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The purpose of this study was to examine the effects of a short-term resistance training program on serum
leptin concentrations in obese adolescents. Eighteen Chinese obese adolescents participated in the super-
vised weight management program. Resistance training was conducted three times a week on alternate days
for 6 weeks. Body composition [body fat mass (FM) and body lean mass (LM)] determined by dual-energy
X-ray absorptiometry, muscle strength and leptin, insulin and glucose were measured before and after training.
Subjects demonstrated significantly improved strength of leg, chest and bicep under conditions of stability in
weight, FM and LM. There were positive correlations between leptin and body mass index, FM, %FM, waist
girth and hip girth, and negative correlations between leptin and %LM at the resting state before and after 6
weeks of resistance training. No significant relationship was found between leptin concentration and the
parameters of muscular strength or concentrations of insulin and glucose. Compared to pre-training values,
serum leptin levels were not significantly altered, while relative leptin (leptin/EM) decreased significantly
after the short-term resistance training. These results indicate that short-term resistance training enhances
muscle strength but does not alter leptin levels in obese adolescents with weight and FM stability. The results
also suggest that 6 weeks of resistance training decreases the requirement of leptin per unit of FM and
improves leptin sensitivity in obese adolescents. [ Exerc Sci Fit ® Vol 8 ® No 1 ® 54-60 ® 2010]
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Introduction

Obesity is a chronic disease and is posing a growing
threat to public health in developed and developing
countries. There are 25% of children who are over-
weight and 11% who are obese in the USA, 28.9% who
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are overweight and 12-36% who are obese in China,
26.5% who are overweight in Taiwan, 15.6% who are
overweight in Thailand, 151% who are overweight in
Korea, and 11% who are overweight in Japan (Gill 2006;
Lou 2002). Worldwide, there are 155 million children
aged 5-17 who are overweight (International Obesity
Taskforce 2008), while in Hong Kong, 21.3% of primary
school children are overweight (Department of Health
2008). Obese children and adolescents exhibit a signifi-
cantly higher risk of a broad range of illnesses when they
become adults than do adolescents of normal weight
(Freedman et al. 2005). Therefore, early interventions
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in childhood and adolescence may decrease the risk
of obesity-associated complications that are apparent in
adults.

Leptin, the product of the ob gene and secreted from
adipose tissue, not only assists in the regulation of body
weight and energy intake and expenditure (Zhang &
Scarpace 2006), but also plays a multifunctional role
related to the neuroendocrine system (Tam et al. 2009),
immunity (Demas & Sakaria 2005), and reproduction
(Zieba et al. 2005). Leptin concentrations are associ-
ated with adipose content, and changes in fat mass (FM)
resulting from weight loss are known to be associated
with a reduction in circulating leptin (Pérusse et al. 1997;
Trevaskis & Butler 2005).

From the literature, most studies have investigated
the effects of aerobic activity on serum leptin. It is gen-
erally agreed that serum leptin remains relatively un-
changed or is reduced at extreme exercise conditions
after a single bout of aerobic exercise (Sari et al. 2007,
Pérusse et al. 1997). High intensity physical activity may
lead to a decrease in leptin concentrations because of
weight reduction and fat loss in obese men (Pasman
et al. 1998; Pérusse et al. 1997), women (Polak et al.
2006), and children (Faigenbaum et al. 2002; Gutin et al.
1999), while generally acute exercise or relatively short-
term training (< 12 weeks) have no effect on leptin un-
less the training is associated with fat loss (Bouassida
et al. 2008; Kraemer et al. 2002). These studies reported
either no effect on leptin concentrations with short-term
training, unless the training was associated with fat loss,
or a reduction in leptin levels beyond that accounted
for by reduction in FM in long-term training.

Though children and youth have traditionally been
encouraged to participate in aerobic exercise, resist-
ance training has proven to be a safe and effective
method of conditioning for all youth regardless of body
size (Malina 2006). Several studies have reported that
resistance training programs lead to positive changes in
body composition in obese children and adolescents
(Shabi et al. 2006; Yu et al. 2005). Also, there is some
evidence to indicate that aerobic training concurrent
with a very-low-calorie-diet could cause a greater loss in
fat-free mass than would occur with a very-low-calorie-
diet alone (Hammer et al. 1989). Research in prevent-
ing and treating pediatric chronic diseases including
obesity is limited and there are very few studies that
have examined the effects of resistance exercise on lep-
tin. Studies have shown that 6-week resistance training
had no effects on leptin levels in healthy men (Ara et al.
2006) or in type 2 diabetic men and women (Kanaley
etal. 2001), but 16 weeks of resistance training increased
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fat-free mass and decreased leptin concentrations in
obese postmenopausal females (Ryan et al. 2000).

For obese children, few studies have examined the
effect of resistance training on leptin. Therefore, the pur-
pose of this study was to investigate leptin response to
resistance training. It is hypothesized that short-term
resistance training cannot alter leptin levels in obese
adolescents with weight and FM stability.

Methods

Participants

Eighteen Chinese overweight adolescents (5 girls, 13
boys), mean age 12.45+1.77 years, were recruited from
a pediatric obesity clinic of a hospital. All subjects were
obese according to the international age-related cut-off
points for childhood obesity (Cole et al. 2000), and they
had no previous resistance training experience. Both the
subjects and their parents were informed about the
nature of the project, and accepted for participation vol-
untarily. Informed consent was obtained from all the
adolescents and their parents before the initial training.

Exercise prescription

Based on the previous finding of significant effects on
body composition from a study on combined dietary
and strength training intervention in obese children
(Sung et al. 2002), the present study adopted 6 weeks
as an appropriate duration of intervention. The 6-week
summer vacation would also allow for total commitment
from the participants to take part in resistance training
without school activities making a demand on their
time, and avoid having external factors like school extra-
curricular activities impacting on the results of the study
intervention.

The training program comprised 1-hour sessions
conducted three times a week on alternate days for
6 weeks. Under the direction of professional fitness in-
structors, all resistance training sessions took place in
a weight training room. In addition to warm-up and
cool-down exercises, 10 resistance training stations with
machines were performed by the participants in each
1-hour session (Table 1). Three-set circuit training format
was employed and three instructors provided individual
help to the participants. A 3- to 5-minute break between
sets of training was allowed for rest. The resistance exer-
cises were tailor-made to each individual adolescent ac-
cording to their fitness test results prior to the training.

One repetition maximum (1RM) was established in
each movement by asking the participants to lift a load
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Table 1. List of exercises, repetition, and relative loads of the
resistance exercise protocol

Repetition of

wn
D
—

Station

75-85% 1RM
Chest press 3 5-8 reps
Lat pull down 3 5-8 reps
Shoulder press 2 5-8 reps
Leg press 2 5-8 reps
Leg extension 2 5-8 reps
Leg curl 2 5-8 reps
Heel raise 2 5-8 reps
Bicep curl 3 5-8 reps
Tricep extension 3 5-8 reps
Adjusted push-up 1 5-8 reps

IRM =1 repetition maximum.

through a full range of motion. From our previous study
on test-retest strength in 13 adolescents (5 boys, 8 girls)
within 7 days (unpublished data), the correlation coeffi-
cients for leg strength, chest strength and bicep strength
are near to or above 0.99. The information of 1RM
served as the prescription basis for different exercise
stations. Quantitatively, the resistance training level was
set at 70-85% of 1RM (low repetition, heavy load train-
ing) depending on individual performance and progres-
sion. All training intensity (set, weight, repetitions) and
stations were adjusted and modified according to each
individual’s progress during the training.

Body composition and blood samples
Body weight was measured to the nearest 0.1 kg using
an electronic body weight scale (Seca 707; Seca GmbH &
Co. KG., Hamburg, Germany). Height was measured to
the nearest 0.5 cm on a Harpenden Statiometer (Holtain
Ltd., Pembrokeshire, Wales, UK). Body composition was
assessed by dual-energy X-ray absorptiometry (DEXA)
using the Hologic ODR-4500 (Hologic Inc., Waltham,
MA, USA). The total body scan provided values for bone
mineral content, non-bone lean tissue, and FM in the
whole body and in the arms, legs, trunk and head sepa-
rately. Fat-free mass was defined as the sum of non-bone
lean tissue and bone mineral content. Waist and hip
circumferences were obtained in duplicate with a tape
measure, and the waist-to-hip ratio was determined.
Resting blood samples were collected at the same
times in the morning after a 12-hour overnight fast at
baseline and 48 hours after the last training session of
the 6-week resistance training intervention. Blood was
collected in vacutainers, immediately placed on ice and
centrifuged (at 4°C and 1,500¢ for 15 minutes). Leptin
concentrations were measured in duplicate using a
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human leptin enzyme-linked immunosorbent assay
(Diagnostic Systems Laboratories Inc., Webster, TX, USA)
with an 8% intra-assay precision and a sensitivity of
0.5ng-mL™". Insulin concentrations were determined in
duplicate using a radioimmunoassay (Pharmacia Diag-
nostics AB, Uppsala, Sweden). Both the inter-assay and
intra-assay coefficients of variation for insulin were < 5%.
The lowest value of the insulin radioimmunoassay was
<15ng-mL™". Blood glucose was measured by the glu-
cose oxidase method (Lau et al. 2004).

Statistical analysis

Results were expressed as mean*standard deviation.
Comparison of means between the protocols was per-
formed by analysis of variance and Student’s paired
t tests for all dependent variables. To examine which
factors were associated with leptin concentration (Cross-
sectional analyses), we calculated Pearson’s correlation
coefficients for leptin levels and the variables of body
composition pre- and post-training. The level of signifi-
cance was set at p<0.05. All analyses were conducted
using SPSS version 10.0 (SPSS Inc., Chicago, IL, USA).

Results

After short-term resistance training, the subjects demon-
strated increases in height (p <0.01) and waist and hip
circumferences (p <0.05); however, the effect was small
(effect size <0.2). A decreasing trend was found for se-
rum leptin concentrations. There were no changes in
body composition such as FM, lean mass and %FM after
the 6-week resistance training, while leg, chest and bicep
strength increased significantly (Table 2).

Compared to pre-training levels, relative leptin (leptin/
FM) decreased significantly (p <0.05) after the resistance
training; the effect size was 0.67, which means “over
than moderate” (Cohen 1992) (Figure).

Leptin concentrations were highly correlated with
body mass index, FM and %FM (r=0.70-0.91, p<0.01),
and moderately correlated with waist and hip circum-
ferences. No significant relationship was found between
leptin concentration and the parameters of muscular
strength or insulin and glucose concentrations (Table 3).

Discussion
Six weeks of resistance training resulted in significant in-

creases in leg, chest and bicep muscular strength, but
the present study showed that short-term resistance
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Table 2. Effects of a short-term resistance training intervention on leptin and strength

Exercise Effect size
Pre Post P d value
Height (cm) 154.1+8.9 155.0+8.8*% 0.00 0.10
Weight (kg) 727153 73.3+15.1 0.07 0.04
BMI (kg~m*2) 30.5+4.9 30.4+4.8 0.92 0.02
Leg strength (kg) 197.4+44.1 285.8+64.9* 0.00 1.59
Chest strength (kg) 545+19.9 87.9+23.2*% 0.00 1.55
Biceps strength (kg) 4.7£1.6 6.2+1.7% 0.00 0.91
Waist circumference (cm) 93.0+£10.8 93.6x11.5 0.40 0.05
Hip circumference (cm) 105.1£10.5 107.0+ 11.67 0.05 0.17
WHR 0.9+0.1 0.9+0.1 0.63 0.00
BMC (kg) 15.8+2.9 16.2+£3.0* 0.00 0.14
Lean mass (kg) 43.2+8.9 43.4+8.4 0.66 0.02
FM (k@) 29.4+8.9 29.5+8.8 0.61 0.01
%LM 58.6+54 58.6+5.7 0.98 0.00
%FM 39.3+5.6 39.2+59 0.91 0.02
Leptin (ng~mL#1) 34.8+15.0 30.3+11.8 0.09 0.33
Lep/FM (ng-mL™!-kg™!) 1.2+0.3 1.0+0.3" 0.04 0.67
Glucose (mmol - L") 46+0.4 4.8+0.4* 0.00 0.50
Insulin (ng-mL™") 140.7+39.8 129.2+58.7 0.26 0.23

*p<0.01; 1p<0.05. BMI=body mass index; WHR =waist-to-hip ratio; BMC =bone mineral content; FM = fat mass; %LM = percentage of lean
mass; %FM =percentage of fat mass; Lep/FM = leptin concentration/fat mass.

1.8 4

0.9 +

ng- mL‘l .kgAI

0.6

0.3 +

0.0 T |
Pre-training Post-training

Fig. Decrease in leptin/fat mass after 6-week resistance train-
ing in 13 obese adolescents. *p <0.05.

training does not significantly alter absolute serum lep-
tin concentrations despite a decreasing trend in obese
adolescents with stability of weight and FM. This is the
first study to evaluate circulating leptin responses in
obese adolescents following resistance training without
weight loss.
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Table 3. Relationship between serum leptin levels and body
composition pre- and post-resistance training in obese
adolescents

Pre-training Post-training
r p r p
BMI 0.76* 0.00 0.74* 0.00
BMC -0.05 0.85 —-0.02 0.94
FM 0.80* 0.00 0.70* 0.00
LM 0.03 0.90 0.08 0.75
%FM 0.91* 0.00 0.80* 0.00
%LM -0.91* 0.00 -0.79* 0.00
Waist 0.52f 0.03 0.56" 0.02
circumference
Hip 0.68* 0.00 0.54% 0.02
circumference
WHR -0.15 0.57 0.19 0.46

#p<0.01; Tp<0.05. BMI=body mass index; BMC=Dbone mineral con-
tent; FM =fat mass; LM =lean mass; %FM =percentage of fat mass;
%LM = percentage of lean mass; WHR = waist-to-hip ratio.

Leptin is believed to play a crucial role in energy
balance (Campfield et al. 1995). Many previous studies
have discussed the effects of regular physical activity
on leptin concentrations (Ara et al. 2006; Polak et al.
2006; Fatouros et al. 2005; Pasman et al. 1998; Pérusse
et al. 1997), but uncertainty remains as to how circu-
lating leptin reacts to exercise training since previous
studies have produced inconsistent results. It is likely
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that differences in the populations investigated (men,
women, trained, untrained), the training protocols used
(format, intensity, volume, duration), and participants’
status and energy balance might be contributing to these
conflicting results on the relationship between leptin
levels and exercise (Bouassida et al. 2008; Kraemer et al.
2002).

The present investigation, which evaluated the ef-
fects of resistance training, differs from previous studies
that have been on leptin in obese adolescents’ weight
loss. Resistance training may be advantageous during pe-
riods of severe energy restriction as it has been shown
to have a low metabolic cost, to create a smaller energy
deficit than aerobic training and, most importantly, to
preserve fat-free mass. Among the limited number of
studies, the impact of acute resistance exercise and sev-
eral weeks of strength training on leptin in adults are
controversial (Rahmani-Nia & Hodjati 2008; Ara et al.
2006; Fatouros et al. 2005; Zefeiridis et al. 2003; Nindl
et al. 2002; Kanaley et al. 2001). In accordance with
our results, Ara et al. (2006) and Kanaley et al. (2001)
did not observe significant changes in serum leptin
levels following 6 weeks of resistance training in young
or middle-aged men. However, changes in body FM were
different with strength training in these two studies:
one found no reduction (Kannaley et al. 2001) while
the other observed a 7% reduction in FM. Two studies
have examined the effects of chronic resistance train-
ing on leptin. Ryan et al. (2000) studied the effects of
16 weeks of resistance training in obese postmeno-
pausal females and found that not every one lost weight.
Leptin concentrations declined by 36% in the group who
lost weight, while the resistance training increased fat-
free mass. Fatouros et al. (2005), in a randomized con-
trolled trial, investigated leptin responses in 50 inactive
old men following a 1-year exercise training and detrain-
ing. Leptin changes were strongly associated with rest-
ing metabolic rate and anthropometric changes in body
mass index and waist-to-hip ratio. Percentage of leptin
decrease was associated with percentage of body mass
index decrease and percentage of resting metabolic rate
increase. Based on the aforementioned findings, we
speculate that 6 weeks of resistance training may be
the crossroads to change resting leptin concentrations.
Whether or not there is a significant change in circulat-
ing leptin depends, just as with aerobic exercise, on
the subjects investigated, resistance training protocols
used, and participants’ status and energy balance. The
significant effect of resistance training on reducing lep-
tin secretion will not occur until training accumulation
reaches a certain point.
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It is well known that leptin concentration increases
with weight gain (Aas et al. 2009) and decreases with
weight loss (Gutin et al. 1999). The mechanism respon-
sible for the maintenance of serum leptin in obese
adolescents is possibly unchanged resting insulin.
Secretion of leptin by an enlarged store of adipose tissue
may cause insulin resistance because of the insulin-
antagonizing effects of leptin (Cohen et al. 1996). Unlike
Ahmadizad et al. (2007) who reported that 12 weeks
of resistance or endurance training increased insulin
sensitivity in healthy males without weight loss, we
did not find any improvement in insulin sensitivity in
the present study.

The observation that there is no significant change
in circulating leptin levels but significant reduction in
leptin per unit of FM between pre- and post-training sug-
gests that the lower concentrations of leptin normalized
to FM observed after 6 weeks of resistance training are
independent of fat loss. Such a discrepancy has been
reported in a study of 12 obese males after 3 months
of dynamic strength training (Klimcakova et al. 2006).
It is reasonable to conclude that the reduction in leptin/
FM is not due to the enhancement of androgen in-
duced by heavy resistance-low repletion training and/or
maturation even though serum testosterone concen-
trations were not measured in the present study. Data
from previous investigations have shown that higher
intensity exercises, running or resistance can increase
testosterone concentrations in adults (Gorostiaga et al.
2004). Maturation and/or training-induced gains in mus-
cular strength should not be attributed to increased an-
drogen and suppressed leptin secretion. The gains in
muscular strength during childhood have been attrib-
uted primarily to neuromuscular adaptations as opposed
to hypertrophic factors (Sale 1989). Although not as-
sessed in this study, increases in motor unit activation
and improvements in motor skill coordination have
been suggested as possible mechanisms by which par-
ticipants increase their muscular strength in response
to resistance training (Ozmun et al. 1994).

A possible explanation for the decrease in circulating
leptin per unit of FM could be its enhanced removal
from the blood, and the lack of effect on FM might be
a regulation at the level of leptin secretion or protein
turnover (Klimcakova et al. 2006). Relatively low circu-
lating leptin might result from the pre-training-induced
higher sensitivity of leptin. Leptin suppression with rest-
ing energy expenditure elevation is not due to exercise
but rather the energy deficit induced by the excess post
oxygen consumption of acute resistance training. Human
obesity is associated with apparent resistance to leptin
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with high circulating concentrations of leptin in obese
subjects (Venner et al. 2006; Pérusse et al. 1997). Lower
leptin per unit of FM with similar fatness means that
6 weeks of negative diet balance and physical activity
can decrease the requirement of leptin per unit of FM.
The mechanism by which short-term resistance train-
ing influences relative leptin concentrations is open to
further investigation.

There were some limitations to the present study.
First, there was no control group without any intervention
or diet alone. Therefore, we cannot exclude the possibil-
ity that diet alone might have similar effects on serum
leptin levels and body composition in obese adoles-
cents. Second, because the sample size was small, the
changes in absolute serum leptin in this study were
not statistically significant. Further studies with larger
sample sizes are needed on changes in serum leptin,
strength and body composition induced by resistance
training and hypocaloric diet.

In summary, to the best of our knowledge, this is the
first prospective study to examine changes in circulating
leptin due to short-term resistance training in obese
adolescents. We have shown that 6 weeks of resistance
training is effective in elevating muscular strength but
does not change resting serum leptin levels, while it does
decrease circulating leptin per unit of FM in obese ado-
lescents in conditions of weight and FM stability. These
results suggest that 6 weeks of resistance training de-
creases the requirement of leptin per unit of FM and im-
proves leptin sensitivity in obese adolescents. A longer
and more sustained exercise intervention program with
different intervention modes should be explored.
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