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Abstract

Background: Research on the effects of interval training on lipid profile and hematological indices is limited.
Objectives: Therefore, the purpose of this study was to determine the effects of eight weeks of high-intensity interval training (HIIT)
and moderate-intensity continuous training (MICT) on aerobic performance, body composition, lipid profile, and hematological
indices in overweight adolescents.
Methods: Thirty overweight boys (13 - 16 years) participated in this study and were randomly divided into three groups, including
the control (n = 10), HIIT (n = 10), and MICT (n = 10) groups. HIIT training (4 × 4-minute) was performed with an intensity of 95 -
85% of maximum heart rate, and MICT training (35-minute) was performed with an intensity of 70 - 60% of maximum heart rate,
three sessions per week for eight weeks. Beep test and ELISA technique were used to measure aerobic performance, lipid profile, and
hematological indices, respectively. The two-way repeated-measures ANOVA was used to determine the differences with a confidence
interval of 95% (α = 0.05).
Results: The results showed that except for the variables of glucose, triglyceride (TG), and low-density lipoprotein (LDL), all other
variables in the HIIT group had a significant change compared to the pre-test (P < 0.05). Also, the results showed that there was
a significant difference between the HIIT and control groups in fat percentage, VO2Max, high-density lipoprotein (HDL), iron, and
hemoglobin value (P < 0.05).
Conclusions: The results suggest that HIIT training can be as effective as continuous strategy training to reduce the risk factors
associated with cardiovascular disease in overweight adolescents.
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1. Background

The increasing prevalence of overweight and obesity in
children and adolescents is a global health problem and is
the cause of concerns about the potential risks of health-
related problems in the immediate, short-term, and long-
term periods (1-3).

The lipid profile has long been used as a standard tool
to identify people who are at risk for serious cardiovas-
cular events (4, 5). High triglyceride (TG) and cholesterol
and a decrease in porous lipoprotein are important factors
in increasing the risk of cardiovascular disease (6). Low-
density lipoprotein (LDL) transports cholesterol from the
blood to the walls of arteries, leading to atherosclerosis.
If this cholesterol accumulates in the walls of the arteries
that supply the heart, a person is at risk for myocardial in-

farction. On the other hand, large amounts of high-density
lipoprotein (HDL) cholesterol are removed from the walls
of the arteries and transported to the liver for excretion,
which acts as a protective agent for the body (7).

Regular exercise is always one of the low-risk and
healthy approaches to deal with and treat obesity. Thus,
many researchers believe that exercise (endurance and re-
sistance) may improve many bio-transformers in the body
of obese people by affecting the endocrine system and
causing metabolic changes (8). In this regard, the results
of some studies have indicated that moderate-intensity
endurance training by increasing the recall of fatty acids
from subcutaneous and visceral fat sources and physio-
logical adaptations, such as increased oxidative enzymes,
capillary density, mitochondrial size, strength, and max-
imum aerobic and cardiovascular function can improve
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body composition and blood lipid profile, including TG,
cholesterol, and lipoproteins (8, 9).

High-intensity interval training (HIIT) is a relatively
new training method that has attracted the attention of
athletes, coaches, and sports science researchers in recent
years. HIIT usually refers to relatively short and inter-
val repetitive training sessions, which is often performed
with maximum effort or power or at an intensity close to
VO2peak. Depending on the intensity of the workout, one
try may take a few seconds to a few minutes, separated by
several attempts that take more than a few minutes of rest
or a low-intensity workout (10). It has been shown that in
addition to reducing training time and volume, HIIT can
achieve the same results compared to endurance training
(10). In this regard, it has been reported that skeletal ca-
pacity for fatty acid oxidation increases during exercise fol-
lowing two weeks of short-term intense interval exercise.
Daquinag et al. also conducted a study comparing two
types of intense short-term exercise versus sub-maximal
exercise for four weeks in overweight women. The results
showed that short-term maximum exercise reduced body
fat to a greater extent, and this reduction was greater in ab-
dominal fat (5).

2. Objectives

Therefore, this study was performed to determine the
effect of eight weeks of HIIT and moderate-intensity con-
tinuous training (MICT) on physical fitness, body composi-
tion, and lipid profile in overweight students.

3. Methods

The study population consisted of all overweight male
students aged 13 - 16 years in Islamabad, Kermanshah
province, Iran. The sample size was selected based on the
formula, a significance level of 0.05, the statistical power
of 80%, the standard deviation of the main variables of
the research, and target difference of the main variables.
Therefore, 30 overweight male students were selected as
the sample size.

The inclusion criteria included no history of infectious
disease, no use of medication, no participation in regular
sports activities, and participating in all training sessions.
The subjects who were injured, the ones who neither meet
these conditions nor participate in the training programs
during the research process were excluded from the re-
search. The characteristics of the subjects, including age,
height, weight, and body mass index (BMI) are given in Ta-
ble 1. In this study, the subjects were randomly divided into
three groups, including the control (n = 10), HIIT (n = 10),

and MICT (n = 10) groups, according to simple random sam-
pling. Serum levels of TG, total cholesterol (TC), LDL, and
HDL were analyzed using special kits (Pars Azmon Com-
pany, i24 model, made in Iran). Also, iron and hemoglobin
levels (cell counter model Simex KX) and serum glucose
levels were measured using Pars Azmon company kit (glu-
cose oxidase method) (6, 7). Beep test and Jackson/Pollock
method were used to measure the aerobic performance
and fat percent. This research was conducted based on
ethical standards in the research of Helsinki Statement
and approved by the Ethics Committee of Razi University
(IR.RAZI.REC.1398.008).

3.1. Training and Recovery Protocol

Exercise programs were performed for eight weeks
and three sessions per week. Each training session for
both training groups began with a 7-minute warm-up and
ended with a 5-minute cool-down. High HIIT began with 4
sets of running (3: 30 minutes) and an intensity of 80 - 70%
of the maximum heart rate in the first and second weeks,
increased to 4 sets of 4 minutes with an intensity of 95 –
85% in the eighth week. Active rest between sets consisted
of three minutes of fast walking. MICT also started with
continuous running (12 minutes) in the first week and in-
creased to 25 minutes with an intensity of 70 - 60% of maxi-
mum heart rate in the eighth week. The subjects in the con-
trol group continued their inactive lifestyle (8, 9).

3.2. Statistical Analysis

Descriptive statistical methods were applied to de-
scribe the mean and standard deviation of the data.
Shapiro-Wilk test was used to determine the normal dis-
tribution of data. Two-way repeated-measures ANOVA was
used to compare the mean values. Moreover, one-way
ANOVA was used to compare the changes in values in the
pre-test and post-test (delta, ∆). Tukey’s post-hoc test was
used to compare the pair differences. Calculations were
performed using SPSS software version 21, and the signifi-
cance level of the tests was considered as P < 0.05.

4. Results

Changes in body composition and aerobic perfor-
mance indices of the three groups are shown in Table 1.
There was a significant difference between weight, BMI,
body fat percentage, and VO2max in the two training
groups in post-test (P < 0.05). The results showed that
HIIT and MICT significantly reduced the delta (∆) values of
weight (P = 0.0001, P = 0.0001, η2 =0.7), BMI (P = 0.047 and
P = 0.012, η2 =0.22, respectively) (Figure 1), and body fat per-
centage (P = 0.0001 and P = 0.0001, η2 =0.79, respectively)
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Table 1. Changes in Body Composition and Aerobic Performance Indices of the Studied Groups

Variables
Control HIIT MICT

Pre-test Post-test Pre-test Post-test Pre-test Post-test

Weight (kg) 81.9 ± 11.7 82.8 ± 12.3 85.8 ± 5.5 84.1 ± 4.4 b , c 83.8 ± 11.3 81.6 ± 10.9 b , c

Fat percent (%) 32 ± 1.9 33.2 ± 2.1 30.6 ± 6.1 28.5 ± 5.6 b , c 30.3 ± 1.6 28 ± 1.7 b , c

BMI (kg.m-2) 29.5 ± 3.1 29.3 ± 3 28.1 ± 2.2 27.6 ± 2 b , c 28.7 ± 2.1 27.2 ± 2.1 b , c

Vo2max(mL.kg-1 .min-1) 24.2 ± 4.7 24.4 ± 3.9 26.3 ± 3.7 30.4 ± 4 b , c 25.2 ± 2.9 28.3 ± 4.4 b , c

a Values are expressed as mean ± SD.
b Significant difference compared to pre-test (P < 0.05).
c Significant differences compared to changes in the delta value (∆) of the control group (P < 0.05).

compared to the control group (Figure 1). Moreover, no
significant difference in weight (P = 0.315), BMI (P = 0.791),
and body fat percentage (P = 0.881) was found between the
HIIT and MICT groups (Figure 1). Also, HIIT and MICT signif-
icantly increased the delta (∆) value of VO2max (P = 0.0001
and P = 0.003, η2 =0.55, respectively) compared to the con-
trol group (Figure 1). However, no significant difference be-
tween the HIIT and MICT groups in terms of the delta (∆)
value of VO2max (P = 0.51) (Table 1).

Changes in fasting glucose, lipid profile, and hemato-
logical indices in the three groups are shown in Table 2. Ex-
cept for TG and LDL in the HIIT group, the other variables in
post-test in both groups were significantly different from
the pre-test (P < 0.05) (Figure 2). There was a significant in-
crease in HDL delta (∆) value of the HIIT and MICT groups
(P = 0.001 and P = 0.023, η2 = 0.45), respectively, compared
to the control group. However, no significant difference be-
tween the HIIT and MICT groups in HDL delta (∆) value was
seen (P = 0.29) (Figure 2). On the other hand, in the HIIT and
MICT groups, the TC delta (∆) value of HDL (P = 0.002 and P
= 0.0001,η2 = 0.52, respectively) significantly reduced com-
pared to the control group (Figure 2), but there was no sig-
nificant difference between the HIIT and MICT groups in
TC delta (∆) value (P = 0.81) (Figure 2). On the other hand,
there was no significant difference in LDL (P = 0.315, η2 =
0.14), TG (P = 0.791, η2 = 0.12), and glucose delta (∆) value of
the HIIT and MICT groups in comparison with the control
group (P = 0.304, η2 = 0.26) (Table 2). Moreover, the results
showed a significant difference in hemoglobin and iron
delta (∆) values (Figure 3) only between the HIIT group and
the control group (P = 0.315, η2 = 0.3 and P = 0.12, η2 = 0.12)
(Table 2).

5. Discussion

According to the results of the present study, after
eight weeks of HIIT and MICT, there was a significant de-
crease in weight, BMI, and body fat percentage, but there

was no significant difference between HIIT and MICT re-
garding the mentioned variables. In the present study,
weight loss may be due to the effect of aerobic and anaer-
obic exercise (interval and continuous). The results of
the present study are in line with the results of Garcia-
Hermoso et al. (10) and Marandi et al. (11). They concluded
that the intensity of continuous aerobic exercise has an
important role in weight loss and improving BMI (10, 11).
Both interval and continuous activity use the fat stores due
to increased mitochondrial density, the capacity of oxida-
tive enzymes, increased activity of enzymes in the electron
transfer chain, the activity of enzymes involved in the ox-
idation of fats, and increases the oxidation and activity of
lipoprotein lipase (12, 13)

The results showed that the VO2max of overweight sub-
jects increased significantly compared to the pre-test af-
ter eight weeks of HIIT and MICT. HIIT training compared
to MICT training causes similar adaptations in cardiores-
piratory fitness and endurance performance. Bickham et
al. showed that they could not cause a significant change
in VO2max despite running using an intense interval exer-
cise program for six weeks (14). This difference may be re-
lated to the initial level of VO2max of the subjects in the
pre-test. It seems that there is a significant and negative re-
lationship between VO2max levels in the pre-test with an
increased percentage of changes in post-test. These find-
ings are in line with previous studies (14).

The results of the present study showed that HDL and
TC values after HIIT and MICT increased and decreased sig-
nificantly, respectively. However, TG and LDL values de-
creased significantly compared to pre-test only after MICT,
but they did not change significantly in the control and
HIIT groups. These results are in line with the research
by Silva et al. (15), Da Silva et al. (16), and Koubaa et al.
(17), who investigated the effect of HIIT and MICT exercises
on the fat profile of overweight adolescents . The results
showed a significant improvement in lipid profile factors
in both training groups (16, 17). An increase in the activ-
ity of the lecithin cholesterol acyltransferase, which is re-
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Figure 1. The trend of changes in body composition and aerobic performance indices of the studied groups before and after the exercise [*Significant difference compared to
pre-test (P < 0.05); #Significant differences compared to changes in the delta value (∆) of the control group (P < 0.05)].

Table 2. Changes in Hematological Variables of the Studied Groups a

Variables
Control HIIT MICT

Pre-test Post-test Pre-test Post-test Pre-test Post-test

HDL (mg. dL-1) 47.4 ± 4.9 46.8 ± 3.8 44.6 ± 2.7 53.7 ± 8.9 b , c 42.6 ± 7.7 47.1 ± 6.7 b , c

LDL (mg. dl-1) 85.7 ± 6.2 85.8 ± 5.3 82.1 ± 17.7 81 ± 15.3 82.9 ± 25.4 78.9 ± 17.8 b

TG (mg. dL-1) 110.6 ± 29.8 112.1 ± 20.6 126.4 ± 62.5 112.3 ± 53.8 127.6 ± 62.6 103.1 ± 21.2 b

TC (mg. dL-1) 169 ± 12.3 172.4 ± 11.8 167 ± 46.8 158.11 ± 7.7 b , c 159.7 ± 47.9 148.9 ± 44.8 b , c

Glucose (mg. dL-1) 80 ± 7.3 83.3 ± 4.9 79.4 ± 5.7 78.1 ± 4.9 83.6 ± 8.7 81.3 ± 6.8 c

Hgb (mg. dL-1) 14.6 ± 1.27 14.7 ± 1.44 15.9 ± 0.88 16.4 ± 0.9 b , c 14.4 ± 1.32 15 ± 1.29 b

Iron (µg. dL-1) 91.6 ± 17.8 93.3 ± 19.3 138.1 ± 37 144.1 ± 31.9 b , c 90.4 ± 22.1 97.1 ± 20.8 b

a Values are expressed as mean ± SD.
b Significant difference compared to pre-test (P < 0.05).
c Significant differences compared to changes in the delta value (∆) of the control group (P < 0.05).

sponsible for the transfer of cholesterol ester to HDL, and a
decrease in the activity of the protein plasma cholesterol
transferase, which is responsible for the transfer of HDL
cholesterol ester to other lipoproteins, may be involved.
Other mechanisms, such as changes in plasma hormone
concentrations, lipoprotein lipase, and other factors may

be involved in these changes (17, 18).

Also, only the MICT group was found with a significant
decrease in fasting glucose compared to the control group.
Consistent with the present study, Heidary et al. showed
that eight weeks of aerobic resistance interval training did
not lead to a significant change in fasting blood glucose
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Figure 2. The trend of changes in blood lipid profile indices in the studied groups before and after exercise [*Significant difference compared to pre-test (P < 0.05); #Significant
differences compared to changes in the delta value (∆) of the control group (P < 0.05)].

and insulin (19). It seems that the lack of effect of interval
and continuous exercises on fasting glucose in the present
study can be attributed to differences in exercise intensity
(19).

A significant increase in hemoglobin and iron levels af-
ter eight weeks of HIIT and MICT was the final finding of
this study. In general, our results contradict some of the
findings reported by Ahmadi and Abdiyan (20). Given that
in some studies, the subjects were trained athletes, it is
possible that their activity was accompanied by process of
hemolysis. The reason for this can be found in some dif-
ferences, such as the type of exercises performed, the in-
tensity of the exercises, gender, and the level of readiness
of the subjects. According to previous studies, in trained
athletes, the number of red blood cells and hemoglobin is
lower than in non-trained individuals (20).

The use of the HIIT program with the intensity of 85 -
95% maximum heart rate is the strength of this study be-
cause this intensity has not been used in previous studies.
The small sample size due to the lack of available volun-
teers is one of the limitations of this study. Therefore, we
propose to perform the same research using large sample
sizes. The period of the training program is also another
limitation, which might have affected the results.

5.1. Conclusion

The advantage of interval exercise over continuous ex-
ercise is that it takes less time, but has similar or even bet-
ter results than a continuous exercise in improving cardio-
vascular risk factors. Therefore, in order to improve the
physical fitness and aerobic function capacity of individu-
als as well as the prevention of cardiovascular diseases, it
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Figure 3. The trend of changes in blood hematological parameters in the studied groups before and after exercise [*Significant difference compared to pre-test (P < 0.05);
#Significant differences compared to changes in the delta value (∆) of the control group (P < 0.05)].

can be suggested to use the benefits of such exercises by
substituting various periodic exercises with less time in-
stead of continuous exercises.
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