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Objective: The increased incidence of type 2 diabetes (T2D) among youth
is hypothesized to be due, in part, to low levels of fitness and activity.
Therefore, the purpose of this investigation was to examine whether
cardiorespiratory fitness and physical activity are reduced in youth with
T2D compared with overweight controls.
Participants: Thirteen adolescent boys with previously diagnosed T2D
(mean duration 2.4 � 1.8 yr) were matched for age and body mass index
to 13 overweight, non-diabetic controls.
Methods: Cardiorespiratory fitness was assessed during a progressive
exercise test to volitional fatigue and physical activity was estimated from
a 7-d physical activity recall.
Results: Youth with T2D reported performing �60% less moderate to
vigorous physical activity compared with their non-diabetic counterparts
(0.6 � 0.2 vs. 1.4 � 0.3 h/d, p ¼ 0.04). Furthermore, diabetic youth
exhibited significantly lower cardiorespiratory fitness levels compared
with controls (28.7 � 1.6 vs. 34.6 � 2.2 mL/kg/min, p , 0.05).
Conclusions: These findings support the hypothesis that cardiorespira-
tory fitness and physical activity are reduced in youth with T2D. Whether
reduced fitness and activity contributed to the pathophysiology of the
disorder cannot be determined from the cross-sectional analysis.
Longitudinal studies are warranted to examine whether improvements in
fitness and increased physical activity can prevent the development of
T2D in high-risk youth.
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Pediatric obesity has reached epidemic proportions in
many industrialized nations (1). In parallel with the
increase in obesity among youth, type 2 diabetes (T2D)
has emerged as a critical health condition in this pop-
ulation (2). As in adults, peripheral insulin resistance is
thought to be a critical underlying component of T2D
in youth (3, 4). Although several factors (i.e., puberty,
obesity, and ethnicity) are associated with insulin

resistance in youth, reduced levels of physical activity
and cardiorespiratory fitness may be contributory
(5, 6).
Low cardiorespiratory fitness is associated with the

development of impaired fasting glucose and T2D in
adults (7). Whether the same predictive relationship
holds true for younger populations has not been
established. To date, very limited empirical data are
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available describing cardiorespiratory fitness and/or
physical activity in children with T2D and no studies
have directly evaluated fitness or activity in children
with and without T2D. Therefore, the objective of the
current report was to compare cardiorespiratory fitness
and physical activity between youthwith T2D and non-
diabetic controlsmatched for age, gender, and adiposity.

Research design and methods

Subjects

Thirteen adolescent males (aged 13–18 yr) with pre-
viously diagnosed T2D (mean duration 2.4 � 1.8 yr,
mean hemoglobin A1c ¼ 8.4 � 0.8%) were examined
in the General Clinical Research Center (GCRC) at the
University of Illinois at Chicago (UIC). These youth
were pair matched for age and body mass index (BMI)
to 13 non-diabetic overweight males examined in the
GCRCat theUniversity of SouthernCalifornia (USC).
Written informed consent and assent were given by
parents and children, and the studies were approved by
the respective institutional review boards.

Procedures

Specifics regarding the study procedures have been
presented elsewhere (8, 9). Briefly, height and weight
were recorded to the nearest 0.1 cm and 0.1 kg, res-
pectively, and BMI was subsequently calculated. An
oral glucose tolerance test was administered in the
non-diabetic subjects to confirm both fasting and 2-h
glucose values were not in the diabetic range (10). Car-
diorespiratory fitness (VO2peak) was assessed during a
progressive exercise test to volitional fatigue on an elec-
tronically braked cycle ergometer. Breath-by-breath
respiratory gases were collected and measured through
open-circuit spirometry and analyzed on either a
SensorMedics� (Yorba Linda, CA) VMAX29 (UIC)
or aMedGraphics� (St. Paul, MN) CardiO2 combined
exercise system (USC). The exercise protocols were
designed to elicit test termination between 8 and
12 min. Tests were terminated when the participant
was unable to continue pedaling despite verbal
encouragement from research staff. Heart rate was
measured continuously throughout the test using an
integrated electrocardiogram. VO2peak was deter-
mined from the highest 20-s average achieved with the
respiratory exchange ratio (RER) .1.0. Physical
activity was determined by the 7-d physical activity
recall and is expressed as hours per day of moderate to
vigorous activity (11).

Statistics

Descriptive characteristics between youth with and
without T2D were examined by independent sample t

test. Analysis was performed using SPSS VERSION 15.0

(SPSS Inc., Chicago, IL, USA) with a type I error set at
p , 0.05. Data presented are means � SE.

Results

Descriptive characteristics of the participants are
presented in Table 1. No significant differences were
noted in age, height, weight, or BMI. Furthermore, no
significant differences were found in either peak heart
rate or peak RER. However, T2D youth exhibited
significantly lower fitness levels compared with their
overweight non-diabetic counterparts (Fig. 1) despite
similar peak workloads (200.8 � 10.6 vs. 192.5 �
11.7 W, p ¼ 0.680). Furthermore, diabetic youth per-
formed significantly less moderate to vigorous physical
activity than non-diabetic youth (0.6 � 0.2 vs. 1.4 �
0.3 h/d, p ¼ 0.04).

Discussion

T2D is an emerging epidemic in young people. It is
hypothesized that increases in adiposity secondary to
a sedentary lifestyle may be a contributory factor (12).
To date, an absolute paucity of data exist comparing
cardiorespiratory fitness in youth with and without
T2D. To this end, we found that fitness was �18%
lower in adolescent males with T2D compared with
age and BMI-matched controls. We also found that
diabetic youth spent �60% less time per day in mod-
erate to vigorous activities compared with their non-
diabetic counterparts. This is especially troubling given
the fact that youth diagnosed with diabetes often
receive education on the importance of increased
physical activity for diabetes management.
Our data extend previous findings in adults that have

shown that T2D is associated with reduced cardiore-
spiratory fitness and a sedentary lifestyle (7). Others
have shown that fitness tends to be lower in overweight,
severely insulin resistant, adolescents compared with
adiposity-matched moderately insulin-resistant con-
trols (13). It is thought that lower fitness levels are

Table 1. Characteristics of boys with and without T2D

T2D Controls p Value

Age (yr) 16.4 � 0.6 15.2 � 0.5 0.13
Tanner stage 4.2 � 0.3 4.7 � 0.1 0.16
Ethnicity 8 AA/5 Hisp 13 Hisp —
Height (cm) 176.0 � 2.4 168.4 � 2.8 0.06
Weight (kg) 99.2 � 7.9 91.9 � 5.3 0.45
BMI (kg/m2) 31.7 � 1.8 32.3 � 1.6 0.80
Peak HR (bpm) 180.7 � 3.6 190.3 � 4.0 0.09
Peak RER 1.2 � 0.1 1.2 � 0.3 0.35
VO2peak (L/min) 3.1 � 0.2 2.7 � 0.1 0.14

AA, African American; bpm, beats per minute; Hisp,
Hispanic; HR, heart rate; RER, respiratory exchange ratio.
Data presented are means � SE.
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indicative of, among other things, impairments in
oxidative capacity of skeletal muscle (14). Skeletal
muscle oxidative capacity is a significant predictor of
insulin resistance in adults with T2D and therefore may
be important in the pathogenesis of the disorder (15).
The lower fitness observed in youth with diabetes may
be an indication of early defects in the metabolic cap-
acity of skeletal muscle, that is, mitochondrial dys-
function.
A secondary mechanism that may explain the

reduced fitness levels in the diabetic youth relates to
circulatory defects that limit oxygen delivery to
exercising muscle. Studies in adults have found that
diabetics have an inadequate oxygen uptake response
relative to increases in exercise workload (16). As a
result, oxygen consumption does not meet the demands
at increasing exercise intensities. Therefore, lower VO2

peak may be an indication of a compromised oxygen
delivery system in conjunction with mitochondrial
dysfunction in youth with T2D (17). While it would
be expected that peak workloads would concomitantly
be reduced with lower a VO2peak, we found that
diabetics attained similar peak work levels to controls.
This finding is consistent with adult patients with
cardiovascular disease who exhibit a greater reliance on
anaerobic energy pathways to maintain high-power
outputs when oxygen delivery is limited (18). While
no studies to date have examined these issues in
younger populations, adults with cardiovascular dis-
ease exhibit a similar pattern of endothelial dysfunction
as T2D, which may indicate a common pathophy-
siologic link related to reduced fitness and vascular
disease (19).
Beyond fitness, physical activity (especiallymoderate

to vigorous) is a potent stimulator of glucose uptake in
skeletal muscle (20). As such, the less active lifestyle
observed in the diabetic youth may have contributed to
their eventual diabetes diagnosis through a mechanism
that is independent of aerobic capacity. In adolescents,
fitness and activity are only moderately associated (21)
which suggests that activity may mediate diabetes risk
through a secondary pathway, for example, adiposity.

In the end, it is more than likely that the pathogenesis of
T2D in youth is an end result of a complex interplay
between genetic and environmental factors rather than
exclusively because of lower fitness and/or a sedentary
lifestyle (22). However, we did attempt to minimize
some of the potentially confounding variables bymatch-
ing participants by gender, age, and BMI in addition to
including an insulin-resistant population of youth as
controls.
Despite the above-mentioned attempts, there are

limitations to our study that warrant mention. We
cannot exclude the possibility that differences in body
composition, fat distribution, or other intrinsic factors
contributed to the observed findings. Youth with dia-
betes were a mixed ethnic group of African American
and Hispanics, whereas the controls were exclusively
Hispanics. We have previously observed that fitness is
not significantly different between these minority
groups, but we did not assess physical activity in that
study (23). Therefore, it is possible that the ethnic
makeup of our groupsmay have contributed to some of
the observed differences in fitness and activity. Youth
were recruited from different geographic sites with
distinct seasonal and built environments, which may
also impact physical activity patterns. Last, despite
similar exercise protocols and calibration procedures,
differences in the study site personnel and equipment
may have influenced the overall results. The sum of the
aforementioned limitations suggest that these data be
interpreted as preliminary in nature with the impetus
for future studies to build upon our results through
incorporating more diverse samples of youth in terms
of ethnicity and gender and better control for potential
confounding effects of the environment. These limi-
tations notwithstanding, there remains a dearth of
available information in youth with T2D. The current
report builds upon previous work and extends the
scientific knowledgebase regarding this growing pop-
ulation of youth.
In conclusion, we found that both cardiorespiratory

fitness and physical activity are lower in T2D adoles-
cent males compared with their non-diabetic counter-
parts matched for age and BMI. Whether reduced
fitness and activity contributed to the pathophysiology
of the disorder cannot be determined from the cross-
sectional analysis. Longitudinal studies are warranted
to examine whether improvements in fitness and
increased physical activity can prevent the development
of T2D in high-risk youth.
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Fig. 1. Cardiorespiratory fitness and type 2 diabetes. Means � SE
of VO2peak in youth with (type 2) and without (control) type 2
diabetes. *p , 0.05.
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