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Abstract
Introduction: The impact of aerobic training on liver function by modulating hepatic enzymes and
lipid profiles in overweight women is uncertain. The aim of our study was to examine the impact
of 12-week aerobic exercise training on hepatic and lipid profiles and cardiorespiratory indices in
overweight women aged over 50 years.
Methods: Thirty sedentary and overweight postmenopausal women (PMW) over 50 years old were
randomly divided into 2 groups: exercise (Ex, n=15) and control (C, n=15) groups. The Ex group
performed moderate-intensity aerobic exercise (60 min/d, 3 days/week at 65%-70% of maximal
heart rate reserve [HRmax]) for 12 weeks. The C group participated in no intervention during a
3-month period and maintained their normal daily lifestyle. The serum levels of hepatic and lipid
profiles were assessed at baseline and after week 12. Descriptive and inferential (ANCOVA test)
statistics were used to analyze the data using SPSS software version 23.0 at a significance level of
P < 0.05.
Results: After 12 weeks of exercise intervention, the serum levels of hepatic and lipid profiles were
not significantly different in the Ex group compared to the C group (P > 0.05). However, maximal
oxygen uptake (VO2max), walking-jogging time to exhaustion (WJTE), and alkaline phosphatase
(ALP) significantly increased in the Ex group (P < 0.05). In contrast, systolic blood pressure (SBP)
significantly decreased in the Ex group (P < 0.05).
Conclusion: The results demonstrated that 12-week moderate-intensity aerobic exercise (jogging
and walking) at 65%-70% of HRmax did not affect the liver function without modulating hepatic
enzymes and lipid profiles in overweight women over 50 years old, whereas cardiorespiratory
fitness (CRF) by modulating VO2max, WJTE, and SBP was improved.
Keywords: Aerobic exercise intervention, Liver enzymes, Lipid profiles, Overweight, Menopause.

Introduction
Obesity
and
overweight,
increased
triglycerides (TGs), high-density lipoprotein
cholesterol
(HDL)
reduction,
and
hypertension are associated with an increase
in serum levels of hepatic indices and the
risk of developing metabolic syndrome.1-5
Most studies have shown that liver function
indices, especially serum levels of hepatic
enzymes and lipid profiles were closely
correlated with metabolic syndrome. It has
been estimated that metabolic syndrome such

as liver dysfunction along with the epidemic
of obesity, will be the main reasons of liverassociated morbidity and mortality by 2030.3
The researches indicate that serum levels of
hepatic enzymes6-9 and lipid profiles10 are
reliable functional indices for assessing hepatic
function. Aspartate aminotransferase (AST),
alanine aminotransferase (ALT), alkaline
phosphatase (ALP), lactate dehydrogenase
(LDH), γ-glutamyl transferase (GGT), and
5’-nucleotidase are liver enzymes.6
AST is a dimeric enzyme with a molecular
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weight of 45 kDa and 400 amino acids which is found
mainly in the liver.7 The normal serum levels of AST are
less than 34 and 52 U/L in women and men, respectively.
AST level has a direct correlation with the number of
damaged hepatocytes, however, its serum concentration
also increases during the heart attack and muscle
damage.7,11 ALT is a non-glycosylated polypeptide singlechain cytoplasmic enzyme with a molecular weight of
54.5 kDa and 496 amino acids which is found mainly
in the liver.12 ALT catalyzes transmutation of glutamate
and pyruvate into alpha-ketoglutarate and L-alanine.
The normal serum levels of ALT are similar to the AST.
Circulating ALT is catabolized in the liver (half-life of
ALT is 47±10 hours which is longer than that of AST;
17±5 hours).12 It seems that increased ALT can be a sign
of damage in the hepatocytes and/or cardiac or skeletal
muscle necrosis.7,11,12 ALP is a tetrameric glycoprotein
enzyme with a molecular weight of 140 kDa which is
mainly secreted by the liver and bone marrow.13 The
normal level of ALP in adults is 145 U/L with increasing
levels during menopause.13 Increased serum ALP has
been associated with liver and bone diseases. 13
TGs are ester compounds of glycerol and fatty acids
with 2 endogenous and exogenous forms, the endogenous
form of which is produced in the liver and is transported
by very low-density lipoprotein (VLDL) and its exogenous
form is produced in mucosal cells of the intestine. TGs
as the key factor in VLDL and chylomicrons play an
important role in metabolism. The normal level of TGs
is up to 150 mg/dL and its higher values are associated
with the liver diseases.14 Cholesterol is an extremely
important biological molecule in the blood, liver, brain,
kidneys, and nervous fibers that has roles in membrane
structure as well as in the synthesis of steroid hormones,
bile acids, and vitamin D. Low cholesterol levels are
related to the liver diseases as well as acute heart attack.
LDL is composed of 50% cholesterol, 20% phospholipid
and a small amount of TGs that play a role in the transfer
of cholesterol into tissues.7,10 HDL, as smallest lipoprotein
particles, is involved in reverse cholesterol transport
(RCT) by the liver. The normal level of HDL is 40-60 mg/
dL in adults. High HDL levels have a protective effect on
the liver and cardiovascular system (CVS), while its low
levels increase the risk of heart and liver diseases.14
Multiple studies have reported that aerobic exercise,
along with weight loss and appropriate lifestyle, can
improve liver function and prevent liver diseases.15,16
However, many studies have reported effects of aerobic
training on the hepatic and lipid profiles, but their
results are contradictory.1,17-19 On the other hand, in
aged individuals and especially in postmenopausal
women (PMWs), the accumulation of visceral fat due
to a reduction in sex hormones such as estrogen and
progesterone leads to an increase in CVS, metabolic
and liver diseases.13 In other words, in the menopause
period, the relationships between estrogen reduction and
160

biochemical effects due to aging process results in the
hepatic damage.20 Moreover, some studies have reported
that liver function is decreased around 1% per year after
40 to 50 years of age20 and it reaches up to 40% in old age
and elderly, especially in women.21
Furthermore, 21% to 43% of Iranian people suffer
from liver dysfunction.17 Regarding the beneficial role
of aerobic exercise, we here assessed its potential effects
on the improvement of liver function in PMWs. Here,
we examined the effect of 12 weeks of warm up- walking
and jogging moderate intensity aerobic exercise training
program- recovery (W-WJMIAEP-R) on physiological
indices, hepatic enzymes and lipid profiles in PMWs.
Materials and Methods
Subjects
This study was a randomized controlled trial which was
conducted in April 2018 at Allameh Tabataba’I University,
Iran. The statistical population included all overweight
and sedentary PMWs aged over 50 years in Urmia,
Iran. During the public notice of exercise and PMWs,
200 overweight and sedentary PMWs declared, among
whom 30 volunteers qualified for the study. The sample
size was calculated using G*Power software22 (version
8.0.50727.42; Franz Faul, Universitat Kiel, Dusseldorf,
Germany) for univariate analysis of variance, which
revealed that 15 participants per group were needed.
Inclusion Criteria
The inclusion criteria included PMWs with the age of >
50 years old, spending between 1 to 5 years at menopause,
which was controlled by evaluating the serum levels of
17β-estradiol (11-65 μL/pg) and progesterone (0.1-1
μL/ng), body mass index (BMI) >25 kg/m2, no history
of current diseases affecting hepatic metabolism as well
as any clinical problem in the liver and CVS, and no
history of regular exercises, and recent smoking. The
CVS function was evaluated based on electrocardiogram
(ECG) (Esaote Spa, Firenze, Italy).
Exclusion Criteria
Exclusion criteria included the diagnosis of chronic
or any recent diseases affecting liver metabolism,
discontinuing of regular exercise protocol during the
study, having a special dietary regimen, and receiving any
pharmacological treatments during the study.
Allocation into Experimental Groups
Health and physical activity level of PMWs were measured
by sports medicine and self-report questionnaires.23
At a meeting, all participants met the stages of the
implementation of the study, and all of them received
written consent. The subjects were then randomly
assigned to the Ex (n = 15) or C (n = 15) groups by simple
randomization method.
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Sample Size
The sample size was calculated using G*Power software
for univariate analysis of variance for detecting a medium
effect size (Cohen d ¼ 0.4) with an alpha of 0.05 and power
of 95%. The sample size was calculated as 15 participants
per group.

progesterone (2633-DRG, Euroimmun, Germany) were
measured using enzyme-linked immunosorbent assay
(ELISA) machine (Stat Fax®4200- Awareness Technology,
USA). Serum levels of AST, ALT, ALP, TGs, TC, HDL, and
LDL were measured by standard automated techniques
using specific kits (BT-1500, AutoAnalyzer, Italy).

Dietary Assessment
Dietary data were assessed via a 3-day food record24
in the first and last week of the study. The participants
were requested to maintain their normal diet during
12 weeks. Information on the use of medications/
supplements was also obtained via standard and selfreported questionnaires.24 Nutritional and dietary data
were analyzed by nutrition analysis software (Nutrition
data proTM v1.1, StarApps Company, Washington, USA).

Data Analysis
All the data were expressed as mean ± standard deviation
(SD). Kolmogorov-Smirnov test and Levene test were used
for normality of the data. Between-group differences were
determined by independent samples t test at baseline and
post-exercise. In addition, univariate analysis of variance
(ANCOVA) test in a general linear model was applied
to determine the changes of all variables between the 2
groups during the time (intervention - time interaction).
The difference between baseline and post-exercise values
for each group was investigated using paired samples
t test. The correlations between hepatic enzymes and
lipid profiles among PMWs at baseline and post-exercise
were used by Pearson’s correlation coefficient test. The
statistical software program SPSS (SPSS Co, Chicago IL,
version 23) for windows was applied to analyze the data.
The statistical significance was considered as 2 tailed
P < 0.05 for all tests.

Exercise Program
The graded exercise test (GXT) on treadmill by George
et al was used to determine maximal oxygen uptake
(VO2max).25 By using the Borg scale, rating of perceived
exertion (RPE) was recorded in the last 10 seconds of each
stage. Two of the following four criteria were required for a
test to be considered maximal: (1) a plateau in VO2 despite
increasing workload; (2) respiratory exchange ratio
(RER) ≥1.10; (3) maximal heart rate within 10 beats of
age predicted max [max HR = (208 − (0.7 × age in year)];
and (4) RPE ≥ 17. The Ex group performed 12 weeks
of W-WJMIAEP-R protocol with 65% to 70% HRmax of
training on a treadmill, 3 sessions per week and 50 to 60
minutes per session (180-200 minutes in a week) in the
morning. Each training session included 10 minutes of
warming up, 40 minutes of walking and jogging aerobic
exercise, and 10 minutes of cooling down/recovery. The
exercises were performed with maximum heart rate
(HRmax) of 50% (the first week), 60% (the next 2 weeks),
65% (the following 4 weeks), and 70% (the last 5 weeks).25
All exercise sessions were performed between 08:00 and
10:00 am and the participants were trained by exercise
physiologist. The C group participated in no intervention
and continued their normal daily lifestyle and dietary
habits during 12 weeks.
Laboratory Measurements
Blood Sampling and Assays
The serum levels of sex hormones (17β-estradiol and
progesterone), hepatic enzymes (AST, ALT, and ALP), and
lipid profiles (TGs, total cholesterol [TC], HDL, and LDL)
were measured at baseline (24 hours before initiation of
the study) and 24 hours after the last session of training.
After 12-hour overnight fasting, blood samples (5 mL)
were taken in the early morning (between 07:00 and 08:00
am). To separate serum, blood samples were centrifuged at
3000 rpm, after 15-minute clotting at room temperature,
for 15 minutes at 4°C by centrifuge machine. Serum levels
of 17β-estradiol (1561-DRG, Euroimmun, Germany) and

Results
Baseline characteristics of participants did not show
a significant difference between groups regarding
physiological indices, cardiorespiratory fitness (CRF),
menopause status, hepatic enzymes, and lipid profiles
(P > 0.05), except for ALP and TC (P < 0.05) (Table 1).
Following 12 weeks of W-WJMIAEP-R intervention,
systolic blood pressure (SBP) significantly decreased
in the Ex group while VO2max, walking-jogging time
to exhaustion (WJTE), and ALP showed a significant
increase (P < 0.05). In addition, 17β-estradiol and
progesterone levels significantly decreased while TC and
LDL showed a significant increase in the C group (Table
1). The effect size (Eta) coefficient showed 53.5% and
55.2% increase in VO2max and WJTE, respectively in the
EX group compared to the C group, whereas other factors
did not show considerable changes (Table 1).
Dietary intake status in total energy intake (TEI), fat,
carbohydrate (CHO), and protein did not show any
significant differences in within/between group analyses
among PMWs at baseline and post-exercise (Table 2).
Table 3 shows that the correlations of ALP with TC and
LDL were significantly positive in the Ex group at baseline
and week 12. Moreover, the correlations of AST with TC
and LDL were significantly positive in the C group at
week 12.
Discussion
The aim of this study was to examine the impact of 12week W-WJMIEP-R intervention on hepatic enzymes
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Table 1. Physiological Indices, Menopause Status, and Liver Parameters of Postmenopausal Women in 2 Study Groups (Aerobic Exercise and Control)
at Baseline and Week 12
Variables

Exercise (n=15)

Control (n=15)

Pb Value

Pc Value

Eta Coefficient (%)

ns

ns

ns

ns

0.390

0.019 (1.9%)

0.974

0.001 (0.1%)

0.556

0.014 (1.4%)

0.226

0.048 (4.8%)

0.907

0.001 (0.1%)

0.002‡

0.535 (53.5%)

0.001‡

0.552 (55.2%)

ns

ns

0.123

0.117 (11.7%)

0.495

0.026 (2.6%)

Physiological Indices
Age (y)
Baseline

52.20±4.39

52.21±3.62

ns

Week 12

52.20±4.39

52.21±3.62

ns

Pa value

ns

ns

Baseline

156.93±5.39

158.21±4.88

ns

Week 12

156.93±5.39

158.21±4.88

ns

Pa value

ns

ns

Baseline

71.26±10.04

75.71±14.76

0.348

Week 12

71.06±9.91

75.42±13.55

0.329

Pa value

0.757

0.959

Baseline

29.03±4.70

30.18±5.78

0.560

Week 12

29.62±4.61

30.00±5.03

0.850

Pa value

0.160

0.919

Baseline

80.80±9.53

76.57±11.19

0.282

Week 12

80.06±11.57

76.21±10.13

0.350

Pa value

0.825

0.913

Baseline

128.46±22.01

125.07±20.54

0.672

Week 12

116.66±14.27

121.21±14.39

0.401

Pa value

0.026*

0.503

Baseline

77.53±14.73

74.35±11.07

0.520

Week 12

71.33±10.66

70.42±7.66

0.796

Pa value

0.124

Height (cm)

Weight (kg)

BMI (kg/m2)

Resting heart rate (beats/min)

Systolic blood pressure (mm Hg)

Diastolic blood pressure (mm Hg)

0.312
Cardiorespiratory Fitness Indices

Maximal oxygen uptake (VO2max) (mL/kg/min)
Baseline

39.10±2.30

40.12±5.70

0.715

Week 12

43.40±2.20

39.25±6.40

0.175

Pa value

0.001*

0.133

Baseline

9.95±2.60

9.75±2.50

0.895

Week 12

12.15±2.00

9.63±2.65

0.026†

Pa value

0.001*

0.469

Walking & Jogging time to exhaustion (min)

Menopause Status
Menopause age (y)
Baseline

3.20±1.25

2.65±1.20

ns

Week 12

3.20±1.25

2.65±1.20

ns

Pa value

ns

ns

Baseline

31.53±16.28

41.06±12.65

0.202

Week 12

29.73±15.36

23.85±12.30

0.402

Pa value

0.693

0.031*

Baseline

0.18±0.10

0.30±0.14

0.084

Week 12

0.14±0.07

0.20±0.17

0.401

Pa value

0.104

0.033*

17β-estradiol (ng/µL)

Progesterone (ng/µL)
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Table 1. Continued
Variables

Exercise (n=15)

Control (n=15)

Pb Value

Pc Value

Eta Coefficient (%)

0.419

0.025 (2.5%)

0.382

0.048 (4.8%)

0.941

0.001 (0.1%)

0.978

0.001 (0.1%)

0.525

0.016 (1.6%)

0.900

0.001 (0.1%)

0.840

0.002 (0.2%)

Hepatic Enzymes
AST (IU/L)
Baseline

17.33±7.11

19.21±5.01

0.421

Week 12

23.40±7.58

20.71±6.56

0.319

Pa value

0.058

0.532

Baseline

9.33±7.11

10.14±3.75

0.418

Week 12

13.00±11.38

10.35±3.95

0.672

Pa value

0.201

0.894

Baseline

181.33±57.87

227.85±47.18

0.026†

Week 12

213.60±59.53

227.92±50.91

0.494

Pa value

0.033*

0.997

ALT (IU/L)

ALP (IU/L)

Lipid Profiles
TGs (µ/L)
Baseline

182.20±81.56

144.85±71.51

0.202

Week 12

172.33±77.10

157.85±66.22

0.593

Pa value

0.608

0.580

Baseline

243.53±24.62

218.07±29.41

0.017†

Week 12

252.53±29.18

240.50±35.49

0.326

Pa value

0.174

0.011*

Baseline

34.60±6.62

35.57±6.72

0.698

Week 12

34.66±6.27

35.50±6.51

0.728

Pa value

0.963

0.962

Baseline

172.00±19.35

152.07±35.32

0.068

Week 12

173.20±23.09

173.07±35.02

0.363

Pa value

0.883

0.038*

TC (µ/L)

HDL (µ/L)

LDL (µ/L)

Abbreviations: BMI, body mass index; TGs, triglycerides; TC, total cholesterol; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST,
aspartate aminotransferase; HDL, high density lipoprotein; LDL, Low density lipoprotein.
Values are expressed as mean ± SD.
*Pa < 0.05, significant difference from baseline values by paired samples t test (within groups analysis).
†Pb < 0.05, significant difference in between-groups by independent samples t test,
‡Pc < 0.05, signiﬁcantly different between groups analyzed by univariate analysis of variance (ANCOVA) (exercise and time interaction).
Eta = Partial Eta squared or estimates of effect size.

and lipid profiles in overweight PMWs over 50 years
old. Our study indicated that 12-week W-WJMIEP-R
intervention improved CRF through positive adaptations
in physiological indices including an increase in the
VO2max and WJTE among overweight PMWs while the
other variables did not show considerable changes during
the time (group - time interaction). Furthermore, we
observed increased ALP and decreased SBP in the exercise
group and decreased 17β-estradiol and progesterone and
increased TC and LDL in the C group after 12 weeks of
W-WJMIEP-R. The findings of our study were similar
to the results of some previous studies26-28 and were
inconsistent with others.19,29,30 Hosseinikakhk et al26
reported that the hepatic enzymes including AST and
ALT did not change after 8-week resistance training at
50% to 70% HRmax reserve in men with liver diseases

which was consistent with the findings of the current
study. In addition, Mohammadrahimi et al27 reported that
12 weeks of aerobic exercise at 50% to 70% HRmax had
no significant effect on the AST and ALT in overweight
PMWs.
The findings of this study were consistent with those
studies with aspects similar to our protocol and subjects
including Mohammadrahimi et al27 (12 weeks of aerobic
training at 50%-70% HRmax, three sessions per week,
and 50-60 minutes per training session in overweight
PMWs), Hosseinikakhk et al26 (similar exercise intensity
at 50%-70% HRmax), and Sadeghi et al31 (the same exercise
protocol of 12 weeks aerobic exercise and similar subjects
of obese women). In contrast, the difference in the type
of training protocol of resistance exercise in a study by
Slentz et al29 and short-term aerobic training protocol (6
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Table 2. Differences in Dietary Intake of Postmenopausal Women at Baseline and After 12 weeks of Aerobic Exercise Intervention
Exercise (n = 15)

Control (n = 15)

Pb Value

Baseline

2245.85±545.81

2365.12±515.62

0.602

Week 12

2305.35±335.25

2299.25±312.60

0.966

Pa value

0.557

0.419

Baseline

103.10±30.12

104.20±32.15

0.936

Week 12

105.15±28.10

101.30±21.15

0.788

Pa value

0.996

0.568

Baseline

255.22±114.10

295.99±78.50

0.345

Week 12

265.75±85.25

284.20±65.75

0.603

Pa value

0.435

0.202

Baseline

89.50±23.30

79.75±25.60

0.334

Week 12

91.00±21.50

80.20±23.30

0.245

Pa value

0.694

0.655

Variables

Pc Value

Total energy intake (TEI) (kcal/d)
0.341

Fat (g)
0.645

Carbohydrate (CHO) (g)
0.390

Protein (g)
0.474

Values are expressed as mean ± SD. *Pa< 0.05, significant difference from baseline values by paired samples t test (within groups analysis). †Pb< 0.05,
significant difference baseline and post-intervention values by independent samples t test (between groups analysis). ‡Pc < 0.05, significantly different
between groups by univariate analysis of variance (ANCOVA) (exercise-time interaction).

Table 3. The Correlation Between Hepatic Enzymes and Lipid Profiles Among Postmenopausal Women at Baseline and After 12 Weeks of Aerobic
Exercise Intervention
AST (µ/L)

ALT (µ/L)

Baseline

Variable

Week 12

ALP (µ/L)

Baseline

Week 12

Baseline

R

P

R

P

R

P

R

P

R

TGs (u/L)

-0.50

0.05

0.12

0.65

-0.24

0.37

0.27

0.31

TC (u/L)

-0.26

0.33

0.41

0.12

-0.19

0.49

0.49

0.05

HDL (u/L)

0.25

0.35

-0.21

0.44

-0.35

0.19

-0.17

0.53

LDL (u/L)

0.00

0.99

0.49

0.05

-0.14

0.60

0.49

0.06

TGs (u/L)

-0.10

0.71

0.07

0.81

-0.11

0.68

0.19

TC (u/L)

0.39

0.19

0.64

0.01*

0.26

0.36

0.44

HDL (u/L)

-0.17

0.54

0.00

0.00

-0.07

0.77

LDL (u/L)

0.39

0.16

0.59

0.02*

0.28

0.32

Week 12
P

R

P

0.00

0.97

0.16

0.56

0.52

0.04*

0.57

0.02*

0.00

0.00

-0.05

0.85

0.65

0.00*

0.63

0.01*

0.49

0.41

0.14

0.18

0.51

0.10

0.00

0.97

0.14

0.61

-0.10

0.71

0.20

0.48

0.34

0.23

0.40

0.15

-0.20

0.47

0.01

0.95

Ex Group (n=15)

C Group (n=15)

Ex= Exercise group; C= Control group; AST= Aspartate aminotransferase; ALT= Alanine aminotransferase; ALP= Alkaline phosphatase; TGs=
Triglycerides; TC= Total cholesterol; HDL= High density lipoprotein; LDL= Low density lipoprotein; *P < 0.05, signiﬁcant correlation.
R; correlation coefficient, P; significant value.

weeks) in a study by Farzanegi et al,19 as well as the age27
and gender30 differences of subjects in other studies,29,30
may be possible reasons for the inconsistency with the
results of our study.
Based on the World Health Organization (WHO),
around 40% and 15% of women aged over 18 years are
overweight and obese, respectively.32 On the other hand,
the presence of obesity and overweight in Iranian women
was estimated to be 30% and 20%, respectively.33 In
addition, our findings showed that hepatic enzymes are
closely associated with changes in BMI, serum levels of
lipid profiles, insulin and blood pressure, as well as the
metabolic syndrome parameters such as age, weight,
BMI, abdominal obesity (AO), waist circumference
(WC), hip circumference (HC), and waist-to-hip ratio
164

(WHR).34 Since the AST and ALT have a half-life of
approximately 17 and 42 hours respectively,12 it is possible
that the persistent levels of hepatic enzymes after 24 hours
following exercise in overweight PMWs may be related to
the long-term half-life of AST and ALT12 and its likely to
explain the high serum levels of hepatic enzymes in this
study. It is well-known that aerobic exercise stimulates
lipid oxidation and inhibits lipid synthesis in the liver
which is activated by AMP-activated protein kinase
(AMPK) pathway.31 In other words, the AMPK activated
during exercise in skeletal muscle, liver, and adipose tissue
31
has not been able to create physiological adaptations in
the liver among overweight PMVs following 12 weeks of
W-WJMIAEP-R exercise. On the other hand, it is likely
that 12 weeks of W-WJMIAEP-R may lead to damage in
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hepatocytes, and as a result, elevated hepatic enzymes
among overweight PMWs.31 On the other hand, the
results of our study revealed that serum ALP increased in
the Ex group after 12-week W-WJMIAEP-R intervention.
Given that the effects of exercise on the hepatic enzymes
are completely contradictory in related studies,1,17,18,26 it
seems that the exact mechanisms are needed to be further
evaluated regarding that whether the elevation in serum
ALP is an exercise induced-positive physiological or a
pathological adaptation.
On the other hand, due to the sedentary lifestyle and
physically inactive status in overweight PMWs, it is likely
that any intensity of aerobic exercise may cause additional
pressure on body organs such as the liver and CVS. The
studies have reported that regular exercise modulates
the daily energy intake, lipid oxidation in the skeletal
muscle and mitochondria, hepatocytes, and increases
fat metabolism and redistribution in visceral fat tissues
resulting in a decrease in free fatty acids (FFA) supply
to the liver, a decrease for deposit of fat in the liver, and
an increase in fat oxidation of the liver.35 However, it is
possible that 12-week W-WJMIAEP-R intervention has
not been able to stimulate fat oxidation in the liver, and
this may require more than 12 weeks of W-WJMIAEP-R
intervention in overweight PMWs over 50 years old.
The results of studies have shown that the aging process
decreases daily physical activity level and basal metabolism
rate (BMR) in the human, resulting in weight gain.
Therefore, it is possible that low BMR and fat oxidation in
PMW during 12 weeks of W-WJMIAEP-R intervention
may be related to the paucity of fat metabolism in the
Ex group compared to the C group. However, our study
indicated that serum TC and LDL levels increased during
12 weeks in C group which probably was related to the
aging process itself.
As mentioned above, overweight and physical
inactivity lead to a decrease in daily energy intake, lipid
oxidation in the skeletal muscle and mitochondria,
decreased hepatocyte functions, altered fat metabolism,
redistribution of fat stores in the body, decreased supply
of FFA to the liver, and elevated fat oxidation in the liver.35
These events are risk factors for liver and CVS damage
caused by the aging process among overweight PMWs
over 50 years old. In fact, it is likely that these changes are
caused by a reduction in estrogen and progesterone levels,
physical inactivity,36 overweight,37 and accumulation of
visceral fat during menopause.36,37 Moreover, the results of
studies indicated that serum LDL as an atherogenic index
of plasma (AIP) and serum HDL as an atherogenesis
index are in the humans.38 Recently, epidemiological
studies reported that low serum HDL level is related to an
increase in serum LDL and risk factors of CVS,36 which
may increase the AIP and reduce the atherogenesis index
in the C group.
Additionally, the results of Pearson’s correlation
coefficient in our study showed that the ALP has a

significant positive correlation with TC and LDL in the
Ex group at baseline and week 12 post exercise. It seems
that the ALP activity increases during menopause, which
can affect serum levels of lipid profiles such as TC and
LDL. Given that TC is one of the main sources for the
synthesis of sex hormones,39,40 it is possible that changes
in the serum levels of TC by estrogen and progesterone
during menopause may be linked to the aging process.
Since the transfer of cholesterol into the tissue is required
for LDL production, the increase in TC can also affect
serum levels of LDL during menopause. However, the
dual mechanisms of increase in serum ALP during
aerobic exercise in PMWs remain unclear and require
further studies. In our study, there were significant
positive correlations between serum levels of AST, TC and
LDL after 12 weeks in the C group. It has been reported
that the level of AST is directly related to the number of
damaged cells, especially hepatocytes.7,9,11 Increase in the
atherogenic factors such as LDL and TC can disrupt the
liver function and CVS efficiency and facilitate the aging
process. However, it is likely that increased serum levels
of AST, TC, and LDL due to aging can be a risk factor for
liver and CVS problems during menopause.
Strengths and Limitations
The use of a non-pharmacological prescription (i.e.
W-WJMIAEP-R intervention) to prevent the liver disease
or CVD in the context of menopause-induced changes in
the hepatic enzymes and lipid profiles is the strength of
our study. On the other hand, the low number of subjects
is the main limitations of this study.
Conclusion
The findings of our study showed that 12-week
W-WJMIEP-R with 65% to 70% HRmax did not affect
hepatic enzymes and lipid profiles in overweight PMWs
over 50 years old. However, the results of our study
demonstrated that 12 weeks of W-WJMIEP-R intervention
improved CRF through an increase in the VO2max and
WJTE and decrease in the SBP among overweight PMWs
over 50 years old. In addition, a remarkable point in our
study was that serum levels of ALP significantly increased
after 12 weeks of W-WJMIEP-R intervention in the Ex
group in overweight PMWs over 50 years old. In other
words, it is likely that increased serum level of ALP, as
well as increased CRF after 12 weeks of aerobic exercise
intervention, can be as an exercise induced-positive
physiological adaptation in the liver function among
overweight PMWs over 50 years old.
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