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ABSTRACT

Introduction Youth living with type 2 diabetes display
increased risk of cardiovascular disease (CVD). It is unclear
if regular physical activity (PA) modifies this risk.

Research design and methods We compared CVD risk
factors in a cross-sectional study of 164 youth with type 2
diabetes stratified according to weekly vigorous-intensity
PA. Outcomes were hemoglobin A1c (HbA1c), ambulatory
blood pressure (BP; ambulatory 24-hour readings),

plasma lipoproteins, and albuminuria. The main exposure,
vigorous-intensity PA, was quantified with the Adolescent
Physical Activity Recall Questionnaire.

Results Youth were 15+3 years, and 78% lived rurally
and 68% were female, with a mean body mass index (BMI)
Z-score of 2.4+1.1 and a mean HbA1c of 9.6% +2.6%.
Youth who participated in regular vigorous-intensity

PA (40%; n=67) achieved nearly twice the dose of PA

than peers who did not (62 vs 34 metabolic equivalent
score-hour/week, p=0.001). After adjusting for duration

of diabetes, BMI Z-score, sex, and smoking, youth who
engaged in vigorous-intensity PA displayed lower HbA1c
(9.1% vs 9.9%, p=0.052), diastolic BP (70 mm Hg vs 73
mm Hg, p=0.002), diastolic load (20% vs 26%, p=0.023),
and mean arterial pressure (87.3 mm Hg vs 90.3 mm Hg,
p<0.01), compared with youth who did not. Compared with
youth who did not participate in regular vigorous-intensity
PA, those who did also displayed lower odds of albuminuria
after adjusting for duration of diabetes, sex, smoking, rural
residence, and BMI Z-score (adjusted OR: 0.40, 95% Cl
0.1910 0.84).

Conclusions Among youth with type 2 diabetes,
participation in vigorous-intensity PA is associated with
lower CVD risk.

INTRODUCTION

Management of cardiometabolic risk among
adolescents with type 2 diabetes is a significant
clinical challenge. Therapeutic trials of behav-
ioral lifestyle modification are limited,'™ but
suggest that health behavior change is not
efficacious for long-term cardiometabolic
risk management in many adolescents with
type 2 diabetes. Within these trials, however,
some adolescents achieve and sustain favor-
able cardiometabolic risk profiles, while
others do not.*® The factors that contribute

Significance of this study

What is already known about this subject?

» Regular physical activity, particularly vigorous-
intensity physical activity, is associated with lower
cardiometabolic risk profile in adolescents.

» It remains unclear if regular physical activity, partic-
ularly vigorous-intensity physical activity, is associ-
ated with favorable cardiometabolic health profiles
among adolescents living with type 2 diabetes.

What are the new findings?

» Greater participation in vigorous-intensity physical
activity is associated with better cardiometabolic
health, particularly lower ambulatory blood pressure
and reduced odds of albuminuria, in adolescents liv-
ing with type 2 diabetes.

How might these results change the focus of

research or clinical practice?

» These results support clinical practice guidelines
for promoting regular physical activity, particularly
vigorous intensity, to manage cardiometabolic risk
factors in adolescents living with type 2 diabetes.

to a favorable cardiometabolic health profile
among adolescents with type 2 diabetes
remain poorly understood.

Physical activity is a cornerstone in the
management of type 2 diabetes.” Current
clinical practice guidelines recommend
regular daily physical activity for adoles-
cents living with type 2 diabetes.”” Despite
these recommendations, our group' and
others'' ¥ demonstrated that adolescents
with type 2 diabetes achieve less daily phys-
ical activity than their peers without type 2
diabetes. Adolescents without diabetes who
engage in regular daily physical activity,"”
particularly  vigorous-intensity ~ physical
activity,'* ' display better cardiometabolic
profiles compared with adolescents who do
not. Two previous cross-sectional studies
revealed that adolescents who engage in
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physical activity more than 2 days per week display better
glycemic control and some cardiometabolic parame-
ters.'® ' However these studies did not account for the
intensity of physical activity, include ambulatory blood
pressure measurements nor did they assess renal func-
tion. Therefore, it remains unclear if regular physical
activity, particularly vigorous-intensity physical activity,
is associated with better cardiometabolic risk profiles
among adolescents living with type 2 diabetes.

The current study was designed to determine the asso-
ciation between physical activity and cardiometabolic
health outcomes in adolescents with type 2 diabetes.
Using a cross-sectional design embedded within a large
cohort study, we tested the hypothesis that adolescents
who participate in regular vigorous-intensity physical
activity will display a better cardiometabolic health
profile, compared with those who do not participate in
regular vigorous-intensity physical activity.

DESIGN AND METHODS

Study design, setting, and participants

To test the study hypothesis, we stratified adolescents with
type 2 diabetes who are participating in the improving
renal Complications in Adolescents with type 2 diabetes
through REsearch (iCARE) cohort study' according
to their participation in regular vigorous-intensity phys-
ical activity (Clinical Trials Registry: NCT02818192). We
followed the Strengthening the Reporting of Observa-
tional Studies in Epidemiology guidelines to report the
results of these analyses.'” Adolescents aged 10-18 years
with a diagnosis of type 2 diabetes (according to Diabetes
Canada Clinical Practice Guidelines® and absence of
diabetes-related autoantibodies)® were recruited into
the iCARE cohort study during a routine clinical visit
to the pediatric diabetes clinic at Winnipeg Children’s
Hospital. The iCARE cohort is a prospective observa-
tional study of the biopsychosocial factors associated
with albuminuria in youth with type 2 diabetes diagnosed
before 18 years of age.'® Recruitment for this substudy
began in November 2011 and ended in July 2016. Recruit-
ment for the larger cohort is ongoing, with a current
sample size of 355 youth with type 2 diabetes. Exclusion
criteria for the cohort study are (1) diabetes secondary
to medication use or surgery, (2) cancer, (3) evidence of

alcohol or drug abuse, (4) patient or caregiver unable or
unwilling to provide voluntary informed assent/consent,
and (5) current pregnancy. For this particular analysis,
participants who did not complete the required physical
activity questionnaire due to a protocol change in 2016
were not included. Every parent or guardian gave written
informed consent before enrollment, and every youth
gave written informed consent in accordance with the
Declaration of Helsinki (HREB #HS13255). The study
design is also guided by the iCARE participant and family
advisory group in accordance with the current guide-
lines for participatory action research with Indigenous
populations.”'

Exposure of interest

The main exposure of interest was regular participation in
vigorous-intensity physical activity. Physical activity was deter-
mined with a validated 12-month physical activity recall
instrument (Adolescent Physical Activity Recall Question-
naire).” This instrument categorizes physical activity into
questions regarding organized and non-organized activities
during the winter and summer months. Adolescents report
activities, which are assigned metabolic equivalent (MET)
score using the Compendium of Physical Activities.” The
metabolic equivalent for each activity was then multiplied
by the weekly frequency and duration of participation to
determine total MET-hour/week. Activities were strati-
fied into light (<3 METs), moderate (3.1-5.9 METs), or
vigorous (>6 METSs) intensity in accordance with previous
guidelines.”* Organized and non-organized activities were
considered separately. Regular participation was defined
as selfreporting participation >3 times per week. Examples
of lightintensity and vigorous-intensity organized and non-
organized activities including the estimated MET values are
provided in table 1.

Outcomes of interest

The main outcome measures were hemoglobin Alc
(HbAlc), 24-hour ambulatory blood pressure, albuminuria
(first morning sample), and serum cholesterol and lipopro-
teins. HbAlc and serum cholesterol and lipoproteins were
drawn after a minimum 10-hour fast and measurements
performed by the Shared Health Manitoba Diagnostic Labo-
ratories using the Roche Cobas Integra 800 CTS and Cobas
c513. An HbAlc >9.0% was treated as a binary outcome

Table 1 Examples of activities reported by adolescents with type 2 diabetes and the associated MET
Number Average MET min/ Average min/week/

Organized activity MET reporting week/person person % participation
Gym class 6.0 73 1294 216 45

Volleyball 5.2 41 1327 255 25

Ice hockey 8.0 43 637 80 26

Soccer 8.4 27 1391 166 16

Basketball 7.3 50 1323 181 30

MET is metabolic equivalent, which is a measure of the metabolic cost associated with the activity: 1 MET=3.5 mL/kg/min.
Number reporting is the number of participants in the cohort that recalled participating in that form of organized physical activity.
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of poor glycemic control. Participants completed 24-hour
ambulatory blood pressure monitoring using SpaceLabs
monitors (Snoqualmie, Washington, USA). Values were
standardized to sex and height.* Daytime, night-time, and
24-hour values for systolic, diastolic and mean arterial pres-
sures were treated as continuous variables. Mean blood
pressure values 295th centile combined with daytime and
nocturnal systolic and diastolic blood pressure loads >25%
were used to classify hypertension (ie, the per cent of time
spent above the 95th centile for sex and height).* Over-
night or first morning urine was collected for evaluation of
albuminuria. Albumin to creatinine ratio was treated as a
continuous variable, and albuminuria was defined as urine
albumin to creatinine ratio greater than or equal to 2.0 mg/
mmol.*’

Confounding and demographic variables

Anthropometric measurements were performed in dupli-
cate without shoes and in light indoor clothing and aver-
aged. Body mass (weight) was measured to the nearest 0.1
kg on a calibrated digital scale and height was measured
to the nearest 0.1 cm with a stadiometer (Healthometer,
Illinois, USA). Body mass index (BMI) was calculated as
mass (in kg) divided by height squared (m?). Age-specific
and sex-specific Z-scores were calculated according to
the WHO growth charts.?’ Overweight status was defined
as BMI between the 85th and 97th centile for age and

gender, which is equivalent to a BMI Z-score of 1 to <2.
Obese status was defined as BMI 297th centile for age and
gender or a BMI Z-score of >2.*® For participants over 18
years of age during the study visit, BMI-based criteria of
25-29.9 kg/m”* and >30 kg/m” were used to classify over-
weight and obesity, respectively. Adolescents were asked
to self-report sex, smoking status, postal code to classify
rural or urban residence, and ethnicity, categorized as
white, Indigenous, or other.

Statistical analyses

Unadjusted comparisons of descriptive characteristics
and cardiometabolic health outcomes were initially evalu-
ated between adolescents with type 2 diabetes who partic-
ipated in regular vigorous-intensity activity and those who
did not, using Mann-Whitney U test, t-test, and °, where
appropriate. Significant variables from the univariate anal-
yses and/or variables a priori chosen for their association
with cardiometabolic health outcomes were included in a
multivariate regression with adjustment for sex, duration
of diabetes, rural/urban status, BMI Z-score, and smoking.
The secondary analyses were multivariate logistic regres-
sions comparing the odds of hypertension and albumin-
uria between groups stratified by participation in regular
vigorous-intensity activity, adjusting for sex, duration of
diabetes, rural/urban status, BMI Z-score, and smoking. We
also conducted a series of sensitivity analyses that included

Table 2 Demographic variables and cardiometabolic health outcomes among adolescents with type 2 diabetes stratified

according to participation in vigorous-intensity physical activity

Variable No vigorous-intensity physical activity Vigorous-intensity physical activity P value
n 97 67

Female, n (%) 67 (69.1) 46 (68.7) 1.000
Rural, n (%) 79 (81.4) 49 (73.1) 0.284
Indigenous, n (%) 94 (96.9) 56 (83.6) 1.00
Smoking, n (%) 36 (37.1) 11 (16.4) 0.007
Mean age (years) 15.32 (2.79) 14.81 (2.08) 0.210
Median duration of diabetes (years) 2.50 (1.53-4.63) 2.53 (1.07-3.96) 0.324
Mean BMI Z-score 2.31 (1.07) 2.53 (1.09) 0.191
Mean HbA1c (%) 10.0 (2.42) 9.01 (2.74) 0.016
Mean 24-hour SBP (mm Hg) 126.0 (9.3) 122.9 (10.1) 0.05
Mean 24-hour DBP (mm Hg) 73.2 (5.5) 70.0 (6.1) <0.001
Mean 24-hour MAP (mm Hg) 90.3 (6.1) 87.3 (6.1) 0.003
Median daytime systolic load (%) 28.1 (15.4-55.3) 23.6 (9.0-48.2) 0.189
Median daytime diastolic load (%) 15.9 (6.8-25.8) 10.10 (3.7-20.8) 0.052
Mean night-time systolic load 55.7 (32.4) 43.87 (31.2) 0.030
Mean LDL (mmol/L) 2.38 (0.77) 2.36 (0.56) 0.850
Mean HDL (mmol/L) 1.18 (0.38) 1.17 (0.28) 0.841
Median triglycerides (mmol/L) 1.40 (1.00-2.70) 1.60 (1.00-2.10) 0.901
Physical activity (MET-hour/week)  34.3 (13.4-80.6) 62.4 (37.7-121.4) <0.001

Data are presented as mean (SD) for normally distributed variables and median (IQR) for non-normally distributed variables.
BMI, body mass index; DBP, diastolic blood pressure; HbA1c, hemoglobin A1c; HDL, high-density lipoprotein; LDL, low-density lipoprotein;
MAP, mean arterial pressure; MET, metabolic equivalent; SBP, systolic blood pressure.
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multivariate linear regression testing for differences in
cardiometabolic health outcomes between youth cate-
gorized as physically active or not, based on other defini-
tions (meeting guidelines of 60 min of moderate-intensity
to vigorous-intensity activity weekly or participation in any
organized sport or not). All continuous variables were not
normally distributed and the results are therefore presented
as median with first and third quartiles. Participants with
missing data were not included in the analyses and we did
not use imputation to account for missing data. All data
were analyzed using R V.3.4.1 and SPSS V.26. Between-group
differences with an 0<0.05 were considered statistically
different.

RESULTS

The 164 adolescents included in the analysis were 15+3 years
old, and 78% lived rurally and 68% were girls, with a mean
BMI Z-score of 2.4+1.1 and HbAlc of 9.6%+2.6% (table 1),
and 41% reported participating in vigorous-intensity physical
activity organized activities. Adolescents who participated in
regular vigorous-intensity physical activity were less likely to
smoke than those who did not (p<0.05). Both groups were
comparable in age, sex, and duration of diabetes, were likely
to live rurally, and of Indigenous descent (table 2). Adoles-
cents who reported participating in vigorous-intensity phys-
ical activity achieved nearly twice the dose of physical activity
weekly than less active peers (62 vs 34 MET-hour/week,
p=0.001). No differences in mean BMI Z-score or lipids
were observed between the groups. In unadjusted analyses,
the odds of albuminuria (OR: 0.36, 95% CI 0.17 to 0.74),
HbAlc (9.0% vs 10.0%), 24-hour mean systolic (122.9 mm
Hg vs 126.0 mm Hg) and diastolic (70.0 mm Hg vs 73.2
mm Hg) blood pressure, and mean arterial pressure (87.3
mm Hg vs 90.3 mm Hg) were all lower in adolescents who

reported participating in vigorous-intensity physical activity
compared with peers who did not.

In fully adjusted linear regression analyses, differences
in HbAlc were no longer significantly different between
groups (9.1% vs 9.9%, p=0.052); however, differences in a
number of measures of blood pressure remained signifi-
cantly different. Specifically, mean diastolic and mean arte-
rial pressures during both wake and sleep recordings were
significantly lower in adolescents who reported participation
in regular vigorous-intensity physical activity (table 3). Mean
systolic blood pressure during sleep was also significantly
lower in adolescents who participated in vigorous-intensity
physical activity, compared with those who did not (113.6
mm Hgvs 118 mm Hg, p=0.023). Despite differences in wake
and sleep blood pressure, the odds of hypertension were not
different between the groups in fully adjusted logistic regres-
sion analyses (table 3). The odds of albuminuria were 60%
lower (adjusted OR: 0.40, 95% CI 0.19 to 0.84) and the odds
of HbAlc >9% were 50% lower (adjusted OR: 0.50, 95% CI
0.26 to 0.98) among adolescents who engaged in regular
vigorous-intensity physical activity, compared with those who
did not (table 4).

In sensitivity analyses, no differences in any of the
outcomes studied were observed between adolescents
with type 2 diabetes stratified by meeting recommenda-
tions for weekly physical activity (>40 MET-hour/week)
or when stratified by participation in any organized phys-
ical activity (online supplemental table 1 and 2).

DISCUSSION

To the best of our knowledge, this is the first study that
tested for an association between vigorous-intensity phys-
ical activity and cardiometabolic health outcomes in
adolescents with type 2 diabetes. The main findings are

Table 3 Differences in ambulatory blood pressure readings between adolescents living with type 2 diabetes stratified

according to participation in vigorous-intensity physical activity

Variable No vigorous-intensity physical activity Vigorous-intensity physical activity P value
n 87 66

Wake SBP (mm Hg) 128.1 (126.1 to 130.0) 125.7 (123.5 to 128.0) 0.127
Wake DBP (mm Hg) 75.2 (73.9 to 76.5) 72.6 (71.1to 74.1) 0.010
Wake MAP (mm Hg) 92.1 (90.7 to 93.4) 89.5 (87.9t0 91.0) 0.014
Wake SBP load (%) 34.4 (28.9 to 39.9) 31.6 (25.2 to 37.9) 0.515
Wake DBP load (%) 17.9 (14.5 t0 21.3) 15.8 (11.9t0 19.7) 0.437
Sleep SBP (mm Hg) 118.0 (115.5 to 120.5) 113.6 (110.7 to 116.4) 0.023
Sleep DBP (mm Hg) 65.3 (63.7 to 67.0) 61.1 (59.2 t0 63.0) 0.001
Sleep MAP (mm Hg) 83.0 (81.3 to 84.7) 79.3 (77.3 to 81.3) 0.006
Sleep SBP load (%) 54.8 (47.7 10 61.9) 44.9 (36.7 to 53.1) 0.077
Sleep DBP load (%) 38.2 (32.4 t0 22.0) 26.3 (19.6 to 33.0) 0.010

Adjusted for sex, duration of diabetes, and rural/urban status.
Data are presented as adjusted mean and 95% CI (in parentheses).

p values represent results from groupwise comparison between participants reporting no vigorous intensity physical activity and those

reporting vigorous-intensity physical activity.

DBBP, diastolic blood pressure; MAP, mean arterial pressure; SBP, systolic blood pressure.
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Table 4 Multivariate logistic regression analyses describing the odds of various cardiometabolic outcomes between

adolescents with type 2 diabetes stratified by activity levels

No vigorous-intensity Vigorous-intensity

physical activity

OR (95% Cl)

Adjusted OR (95%
cl)

Variable physical activity
Day hypertension, n (%) 23 (26.4)
Night hypertension, n (%) 47 (58.8)
Night dipping hypertension, n (%) 58 (72.5)
Any hypertension, n (%) 51 (60.7)
ACR >2 mg/mmol, n (%) 39 (40.2)
HbA1c >9%, n (%) 60 (62.5)

12 (18.5) 0.63 (0.29t0 1.38)  0.59 (0.26 to 1.34)
25 (41.0) 0.49 (0.251t0 0.97)  0.54 (0.27 to 1.07)
37 (60.7) 0.59 (0.29t0 1.19)  0.68 (0.32 to 1.41)
29 (47.5) 0.59 (0.30to 1.14)  0.64 (0.32 to 1.27)
13 (19.4) 0.36 (0.17t0 0.74)  0.40 (0.19 to 0.84)
29 (43.3) 0.46 (0.24t0 0.87)  0.50 (0.26 to 0.98)

OR: unadjusted odds with 95% ClI; adjusted OR: same odds, but adjusted for differences in sex, smoking, duration of diabetes, rural/urban

status, and body mass index Z-score.
ACR, albumin to creatinine ratio; HbA1c, hemoglobin A1c.

thatadolescents living with type 2 diabetes who participate
in regular vigorous-intensity physical activity are charac-
terized by lower blood pressure, modestly better glycemic
control, and reduced odds of albuminuria compared with
peers who participate in less vigorous physical activity.
Additionally, these differences in cardiometabolic health
outcomes were not observed when adolescents were strat-
ified according to meeting current guidelines for weekly
physical activity or simply by participation in organized
sport. These data provide preliminary evidence for a
potential role of vigorous-intensity physical activity in
the management of cardiometabolic health outcomes
among adolescents with type 2 diabetes.

Participation in regular physical activity is associ-
ated with an array of cardiometabolic health benefits
for adolescents without diabetes.” Previous studies
suggest that participation in regular physical activity
is associated with better glycemic control, lipoprotein
profiles, and lower arterial stiffness among youth'® 7
and adults living with type 2 diabetes.” Among youth
without diabetes, the cardiometabolic health benefits
of physical activity appear to be greater with vigorous-
intensity physical activity, relative to light-intensity
or moderate-intensity physical activity.'* '° The data
presented here extend these findings by demonstrating
that the favorable association between vigorous-intensity
physical activity and cardiometabolic health outcomes
is also evident in adolescents with type 2 diabetes. In a
community-based cohort of adolescents without chronic
disease, we documented that accumulating daily bouts
of vigorous-intensity physical activity was associated with
a 44% lower odds of high normal blood pressure,'
which was sustained for 2 years." Using a self-reported
instrument of physical activity, we expand this obser-
vation to a cohort of adolescents with type 2 diabetes,
who displayed 3-5 mm Hg lower mean diastolic blood
pressure and mean arterial pressure coupled with 50%
lower odds of albuminuria, compared with peers who do
not engage in regular vigorous-intensity physical activity.
Similar to previous studies of vigorous-intensity physical
activity and cardiometabolic health outcomes among
youth without diabetes,'* ' these associations were not

evident with lower-intensity physical activity. These data
reinforce the importance of vigorous-intensity phys-
ical activity in the management of cardiometabolic risk
factors among adolescents with type 2 diabetes.

Renal injury is a frequent complication in adolescents
with type 2 diabetes™ *' and predicts long-term chronic
kidney disease.” Significant weight loss, secondary to
bariatric surgery, is associated with resolution of protein-
uria in adolescents with type 2 diabetes.” Little evidence
exists on the role of modifiable lifestyle behaviors in the
management of albuminuria in adolescents with type 2
diabetes. The current study provides preliminary obser-
vational evidence that regular vigorous-intensity physical
activity, but not moderate-intensity or light-intensity phys-
ical activity, may provide renal protection in adolescents
with type 2 diabetes. The lower odds of albuminuria are
likely a function of lower blood pressure and modestly
better glycemic control among active adolescents, rather
than a direct effect of physical activity. Physical activity
is associated with acute increases in albumin excretion;
however, regular daily activity confers health benefits
in individuals with type 1 diabetes, including those with
renal injury.”* Prospective cohort studies and experi-
mental trials with prolonged follow-up are needed to
confirm these cross-sectional observations.

Health behavior change for adolescents with type 2
diabetes is a significant clinical challenge.”® Adolescents
with type 2 diabetes suffer from significant psychoso-
cial barriers that influence their readiness for behavior
change.”™ In the current study, adolescents with type
2 diabetes who engaged in vigorous-intensity physical
activity did so largely through school-based activities/
sports. Stratifying adolescents based on vigorous-intensity
organized sport may have introduced selection bias* and
associated confounding,® as readiness for engaging in
these activities likely reflects more comprehensive adop-
tion of healthy behaviors. From a clinical standpoint,
however, encouraging and supporting adolescents with
type 2 diabetes to engage in organized activities at school
or in their communities could be a starting point to
increase a sense of mastery and belonging® and readi-
ness for adopting health behaviors.

BMJ Open Diab Res Care 2021;9:¢002134. doi:10.1136/bmjdrc-2021-002134



Cardiovascular and metabolic risk 8

The strengths of this study include the extensive
phenotyping of cardiometabolic risk factors within a
relatively large cohort of youth with type 2 diabetes. The
study is however limited due to its cross-sectional design,
precluding any causal inference regarding the observa-
tions described here. Furthermore, the data for physical
activity were self-reported and therefore may be biased
toward higher levels of daily activity. Therefore, these
observations are at risk of a type 1 error and recall bias.
Finally, as the majority of the adolescents included in the
study were Indigenous and recruited from a single clin-
ical center in Manitoba, Canada, the generalizability of
these findings needs to be determined. Larger prospec-
tive cohort studies, using objective measurements of
physical activity, within multiethnic samples, followed
for years, are needed to confirm and expand on these
preliminary observations.

CONCLUSION

Adolescents with type 2 diabetes who engage in regular
vigorous-intensity ~ physical activity display better
cardiometabolic health profiles than peers who do not
engage in similar physical activity. These associations are
not evident with lower-intensity physical activity or simply
engaging in organized sport. Randomized clinical trials
or longitudinal, well-powered cohort studies of physical
activity and cardiometabolic health in adolescents with
type 2 diabetes are needed to confirm these observations.
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