JDC-07219; No of Pages 7

Journal of Diabetes and Its Complications xxx (2018) XXX-XXX

Contents lists available at ScienceDirect

DIABETES
AND ITS
COMPLICATIONS

Journal of Diabetes and Its Complications

journal homepage: www.jdcjournal.com

Lower objectively measured physical activity is linked with perceived
risk of hypoglycemia in type 1 diabetes

Amena Keshawarz *”* Andrew R. Piropato €, Talia L. Brown *®, Lindsey M. Duca ®, Rachel M. Sippl ?,
R. Paul Wadwa ¢, Janet K. Snell-Bergeon *P
@ Barbara Davis Center for Childhood Diabetes, University of Colorado, Anschutz Medical Campus, Aurora, CO, United States

b Colorado School of Public Health, Anschutz Medical Campus, Aurora, CO, United States
¢ Indiana University School of Medicine, Indianapolis, IN, United States

ARTICLE INFO ABSTRACT
Article history: Aims: Compare physical activity (PA) levels in adults with and without type 1 diabetes and identify diabetes-
Received 9 January 2018 specific barriers to PA.

Received in revised form 25 May 2018
Accepted 26 May 2018
Available online xxxx

Methods: Forty-four individuals with type 1 diabetes and 77 non-diabetic controls in the Coronary Artery Calci-
fication in Type 1 Diabetes study wore an accelerometer for 2 weeks. Moderate-to-vigorous physical activity
(MVPA) was compared by diabetes status using multiple linear regression. The Barriers to Physical Activity in
Type 1 Diabetes questionnaire measured diabetes-specific barriers to PA, and the Clarke hypoglycemia aware-

Keywords: . . .
Type 1 diabetes ness questionnaire measured hypoglycemia frequency.
Physical activity Results: Individuals with type 1 diabetes engaged in less MVPA, fewer bouts of MVPA, and spent less time in

MVPA bouts per week than individuals without diabetes (all p < 0.05), despite no difference in self-reported
PA (p > 0.05). The most common diabetes-specific barrier to PA was risk of hypoglycemia. Individuals with dia-
betes reporting barriers spent less time in MVPA bouts per week than those not reporting barriers (p = 0.047).
Conclusions: Individuals with type 1 diabetes engage in less MVPA than those without diabetes despite similar
self-reported levels, with the main barrier being perceived risk of hypoglycemia. Adults with type 1 diabetes re-
quire guidance to meet current PA guidelines and reduce cardiovascular risk.
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1. Introduction

Cardiovascular disease (CVD) is the leading cause of death in individ-
uals with type 1 diabetes, is a common complication of type 1 diabetes,
and presents at significantly higher rates and earlier in life in individuals
with type 1 diabetes than in individuals without diabetes.’* In people
under 40 years of age, the CVD mortality rate is 9 times higher in men
and 40 times higher in women with type 1 diabetes as compared to men
and women without diabetes,® and CVD prevalence continues to rise.*
Glycemic dysregulation is associated with increases in CVD risk and weight
gain, both of which have become more prevalent in individuals with type 1
diabetes along with obesity®>~; thus, glycemic and weight control are im-
portant to prevent future cardiovascular and microvascular complications
and to improve overall health in individuals with type 1 diabetes.'®

The American Heart Association and the American Diabetes Associa-
tion both recommend physical activity (PA) for optimizing blood glu-
cose control in individuals with type 1 diabetes.>!° PA is known to
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reduce risk of CVD and to aid in the management of diabetes
complications,® and higher levels of PA are associated with better glyce-
mic control, lower levels of obesity, and a decrease in cardiovascular risk
factors in individuals with type 1 diabetes.'!:1?

Previous studies have identified barriers to PA that are specific to diabe-
tes and prevent individuals with diabetes from engaging in consistent PA, ">
suggesting that PA may be lower in this population due to unique barriers.
Additionally, studies have shown that self-reported PA levels often differ
from objective measures of PA.**~'¢ The primary aim of this study was to
compare planned leisure-time PA levels in adults with and without type 1
diabetes using objective data measured by an accelerometer. In addition,
we examined diabetes-specific barriers to PA and explored how barriers
and hypoglycemic episodes impacted PA in people with type 1 diabetes.

2. Materials and methods
2.1. Study population
We collected data on PA from 121 adults between the ages of 35 and

76 who initially enrolled in the Coronary Artery Calcification in Type 1
Diabetes (CACTI) study between March 2000 and May 2002.
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Participants were followed for 15 years and provided data at follow-up
study visits occurring between May 2014 and June 2016. A total of 44
adults with type 1 diabetes and 77 adults without diabetes agreed to
wear an accelerometer to collect PA data for a period of two weeks at
the follow-up visit and were included in these analyses. All participants
provided informed consent at baseline and follow-up visits, and all pro-
tocols were reviewed and approved by the Colorado Multiple Institute
Review Board.

2.2. Physical activity

Study participants wore an Actigraph wGT3X-BT triaxial accelerom-
eter on the hip for the two-week period (mean wear time 14.4 +
3.6 days). The accelerometer was worn at all times except during
water activities. Activity counts, calculated as a function of the fre-
quency and intensity of acceleration on the X, Y, and Z axes,'” were col-
lected at 1-min intervals. Participants additionally logged their PA for
the full two-week period and completed a validated questionnaire!®
capturing self-reported sports and leisure PA. Participants reported ap-
proximate weekly and yearly occupational and leisure periods of PA,
and we calculated level of activity based on energy expenditure algo-
rithms specific to each activity.'®

Wear time validation was conducted in ActiLife version 6.13 to re-
move periods of non-wear from further analysis. The algorithm pro-
posed by Choi et al. was chosen to identify periods of wear and non-
wear time.2® Only participants wearing the accelerometer for a total of
at least 4 days, with at least 1 weekend day, were included in the anal-
ysis to ensure representative data were captured.

Activity levels were defined using Freedson adult definitions for sed-
entary, light, moderate, vigorous, and very vigorous activity based on
the activity counts per minute.?! Sedentary activity was defined as 0-
99 counts per minute; light activity as 100-1951 counts per minute;
moderate activity as 1952-5724 counts per minute; vigorous activity
as 5725-9498; and very vigorous activity as >9499 counts per minute.
Individuals were considered to be in extended bouts of moderate-to-
vigorous PA (MVPA) if they engaged in moderate, vigorous, or very vig-
orous activity for at least 10 min with a maximum cumulative of 2 min
of rest or inactivity that fell below the MVPA threshold. The bout defini-
tions are intended to capture periods of planned activity and are the de-
fault in the ActiLife software. They are based on current guidelines and
research regarding pauses in PA bouts.?!-?? Bouts of MVPA are compara-
ble to the periods of planned PA described by the questionnaire used to
capture self-reported PA. Non-bout periods of MVPA would include ac-
tivity meeting the threshold for at least moderate activity but lasting
fewer than 10 min, such as a brisk walk to catch a bus.

The MVPA outcomes assessed in the primary and secondary explor-
atory analyses were average weekly time spent in MVPA, including non-
bout periods of MVPA; average weekly time spent in bouts of MVPA;
and weekly number of MVPA bouts.

2.3. Barriers to physical activity

We administered the validated Barriers to Physical Activity in Type 1
Diabetes (BAPAD1) questionnaire'? to all study participants: partici-
pants without diabetes completed a modified version of the BAPAD1
with diabetes-specific barriers removed. The questionnaire consists
of 8 universal barriers to PA relevant to all study participants and
4 diabetes-specific barriers (Table 1). Participants were asked
how likely each potential barrier is to prevent them from participating
in PA using a Likert scale of 1 (extremely unlikely) to 7 (extremely
likely). We defined individuals as having barriers if they assigned any
potential barrier a score of 4 or greater. Scores <4 were not considered
barriers as these were unlikely to prevent study participants from en-
gaging in PA.

Table 1
Universal and diabetes-specific barriers measured by the BAPAD1.

Universal barriers Diabetes-specific barriers

Loss of control over diabetes
Risk of hypoglycemia

Fact that you have diabetes
Risk of hyperglycemia

Fear of being tired

Fear of hurting self

Fear of suffering a heart attack

Low fitness level

Actual physical health status (excluding diabetes)
Weather conditions

Location of a gym

Work schedule

24. Hypoglycemia frequency

All study participants with type 1 diabetes completed the Clarke hy-
poglycemia awareness questionnaire®? to assess their history of hypo-
glycemia. Participants self-reported past hypoglycemic episodes and
the frequency of moderate hypoglycemic episodes in the prior six
months. Moderate hypoglycemic episodes are those where the partici-
pant felt confused, disoriented, or lethargic and was unable to treat
their hypoglycemia. We designated study participants as experiencing
infrequent moderate hypoglycemia if they reported fewer than 2 occur-
rences in the previous 6 months, and frequent moderate hypoglycemia
if they reported 2 or more occurrences in the previous 6 months.

2.5. Statistical analysis

All data analyses were conducted using SAS 9.4 (SAS Institute Inc.,
Cary, NC). Study participants' demographics, clinical and PA information
were compared by diabetes status. Mean values and standard devia-
tions of continuous characteristics were obtained and compared by dia-
betes status using two-sided t-tests. Proportions of categorical variables
were obtained and compared by diabetes status using chi-squared tests
for independence.

The three PA outcomes (average time in MVPA per week, average
time in MVPA bouts per week, number of MVPA bouts per week)
were compared between individuals with and without diabetes. We
used multiple linear regression to model the mean outcomes for each
exposure of interest. Because PA levels have been shown to differ be-
tween men and women, particularly among those with type 2
diabetes,>*?> we tested the interaction between sex and the exposure
of interest in all models. The final regression models were adjusted for
age, sex, and accelerometer wear-time. If the interaction p-value be-
tween sex and the exposure variable was <0.10, this term was included
in the model for the purpose of hypothesis generating regarding sex dif-
ferences. For all other analyses, a relationship was considered significant
at a p-value of 0.05.

3. Results
3.1. Physical activity

Characteristics of study population by diabetes status were com-
pared (Table 2). Participants with type 1 diabetes were younger on av-
erage and had a more favorable lipid profile than participants without
diabetes, as previously described.?® There was no difference between
the two groups in sex, BMI, or systolic blood pressure. Self-reported
PA did not differ between groups: the number of participants reporting
universal barriers to PA, the total scores on these universal barriers, and
the time spent in planned MVPA per week did not differ by diabetes sta-
tus. Based on accelerometer-measured objective PA data, individuals
with type 1 diabetes spent significantly less time in MVPA bouts
per week.

We compared differences in least-square means for the three MVPA
outcomes in both participants with and without diabetes (Table 3).
After adjustment for age, sex, and accelerometer wear-time, individuals
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