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Function and Emotion in Everyday Life With Type 1 Diabetes (FEEL-
T1D): Protocol for a Fully Remote Intensive Longitudinal Study

Abstract

Background: Although short-term blood glucose levels and variability are thought to underlie diminished function and
emotional well-being in people with type 1 diabetes (T1D), these relationships are poorly understood. The Function
and Emotion in Everyday Life with T1D (FEEL-T1D) study focuses on investigating these short-term dynamic
relationships among blood glucose levels, functional ability, and emotional well-being in adults with T1D.

 
Objective: The aim of this study is to present the FEEL-T1D study design, methods, and study progress to date,
including adaptations necessitated by the COVID-19 pandemic to implement the study fully remotely.

 
Methods: The FEEL-T1D study will recruit 200 adults with T1D in the age range of 18-75 years. Data collection
includes a comprehensive survey battery, along with 14 days of intensive longitudinal data using blinded continuous
glucose monitoring, ecological momentary assessments, ambulatory cognitive tasks, and accelerometers. All study
procedures are conducted remotely by mailing the study equipment and by using videoconferencing for study visits.

 
Results: The study received institutional review board approval in January 2019 and was funded in April 2019. Data
collection began in June 2020 and is projected to end in December 2021. As of June 2021, after 12 months of
recruitment, 124 participants have enrolled in the FEEL-T1D study. Approximately 87.6% (7082/8087) of ecological
momentary assessment surveys have been completed with minimal missing data, and 82.0% (82/100) of the
participants provided concurrent continuous glucose monitoring data, ecological momentary assessment data, and
accelerometer data for at least 10 of the 14 days of data collection.

 
Conclusions: Thus far, our reconfiguration of the FEEL-T1D protocol to be implemented remotely during the COVID-
19 pandemic has been a success. The FEEL-T1D study will elucidate the dynamic relationships among blood
glucose levels, emotional well-being, cognitive function, and participation in daily activities. In doing so, it will pave the
way for innovative just-in-time interventions and produce actionable insights to facilitate tailoring of diabetes
treatments to optimize the function and well-being of individuals with T1D.
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Introduction

Background

Type 1 diabetes (T1D) is an autoimmune disease affecting about 1.6 million people in the United States [Centers for
Disease Control and Prevention. Estimates of diabetes and its burden in the United States. National Diabetes
Statistics Report 2020.   URL: https://www.cdc.gov/diabetes/pdfs/data/statistics/national-diabetes-statistics-report.pdf
[accessed 2021-09-21] 1]. T1D is characterized by a near absolute insulin deficiency, requiring intensive
management to minimize fluctuations in blood sugar levels. Successfully managing T1D involves consistent ongoing
attention to numerous self-care tasks that can be complex and challenging, including monitoring blood glucose levels,
taking insulin, managing acute complications, and maintaining supplies and equipment. Such intensive management
is needed because blood sugar fluctuations can have a profound impact on everyday life, including swings in
emotional states, changes in cognitive functioning, and disruptions to participation in daily activities [Cox DJ, McCall
A, Kovatchev B, Sarwat S, Ilag LL, Tan MH. Effects of blood glucose rate of changes on perceived mood and
cognitive symptoms in insulin-treated type 2 diabetes. Diabetes Care 2007 Aug;30(8):2001-2002. [CrossRef]
[Medline]2-Wiesli P, Schmid C, Kerwer O, Nigg-Koch C, Klaghofer R, Seifert B, et al. Acute psychological stress
affects glucose concentrations in patients with type 1 diabetes following food intake but not in the fasting state.
Diabetes Care 2005 Aug;28(8):1910-1915. [CrossRef] [Medline]9]. However, empirical data on these complex
relationships within the stream of day-to-day life are limited, as research, to date, has primarily relied on (1)
hemoglobin A1c (HbA1c) as a measure of blood glucose, which does not capture short-term blood glucose levels and

variability [Agiostratidou G, Anhalt H, Ball D, Blonde L, Gourgari E, Harriman KN, et al. Standardizing clinically
meaningful outcome measures beyond HbA for type 1 diabetes: a consensus report of the American Association of
Clinical Endocrinologists, the American Association of Diabetes Educators, the American Diabetes Association, the
Endocrine Society, JDRF International, The Leona M. and Harry B. Helmsley Charitable Trust, the Pediatric
Endocrine Society, and the T1D Exchange. Diabetes Care 2017 Dec;40(12):1622-1630 [FREE Full text] [CrossRef]
[Medline]10] and (2) global, retrospective reports of mood, function, and well-being, which do not afford the ability to
examine short-term dynamics in subjective experiences and functioning and are often biased by current states and
recall problems. A recent review notes a lack of definitive empirical evidence, calling for more rigorous methodology
to investigate relationships between glucose variability and mood [Muijs LT, Racca C, de Wit M, Brouwer A, Wieringa
TH, de Vries R, et al. Glucose variability and mood in adults with diabetes: A systematic review. Endocrinol Diabetes
Metab 2021 Jan;4(1):e00152 [FREE Full text] [CrossRef] [Medline]11]. This study addresses the call for increased
rigor by employing blinded continuous glucose monitoring, accelerometry, ambulatory cognitive tasks, and ecological
momentary assessment (EMA) to uncover dynamic associations among blood glucose levels, function, and emotion.
Understanding these complex momentary relationships will facilitate tailoring of treatment strategies and development
of adaptive, just-in-time interventions to maximize the quality of life among individuals living with T1D.

Study Aims

This paper presents the rationale and design of the Function and Emotion in Everyday Life with Type 1 Diabetes
(FEEL-T1D) project (NIH/NIDDK #1R01DK121298-01). FEEL-T1D utilizes intensive longitudinal data collection with
EMA surveys, ambulatory cognitive testing, and wearable technology (accelerometer, continuous glucose monitor
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[CGM]) to address 3 primary aims, as depicted in Figure
1. First, we examine within-person dynamic relationships between various measures of blood glucose (acute blood
glucose level, glycemic excursions, glycemic variability, time-in-range/hypoglycemia/hyperglycemia), function (self-
reported daily life activity performance, objective cognitive function, physical activity derived from accelerometers),
and emotional well-being (positive and negative affect, stress, diabetes distress). Second, we evaluate how
demographic and clinical characteristics predict individual differences in these within-person effects to inform tailoring
of interventions and glycemic targets for population subgroups. Third, we investigate which aspects of these short-
term dynamics most impact overall well-being, functioning, and quality of life. In doing so, the overall goal of FEEL-
T1D is to provide actionable insights for researchers, clinicians, and patients to meaningfully improve health and well-
being of people with T1D.

 
Figure 1. Conceptual diagram of the primary aims of the FEEL-T1D (Function and Emotion in Everyday Life with Type 1 Diabetes) study. 
View this figure

COVID-19 Impact

The FEEL-T1D study was on the brink of initiating recruitment and data collection in March 2020, when stay-at-home
orders in California and New York related to the coronavirus (COVID-19) pandemic required us to reconfigure our
planned data collection protocol. Most notably, enforced social distancing practices meant that the planned in-person
enrollment, baseline, and follow-up participant visits needed to be conducted fully remotely. Necessary adaptations
included maximizing the use of available technology, making use of mailing and delivery services, and selecting
measurement tools that were feasible to administer remotely. 

 

Methods

Overview of the Study Design

In the FEEL-T1D project, adults with T1D are asked to complete 14 days of intensive longitudinal data collection
using blinded CGM, EMA surveys, ambulatory cognitive tasks, and accelerometer wear. Over 14 days, participants
complete 5-6 momentary surveys per day at 3-hour intervals. The first and last surveys of the day ask additional
questions to capture information about other constructs on a daily basis. Participants are also asked to complete a
baseline survey battery prior to the 14-day period and a follow-up survey battery immediately after the 14 days.

Participant Recruitment and Eligibility
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We are recruiting participants from 3 clinical sites in the greater Los Angeles and New York City metropolitan areas,
which collectively serve nearly 2400 ethnically and socioeconomically diverse adults with T1D. Participant eligibility
criteria are outlined in Textbox 1. Eligibility criteria were selected to ensure that participants have the ability to
complete study procedures and do not have conditions other than diabetes that could significantly influence blood
glucose levels. We are seeking to recruit and collect data from a racially, ethnically, and socioeconomically diverse
sample to ensure inclusion of underrepresented populations. Furthermore, we aim to enroll participants by using a
wide range of diabetes treatment approaches (ie, injections, open-loop insulin pump, closed-loop insulin pump,
personal CGM users, and nonusers) to include these regimen differences as potential covariates in analyses. Given
the rapidly accelerating uptake of diabetes technologies [Foster NC, Beck RW, Miller KM, Clements MA, Rickels MR,
DiMeglio LA, et al. State of type 1 diabetes management and outcomes from the T1D Exchange in 2016-2018.
Diabetes Technol Ther 2019 Feb;21(2):66-72 [FREE Full text] [CrossRef] [Medline]12,Miller KM, Foster NC, Beck
RW, Bergenstal RM, DuBose SN, DiMeglio LA, T1D Exchange Clinic Network. Current state of type 1 diabetes
treatment in the U.S.: updated data from the T1D Exchange clinic registry. Diabetes Care 2015 Jun;38(6):971-978.
[CrossRef] [Medline]13] and well-documented differences in clinical outcomes dependent on treatment regimens
[Burckhardt M, Smith GJ, Cooper MN, Jones TW, Davis EA. Real-world outcomes of insulin pump compared to
injection therapy in a population-based sample of children with type 1 diabetes. Pediatr Diabetes 2018
Dec;19(8):1459-1466. [CrossRef] [Medline]14,Pickup JC. Management of diabetes mellitus: is the pump mightier than
the pen? Nat Rev Endocrinol 2012 Feb 28;8(7):425-433. [CrossRef] [Medline]15], we are eager to investigate
whether diabetes technology use has similar implications for mood and functional outcomes. Because starting a new
diabetes treatment strategy can influence one’s emotional experiences and take time to develop into a routine, we
require that participants be on a stable diabetes therapy for at least 3 months in order to allow time to adjust to the
new regimen. For similar reasons, we require that participants taking psychiatric medications be on a stable
medication regimen for at least 2 months prior to participation.

Eligibility criteria for the participants in the FEEL-T1D (Function and Emotion in Everyday Life with Type 1 Diabetes) study.

Inclusion criteria

Age of 18-75 years (inclusive) at the time of enrollment
Written and oral proficiency in English or Spanish
Diagnosis of type 1 diabetes for ≥1 year
On stable diabetes therapy for >3 months
>1 month of experience using smartphone (including basic tasks such as texting, emailing, or use of apps)
Sufficient visual acuity and manual dexterity to manipulate smartphone apps used for data collection
If on psychiatric medication, on stable medication regimen for >2 months
Willing and able to complete study procedures
Participants will be in their normal routine (eg, no unusual or significant events planned during the 2-week data
collection period)

Exclusion criteria

Any significant developmental, cognitive, or behavioral conditions (eg, dementia, psychosis) that inhibit
completion of study procedures (per observation or medical chart review).
Currently planning pregnancy, pregnant, or have been breastfeeding for <6 months
Known adhesive allergy or contact dermatitis that precludes wearing study devices
Taking systemic corticosteroids (unless on chronic, stable dose at Principal Investigator discretion)
Planned medical procedure, magnetic resonance imaging, radiography, computed tomography scan, or high-
frequency electrical heat (diathermy) treatment during study participation
Current enrollment in another study that may impact variables assessed in FEEL-T1D
Currently or within past 14 days has infection or other significant illness (including COVID-19)
Any other condition that, per study physician review, could interfere with study participation or blood glucose
patterns

Textbox 1. Eligibility criteria for the participants in the FEEL-T1D (Function and Emotion in Everyday Life with Type 1
Diabetes) study.

During the COVID-19 era, the criteria of “experience using a smartphone” and “no illness within the past two weeks”
were deemed especially important. Smartphone use was not only evidence that they would be able to follow through
with the smartphone (EMA and ambulatory cognitive testing) portion of the study but also an indirect indicator of basic
technical ability. Because of the additional technology used in the adapted data collection procedures such as
videoconferencing as well as the lack of hands-on training in using the study-provided smartphone, this ability was
especially important. In terms of the illness criteria, we were concerned about the possibility of transmitting COVID-19
through incidental exposure during mailing, as well as its impact on participants’ blood glucose levels, mood, and
daily activities. Therefore, we decided that any participant who was ill but otherwise eligible for the study needed to
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be recovered from their illness (irrespective of whether the illness was confirmed to be COVID-19) for at least 2
weeks prior to study participation.

Recruitment and Retention

Participating sites recruit eligible patients remotely through mailings, phone calls, email invitations, and health
provider referrals; previously planned in-person recruitment strategies were eliminated due to COVID-19. Research
coordinators have access to patients’ medical charts and contact information at their clinical sites, conduct eligibility
screening based on participants’ self-report and medical chart data when relevant and available, and enroll
participants over the phone or through videoconferencing. In the case of participants for whom medical chart data is
unavailable, eligibility is verified through objective sources (eg, medical records from outside the health system) or
through consultation with a study physician prior to study enrollment. The following strategies are being used to
maximize retention: (1) daily text messages to provide feedback about survey completion; (2) phone check-ins to
resolve questions, address concerns, and provide encouragement; (3) collecting multiple forms of contact information
for each participant; and (4) offering graduated stipends where the maximum amount is earned with full completion of
the study. Participants earn up to US $200 for completion of all study procedures: US $25 for baseline procedures
(disbursed after the baseline call), US $50 for each week that more than 75% of momentary surveys are completed
(up to US $100 disbursed after the 2 weeks of data collection), and US $75 for the follow-up procedures and
returning the study equipment. In situations where extended data collection is needed owing to reasons such as
technical difficulties, additional reimbursement is offered.

Remote Data Collection Procedures

Data Collector Training

Prior to carrying out data collection, research coordinators completed approximately 30 hours of training to master the
study procedures and technology. Training materials included video guides and digital manuals. Owing to social
distancing requirements, research coordinators needed to become familiar with the technologies that are not part of
our previously planned in-person data collection procedures, including videoconferencing software, web-based
survey programs, and Google Voice. Additionally, they needed to become accustomed to shipping procedures for
study equipment, including disinfecting protocols to minimize the spread of COVID-19. Prior to initiating data
collection with participants, research coordinators completed the data collection procedures themselves and
conducted a data collection pilot with study team members posing as participants to refine data collection procedures.

Screening, Enrollment, and Baseline Data Collection

Figure 2 provides an overview of our remote data
collection procedures. Participants who are identified as provisionally eligible per medical chart review are contacted
by the study team; those who express interest in the study complete a screening questionnaire over the phone. If
found to be eligible and interested in the study after the screening, study enrollment can take place. Enrollment
paperwork was adjusted to be fully remote. The e-consent framework in research electronic data capture (REDCap),
our online data capture platform, is used to record the digital signatures for study enrollment forms, including
informed consent, Health Insurance Portability and Accountability Act (HIPAA) authorization, a Loaner Devices
Agreement, and Study Stipend form [Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research
electronic data capture (REDCap)--a metadata-driven methodology and workflow process for providing translational
research informatics support. J Biomed Inform 2009 Apr;42(2):377-381 [FREE Full text] [CrossRef] [Medline]16].
Lastly, participants complete a baseline survey battery administered via the REDCap survey administration tool.
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Figure 2. Remote data collection procedures. CGM: continuous glucose monitor; EMA: ecological momentary assessment.
View this figure

Shipping of the Study Materials

To begin the EMA portion of the study, a box of study materials is shipped to the participants, as shown in 

Figure 3. These materials include 2 Abbott FreeStyle
LibrePro Flash Glucose Monitoring System CGM sensors (a primary sensor and a backup if the first sensor falls off)
and a CGM reader (used to activate the sensor; Abbott Diabetes Care), a wrist-worn wGT3X-BT accelerometer
(Actigraph), a smartphone (Xiaomi Mi A1) with necessary apps preinstalled and phone accessories, a participant
manual, a ClinCard onto which study stipends are loaded, various materials to enhance wearability of devices (eg,
adhesive patches, adhesive barrier wipes, allergy relief spray to prevent skin irritation, hydrocortisone cream in the
event of an allergic reaction), and materials to return the package after data collection. We are mindful of the
possibility that study materials mailed to participants may be lost or damaged and have adjusted our data collection
protocol to minimize this risk. Participants are asked to complete baseline surveys before study materials are shipped
to them, thereby providing a general indication of their ability and commitment to complete study procedures before
sending the materials. Additionally, participants do not receive their final stipend disbursement until all study devices
are received in a good working condition, thereby providing a financial incentive to return materials in a timely
manner. Finally, study materials are sent with tracking in both directions, higher declared value, fragile shipping
labels, and a direct signature requirement, to minimize the possibility of being lost, damaged, or delivered to an
incorrect address.

https://asset.jmir.pub/assets/2e57750e1eee6943173470334ab436c3.png
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Figure 3. Study materials mailed to the participants. CGM: continuous glucose monitor.
View this figure

Training Call

This call takes place after a participant receives their mailed study materials, using videoconferencing (preferred) or
over the phone. The primary purpose of this call is to train participants in use of the study devices. We made efforts to
make all the training procedures feasible using only the study phone because not all of our participants have reliable
internet access or personal devices to use for videoconferencing (eg, home computer or tablet). Thus, we loaded the
necessary videoconferencing software on the study phones and purchased carrier plans providing internet access.

At the beginning of the training call, research coordinators instruct participants on how to self-apply the CGM sensors.
This is done first to facilitate checking whether the sensor is operational and recording blood glucose data (which
begins after a 1-hour “warm-up” period) before concluding the call. Next, research coordinators guide participants
through a participant manual that addresses proper use of all study devices (ie, CGM, accelerometer, study phone),
describes the sequence of study events, and explains logistics such as how to mail back the study equipment.
Following review of the manual, coordinators guide participants in directed practice with the study phones. To
facilitate training over videoconference, participants use the “screen share” feature on the study phone, thereby
allowing coordinators to see the participant’s phone screen and to provide instructions accordingly. Participants
complete directed practice of all study assessments, during which research coordinators explain each question and
response choice to ensure the participant’s understanding, with the phone in “training” mode (in which survey
responses are not recorded as study data).

Once the hands-on phone training is completed, usually enough time has elapsed to allow coordinators to check if
the CGM is appropriately recording data. If participants are willing to share their insulin pump data, they are asked to
prepare the data to be shared at the follow-up visit. If it becomes apparent to research coordinators throughout the
training call process that the participant may not have the prerequisite technical skills, cognitive ability, visual acuity,
or manual dexterity for successful completion of study procedures, the participant is discontinued from the study.

Data Collection

Over the 14 days following the training call, participants complete 5-6 EMA surveys per day at 3-hour intervals over
15 hours (eg, 7 AM-10 PM). The survey schedule is personalized to each participant’s usual weekday and weekend
wake and sleep times. If participants have schedules that do not allow for completion of 6 surveys per day, the
schedule is adjusted to 5 surveys per day. Participants receive daily text messages providing feedback regarding the
previous day’s survey completion and are encouraged to contact the study team whenever any issues occur. Check-
in calls, texts, or emails (per participant preference) are conducted at 1, 4, and 8 days after the training call to help
ensure continued CGM and accelerometer wear, troubleshoot any technical issues, and encourage completion of
surveys. Participants are also encouraged to contact the study team if any issues occur (eg, EMA survey difficulties,
CGM falls off).

Follow-up Call

https://asset.jmir.pub/assets/e6818560c277c8f0360da90a356a768f.png
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A follow-up call is scheduled at the conclusion of the 14 days of data collection. During this call, participants are
asked to complete follow-up surveys, answer questions regarding the quality of their experience in using the devices
and any unusual events over the 14-day period, and are instructed in how to repackage the study equipment to mail
back to the study team with a prepaid return label to return study devices. To minimize burden, we provide the option
to schedule a package pick-up from the participants’ homes or other locations.

Receiving Returned Equipment

To fully close out a participant, a few steps are taken once the equipment is received. First, all the contents of the
package are disinfected in accordance with Centers for Disease Control and Prevention guidelines. Afterwards,
contents are checked to make note of any missing equipment. Next, data are downloaded from all the study devices
and uploaded to the server, and data loss due to technical issues are noted and communicated to the study team. If
we find from the CGM data that a participant spent an excessive amount of time in hypoglycemia (below 54 mg/dL
>10% of the time), an alert is triggered and personnel notifies the participant as well as his/her diabetes care provider.
When all the study equipment is returned, the participant is provided the final US $75 of the stipend. Additionally,
participants receive a thank you letter with a copy of their 2-week CGM report via mail or email if it was requested.

Study Measures

Global Measures

Participants completed 2 survey batteries—one at baseline prior to mailing the study materials (

Table 1) and one immediately following the EMA data collection period ( Table 2). Participants can
elect to complete these surveys on their own or with assistance from a research coordinator, and objective
demographic and clinical data are confirmed via medical chart review. Surveys were divided into 2 administration
periods to reduce testing burden and because some surveys were intended to reference the period of EMA data
collection and thus are administered at follow-up. The purpose of the global measures are to (1) characterize the
study population; (2) examine how short-term relationships among blood glucose levels, functions, and well-being
differ between patients based on their global demographic and clinical characteristics; and (3) investigate how
individual differences in these short-term relationships are related to the global well-being and functioning measures.
Overall, in selecting global measures, we prioritized breadth over depth. Although the assessment battery is lengthy,
we aimed for parsimony when possible, selecting the shortest validated measure for each construct to maximize the
number of assessments that could reasonably be included without inducing undue participant burden.

Table 1. Baseline global measures.

Construct Assessment Description

Background variables
 N/Aa Demographic questionnaire Gender, ethnicity, education, income, health care coverage, marital stat

employment status

 N/A Clinical information Recent severe high/low blood glucose events, method of insulin deliver
pump/injections/continuous glucose monitor use, diagnoses, height and
weight

 Personality 10-item personality inventory
[Gosling SD, Rentfrow PJ,
Swann WB. A very brief
measure of the Big-Five
personality domains. Journal
of Research in Personality
2003 Dec;37(6):504-528.
[CrossRef]17]

10 items, measures personality along 5 dimensions

Diabetes management
 Self-management Diabetes self-management

questionnaire [18]
16 items, higher scores indicate more desirable self-management beha

 Insulin self-
management

Insulin self-management 3 items, inspired by medication adherence items [Wilson IB, Fowler FJ,
Cosenza CA, Michaud J, Bentkover J, Rana A, et al. Cognitive and field
testing of a new set of medication adherence self-report items for HIV c
AIDS Behav 2014 Dec;18(12):2349-2358 [FREE Full text] [CrossRef]
[Medline]19], also administered at follow-up

https://dx.doi.org/10.1016/s0092-6566(03)00046-1
http://europepmc.org/abstract/MED/24077970
https://dx.doi.org/10.1007/s10461-013-0610-1
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Construct Assessment Description

 Diabetes self-care Self-Care Inventory-Revised
[Weinger K, Butler HA, Welch
GW, La Greca AM. Measuring
diabetes self-care: a
psychometric analysis of the
Self-Care Inventory-Revised
with adults. Diabetes Care
2005 Jun;28(6):1346-1352
[FREE Full text] [CrossRef]
[Medline]20]

9 items, higher scores signal increased levels of diabetes self-care, 4
subscales

Emotional well-being
 Fear of hypoglycemia Hypoglycemic attitudes and

behavior scale [21]
14 items, higher scores indicate more fear of hypoglycemia

 Anxiety Generalized Anxiety Disorder
Assessment [Spitzer RL,
Kroenke K, Williams JBW,
Löwe B. A brief measure for
assessing generalized anxiety
disorder: the GAD-7. Arch
Intern Med 2006 May
22;166(10):1092-1097.
[CrossRef] [Medline]22]

7 items, higher scores indicate increased severity of anxiety

 Diabetes stigma Type 1 Diabetes Stigma
Assessment Scale [23]

8 items, higher scores indicate more diabetes stigma experienced, 3
subscales

 Emotional regulation Difficulties in emotion
regulation scale [Kaufman EA,
Xia M, Fosco G, Yaptangco M,
Skidmore CR, Crowell SE. The
Difficulties in Emotion
Regulation Scale Short Form
(DERS-SF): Validation and
Replication in Adolescent and
Adult Samples. J Psychopathol
Behav Assess 2015 Nov
23;38(3):443-455.
[CrossRef]24]

18 items, higher scores reflect greater difficulty with emotion regulation

 Depressive symptoms Patient health questionnaire
[Kroenke K, Strine TW, Spitzer
RL, Williams JBW, Berry JT,
Mokdad AH. The PHQ-8 as a
measure of current depression
in the general population. J
Affect Disord 2009 Apr;114(1-
3):163-173. [CrossRef]
[Medline]25]

8 items, higher scores reflect greater depression symptoms severity

Other
 Occupational balance Occupational balance

questionnaire [26]
11 items, higher scores indicate a higher level of lifestyle balance

 Social support Social support questionnaire
[Sarason IG, Sarason BR,
Shearin EN, Pierce GR. A brief
measure of social support:
practical and theoretical
implications. Journal of Social
and Personal Relationships
2016 Jun 30;4(4):497-510.
[CrossRef]27]

12 items, higher scores signal greater satisfaction with social support sy

aN/A: not applicable.

Table 2. Follow-up global measures.

Construct Assessment Description

Function

http://europepmc.org/abstract/MED/15920050
https://dx.doi.org/10.2337/diacare.28.6.1346
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15920050&dopt=Abstract
https://dx.doi.org/10.1001/archinte.166.10.1092
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16717171&dopt=Abstract
https://dx.doi.org/10.1007/s10862-015-9529-3
https://dx.doi.org/10.1016/j.jad.2008.06.026
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18752852&dopt=Abstract
https://dx.doi.org/10.1177/0265407587044007
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Construct Assessment Description

 Functional health
status

RAND 36-item short form health
survey v1.0 [Ware JE, Sherbourne
CD. The MOS 36-item short-form
health survey (SF-36). I.
Conceptual framework and item
selection. Med Care 1992
Jun;30(6):473-483. [Medline]28]

36 items, measures 8 dimensions of health, higher scores indicate b
functional health status

 Illness intrusiveness Adapted illness intrusiveness
rating scale [Devins GM. Using the
illness intrusiveness ratings scale
to understand health-related
quality of life in chronic disease. J
Psychosom Res 2010
Jun;68(6):591-602. [CrossRef]
[Medline]29]

13 items, higher scores reflect greater interference associated with th
disease (diabetes) and its treatment

Emotional well-being
 Diabetes-related

quality of life
Helmsley quality of life and
diabetes survey [Hilliard ME,
Marrero DG, Minard CG, Cao VT,
de Wit M, DuBose SN, et al.
Design and psychometrics for new
measures of health-related quality
of life in adults with type 1
diabetes: Type 1 Diabetes and Life
(T1DAL). Diabetes Res Clin Pract
2021 Apr;174:108537. [CrossRef]
[Medline]30]

27-36 items depending on age group, higher scores reflect better
diabetes-related quality of life

 Diabetes distress Problem areas in diabetes scale
[McGuire BE, Morrison TG,
Hermanns N, Skovlund S, Eldrup
E, Gagliardino J, et al. Short-form
measures of diabetes-related
emotional distress: the Problem
Areas in Diabetes Scale (PAID)-5
and PAID-1. Diabetologia 2010
Jan;53(1):66-69. [CrossRef]
[Medline]31]

5 items, higher scores suggest greater diabetes-related emotional di

 Positive and negative
affect

Stress and Working Memory Study
Affect Items [Scott SB, Sliwinski
MJ, Zawadzki M, Stawski RS, Kim
J, Marcusson-Clavertz D, et al. A
Coordinated Analysis of Variance
in Affect in Daily Life. Assessment
2020 Dec;27(8):1683-1698.
[CrossRef] [Medline]32]

9 items, sum of 4 items indicates positive affect and sum of other 4 it
indicates negative affect; 1 item not from original (“tension”) was add

 Perceived stress Perceived stress scale [Cohen S,
Kamarck T, Mermelstein R. A
global measure of perceived
stress. J Health Soc Behav 1983
Dec;24(4):385-396. [Medline]33]

10 items, higher scores indicate greater perceived stress

 Life satisfaction Satisfaction with life scale [Pavot
W, Diener E, Colvin CR, Sandvik
E. Further validation of the
Satisfaction with Life Scale:
evidence for the cross-method
convergence of well-being
measures. J Pers Assess 1991
Aug;57(1):149-161. [CrossRef]
[Medline]34]

5 items, higher scores reflect greater life satisfaction

Other
 N/Aa COVID-19 questions Provides information about COVID-19 era life circumstances such as

economic and lifestyle changes

 N/A Study-specific follow-up questions Difficulties with the study devices, experience of diabetic ketoacidosi
hypoglycemia during study visit

aN/A: not applicable.

Our global assessment battery was adapted to fit the needs of remote research during the COVID-19 pandemic. We
dropped 3 planned measures that were not critical to accomplish the study’s aims owing to logistical challenges. One

https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1593914&dopt=Abstract
https://dx.doi.org/10.1016/j.jpsychores.2009.05.006
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20488277&dopt=Abstract
https://dx.doi.org/10.1016/j.diabres.2020.108537
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33189791&dopt=Abstract
https://dx.doi.org/10.1007/s00125-009-1559-5
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19841892&dopt=Abstract
https://dx.doi.org/10.1177/1073191118799460
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30198310&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6668417&dopt=Abstract
https://dx.doi.org/10.1207/s15327752jpa5701_17
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1920028&dopt=Abstract
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change was eliminating the measurement of HbA1c levels, which capture average blood glucose levels over an

approximately 12-week period; the team instead recorded HbA1c readings from the previous 12 months from medical

charts, when available, to gain insight into participants’ overall glycemic control as a potential moderator of observed
relationships. Additionally, measurements of height, weight, and neck circumference (to assess sleep apnea risk)
were dropped, with height and weight now being assessed through self-report. We also removed the National
Institutes of Health (NIH) Toolbox cognitive tests [Weintraub S, Dikmen SS, Heaton RK, Tulsky DS, Zelazo PD, Bauer
PJ, et al. Cognition assessment using the NIH Toolbox. Neurology 2013 Mar 12;80(11 Suppl 3):S54-S64 [FREE Full
text] [CrossRef] [Medline]35], which are completed with an in-person test administrator using iPads. Their purpose
was to help validate the mobile cognitive assessments being used, but as some validation data already exist for the
mobile cognitive assessments, these tests were determined not to be critical. Finally, we added a COVID-19
questionnaire adapted from prior COVID-19 surveys [Hamel L, Lopes L, Munana C, Kates J, Michaud J, Brodie M.
KFF coronavirus poll: March 2020. Kaiser Family Foundation. 2020 Mar 17.   URL: https://www.kff.org/coronavirus-
covid-19/poll-finding/kff-coronavirus-poll-march-2020/ [accessed 2020-08-14] 36,Understanding coronavirus in
America. Understanding America Study.   URL: https://uasdata.usc.edu/index.php [accessed 2020-04-11] 37] to
capture the impact of COVID-19–related life changes and help us understand how our study population may be
unique as compared to studies conducted before or after COVID-19.

EMA Measures

The EMA questions are outlined in brief in Textbox 2.

Multimedia Appendix 1

Full ecological momentary assessment survey battery.

DOCX File , 17 KBMultimedia Appendix 1 lists the actual items and response options used. EMA data collection is
administered using the mobile EMA (Ilumivu) platform; an HIPAA-compliant EMA system, which incorporates a native
smartphone app; a web interface for survey design and deployment; and a secure cloud-based server for data
management [ilumivu: Software for Humanity.   URL: https://ilumivu.com/ [accessed 2018-07-05] 38].

Ecological momentary assessment survey questions.

Morning questions

Domains: sleep quality, sleep/wake time, anticipated busyness, diabetes self-efficacy

Questions are only asked in the first survey of every day

Activity engagement (in all surveys)

Domains: activity type, activity location, activity social situation, activity performance, activity satisfaction, activity
importance, diabetes intrusiveness

Questions about activity performance, satisfaction, and importance were derived from the Canadian Occupational
Performance Measure [Law M, Baptiste S, McColl M, Opzoomer A, Polatajko H, Pollock N. The Canadian
occupational performance measure: an outcome measure for occupational therapy. Can J Occup Ther 1990
Apr;57(2):82-87. [CrossRef] [Medline]39]

Question about diabetes interference derived from Adapted Illness Intrusiveness Rating Scale [Devins GM. Using the
illness intrusiveness ratings scale to understand health-related quality of life in chronic disease. J Psychosom Res
2010 Jun;68(6):591-602. [CrossRef] [Medline]29]

Emotional well-being (in all surveys)

Domains: mood, stress, diabetes distress, fatigue, pain

Mood question formatting was derived from the Positive and Negative Affect Schedule [Thompson ER. Development
and Validation of an Internationally Reliable Short-Form of the Positive and Negative Affect Schedule (PANAS).
Journal of Cross-Cultural Psychology 2016 Jul 26;38(2):227-242. [CrossRef]40], and actual items were from the
Stress and Working Memory [Scott SB, Sliwinski MJ, Zawadzki M, Stawski RS, Kim J, Marcusson-Clavertz D, et al. A
Coordinated Analysis of Variance in Affect in Daily Life. Assessment 2020 Dec;27(8):1683-1698. [CrossRef]
[Medline]32]

Blood glucose (some parts in all surveys)

Domains: Meal intake (yes/no), meals time, insulin intake (yes/no), insulin time, perception of blood glucose

http://europepmc.org/abstract/MED/23479546
https://dx.doi.org/10.1212/WNL.0b013e3182872ded
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23479546&dopt=Abstract
https://www.kff.org/coronavirus-covid-19/poll-finding/kff-coronavirus-poll-march-2020/
https://uasdata.usc.edu/index.php
https://jmir.org/api/download?alt_name=resprot_v10i10e30901_app1.docx&filename=3ec4275adc08e1bc3a73e6e5314b0201.docx&__hstc=178719527.184a17b1b2671c530cbbc78505ac3528.1698178530925.1698178530925.1698178530925.1&__hssc=178719527.2.1698178530925&__hsfp=2673325787
https://ilumivu.com/
https://dx.doi.org/10.1177/000841749005700207
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10104738&dopt=Abstract
https://dx.doi.org/10.1016/j.jpsychores.2009.05.006
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20488277&dopt=Abstract
https://dx.doi.org/10.1177/0022022106297301
https://dx.doi.org/10.1177/1073191118799460
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30198310&dopt=Abstract
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Items derived from a prior diabetes ecological momentary assessment study [Laurenceau J. Using mobile devices to
study daily diabetes management in marital context. National Institutes of Health.   URL:
https://grantome.com/grant/NIH/R21-DK098679-02 [accessed 2021-09-21] 41]

Questions referencing the last 3 hours are asked in all surveys except the first survey of every day

Evening questions

Domains: activity performance, insulin self-management, diabetes self-management, study devices statuses,
unexpected events, perceived daily demands

Daily demand questions were adapted from the National Aeronautics and Space Administration–Task Load Index
[Hart S, Staveland L. Development of NASA-TLX (Task Load Index): Results of Empirical and Theoretical Research.
Advances in Psychology 1988:139-183 [FREE Full text] [CrossRef]42]

Questions asked in last ecological momentary assessment survey of every day

Textbox 2. Ecological momentary assessment survey questions.

Momentary Surveys

Survey questions were selected on the basis of being derived from validated global measures or having been used
successfully in previous EMA studies [Devins GM. Using the illness intrusiveness ratings scale to understand health-
related quality of life in chronic disease. J Psychosom Res 2010 Jun;68(6):591-602. [CrossRef] [Medline]29,Law M,
Baptiste S, McColl M, Opzoomer A, Polatajko H, Pollock N. The Canadian occupational performance measure: an
outcome measure for occupational therapy. Can J Occup Ther 1990 Apr;57(2):82-87. [CrossRef]
[Medline]39,Laurenceau J. Using mobile devices to study daily diabetes management in marital context. National
Institutes of Health.   URL: https://grantome.com/grant/NIH/R21-DK098679-02 [accessed 2021-09-21] 41-Merwin
RM, Dmitrieva NO, Honeycutt LK, Moskovich AA, Lane JD, Zucker NL, et al. Momentary predictors of insulin
restriction among adults with type 1 diabetes and eating disorder symptomatology. Diabetes Care 2015
Nov;38(11):2025-2032 [FREE Full text] [CrossRef] [Medline]45]. Participants answer approximately 30 survey items
in the first 5 surveys of the day and 50 items in the evening survey (depending on branching logic).

Ambulatory Cognitive Assessments

Cognitive performance is assessed with 2 tests taken 6 times daily on the study phone. A “Go/No-Go” task assesses
inhibitory control [Fortenbaugh FC, DeGutis J, Germine L, Wilmer JB, Grosso M, Russo K, et al. Sustained Attention
Across the Life Span in a Sample of 10,000: Dissociating Ability and Strategy. Psychol Sci 2015 Sep;26(9):1497-1510
[FREE Full text] [CrossRef] [Medline]46] and consists of 75 trials that take approximately 1 minute. Participants are
presented a series of images that are either mountains or cities. They are asked to press a button when they see an
image of a city but refrain from pressing the button if images of mountains are presented. A “Symbol Search” task
assesses visual-spatial attention and processing speed [Sliwinski MJ, Mogle JA, Hyun J, Munoz E, Smyth JM, Lipton
RB. Reliability and validity of ambulatory cognitive assessments. Assessment 2018 Jan;25(1):14-30 [FREE Full text]
[CrossRef] [Medline]47] and consists of 20 trials that take approximately 45 seconds. Participants are presented with
2 cards at the top of the screen and 2 at the bottom. They are asked to choose a card from the bottom of the screen
that matches one of the cards from the top. Cognitive tests administered through phones have been found to be valid
as evidenced by demonstrating expected associations with measures of cognitive testing delivered through in-lab
assessments [Sliwinski MJ, Mogle JA, Hyun J, Munoz E, Smyth JM, Lipton RB. Reliability and validity of ambulatory
cognitive assessments. Assessment 2018 Jan;25(1):14-30 [FREE Full text] [CrossRef] [Medline]47]. Retest gains
(training effects) are common when cognitive tests are repeated multiple times. Participants in this study undergo
careful training of the study procedures and complete the cognitive tests for the first time as part of the training
session, and these scores do not enter the analyses. Even though our test stimuli are unchanged across
assessments, this may mitigate retest effects to some extent. To evaluate the robustness of results to potential retest
gains, we will conduct sensitivity analyses in which the first few cognitive scores are removed from the analyses, and
we will examine detrended cognitive scores where individual trends in test scores due to retest effects (eg,
exponential decay of response times) are statistically removed from the data.

Study Devices

One of our primary study devices is Abbott’s Freestyle Libre Pro Flash Glucose Monitoring System CGM. To ensure
consistency, all participants wear this CGM, regardless of whether they also wear a personal CGM. After initial
placement on the back of the upper portion of the participants’ arms, it automatically records glucose levels from
interstitial fluid (which is converted via an algorithm to estimate the blood glucose levels) at 15-minute intervals
continuously for 2 weeks. CGM data are processed by Abbott using the Freestyle Libre2 Flash Glucose Monitoring

https://grantome.com/grant/NIH/R21-DK098679-02
https://linkinghub.elsevier.com/retrieve/pii/S0166411508623869
https://dx.doi.org/10.1016/S0166-4115(08)62386-9
https://dx.doi.org/10.1016/j.jpsychores.2009.05.006
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20488277&dopt=Abstract
https://dx.doi.org/10.1177/000841749005700207
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10104738&dopt=Abstract
https://grantome.com/grant/NIH/R21-DK098679-02
http://europepmc.org/abstract/MED/26384389
https://dx.doi.org/10.2337/dc15-0753
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26384389&dopt=Abstract
http://europepmc.org/abstract/MED/26253551
https://dx.doi.org/10.1177/0956797615594896
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26253551&dopt=Abstract
http://europepmc.org/abstract/MED/27084835
https://dx.doi.org/10.1177/1073191116643164
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27084835&dopt=Abstract
http://europepmc.org/abstract/MED/27084835
https://dx.doi.org/10.1177/1073191116643164
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27084835&dopt=Abstract
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System algorithm that meets integrated CGM performance requirements because this algorithm is not yet integrated
in the Libre Pro CGM.

The Actigraph wGT3X_BT wrist accelerometer was another core study device. It provides continuous data that can
be used to infer time spent in sedentary, light, moderate, vigorous physical activity, and sleep each day [Santos-
Lozano A, Santín-Medeiros F, Cardon G, Torres-Luque G, Bailón R, Bergmeir C, et al. Actigraph GT3X: validation
and determination of physical activity intensity cut points. Int J Sports Med 2013 Nov;34(11):975-982. [CrossRef]
[Medline]48]. To better account for possible errors in sleep measurement with the Actigraph alone, sleep/wake times
are calculated using both Actigraph data and self-reports of sleep/wake times through a weighted average approach
as recommended in prior research [Thurman SM, Wasylyshyn N, Roy H, Lieberman G, Garcia JO, Asturias A, et al.
Individual differences in compliance and agreement for sleep logs and wrist actigraphy: A longitudinal study of
naturalistic sleep in healthy adults. PLoS One 2018;13(1):e0191883 [FREE Full text] [CrossRef] [Medline]49].

Finally, the study phones used were Xiaomi Mi A1 models with Android operating systems. They were chosen
because they were relatively inexpensive, had sufficient processing power and screen size to run the cognitive tests,
and because the Android operating system was preferred by EMA and cognitive testing programmers. Participants
were given study phones rather than using their own devices primarily to ensure the comparability of cognitive testing
results. If participants used their own devices, there was a possibility that factors such as differences in the phone
processing speed or screen size could affect the cognitive testing scores.

Analytic Plan

Standard statistical diagnosis and descriptive statistics will be used to evaluate the reasonableness, sparseness, and
potential nonnormality of the data. Psychometric properties of EMA multi-item scales (eg, mood) will be investigated,
including multilevel factor analysis, to confirm the dimensionality of self-report measures, cross-level invariance, and
adequate internal consistency of scale scores in between-person and within-person levels [Geldhof GJ, Preacher KJ,
Zyphur MJ. Reliability estimation in a multilevel confirmatory factor analysis framework. Psychol Methods 2014
Mar;19(1):72-91. [CrossRef] [Medline]50,Schneider S, Stone AA. Ambulatory and diary methods can facilitate the
measurement of patient-reported outcomes. Qual Life Res 2016 Mar;25(3):497-506 [FREE Full text] [CrossRef]
[Medline]51]. Univariate analyses of temporal patterns will be used for some variables to examine diurnal rhythms
and systematic trends over time. We will check for outliers and investigate their potential causes, including technical
glitches (eg, surveys being delivered at unanticipated times due to time zone changes) and satisficing (putting
minimal effort into survey or responding to finish quickly).

Data analysis will be conducted using Dynamic Structural Equation Modeling (DSEM). This method combines
multilevel modeling and time-series analysis into a unified framework, allowing for the analysis of multivariate time
series obtained from multiple individuals simultaneously [Asparouhov T, Hamaker EL, Muthén B. Dynamic Structural
Equation Models. Structural Equation Modeling: A Multidisciplinary Journal 2017 Dec 27;25(3):359-388.
[CrossRef]52-Schultzberg M, Muthén B. Number of subjects and time points needed for multilevel time-series
analysis: a simulation study of dynamic structural equation modeling. Structural Equation Modeling: A
Multidisciplinary Journal 2017 Dec 04;25(4):495-515. [CrossRef]55]. Multilevel modeling is a form of linear regression
that accounts for nested data (multiple observations nested in individuals) [Bell BA, Ene M, Smiley W, Schoeneberger
JA. 433-2013: A Multilevel Model Primer Using SAS® PROC MIXED. 2013 Presented at: SAS Global Forum; 2013;
San Francisco, CA.56]. Rather than analyzing a time series model separately for each individual, DSEM enables us
to examine the magnitude and directionality of dynamic relationships between blood glucose and other measures
within individuals, while simultaneously allowing for the analysis of quantitative differences in these relationships
across individuals in the same model. Larger sample sizes (N=200 in this study) can compensate for shorter time
series [Schultzberg M, Muthén B. Number of subjects and time points needed for multilevel time-series analysis: a
simulation study of dynamic structural equation modeling. Structural Equation Modeling: A Multidisciplinary Journal
2017 Dec 04;25(4):495-515. [CrossRef]55].

Aim 1 focuses on assessing the within-person relationships between blood glucose measures, function, and
emotional well-being. Analyses for this aim will begin by checking for between-person and within-person correlations
between blood glucose and functioning/emotional well-being variables to gauge the relative magnitude of within-
person versus between-person correlations. Lagged temporal relationships between blood glucose and other
momentary variables will be examined with DSEM. For instance, DSEM would allow us to elucidate if negative affect
precedes hyperglycemia, hyperglycemia precedes negative affect, or if their relationship is bidirectional within or
across days.

In aim 2, possible moderators (eg, sex, race/ethnicity, CGM use) of the observed within-person relationships among
blood glucose measures, function, and emotional well-being are assessed. For example, we will investigate whether
personal CGM use moderates relationships between blood glucose measures and well-being. Because CGM users
likely have much greater awareness of their blood glucose levels, we anticipate that their cognitive evaluation of
blood glucose may impact their mood, in addition to any physiological pathways between blood glucose measures
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and mood. As another example, we will examine whether prolonged nocturnal hypoglycemia moderates relationships
between blood glucose levels and momentary cognitive functioning. To test potential moderators, cross-level (person-
by-situation) interactions will be examined using traditional multilevel modeling and (for more complex models
involving moderators of effects in multivariate analyses) DSEM.

For aim 3, we investigate how individual differences in momentary (within-person) associations between blood
glucose levels and functioning/well-being relate to global measures of functioning, well-being, and quality of life. For
example, patients whose momentary cognitive functioning is more strongly affected by their momentary blood
glucose levels may show worse functioning levels overall than patients whose cognitive functioning remains relatively
unaffected by fluctuations in their blood glucose levels. If significant effects are found in these analyses, we will also
explore the possibility that individual differences in the dynamic relationships between blood glucose and other
momentary measures mediate the relationships between demographic/clinical characteristics and global measures of
functioning and well-being. A hypothetical example would be that men and women differ in how momentary blood
glucose affects their momentary mood and that this in turn explains gender differences in the overall mental well-
being. DSEM methods will again be used here, where global functioning measures will serve as dependent variables,
and random effects (ie, latent individual differences) of the short-term (within-person) dynamics will serve as
independent variables or as intermediate variables (in potential mediator models) [Hamaker EL, Asparouhov T, Brose
A, Schmiedek F, Muthén B. At the Frontiers of modeling intensive longitudinal data: dynamic structural equation
models for the affective measurements from the COGITO Study. Multivariate Behav Res 2018;53(6):820-841.
[CrossRef] [Medline]53].

Prior to collecting and analyzing the full data set, we are investigating simpler subquestions of our overarching aims
to help determine how to best model the data. One “simple” question, for instance, is how high blood glucose levels
affect functioning at the within-person level (aim 1). This seemingly innocuous question brings with it a host of other
queries: What parameters of a high blood glucose level need to be considered (eg, time with high blood glucose
levels, time since high blood glucose levels were detected, magnitude of high blood glucose levels)? and What
variables best capture functioning: self-report or objective cognitive measures? Another subquestion is how nighttime
blood glucose affects functioning the next day, which requires consideration of How should night-time blood glucose
be summarized (eg, average blood glucose levels, time in range, coefficient of variation, etc?) and How can we
delineate the time sleeping given our available data? As we tackle these subquestions, we will gradually increase our
understanding of the data and the best fitting models to be better prepared to conduct more robust analyses when the
full data set is collected. This process is necessary, given the novelty of analyzing within-person momentary
relationships among blood glucose levels, functioning, and emotion.

Sample Size and Power Considerations

We designed the study to have at least 80% power for the detection of the anticipated effect sizes of .10 (3% of the
variance) to .25 (6% of the variance), corresponding with small to medium effects. Power calculations were
conducted using Monte Carlo simulations, assuming a ratio of random intercept to within-person residual variance of
1.5/1, a ratio of random intercept to random slope variance of 5/1, a first-order autocorrelation of 0.4, and 80%
compliance with EMA (based on our prior research). A sample size of 200 patients observed 6 times/day over 14
days will provide 80% power (α=.01, adjusted for multiple comparisons) to detect an effect size of .10 for lagged
within-person relationships (aim 1), an effect size of .18 for cross-level interactions (moderators of within-person
relationships, aim 2), and an effect size of .23 for random effects of within-person relationships as predictors of
between-person outcomes (aim 3).

 

Results

Since initiating data collection in June 2020, our goal has been to recruit approximately 11 participants per month to
attain our targeted sample size of 200 participants within 18 months. Following 12 months of recruitment, 124
participants have successfully enrolled in the FEEL-T1D study (excluding 4 patients who did not complete baseline

assessment), and we project to complete enrollment by November 2021 ( Table 3). Overall, remote
study implementation has been a success. Weekly meetings are held to discuss study implementation issues that
arise, and team members who are experts on various aspects of data collection are consulted as needed. The details

of the study implementation to date are given in Table 3.

Table 3. Study implementation statistics (as of May 31, 2021).
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Statistics All sites, n (%) Westside Center for
Diabetes, n (%)

Los Angeles Roybal
Clinic, n (%)

Einstein College of
Medicine/Montefiore Medical Cen
(%)

Statistics All sites, n (%) Westside Center for
Diabetes, n (%)

Los Angeles Roybal
Clinic, n (%)

Einstein College of
Medicine/Montefiore Medical Cen
(%)

Participants enrolled 124 (100.0) 37 (29.8) 36 (29.0) 51 (41.1)

Participants withdrew 5 (4.0) 3 (8.1) 2 (5.5) 0 (0.0)

Participants in progress 19 (15.3) 5 (13.5) 9 (25.0) 5 (9.8)

Participants completed 100 (80.6) 29 (78.4) 25 (69.4) 46 (90.2)

Data quality: number of days with concurrent ecological momentary assessment, continuous glucose monitor, and accelero
data
 10 days or more 82 (82.0) 23 (79) 20 (80) 39 (85)

 1-9 days 11 (11.0) 1 (3) 5 (20) 5 (11)

 0 days 7 (7.0) 5 (17) 0 (0) 2 (4)

Overall, adherence and data quality have been very good thus far ( Table 4). The EMA survey
compliance rate has been consistently high (7082/8087, 87.6% of all prompts) as has completion of ambulatory
cognitive assessments (6795/8087, 84.0% compliance). Of the 100 participants who completed the study at the time
of this report, 82 participants provided concurrent CGM, EMA, and accelerometer data for at least 10 of the 14 days
of data collection. Of those who did not provide complete data, problems included incomplete (<7 days) or missing
CGM data (n=6 and n=5, respectively) and incomplete (<7 days) or missing accelerometer data (n=8 and n=6,
respectively), with some participants having missing data from both devices. Five participants who enrolled did not
complete the study: reasons included personal/family emergency (n=1), feeling that the study was too burdensome
(n=2), and acute health conditions (n=2).

Table 4. Data of survey completion.

Survey completion data Overall (N=8087) Morning (n=1400) Midday (n=5287) Evening (n=1

Surveys completed, n (%) 7082 (87.6) 1232 (88.0) 4629 (87.6) 1221 (87.2)

Duration (min) (excluding cognitive tests), mean
(SD)

2.9 (3.1) 3 (2.8) 2.4 (3.1) 4.5 (2.8)

 

Discussion

FEEL-T1D is, to our knowledge, the first study to examine dynamic reciprocal relationships between blood glucose
levels, objective cognitive and physical function, and subjective function and well-being among adults with T1D. It is
one of only 3 studies, to our knowledge, using EMA methodology to investigate associations between CGM-derived
blood glucose metrics and other momentary variables among individuals with diabetes, with the other 2 being the
international HypoRESOLVE (Hypoglycemia Refining Solutions for Better Lives) project [de Galan BE, McCrimmon
RJ, Ibberson M, Heller SR, Choudhary P, Pouwer F, Hypo-RESOLVE Consortium. Reducing the burden of
hypoglycaemia in people with diabetes through increased understanding: design of the Hypoglycaemia REdefining
SOLutions for better liVEs (Hypo-RESOLVE) project. Diabet Med 2020 Jun;37(6):1066-1073 [FREE Full text]
[CrossRef] [Medline]57] and the DIA-LINK study in Germany [Ehrmann D, Priesterroth L, Schmitt A, Kulzer B,
Hermanns N. Associations of time in range and other continuous glucose monitoring-derived metrics with well-being
and patient-reported outcomes: overview and trends. Diabetes Spectr 2021 May;34(2):149-155. [CrossRef]
[Medline]58]. This study is innovative in its use of CGM, EMA, mobile cognitive testing, and accelerometry, analyzed
with sophisticated statistical methods, to achieve its aims. Knowledge generated from this study will provide
actionable insights for researchers, clinicians, and people living with diabetes by facilitating tailoring of diabetes
treatments to maximize function and well-being in addition to physical health and by informing the development of
interventions that address the dynamic relationships between these constructs. Furthermore, to increase the
generalizability of our results, we are recruiting a diverse sample with respect to race, ethnicity, socioeconomic status,
and diabetes treatment approaches. We attribute our success in the study’s implementation, to date, to a carefully
crafted set of procedures for remote data collection to promote participant adherence to the study protocol, abide by
social distancing requirements necessitated by COVID-19, and maintain the quality of data collected.

Fully remote implementation comes with several benefits. Foremost among them is that, owing to restrictions on in-
person contact and our ethical obligation to protect study participants from harm, conducting the study during the
COVID-19 era would not have been possible without remote implementation. When California and New York issued
stay-at-home orders in March 2020, with an uncertain future ahead, our choices were to adapt our study procedures
or to wait indefinitely until in-person data collection was feasible again. Additionally, remote data collection has also
allowed us to enroll participants living far away from study sites. Thus, the creation of a remote protocol has

http://europepmc.org/abstract/MED/31970814
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increased recruitment opportunities and potentially diversified our study population. Remote data collection has also
freed us from logistical challenges related to in-person data collection, such as ensuring that participants have access
to parking and transportation when visiting study sites. Relatedly, scheduling study appointments has been much
easier because participants can complete them at home instead of having to factor in transportation costs and time.
Finally, remote data collection has given us the option to more neatly enact division of labor, thereby enabling team
members to specialize and perform study procedures more efficiently. Some team members specialize in recruitment
and participant contacts, while others focus on preparing and shipping data collection kits or processing data. In our
previously planned in-person arrangement, each research coordinator was responsible for a wide range of tasks,
including walking participants through data collection, setting up devices to be loaned to participants, and
downloading data from devices when returned. Because of the logistical complexity of the various tasks, allowing
team members to specialize has been more efficient.

Despite its benefits, the transition to remote data collection has also had some drawbacks. We were unable to use
some of the measures we had initially planned on administering, such as the NIH toolbox and point-of-care HbA1c,

and therefore cannot compare our mobile cognitive testing and continuous blood glucose data to their more
traditional counterparts. Another drawback has been the additional requirement for our research coordinators and
study participants to be adept in using videoconferencing software. Because our less technologically savvy
participants are disproportionately older or live in areas with poor internet connectivity, the generalizability of our
study results among these populations may be limited. In addition, inherent in fully remote study procedures has been
a greater frequency of technical and mailing issues. Unexpected software updates have caused videoconferencing
not to work, and internet connection issues have led to the postponement of scheduled video calls. Unforeseen
mailing delays have led to delays in study appointments, and misplaced packages require extra effort to track down.
Finally, shipping and processing our data collection equipment is costly and has required significant personnel time.

Assuming that the effects of COVID-19 will continue over the duration of our data collection, we will not have a way to
compare COVID-19 and non-COVID-19 pandemic participants. With data gathered from the FEEL-T1D COVID-19
questionnaire that addresses life changes as a result of the pandemic, we may be able to provide descriptive data
characterizing our sample and thereby allowing basic comparison to “normal” participants. Questions asked include
“Compared to before the coronavirus outbreak, how would you now describe your current overall level of stress or
worry?” and “Have you experienced any of the following major life changes related to the coronavirus outbreak?” (eg,
laid off or furloughed, having children at home who usually attend school, camp, or daycare, and major change in the
health of a family member).

In summary, the FEEL-T1D study aims to fill gaps in the knowledge about the relationships between short-term blood
glucose levels and both momentary functioning and well-being. Our efforts to launch the study were delayed by the
COVID-19 pandemic, but we were able to reconfigure our data collection protocol to be fully remote. With our
reconfigured procedures, we have successfully recruited participants and have high completion rates over 2 weeks of
nontrivial data collection, in spite of the challenges of conducting research with social distancing requirements in
effect. We anticipate that the data provided by the FEEL-T1D study will answer questions of importance to the T1D
community regarding optimal glycemic patterns for mood changes and functional ability and facilitate individualized
tailoring of treatments to maximize the well-being and quality of life of persons with T1D.
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