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Abstract

The purpose of the study was to explore the combination of ICR with High Intensity Interval Training (HIIT) or continuous
training over a 8-weeks on inflammatory and lipid profile indexes in overweight women. In the current quasi-experimental
study, 36 overweight and obese women were randomly grouped in four groups (n = 9/group) for an additional 8 weeks as
follows: 1) intermittent caloric restriction (N=9) (20% lower energy intake), 2) continuous training+ICR (N=11) (20% energy
deficit created by 10% CR and 10% EE through CT), 3) High-Intensity Interval Training+ICR (N=9) (20% energy deficit
created by 10% CR and 10% EE through HIIT) and 4) control (N=9) (remain on diet). Blood samples were collected to measure
the inflammatory indexes (the number of environmental blood leukocytes and C-reactive protein) as well as lipid profile (total
cholesterol, triglyceride, HDL and LDL). Data were analyzed using Shapiro—Wilk tests to investigate the natural distribution
of the data; repetitive variance was also used to investigate the mean difference between phases and the interactive effect
between phases and groups; Bonferroni post-hoc test was also used for comparing intergroup changes in the significance level
of a < 0.05. Eight weeks of HIIT and continuous training with ICR led to significant changes in all indexes including lipid
profile (HDL, LDL, total cholesterol, triglyceride), VO2zmax, CRP compared to the pre-test phase. Moreover, there was a
significant intergroup difference in the indexes of lipid profile and CRP among control group and ICR, HIIT+ICR and ICR+
continuous groups, lastly, there was also an intergroup cholesterol index (ICR) and HIIT+ICR and ICR+continuous groups
(p<0.05). Regarding VO2max, there was a significant intergroup difference between the control group and HIIT+ICR and ICR+
continuous groups (p<0.05). Due to the marked and noticeable effects of eight weeks of HIIT and continuous training along
with ICR on inflammatory and lipid profile indexes in overweight women, it can be concluded that the combination of these
interventions can be effective in controlling the weight and obesity.
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INTRODUCTION

Obesity and overweightness are a mild general inflammatory status, which are prevalent all
over the world nowadays and can increase the risk of cardiovascular diseases, type Il diabetes,
cognition disorders and finally death through various mechanisms (Barranco et al., 2012).
Inflammation in blood lipid profile is one of the consequences resulting from overweightness
and obesity, which is directly linked to many other diseases such as cancer (breast, colorectal,
lung) and diabetes as is validated by many studies (Dossus et al., 2010; Janghorbani, 2007).

Exercise helps in preventing coronary disease through changing the inflammation. The
influence of exercise on C-reactive protein (CRP) is a new subject which may affect resting
CRP, whose low scopes are used for predicting cardiovascular diseases. Calorie restriction with
or without exercise significantly reduces all indexes of inflammation, CRP and IL-6. Aerobic
trainings along with weight loss significantly reduces cholesterol, low-density lipoprotein
(LDL) and diastolic blood pressure as well as improving physical fitness (Pihl et al., 2003;
Rawson et al., 2003).

Many efforts have been made in order to identify and access the effective approaches for
preventing problems related to obesity and extending lifespans (Gist et al., 2014). Among
various approaches, regular physical activity and calorie restriction, not only are among
effective weight controlling methods, but also reduce the risk of having cardiovascular diseases
and chronic metabolism diseases (Campbell, 2007). However, calorie restriction is applied in
two forms: chronic (CCR) and intermittent (ICR). The difference between the two methods lies
in the fact that the ICR uses a reduction in the frequency of meals to reduce calorie intake,
while the CCR uses a reduction in the amount of intake received at all meals; Therefore, the
pressure of metabolism and consequently feelings of physical and mental discomfort are
infrequent for people (Johnson et al., 2009).

Therefore, researchers proposed that adding exercise to the calorie restriction program would
reduce inflammatory signifiers and its resulting probable negative consequences. In this regard,
Imayama et al., (2012) investigated the effect of applying one-year calorie restriction (with the
aim of reducing the weight for 10 percent in a year) along with aerobic trainings (having
moderate to severe trainings for 225 minutes in a week) and reported that calorie restriction
diet with aerobic trainings reduced inflammation indexes in menopause overweight women
(Imayama et al., 2012). Allen et al., (2017) compared the effect of nine weeks of high-intensity
aerobic training ( doing speed trainings for 30s on a Ergometer, having 4-5min inactive
recovery between each phase) and continuous long term speed exercise (speed exercise for 10s,
2-3min of light exercise between each phase) on inflammation systematic indexes among
inactive elderly men and women (49.2+6.1 years old) and noticed that in both kinds of
exercising, VO2zmax significantly increased; however, the waist size significantly reduced in
High Intensity Interval Training (HIIT) group. Moreover, CRP and TNF-a changes in both
exercise groups didn't depict significant differences with control group (Allen et al., 2016).

Davis et al. (2017) investigated the effect of HIIT and MIT along with CR (25%) on the glucose
and fat metabolism of obese rats (aging 32 weeks). In this study, rats were placed in four groups
including (25% calorie restriction), (12.5% calorie restriction+ 12.5% HIIT) and (12.5%
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calorie restriction+ 12.5% MIT). These researchers concluded that the intensity of training did
not increase fat tissues' exothermic signifiers, while in the presence of CR, significant
reductions in the obesity and improvement of energy metabolism took place (Davis., 2017).

The number of blood leukocytes and neutrophils are appropriate indexes for evaluating the
inflammation and the increase of these indexes™ density has a positive correlation with the risk
of having cancer and death in menopause women (Margolis, 2007). However, little is known
about the effects of weight loss through calorie restriction and training on the number of
leukocytes, neutrophils and lipid profile (Brown et al., 2015; Weiss et al., 2016). Therefore,
this assumption seems logical that inclusion of exercising practices in weight loss programs
leads to the improvement and adjustment of the effects of calorie restriction on inflammation,
lipid profile, BMI and metabolism complication indexes. In this regard, several clinical trials
have tested this assumption in a certain way and metabolic responses have been compared with
diet restriction interventions and exercise therapy (Davis et al., 2017).

Recently, HIIT has been introduced as an efficient and effective training intervention that can
have health profits similar to moderate aerobic continuous training (Gibala et al., 2012).
Despite the fact that the overall volume of training in HIIT is less than aerobic continuous
training, its positive effect on the inflammation, lipid profile, glycemic control and sensitivity
to insulin is similar or better than continuous aerobic trainings (Perry et al., 2008). However,
considering the limited and controversial results concerning the comparison of the effect of
HIIT and continuous aerobic training as well as the synergistic effect of calorie restriction in
combination with such kind of trainings and not having access to comprehensive studies on
elderly and inactive women, this question was posed whether the combination of these training
activities in conjunction with calorie restriction can reduce the undesired effects of calorie
restriction. Therefore, the current study aimed at determining the effect of eight weeks of
intermittent calorie restriction combined with HIIT or continuous training on inflammation and
lipid profile indexes of overweight women; to this end, a quasi-experimental research design
with four groups were used to whom repetitive measurements were applied.

METHOD

Participants

The current quasi-experimental research had a pretest-posttest design, which was administered
using field and laboratory methods. This research investigated the effect of eighth weeks of
HIIT, continuous training and calorie restriction (independent variables) in lipid profile and
inflammation indexes. Forty-four people were recruited through advertising, sports
associations and social media. Statistical population of the current study included all
overweight and obese women BMI (between 25-30 kg/m?), fat percentage (BF; between 30-35
%) of Tabriz whose age ranged between 35 and 55 years (figure 1). After providing written
informed consent and completing the medical history visit, all subjects performed a stress test
under the supervision of a cardiologist to evaluate any cardiac abnormalities that would prevent
their participation in the study. The studied sample number for each four group had been
estimated to be 9 individuals (overall, 36 individuals participated) using the
(https://www.graphpad.com/quickcalcs/randomizel.cfm) by GraphPadSoftware, SanDiego,
California.
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Volunteer overweight women willing to participate in the
study (n=44)

*  Excluded (n=4)
» - Dropped out (n=2)
« - Did not meet the inclusion criteria (n=2)

<«

«  #1 Visit (n=36) Y
+ - Consent form;

e 24-hour food reminder registration questionnaire

»  24-hour physical activity registration questionnaire
+ - Body composition;

* - Blood pressure;

*  Medical evaluation

e #2 Visit (n=36)
» - Blood samples to total cholesterol, triglycerides, HDL,
LDL and fasting glycemia; Flow-mediated

#3 Visits (n=36)

Vo2max test (using Bruce Loan Test)

body fat percentage (using the Jackson-Pollack three-point Caliper
method)

\ 4
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Figure 1. Study design according CONSORT Statement.
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Training protocol

Each session of HIIT included three parts of warm-up, main part of training and cool-down.
In these sessions, Gibala et al. (2012)'s adapted protocol was utilized (Table 1).

Table 1. High intensity interval training protocol

Week  The number of Running Rest period Total duration Heart rate range

turns running time each (Minutes: seconds) (Second) (Maximum heart

step (s) rate percentage)
1 6-4 15 sec 3 min 90 sec 85-75
2 6-4 20 sec 3 minand 15 sec 120 sec 85-75
3 6-4 20 sec 3 min 120 sec 90-80
4 8-6 15 sec 3 min 120 sec 90-80
5 8-6 20 sec 3 min and 30 sec 160 sec 90-80
6 8-6 25 sec 4 min 200 sec 90-80
7 8-6 30 sec 4 min 240 sec 90-80
8 8-6 30 sec 3 min and 45 sec 240 sec 90-80

HIIT: High-Intensity Interval Training

Before starting the main training protocol, to increase participants™ willingness to be present in
the trainings, two weeks of moderate intensity aerobic trainings were administered. Participants
held continuous training sessions for eight weeks, three sessions each week for 60 minutes
during 9 a.m. to 11 a.m., which included three phases of warm-up, main training and cool-
down. The main training part started with 30min fast walking in the first week having 60-65%
of saved heart beat that subsequently increased to 40 min fast walking with 65-75% saved heart
beat in the eighth week. It should be noted that both types of continuous and intermittent
trainings were homogenized in terms of calorie (19,34), personal characteristics such as age,
menopause status, environmental factors (temperature, the hygiene of the exercising place) and
the intensity of performed trainings. To control the intensity of trainings, carotid heart beats of
the neck and Borg's rate of perceived effort were employed. Therefore, before starting the
trainings, 60, 65, 70, 75, 80, 85 and 90 percentages as well as Karronen's heart beat percentage
were determined for each participant. To ensure the accuracy of heartbeat measurement, the
number of reported heart beats by the subject while doing activities was compared with the
intensities of low, moderate and high measured beats using Polar device.

The equation of the intensity of done trainings (Housh, 2017):
HR .« = 208.5 — (0.8 X age)
Exercise HR = %of target intensity (HR 25 — HRest)HR est

Calorie Restriction

Participants were selected based on BMI, fat percentage and after confirming their suitability
based on VO2max, and fat percentage, they were placed in four groups of moderate ICR (20%),
the combination of HIIT and ICR (10% increase in energy cost due to training and 10% ICR),
the combination of moderate continuous training and ICR (10% calorie restriction due to
exercising and 10% ICR) and control. Then, to calculate the amount of received calorie
reduction, each subject first filled out the form and 24h diet reminder for 3 days (2 common
days and 1 holiday). In order to calculate and estimate the amount of daily energy cost, subjects
filled physical activity forms for 3 days (Gibson et al.,2018). Having calculated the amount of
subjects” received energy in ICR for 20%, they received calorie reduced diet consisting of 10%
of fat, 5% of carbohydrate and 5% of protein. The amount of received energy in the subjects
of exercising+ ICR group (both type of exercising) decreased to 10% of received calorie which
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consisted of 5% fat, 2.5 % carbohydrate and 2.5% protein and doing physical activities
(energetic equation 10%) was added to their daily energy expenditure. In order to isocalorize
the reduction rate of the received calorie through dieting and to increase the energy cost via
increasing the physical activity, metabolism equations, including the amount of energy cost of
physical activity and the amount of increasing required energy cost, were used for increasing
the energy cost to a certain level. Using metabolism equations and estimating the amount of
received calorie, the overall and reduction amount of the received calorie was calculated to
attain the considered amount; this was accomplished through calculating the energy content of
each received food (Astorino et al., 2017; Ferguson., 2014; Gibson et al., 2018; Housh et al.,
2017; Zhang, 2017).

Measurements

Before and after the training period, all subjects participated in the same testing visit. All
subjects were instructed to be fast and no to perform any exercise for 8 h before the testing. On
the test day, participants arrived at the laboratory around 8:00 am. Height and body weight
were measured with a digital electronic scale (Body scale Height and Weight scale BS 286),
and body composition was assessed using Body composition BC 360. Excessive aerobic power
or oxygen consumption was performed using the Bruce Loan Test (using a single-treadmill
treadmill made in Italy). Finally, the skin fold thickening method was used in three areas (triple
head, thigh, and supraspinatus) using the Jackson-Pollack three-point caliper method to
measure fat percentage (Jackson & Pollock, 1985). Moreover, anthropometric measurements
were carried out two weeks before starting the training process and at the end of final session.

Blood biochemistry

Blood samples were collected 48h before starting the training protocol and calorie restriction
and 24h after the last session of training and calorie restriction to measure the number of
environmental blood leukocytes and CRP and total cholesterol, triglyceride, HDL, LDL. Blood
samples were taken from antecubital vein and collected into BD Vacutainers Tubes (SST™ II
Advance, REF 367953). After this phase, samples were centrifuged (4000 RPM at 4 °C using
centrifuge J6-MC by Beckman). The amount of TG, TC and HDL were measured using lipid
measurement kit (Pars Azmun Company) through spectrophotometry method of auto analyzer
device. The amount of LDL was calculated through TG, TC and HDL amount as well as
Friedewald formula (Friedewald et al.,1972).

Ethical Approval:

Having been confirmed by ethical committee of Tabriz University of Medical Sciences with
the code of Ir. TBZMED.REC.1397.654, in 2018, the subjects participated in an explanatory
class related to the test and they were educated regarding all important issues of the test.

Statistical analysis

Data is expressed as SD. Statistical analysis was performed using SPSS / PASW software,
version 22, Windows and Excel 2010 at a significant level a <0.05. Through the Shapiro-Wilk
W test, we assessed the normality between the groups. Intragroup effects were performed using
one-way analysis of variance. Changes in each indicator were evaluated at different stages of
measurement with repeated ANOVA measurements (2x4). If there is a difference between the
groups studied, the Bonferoni statistical test is used to determine the data (mean and standard
deviation).
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FINDINGS

36 overweight women (aged 35-55) in Tabriz participated in this study. Average and standard
deviation of demographic characteristics (age, weight, lean weight, body fat, body mass index,
basal metabolic rate, and total energy expenditure and calorie intake) of the subjects are
presented separately in (Table 2).

Table 2. Descriptive data subjects (mean = SD)

Mean + standard Mean = standard

Variables Groups deviation (pre-test) deviation (post-test)
CON 41.33+6.71
Age ICR 41.2+551
(Year) HIIT+ICR 41.72+4.81
CONT +ICR 42+6.12
CON 75.48+6.04 75.38+5.03
Weight ICR 76.93+7.43 72.63+5.53
(Kg) HIIT+ICR 75.82+7.14 70.93+7.10
CONT +ICR 75.3946.97 70.69+7.23
CON 46.36+2.67 4558+3.43
Lean body mass (Kg) ICR 46.68+4.38 43.9845.42
HIIT+ICR 46.17+4.15 46.32+3.10
CONT +ICR 47.18+4.07 46.93+5.03
CON 37.73+2.45 38.38+6.63
Body fat (%) ICR 38.5545.77 34.44+4.23
HIIT+ICR 36.60+2.06 32.93+3.03
CONT +ICR 38.35+2.50 32.3442.40
CON 30.11+2.85 30.87+4.55
Body masszindex ICR 31.4142.80 28.5342.70
(kg/m?) HIIT+ICR 30.29+0.70 26.23+0.43
CONT +ICR 31.91+3.83 26.73+3.43
CON 0.89+0.04 0.89+0.03
Waist to hip ICR 0.89:0.06 0.85+0.03
(cm) HIIT+ICR 0.88+0.02 0.83+0.03
CONT +ICR 0.89+0.05 0.84+0.04
CON 1245+81.34 1250+82.43
Basal metabolic rate ICR 1269.80+74.21 1280.93+63.22
(keal) HIIT+ICR 1216.63+77.27 1259.45+57.43
CONT +ICR 1212.70+63.42 1275.6746.43
CON 1679.83+54.07 1670.78+55.98
Total energy ICR 1543.70+£157.02 1565.93+150.03
expenditure (kcal) HIIT+ICR 1646.72+88.38 1920.73+76.23
CONT +ICR 1669+90.24 1900.23+67.19
CON 1920+65.72 1950+66.34
Calories intake (kcal) ICR 2097+115.97 1630+120.43
HIIT+ICR 2168.18+167.73 1865.22+145.43
CONT +ICR 2000+113.03 1840.54+110.03
CON 29.9345.10 28.68+4.60
VO2max ICR 32.09+4.39 29.20+4.28
(kg HIIT+ICR 33.4242.97 39.17+2.24
CONT +ICR 32.16+7.16 40.24+4.59

VO2max: oxygen volume max CON: Control group (n=9) ; ICR: intermittent calorie restriction (n=9) ; HIIT + ICR : high
intensity interval training + intermittent calorie restriction (n=9) ; CONT + ICR: continuous training + intermittent calorie
restriction (n=9)

Also, the mean and standard deviation of the studied indicators during 48 hours before and 24
hours after the last training session and caloric restriction in four groups are presented in (Table
3). After the data were normal, statistical analysis was performed.
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Table 3. Descriptive information of research variables (mean + SD)

Variable Groups Mean + SD (pre-test)  Mean + SD (post-test)
CON 6.92+0.93 6.76+1.08
Peripheral blood leukocytes ICR 6.57+1.54 6.62+1.61
(mg / dI) HIIT+ICR 7.38+1.75 6.89+1.50
CONT +ICR 7.38+1.27 7.47+1.34
CON 1.88+0.30 1.96+0.33
CRP ICR 1.67+0.56 1.21+0.60
(mg /dl) HIT+ICR 1.71+0.49 0.88+0.30
CONT +ICR 1.80+0.35 0.87+0.30
CON 196.50+28.19 226.17+30.155
ICR 194.8+38.02 226.20+37.98
TC (mg /di) HIIT+ICR 194.72420.58 141.904+12.01
CONT +ICR 196.90+14/65 145.70+21.63
CON 114+32.47 131.66+29.72
LDL ICR 118.10+22.11 113.4+21.53
(mg/dl) HIIT+ICR 120.09+9.04 85.63+8.65
CONT +ICR 116.90+20.31 80/80+15.91
CON 42.33+4.22 31/50+4.03
HDL ICR 41.90+5.21 50+6.74
(mg/dI) HIT+ICR 37.81+3.76 61.81+4.55
CONT +ICR 39.70+4.34 61.10+3.90
CON 208+56.61 219.16+57.56
TRG ICR 200.4+15.86 155.5+43.49
(mg/dl) HIT+ICR 207.36+14.65 104.27+19.06
CONT +ICR 205.84+60.27 98.8+22.08

CON: Control group (n=9); ICR: intermittent calorie restriction (n=9); HIIT + ICR: high intensity interval training +
intermittent calorie restriction (n=9); CONT + ICR: continuous training + intermittent calorie restriction (n=9); CRP: C-
reactive protein TC: total cholesterol; TRG: triglycerides; HDL: high-density cholesterol; LDL: low-density cholesterol

Maximal Oxygen Uptake: Based on the results in (Table 4), the amount of oxygen at different
stages of the measurement was significantly different (F1,33=48.76 P=0.01). Also, the effect of
group differences, regardless of the effect of measurement steps, indicates a significant
difference in the studied groups (p= 0.01). There was a significant difference between the
control group and the caloric restriction group with both the HIIT or continuous training groups
(p<0.05). Despite this, there was no significant difference between the control group and the
calorie restriction group and the HIIT group with continuous training (Table 4).

Table 4. The analysis of changes in VOzmax, CRP, Cholesterol, HDL, LDL, TG, Fat percentage, lean
body mass studied groups

Sum of Degrees Mean
Variable The Effect of: squares of Square F Sig
freedom
measurement phases 111.51 1 111.51 48.76 *0.01
VO2max group differences 411.16 3 137.05 59.93 *0.01
measurement phasesx group 714.84 3 238.28 6.09 *0.02
measurement phases 4.98 1 4.98 131.09 *0.01
CRP group differences 3.49 3 1.163 3.57 *0.024
measurement phasesx group 2.34 3 0.78 20.51 *0.01
measurement phases 7338.74 1 734.74 78.42 *0.01
Cholesterol group differences 18349.46 3 6116.49 4.67 *0.08
measurement phasesx group 18108.66 3 6036.22 64.50 *0.01
*p<0.05
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Table 4 (Continue). The analysis of changes in VO.max, CRP, Cholesterol, HDL, LDL, TG, Fat
percentage, lean body mass studied groups

Sum of Degrees Mean
Variable The Effect of: squares of Square F Sig
freedom

measurement phases 1989.23 1 1989.23 166.59 *0.01
HDL group differences 1646.12 3 548.71 16.65 *0.01
measurement phasesx group 2840.16 3 946.72 79.29 *0.01
measurement phases 3623.85 1 3623.85 115.60 *0.01
LDL group differences 6077.95 3 2025.99 2.69 *0.062
measurement phasesx group 7824.93 3 2608.31 83.20 *0.01
measurement phases 64962.21 1 641962.21 64.80 *0.01
TG group differences 34745.21 3 11581.74 3.75 *0.02
measurement phasesx group 35781.47 3 11927.15 11.90 *0.01
measurement phases 319.01 1 319.01 116.45 *0.01
Fat percentage group differences 365.20 3 121.74 4.22 *0.012
measurement phasesx group 468.19 3 156.06 56.98 *0.01
measurement phases 7.29 1 7.29 6.69 *0.014
Lean body group differences 66.47 3 22.15 0.738 0.537
mass measurement phasesx group 55.88 3 18.63 17.13 *0.01

*p<0.05

Inflammatory indicators: In the index of peripheral blood leukocytes of overweight women,
the effect of measurement steps on interaction with the studied groups and the effect of group
differences are not significant (p>0.05). C-reactive protein was significantly different at
different stages of measurement (F1,33= 131.09 p= 0.01). In the index CRP, continuous and
HIIT training in the post-test phase compared to the pre-test in the study groups without
considering the research groups, caused a significant difference. Also, the effect of group
differences regardless of the effect of measurement steps showed a significant difference in the
studied groups (Fz33= 3.57 p=0.024). There was also a difference between the groups studied
and the effect of the measurement steps (Fz 3= 20.51 p=0.01) (Table 4). There is a significant
difference between HIIT and continuous training groups with calorie restriction and control
group (p< 0.05) (Table 4).

Lipid profile: Eight-week combination of high intensity interval training (HIIT) and continuous
training with ICR caused significant differences in post-test compared to pre-test in terms of
total cholesterol, triglyceride, HDL and LDL indices (p< 0.05) (Table 4). Also, there was a
significant difference between cholesterol, HDL and triglyceride indexes in training groups
with caloric restriction and control group (p< 0.05) (Table 5). On the other hand, there was a
significant difference between the calorie restriction group and the control group in the HDL
index.

Taking body fat percentage and lean body mass into account, we also see a significant
difference in post-test compared to pre-test (p< 0.05) (Table 4)., and There was a significant
difference between HIIT and continuous training groups with calorie restriction and control
group (p< 0.05) (Table 5). There was no significant difference between the study groups in the
lean body mass index.
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Table 5. Post-test to pre-test ratio of VO,max ,CRP, Cholesterol, HDL,TG,Fat percentage in the studied
groups

Post-test to pre- Mean

test ratio of: Groups differences Sig
ICR 1.34 1.000
CON HIT+ICR 7.19 *0.018
CONT +ICR 6.90 *0.029
VO2max ICR HIIT+ICR 5.85 *0.029
CONT +ICR 5.55 *0.050
CONT +ICR HIT+ICR 0.29 1.000
ICR 0.49 0.157
CRP CON HIT+ICR 0.63 *0.026
CONT+ICR 0.59 *0.047
ICR 20.33 0.801
Cholestrol CON HIT+ICR 43.015 *0.014
CONT+ICR 40.03 *0.028
ICR 9.04 *0.01
*|
HDL CON HIT+ICR 12.90 0.01
CONT+ICR 13.48 *0.01
ICR 35.64 0.531
x|
TG CON HIT+ICR 57.77 0.040
CONT +ICR 61.29 *0.029
ICR 2.55 1.000
+ . *
Fat Percentage CON HIIT+ICR 5.45 0.046
CONT+ICR 6.04 *0.025

Method followed by Bonferroni's post-hoc was used. * p<0.05

DISCUSSION and CONCLUSION

This study compared the effect of HIIT and continuous training and synergic combination of
calorie restriction on inactive women. Therefore, we aimed at determining the effect of eight
weeks of intermittent calorie restriction combined with HIIT and continuous training on
inflammatory and lipid profile indexes on overweight women.

VO2max

The results of the current study clearly indicated that HIIT and continuous training along with
calorie restriction had a significant effect on increasing VO2max 0f overweight women. Findings
of the present study are consistent with those of Asternio et al. (2017), Niloufar Mosafa et al.
(2018), and Liebardi et al., (2012). As Astnerio et al. (2017) showed, ten sessions of
intermittent training with eight to ten repetitions of 60 seconds of cycling with 90 to 110 percent
of maximum mobile output power, 75 seconds of active rest between repetitions remarkably
increased VO2max in active men and women (Astorino et al., 2017). Niloufar Mosafa et al.,
(2018) also examined the effect of eight weeks of intermittent exercise on (three sessions per
week and three 10-second interval sessions with 30-second intervals, followed by three 30-
second rotational intervals with 20-second rest intervals) overweight elderly women and stated
an increase in VO2max (Mosaffa & Abedi, 2018). Also, Libardi et al. (2012), whose outcomes
were consistent with the results of the present study, showed that 16 weeks of continuous
exercise with and without calorie restriction in healthy men significantly increased their
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VO2max (Libardi et al., 2012). This study showed that there were no meaningful differences
between intermittent training group along with calorie restriction and continuous training group
along with calorie restriction on the amount of VOamax. Although both intermittent and
continuous training improved VO2max, this increase would only happen if there was a small
beneficiary effect on continuous training group rather than intermittent; this was confirmed by
the results of the previous studies (Lo., 2011; Trapp et al., 2008).

Lipid Profile

The results indicated that HIIT and continuous exercise combined with caloric restriction
caused fundamental differences compared to the control group in the lipid profiles of the
subjects. In contrast, there was no difference between the training groups. According to a study
by Tartibian et al. (2016), 12 weeks and four sessions of intermittent exercise on a workbench
wheel with a maximum intensity of 70% caused a decrease in total cholesterol, LDL-C and
triglycerides and conversely, an increase in HDL (Tartibian et al., 2016). In their study of
inactive men, Altna et al. (2006) reported that regular, continuous exercise on the rotator cuff
for 4 weeks, 5 sessions per week with a 75% maximum heart rate reduced total cholesterol and
LDL although there was a significant increase in HDL (Altena et al.,2006).

However, the mechanism of the effectiveness of intermittent and continuous exercise on
improving lipid profile is related to the enzymatic process involved in lipid metabolism (Valle
et al., 2010). In this regard, Sougira et al. Showed that regular exercise is associated with
increased activity of lipoprotein lipase (LPL) and lysitin cholesterol enzyme cholesterol
(LCAT) enzymes, which reduces TC, TG, LDL and increases HDL (Sugiura et al.,2002).
Researchers also concluded that the mechanism involved in positive changes in lipid profiles
due to caloric restriction was an increase in LPL levels and a consequent increase in triglyceride
clearance. An increase in the catabolism of triglyceride-rich lipoproteins is caused when LPL
transfers unsaturated cholesterol, apoprotein, and phospholipids to adult HDL cholesterol
(Moghadamnia et al.,2015). In addition, Wang et al. (2010) examined the effects of 3-day
calorie restriction on fasting blood lipids in hyperlipidemia caused by a 5-week high-fat diet in
an animal model and reported a reduction in triglyceride, total cholesterol and LDL levels(
Wang et al., 2010). Mou et al. (2015) examined the effects of various calorie restrictive diets
(20, 50 and 70% of daily energy requirement) on cardiac metabolic risk factors in obese and
overweight women and showed a substantial drop in total cholesterol by 7% in the first group
and 8% in the third group and LDL levels by 14% in the first group and 13% in the third group.
However, no significant change was observed in the 50% of the group in cholesterol and LDL
levels (Mou et al., 2015).

In this study, there was no significant difference between HIIT and continuous exercise with
caloric restriction at lipid profile (LDL, HDL, triglyceride and cholesterol) levels. Bourdieu et
al. (2007) studied the effect of different types of exercises on lipid profiles and concluded that
all types of sports, including resistance, aerobic and combination, have the same effects on
lipids (Boardley et al., 2007). Contrary to current findings, Thomas et al. (1985) performed 11
weeks of continuous aerobic activity (5 mile running) and intermittent training (4 minutes of
running with a work-to-rest ratio of 1: 1 and 2 minutes of running with a work-to-rest ratio
1.2:1:1). Although during the 11" weeks, they performed 3 times a week for one hour, they did
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not show any change in lipid profile (Thomas et al.,1985). The reason for this contradiction
can be found in the intensity, duration, conditions and physical fitness of the subjects.

Inflammatory Indices

The findings indicated that there was no difference in the leukocyte index of peripheral blood
between any of the groups studied. But in the reactive protein index, there was a difference
between the training groups and the caloric restriction with the other groups. Also, in this index
(CRP), there was no difference between HIIT and continuous exercise groups with caloric
restriction. These results with the results of studies, Moghaddam et al. (2017), Martin et al.
(2010) and Bahrami et al. (2011) are aligned

Moghaddam et al. (2015) stated that four weeks (three sessions per week) of intense interval
training with Rast test (6 repetitions of running with maximum speed at a distance of 35 meters
and active rest of 10 seconds between repetitions) and alternating group with Wingate test on
the working wheel It significantly reduced CRP in both training groups in overweight women
(Shariatzadeh et al.,2017). Martin et al. (2010) stated in their study, performing periodic
aerobic exercises for 16 and 32 weeks reduces HS-CRP by 10 and 15 percent, respectively,
along with increasing strength and reducing body fat (Martins et al.,2010). Bahrami et al.
(2011) studied the effect of 12 weeks of aerobic exercise (3 sessions per week and each session
for 60 minutes with an intensity of 65 to 80% of maximum heart rate) with a limit of 500
calories and a calorie restriction group (500 calories per day). They examined obese women.
Their results showed that in the aerobic exercise group with calorie restriction, a significant
decrease was observed in CRP, but in the caloric restriction group, there was no significant
decrease in CRP level (Bahrami et al., 2011).

Limited studies have shown that physical activity by reducing fat and leptin and increasing
adiponectin and insulin sensitivity reduces interleukin 6 (IL-6) and the tumor necrosis factor
alpha (TNF-a) and thus reduces Becomes CRP. Evidence suggests that increased nitric oxide
from endothelial blood vessels and improved endothelial wall function reduces systemic and
local inflammation, resulting in decreased production of inflammatory cytokines from the
smooth muscles of the endothelial wall (Nicklas et al.,2008). On the other hand, reducing the
CRP concentration in subjects can be attributed to other factors such as improving factors
related to body composition such as weight loss, fat loss and WHR, increasing vitamin
absorption in the intestine, increasing enzymatic activity and nitric oxide (NO) production,
which leads to Reduces CRP. On the other hand, it is possible that exercise can reduce
inflammation by reducing the production of inflammatory cytokines from adipose tissue and
increasing insulin sensitivity and weight loss. These can be effective in preventing
cardiovascular disease (Nicklas et al., 2008; e Silva & da Mota, 2014). Contrary to current
research, Havanloo et al. (2011) stated that 2 weeks of intermittent training (3 sessions per
week, including 4 to 6 weeks of Wingate test with maximum power and 4 minutes of recovery
between periods) And continuous exercise (3 sessions of 90 to 120 minutes of activity per week
with an intensity of 65% of maximum oxygen consumption on the carousel wheel) showed that
it had no effect on the C-reactive protein and the number of blood leukocytes (Havanloo et al.,
2011).
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According to the findings of the present study, performing 8 weeks of HIIT and continuous
exercise with caloric restriction significantly reduced the fat percentage of subjects. The
findings of this study are consistent with the results of Behrad et al. (2016), Dupuyt et al.
(2020). Behrad et al. (2016) who showed that performing 8 weeks of intermittent exercise (3
sessions per week and one session per hour) with an intensity of 85 to 95% of maximum heart
rate significantly dropped body fat percentage, body weight and WHR of overweight women.
Despite this, it did not affect the fat-free mass of the subjects( Behrad et al.,2016). Dupuyt et
al. (2020) worked on the effect of moderate-intensity exercise and intense periodic training
with and without resistance training on changing the physical composition of postmenopausal
women and stated that three months of moderate-intensity continuous training and intense
continuous training with and without exercise Resistance increases the oxidation of fatty acids
and reduces body fat mass by increasing mitochondrial enzymes (citrate synthase, beta-
hydroxyacyl coenzyme A and pyruvate dehydrogenase) on the one hand and increasing the
number of fatty acid transmitters (FAT / FABPpm.CD36) on the other hand. HIIT workouts,
compared to other workouts, effectively reduce most of visceral fat in abdominal (Dupuit et
al.,2020) by increasing mitochondrial enzymes and fatty acid transmitters in the short term as
well as augmenting fat oxidation. Also, the findings of Kendrew et al. (2009) and Kazemzadeh
et al. (2017) in contrast to the present study indicated a significant decrease in fat percentage.
Kendrew Study Group examined the effect of 12 weeks of intermittent exercise in 3 sessions
per week with an intensity of 80 to 90% of the maximum heart rate with a bicycle (6 to 10
seconds of cycling with active rest) on overweight women and reported that the exercise
protocol had no effect on body fat percentage, body weight and body mass index (Kendrew,
2009). In line with this research, Ghaledari and colleagues (2016) studied 20 overweight
volunteer men. The subjects were in two groups of 12 weeks of aerobic exercise including 3
sessions per week for one hour with 60 to 65% maximum oxygen consumption with caloric
restriction (350 kcal) for one group and calorie restriction alone (500 kcal) for the other group.
Their results showed that the fat percentage decreased significantly only in the combined
exercise and calorie restriction group. Also, lean body mass did not differ in any of the groups
(Ghaledari & Banaee, 2016). However, in the present study, there was no difference between
the two groups of periodic and continuous exercise with caloric restriction in the fat percentage
index of the subjects. These results are consistent with the studies of Zhang et al. (2017),
Foroutan et al. (2018) and Vatani et al. (2017) (Zhang et al.,2017; Sheikholeslami-vatani et
al.,2018; Foroutan et al., 2018).

Conclusion

Based on the findings of the study, it can be concluded that regular exercise and regular exercise
with the application of intermittent calorie restriction are likely to prevent obesity,
cardiovascular disease and physical illness by reducing the levels of C-reactive protein (CRP)
and positive changes in body composition indicators and lipid profile. Therefore, considering
the precautionary aspects and individual characteristics, overweight and obese people who are
at risk can be recommended to use both intermittent exercise and continuous exercise with
calorie restriction to prevent or reduce the complications of metabolic syndrome. Due to the
lack of measurement of intracellular and genetic pathways in the present study, it is suggested
that the present research be performed on effective intracellular pathways. It can also be
suggested that a similar study be performed on obese and overweight men to examine the effect
of gender in the study. On the other hand, another study can be done at the same time as women
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start menstruating. And the final suggestion is to do a similar study with a 20% calorie limit
(10% fat and 10% carbohydrate).

Limitations
The effect of genetic and personality differences, possible injuries, possible stress, the amount
of sleep and rest around the clock, economic, social, marital and occupational status of the
subjects, tissue damage that may not have been reported by the subjects. possible use of fat
burning supplements and anti-inflammatory drugs such as ibuprofen, etc. without reporting by
the subjects.
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