure 1. (A) Between- and (B) within-subjects associations of momentary factors with missed mealtime self-monitored blood glucose. CI: confidence interval.
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integration of patient-generated data into health care.17,18 Ideally,
both passive sensor data and self-report EMA should be integrated
to maximize behavioral and clinical insights.
Although both SMBG and insulin administration are both important for mealtime self-management, results identify unique patterns of momentary factors for each. We are not aware of studies
that have directly compared momentary factors associated with
multiple self-management behaviors within one sample. While the
natures of the 2 tasks do differ, it is not clear behaviorally why these
specific differences in momentary factors may exist. One possible
methodological explanation is the use of Bluetooth meters for
SMBG and self-report for insulin administration. Future researchers
could limit sampling to individuals using insulin pumps for objective
data, although this would negatively impact generalizability as approximately 50% of adolescents use insulin pumps.19,20
The methods and results of this study have implications for integration of patient reported outcomes to tailor problem solving and
clinical care,21 development of more specific and accurate
behavioral risk profiles or phenotypes,22,23,24 and integration into
just-in-time adaptive interventions in diabetes.25 To utilize EMA in
just-in-time adaptive interventions or health care, these results will

need to be documented in a larger sample where the reliability of the
associations over time may be established, feasibility enhanced, and
clinical cost-benefit ratio established.

CONCLUSION
EMA provided valuable insights into the association of momentary
psychosocial and contextual influences on pediatric diabetes selfmanagement. While integration with passive sensor data streams
and further confirmation of the reliability and robustness of the relationships are needed, the method may be instrumental in advancing
behavioral interventions and support of self-management problem
solving.
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Figure 2. (A) Between- and (B) within-subjects associations of momentary factors with missed mealtime insulin. CI: confidence interval.

Journal of the American Medical Informatics Association, 2019, Vol. 0, No. 0

AUTHOR CONTRIBUTIONS
All authors contributed to the conceptualization and implementation of the design and scientific evaluation of the mobile momentary
assessment app. SAM, SV, DS, MSD, LL, and KKH helped draft
and/or revise the manuscript.

The Vanderbilt University Human Subjects Committee reviewed
and approved this research.

ACKNOWLEDGMENTS
The authors thank programmers Bob McClellan, Logan Buchanan, and Dr
Yu Sun, as well as the families with type 1 diabetes who made this research
possible.

CONFLICT OF INTEREST STATEMENT
None declared.

REFERENCES
1. Delamater AM, de Wit M, McDarby V. Psychological care of children and
adolescents with type 1 diabetes. Pediatr Diabetes 2018; 19 Suppl 27: 237–49.
2. Shiffman S. Conceptualizing analyses of ecological momentary assessment
data. Nicotine Tob Res 2014; 16 Suppl 2: S76–87.
3. Moore RC, Depp CA, Wetherell JL, Lenze EJ. Ecological momentary assessment versus standard assessment instruments for measuring mindfulness, depressed mood, and anxiety among older adults. J Psychiatr Res
2016; 75: 116–23.
4. Knell G, Gabriel KP, Businelle MS, Shuval K, Wetter DW, Kendzor DE.
Ecological momentary assessment of physical activity: validation study. J
Med Internet Res 2017; 19 (7): e253.
5. Merwin RM, Dmitrieva NO, Honeycutt LK, et al. Momentary predictors
of insulin restriction among adults with type 1 diabetes and eating disorder symptomatology. Diabetes Care 2015; 38 (11): 2025–32.
6. Merwin RM, Moskovich AA, Honeycutt LK, et al. Time of day when type
1 diabetes patients with eating disorder symptoms most commonly restrict
insulin. Psychosom Med 2018; 80 (2): 222–9.
7. Mulvaney SA, Vaala S, Hood KK, et al. Mobile momentary assessment and
biobehavioral feedback for adolescents with type 1 diabetes: feasibility and
engagement patterns. Diabetes Technol Ther 2018; 20 (7): 465–74.
8. Zhang P, Schmidt DC, White J, Mulvaney SA. Towards precision behavioral medicine with the Internet of Things (IoT): Iterative design and optimization of a self-management tool for type 1 diabetes. In: IEEE
International Conference on Healthcare Informatics (ICHI), New York,
NY: IEEE; 2018.
9. Mulvaney SA, Hood KK, Schlundt DG, et al. Development and initial validation of the barriers to diabetes adherence measure for adolescents. Diabetes Res Clin Pract 2011; 94 (1): 77–83.

10. Hilliard ME, Wu YP, Rausch J, Dolan LM, Hood KK. Predictors of deteriorations in diabetes management and control in adolescents with type 1
diabetes. J Adolesc Health 2013; 52 (1): 28–34.
11. Raymaekers K, Oris L, Prikken S, et al. The role of peers for diabetes management in adolescents and emerging adults with type 1 diabetes: a longitudinal study. Diabetes Care 2017; 40 (12): 1678–84.
12. Hains AA, Berlin KS, Davies WH, Smothers MK, Sato AF, Alemzadeh R.
Attributions of adolescents with type 1 diabetes related to performing diabetes care around friends and peers: the moderating role of friend support.
J Pediatr Psychol 2006; 32 (5): 561–70.
13. Patton SR, DeLurgio SA, Fridlington A, Cohoon C, Turpin AL, Clements
MA. Frequency of mealtime insulin bolus predicts glycated hemoglobin in
youths with type 1 diabetes. Diabetes Technol Ther 2014; 16 (8): 519–23.
14. Piazza-Waggoner C, Modi AC, Powers SW, Williams LB, Dolan LM, Patton SR. Observational assessment of family functioning in families with
children who have type 1 diabetes mellitus. J Dev Behav Pediatr 2008; 29
(2): 101–5.
15. Hilliard ME, Hagger V, Hendrieckx C, et al. Strengths, risk factors, and
resilient outcomes in adolescents with type 1 diabetes: results from diabetes MILES Youth-Australia. Diabetes Care 2017; 40 (7): 849.
16. Jaser SS, White LE. Coping and resilience in adolescents with type 1 diabetes. Child Care Health Dev 2011; 37 (3): 335–42.
17. Ridgers ND, McNarry MA, Mackintosh KA. Feasibility and effectiveness
of using wearable activity trackers in youth: a systematic review. JMIR
Mhealth Uhealth 2016; 4 (4): e129.
18. Wang J, Chu CF, Li C, Hayes L, Siminerio L. Diabetes educators’ insights
regarding connecting mobile phone- and wearable tracker-collected selfmonitoring information to a nationally-used electronic health record system for diabetes education: descriptive qualitative study. JMIR Mhealth
Uhealth 2018; 6 (7): e10206.
19. Sherr JL, Tauschman M, Battelino T, et al. ISPAD clinical practice consensus guidelines 2018 diabetes technologies. Pediatr Diabetes 2018; 19:
302–25.
20. Naranjo D, Tanenbaum ML, Iturralde E, Hood KK. Diabetes technology:
uptake, outcomes, barriers, and the intersection with distress. J Diabetes
Sci Technol 2016; 10 (4): 852–8.
21. Corathers SD, Mara CA, Chundi PK, Kichler JC. Psychosocial patientreported outcomes in pediatric and adolescent diabetes: a review and case
example. Curr Diab Rep 2017; 17 (7): 45.
22. Davidson KW, Cheung YK. Envisioning a future for precision health psychology: innovative applied statistical approaches to N-of-1 studies.
Health Psychol Rev 2017; 11 (3): 292–4.
23. Mamykina L, Heitkemper EM, Smaldone AM, et al. Personal discovery in
diabetes self-management: discovering cause and effect using selfmonitoring data. J Biomed Inform 2017; 76 Suppl C: 1–8.
24. Hripcsak G, Albers DJ. High-fidelity phenotyping: richness and freedom
from bias. J Am Med Inform Assoc 2018; 25 (3): 289–94.
25. Nahum-Shani I, Smith SN, Spring BJ, et al. Just-in-time adaptive interventions (JITAIs) in mobile health: key components and design principles for ongoing health behavior support. Ann Behav Med 2016; 52 (6):
446–62.

Downloaded from https://academic.oup.com/jamia/advance-article-abstract/doi/10.1093/jamia/ocz147/5570553 by guest on 18 September 2019

ETHICS APPROVAL

5

