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Abstract
Background: Approximately 30% of overweight/obese children display an adverse lipid profile. While
weight loss is the commonly prescribed intervention, success in treatment has been limited. The substantial
involvement of lipid metabolism by skeletal muscle suggests resistance training has the potential to improve
lipid profile even in the absence of weight loss, although investigations in the pediatric population are
limited. The objective of this study was to investigate the effect of an 8-week resistance training program
on lipid profile in overweight/obese peri-pubertal boys.
Methods: 8 overweight/obese, peri-pubertal boys (ages 10-12) were randomized to either a control (n=3)
or resistance training (n=5) group. The resistance training protocol included 7 exercises consisting of 3
sets with 10-15 repetitions to fatigue 3 days per week for 8-weeks. Fasting blood draw, strength testing
and DXA were performed at baseline and 8-weeks for evaluation of lipid profile, strength, and body
composition, respectively.
Results: Following the intervention, a marginal decrease in LDL (p=0.08) and increase in TG (p=0.07)
in the resistance trained group were observed while no changes were apparent in controls. There were
significant improvements in lower body strength in the resistance-trained group, while there were
significant improvements in upper body strength in the control group. Weight increased in RT whereas did
not in control.
Conclusion: In this pilot study, an 8-week resistance training program did not improvelipid profilein obese/
overweight peri-pubertal boys. However, the findings suggest a larger study with greater duration warrants
consideration.
Keywords: Puberty, lipids, insulin, growth, resistance training

Introduction

The increasing prevalence of childhood obesity has been met
with increased presence and earlier onset of CVD risk factors
[1-3]. Approximately 30% of overweight/obese children display
an adverse lipid profile characterized by elevated total cholesterol (TC), low density lipoprotein cholesterol (LDL-C), and
triglyceride (TG) and lowhigh-density lipoprotein cholesterol

(HDL-C) [4], altogether increasing risk for the development of
cardiovascular diseases (CVD) [3]. The well-established clustering of obesity, CVD, and dyslipidemia in adults has guided
efforts towards reductions in adiposity to lower risk of adverse
events [5,6]. However, the decline in cardiometabolic health is
initiated in childhood and is accelerated by the presence and
duration of known risk factors, including obesity and dyslipi-
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demia necessitating early intervention [7].
Both the American Heart Association and the American
College of Sports Medicine have endorsed resistance training
as integral for promoting health and preventing cardiovascular
disease [8,9]. Engaging in efforts which capitalize on musculoskeletal health may be a unique approach for optimizing
lipid profile. Studies in adults have established the potential
role for resistance training in improving lipid profile [10-12].
Approximately 90% of energy utilized by skeletal muscle in
the rested state is derived from lipid oxidation [13]. Given
the elevated free fatty acid uptake by skeletal muscle during
muscle contraction [14], resistance training is likely to play
a role in lipidemia. Beyond the capacity for gain in muscle
fiber size and strength, resistance training improves lipid
metabolism by lowering the synthesis of free fatty acids and
stimulating lipid oxidation [15]. In a cohort of young men
decreases in total and LDL-C, independent of loss in fat mass,
after participation in a 10-week resistance training program
has been reported [10]. The extent, however, to which skeletal
muscle activation through resistance training during growth
and development influences lipid profile to our knowledge
has not been adequately studied.
The objective of this pilot study was to evaluate the effect
of an 8-week resistance training intervention on lipid profile
in obese early pubertal boys ages 10-12 years. Due to the
anabolic effects of insulin on musculoskeletal development
[16], we also evaluated the contribution of circulating insulin
concentration on lipid profile.

Methods
Subjects

Participants included 8 overweight/obese African American
boys aged 10-12 years enrolled in a 24-week intervention
study (NCT02040727). Data describing protocol and methods
for these studies have been published [17]. All participants
were pre- or early pubertal (Tanner stage <3) according to
the criteria of Marshall and Tanner [18]. The study physician
conducted an overall health assessment for each of the
participants to rule out medical diagnoses. Exclusion criteria
included medical diagnosis (e.g., diabetes; impaired fasting
glucose, hypertension) or current use of medications that
could affect the ability to perform resistance exercise, body
composition, and lipid or glucose metabolism (e.g., use of
thyroid medication, beta-blockers, or insulin sensitizers). In
addition, participation or intention to participate in strenuous exercise concurrent with the study was an exclusionary
criterion. Prior to being enrolled in the study, the purpose,
protocol, and risk were explained to the subjects and their
guardian(s) in detail. Following, subjects and their guardian(s)
provided informed assent and consent, respectively. The
research protocol was approved by the Institutional Review
Board for human subjects at the University of Alabama at
Birmingham (UAB). All measurements were performed at the
Clinical Research Unit (CRU) and the Department of Nutrition
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Sciences at UAB between October 2013 and January 2014.

Experimental design

The participants were randomly assigned into one of two
groups: observational control (n=3) or resistance training
group (n=5). Data were obtained at baseline and at 8 weeks
for this investigation. Prior to participation in the resistance
training intervention, those randomized to that groupwere
familiarized with the exercise equipment as well as the
proper techniques for the proposed exercise protocol. Preand post (8-week) assessments of strength, anthropometry,
body composition, and a fasting blood draw were completed.
The resistance training began within one week of baseline
assessments with training exercise three days per week for
8 weeks (described in detail below).

Anthropometrics

Height (to the nearest 0.1 inches) and weight (to the nearest
0.1 kg) were measured in minimal clothing and without shoes
using a digital stadiometer (Heightronic 235; Measurement
Concepts, Snoqualmi, WA, USA) and scale (Scale-Tronix 6702W;
Scale-Tronix, Carol Stream IL, USA). BMI was calculated as the
weight in kilograms divided by the height in meters squared.
BMI percentile, overweight (BMI ≥85th percentile), and obesity
status (BMI ≥95th percentile) were defined using sex- and
age-specific CDC growth charts.

Pubertal status

Pubertal status was determined using Tanner staging by direct
observation according to the guidelines of Marshall and Tanner [18]. A composite number was assigned representing the
higher of the two values defined by both testicular volume
and pubic hair.

Assessment of body composition

Body composition, including total body fat mass, percent body
fat, lean mass, and bone mineral density (BMD), was measured
at baseline by dual-energy x-ray absorptiometry (DXA) using
a GE Lunar Prodigy densitometer (GE LUNAR Radiation Corp.,
Madison, WI). Participants were scanned in light clothing, while
lying flat on their backs. Scans were analyzed using pediatric
software (encore 2002 Version 6.10.029).

Serum analysis

Blood samples were obtained through venipuncture in the
morning after an overnight fast. Triglycerides (TG) were
measured with the glyceryl phosphate method. HDL was
analyzed using a two-reagent system involving stabilization
of LDL-C, very low-density lipoprotein cholesterol (VLDL),
and chylomicrons using cyclodextrin and dextrin sulfate, and
subsequent enzymatic-colorimetric detection of HDL-C. LDLC was calculated using the Friedewald equation. Insulin was
analyzed using a TOSOH AIA-600 II Automated Immunoassay
Analyzer (TOSOH Bioscience, South San Francisco, CA, USA).
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body composition, 1-RM strength measures, and serum
measurements in both groups are presented in Table 1. There
were no differences between groups in any of the variables.
Eight-week characteristics are presented in Table 2. Time
effect analysis revealed a significant increase in height of both
groups and weight of the resistance trained group. Furthermore,
the mean 1-RM squat significantly increased in the resistance
trained group while the 1-RM bench press increased in the
control group. No group effects were observed for any of the
Strength testing
All subjects underwent strength testing following the same lipid parameters or insulin levels.
Figure 1 displays mean group differences in the serum lipid
procedures at baseline and 8-weeks. Aone-repetition maximum (1-RM) strength test was performed for both the bench profile. An increase in TG among the resistance trained group
press and squat. Before the 1-RM strength test, subjects were and decrease in TG in the control group led to an observed
instructed to warm-up for fiveminutes on either a treadmill group difference (p=0.02). We next investigated the correlation
or cycle ergometer. The 1-RM measurements were assessed between serum insulin levels and lipid profile (Table 3). In the
while gradually increasing the resistance after each successful entire cohort, there were no significant correlations between
attempt until failure was reached. Success was determined insulin or lipid profile at baseline or at 8-weeks. When evaluby a trainer based on the completion of a full repetition with ated by group, no correlations were observed in the control
proper form and full range of motion. Between each attempt, group at baseline or follow-up. However, among resistance
a one minute rest period was given.
Minimum assay sensitivity was 0.5uU/ml, mean intra-assay
CV was 4.69%, and inter-assay CV was 6.0%. Glucose was
measured in 12 μL sera with the glucose oxidase method
using a SIRRUS analyzer (interassay CV 2.56%). Homeostatic
model assessment approximating insulin resistance (HOMAIR) was calculated by dividing the product of glucose and
insulin concentration by 405.

Resistance training program

Participants underwent supervised resistance training for 8
weeks on three nonconsecutive days per week. Each training
session began with a five minute warm-up period which was
conducted on either the treadmill or cycle ergometer. The
resistance training program was designed to stimulate all
major muscle groups through seven exercises: alternating
bench press (twice per week) and pushups (once a week),
squats, pull downs or rows, alternating jump squats (twice
per week) and lunges (once per week), overhead press, heel
raises, and abdominal crunches. Each exercise consisted of
10-15 repetitions to fatigue for a total of three sets per exercise.
Furthermore, exercises stimulating upper and lower body
muscle groups were paired into a superset and a one-minute
rest period was given between each superset.

Statistical analysis

Data analysis was conducted using SPSS (version 22). All
data values were expressed as means±standard deviation.
Differences at baseline between the two groups were
examined using independent samples t-tests. Pearson’s
simple correlations were first used to assess the relationships
between lipid, insulin and strength parameters. To evaluate
pre-to-post differences within group, paired t-test were
performed. Differences between groups were evaluated by
ANCOVA including individual lipid parameters concentration
and insulin at baselineand Tanner stage. Additional models
were evaluated controlling for independent contributions
of insulin or body composition (lean or fat mass). Statistical
significant was set as P<0.05.

Results

Baseline descriptive characteristics, including demographics,

Table 1. Baseline descriptive characteristics (mean±SD) of
resistance trained (n=5) and control group (n=3).
Variable

Resistance trained
group

Control group

Age (years)

11.2±1.1

11.0±1.0

Tanner stage

1.2±0.5

1.3±0.6

Height (cm)

151.58±4.71

165.51±12.98

Weight (kg)

67.2±19.0

74.1±10.0

BMI (kg/m2)

29.1±7.6

27.4±5.7

BMI %

98th

98th

Body composition measurements
Total fat mass (kg)

26.1±15.1

26.6±10.1

Percentage body Fat (%) 38.6±11.4

36.6±11.6

Lean mass (kg)

44.9±6.2

37.6±6.5

BMC (kg)

1.8±0.3

2.3±0.4

BMD (g/cm2)

1.037±0.098

1.047±0.068

Muscle strength measurements
1-RM bench press (lb)

112.0±32.5

110.0±31.2

1-RM squat (lb)

150.0±53.5

145.0±52.0

TC (mg/dl)

141.8±23.0

163.0±68.6

LDL-C (mg/dl)

76.6±25.2

90.3±60.4

HDL-C (mg/dl)

55.6±9.8

55.7±3.1

TG (mg/dl)

48.2±21.7

85.3±37.9

Insulin (µU/ml)

10.1±6.1

13.0±5.4

Glucose (mg/dl)

90.6±5.2

91.0±7.8

HOMA-IR

2.27±1.36

2.88±1.06

Serum measurements

RT: Resistance trained; TC: Total cholesterol; TG: Triglycerides; HDL-C: High density lipoprotein cholesterol;
LDL-C: Low density lipoprotein cholesterol
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Table 2. Anthropometric, muscle strength measures, and serum measures after 8 weeks of training.
Variable

Group

8 weeks

RT
153.60±4.86
Control 167.08±12.84
RT
69.8±20.6
Weight (kg)
Control 77.8±8.8
RT
29.4±8.0
BMI (kg/m2)
Control 28.3±6.0
Muscle strength measurements
RT
146.0±49.4
1-RM Bench (lb)
Control 136.7±25.7
RT
236.0±72.1
1-RM Squat (lb)
Control 185.0±37.7
Serum measurements
RT
131.4±16.9
TC (mg/dl)
Control 150.0±43.4
RT
66.0±16.0
LDL-C (mg/dl)
Control 75.4±43.8
RT
53.0±11.3
HDL-C (mg/dl)
Control 61.3±10.4
RT
61.8±24.8
TG (mg/dl)
Control 66.3±41.6
RT
12.9±9.0
Insulin (µU/ml)
Control 12.0±2.5
RT
94.8±7.8
Glucose (mg/dl)
Control 92.3±8.3
RT
3.08±2.18
HOMA-IR
Control 2.69±0.31
Height (cm)

Difference

Time effect Group effect

2.02±0.68
1.57±0.15
2.6±2.0
3.8±2.3
0.3±0.6
0.9±1.0

0.003
0.003
0.04
0.1
0.3
0.3

34.0±36.8
26.7±5.8
86.0±35.4
40.0±87.9

0.1
0.02
0.006
0.5

-10.4±11.7
-13.0±33.0
-10.5±10.1
-14.9±18.5
-2.6 ±3.0
5.7±12.4
13.6±12.6
-19.0±17.8
2.8±3.5
-1.0±2.9
4.2±4.1
1.3±5.9
0.81±0.95
-0.19±0.77

0.1
0.6
0.08
0.3
0.1
0.5
0.07
0.2
0.1
0.6
0.08
0.7
0.1
0.7

0.5
0.6
0.3

0.8
0.3

0.3
0.3
0.3
0.2
0.6
0.3
0.8

Significant difference between pre- and post-values were assessed through paired
t-test (p<0.05). Group differences were controlled for baseline measures, Tanner
stage, and lean mass. Significant differences between groups was defined as p<0.05.
RT

20

CT

15
10
5
0
-5
-10
-15
-20
-25

Tc
(mg/dl)

LDL-C
(mg/dl)

HDL-C
(mg/dl)

TG
(mg/dl)

Insulin
(μU/ml)

Figure 1. Absolute difference between pre- and post-intervention in lipid profile and insulin.
Variable measures at baseline were subtracted from their respective values at 8 weeks in order to assess the
change. The mean differences for both groups are illustrated. TC=Total Cholesterol; LDL-C=Low density lipoprotein cholesterol; HDL-C=High density lipoprotein cholesterol; TG=Triglycerides
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Table 3. Association between insulin level and lipid parameters
at baseline and post-8 weeks in the resistance trained group and
total sample.

Table 4. Association between HOMA-IR and lipid parameters
at baseline and post-8 weeks in the resistance trained group and
total sample.

A. Total sample.

A. Total sample.

Variables

Variables Baseline After 8 weeks

Baseline After 8 weeks

r

r

0.471

0.278

HDL-C

-0.384

-0.220

LDL-C

0.499

0.295

r

r

0.403

0.263

TC

HDL-C

-0.336

-0.183

LDL-C

0.423

0.269

0.520
TG
B. Control group

0.378

0.573
0.402
TG
B. Resistance trained group

TC

Variables

Baseline After 8 weeks

Variables Baseline After 8 weeks
r

r

r

r

TC

0.068

-0.508

HDL-C

0.980

-0.201

HDL-C

LDL-C

0.038

-0.328

LDL-C

0.870^

0.756

-0.084
-0.670
TG
C. Resistance trained group

TG

0.915*

0.721

Variables

Variables Baseline After 8 weeks

TC
HDL-C
LDL-C
TG

Baseline After 8 weeks
r

r

0.897*

0.831^

-0.555
0.876^
0.940*

0.872^

TC

-0.588

0.789
-0.207

C. Control group
r

r

TC

0.240

-0.428

-0.179

HDL-C

1.000*

-0.290

0.765

LDL-C

0.770

*Significant correlation between insulin and lipid variable
(p<0.05). ^Marginal correlation between insulin and lipid
variable (p<0.1). TC=Total Cholesterol; LDL-C=Low
density lipoprotein cholesterol; HDL-C=High density
lipoprotein cholesterol; TG=Triglycerides

trained boys, a positive correlation was observed between
insulin and bothTC (r=0.897, p=0.04) and TG (r=0.940, p=0.02)
at baseline. In addition, there was a marginally significant
relationship between insulin and LDL-C (r=0.876, p=0.05).
After 8 weeks, the relationship between these variables was
not apparent (p=0.08, 0.1, and 0.1 respectively).
Due to wide variations in insulin particularly salient during early maturation, the relationship was further clarified
by investigation the correlation between HOMA-IR and lipid
profile in Table 4. In the total sample, there were no significant
correlations between HOMA-IR or lipid profile at baseline or
at 8-weeks. Group analysis showed a significant correlation
between HOMA-IR and HDL-C in the control group (r=1.000,
p=0.02). Baseline measures in the resistance trained group
showed a positive correlation between HOMA-IR and TG
(r=0.915, p=0.03). In addition, there was a marginally significant
relationship between HOMA-IR and both TC (r=0.872, p=0.05)
and LDL-C (r=0.870, p=0.06). After 8 weeks, the relationship
between these variables in both groups was attenuated
(p=0.8, 0.2, 0.1 and 0.1 respectively).

0.211

-0.241

0.090

-0.600

TG
*Significant correlation between insulin and lipid variable
(p<0.05). ^Marginal correlation between insulin and lipid
variable (p<0.1). TC=Total Cholesterol; LDL-C=Low
density lipoprotein cholesterol; HDL-C=High density
lipoprotein cholesterol; TG=Triglycerides

Discussion

Resistance training is associated with changes in enzyme,
hormone and metabolite concentrations that may influence
growth and development during puberty. For obese boys, in
particular increases in lean mass can influence fuel utilization.
In the current study, participating in 8-weeks of resistance
trainingresulted insignificant gains in strength which coincided an increase in weight. It is plausible that the increase
in weight only in the intervention group (concordant with
an increase in height in both group), represented an increase
in lean mass. Our findings provide preliminary evidence that
resistance training may also decrease LDL-C, although this
remains to be confirmed in a larger cohort. Further, the resistance trained group exhibited a non-statistically significant
increase in TG. However, mean TG remained within normal
limits. No changes in lipid profile were detected in control
group after eight weeks. A meta-analysis has reported a decrease in TG with resistance training, but also noted a decrease
in body fat which may contribute to the inconsistent findings
[19]. The increased TG could result from a greater need for
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fuel delivery, including a greater reliance on oxidative fuels,
such as fat, during resistance training, although this requires
confirmation.
Our findings are discordant to some but not all similar studies in adults and in children. In overweight/obese adults (ages
18-35), Jimenez et al., observed a reduction in LDL-C (-11.4
mg/dL, p=0.03) and an increase in HDL-C (3.2 mg/dL, p=0.04)
after a 8-week resistance training regimen [20]. Impact on LPL
and hepatic triglyceride lipase in the mechanism described by
Despres and Lamarche in endurance exercise may also play a
role in the strength training [21]. In the sedentary state, the
low LPL and high HTGL activities lead to a decrease in the
production of HDL particles as a result of reduced catabolism
of triglyceride rich lipoproteins, which in turn also reduces
HDL. However, in physically active individuals, the LPL activity
is high, which contributes to the generation of HDL particles.
During growth and development a differential effect related
to sexual maturation between may explain the difference in
findings between that of Jiminez et al., and the current investigation as puberty is associated with changes in growth
hormone, insulin-like growth factor-1, and testosterone, all
known to influence energy metabolism [22]. Contrary to our
results in the pediatric population, a study conducted by
Sung et al., on 82 obese children (ages 8-11) showed significant decreases in total cholesterol and LDL-C after resistance
training for 6-weeks [23]. Our findings are in agreement with
previous reports presented byboth Lau et al., and Watts et
al., studied the effects of resistance training on lipid profile
in obese adolescents (ages 10-17 and 14.3±1.5, respectively)
and reported no significant changes in concentrations of
TG, TC, HDL-C, and LDL-C [24,25]. In comparison, our study
differed in terms of the training protocol as Lau et al., which
incorporated 10 exercises conducted for 5 repetitions and
Watts et al., which incorporated aerobic exercise into their
strength training program. These differences may variably
affect lipid profile due to differences in fuel utilization with
different exercise modalities [26,27].
In adults, resistance training has been shown to restore lipid
homeostasis in obese individuals through altered mobilization and delivery to muscle [28]. Increases inskeletal muscle
lipoprotein lipase (LPL) expression [29], which are suggested
to be mediated through exercise-induced production of
AMP-activated protein kinase (AMPK) [30], allow muscle to
clear greater quantities of circulating lipids. AMPK is also
observed to be activated in both the liver and adipose tissue
where it is associated with decreases in a number of enzymes
involved in lipid synthesis [31]. Further, exercise is observed
to improve the reverse cholesterol transport by facilitating
HDL-C function and increasing liver expression of LDL receptor, increasing hepatic uptake of LDL-C from circulation [32]
and decreasing HTGL. Even though resistance training has
strong potential to clear circulating cholesterol, the current
investigation did not report quantitative change in lipid
profile in the pediatric overweight/obese population. One
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may speculate that in order to observe detectable changes
in absolute lipid levels, a longer duration of the study may
be needed. Alternatively, considering recent investigations
into the various subclasses of LDL-C, it could be proposed
that resistance training may instigate qualitative changes in
lipid profile rather than quantitative. Recent investigations
have suggested that BMI is positively associated with the
small-dense LDL-C: large-buoyant LDL-C ratio [33], facilitating
the atherosclerotic process in obese individuals [34]. However,
physical activity has been linked to a shift towards the production of large particle LDL-C [33], associated with a relative
decrease CVD risk in comparison to small-particle. Although
lipoprotein subclasses were not assessed in the current investigation, future studies incorporating qualitative lipoprotein
analysis may provide a more comprehensive perspective into
the effects of resistance training on lipid profile. The extent to
which developmental stage is associated with the effects of
resistance training on lipid profile and the manner in which
lipids may be differentially regulated and utilized in African
Americans during puberty warrant further investigation.
At baseline in the resistance trained group, we observed
that insulin was positively correlated with TG (p=0.02) and
TC (p=0.04), and there was a marginal, positive correlation
with LDL-C (p=0.05). Similarly, at baseline in the resistance
trained group, a positive correlation between HOMA-IR and
TG (p=0.03) was observed, along with a marginal, positive
correlation with TC (p=0.05) and LDL-C (0.06). After 8-weeks,
relationships with both insulin and HOMA-IR diminished
which may be related to the limited sample size. Alternatively,
the absence of association of HDL-C with either insulin or
HOMA-IR in the resistance trained group may be related to
the African American genetic predisposition to increased LPL
activity in the liver, leading to better HDL-C independent of
insulin dynamics [35].
Strengths of this study include robust assessment of body
composition measured through DXA to allow for detection of
independent associations. However, this study was limited in
the small sample size and inclusion of only overweight/obese,
pre-/early pubertal African American Boys, therefore limiting
the generalizability of the findings. Age- and Tanner-stage
matched controls across body habitus would enhance our
ability to determine a potential growth and obesity related
interaction of resistance training and lipid mobilization. Further,
the long-term effects of resistance training on lipid profile
are not fully elucidated. Due to the potential confounding
effects of dietary differences, further investigations would
also benefit by controlling for diet.

Conclusion

Improvements in lipid profile were not detected, whereas
an increase in TG was observed among resistance-trained
subjects. These findings may be a result of increase lipid
mobilization to fuel growth-related process during puberty.
Further investigations with a larger, diverse sample size are
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necessary to explore the role of lipids in human physiology
during adolescence and to clarify longer term the effects of
resistance training on lipid profile in obese and non-obese
youth.
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