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Abstract

Introduction Exercise training is recommended for improving health and protecting
against the development of metabolic and cardiovascular pathologies. Combined
resistance and aerobic exercise training (CRAE) has been shown to provide unique
benefits in older adults with cardiovascular diseases. Purpose We sought to determine
the beneficial effects of CRAE in adolescent girls who are obese and hyperinsulinemic.
Methods Forty adolescent girls who are obese (age 14.7 £ 1 years; BMI 30 + 2) were
randomly assigned to a “no exercise” (CON n=20) or combined exercise group (EX n
=20). The EX group performed resistance and aerobic exercise for 12 weeks, 5 times
per week. Exercise intensity was increased gradually, from 40 to 70% of heart rate
reserve (HRR), every 4 weeks. The brachial-ankle pulse wave velocity (BaPWYV), blood
pressure (BP), heart rate (HR), blood leptin, adiponectin levels, and body composition
were measured before and after the 12-week intervention. Results We observed that
CRAE effectively reduced the body fat percentage, body weight, and waist
circumference in the EX group (p < 0.05). After 12 weeks of training, subjects in the
CRAE group maintained appropriate leptin and adiponectin levels and showed positive
improvements of blood insulin, glucose, and insulin resistance parameters relative to
baseline and to the CON group (p < 0.05). Conclusion CRAE is a useful therapeutic
method to alleviate metabolic risk factors in adolescent girls who are obese and

hyperinsulinemic.



Keywords Adiponectin, Combined resistance and aerobic exercise (CRAE),
Hyperinsulinemia, Leptin, Obesity

Abbreviations

BaPWV  Brachial-ankle pulse wave velocity

BMI Body mass index

BP Blood pressure

CDC Centers for Disease Control and Prevention
CvD Cardiovascular diseases

CON No exercise group

CRAE Combined resistance and aerobic exercise
EX Exercise group

HDL High density lipoprotein

HOMA IR Homeostatic model assessment of insulin resistance
HR Heart rate

LDL Low density lipoprotein

WC Waist circumference

SEM The standard error of the mean

Introduction

According to the Centers for Disease Control and Prevention (CDC), the
prevalence of obesity has more than doubled in children and quadrupled in adolescents
during the past three decades. In 2012, more than one-third of children and adolescents
were classified as overweight or obese (Ogden et al. 2014). Obesity predisposes
individuals to cardiovascular complications, high blood pressure, high cholesterol,
metabolic syndrome, and a general decline in quality of life. Moreover, children who are
obese are more likely to be overweight or obese in adulthood, making them susceptible
to several metabolic diseases such as cardiovascular diseases, stroke, and type 2
diabetes. Excess adiposity, especially visceral adiposity, has been established as a risk
factor for the development of cardiovascular diseases (Despres 2012). Visceral fat

promotes the secretion of free fatty acids and decreases insulin receptor sensitivity



leading to the onset of metabolic dysregulation (Reaven and Chen 1988a, b). Lack of
physical activity results in the initiation and progression of obesity and obesity-
associated metabolic pathologies. Exercise training has been utilized to reduce
obesity-associated risks of CVD (Park et al. 2016). Poehlman et al. reported that
aerobic exercise training increases energy expenditure and promotes fat lipolysis
(Poehlman and Horton 1989). Son et al. (2017) reported that combined resistance and
endurance exercise training (CRAE) improves arterial stiffness, blood pressure,
functional capacity, body composition, and blood nitrate/nitrite production in
postmenopausal women with stage 1 hypertension (Son et al. 2017).

Studies in both animal and human models have looked at the benefits of CRAE.
Sanches et al. (2015) compared the effects of resistance, aerobic, and combined
exercise on cardiovascular autonomic control and mortality in diabetic ovariectomized
mice. They observed that aerobic and combined exercise training promoted additional
cardiovascular autonomic benefits compared to resistance training alone (Sanches et
al. 2015). Santos et al. (2012) studied the effects of either resistance training or
combined endurance and resistance training for 8 weeks, followed by 12 weeks of
detraining, on body composition in adolescent girls. They concluded that combined
resistance and endurance training does not negatively influence cardiorespiratory
fitness and that the combined exercise modality is effective in improving general
strength and cardiorespiratory fitness in healthy adolescent school girls. They also
observed that 12 weeks of detraining was not sufficient to reduce the overall training
effects (Santos et al. 2012). Marson et al (2016) performed a meta-analysis to assess
the association of aerobic, resistance, and combined exercise training programs on
insulin resistance, fasting glucose, and insulin levels in children and adolescents who
are obese and overweight (Marson et al. 2016). The analysis revealed that exercise
training in general was not associated with a reduction in fasting glucose; however,
reduction in fasting insulin levels and HOMA IR were observed after aerobic exercise.
Ha et al. (2012) conducted a study to determine the benefits of CRAE on the metabolic
health of young adults. The study revealed that 12 weeks of CRAE could effectively
reduce body fat percentage, waist circumference (WC), and systolic and diastolic blood

pressure in young adults (Ha and So 2012). Ho et al. (2012) observed that 12 weeks of



CRAE resulted in improvements in cardiovascular risk profile in participants who are
obese and overweight, when compared to their respective sedentary controls. The
study also showed that CRAE resulted in greater weight loss, fat loss, and improved
cardiovascular fithess than aerobic or resistance training modalities alone and
recommended CRAE for adults who are obese (Ho et al. 2012). In spite of these
putative health benefits, the CRAE protocol still requires a standardized definition and
its benefits in the context of improving metabolic parameters demand further
investigation. Additionally, the benefit of this exercise modality in the context of
improvement of metabolic parameters requires investigation. In our study, we sought
to determine the benefits of CRAE in adolescent girls who are obese and
hyperinsulinemic. We hypothesized that 12 weeks of CRAE training would improve
insulin resistance, central adiposity, and cardiovascular health in hyperinsulinemic
adolescent girls who are obese. Our results demonstrate that this exercise modality
resulted in significant reductions in body weight and waist circumference, improved
blood glucose levels and insulin sensitivity, and promoted healthy adiponectin and leptin
levels. Adolescent girls who are obese also had a steady decline in their BMIs within 12

weeks of initiation of the regimen.

Methods
Participants

Forty girls who are obese (Tanner 2-3 stage) (age 14.7 + 1 years) participated in
the present study (Table 1). All participants were obese (BMI = 30 kg/m?) with hyper-
insulinemia (> 12.0 yU/ml) and abdominal obesity (waist >80 cm). All participants
were sedentary, defined as no regular exercise training or physical activity, and were
not on a weight loss diet within the last 6 months. Exclusion criteria included
hypertension, pregnancy, and chronic diseases. All participants and their parents signed
a written informed consent approved by the Institutional Human Research Committee.
All protocols were approved by the Institutional Review Board of the Public Institutional
Review Board designated by Ministry of Health and Welfare (P02-201611-14-001),
carried out in accordance with the Declaration of Helsinki, and written informed consent

was obtained from all participants and their guardians prior to the study. This study was



registered in a registry of clinical trial (clinical trial ID: NCT 03146026).

Table 1 Participant characteristics and body composition parameters before and after a

12-week-period of control (n = 20) and exercise intervention (n = 20)

Control (n=20) Exercise (n=20)

Pre Post Pre Post
Apge, years 14.8+1 1461
Tanner stage 34 4
Height, m 1.58+0.13 1.58+0.15 160 +0.01 1.6l +0.11
Weight, kg 75.6+2.8 75.8+1.5 T64+2.8 70.2+2.9"
BMI, kg/m” 30+1.2 J0+14 30+2.2 27+2.1%%
Body fat, % 434422 43422 43+23 39.6+2.1"
Lean body mass% 43.7+1.7 445417 41714 41.9+1.4"
Waist circumference, cm 81.3+1.5 88.2+1 Br6+07 83.5+05"
VO,max, mlL/kg/min 23+24 26+2.1 2517 27+1.2%

Mean+ SEM
*¥p< 0035 vs pre
pr=0.05 vs control

Study design

Participants were randomly assigned to an exercise training (EX; n=20) or no
exercise group (CON; n =20) using a two-armed, parallel-design (Fig. 1). Participants
were allocated using computer-generated blocks (ten randomized group assignments
per block). Prior to and following the 12-week study periods, all participants reported to
the laboratory in the morning to have blood samples drawn and body composition
measured. Participants completed a maximal treadmill exercise test using the modified
Bruce protocol at baseline and after the 12-week-period. Participants were reminded
once a week to not make changes to their diet and physical activity habits during the
study. Food logs were recorded to keep track of their regular dietary intake (~ 1921.7
kcal/day for both groups) and advised to make no changes to their diet and exercise
habits during the study and were supervised by trained coaches every 2 days
(Berkey et al. 2000; Rathnayake et al. 2014). The participants were supervised for the
entire duration of the exercise protocol and did not have an energy expenditure goal.

Participants in the CON group did not participate in any exercise protocol and were



requested to maintain their regular lifestyle (i.e., dietary patterns) for the duration of the
study. No drop out of participants was reported.

Blood sampling and analysis

Venous blood samples were obtained from an antecubital vein around 8:00
AM following an overnight fast both at baseline and following the 12-week study period.
Blood glucose was measured using an automated analyzer (Toshiba 120-FR, Tokyo,
Japan). Blood was centrifuged at 1000xg for 10 min at 4 °C and stored at — 80 °C for
future analysis. Plasma insulin concentration was measured in duplicate using
commercial radioimmunoassay kits (LincoResearch, St. Charles, MO, USA). Insulin
resistance (IR) was estimated using the homeostasis model assessment of IR (HOMA
IR) as previously described (Matthews et al. 1985). Plasma adiponectin was measured
using commercial ELISA kits (B-Bridge International, San Jose, CA). Plasma leptin was
determined by ELISA kits (Linco Research St. Charles, Missouri, USA). The sensitivity
of the insulin, adiponectin, and leptin assays were 0.73 pU/ ml, 25 pg/ml, and 0.5 ng/ml,
respectively. The intra-assay and inter-assay coefficient of variation were 9.1 and 4.6%,

9.5 and 8.5%, and 6.2 and 8.3%, for insulin, adiponectin, and leptin, respectively.

Body composition

Height was assessed to the nearest 1.0 cm with bare feet and body weight was
measured to the nearest 0.1 kg with the subject wearing light clothes. WC was
measured at the midpoint between the lower rib and the iliac crest at the end of a
normal expiration using a tape measure. BMI was calculated as weight (kg) divided by
the square of height (m). Fat mass and fat-free mass were measured using a

bioelectrical impedance meter (InBody 230, Biospace, Seoul, Korea) (Seo et al. 2012).



Assessed for eligibility (n= 58)

Excluded (n= 14)

| [ Regularly exercised (n= 10)

"I [ Other comorbidities (n=3)

[J Recent medication changes (n=1)

Underwent baseline evaluation

(n=44)
Excluded (n= 4)
] Scheduling conflict (n= 3) <
[] Decline to participate (n= 1)
Randomized (n= 40)
A
v [ Allocation } y
Allocated to CRAE group (n=20) Allocated to Control group (n=20)
[Received allocated intervention (n=20 ) [JReceived allocated intervention (n= 20 )

( Follow-Up w ]

Discontinued intervention (n= 0)

Lost to follow up (n=0)

l ( 1 v

k Analysis

Analysed (n= 20)

Analysed (n=20
[JExcluded from analysis (n=0 ) nalysed (n= 20)

[JExcluded from analysis (n=0 )

Fig. 1 Participant recruitment and screening flow chart



Exercise testing
Maximal heart rate (HRmax) was obtained at the end of a graded treadmill

exercise test performed until volitional exhaustion. All maximal exercise criteria were

met: (1ipermnhexertioﬂ1 scores were = 18 on a Borg scale (scale 6-20), (2) no

change in HR with an increase in workload, and (3) volitional exhaustion, defined as

request of the subject to stop the test.

Combined exercise training

The CRAE program was performed for 60 min with 5 min of warm-up and cool-
down per day, 5 times a week for 12 weeks. CRAE consisted of 20 min of various
resistance band exercises (upper: seated rows, biceps curl, shoulder flexion, elbow
flexion, pushup; lower: hip flexion, hip extension, calf raise, leg press, squat) and 30 min
of treadmill walking for a total eleven exercises. The exercises were performed at a
moderate intensity with 15—-20 repetitions. The warm-up and cool-down consisted of
static stretching. Exercise intensity was gradually increased from 40 to 50% heart rate
reserve (HRR) in weeks 1-4, to 60-70% HRR in weeks 9-12. Each training session
was fully supervised by the researchers. Every subject wore a heart rate monitor
during the entire training session so as to maintain the correct training intensity (Son et

al. 2017). The program is shown in Table 2.

Vascular function

A commercially available applanation tonometer (Sphyg- moCor, AtCor Medical
Ltd, Sydney, Australia) was utilized with analysis software (version 8.0, SphygmoCor
Cardio- vascular Management Suite) for measurement of baPWV (m/s), an indicator of
arterial stiffness. Two measurements were collected at each time point and averaged as
previously described (Weber et al. 2004; Yambe et al. 2007).

Statistical analysis
All parameters were normally distributed as shown by the Kolmogorov—
Smirnov test. Student’s t test was used for group comparisons at baseline. A two-way

ANOVA with repeated measures [group (control and exercise) x time (before and after



12 weeks)] was used to determine the effects of CRAE and time on dependent
variables. If a significant main effect or interaction was noted, paired t tests were used
for post hoc comparisons. Since baPWYV, a well-validated arterial stiffness
measurement, was the major outcome for cardiovascular health, we selected baPWV to
determine sample size. Based on a previous study, we estimated that a total of 40
women would enable 70% power with effect size of 0.17 to detect a 7% decrease in
baPWYV after the CRAE training (Figueroa et al. 2011). Analyses were performed using
SPSS 18.0 for Windows (SPSS Inc., Chicago, IL). Data are presented as mean £ SEM.
Statistical significance was set at P < 0.05.

Results

Decline in leptin levels are observed upon CRAE training. Leptin is a hormone
produced by adipocytes that can regulate satiety responses and thereby control food
intake. Leptin is essential for energy homeostasis and its level depends on BMI and
age. We observed that leptin levels were significantly reduced in EX versus CON. We
also observed a significant increase in adiponectin levels in EX versus CON (p < 0.05)
(Fig. 2).

CRAE training efficiently modulates adiponectin-to- leptin ratio. 12 weeks of
exercise training caused a significant increase in the ratio of adiponectin to leptin,
thereby suggesting improved metabolic status in EX versus CON (p < 0.05) (Fig. 3).

Exercise training prevents the onset of metabolic syn- drome. CRAE training
efficiently reduced body weight, body fat, and waist circumference, an indicator of central
adiposity (p < 0.05). This is a significant observation because central adiposity has been
implicated as the harbinger of several cardiovascular and metabolic abnormalities
(Table 1). CRAE was also effective in reducing blood glucose, insulin, and HOMA IR in
EX versus CON (p <0.05) (Table 3). How- ever, baPWV, a marker of arterial stiffness,
was not changed after CRAE.
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Fig. 2 Changes in leptin levels before and after 12 weeks of control period (n = 20) and combined
exercise training (n = 20) in adolescent girls who are obese. *p < 0.05 vs. before exercise training tp <

0.05 vs. the control group

Table 2 Exercise training protocol

Period Order Exercise Duration Intensity Repetiions  Frequency
Warm-up Static stretching 5 min
Seated rows

Biceps cur

Upper band resistance  Shoulder flexion 1-4 weeks: 40-50% HRER (RPE 11-12)
Elbow flexion 20 min 5-8 weeks: 50-60% HRR (RPE 13-14)  15-20REPS
Pushup
12 weeks Hip flexion 5 imes/week

Hip extension

Lower band resistance  Calf raise 9-12 weeks: 60-70% HRE. (RPE 15-16)
Leg press
Squat
Aoperobic exercise Walking and jogging 30 min 60 70% HRR
Cool-down Static stretching 5 min
— 2.5-
—_
,5: 2.0
£ 1.5
)
@
c 1.0
o
B 1
- 0.54
<
< 0.0

CONTROL EXERCISE

Fig. 3 Changes in adiponectin levels before and after 12 weeks of control period (n=20) and combined
exercice training (n = 20) in adolescent girls who are obese. *p <0.05 vs. before exercice training tp <
0.05 vs. the control group



Discussion
The benefits of exercise and its importance in maintaining fitness and longevity

has been the scope of many studies for several decades. Obesity occurring at younger
ages is linked to pathological processes associated with cardiovascular diseases in later
adulthood (Ewart et al. 1998; Omar et al. 2014). With the increase in childhood obesity
and the reduction in the age of onset of metabolic diseases, several studies are
refocusing research efforts to understand the molecular and cellular effects of exercise
training. The primary focus of our study is to assess CRAE-mediated metabolic
improvements and cardioprotective effects that occur in adolescent girls who are obese
and hyperinsulinemic. We hypothesized that CRAE would result in the improvement of
muscular strength in the participants during moderate intensity resistance training and
that moderate intensity aerobic exercise would improve vascular function, along with
normalization of potential negative effects of resistance exercise. As cur- rent results
and previous data describe (Son et al. 2017), our proposed CRAE protocol is a useful
exercise modality to improve muscular strength, central adiposity, and insulin
resistance, thus making CRAE more useful than either aerobic or resistance training
alone. We were able to assess several important endpoints in this study, pertaining to
the overall health of the participants. One of the most interesting and beneficial outcomes
of this training regimen is the significant reduction in central adiposity as measured by
waist circumference (Table 1). Central adiposity is the accumulation of fat in the lower
abdominal region and is associated with an increased risk of metabolic diseases, such
as type 2 diabetes, inflammation, and CVD. Previously, Ali et al. (2014) observed that
central adiposity is the most significant predictor of metabolic syndrome in children and
adolescents. Besides the reduction in central adiposity, the exercise group also had a
significant reduction in body fat percentage when compared to the control group. This is
an important benefit of this exercise modality as excess body fat during adolescence
has been known to promote greater health risks during adulthood and also can lead to
poor pregnancy outcomes in young women.

The understanding of adipose tissue as an endocrine organ and its ability to
regulate systemic metabolism underscores the importance of adiposity in CVD. As

obesity sets in, the adipocytes enlarge and undergo cellular and functional changes that



affect systemic metabolism. Free fatty acids and glycerol are released from the
adipocytes which promote insulin resistance and inflammation. Additionally, insulin
resistance has been shown to develop in muscle tissues that have been exposed to
increasing levels of free fatty acids (Shulman 2004). In individuals who are obese,
adipose tissue is the major determinant of plasma IL-6 levels. The expression of IL-
6—a potent pro-inflammatory cytokine—increased almost ten-fold in adipose tissue
from individuals who are obese, when com- pared to individuals who are lean and the
expression was higher in the visceral adipose tissue than in the periphery (Fried et al.
1998). In children and adolescents, subcutaneous adiposity around the waist was the
most significant covariate for HOMA IR, BMI percentile, and levels of triglyceride, LDL,
and HDL (Omar et al. 2014). Our observation of significant reductions in body weight
and WC in the exercise group vs. the control group is promising for continuing this
exercise regimen as a permanent weight loss intervention in adolescents. However,
the weight reduction in the EX group was greater than what we could realistically
expect from CRAE training alone without diet modification. This result suggests that
EX participants may not have maintained their normal diet as directed and may have
reduced their caloric intake during training. This can be considered a limitation of the
study.

Table 3 Metabolic parameters before and after a 12-week- period of control (n=20) and

exercise intervention (n = 20)

Control (n=10) Exercise (n=10)

Pre Post Pre Post
Glucose, mmol/L 56+£02 5.4+0.1 5.5+0.1 43402
Insulin, pU/ml 26.243.2 T+24 274422 10.3+2.1"
HOMAIR 6.4+04 6.5+0.6 6.7+0.5 1.9+0.7"
Leptin, ng/ml 21.2+24 225+23 20.8+2.1 128+ 1.4
Adiponectin, pg/ml 53+08 5705 6.8+0.6 8.5+0.1
Adiponectin/leptin, ratio 0.25£002 0.25+0.05 033£004 0.66+0.09"
Systolic blood pressure. mmHg 122+1.3 124+ 1.4 121£1.4 120+0.4
Diastolic blood pressure. mmHg 80+22 80+24 80+1.6 T8+ 1.55
baPWV, m/fs 83x1 B4+l 8.5+12 54+1
Heart rate, beats/min 68+3 69+2 68+2 67+1

Mean + SEM
*p< 005 vs pre
p<0.03 vs control



Previously, our group observed that CRAE training reduced blood pressure,
arterial stiffness, and insulin resistance in a different group of adolescent girls who are
obese and have high blood pressure (Son et al. 20173, b), therefore, we expected that
CRAE training may have protective effects against increased central adiposity and
insulin resistance- associated increases in arterial stiffness, which is a major risk factor
for hypertension, atherosclerosis, and heart failure. However, baPWV, an indicator of
arterial stiffness, was not changed after CRAE in the present study. This discrepancy
may be related to the study participants, as our study participants were relatively young
and normotensive. Also, 12 weeks of training may not be enough for inducing structural
modification of vasculatures in this young population, and this warrants further study.

Other important indicators of metabolic dysregulation such as elevated blood
glucose and blood insulin were normalized in the CRAE group (Table 3). Childhood
obesity is associated with increased risk of insulin resistance. With the increase in insulin
resistance (quantile of HOMA IR value) there is an increase in the onset of metabolic
syndrome. In a study by Yin et al (2013), participants that received the highest quantile
of HOMA IR were 60 times more likely to be classified with metabolic syndrome when
compared to the lowest quantile group (Yin et al. 2013). In our study, the exercise-
trained group had significant improvement of HOMA-IR when compared to baseline
and when compared to sedentary controls (Table 3).

Another noteworthy finding of the study is the increase in the adiponectin-to-
leptin ratio. Stylianou et al (2007) observed that in adolescents who are obese, the BMI,
body fat percentage and HOMA IR positively correlated with leptin levels (Stylianou et
al. 2007). Similarly, the results of the CASPIAN-III study of Iranian adolescents who are
obese showed that leptin and insulin levels were higher in adolescents who are
overweight than their counterparts with normal weight. Leptin levels were shown to
positively correlate with age, fasting blood glucose, BMI, and insulin levels (Bahrami et al.
2014). Alikasifoglu et al (2009) showed that adiponectin is a marker of metabolic
syndrome in adolescent subjects who are obese. The study showed that low density
lipoprotein (LDL), triglycerides, insulin, and leptin levels were higher, whereas the high
density lipoprotein (HDL) and adiponectin levels were lower in adolescents and children

who are obese. However, they observed only a weak negative correlation between



adiponectin levels and the severity of insulin resistance. They also observed that the
mean serum adiponectin levels were lower in subjects with metabolic syndrome than in
the subjects who are normal (Alikasifoglu et al. 2009). The present exercise regimen was
effective in lowering leptin levels along with increasing the adiponectin levels (Fig. 2),
thereby increasing the adiponectin-to-leptin ratio, which is a highly beneficial outcome in
terms of improving overall metabolic health.

The present study sought to determine the benefits of a specific CRAE regimen
on the metabolic health of adolescent girls who are obese and hyperinsulinemic. The
observations herein show that exercise-trained adolescent girls had a significant
reduction in body weight and BMI. These positive changes correlated with overall
improvement in the metabolic milieu with reductions in plasma glucose, insulin, and
leptin levels and an increase in adiponectin and adiponectin to leptin ratio. The HOMA
IR, an index of insulin resistance and 3-cell function, showed significant improvement in
the trained group versus the sedentary controls. Our study is limited by the lack of
resistance-only and aerobic- only exercise regimens, thus warranting further
investigations with a focus on determining the efficacy of CRAE relative to resistance-only
and aerobic-only exercise regimens in girls who are obese. Additionally, due to the
relatively small sample size of this study, it is difficult to generalize the results to other
girls who are obese. However, to the best of our knowledge, this current study is the first
to report a significant improvement in the plasma adiponectin-to-leptin ratio in CRAE-
trained adolescent girls. The exercise proto- col was also effective in reducing WC and
thereby central adiposity. Central adiposity is associated with increased inflammation
and insulin resistance. Although our study did not assess the inflammatory profile of the
study subijects, the insulin sensitivity was shown to be significantly improved in the
exercise-trained group when compared to the controls or the trained group prior to
beginning the exercise proto- col (baseline). We recommend that the CRAE regimen be
implemented to promote weight loss and improve metabolic fithess and cardiovascular

health in adolescent girls who are obese and hyperinsulinemic.
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