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Abstract

Background & Obijective: Exercise is a well-known strategy to reduce the risk of metabolic syndrome
and chronic disease. However, the concurrent effect of aerobic training with vitamin D
supplementation on anthropometric indices and lipid profile are somewhat unknown. This study
aimed to investigate the effect of aerobic training and vitamin D supplementation (AT+Vit D) on
anthropometric indices and lipid profile in postmenopausal women with metabolic syndrome.
Materials & Methods: Forty-six postmenopausal women with metabolic syndrome were randomly
assigned to four groups: AT+Vit D (n=11), AT (n=12), Vit D (n=12), and control (C; n=11). The training
protocol was incrementally conducted for 8 weeks, 20-40 min of training, with 60-75% HRmax, 3
sessions per week. The intervention groups received capsules of 5000 IU vitamin D or placebo. The
data were analyzed through paired t-tests and two-way ANOVA analysis of variance and Bonferroni
post hoc test with SPSS 24 at the signification level of P<0.05.

Results: All three groups (AT+Vit D, AT, Vit D groups) showed a significant decrease in BW, BMI,
BFP, WC, TC, TG, LDL, MAP, and glucose and an increase in HDL. Also, the results showed that
AT+Vit D group compared with AT, Vit D, and C groups led to significant reductions in BW, MAP
and Glucose TC, TG, and LDL and an increase in HDL (P<0.001 for all three variables).
Conclusions: AT+Vit D is more effective in the improvement of lipid profile in patients with NAFLD
than AT or Vit D alone.
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Introduction

Menopause is an entirely natural phenomenon,
with menstrual periods ending due to decreased
ovarian activity and estrogen deficiency. During
this period, physical, psychological, and
hormonal changes occur (1). Hormonal changes
that occur during menopause can lead to
menopausal symptoms and increase the risk of
metabolic syndrome (2). Metabolic syndrome is
a complex of metabolic disorders , including
abdominal obesity, hypertension, dyslipidemia,
and hypertension (2, 3). Metabolic syndrome is
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associated with the prevalence of overweight and
obesity and is a risk factor for cardiovascular
disease and diabetes (4, 5).

The exact etiology of the metabolic syndrome
is unclear (4, 6); Studies have shown that
lifestyle changes due to reduced physical
activity, cigarette smoking, unhealthy eating
habits, high-fat diets, and high carbohydrates are
directly linked to metabolic syndrome; While,
consuming fruits, vegetables and dairy reduce
the risk of metabolic syndrome (4, 5).

An exercise is a non-pharmacological approach
to obesity-related diseases (7). Based on the
results, aerobic exercise reduced blood pressure,
insulin levels, body weight, blood glucose,
insulin resistance, cholesterol, and triglyceride
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deposits (7, 8). Hence in various studies, it has
been suggested that regular aerobic training (AT)
can be useful in treating metabolic syndrome by
improving glucose uptake, insulin sensitivity,
glycemic control, lipid profile, immune function,
and blood pressure (9, 10).

On the other hand, new studies show that
vitamin D (Vit D) deficiency is associated with
an increased risk of developing metabolic
syndrome; Based on the results of studies, high
serum levels of Vit D are associated with a
decrease in cardiac and metabolic disorders (7,
11). Studies show that obese people are more at
risk for Vit D deficiency (12, 13); probably, Vit
D is fat-soluble and is highly expressed in
adipose tissue. Therefore, serum levels of Vit D
are lower in obese people (12, 14). Accordingly,
Vit D deficiency plays an essential role in the
pathogenesis of metabolic syndrome and
prevention and treatment of obesity (11, 13).
Several mechanisms have been suggested for the
protective effects of Vit D against heart disease,
including impact on the renin-angiotensin
system, blood pressure, parathyroid hormone
levels, glucose transporter (GLUT-4) and
glycemic control (15, 16); Also, Vit D has anti-
inflammatory effects and prevents cholesterol
uptake by macrophages and foam cell formation
in the vessel wall (13, 15). Prevalence of Vit D
deficiency in Iran was reported 56%. Of this
percentage, 64% of women and 44 % of men
have Vit D deficiency (17).

In the end, it should be noted, the beneficial
effects of each of the AT+Vit D interventions
have been investigated on the lipid profile.
Nevertheless, more importantly, there is no
convincing evidence of the simultaneous effect
of aerobic exercise and Vit D on lipid profile in
postmenopausal ~women  with  metabolic
syndrome. Thus, the purpose of this study was to
investigate the effect of a period of aerobic
training and vitamin D supplementation (AT+Vit
D) on lipid profile in postmenopausal women
with metabolic syndrome.

Materials & Methods

Study population and design

In this semi-experimental research study, the
target population of this study was
postmenopausal ~women  with  metabolic
syndrome (50 to 60 years old) of Kermanshah.
Forty-eight Subjects were divided into four
groups include: AT+Vit D (n=12); AT (n=12);
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Vit D (n=12); and control (C, n=12). Inclusion
criteria include: Metabolic syndrome based on
criteria adult Treatment Panel 111 (NCEP: ATP
[11), 25-OHD serum levels between 10 and 20
ng/ml, not having a specific diet and regular
exercise program in the past year. Exclusion
criteria include failure to participate in
intervention program for more than one session,
failure to follow recommended diet plan and
other disorders (18, 19). It is worth mentioning
that one subject in the AT+Vit D group and one
subject in the control group refused to participate
in the intervention program.

Three days prior to the start of the study,
explanations about research conduction were
provided for subjects and consent forms were
provided and signed by all 48 subjects. Also,
physical activity readiness questionnaire
(PARQ), 3-day dietary guestionnaire, nutritional
questionnaires including food history, food
frequency, habits, and dietary behaviors, and
health history questionnaire (HHQ) were
completed. On the first day, Height was
measured to the nearest 0.5 cm using a
stadiometer (DETECTO, Model 3PHTROD-
WM, USA),). BW, BMI, and BFP were obtained
by a bioelectric impedance body composition
analyzer (Zeus 9.9 PLUS; Jawon Medical Co.,
Ltd., Kungsang Bukdo, South Korea) in the
fasting state, with minimum clothes as possible,
and without shoes.

Definition of metabolic syndrome

The revised National Cholesterol Education
Program’s Adult Treatment Panel 111 (NCEP:
ATP IIl) defined metabolic syndrome as the
presence of three or more of the following
characteristics: (1) abdominal obesity: waist
circumference > 88 cm in women; (2)
hypertriglyceridemia: >150 mg/dL. (>1.69
mmol/L);(3) reduced HDL cholesterol < 50
mg/dL (< 1.29 mmol/L); (4) elevated blood
pressure: systolic blood pressure >130 mm Hg or
diastolic blood pressure >85 mm Hg; and (5)
elevated fasting glucose: >100 mg/dL (5.6
mmol/L) (20). The equations used to calculate
the MS z score were as follows: {z score = [(50 -
HDL)/11.8] + [(TG-150)/66.2] + [(fasting blood
glucose-100)/10.4] + [(waist circumference -
88)/9.2] + [(mean arterial pressure-100)/8.7]} for
subjects (21).

Blood pressure measurements

SBP and DBP were measured by standard
manual sphygmomanometer. Participants were
strictly  prohibited from consuming any
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caffeinated products and exercising, 30 min prior
to the BP measurement. Throughout assessment,
patients remained in a relaxed seated state for
10 min. The cuff was placed on the left arm for
all patients and BP was recorded according to
standard guidelines (22). A second recording was
also taken after 2 min on the same arm. If the
measurements had a difference of >5 mmHg of
BP, further recordings were obtained until there
were 2 consecutive stable measurements. Final
recording was considered as an average of the 2
stable measurements obtained. Measurement
took place each day between 8.00 a.m. and 10.00
a.m. in accordance with the protocol of the
American Heart Association (22) Mean arterial
pressure (MAP) was calculated as DBP + [0.333
(SBP — DBP)].

Training program

The AT program was conducted based on the
ACSM's recommendation and included 8 weeks
of AT including intervals of walking, jogging
and running with three sessions per week. It
contained 10 minutes of warming-up, 20 to 40
minutes of aerobic exercise and 10 minutes of
cooling down (9, 10). In the first week, the
aerobic exercise lasted 20 minutes with intensity
was 60% HRmax and in the eighth week, it
continued for 40 minutes with the intensity of
75% HRmax (23). Aerobic exercise intensity was
60-75% of HRmax and 10-13 of RPE in the 6-20
Borg scale (Table 1).

Table 1. Aerobic Training Program

Stage Mode
Warm-up Stretching
1~4 week
Main Exercise
5~8 week
Cool-Down Stretching

Vitamin D supplementation

In this study, both AT+Vit D group and Vit D
group received 50000 units of Vit D supplement
pill once a week made by the Zahravi
Pharmaceutical Company in Iran. The C and AT
groups also received a weekly placebo (paraffin
made by the Zahravi Pharmaceutical Company,
Iran) with the same shape, color, smell and tastes
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to Vit D supplements pill, over a period of 8
weeks (24).

Blood sampling

After 12 hours of fasting, blood samples were
collected at the pre-test and post-test (48 hours
before and after the first and the last training
sessions, respectively). After maintaining the
subjects in a stable state for 30 minutes, 20ml of
venous blood was sampled from the antecubital
vein using an anticoagulant-treated syringe. The
sampled blood was placed in a tube that was not
treated for anticoagulation, and was then
centrifuged at 3,000rpm using a centrifugal
separator for 10 minutes. After extracting the
serum from the cellular components, the serum
was put in a storage tube and stored in the
refrigerator at -70°C until analysis. Blood lipid
profile (Triglycerides (TG), Total Cholesterol
(TC), High-Density Lipoprotein (HDL) and
Low-Density  Lipoprotein ~ (LDL))  were
measured enzymatically with Hitachi Kit,
Tokyo, Japan, and Glucose with enzymatic
method (Pars Azmun kit made in Iran).

Statistical analysis

The results obtained in this study were
analyzed using SPSS (version 24.0). The
descriptive statistics quantity was presented as
the mean and the standard error of the mean (SE).
The Shapiro—Wilk’s test was used for evaluating
the normality of distribution. In order to compare

Duration Intensity
15 min HRR 45~55%

20~30 min HRR 60~65 %

30~40 min HRR 65-75 %
10 min HRR 40~50%

the mean hepatic risk factors between and within
groups, two-way ANOVA and t-test were used,
respectively. Bonferroni post hoc test was used if
significant differences were found.

Results
The findings on some demographic
information and anthropometric indices of the
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subjects and their between-group comparison are
presented in Table 2. Based on the results, there
were significant differences in the mean of BW,
BMI, BFP, WC, AMP and glucose between the
pre-test and post-test conditions. After eight

Table 2. Changes in information and anthropometric indices during

Variables

Age (years)

Height

Variables

BW (kg)

BMI (kg/m?)

BFP (%)

Waist
circumference
(cm)

MAP (mmHg)

Glucose
(mg/dl)

INE R IGER)

56.01+2.23
158.81+2.75
Groups Pre
AT+VitD 87 £1.94
AT 87.91 +1.92
VitD 86.16 +1.99
C 87.27 £1.48
AT+VitD 34.51+1.21
AT 33.94 +1.24
VitD 34.82+1.20
Cc 34.41 +1.01
AT+VitD 42.90 +1.57
AT 42.25 £1.35
Vit D 41.50+1.44
Cc 42.62+1.40
AT+VitD 97.63 £1.02
AT 97.33 £1.87
Vit D 96.33+1.07
C 97.63 £1.12
AT+VitD 101.56 +1.41
AT 102.23+1.31
VitD 102.90+0.68
C 101.22+1.09
AT+VitD 143.45+1.21
AT 144.83+1.52
Vit D 145.08+1.88
Cc 145.36+1.50

journal.fums.ac.ir

INEGEED)

45.25+2.22
161+2.89
Post
83.09 +1.30¢*
85 +£1.34¢
84.58+1.67¢
89.81 +1.25
32.95 +0.92%
32.81 +1.20*
34.18 +1.26%
35.41 +0.89
37.63 £1.36%
38.91 +1.08%
40.58 +1.67¢
45.01 +0.89
95.09 +1.86*
95.16 +2.03*
95.25 +0.96#
100.18 +1.25
96.71+0.74%%
99.37+1.31#
100.29+1.06H
103.37+0.66
125.27+1.67%%
130.83+2.97%
137.33+£2.10¢
148.45+0.93

8 weeks of interventions

Vit D (n=12)

55.25+2.01
157.33+1.66
Pa
P=0.001*
P=0.002*
P=0.003*
P=0.001*
P=0.001*
P=0.002*
P=0.003*
P=0.001*
P=0.001*
P=0.001*
P=0.049*
P=0.001*
P=0.002*
P=0.001*
P=0.001*
P=0.001*
P=0.001*
P=0.001*
P=0.001*
P=0.002*
P=0.001*
P=0.001*
P=0.001*
P=0.001*
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56.36+1.91
159.27+1.48

Group

Test

Group * Test

Group
Test

Group * Test

Group
Test

Group * Test

Group
Test

Group * Test

Group
Test

Group * Test

Group
Test

Group * Test

Po

weeks, BW, BMI, BFP, WC, AMP significantly
decreased in AT+Vit D, AT, Vit D groups, while
in the control group, a significant increase in
BW, BMI, BFP, WC, AMP levels was observed
(Table 2).

P Value b

P=0.651
P=0.782

P=0.001¢

P=0.007¢

P=0.001¢

P=0.001¢
P=0.001¢

P=0.001¢

P=0.001%
P=0.041¢

P=0.001%

P=0.049¢
P=0.001¢

P=0.001%

P=0.049¢
P=0.017¢

P=0.001¢

P=0.041¢
P=0.031¢

P=0.001¢
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AT+Vit D 229.81+4.30 204 + 4,606 P=0.001* Group P=0.001*
e AT 228.83+3.40 214 +3.21% P=0.001* Test P=0.045*
(mg/dl) Vit D 231.66 + 3.52 223.58 + 2.64¢ P=0.001*
Group * Test P=0.001*
c 230.01 + 2.44 236.72 + 1.79 P=0.001*
AT+Vit D 191.45 +2.38 174.54 +2.506% P=0.001* Group P=0.001¢
AT 193.08 +2.57 182.75 +3.88% P=0.001* Test P=0.041¢
TG (mg/dl)
Vit D 192.25+2.22 187.41 +1.72¥ P=0.001*
Group * Test P=0.001¢
[ 192.00 +1.92 196.27 +2.24 P=0.001*
AT+Vit D 152.27 + 4.36 131.45 + 1,96 P=0.001* Group P=0.001¢
I AT 149.08 + 2.27 139.58 + 2.50% P=0.001* Test P=0.031¢
(mmHg) Vit D 150.58 + 2.99 145.16 + 2.28" P=0.001*
Group * Test P=0.001¢
c 151.45 +2.11 156.90 + 1.86 P=0.001*
AT+Vit D 34.18+1.94 45 45+1 69 P=0.001* Group P=0.001¢
— AT 34.08+1.88 39.91+2.42¢ P=0.001* Test P=0.041¢
(mg/dl) Vit D 35.08+1.37 39.75+1.48" P=0.001*
Group * Test P=0.001¢
[ 34.36+1.85 31.54+1.96 P=0.001*

AT+Vit D group, Aerobic training and vitamin D supplementation, AT group, Aerobic training; Vit D group, vitamin
D supplementation; C group, that had neither aerobic training nor Vit D

P values with superscript “a” are calculated using paired t-test; superscript letter “b” indicates values are calculated
using two-way ANOVA of variance test followed by post hoc Bonferroni test

*: Significantly different in comparison with pre and post -test within the groups

£: Significantly different in comparison with between the groups

¥: significantly different in comparison with pre and post -test between groups.

€ Significance different between AT+Vit D group compare to AT

¥. Significance different between AT+Vit D group compare to Vit D group

: Significant difference between AT+Vit D, AT, and Vit D groups compare to C group.

The results of Bonferroni post hoc test shows
that the lowest anthropometric indices (BW,
BMI, BFP, WC, AMP) were observed in the
AT+Vit D group. No significant difference was
seen in the BW, BMI and Glucose between the
AT and Vit D groups; Also, the AT group
showed better improvement in the PBF and AMP
compared to the Vit D group. however, the
mentioned variables were significantly higher in
the control group than others in the post-test.
(Table 2). There were significant differences in
the lipid profile between the pre-test and post-test
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conditions, as detailed in table 3. Compared to
the control group, significant differences were
observed in lipid profile in all intervention
groups. Significant differences were observed in
lipid profile (TC, TG, LDL, and HDL) between
AT+Vit D compared with other groups; Also,
significant differences were observed in lipid
profile (except for HDL) between AT compared
with Vit D (Table 3).

Finally, two-way ANOVA showed a
significant difference in Z scores for MetS
between all groups (Chart 1). The co-treatment
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of AT+ Vit D could improve overall Z scores of
MetS compared with the other groups (P<0.001
for all three groups).

and mitochondria, and finally improves
anthropometric indices (27, 28). On the other
hand, Vit D may be stored in body fat mass after

> 2
©
2 mPre Test mPost test *
(7]
2@ 15
e
£
(5]
e 1
o
j -
2
S 05
w
L
8 0
8
(5]
*
E s @
o *
= 1o
S 4
o
3
N *
AT+VitD AT Vit D C
Groups

Chart 1. Z scores for metabolic syndrome in the study
AT+Vit D group, Aerobic training and vitamin D supplementation, AT group, Aerobic
training; Vit D group, vitamin D supplementation; C group, that had neither aerobic training

nor Vit D

P values with superscript “a” are calculated using paired t-test; superscript letter “b”
indicates values are calculated using two-way ANOVA of variance test followed by post

hoc Bonferroni test

*: Significantly different in comparison with pre and post -test within the groups

¥: significantly different in comparison with pre and post -test between groups.

€: Significance different between AT+Vit D group compare to AT

¥: Significance different between AT+Vit D group compare to Vit D group

M: Significant difference between AT+Vit D, AT, and Vit D groups compare to C group.

Discussion

Based on the results of the present study, eight
weeks of AT+Vit D significantly decreased
anthropometric indices BW, BMI and BFP in
postmenopausal ~women  with  metabolic
syndrome. However, this decrement was
significant in the AT and Vit D groups alone, it
was greater in the AT+Vit D. Whereas, the
control group showed a significant increase in
anthropometric indices. These results are
consistent with those of Babaei et al (2014) (25),
Hoseini et al (14), Oh et al (2017) (26) and
Hoseini et al (12). According to the results of
studies, regular aerobic exercise induces
increased daily energy consumption, improved
and increased lipid oxidation in skeletal muscles
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synthesis and entry into the bloodstream and then
Vit D is released slowly from adipose tissue,
which  reduces  anthropometric  indices.
Furthermore, Vit D deficiency may lead to a
decrease in calcitriol in the hypothalamus, which
induces an increase in body weight adjustment
point. On the other hand, appetite is enhanced by
activation of the neuronal circuit agouti-related
protein and neuropeptide Y, and inhibition of
Pro-Opiomelanocortin/Cocaine- and
Amphetamine-Regulated (29-31).

Also, results showed that Vit D
supplementation with aerobic exercise for eight
weeks had a significant effect on lipid profile
factors in elderly women with metabolic
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syndrome. Although Vit D supplementation and
aerobic exercise alone had significant effects on
lipid profile, it was less effective than the
simultaneous effect of AT+Vit D. These results
are consistent with those of Kim et al (2014) (32),
Babaei et al (2015) (25) and Hoseini et al (2020)
(33).

Although the mechanism of exercise-induced
lipid changes is unclear, exercise itself may
increase blood lipid consumption to decrease
lipids levels (34, 35). Mechanisms may involve
the increased activity of lipoprotein lipase (LPL)
- lipoprotein lipase responsible for chylomicrons
and VLDL TAG hydrolysis in granules (36);
Increase expression of ATP-binding cassette
transporter A-1 (ABCA1) in macrophages - has
a strong effect on RCT, plasma HDL-C
formation, and protection against atherosclerosis
(37); Also, Liver X receptor (LXR) is one of the
transcription factors of nuclear receptor
superfamily that play a key role in liver
cholesterol metabolism. LXR has been proved
involving in regulating the expression of
ABCAL. So, exercise may by inducing higher
LXR and ABCAL to improve the RCT process,
which resulting in increased plasma HDL-C
levels (38, 39), and finally PCSK9 is a hot spot
in the field of cardiovascular research in recent
years as it is a new biomarker of LDL clearance
and a new target of CVD therapy. Exercise can
reduce plasma LDL-C levels, and PCSK9 plays
an important role in the regulation of LDL
receptor. Therefore, the investigators have
considered that exercise is likely to affect LDL-
C by modulating PCSK9 (38).

On the other hand, the functions of Vit D are
linked to lipid profile. First, Vit D regulates
calcium metabolism and increases intestinal
calcium absorption, thereby reducing intestinal
fatty acid absorption (40). Therefore, a reduction
in intestinal fat absorption can lower the
cholesterol level. Additionally, increasing the
calcium concentration promotes the conversion
of cholesterol into bile acids in the liver, resulting
in reduced cholesterol level (41). Second, high
Vit D level inhibits the parathyroid hormone
(PTH). When the Vit D level is not high, Vit D
may not inhibit PTH (42, 43). Increased PTH
level enhancSes lipogenesis, promotes calcium
influx into the adipocytes. Furthermore, a high
PTH level decreases lipolytic activity, resulting
in a high TG level. Therefore, in the presence of
high Vit D level, a low PTH level can reduce the
TG level by increasing lipolytic activity and
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peripheral removal. In addition, a high PTH level
increases bone turnover and induces calcium
release from the bone (44); Increasing the
calcium concentration can affect the cholesterol
level, as explained above (45). Third, Vit D can
affect lipoprotein metabolism and reduce TG
synthesis and secretion in the liver, increasing
very-low-density lipoprotein (VLDL-C) receptor
expression. Consequently, a high Vit D level
induces a decrease in TG and VLDL-C levels and
an increase in HDL-C level (25, 46).

Conclusion

The combined program (aerobic training with
vitamin D) improves body composition, lipid
profile and Metabolic Syndrome Indexes in
Menopausal Women.

According to the findings of this study, it is
recommended to improve the lipid profile and
take steps to increase the health status of women
with metabolic syndrome at menopausal age by
taking benefits from AT+Vit D
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