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This study aims to identify the effects of exercise type on estrogen, tu-
mor markers, immune function, antioxidant function, and physical fit-
ness in postmenopausal obese women. The subjects were 30 post-
menopausal obese women with body fat percentage higher than 30%. 
Participants were divided into aerobic exercise group (n = 10; age, 
53.70± 3.37 years), resistance exercise group (n= 10; age, 52.20± 2.15 
years), and control group (n= 10; age, 52.50± 2.68 years). Estrogen and 
growth hormone showed no significant difference in the aerobic exer-
cise group, resistance exercise group, and control group. Tumor marker 
alpha-fetoprotein was increased in the aerobic exercise, resistance ex-
ercise, and control groups (P< 0.01). The metabolic syndrome risk factor 
was decreased in the aerobic and resistance exercise groups, which 
was shown by the reduction of weight (P< 0.001), body fat percentage 
(P< 0.001), waist circumference (P< 0.05), and increase of high density 

lipoprotein-cholesterol (P< 0.001). natural killer cell activity was in-
creased in the aerobic exercise group, resistance exercise group, and 
control group (P< 0.001). Oxidative stress was decreased in the aerobic 
exercise group, resistance exercise group, and control group (P< 0.001). 
Maximum oxygen uptake was increased in the aerobic and resistance 
exercise groups, but aerobic exercise was more effective (P< 0.05). 
Knee isokinetic extensor muscle was increased in both the aerobic and 
resistance exercise groups (P< 0.001). Aerobic and resistance exercise 
of postmenopausal obese women can be considered an effective inter-
vention program to prevent metabolic syndrome and improve physical 
fitness.
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INTRODUCTION

Menopause is a type of aging process during which the secretion 
of the female hormone estrogen is decreased due to a decline of 
follicular function, and the quality of life and physical functions 
deteriorate due to menopausal symptoms (Nelson, 2008). In par-
ticular, postmenopausal women are known to have a higher chance 
of having cancer than premenopausal women (Rosano et al., 2007). 
With recent emphasis on the importance of early discovery of can-
cer, researches on tumor markers have been actively done. Tumor 
markers are used to selecting and tracking the early diagnosis of 
cancer and to predict the pre- and postoperative prognosis, but 

due to low sensitivity and specificity for tumor diagnosis, they ap-
pear to be increased or get detected even when one does not have 
cancer (Perkins et al., 2003). In other words, most cancers are easy 
to track down but tumor markers for liver cancer and breast can-
cer, which often start around menopausal stage, have been report-
ed to be diagnostically useful (Sturgeon, 2002).

Also, postmenopausal women have reduced production of es-
trogen, which serves a cardioprotective function; this event leads 
to a higher risk of developing cardiovascular disease (Knopp, 1988). 
In other words, estrogen deficiency due to menopause accelerates 
the accumulation of visceral fat, which increases the risk of meta-
bolic syndrome, in which abdominal obesity and insulin resistance 
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play important roles (Carr, 2003). Moreover, estrogen plays an 
important role in lymphocyte activation, but menopause decreases 
the efficiency of cell-mediated and antibody-mediated responses 
by thymic atrophy (Pernis, 2007; Ryan et al., 2005).

On the other hand, the pathogenesis of cancer, cardiovascular 
disease, and impaired immune function can be attributed to the 
deterioration of cell damage and antioxidant activity by free radi-
cals (Valko et al., 2007) and is significantly affected by physical 
inactivity (Hamilton et al., 2007). However, aerobic exercises 
suggested for menopause stage are known to be effective in the 
prevention of cancer and metabolic syndrome, improvement of 
immune system and antioxidant activity (Bruunsgaard and Peder-
sen, 2000; Friedenreich, 2001; Hartmann and Niess, 1988; Oli-
veria and Christos, 1997). In addition, since the skeletal muscles 
are decreased during menopausal period, resistance exercise is also 
important. Resistance exercise has been shown to be effective in 
improving myocardial function and preventing chronic diseases 
(Bemben et al., 2000; Hurley et al., 1988).

However, studies that have compared and analyzed changes in 
estrogen, tumor marker, metabolic syndrome indicator, immune 
function, antioxidant function and physical fitness between aero-
bics and exercises among obese postmenopausal women are highly 
limited. Therefore, the aim of this study is to compare and analyze 
the effect of 12-week-long aerobic and resistance exercises on es-
trogen, tumor marker, metabolic syndrome indicator, immune 
function, antioxidant function and physical fitness in postmeno-
pausal obese women.

MATERIALS AND METHODS

Subjects
For the subjects of this study, 30 obese postmenopausal women 

with a body fat percentage of 30% or higher were registered at Seoul 
regional sports center, and they were randomly distributed into 
aerobic exercise group (n=10), resistance exercise group (n=10), 
and control group (n=10). Physical characteristics of the subjects 

are shown in Table 1. The exclusion criteria were those who were 
taking medication due to heart disease, those who have been tak-
en sex hormonal drugs, those under estrogen replacement therapy, 
and those who have experienced chest pain, dyspnea, and arrhyth-
mia during exercise. This study was approved by the Institutional 
Review Board of the Korea National Sport University’s Bioethics 
Committee (approval number: 1263-201706-BR-005-04). 

Measurement items and methods
Height and weight were measured using an automatic body 

meter (Jenix, Seoul, Korea). The body mass index (BMI) was cal-
culated by dividing the measured body weight (kg) by the square 
(m2) of the height (cm). The waist circumference was measured up 
to 0.1 cm in the upright posture from the lower end of the rib and 
the midpoint of the upper iliac crests. The body fat percentage 
was measured using a body fat analyzer (X-Scan II, Jawon Medi-
cal, Gyeongsan, Korea) following the bioelectrical impedance 
method.

The blood pressure measurement was done by measuring sys-
tolic and diastolic blood pressures in the left brachial artery at the 
same height as the heart by using a mercury blood pressure meter 
after at least 10 min of resting.

Maximum oxygen uptake (VO2max) was measured to show car-
diovascular strength by performing an exercise load test based on 
a modified version of Balke protocol using an automatic breathing 
gas analysis system (Q4500, Quinton, Bothell, WA, USA). The 
criteria for ending the exercise load test were when the oxygen 
consumption did not increase even when the exercise load was in-
creased, when the exercise self-conscious level was 17 or higher, 
when the heart rate was ±5 than the age-dependent predicted 
maximum heart rate by age, and when the respiratory exchange 
rate was higher than 1.15.

To measure the maximal strength, relative strength, and extensor 
motion range of the knee extensions and flexor muscles, the test 
was performed using isokinetic equipment (System 3 Pro, Biodex, 
Shirley, NY, USA). The measurement was done 3 times at the left 

Table 1. Characteristics of subjects

Group Age (yr) Height (cm) Weight (kg) BMI (kg/m2) Body fat (%)

Aerobic exercise (n= 10) 53.70± 3.37 157.30± 6.46 59.70± 5.52 24.16± 2.21 31.65± 1.86
Resistance exercise (n= 10) 52.20± 2.15 158.04± 3.21 60.79± 5.41 24.31± 1.65 32.48± 1.37
Control (n= 10) 52.50± 2.68 159.69± 4.87 61.11± 6.96 23.94± 2.18 31.60± 0.98
P-value 0.452 0.560 0.860 0.918 0.327

Values are presented as mean± standard deviation.
BMI, body mass index.
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and right at the speed of 60°/sec after matching the subject’s knee 
motion axis and dynamometer axis and by fixating the trunk and 
thigh with Velcro to minimize the motion of other body parts. 

Blood samples were collected from the vein after confirming 
the 10-hr fasting state. The collected blood was centrifuged at 
3,000 rpm for 10 min and stored at -70°C. Blood analysis items 
and methods are as follows. Estrogen was analyzed via radioim-
munoassay. Growth hormone was analyzed using chemilumines-
cence immunoassay. Tumor markers alpha-fetoprotein (AFP), car-
cinoembryonic antigen (CEA), cancer antigen 125 (CA 125), and 
CA 153 were analyzed by radioimmunoassay. The triglyceride, 
high-density lipoprotein cholesterol (HDL-C), and fasting state 
blood sugar were analyzed by enzymatic method, while low den-
sity lipoprotein cholesterol (LDL-C) was done by homogeneous 
enzymatic colorimetric assay. To assess the extent of insulin resis-
tance, the formula of Matthews et al. (1985) was used: “HOMA- 
IR=[fasting plasm insulin (μU/mL)× fasting plasm glucose (mg/
dL)]/405.” Natural killer (NK) cells were analyzed by en-
zyme-linked immunosorbent assay, whereas immune-globulins 
(IgA, IgG, and IgM) were analyzed by turbidometry method. To-
tal antioxidant status (TAS) and total oxidant status (TOS) were 
analyzed using a colorimetry method.

Exercise program
The aerobic and resistance exercise program of this study was 

conducted 3 times a week for 12 weeks after the subjects were 
given an education on exercise method and intensity setting, as 
well as an adjustment period. The heart rate reserve (HRR) was 
set using the Karvonen et al. (1957) formula for the aerobic exer-
cise intensity. Resistance exercise intensity was set using the indi-
rect measurement method of one repetition maximum or 1 RM 
(Fleck and Kramer, 1987). Exercise time included 10 min of pre- 
exercise, 40 min of main exercise, and 10 min of finishing exercise. 
The pre-exercise consisted of 5 min of walking and 5 min of stretch-
ing, while the finishing exercise included 10 min of stretching. The 
main exercise was as follows.

The aerobic exercise started with walking on a treadmill at dif-

ferent speeds and slopes at the HRR of 60%–80%. During the 
exercise, the subject wore a heart rate monitor (Polar, Kempele, 
Finland) to check whether the exercise intensity has been reached. 
Resistance exercise included bench press, lat-pull down, triceps 
push-down, dumbbell curl, sit-up, squat, leg extension, leg flex-
ion, and leg press at 1RM of 60%. The exercises were repeated 
8–12 times for 3 sets. The resting time between two exercise 
types was 1-min long.

Data analyses 
The mean and standard deviation per measured item from this 

study’s data were calculated using the IBM SPSS ver. 18.0 (IBM 
Co., Armonk, NY, USA). Two-way analysis of variance with re-
peated measures was performed to verify the mean difference. The 
significance level (α) of this study was set to P<0.05.

RESULTS

Change in estrogen and growth hormone 
Estrogen and growth hormone change due to aerobic exercise 

and resistance exercise is shown in Table 2. Value of estrogen and 
growth hormone did not have a significant difference between 
groups and measuring time points and there was no interaction 
effect.

Change in tumor markers
Tumor markers change due to aerobic exercise and resistance 

exercise is shown in Table 3. The value of AFP tended to increase 
in each of aerobic exercise group, resistance exercise group, and 
control group, while significant difference was shown between 
measuring time points (P<0.05). There were no interaction effects. 
On the other hand, for CEA, CA 125, and CA 153, values did not 
have significant difference between groups and measuring time 
points. There were no interaction effects.

Change in metabolic syndrome risk factors
Change in metabolic syndrome risk factors due to aerobic exer-

Table 2. Change of estrogen and growth hormone 	

Variable
Aerobic exercise Resistance exercise Control P-value

Pre Post Pre Post Pre Post Group Time Interaction

Estrogen (pg/mL) 83.50± 33.32 86.80± 21.62 85.20± 30.58 94.90± 18.56 85.90± 26.93 88.80± 28.24 0.877 0.388 0.876
GH (ng/mL) 2.25± 1.67 1.40± 1.23 0.89± 0.70 1.09± 1.20 1.83± 1.71 1.12± 0.89 0.231 0.091 0.225

Values are presented as mean± standard deviation.
GH, growth hormone.
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cise and resistance exercise is shown in Table 4. The value of 
weight tended to decrease in the aerobic exercise group and resis-
tance exercise group, and there was significant difference between 
measuring time points (P<0.001). There was also interaction ef-
fect (P<0.001). The value of BMI tended to decrease in the aero-
bic exercise group and resistance exercise group, and there was 
significant difference between measuring time points (P<0.01). 
There was also interaction effect (P<0.01). The value of body fat 
tended to decrease in the aerobic exercise group and resistance ex-
ercise group, and there was significant difference between measur-
ing time points (P<0.05). There was no interaction effect. The 
value of waist circumference tended to decrease in the aerobic ex-
ercise group and resistance exercise group, and there was signifi-
cant difference between measuring time points (P<0.05). There 
was no interaction effect. 

The value of systolic blood pressure and diastolic blood pressure 
did not have a significant difference between measuring time points. 

There was no interaction effect. The value of triglyceride did not 
have significant difference between groups and measuring time 
points. There was no interaction effect. The value of HDL-C tend-
ed to increase in the aerobic exercise group and resistance exercise 
group, and there was significant difference between measuring 
time points (P<0.01). There was no interaction effect. The value 
of LDL-C did not have a significant difference between groups 
and measuring time points. There were no interaction effects. 

The value of fasting blood glucose, insulin, homeostasis model 
assessment of insulin resistance index (HOMA-IR), and C-reactive 
protein (CRP) did not have significant difference between groups 
and measuring time points. There were no interaction effects. 

Change in immune function
Change in immune function due to aerobic exercise and resis-

tance exercise is shown in Table 5. The value of NK cell activity 
tended to increase in all aerobic exercise groups, in the resistance 

Table 3. Change of tumor markers

Variable
Aerobic exercise Resistance exercise Control P-value

Pre Post Pre Post Pre Post Group Time Interaction

AFP (ng/mL) 2.94± 1.25 3.03± 0.71 2.20± 1.16 2.88± 1.09 3.26± 4.57 4.07± 5.36 0.699 0.010 0.273
CEA (ng/mL) 1.41± 0.57 1.30± 0.78 1.69± 0.96 1.54± 0.99 1.94± 0.83 2.16± 0.76 0.120 0.928 0.485
CA 125 (U/mL) 5.77± 2.96 4.88± 3.08 7.29± 8.64 5.04± 3.04 5.25± 2.96 5.29± 2.87 0.832 0.265 0.592
CA 153 (U/mL) 9.96± 3.03 7.55± 5.49 12.67± 3.90 9.83± 7.71 9.54± 4.13 10.38± 3.60 0.428 0.120 0.217

Values are presented as mean± standard deviation.
AFP, alpha-fetoprotein; CEA, carcinoembryonic antigen; CA, cancer antigen.

Table 4. Change of metabolic syndrome risk factors	

Variable
Aerobic exercise Resistance exercise Control P-value

Pre Post Pre Post Pre Post Group Time Interaction

Weight (kg) 59.70± 5.52 58.85± 5.51 60.79± 5.41 59.96± 5.43 61.11± 6.96 61.48± 7.27 0.759 0.000 0.000
BMI (kg/m2) 24.16± 2.21 23.79± 1.96 24.31± 1.65 24.02± 1.76 23.94± 2.18 24.11± 2.22 0.976 0.010 0.001
Body fat (%) 31.65± 1.86 31.41± 1.90 32.48± 1.37 32.28± 1.37 31.60± 0.98 31.50± 0.98 0.345 0.000 0.001
WC (cm) 81.60± 5.65 80.70± 5.62 82.50± 4.42 80.30± 3.89 79.95± 4.07 79.70± 4.19 0.706 0.026 0.251
SBP (mmHg) 113.60± 16.11 110.50± 12.46 116.10± 14..26 115.10± 14.74 113.90± 18.05 113.10± 18.38 0.844 0.578 0.938
DBP (mmHg) 70.60± 8.24 70.20± 7.29 72.00± 7.92 71.60± 5.13 71.10± 15.52 71.40± 10.99 0.939 0.910 0.975
TG (mg/dL) 97.50± 55.60 106.10± 86.07 111.20± 75.79 109.90± 47.92 106.80± 51.10 109.00± 31.58 0.936 0.738 0.909
HDL-C (mg/dL) 51.80± 9.25 58.30± 9.48 49.20± 10.15 57.70± 12.76 57.60± 11.60 58.50± 10.89 0.588 0.001 0.093
LDL-C (mg/dL) 117.70± 32.38 113.30± 39.47 115.70± 23.96 120.90± 40.54 112.90± 29.47 113.60± 33.90 0.923 0.942 0.847
FBG (mg/dL) 88.20± 6.76 91.10± 6.26 104.40± 29.28 108.30± 19.79 100.40± 18.88 100.90± 12.46 0.099 0.167 0.710
Insulin (MU/mL) 4.44± 2.52 3.61± 1.92 5.30± 1.56 5.27± 2.89 5.68± 2.54 6.00± 2.33 0.131 0.684 0.567
HOMA-IR 0.99± 0.64 0.84± 0.50 1.40± 0.64 1.39± 0.74 1.43± 0.73 1.50± 0.64 0.075 0.804 0.744
CRP (mg/L) 0.16± 0.26 0.05± 0.06 0.11± 0.20 0.07± 0.05 0.06± 0.05 0.06± 0.06 0.628 0.147 0.360

Values are presented as mean± standard deviation.
BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL-C, high-density lpoprotein cholesterol; LDL-C, high-density li-
poprotein cholesterol; TG, triglyceride; FBG, fasting blood glucose; HOMA-IR, homeostasis model assessment of insulin resistance index; CRP, C-reactive protein.
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exercise group, and in the control group. There was significant 
difference between measuring time points (P<0.001). There was 
no interaction effect. The value of IgA did not have a significant 
difference between measuring time points. There was no interac-
tion effect. The value of IgG tended to decrease in the aerobic ex-
ercise group and resistance exercise group but increase in the con-
trol group. There was significant difference between measuring 
time points (P<0.05), and also interaction effect (P<0.05). Value 
of IgM tended to decrease in the aerobic exercise group and resis-
tance exercise group. There was significant difference between 
measuring time points (P<0.001). There was no interaction effect. 

Change in antioxidant function
Change in antioxidant function due to aerobic exercise and re-

sistance exercise is shown in Table 6. TAS, which is a measure-
ment indicator for antioxidant capacity, did not show significant 

difference in value between groups and measuring time points. 
There was no interaction effect. The value of TOS, which is a 
measurement indicator for oxidative stress, tended to decrease in 
the aerobic exercise group, resistance group, and control group. 
There was significant difference between measuring timing points 
(P<0.001). There was no interaction effect.

Change in physical fitness
Change in cardiorespiratory fitness and isokinetic function of 

knee joint due to aerobic exercise and resistance exercise is shown 
in Table 7. The value of VO2max increased in the aerobic exercise 
group and decreased in the control group. There was no signifi-
cant difference between measuring time points. There was inter-
action effect (P<0.05).

The value of left knee joint isokinetic extensor tended to in-
crease in the aerobic exercise group and resistance exercise group. 

Table 5. Change of immune function

Variable
Aerobic exercise Resistance exercise Control P-value

Pre Post Pre Post Pre Post Group Time Interaction

NK cell (pg/mL) 1,229.29± 435.20 1,691.64± 322.33 1,345.73± 507.70 1,574.10± 418.77 1,090.39± 338.81 1,558.49± 444.78 0.537 0.001 0.550
IgA (mg/dL) 247.20± 85.50 239.30± 77.33 282.10± 114.76 277.80± 108.71 234.80± 102.95 238.40± 99.01 0.577 0.377 0.377
IgG (mg/dL) 1,310.30± 271.95 1,251.00± 269.24 1,269.70± 227.95 1,191.40± 140.55 1,219.70± 216.38 1,245.10± 205.63 0.850 0.026 0.030
IgM (mg/dL) 109.70± 40.68 99.00± 36.04 123.20± 77.04 114.40± 75.61 85.80± 49.96 82.90± 47.63 0.406 0.000 0.100

Values are presented as mean± standard deviation.
NK cell, nature killer cell; IgA, immunoglobulin A; IgG, immunoglobulin G; IgG, immunoglobulin M. 

Table 6. Change of antioxidant function

Variable
Aerobic exercise Resistance exercise Control P-value

Pre Post Pre Post Pre Post Group Time Interaction

TAS (mmol/L) 1.46± 0.07 1.83± 0.55 1.48± 0.06 2.35± 1.96 1.47± 0.08 1.55± 0.08 0.316 0.051 0.336
TOS (mmol/L) 2.99± 1.43 1.64± 0.79 2.57± 1.16 1.49± 0.75 2.56± 1.11 1.38± 0.47 0.516 0.000 0.901

Values are presented as mean± standard deviation.
TAS, total antioxidant status; TOS, total oxidant status. 

Table 7. Change of cardiorespiratory fitness and knee isokinetic function

Variable
Aerobic exercise Resistance exercise Control P-value

Pre Post Pre Post Pre Post Group Time Interaction

VO2max (mL/kg/min) 31.44± 3.63 33.80± 4.29 31.74± 4.64 31.82± 3.85 32.84± 2.63 30.53± 2.66 0.785 0.944 0.016
Rt Knee EX TQ/BW (Nm) 142.49± 35.15 164.06± 31.33 141.44± 21.01 175.38± 22.05 140.21± 16.25 141.43± 24.53 0.205 0.001 0.036
Lt Knee EX TQ/BW (Nm) 142.64± 31.50 160.52± 24.00 140.15± 28.88 168.06± 28.06 135.23± 27.05 136.58± 22.41 0.222 0.001 0.043
Rt Knee FX TQ/BW (Nm) 75.05± 20.62 78.70± 11.48 76.88± 15.02 78.73± 14.33 72.51± 18.35 72.04± 14.21 0.558 0.661 0.906
Lt Knee FX TQ/BW (Nm) 71.99± 22.36 73.60± 12.28 69.40± 19.66 69.20± 16.95 67.10± 21.91 69.42± 19.07 0.749 0.795 0.975

Values are presented as mean± standard deviation.
Rt Knee EX TQ/BW, right knee-extensor peak torque/body weight; Lt knee EX TQ/BW, Left knee-extensor peak torque/body weight; Rt Knee FX TQ/BW, right knee-flexion peak 
torque/body weight; Lt Knee FX TQ/BW, Left knee-flexion peak torque/body weight.
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There was significant difference between measuring time points 
(P<0.001). There was interaction effect (P<0.05). The value of 
right knee joint isokinetic extensor tended to increase in the aero-
bic exercise group and resistance exercise group. There was signif-
icant difference between measuring time points (P<0.001). There 
was interaction effect (P<0.05). The value of left and right knee 
joint isokinetic flexors did not have a significant difference be-
tween groups and measuring time points, and there was no inter-
action effect.

DISCUSSION

This study assessed the effects of exercise type on estrogen, tu-
mor markers, immune function, antioxidant function and physi-
cal fitness in postmenopausal obese women. As a result, aerobic 
and resistance exercises did not affect changes in estrogen and 
growth hormone. The tumor marker AFP was increased, while 
IgG and IgM were decreased. On the other hand, the exercises ap-
peared to be effective in the reduction of obesity indicators of 
metabolic syndrome, increase of HDL-C, NK cell activation, re-
duction of oxidative stress, and improvement of physical fitness. 
However, no variables except for VO2max showed significant 
changes between the aerobic and resistance exercises. Moreover, 
the control group of this study showed an increase of AFP and 
NK cell, as well as reduction of oxidative stress.

Menopause comes with various physiological changes due to 
the cease of menstruation from ovarian functional failure. During 
the menopausal state, the decrease of estrogen secretion is one rep-
resentative symptom. On the other hand, if postmenopausal 
women are exposed to high estrogen level, it can induce breast 
cancer (Cauley et al., 1989). This study revealed that aerobic, re-
sistance, and control exercise groups all showed an increase in es-
trogen level but with no significant differences. Similar to this 
study, Robles et al. (2012) also tested premenopausal and post-
menopausal women by having them do aerobic exercises for 6 
months but no changes were found in their estrogen level. Ac-
cording to Smith et al. (2013), a 16-week aerobic exercise did not 
affect the change in estrogen level in postmenopausal women, but 
it was effective in the prevention of breast cancer by inducing the 
increase of estrogen metabolites 2-hydroxyestrone and reduction 
of 16α-hydroxyestrone. Therefore, the study on the exercise type 
and estrogen metabolism in postmenopausal women needs to be 
studied in further detail. In this study, growth hormone was de-
creased in aerobic exercise and control group but increased in aer-
obic exercise group, and no significant differences were observed. 

Both aerobic and resistance exercises showed to have similar ef-
fects on the stimulation of growth hormone secretion, but since 
the amount of exercise decided by the intensity and duration is a 
critical factor, future studies should be done by taking this into 
consideration (Wideman et al., 2002).

Obesity after menopause increases the risk of having cancer 
(Song et al., 2008). Tumor markers are useful diagnostic tools that 
can be used for the early detection of cancer, the determination of 
treatment efficacy, and the possibility of recurrence (Perkins et al., 
2003). According to cohort studies on cancer development, exer-
cise is protective against cancer (Friedenreich, 2001). The results 
from this study show that AFP, a tumor marker of liver cancer, 
was significantly increased in aerobic exercise, resistance exercise, 
and control group. On the other hand, CEA, cervical CA 125, and 
breast CA 153 were decreased but not significantly changed. Sim-
ilar to this study, 8 weeks of aerobic exercise was shown to be inef-
fective in inducing changes in the CEA and CA 153 among breast 
cancer patients (Esfahbodi et al., 2018). However, tumor markers 
have a low specificity and, thus, play limited role in cancer screen-
ing. Furthermore, various physiological factors are known to affect 
tumor marker levels. In particular, the increase of AFP observed 
in this study may be elevated due to various liver diseases such as 
hepatitis, liver cirrhosis, and liver tumors (Christiansen et al., 
2001). Therefore, future studies are needed to assess the exercise 
and tumor marker in obese menopausal women from multifaceted 
points of view.

The low prevalence of cardiovascular disease in premenopausal 
women is due to the protective effects of estrogen against cardio-
vascular disease (Gavin et al., 2009). However, menopausal estro-
gen deprivation results in abdominal fat accumulation and insulin 
resistance, which are major risk factors for the development of 
metabolic syndrome (Lobo, 2008). The results of this study 
showed that aerobic exercise and resistance exercise were effective 
in decreasing obesity indicators (weight, BMI, waist circumfer-
ence, body fat percentage) and increasing HDL-C among meta-
bolic syndrome risk factors. However, no significant changes were 
observed in blood pressure, triglyceride, insulin resistance level, 
and inflammatory marker CRP. These results are partially in line 
with studies that have shown that aerobic exercise in postmeno-
pausal women fights against metabolic syndrome risk factors 
while reducing HOMA-IR (Earnest et al, 2013; Kim and Kim, 
2012) and that metabolic syndrome z-score is decreased by resis-
tance exercise (Conceição et al., 2013). In general, postmenopausal 
women have increased body fat and abdominal obesity due to the 
imbalance between nutritional intake and consumption, and a de-
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crease in estrogen secretion promotes this process (Poehlman, 
2005). In this study, aerobic and resistance exercise reduced 
weight and waist circumference without significant changes in 
the level of estrogen, which causes fat accumulation in postmeno-
pausal obese women. This is due to that fact that calorie con-
sumption-inducing exercise decomposes the triglyceride stored in 
adipocytes into free fatty acids which is to be used as energy 
source by muscles.

Exercise is effective in preventing cancer and infectious diseases 
by improving cell-mediated immune responses and adaptive im-
mune responses (Karacabey et al., 2005). This study showed that 
NK cell activity was significantly increased in aerobic exercise, re-
sistant exercise, and control group. On the other hand, IgA was 
not changed, but IgG and IgM were significantly decreased in 
aerobic exercise group and resistant exercise group. Campbell et 
al. (2008) reported that aerobic exercise increased NK cell, IgA, 
and IgG levels among postmenopausal women, but the changes 
were not significant. The increased NK cell activity shown in this 
study suggests that it may be effective in preventing cancer 
among postmenopausal women. However, the reason that NK 
cell activity was increased in both exercise and control groups may 
be due to external factors such as nutritional intake, stress level, 
and sleep status. In addition, IgG and IgM, which are known to 
be increased by exercise, were decreased. This may be due to im-
munoglobulin inhibition occurring through an increase in male 
hormone testosterone in the menopausal state (Giltay et al., 
2000). Moreover, immunoglobulin is affected by exercise intensi-
ty, stress level, and nutritional status (Pedersen and Hoffman, 
2000). Therefore, it is necessary to analyze the exercise and immu-
noglobulin promoting effect in postmenopausal obese women by 
considering these variables in the future.

Development of cancer, cardiovascular disease, and deterioration 
of immune function in postmenopausal women is suggested to be 
due to increased free radical production and decreased antioxidant 
function. Oxidative stress caused by free radicals results to oxida-
tive damage of cellular proteins, lipids, and nucleic acids (Andrio-
llo-Sanchez et al., 2005). This study showed that the TAS was in-
creased in the aerobic exercise group, resistant exercise group, and 
control group, but there was no significant difference. It was 
found to be effective in reducing TOS, which is an oxidative stress 
indicator. In a previous study, it was reported that aerobic exercise 
increases antioxidant enzyme activity while decreasing oxidative 
stress (Attipoe et al., 2008; Jarrete et al., 2014). Similarly, aerobic 
and resistance exercise among postmenopausal women can be 
beneficial in reducing oxidative stress, which is used as a disease 

pathogenesis measure. However, in this study, the increase of anti-
oxidant activity and increase of oxidative stress level were also ob-
served in the control group. This may be due to the fact that the 
antioxidative role of various nutritional factors like vitamin C, vi-
tamin E, albumin, and beta-carotene was not appropriately con-
sidered in this study. It seems necessary to identify the effect of 
exercise by considering this factor in the future.

On the other hand, low cardiorespiratory fitness and decreased 
muscle strength are risk factors for cardiovascular disease 
(García-Hermoso et al., 2018; Wessel et al., 2004). A number of 
studies reported that aerobic and resistance exercise are effective in 
increasing cardiorespiratory fitness and muscle strength among 
postmenopausal women (Karacan, 2010; Oliveira et al., 2015; 
Orsatti et al., 2008). This study showed that VO2max was increased 
in all exercise groups but more significantly in the aerobic exercise 
group. The isokinetic knee extensor muscles were increased in 
both the aerobic exercise group and resistance exercise group. Re-
cently, Robinson et al. (2017) have shown that aerobic interval 
training exercise is effective in increasing VO2max and muscle 
strength, while resistance exercise does not affect VO2max enhance-
ment. The difference in the cardiovascular fitness and muscular 
strength enhancement between aerobic and resistance exercises 
were also observed in this study, but it can suggest it as an effec-
tive method for increasing physical fitness, which is important for 
the prevention of cardiovascular disease in postmenopausal obese 
women.

The limitation of this study is that it is difficult to generalize 
the data because subjects were selected in postmenopausal obese 
women from one single region. Moreover, this study did not in-
clude the amount of physical activity, smoking, drinking, dietary 
habits, and stress level, indicating that the study did not take the 
effect of these factors on the measuring variables into consider-
ation.

In conclusion, aerobic exercise and resistance exercise are not ef-
fective in inducing changes in the estrogen secretion in postmeno-
pausal obese women but may be considered as a basis for interven-
tion for the prevention of metabolic syndrome and improvement 
of physical fitness. In order to verify the effect of each variable, fu-
ture studies are needed to be carried out by taking intensity, 
amount, and duration of aerobic and resistance exercise.
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