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Abstract

Background: High intensity interval training (HIIT) and circuit resistance training (CRT) have been introduced as useful strate-
gies for weight management in overweight and obese individuals. However, little is known about their effects on inducing anti-
inflammatory cytokine response, and improving body composition and metabolic profile (lipid profile and insulin resistance index
(HOMA-IR)) in overweight adolescents.
Objectives: This study aimed at examining the effects of HIIT and CRT on serum levels of interleukin-10 (IL-10), lipid profile, body
composition and insulin resistance index (HOMA-IR) in overweight male adolescents.
Methods: Twenty overweight male adolescents were divided into two groups of HIIT and CRT. The blood samples were drawn from
all participants before the beginning of exercise protocols and after one day the last session of the exercise protocols.
Results: Following 6 weeks of both HIIT and CRT protocols, serum levels of IL-10 increased insignificantly in both groups (P > 0.05).
However, that of IL-10 showed a much more increase in HIIT group. Furthermore, unlike CRT protocol, six weeks of HIIT improved
body composition, lipid profile and HOMA-IR in overweight male adolescents.
Conclusions: By this study, it seems that HIIT has more potent impact than CRT on inducing an anti-inflammatory cytokine re-
sponse. Moreover, HIIT is a more appropriate exercise modality than CRT to improve body composition and metabolic profile (lipid
profile and HOMA-IR) in overweight male adolescents.
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1. Background

The outbreak of overweight and obesity among ado-
lescents is a global challenge (1). Obesity-induced sys-
temic low-grade inflammation is characterized by the al-
terations of circulating concentrations of pro- and anti-
inflammatory cytokines (2). Interleukin-10 (IL-10), a power-
ful anti-inflammatory peptide, plays a beneficial role in hu-
man metabolism (3) and insulin sensitivity (4). In the con-
dition of obesity, the number of cells secreting interleukin-
10 is decreased; consequently, resulting in the decreased
circulating levels of IL-10. Such alterations in cytokine
secretion are thought to cause a systemic low grade in-
flammation contributing to the increase of insulin resis-
tance and metabolic syndrome (5). It has been proved
that weight-loss exercise programs are accompanied by

increased circulating levels of IL-10 in obese individuals;
thereby creating improved metabolic disorders (3). Phys-
ical activity is recommended for the management of over-
weight among adolescents (6), and its anti-inflammatory
effects on a regular basis are well demonstrated (7). Ba-
sically, aerobic workouts are used for overweight and
obese adolescents (8-10); nonetheless, high-intensity inter-
val training (HIIT) (11-14) and resistance training (RT) (15-
19) also offer a number of physical health-related benefits
such as reducing fatness, improved blood glucose, insulin
sensitivity, lipid profile, and improved body composition,
which are recommended for the weight management of
overweight/obese population (14, 20). However, there is
a paucity of information on the efficacy of both HIIT and
CRT in inducing an anti-inflammatory cytokine response,
and in improving metabolic health profile (lipid profile
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and HOMA-IR) and body composition in overweight male
adolescents. Hence, this study was designed to evaluate
the anti-inflammatory cytokine response, and to evaluate
the metabolic profile and body composition in overweight
male adolescents subjected to HIIT and CRT.

2. Methods

2.1. Study Design

Twenty overweight sedentary male adolescents partic-
ipated voluntarily in this trial. All of the participants were
high school students with the 17-19 age range and the body
mass index (BMI) range of 25-30 kg/m2. Subjects were
equally and randomly assigned into two groups of HIIT
(N = 10) and CRT (N = 10). The percentage of the body fat
was also calculated using Caliper (Lafayette made in Amer-
ica) and Jackson and Pollack’s three points formula (21) by
measuring the subcutaneous fat of three muscles (triceps
brachii, abdomen, and thigh). Body weight, BMI, and body
fat percent of each group at baseline are depicted in Table
1.

2.2. HIIT Protocol

Participants in the HIIT group performed a sprint in-
terval training (SIT) three times a week for six weeks. This
protocol, also known as a shuttle-run test, was carried out
in a gym. Each participant performed a 20-meters sprint
for 30 seconds (Figure 1). Three cones were placed 10 me-
ters apart. Each participant was required to sprint from the
middle cone to the first cone, turning and sprinting in the
reverse direction to the second cone, turning and sprint-
ing again through the middle cone. After 30 seconds rest,
the participants repeated this method for other 3 times.
The overload principle was applied by increasing the num-
ber of repeats from four frequencies during weeks 1 and 2
to 5 frequencies during weeks 3 and 4 to 6 frequencies dur-
ing weeks 5 and 6. Heart rate (HR) response was measured
in all participants after completing each repetition via the
use of heart rate monitor watch (Beurer, PM80, Germany)
with a belt connected to the subject’s chest. Throughout
the training protocol, the HIIT intensity was considered
above 90% of peak heart rate and calculated by Karvonen
formula. The peak heart rate was calculated by the equa-
tion, HRmax= 207 - 0.7 × age (y).

2.3. CRT Protocol

Participants in the RT group performed nine different
exercises targeting the principal muscles. The exercises
consisted of chest press, leg press, shoulder press, seated
rows, leg extension, triceps extension, leg curl, biceps curl,

Figure 1. Course outline showing distance and direction taken by the participants
during the 30-s HIIT protocol. A = 10 m, B = 20 m, C = 10 m.

and sit-up (Table 1). Each exercise included 8 - 12 frequen-
cies at the workload of 60% of the subject’s one repetition
maximum (1 RM). The subjects underwent training for 6
weeks, 3 sessions per week. Each session consisted of three
circuits and in each circuit 9 movements, previously men-
tioned were done one after another. The duration of each
movement was 30 seconds (8 - 12 repeats), the duration of
resting between two consecutive movements was 30 sec-
onds, and the duration of resting between the two circuits
was considered to be 120 seconds. Each session took a total
time of 50 - 55 minutes. The principle of overload was de-
signed after each four weeks of training. In this study, the
Brzycki formula was used to calculate the 1RM (22).

Blood samples were drawn from all participants one
day before the start of protocols and one day after the
last session of the exercise protocols. The volume of each
blood sample was 10 mL of the whole blood that was cen-
trifuged at 3,000 rpm for 8 minutes at 4°C to separate the
serum, and then stored at -80°C for future analysis. Analy-
sis of IL-10 was performed by Enzyme immunoassay ELISA
(enzyme-linked immunosorbent assay). The analysis of IL-
10 (Cat No. 950.060.096, Diaclone, France) concentrations
was performed using the kits purchased from Diaclone
Company with the minimum detectable concentration of
4.9 pg/mL. The intra-assay and inter-assay variations were
3.5% and 7.5%, respectively. Analysis of insulin concentra-
tions was performed by ELISA kit (Monobind Inc., Lake For-
est, CA, USA) with a sensitivity of 0.75 µlU/mL, and intra-
assay variability was 4.3% to 8.3%. Serum concentrations
of total cholesterol (TC) high-density lipoprotein (HDL),
low-density lipoprotein (LDL), triglycerides (TG), and glu-
cose were measured by photometric method (Pars Az-
mun Company Kits, Iran). Insulin resistance index (IRI)
was calculated using the homeostasis model assessment
(HOMA). IRI = (fasting insulin [µU/mL] × fasting glucose
[mmol/L])/22.5 (23).

The normality of the data was assessed by the
Kolmogorov-Smirnov test. The paired t-test was applied
for determining the possible changes in each group after
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Table 1. Nine Different Exercises in the Circuit Resistance Training Protocola , b

Exercises %1RM Numbers of Repetitions Length of Each Exercise, s

Chest press (free weights) 60 8 - 12 30

Leg press (machine) 60 8 - 12 30

Shoulder press (free weights) 60 8 - 12 30

Seated rows (machine) 60 8 - 12 30

Leg extension (machine) 60 8 - 12 30

Triceps extension (machine) 60 8 - 12 30

Leg curl (machine) 60 8 - 12 30

Biceps curl (machine) 60 8 - 12 30

aRest length between each exercise: 30 seconds. Rest length between each circuit: 120 seconds.
bPredicted 1-RM= weight lifted/[1.0278 - 0.0278(X)], Where X = the number of repetitions performed.

6 weeks of exercise interventions. Moreover, the indepen-
dent t-test was used to verify possible differences between
pre-training, as well as the magnitude of the variations
(∆) after training among the two groups. The SPSS version

16.0 was used to analyze the data and the significance
level was considered < 5%.

3. Results

The pre-training and post-training values of the body
weight, BMI, and body fat percent for each group are pre-
sented in Table 2. The HIIT significantly reduced body mass,
BMI, and body fat percent of the participants; however, the
RT increased the body weight, BMI, while reduced body fat
percent insignificantly. The changes of the body weight
and BMI were only significant between the groups. Serum
concentrations of IL-10, lipid profile, insulin, and glucose
are presented in Table 3. Serum concentrations of IL-10
were insignificantly increased in both groups; however,
the concentration of IL-10 showed a more tendency to in-
crease after HIIT (P = 0.060) than CRT (P = 0.60). There was
no significant difference in the serum concentrations of IL-
10 between the groups. The HIIT protocol significantly in-
creased the serum concentration of HDL-C and decreased
significantly serum concentrations of LDL-C, total choles-
terol (TC), triglyceride (TG) in contrast to the RT protocol
that had no effect on lipid profile of adolescent overweight
boys. There were significant differences in terms of HDL-C,
TC, and TC between the groups. The HIIT group, in contrast
to the RT group, promoted significant changes in insulin
resistance index in which the fasting serum concentration
of glucose and insulin were significantly decreased. Fur-
thermore, there were significant differences in terms of
serum concentration of glucose and homeostasis model
assessment of insulin resistance (HOMA-IR) between the
groups.

4. Discussion

Our study demonstrated that (a) HIIT had more effect
on inducing an anti-inflammatory cytokine response via
increasing the basal serum levels of IL-10 to a greater extent
than CRT, and (b) HIIT is superior to CRT in improving body
composition, lipid profile and insulin resistance index in
overweight male adolescents. The present investigation
failed to find a significant change in resting circulating
level of IL-10 following 6 weeks of HIIT in overweight male
adolescents. Two studies of Leggate et al. (24) and Kelly et
al. (25) showed that a 2-week HIIT did not change the circu-
lating levels of IL-10 in the overweight/obese males. More-
over, Zwetsloot et al. (26) showed that two weeks of HIIT
did not make any difference in the resting circulating lev-
els of IL-10 in recreationally active young males. However,
we observed a considerable increase in the circulating level
of IL-10 (+0.4 ± 0.87∆, P = 0.060) in response to HIIT after
six weeks of training in overweight adolescents.

The reasons for these discrepancies can be due to the
type, duration and intensity of HIIT protocols, and also the
subjects involved in the trials. The studies addressing the
anti-inflammatory response to HIIT in overweight/obese
population is scarce that warrants more researches should
be carried out to understand the mechanisms by which
HIIT stimulates an anti-inflammatory response in the over-
weight/obese population. Similar to the HIIT group, six
weeks of CRT did not change the resting serum level of
IL-10 in overweight male adolescents with the difference
that HIIT produced more considerable changes in the rest-
ing serum level of IL-10 in overweight male adolescents. A
study using a 10-week RT protocol showed no change in
the resting circulating level of IL-10 in sedentary females
(27). However, it is concluded that 12 weeks of RT improves
resting circulatory levels of IL-10 in obese women (28). Two
studies have claimed that exercise intensity has a profound
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Table 2. Anthropometric Characteristic of the Subjects in Each Group Before and After 6 Weeks of Exercise Interventionsa

Variables/Group Pre-Test Pre-Test ∆b P Valuec

BW, kg

CRT 82.27 ± 4.06 83.10 ± 4.14 0.83 ± 0.25 0.071

HIIT 82.70 ± 3.6 80.40 ± 3.6d -2.3 ± 0.4e 0.001

P valuef 0.418 0.659 0.001 -

BMI, kg/m2

CRT 27.89 ± 0.73 28.56 ± 0.72 0.67 ± 0.1 0.117

HIIT 27.80 ± 1 26.50 ± 1d -1.3 ± 0.1e 0.000

P valuef 0.778 0.535 0.021 -

BFP, %

CRT 22.56 ± 2.54 21.56 ± 2.53 -1 ± 0.008 0.096

HIIT 22.5 ± 3 21.3 ± 3d -1.2 ± 0.01 0.001

P valuef 0.987 0.977 0.516 -

Abbreviations: BFP, body fat percent; BMI, body mass index; BW, body weight; CRT, circuit resistance training (3 times a week, 6 weeks, 60% 1RM); HIIT, high-intensity
interval training (3 times a week for 6 weeks, HRmax > 90%); SD, standard deviation.
aValues are expressed as mean ± SD.
b∆, Post-test vs. pre-test values.
cPaired t-test.
dP < 0.05 compared pre- and post-test values (paired t-test).
eP < 0.05 compared the differences between the groups (independent t-test).
f Independent t-test.

effect on the inflammatory response, resulting in higher
anti-inflammatory cytokine responses (29, 30). However,
the intensity of workloads in our protocol was considered
moderate and fixed. Therefore, it is likely that the intensity
used in our protocol is one of the determining factors for
not inducing an anti-inflammatory response in the over-
weight adolescent cohort. Another variable that should be
considered is the duration of the protocol. A longer pe-
riod of training would probably allow further physiolog-
ical adaptations that might show more robust effects on
cytokine responses. The beneficial anti-inflammatory ef-
fect of RT has not been consistent between all studies. The
mixed findings of the effects of RT could be due to a large
number of utilized training protocols (31-33). The mode,
intensity, and duration of exercise can be modified and
all these factors have been shown to affect the response
in terms of inflammatory markers (32). We also observed
an improved body composition, lipid profile, and insulin
resistance index (HOMA-1IR) in response to HIIT in over-
weight male adolescents. Contrary to the present findings,
the results of a meta-analysis study (34) suggest that short
term HIIT (< 12 weeks) has no effect on the body weight,
percent of body fat, fasting insulin, lipid profile, and fast-
ing insulin, but reduces fasting glucose by a small effect
on overweight/obese populations. The reasons for this con-
tradiction may be due to the baseline activity level (recre-
ationally active), age conditions (≥ 18 years) and gender

(female) of the overweight population investigated in the
aforementioned meta-analysis study, whereas the subjects
participating in our study were sedentary overweight ado-
lescents ranging from 16 to 19 years. However, there are
some studies showing the efficacy of the HIIT among the
protocols in improving the body composition (10, 35, 36),
lipid profile (13, 36, 37), and HOMA-IR (10, 38, 39) in healthy,
overweight, and obese adolescents (36, 37) included 30-s
sprints interspersed with 30-s rest bouts are of effective
protocols to improve metabolic profile. Further studies are
needed to be done to support these findings in overweight
male adolescents. Contrarily, 6 weeks of resistance train-
ing did not improve the body composition, lipids profile,
and insulin resistance condition in overweight male ado-
lescents. There are few trials with conflicting results exam-
ining the effects of resistance exercise training on the body
composition in overweight and obese adolescents (18, 40-
43). Some studies have shown decreases (18), whereas oth-
ers reported no difference (40) or increases (41) in the body
fat percent of obese adolescents following a resistance ex-
ercise training program. Shaibi et al. study (18) showed
that resistance training decreased significantly the body
fat percentage of male adolescents. However, Davis et al.
study (41) revealed no change in the body composition af-
ter 16 weeks of strength training. Benson et al. observed
that 8 weeks of high-intensity resistance exercise training
induced useful results in overweight/obese adolescents
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Table 3. Serum Variables, the Calculation of Homeostasis Model, and the Assessment of Insulin Resistance in Each Groupa

Variables/Group Pre-Test Post-Test ∆b P Valuec

IL-10, pg/mL

CRT 5.8 ± 1.38 5.9 ± 1.79 0.1 ± 0.67 0.60

HIIT 5.04 ± 1.07 5.7 ± 1.26 0.7 ± 0.98 0.06

P valued 0.168 0.731 0.16

HDL, mg/dL

CRT 39.5 ± 5.5 41.3 ± 7.40 1.8 ± 4.78 0.264

HIIT 41.9 ± 5.91 48.9 ± 7.68e 7 ± 4.05f 0.000

P valued 0.360 0.037 0.017

LDL, mg/dL

CRT 122.2 ± 24.09 119.7 ± 24.48 -2.5 ± 13.45 0.571

HIIT 140.7 ± 30.7 127.3 ± 27.33e -13.4 ± 9.98 0.002

P valued 0.152 0.521 0.056

TC, mg/dL

CRT 163.2 ± 28.42 162.2 ± 31.45 -1 ± 11.47 0.789

HIIT 172.4 ± 22.07 157.1 ± 19.95e -15.30 ± 14.22f 0.008

P valued 0.430 0.671 0.024

Glucose, mg/dL

CRT 87.10 ± 6.08 88.60 ± 6.38 1.5 ± 4.62 0.332

HIIT 89 ± 5.41 85.7 ± 6.63e -3.3 ± 4.6f 0.049

P valued 0.470 0.332 0.032

Insulin, µL U/mL

CRT 7.75 ± 4.63 7.76 ± 4.46 0.019 ± 0.90 0.948

HIIT 7.72 ± 4.0 6.96 ± 4.16e -0.76 ± 0.96 0.034

P valued 0.989 0.681 0.079

HOMA-IR

CRT 1.64 ± 0.93 1.67 ± 0.91 0.033 ± 0.21 0.632

HIIT 1.68 ± 0.86 1.45 ± 0.86e -0.22 ± 0.25f 0.022

P valued 0.926 0.587 0.025

Abbreviations: CRT, circuit resistance training (3 times a week, 6 weeks, 60% 1RM); HIIT, high-intensity interval training (3 times a week for 6 weeks, HRmax > 90%); HDL,
high-density lipoprotein; HOMA-IR, homeostasis model assessment of insulin resistance; IL, interleukin; LDL, low-density lipoprotein; SD, standard deviation; TC, total
cholesterol; TG, triglyceride.
aValues are expressed as mean ± SD.
b∆, Pre-test vs. post-test values.
cPaired t-test.
dIndependent t-test.
eP < 0.05 compared pre- and post-test values (paired t-test).
f P < 0.05 compared the differences between groups (independent t-test).

(43). When designing the resistance training, the inten-
sity of a workout is essential as the higher intensity of re-
sistance exercise training would also be beneficial in over-
weight/obese adolescents (44). The intensity applied to our
resistance protocol was considered fix and moderate (60%
1RM), which may be one of the factors contributing to the
achieved results. Besides the exercise intensity, the proto-

col duration (6 weeks) and the small numbers of subjects
(n = 10) could be the other factors affecting the achieved re-
sults. Another variable analyzed was HOMA-IR. Our study
showed that 6 weeks of circuit resistance training did not
decrease fasting serum glucose and insulin in overweight
male adolescents. A meta-analysis study emphasizes the ef-
ficacy of exercise in reducing fasting insulin and improv-
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ing insulin resistance in adolescents (45). Moreover, van
der Heijden et al. found that 12 weeks of resistance train-
ing in obese Hispanic adolescents induced an increase in
hepatic insulin sensitivity (9). Shaibi et al. study (18)
showed that 16 weeks of resistance training significantly
increased insulin sensitivity in overweight or obese male
adolescents. Another variable analyzed was lipid profile.
In this study, a 6-weeks resistance training program did not
improve lipid profile in sedentary overweight male adoles-
cents. Results of other studies indicate that regular exer-
cise decreases lipid profile (46, 47). However, some studies
did not find any changes in lipids within overweight/obese
adolescents (42, 43, 48). Altogether, six weeks of moder-
ate intensity resistance training had no effect on anthro-
pometric parameters and metabolic health in overweight
male adolescents.

4.1. Conclusions

In conclusion, it seems that HIIT has more potent
impact than CRT on inducing an anti-inflammatory cy-
tokine response. Moreover, HIIT is a more appropriate ex-
ercise modality than CRT to improve body composition
and metabolic profile (lipid profile and HOMA-IR) in over-
weight male adolescents. More studies are needed to sup-
port these findings in overweight adolescents’ cohort.

Footnotes

Authors’ Contribution: All the authors approved the fi-
nal manuscript prior to submission.

Conflict of Interests: None of the authors have any con-
flict of interest.

Ethical Considerations: None declared by the authors.

Funding/Support: This study was supported by the
grant (grant number: 2269045) received from the Vice-
chancellor of Research of Mazandaran University.

References

1. Ogden CL, Carroll MD, Kit BK, Flegal KM. Prevalence of childhood and
adult obesity in the United States, 2011-2012. JAMA. 2014;311(8):806–
14. doi: 10.1001/jama.2014.732. [PubMed: 24570244]. [PubMed Central:
PMC4770258].

2. Bruunsgaard H. Physical activity and modulation of systemic
low-level inflammation. J Leukoc Biol. 2005;78(4):819–35. doi:
10.1189/jlb.0505247. [PubMed: 16033812].

3. Agha Alinejad H, Molanouri SM. [Exercise induced release of cy-
tokines from skeletal muscle: Emphasis on IL-6]. Iran J Endocrinol
Metab. 2010;12(2):181–90. Persian.

4. Cintra DE, Pauli JR, Araujo EP, Moraes JC, de Souza CT, Milan-
ski M, et al. Interleukin-10 is a protective factor against diet-
induced insulin resistance in liver. J Hepatol. 2008;48(4):628–37. doi:
10.1016/j.jhep.2007.12.017. [PubMed: 18267346].

5. Wisse BE. The inflammatory syndrome: The role of adipose tissue
cytokines in metabolic disorders linked to obesity. J Am Soc Nephrol.
2004;15(11):2792–800. doi: 10.1097/01.ASN.0000141966.69934.21.
[PubMed: 15504932].

6. Lipnowski S, Leblanc CM, Canadian Paediatric Society HAL, Sports
Medicine C. Healthy active living: Physical activity guidelines for
children and adolescents. Paediatr Child Health. 2012;17(4):209–12.
doi: 10.1093/pch/17.4.209. [PubMed: 23543633]. [PubMed Central:
PMC3381667].

7. Beavers KM, Brinkley TE, Nicklas BJ. Effect of exercise training on
chronic inflammation. Clin Chim Acta. 2010;411(11-12):785–93. doi:
10.1016/j.cca.2010.02.069. [PubMed: 20188719]. [PubMed Central:
PMC3629815].

8. Nassis GP, Papantakou K, Skenderi K, Triandafillopoulou M, Kavouras
SA, Yannakoulia M, et al. Aerobic exercise training improves insulin
sensitivity without changes in body weight, body fat, adiponectin,
and inflammatory markers in overweight and obese girls.
Metabolism. 2005;54(11):1472–9. doi: 10.1016/j.metabol.2005.05.013.
[PubMed: 16253636].

9. van der Heijden GJ, Wang ZJ, Chu ZD, Sauer PJ, Haymond MW,
Rodriguez LM, et al. A 12-week aerobic exercise program reduces
hepatic fat accumulation and insulin resistance in obese, His-
panic adolescents. Obesity (Silver Spring). 2010;18(2):384–90. doi:
10.1038/oby.2009.274. [PubMed: 19696755].

10. Tjonna AE, Stolen TO, Bye A, Volden M, Slordahl SA, Odegard R,
et al. Aerobic interval training reduces cardiovascular risk factors
more than a multitreatment approach in overweight adolescents.
Clin Sci (Lond). 2009;116(4):317–26. doi: 10.1042/CS20080249. [PubMed:
18673303].

11. Talanian JL, Galloway SD, Heigenhauser GJ, Bonen A, Spriet LL. Two
weeks of high-intensity aerobic interval training increases the capac-
ity for fat oxidation during exercise in women. J Appl Physiol (1985).
2007;102(4):1439–47. doi: 10.1152/japplphysiol.01098.2006. [PubMed:
17170203].

12. Cornish AK, Broadbent S, Cheema BS. Interval training for pa-
tients with coronary artery disease: A systematic review. Eur J Appl
Physiol. 2011;111(4):579–89. doi: 10.1007/s00421-010-1682-5. [PubMed:
20972578].

13. Little JP, Gillen JB, Percival ME, Safdar A, Tarnopolsky MA, Punthakee
Z, et al. Low-volume high-intensity interval training reduces hyper-
glycemia and increases muscle mitochondrial capacity in patients
with type 2 diabetes. J Appl Physiol (1985). 2011;111(6):1554–60. doi:
10.1152/japplphysiol.00921.2011. [PubMed: 21868679].

14. Boutcher SH. High-intensity intermittent exercise and fat loss. J
Obes. 2011;2011:868305. doi: 10.1155/2011/868305. [PubMed: 21113312].
[PubMed Central: PMC2991639].

15. Bell LM, Watts K, Siafarikas A, Thompson A, Ratnam N, Bulsara M, et
al. Exercise alone reduces insulin resistance in obese children inde-
pendently of changes in body composition. J Clin Endocrinol Metab.
2007;92(11):4230–5. doi: 10.1210/jc.2007-0779. [PubMed: 17698905].

16. Lau PWC, Kong Z, Choi CR, Yu CCW, Chan DFY, Sung RYT, et al. Ef-
fects of short-term resistance training on serum leptin levels in obese
adolescents. Journal of Exercise Science & Fitness. 2010;8(1):54–60. doi:
10.1016/s1728-869x(10)60008-1.

17. McGuigan MR, Tatasciore M, Newton RU, Pettigrew S. Eight weeks of
resistance training can significantly alter body composition in chil-
dren who are overweight or obese. J Strength Cond Res. 2009;23(1):80–
5. doi: 10.1519/JSC.0b013e3181876a56. [PubMed: 19130639].

18. Shaibi GQ, Cruz ML, Ball GD, Weigensberg MJ, Salem GJ, Crespo NC, et
al. Effects of resistance training on insulin sensitivity in overweight
Latino adolescent males. Med Sci Sports Exerc. 2006;38(7):1208–15. doi:
10.1249/01.mss.0000227304.88406.0f. [PubMed: 16826016].

19. Lee S, Bacha F, Hannon T, Kuk JL, Boesch C, Arslanian S. Effects of aero-
bic versus resistance exercise without caloric restriction on abdom-
inal fat, intrahepatic lipid, and insulin sensitivity in obese adoles-
cent boys: A randomized, controlled trial. Diabetes. 2012;61(11):2787–
95. doi: 10.2337/db12-0214. [PubMed: 22751691]. [PubMed Central:
PMC3478522].

6 Jentashapir J Health Res. 2019; 10(1):e79324.

http://dx.doi.org/10.1001/jama.2014.732
http://www.ncbi.nlm.nih.gov/pubmed/24570244
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4770258
http://dx.doi.org/10.1189/jlb.0505247
http://www.ncbi.nlm.nih.gov/pubmed/16033812
http://dx.doi.org/10.1016/j.jhep.2007.12.017
http://www.ncbi.nlm.nih.gov/pubmed/18267346
http://dx.doi.org/10.1097/01.ASN.0000141966.69934.21
http://www.ncbi.nlm.nih.gov/pubmed/15504932
http://dx.doi.org/10.1093/pch/17.4.209
http://www.ncbi.nlm.nih.gov/pubmed/23543633
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3381667
http://dx.doi.org/10.1016/j.cca.2010.02.069
http://www.ncbi.nlm.nih.gov/pubmed/20188719
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3629815
http://dx.doi.org/10.1016/j.metabol.2005.05.013
http://www.ncbi.nlm.nih.gov/pubmed/16253636
http://dx.doi.org/10.1038/oby.2009.274
http://www.ncbi.nlm.nih.gov/pubmed/19696755
http://dx.doi.org/10.1042/CS20080249
http://www.ncbi.nlm.nih.gov/pubmed/18673303
http://dx.doi.org/10.1152/japplphysiol.01098.2006
http://www.ncbi.nlm.nih.gov/pubmed/17170203
http://dx.doi.org/10.1007/s00421-010-1682-5
http://www.ncbi.nlm.nih.gov/pubmed/20972578
http://dx.doi.org/10.1152/japplphysiol.00921.2011
http://www.ncbi.nlm.nih.gov/pubmed/21868679
http://dx.doi.org/10.1155/2011/868305
http://www.ncbi.nlm.nih.gov/pubmed/21113312
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2991639
http://dx.doi.org/10.1210/jc.2007-0779
http://www.ncbi.nlm.nih.gov/pubmed/17698905
http://dx.doi.org/10.1016/s1728-869x(10)60008-1
http://dx.doi.org/10.1519/JSC.0b013e3181876a56
http://www.ncbi.nlm.nih.gov/pubmed/19130639
http://dx.doi.org/10.1249/01.mss.0000227304.88406.0f
http://www.ncbi.nlm.nih.gov/pubmed/16826016
http://dx.doi.org/10.2337/db12-0214
http://www.ncbi.nlm.nih.gov/pubmed/22751691
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3478522
http://jjhres.com


Alizadeh H et al.

20. Thomas GA, Kraemer WJ, Comstock BA, Dunn-Lewis C, Volek JS,
Denegar CR, et al. Effects of resistance exercise and obesity level
on ghrelin and cortisol in men. Metabolism. 2012;61(6):860–8. doi:
10.1016/j.metabol.2011.10.015. [PubMed: 22146097].

21. Lohman TG. Advances in body composition assessment. Champaign, Ill:
Human Kinetics Publishers; 1992.

22. Nascimento MA, Cyrino ES, Nakamura FY, Romanzini M, Pianca HJC,
Queiróga MR. Validation of the Brzycki equation for the estimation
of 1-RM in the bench press. Revi Brasi Med Esp. 2007;13(1):47–50. doi:
10.1590/s1517-86922007000100011.

23. Wallace TM, Levy JC, Matthews DR. Use and abuse of HOMA model-
ing. Diabetes Care. 2004;27(6):1487–95. doi: 10.2337/diacare.27.6.1487.
[PubMed: 15161807].

24. Leggate M, Carter WG, Evans MJ, Vennard RA, Sribala-Sundaram S,
Nimmo MA. Determination of inflammatory and prominent pro-
teomic changes in plasma and adipose tissue after high-intensity
intermittent training in overweight and obese males. J Appl Phys-
iol (1985). 2012;112(8):1353–60. doi: 10.1152/japplphysiol.01080.2011.
[PubMed: 22267387]. [PubMed Central: PMC3331586].

25. Kelly BM, Xenophontos S, King JA, Nimmo MA. An evaluation of
low volume high-intensity intermittent training (HIIT) for health
risk reduction in overweight and obese men. BMC Obes. 2017;4:17.
doi: 10.1186/s40608-017-0151-7. [PubMed: 28435687]. [PubMed Central:
PMC5395873].

26. Zwetsloot KA, John CS, Lawrence MM, Battista RA, Shanely RA.
High-intensity interval training induces a modest systemic inflam-
matory response in active, young men. J Inflamm Res. 2014;7:9–
17. doi: 10.2147/JIR.S54721. [PubMed: 24520199]. [PubMed Central:
PMC3920540].

27. Ferreira FC, de Medeiros AI, Nicioli C, Nunes JE, Shiguemoto GE,
Prestes J, et al. Circuit resistance training in sedentary women: body
composition and serum cytokine levels. Appl Physiol Nutr Metab.
2010;35(2):163–71. doi: 10.1139/H09-136. [PubMed: 20383226].

28. Phillips MD, Patrizi RM, Cheek DJ, Wooten JS, Barbee JJ, Mitchell JB.
Resistance training reduces subclinical inflammation in obese, post-
menopausal women. Med Sci Sports Exerc. 2012;44(11):2099–110. doi:
10.1249/MSS.0b013e3182644984. [PubMed: 22874536].

29. Peake JM, Suzuki K, Hordern M, Wilson G, Nosaka K, Coombes JS.
Plasma cytokine changes in relation to exercise intensity and mus-
cle damage. Eur J Appl Physiol. 2005;95(5-6):514–21. doi: 10.1007/s00421-
005-0035-2. [PubMed: 16151834].

30. Izquierdo M, Ibanez J, Calbet JA, Navarro-Amezqueta I, Gonzalez-Izal
M, Idoate F, et al. Cytokine and hormone responses to resistance train-
ing. Eur J Appl Physiol. 2009;107(4):397–409. doi: 10.1007/s00421-009-
1139-x. [PubMed: 19649649].

31. Ara I, Perez-Gomez J, Vicente-Rodriguez G, Chavarren J, Dorado C,
Calbet JA. Serum free testosterone, leptin and soluble leptin recep-
tor changes in a 6-week strength-training programme. Br J Nutr.
2006;96(6):1053–9. doi: 10.1017/BJN20061956. [PubMed: 17181880].

32. Libardi CA, De Souza GV, Cavaglieri CR, Madruga VA, Chacon-Mikahil
MP. Effect of resistance, endurance, and concurrent training on
TNF-alpha, IL-6, and CRP. Med Sci Sports Exerc. 2012;44(1):50–6. doi:
10.1249/MSS.0b013e318229d2e9. [PubMed: 21697747].

33. Rall LC, Roubenoff R, Cannon JG, Abad LW, Dinarello CA, Meydani SN.
Effects of progressive resistance training on immune response in ag-
ing and chronic inflammation. Med Sci Sports Exerc. 1996;28(11):1356–
65. doi: 10.1097/00005768-199611000-00003. [PubMed: 8933485].

34. Batacan RB Jr, Duncan MJ, Dalbo VJ, Tucker PS, Fenning AS. Effects
of high-intensity interval training on cardiometabolic health: A sys-
tematic review and meta-analysis of intervention studies. Br J Sports
Med. 2017;51(6):494–503. doi: 10.1136/bjsports-2015-095841. [PubMed:

27797726].
35. Baquet G, Berthoin S, Gerbeaux M, Van Praagh E. High-intensity aero-

bic training during a 10 week one-hour physical education cycle: ef-
fects on physical fitness of adolescents aged 11 to 16. Int J Sports Med.
2001;22(4):295–300. doi: 10.1055/s-2001-14343. [PubMed: 11414674].

36. Buchan DS, Ollis S, Young JD, Thomas NE, Cooper SM, Tong TK, et al.
The effects of time and intensity of exercise on novel and established
markers of CVD in adolescent youth. Am J Hum Biol. 2011;23(4):517–26.
doi: 10.1002/ajhb.21166. [PubMed: 21465614].

37. Buchan DS, Ollis S, Young JD, Cooper SM, Shield JP, Baker JS. High in-
tensity interval running enhances measures of physical fitness but
not metabolic measures of cardiovascular disease risk in healthy ado-
lescents. BMC Public Health. 2013;13:498. doi: 10.1186/1471-2458-13-498.
[PubMed: 23705968]. [PubMed Central: PMC3666892].

38. Corte de Araujo AC, Roschel H, Picanco AR, do Prado DM, Villares
SM, de Sa Pinto AL, et al. Similar health benefits of endurance and
high-intensity interval training in obese children. PLoS One. 2012;7(8).
e42747. doi: 10.1371/journal.pone.0042747. [PubMed: 22880097].
[PubMed Central: PMC3412799].

39. Racil G, Ben Ounis O, Hammouda O, Kallel A, Zouhal H, Chamari K,
et al. Effects of high vs. moderate exercise intensity during interval
training on lipids and adiponectin levels in obese young females.
Eur J Appl Physiol. 2013;113(10):2531–40. doi: 10.1007/s00421-013-2689-5.
[PubMed: 23824463].

40. Davis JN, Kelly LA, Lane CJ, Ventura EE, Byrd-Williams CE, Alexandar
KA, et al. Randomized control trial to improve adiposity and insulin
resistance in overweight Latino adolescents. Obesity (Silver Spring).
2009;17(8):1542–8. doi: 10.1038/oby.2009.19. [PubMed: 19247280].
[PubMed Central: PMC2846423].

41. Davis JN, Tung A, Chak SS, Ventura EE, Byrd-Williams CE, Alexander KE,
et al. Aerobic and strength training reduces adiposity in overweight
Latina adolescents. Med Sci Sports Exerc. 2009;41(7):1494–503. doi:
10.1249/MSS.0b013e31819b6aea. [PubMed: 19516150]. [PubMed Central:
PMC2836768].

42. Lau PW, Yu CW, Lee A, Sung RY. The physiological and psychological
effects of resistance training on Chinese obese adolescents. J Exerc Sci
Fitness. 2004;2(2):115–20.

43. Benson AC, Torode ME, Fiatarone Singh MA. The effect of high-
intensity progressive resistance training on adiposity in children: A
randomized controlled trial. Int J Obes (Lond). 2008;32(6):1016–27. doi:
10.1038/ijo.2008.5. [PubMed: 18283282].

44. Alberga AS, Sigal RJ, Kenny GP. A review of resistance exercise
training in obese adolescents. Phys Sportsmed. 2011;39(2):50–63. doi:
10.3810/psm.2011.05.1895. [PubMed: 21673485].

45. Fedewa MV, Gist NH, Evans EM, Dishman RK. Exercise and insulin re-
sistance in youth: A meta-analysis. Pediatrics. 2014;133(1):e163–74. doi:
10.1542/peds.2013-2718. [PubMed: 24298011].

46. Bouchard C, Shephard RJ, Stephens T, Sutton JR, McPherson BD. Ex-
ercise, fitness, and health: the consensus statement. Exercise, fitness,
and health: a consensus of current knowledge: proceedings of the Inter-
national Conference on Exercise, fitness and health, May 29-June 3, 1988.
Toronto, Canada. Human Kinetics Publishers; 1990. p. 3–28.

47. Balas-Nakash M, Benitez-Arciniega A, Perichart-Perera O, Valdes-
Ramos R, Vadillo-Ortega F. The effect of exercise on cardiovascular risk
markers in Mexican school-aged children: comparison between two
structured group routines. Salud Publica Mex. 2010;52(5):398–405. doi:
10.1590/S0036-36342010000500007. [PubMed: 21031246].

48. Watts K, Beye P, Siafarikas A, Davis EA, Jones TW, O’Driscoll G, et al. Exer-
cise training normalizes vascular dysfunction and improves central
adiposity in obese adolescents. J Am Coll Cardiol. 2004;43(10):1823–7.
doi: 10.1016/j.jacc.2004.01.032. [PubMed: 15145107].

Jentashapir J Health Res. 2019; 10(1):e79324. 7

http://dx.doi.org/10.1016/j.metabol.2011.10.015
http://www.ncbi.nlm.nih.gov/pubmed/22146097
http://dx.doi.org/10.1590/s1517-86922007000100011
http://dx.doi.org/10.2337/diacare.27.6.1487
http://www.ncbi.nlm.nih.gov/pubmed/15161807
http://dx.doi.org/10.1152/japplphysiol.01080.2011
http://www.ncbi.nlm.nih.gov/pubmed/22267387
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3331586
http://dx.doi.org/10.1186/s40608-017-0151-7
http://www.ncbi.nlm.nih.gov/pubmed/28435687
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5395873
http://dx.doi.org/10.2147/JIR.S54721
http://www.ncbi.nlm.nih.gov/pubmed/24520199
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3920540
http://dx.doi.org/10.1139/H09-136
http://www.ncbi.nlm.nih.gov/pubmed/20383226
http://dx.doi.org/10.1249/MSS.0b013e3182644984
http://www.ncbi.nlm.nih.gov/pubmed/22874536
http://dx.doi.org/10.1007/s00421-005-0035-2
http://dx.doi.org/10.1007/s00421-005-0035-2
http://www.ncbi.nlm.nih.gov/pubmed/16151834
http://dx.doi.org/10.1007/s00421-009-1139-x
http://dx.doi.org/10.1007/s00421-009-1139-x
http://www.ncbi.nlm.nih.gov/pubmed/19649649
http://dx.doi.org/10.1017/BJN20061956
http://www.ncbi.nlm.nih.gov/pubmed/17181880
http://dx.doi.org/10.1249/MSS.0b013e318229d2e9
http://www.ncbi.nlm.nih.gov/pubmed/21697747
http://dx.doi.org/10.1097/00005768-199611000-00003
http://www.ncbi.nlm.nih.gov/pubmed/8933485
http://dx.doi.org/10.1136/bjsports-2015-095841
http://www.ncbi.nlm.nih.gov/pubmed/27797726
http://dx.doi.org/10.1055/s-2001-14343
http://www.ncbi.nlm.nih.gov/pubmed/11414674
http://dx.doi.org/10.1002/ajhb.21166
http://www.ncbi.nlm.nih.gov/pubmed/21465614
http://dx.doi.org/10.1186/1471-2458-13-498
http://www.ncbi.nlm.nih.gov/pubmed/23705968
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3666892
http://dx.doi.org/10.1371/journal.pone.0042747
http://www.ncbi.nlm.nih.gov/pubmed/22880097
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3412799
http://dx.doi.org/10.1007/s00421-013-2689-5
http://www.ncbi.nlm.nih.gov/pubmed/23824463
http://dx.doi.org/10.1038/oby.2009.19
http://www.ncbi.nlm.nih.gov/pubmed/19247280
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2846423
http://dx.doi.org/10.1249/MSS.0b013e31819b6aea
http://www.ncbi.nlm.nih.gov/pubmed/19516150
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2836768
http://dx.doi.org/10.1038/ijo.2008.5
http://www.ncbi.nlm.nih.gov/pubmed/18283282
http://dx.doi.org/10.3810/psm.2011.05.1895
http://www.ncbi.nlm.nih.gov/pubmed/21673485
http://dx.doi.org/10.1542/peds.2013-2718
http://www.ncbi.nlm.nih.gov/pubmed/24298011
http://dx.doi.org/10.1590/S0036-36342010000500007
http://www.ncbi.nlm.nih.gov/pubmed/21031246
http://dx.doi.org/10.1016/j.jacc.2004.01.032
http://www.ncbi.nlm.nih.gov/pubmed/15145107
http://jjhres.com

	Abstract
	1. Background
	2. Methods
	2.1. Study Design
	Table 1

	2.2. HIIT Protocol
	Figure 1

	2.3. CRT Protocol

	3. Results
	Table 2
	Table 3

	4. Discussion
	4.1. Conclusions

	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Ethical Considerations: 
	Funding/Support: 

	References

