
Vol.:(0123456789)1 3

Sport Sciences for Health (2020) 16:645–652 
https://doi.org/10.1007/s11332-020-00637-3

ORIGINAL ARTICLE

The combined effect of high‑intensity interval training 
and intermittent fasting on lipid profile and peroxidation in Wistar rats 
under high‑fat diet

Bahman Abbasi1 · Ali Samadi2  · Behzad Bazgir3

Received: 3 December 2019 / Accepted: 6 March 2020 / Published online: 19 March 2020 
© Springer-Verlag Italia S.r.l., part of Springer Nature 2020

Abstract
Purpose High-fat diet is considered as the main risk factor for the development of dyslipidemia and lipid peroxidation, 
which in turn results in serious health problems such as cardiovascular disease, type 2 diabetes, and some forms of cancers. 
Therefore, the purpose of this study was to investigate the combined effect of high-intensity interval training (HIIT) and 
intermittent fasting (IF) on lipid profile and peroxidation in Wistar rats under a high-fat diet.
Methods A total of 28 male Wistar rats went through a high-fat diet for 12 weeks. Then, they were randomly divided into 
four groups: (1) HIIT (3 days week−1 for 6 weeks), (2) IF (3 days week−1 for 6 weeks), (3) combined HIIT and IF (received 
both treatment for 6 weeks), and (4) control (CON). All groups were under a high-fat diet until the end of the study.
Results According to the results, LDL levels significantly decreased in the HIIT group compared to the CON group, and 
in the IF and HIIT + IF groups, a non-significant increase in HDL was observed compared to the CON group. In HIIT + IF 
and HIIT groups, LDL/HDL ratio decreased significantly compared to the CON group (P < 0.05). Moreover, in IF group, a 
significant decrease in TG occurred in comparison with HIIT and HIIT + IF groups. A significant increase in serum MDA 
levels was observed in IF and HIIT + IF groups but not in the HIIT group in comparison with the CON group.
Conclusion Our results suggest that in subjects under a high-fat diet, both HIIT and IF may help to improve lipid profile, but 
their combination may not have any synergistic effect. Also, IF and HIIT + IF may increase lipid peroxidation in subjects 
under a high-fat diet.
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Abbreviations
HFD  High-fat diet
HIIT  High-intensity interval training
IF  Intermittent fasting
LPO  Lipid peroxidation
MDA  Malondialdehyde
CVD  Cardiovascular disease
LDL  Low-density lipoprotein
HDL  High-density lipoprotein
TG  Triglycerides

TC  Total cholesterol
ROS  Reactive oxygen species
DNA  Deoxyribonucleic acid
PUFAs  Polyunsaturated fatty acids
DR  Dietary restriction

Introduction

Globally, the disease’s pattern has changed historically in 
accordance with developments of medical, economic, and 
social structures [1]. Excessive intake of high-fat diets 
(HFD) has exacerbated the obesity epidemic, which it is 
related metabolic consequences in turn affected comorbid-
ity and long‐term mortality rates [2, 3]. In recent years, 
chronic over nutrition, i.e., consumption of an HFD, has 
been increasingly considered as a modifiable risk factor 
for diseases such as type 2 diabetes, insulin resistance, 
cardiovascular disease (CVD), and certain types of cancer 
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[2]. Studies have shown that dietary fat induces obesity by 
increasing energy intake [3–5]. The physiological mecha-
nisms involved in HFD-induced obesity are the overcon-
sumption of HFD due to their low satiating effect; the higher 
efficiency of dietary fat is being stored in the body as well as 
the alterations of hormones involved in energy balance [4]. 
HFD may also result in significant alterations in lipid profile 
and a depressed antioxidant defense system [6].

Dyslipidemia usually defined as a reduction in high-den-
sity lipoprotein cholesterol (HDL-C) and elevation of both 
low-density lipoprotein cholesterol (LDL-C) and triglycer-
ides’ (TG) levels [7]. Obesity-induced dyslipidemia has been 
shown to trigger the onset of CVD, which could be strongly 
related to oxidative stress [8]. Oxidative stress, which occurs 
as a result of a physiological imbalance between the level of 
antioxidants and oxidants in favor of oxidants [9], is asso-
ciated with the pathogenesis of several diseases [8]. Free 
radicals or reactive oxygen species (ROS) are essential 
for physiological functions such as gene expression, cel-
lular growth, infection defense, modulating the endothelial 
function, and cellular signaling, while ROS are essential 
signaling molecules, their exercise production can damage 
proteins, lipids, and deoxyribonucleic acid (DNA) [10, 11]. 
Lipid peroxidation (LPO) generally described as a process in 
which oxidants attack lipids containing carbon–carbon dou-
ble bond(s), especially polyunsaturated fatty acids (PUFAs) 
[12]. Among the aldehydes produced by LPO, malondialde-
hyde (MDA) is produced at high levels during LPO, so it is 
commonly used as a marker of oxidative stress [13].

It was suggested that health-related lifestyle choices, such 
as improving dietary regimen and enhancing daily physical 
activity, are among the most successful interventions which 
may reduce oxidative stress and incidence of HFD-driven 
diseases and metabolic disorders [2, 10, 14]. The benefits 
of an active lifestyle to human health are well known. It 
is believed that exercise can positively affect the metabo-
lism and function of several tissues; thereby, it may improve 
whole-body metabolic homeostasis and reduces overall dis-
ease risk [15]. High-intensity interval training (HIIT) is a 
time-efficient exercise mode characterized by brief bursts 
of intense exercise separated by short periods of recovery. 
HIIT has also been reported to improve various health-
related indices, including insulin sensitivity, cardiovascu-
lar function [16], plasma antioxidant capacity, blood redox 
homeostasis [17] lipid profiles [18], VO2max [19], and body 
composition [20]. Although some evidence suggests that 
HIIT may reduce oxidative stress, the results of the stud-
ies are not consistent, perhaps because of the differences 
in fitness levels of the subjects, exercises type, duration, 
intensity, and frequency, and the various markers of oxida-
tive stress are being assessed in studies [21]. Along with 
exercise, dietary intervention is considered as a major modi-
fier of lipid profile and oxidative stress. Intermittent fasting 

(IF), which has drawn great attention in recent years, is a 
term used to describe a variety of eating patterns in which 
no or few calories are consumed for periods that can range 
from 12 h to several days, repeatedly [22]. IF is reported to 
improve body composition and overall health [23], lipid pro-
files [24], reduced oxidative damage, and increased cellular 
stress resistance [25]. However, further research is needed to 
evaluate the isolated and combined effect of these interven-
tions, because the effect of IF and HIIT on lipid profile and 
oxidative stress is relatively inconsistent depending on dif-
ferences in subjects: type, frequency, duration, and intensity 
of exercise, as well as frequency of feeding/fasting cycles 
and the duration of the fasting used in studies [24, 26–30].

Considering the causative role of HFD in development 
of dyslipidemia, oxidative stress, and their related compli-
cations and lack of evidence regarding the combined effect 
of HIIT and IF on lipid profile and peroxidation of subjects 
under high-fat diet, the present study aimed to investigate 
the independent and combined effect of HIIT and IF on lipid 
profile and peroxidation in Wistar rats under high-fat diet.

Methods

In this experimental study, 28 male Wistar rats (4 weeks 
old, weighing 120–130 g) were obtained from Baqiyatal-
lah University of Medical Sciences Laboratory of Animal 
Care. Animals were housed in laboratory animal care center 
in separate cages (five rats in each cage, cage dimensions: 
60 L × 40 W × 20 H cm) made of transparent polyethylene, 
at an ambient temperature of 23  °C, humidity between 
45–60%, and in a 12:12 h light–dark cycle. Rats initially 
went through a high-fat diet for 12 weeks and then were ran-
domly divided into following groups: (1) HIIT (n = 8); (2) IF 
(n = 6); (3) HIIT + IF (n = 8); and (4) control, CON (n = 6). 
All groups were on a high-fat diet till the end of the study. 
Final statistical analysis was performed on five rats in each 
group (eight rats were excluded during the study for various 
reasons such as injury and inability to adhere to the exercise 
intensity (two in HIIT and one in HIIT + IF group), sud-
den changes in weight [one in HIIT + IF and one in IF and 
groups), and death (one in HIIT + IF and one in C group)].

High‑fat diet

The rodent standard food consisted of a pelletized diet (Lab-
oratory rodent base food of Behparvarco, Tehran, Iran) that 
were purchased from the laboratory animal care. The high-
fat diet used in this study consisted of animal fat (sheep 
tallow/lard) mixed with the rodent standard food. The total 
fat content of the diet (5% pelletized diet fat + 30% added 
animal fat) reached 35% of mixed food weight. During the 
first 12 weeks (primary phase), all rats had free access to 
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HFD and water. After the end of week 12, rats from IF and 
HIIT + IF groups underwent intermittent fasting for 12 h 
(7 p.m. up to 7 a.m.) at alternating days with 1 day of ad libi-
tum access to food and rats from CON and HIIT groups were 
under high-fat diet ad libitum access till the end of the study.

High‑intensity interval training protocol

One week before the experimental phase, the animals 
were familiarized with the rodent’s treadmill, rats ran on 
the device, with a speed of 7–10 m min−1, the slope of 0° 
for 5–10 min for three sessions. In the experimental phase 
(second phase), the HIIT + IF and HIIT groups did the HIIT 
protocol (3 sessions per week). Five minutes of running at 
40% of the maximal speed was performed as warm-up and 
cool-down at the beginning and end of the sessions. The 
main body of each exercise session consisted of 5–10 bouts 
of 1-min high-intensity running on the treadmill at the inten-
sity of 80–95% of maximal running speed, which alternated 
with 1 min of active recovery at about 55% of maximal run-
ning speed (Table 1). Maximal running test (MRT) was per-
formed before the experimental phase and at the end of the 
3rd week, and the exercise intensity was set based on the test 
results. The maximal running test was performed according 
to Machado et al. [31]; in brief, the test began at an initial 
velocity of 10 m min−1, which was increased by increments 
of 3 m min−1 every 3 min until the maximal running speed 
was reached. The test was terminated when the rats were 
exhausted and remained at the end of the mat on the shock 
grid for 5 s.

Intermittent fasting protocol

The intermittent fasting protocol consisted of 1 day of fast-
ing for 12 h (7 p.m. up to 7 a.m.), alternating with 1 day of 
ad libitum access to food [32], 3 days per week for 6 weeks 
which implemented only in IF and IF + HIIT groups. On 
fasting days, animals had just ad libitum access to drinking 
water, and on non-fasting days, they had ad libitum access 
to food and drinking water. Other groups (C and HIIT) have 

regular eating patterns and had ad libitum access to food and 
drinking water throughout the study.

Collection of blood and serum samples

Rats were killed 24 h after the completion of the study proto-
cols, blood samples were collected and used for biochemical 
assays. Following 12 h fasting, rats were anesthetized with 
an intraperitoneal injection of xylazine 10% and ketamine 
2%. Blood was drawn directly from the heart using a 5-ml 
syringe. Serum samples were prepared using EDTA tube and 
centrifugation at 3500 rpm for 15 min. After separation, the 
serum was poured into 2-ml microtubes and then transferred 
to a − 80 °C freezer until used for biochemical assays.

Biochemical assays

Evaluation of serum lipid profile was performed by the 
direct method using commercial kits (Biosystem, Barcelona, 
Spain, with COD: 11,828 for TG, COD: 11,858 for LDL, 
COD: 11,557 for HDL, and COD: 11,805 for TC) according 
to kit instructions. Moreover, serum MDA level was deter-
mined using enzyme-linked immune sorbent assay (ELISA) 
kit (ZellBio, DE, CAT No. ZB-MDA-96A) according to the 
manufacturer’s instructions. The MDA assay sensitivity was 
0.1 µM−1.

Statistical analysis

Data are presented as mean ± standard deviation (SD). 
Shapiro–Wilk test was used to check the normality of data 
distribution. One-way analysis of variance (ANOVA) and 
multivariate analysis of variance (MANOVA) were used to 
determine between-group differences in the mean concen-
trations of MDA and serum lipid concentrations (TG, LDL, 
HDL, and TC), respectively. Tukey’s post hoc test was used 
for pairwise comparisons. The level of statistical signifi-
cance was set as P < 0.05.

Table 1  Protocol of HIIT

The slop of the treadmill remained 0° during the entire steps/stages of the exercise training

Weeks Warm-up
(5 min)

Main phase Active recovery Cool-down
(5 min)

Training time
(min)

Whole 
session
(min)

Week 1 40% 5 × 1 min-80% 5 × 1 min-55% 40% 10 20
Week 2 40% 6 × 1 min-85% 6 × 1 min-55% 40% 12 22
Week 3 40% 7 × 1 min-90% 7 × 1 min-55% 40% 14 24
Week 4 40% 8 × 1 min-90% 8 × 1 min-55% 40% 16 26
Week 5 40% 9 × 1 min-90% 9 × 1 min-55% 40% 18 28
Week 6 40% 10 × 1 min-95% 10 × 1 min-55% 40% 20 30
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Results

Mean and standard deviation of body mass of study groups 
are presented in Fig. 1.

Table 2 presents the effect of a 6-week HIIT, IF, and 
HIIT + IF on the lipid profile of rats under a high-fat diet. 
In comparison with the CON group, HIIT significantly 
increased TG (P = 0.034), decreased LDL (P = 0.041), and 
did not alter the HDL and TC levels. IF did not change the 
TG, LDL, HDL, and TC levels significantly compared to 
the CON group. HIIT + IF led to a significant increase in 
TG (P = 0.026), non-significant change in LDL and HDL, 
and a significant increase in TC levels compared to the CON 
group (P = 0.021). Moreover, HIIT + IF did not significantly 
change the TG, LDL, HDL, and TC levels compared to the 
HIIT group. HIIT + IF significantly increased TG (P = 0.001) 
and TC (P = 0.003), decreased LDL (P = 0.004), and did not 
change HDL levels compared to the IF group.

Figure 2 presents the effect of a 6-week HIIT, IF, and 
HIIT + IF on LDL-to-HDL ratio in rats under high-fat diet. 

HIIT significantly decreased LDL-to-HDL ratio compared 
to the CON group (P = 0.017). IF did not change LDL-
to-HDL ratio significantly compared to the CON group 
(P = 0.661). HIIT + IF significantly decreased LDL-to-
HDL ratio compared to the CON group (P = 0.025). Also, 
HIIT + IF and HIIT significantly decreased LDL-to-HDL 
ratio in comparison with the IF group (P = 0.002).

Figure 3 presents the effect of a 6-week HIIT, IF, and 
HIIT + IF on MDA levels. No significant change occurred 
in MDA levels in the HIIT group (P = 0.309). However, 
in both IF and HIIT + IF groups, MDA levels increased 
significantly compared to the CON group (P < 0.05).

Discussion

Exercise and diet are the main lifestyle factors in health pro-
motion and disease prevention; however, less is known about 
their combined effects on different aspects of metabolism. 
Our results showed that a 6-week HIIT decreased LDL levels 

Fig. 1  Body mass (gr) of study 
groups. HIIT high-intensity 
interval training, IF intermittent 
fasting, CON control, W week

Table 2  Lipid profile of study 
groups

Values are presented as mean ± SD
HIIT high-intensity interval training, IF intermittent fasting
a Significantly different from CON
b Significantly different from HIIT
c Significantly different from HIIT + IF
d Significantly different from IF

Groups TG (mg/dl) LDL (mg/dl) HDL (mg/dl) TC (mg/dl)

CON 32.8 ± 3.3 5.6 ± 1.2 23.6 ± 1.1 42.8 ± 4.6
HIIT 37.6 ± 2.8a 3.6 ± 0.5a, c, d 23.4 ± 1.1 36.8 ± 4.5c, d

IF 30.4 ± 1.1b, c 7.03 ± 0.7 26.4 ± 3.5 40.4 ± 3.5
HIIT + IF 37.8 ± 1.9a, d 4.1 ± 1.5d 25.8 ± 2.4 50.8 ± 1.9a, d 
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significantly, while HDL levels did not change, and TC lev-
els decreased non-significantly. These results are consistent 
with the findings of Racel et al., which reported a significant 
decrease in LDL levels in obese subjects after 12 weeks of 
HIIT [33]. LDL/HDL ratio, the best predictor for humans’ 
coronary heart disease risk [34], was significantly decreased 
in the HIIT group. This finding is inconsistent with the 
results of Tofighi et al., which reported a non-significant 
change in the LDL/HDL ratio following 8 weeks of HIIT in 
obese women [35]. Possible reasons for these inconsisten-
cies in findings may be differences in intensity, duration, and 
type of exercise, as well as differences in subjects.

Moreover, we observed an insignificant reduction in 
TG and TC levels and increased serum HDL and LDL 
levels after a 6-week IF. In a review study, Patterson et al. 
concluded that IF mainly results in non-significant and 

inconsistent changes in humans’ lipid profile [36]. The 
underlying mechanism may be justified as animals in IF 
group may have adopted a gorging pattern of eating, which 
in turn can shift normal night time feeding to a pattern of 
overfeeding during daylight hours. This disturbance of cir-
cadian rhythm may lead to the accumulation of abdominal 
and hepatic fat and adverse metabolic effects [28]. Our result 
supports the previous findings that dietary restriction with-
out positive changes in food composition, such as lowering 
the cholesterol in the diet, may not exert a beneficial effect 
on LDL concentration [37].

The combination of HIIT and IF in the present study 
significantly decreased LDL/HDL ratio and increased TG 
and TC concentrations. HIIT and IF alone led to a non-
significant change in TC levels, whereas their combination 
significantly increased TC levels, indicating no synergistic 
and to somewhat a contradictory effect on TC levels. These 
results are in accordance with the findings of Wilson et al. 
on non-significant reduction and elevation in LDL and HDL, 
respectively [14]. Similarly, Bhutani et al. reported a non-
significant reduction in LDL and an elevation in HDL levels 
after HIIT + IF intervention [38]. Some studies demonstrated 
that Diet + HIIT advice did not decrease LDL/HDL ratios 
significantly, and this contradicts the results of our study 
[39]. The differences between the studies in these findings 
may be due to age, gender, baseline lipid and lipoprotein 
levels, changes in body composition, fitness level, and food 
intake.

In some studies, decrement in caloric intake and body 
mass are claimed to be the main issue in reducing TC levels 
[40–42]. In our study, although body mass was a little bit 
higher in the IF group and a little bit lower in the CON group 
in some weeks of the experimental phase, at the end of the 
study, there was not any significant difference among groups. 
Hohn et al. reported that following 8 weeks of IF, HIIT, and 
combined HIIT + IF body mass of control and HIIT groups 
increased considerably, but IF and HIIT + IF prevented 
excess weight gain in rats under normal diet, which implies 
the synergistic effect of exercise and IF [43]. Moreover, con-
trary to our finding, [14] showed that 12 weeks of fasting 
with or without exercise resulted in significantly less weight 
gain in male mice [14]. The inconsistency in findings may be 
related to the duration of studies (6 weeks vs. 12 weeks) and 
differences in subjects’ diet (normal diet vs. high-fat diet).

Our results showed that a 6-week HIIT induced a non-sig-
nificant increase in serum MDA levels. Previous studies have 
suggested that the duration and intensity of exercise training 
is a key factor in modifying MDA levels. The findings of the 
present study were consistent with the findings of Ramez 
et al., who observed a non-significant increase in MDA lev-
els after 5 consecutive days of HIIT. In their study, antioxi-
dant enzymes were also increased in the HIIT group, which 
could be interpreted as exercise-induced improvements in 

Fig. 2  LDL-to-HDL ratio (LDL/HDL) in study groups. Bars repre-
sent mean ± SD. aSignificantly different from CON; bSignificantly dif-
ferent from IF. HIIT high-intensity interval training, IF intermittent 
fasting, CON control

Fig. 3  Serum MDA levels in study groups. Bars represent mean ± SD. 
aSignificantly different from CON; bsignificantly different from IF; 
csignificantly different from HIIT. MDA malondialdehyde, HIIT high-
intensity interval training, IF intermittent fasting, CON: control
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the antioxidant system [44]. Contrary to our findings, Emami 
et al. reported that MDA levels in diabetic rats decreased 
significantly after 8 weeks of HIIT [45]. Finally, it seems 
that HIIT may increase oxidative stress and lipid peroxida-
tion if the intensity and duration of exercise exceed a certain 
threshold. Furthermore, the duration of the training protocol 
may be a key factor in reducing oxidative stress through the 
adaptation phase and increasing antioxidant capacity.

The findings of the present study showed that a 6-week 
IF significantly increased serum MDA levels. Similarly, 
Jie et al. observed 4-week alternate-day fasting increased 
MDA levels in rats compared to the control group [37]. 
Also, the findings of the present study were inconsistent 
with the findings of Nurmasitoh et al., who reported that 
plasma MDA levels of rats subjected to intermittent fasting 
were lower compared to the control group [32]. However, 
in their study, MDA decreased only in the fasting group, 
while increased in the high-fat diet and fasting group com-
pared to the control group. The effects of DR on oxidative 
stress is complicated and may be influenced by a variety of 
factors, including gender, species, examined tissue, types 
of measured ROS and antioxidant enzymes, and length of 
DR [46].

The findings of the present study showed that a 6-week 
combined HIIT + IF significantly increased serum MDA 
levels compared to the control group. Published studies on 
the combined effect of exercise training and intermittent 
fasting on oxidative stress markers are limited. Oxidative 
damage and its consequences may cause many chronic 
health complications that are attributed to HFD. HFD is 
associated with decreased activity of antioxidant enzyme 
levels and is associated with higher MDA levels in most 
tissues [6]. The applied HIIT and IF protocol in the current 
study did not overcome HFD-induced excess ROS produc-
tion, or that the duration, intensity, or frequency of the 
protocols were not enough to increase antioxidant defense 
capacity. The finding of our study was inconsistent with 
the research by Hohn et al., which showed that 8 weeks of 
combined HIIT and IF significantly decreased the plasma 
MDA levels of rats compared to the control group [43]. 
It has been suggested that low caloric diets, possibly via 
an increase in the efficiency of mitochondrial function, 
could decrease the amount of free radicals production and 
subsequently decreased oxidative damage to lipids, pro-
tein, and DNA [47]. The differences in findings may be 
related to the duration of fasting; they used a 24 h fasting 
in comparison with 12 h of fasting used in the present 
study. Moreover, according to previous studies, the dura-
tion of the protocol has a significant effect on decreasing 
oxidative damage and increasing antioxidant enzymes, so 
the longer duration of the study and the use of normal diet 
in comparison with high-fat diet used in the present study 
may explain the observed differences in MDA level.

This study, however, is subject to several limitations. 
First, it was relatively short-term, the duration of fasting 
was brief (12 h), and subjects had free access to food at 
non-fasting hours, so the longer duration of fasting along 
with limited access to food at non-fasting hours may provide 
further information about the effect of fasting on lipid profile 
and peroxidation. Second, for the reasons, mentioned previ-
ously in methods section, we excluded some subjects and 
the number of subjects decreased to five rats per group; this 
might have led to unintentional bias and limits the generaliz-
ability of the results, so the findings need to be interpreted 
cautiously. Finally, future studies should also investigate the 
various combinations of HIIT and IF protocols.

Conclusion

The results of the present study suggest that in subjects 
under a high-fat diet, both HIIT and IF alone may help 
to improve lipid profile, but their combination may not 
have any synergistic effects. Also, IF and HIIT + IF may 
increase lipid peroxidation in subjects under a high-fat 
diet, while HIIT per se has no significant effect on lipid 
peroxidation in these subjects.
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