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Metabolic disorders occurring in menopause, including dyslipidemia, 
disorders of carbohydrate metabolism, components of metabolic syn-
drome, constitute risk factors for cardiovascular disease in women. Iri-
sin and fibroblast growth factor-21 (FGF-21), which regulate browning, 
and high molecular weight (HMW) adiponectin have emerged benefi-
cial for metabolic health. The purpose of the study was to examine the 
effect of endurance aerobic exercise on circulating browning factor 
and HMW-adiponectin level in postmenopausal women. Twenty-five 
postmenopausal women were included in this study. The aerobic exer-
cise program consisted of 60 min of walking exercise at 50%–60% max-
imum oxygen uptake, and conducted 3 times per week for 6 weeks. 
Body composition, blood pressure, lipid profiles, physical fitness, and 
concentration of plasma irisin, FGF-21, HMW-adiponectin were ana-

lyzed before and after exercise. Waist circumference, systolic blood 
pressure, and triglyceride levels decreased, and levels of high-density 
lipoprotein cholesterol, irisin increased after exercise. However, there 
were no significant changes in FGF-21 and HMW-adiponectin. Balance 
and flexibility among physical fitness indices improved after exercise. 
These results suggested that moderate intensity walking could be the 
ideal type of exercise in menopausal women to induce a positive change 
in metabolic health markers, including an increase in irisin levels. Fur-
ther studies are needed to determine the effects of exercise on brown 
adipose tissue browning factor.

Keywords: Exercise, Postmenopausal women, Irisin, Fibroblast growth 
factor-21, High molecular weight adiponectin

INTRODUCTION

The prevalence of metabolic and cardiovascular diseases, includ-
ing obesity, rapidly increases due to hormonal changes seen in 
menopause. As estrogen secretion decreases, total body mass de-
creases and body fat mass, including abdominal and visceral fat, 
increases (Sowers et al., 2007). This contributes to the pathogene-
sis of insulin resistance, and abdominal obesity is a known major 
risk factor for chronic diseases and increased mortality in post-
menopausal women (Folsom et al., 1993). Furthermore, obesity is 
further accelerated during menopause because of reduced caloric 
consumption due to decreased total body mass and reduced physi-
cal activity. Thus, exercise is essential for the prevention and man-
agement of obesity and various chronic diseases in women under-

going menopause. The American Heart Association and Ameri-
can College of Sports Medicine (ACSM) recommend at least 150 
min of medium-intensity aerobic exercise per week as a part of an 
exercise program for postmenopausal women (Nelson et al., 2007). 
According to a review of the effects of exercise in women under-
going menopause, it has been reported that exercise has a variety 
of health benefits, including the prevention of cardiovascular risk 
factors, chronic diseases, and cancer, as well as improving mental 
health (Grindler and Santoro, 2015).

According to recent research trends in obesity and metabolic 
syndrome, the role of adipokine secreted from adipose tissues and 
myokine secreted from muscle tissues is highlighted. They affect 
energy homeostasis, lipid metabolism, inflammation, endothelial 
cell function, carbohydrate metabolism, insulin sensitivity, and 
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body composition balance (Fasshauer and Blüher, 2015; Li et al., 
2017). Adiponectin, a type of adipokine, exists in three subtypes: 
low molecular weight, medium molecular weight, and high mo-
lecular weight (HMW). HMW-adiponectin is known to increase 
fatty acid oxidation, improve insulin resistance, and has an anti- 
inflammatory function by directly activating the AMP-activated 
protein kinase (AMPK) present in the liver and skeletal muscles 
(Hada et al., 2007). Therefore, it is thought that an increase in 
HMW-adiponectin could aid in the treatment of chronic illnesses. 
In a previous study in obese middle-aged women, HMW-adiponec-
tin concentration significantly increased and insulin resistance im-
proved after 7 days of high-intensity exercise, and postexercise in-
crease in HMW-adiponectin concentration showed a significant 
relationship with an increase in the lipid oxidation (Kelly et al., 
2012).

Adipose tissues are categorized into white adipose tissue (WAT) 
and brown adipose tissue (BAT) (Saito, 2014). WAT stores energy 
in the form of triglycerides (TG), while BAT spends the stored 
energy (Saely et al., 2012). Recently, brite adipocyte was discov-
ered, which stores energy, similar to WAT, when inactive until ac-
tivated by a certain stimulus, after which it plays the role of BAT 
that spends the energy. The activation of this brite adipocyte is re-
ferred to as the browning of WAT (Giralt et al., 2013; Lidell et al., 
2013; Wu et al., 2012). Furthermore, irisin and fibroblast growth 
factor-21 (FGF-21), among myokines secreted from muscle tis-
sues, have recently been discussed as factors that cause the brown-
ing of the brite adipocyte.

It has been suggested that this process has the metabolic advan-
tage of helping prevent obesity by increasing energy consumption, 
improving insulin reaction by promoting fatty oxidation, sup-
pressing lipid synthesis, and promoting gluconeogenesis, and in-
creasing the secretion of circulating adiponectin. Cuevas-Ramos 
et al. (2012) reported that circulating FGF-21 concentration in-
creased after 2 weeks of maximal exercise, and that there was an 
inverse correlation between FGF-21 concentration and insulin 
concentration. Furthermore, Boström et al. (2012) reported weight 
loss and increase in circulating irisin concentration after 10 weeks 
of walking at an intensity of 65% of the maximal oxygen uptake 
in adults. Therefore, it has been shown that promoting or increas-
ing the activation of adiponectin and browning factor can play an 
important role improving the obesity and metabolic health, and 
that exercise is a main stimulant of these factors.

Walking is a simple and easily performed exercise, and it is the 
most common type of exercise performed by adults. Walking can 
be done without much preparation and by almost anyone as it has 

low impact on the joints, such as the knees (Myatt et al., 1995). 
However, walking on a flat surface has a low intensity compared 
with other exercises, lower level of energy consumption in the same 
duration, and insufficient loading on the musculoskeletal system. 
These disadvantages can be overcome by altering the inclination, 
which consequently changes the angular speed in the knee and 
ankle joints. The results of walking on a treadmill on 0%, 5%, 
and 10% inclination showed that the changes in the angle of the 
joints were the greatest at 10% inclination. This implies that this 
would have greater stimulation on the muscular and skeletal sys-
tem compared with walking on a flat surface. Furthermore, ener-
gy metabolism increases with increasing speed and inclination, 
compared with walking on a flat surface. Therefore, it can be a 
good alternative exercise method to treat obesity.

However, there is insufficient research into the effect of uphill 
exercise on browning factor and HMW-adiponectin, and almost 
no research has been reported on the effect of exercise on adiponec-
tin and browning factor in women undergoing menopause, who 
are at high risk of obesity and metabolic syndromes. Therefore, this 
study aimed to identify the effect of medium-intensity aerobic ex-
ercise in women undergoing menopause on irisin and FGF-21, as 
well as concentrations of adiponectin and HMW-adiponectin.

MATERIALS AND METHODS

Research participants
A total of 25 women undergoing menopause between the ages 

of 50 and 70 who have no medical illnesses participated in this 
study. Women who do not currently smoke and do not have ill-
nesses that would affect their exercise were selected through sur-
veys. In the survey, menopause was defined as at least 1 year hav-
ing passed since the end of the last menstrual cycle. Those who re-
ceived surgeries related to the female reproductive system, those 
who do not know whether they have menopause, those who re-
ceived hormone replacement therapy, and those with acute or chron-
ic illnesses were all excluded from this study. Before participating 
in this study, all participants were given sufficient explanations of 
the contents and the purposes of this research and those who vol-
untarily wished to participate completed a consent form. The ex-
perimental procedure was approved by the Ethics Committee of 
the Inje University (INJE2019-04-074). The characteristics of the 
research participants are shown in Table 1.

Exercise program
In reference to the exercise guidelines of the ACSM (2018), the 
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exercise program in this study comprised three 60-min ramp 
courses for walking per week for 6 weeks. The exercise course in-
cluded an even distribution of uphill, flat, and downhill planes. 
The mean exercise intensity was medium intensity of about 
50%–60% of the maximal heart rate.

Analysis categories and methods
All measurable variables were measured at the same time using 

the method before and after exercise in order to analyze the effect 
of the exercise. To exclude any temporary effect of exercise, postex-
ercise measurements were made 72 hr after the last round of exer-
cise.

Body composition
As variables of body composition, the height, weight, body fat 

index, body fat percentage, total body mass, waist circumference, 
and waist-to-hip ratio (WHR) were measured. Body fat index was 
calculated by dividing weight (kg) by height (m) squared. Body 
fat percentage and lean body mass were measured by using a body 
composition analyzer (Inbody 720, Inbody, Seoul, Korea) that uses 
a bioelectrical impedance analysis. Waist circumference was mea-
sured by taking the area between the lowest part of the ribs and 
the iliac crest with a measuring tape. Hip circumference was mea-
sured by taking the widest area of the hip to calculate the WHR.

Blood testing
Blood tests were performed on all subjects after 12 hr of fasting. 

Blood was drawn at the same time under the same conditions be-
fore and after exercise. Five milliliters of venous blood were drawn 
from the anterior cardinal vein using a disposable needle, stored in 
an serum separation tube for serum and centrifuged for 10 min at 
3,000 rpm; 200 µL of the serum was stored in a sample tube, and 
a reagent strip was attached to analyze the total cholesterol (TC), 
TG, and high-density lipoprotein cholesterol (HDL-C) using an 
automated biochemical analyzer (Spotechem Ez SP-4430, Arkray, 
Tokyo, Japan). LDL-C was calculated using the Friedewald for-

mula: TC – HDL-C – (TG/5). Blood glucose was analyzed using 
a blood glucose meter (Accuchek, Roche, Germany) by putting 
0.6 µL of the whole blood drawn from each subject’s finger on the 
test kit. Glycated hemoglobin was analyzed using the glycated 
hemoglobin test machine (Easy A1C, Infopia, Seoul, Korea); 4 µL 
of the whole blood drawn from each subject’s vein was placed into 
the cartridge and inserted into the test machine for analysis.

Irisin and FGF-21 were analyzed with the enzyme-linked im-
munosorbent assay (ELISA) method, using the Irisin ELISA kit 
(BioVendor, Brno, Czech) and the FGF-21 Quantikine ELISA kit 
(R&D System, Minneapolis, MN, USA). Adiponectin and HMW- 
adiponectin were analyzed with the ELISA method, using the Ad-
iponectin Human ELISA kit (BioVendorh) and the Human HMW- 
adiponectin/Acrp30 Quantikine ELISA kit (R&D System).

Blood pressure
After 10 min of rest in a sitting position, blood pressure was 

measured in the right arm using an automatic blood pressure gauge 
(Bpbio320, Inbody). Measurements were taken twice, 3 min apart 
and the mean values were used for data processing. The mean ar-
terial pressure was calculated with the following formula: mean 
arterial pressure=diastolic blood pressure + (systolic blood pres-
sure – diastolic blood pressure/3).

Physical fitness measurement
To measure the maximum muscular strength, each subject held 

the digital dynamometer (DW-781, Daewoosports Industry, Seoul, 
Korea) with all fingers excluding the thumb, and adjusted the 
width so that the second joint formed a right angle. Subjects re-
laxed their arm and put maximum force for 5 sec while being care-
ful not to have the dynamometer touch their body to make the 
measurement. The greater value of two measurements was record-
ed in increments of 0.1 kg. To measure muscular endurance, sub-
jects performed sit-ups using a sit-up board (NXF 602, Kaesun-
sports, Seoul, Korea). Each subject supported the head with their 
hands, and lifted the body until the elbows touched the knees and 
lowered the body until the shoulders touched the sit-up board. 
The subjects were instructed not to take advantage of a rebound-
ing effect. The number of sit-ups done in a minute was measured. 
To measure flexibility, a sit-and-reach measurement system was 
used. Each bare-footed subject sits down straight with her knees 
straightened while placing the bottom of her feet against the foot-
stall. The distance between the two straightened legs does not ex-
ceed 5 cm. Then, the subject puts two hands together, and pushes 
the measurement bar as far as possible and maintains this posture 

Table 1. Physical characteristics of the subjects (n= 25)

Characteristic Mean± SD

Age (yr) 60.28± 5.30
Height (cm) 158.17± 5.36
Weight (kg) 59.34± 7.80
Body fat (%) 33.62± 4.93
Body mass index (kg/m2) 23.72± 2.91

SD, standard deviation.
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for 3 sec. This distance was recorded. Bending the knees or hit-
ting the measurement bar using rebounding was not permitted. 
Two measurements were taken in increments of 0.1 cm, and the 
better measurement was recorded. To measure balance, each sub-
ject lifted their hands to shoulder height and with eyes closed, lifted 
the foot of their choice and maintained this posture for as long as 
possible. The duration was measured twice and the better record 
was selected.

Data processing
All measured data were represented in means and standard de-

viations. To analyze the effect of the exercises, a paired sample 
t-test was performed on the pre- and postexercise values. All sta-
tistical processing was performed with IBM SPSS Statistics ver. 
25.0 (IBM Co., Armonk, NY, USA), and the significance level (α) 
was set at P≤0.05.

RESULTS

Change in physique and body composition
The changes in the body composition after uphill walking are 

shown in Table 2. Compared with the status before the exercise, 
waist circumferences decreased significantly by about 1 cm (P= 

0.039), and there were no changes in weight, body fat index, or 

body fat percentage. The increase in total body mass was not sta-
tistically significant (P=0.053).

Change in metabolic risk factors
The changes in metabolic health indices after uphill walking 

are shown in Table 3. Systolic blood pressure decreased signifi-
cantly by about 5.6% (P=0.020), TC by 8.1% (P<0.001), TG 
by 35.9% (P=0.017), and LDL-C by 12.8% (P=0.001), while 
HDL-C significantly increased by 6.3% (P=0.016). However, 
there were no statistically significant differences in fasting blood 
glucose and glycated hemoglobin levels.

Changes in irisin, FGF-21, adiponectin, HMW-adiponectin
Changes in irisin, FGF-21, adiponectin, and HMW-adiponectin 

after uphill walking are shown in Table 4. Irisin significantly in-
creased by about 20.5% (P=0.007), while FGF-21, adiponectin 
and HMW-adiponectin decreased but did not show a statistically 
significant difference (P=0.150).

Changes in health-related physical fitness

Table 2. Changes in the obesity indexes after 6 weeks of exercise training

Variable Pre Post Δ score P-value

Weight (kg) 59.34± 7.80 59.65± 7.55 0.31± 0.80 0.064
BMI (kg/m2) 23.72± 2.91 23.85± 2.81 0.12± 0.32 0.062
Body fat (%) 33.62± 4.93 33.31± 5.30 -0.31± 1.73 0.377
LBM (kg) 21.15± 2.57 21.39± 2.69 0.24± 0.58 0.053
WC (cm) 83.32± 7.32 82.30± 8.18 -1.01± 2.32 0.039

Values are presented as mean± standard deviation.
Δ score represents the difference in score after 6 weeks from the score before the 
exercise program.
BMI, body mass index; LBM, lean body mass; WC, waist circumference.

Table 3. Changes in the metabolic risk factors after 6 weeks of exercise train-
ing

Variable Pre Post Δ score P-value

SBP (mmHg) 127.76± 14.60 120.64± 10.96 -7.12± 14.25 0.020
DBP (mmHg)  76.44± 17.72  73.12±  9.88 -3.32± 17.61 0.355
Glucose (mg/dL) 92.36± 11.88 93.84± 11.59 1.48± 9.55 0.446
HbA1c (%) 5.41± 0.66 5.31± 0.73 -0.10± 0.34 0.158
TC (mg/dL) 187.92± 34.92 172.72± 29.86 -15.20± 16.53 0.001
TG (mg/dL) 112.44± 84.74 72.08± 30.89 -40.36± 78.70 0.017
LDLC (mg/dL) 106.19± 31.04  92.63± 28.27 -10.96± 20.63 0.001
HDLC (mg/dL) 60.56± 13.02 64.40± 11.64  3.84± 7.40 0.016

Values are presented as mean± standard deviation.
Δ score represents the difference in score after 6 weeks from the score before the 
exercise program.
SBP, systolic blood pressure; DBP, diastolic blood pressure; HbA1c, hemoglobin 
A1c; TC, total cholesterol; TG, triglycerides; LDLC, low-density lipoprotein choles-
terol; HDLC, high-density lipoprotein cholesterol.

Table 4. Changes in browning factor, adiponectin, HMW-adiponectin

Variable Pre Post Δ score P-value

Irisin (μg/mL)  2.70± 1.13  3.08± 1.11  0.37± 0.64 0.007
FGF-21 (pg/mL) 216.87± 119.15 186.08± 105.70 -30.79± 110.52 0.176
Adiponectin (mg/dL) 10.02± 5.05  9.58± 4.33 -0.44± 2.12 0.395
HMW-adiponectin (ng/mL) 3,511.67± 2,226.37 3,288.30± 2,183.52 -623.36± 1,174.62 0.309

Values are presented as mean± standard deviation.
Δ score represents the difference in score after 6 weeks from the score before the exercise program.
HMW, high molecular weight; FGF-21, fibroblast growth factor-21.
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Changes in physical fitness after uphill walking are shown in 
Table 5. Flexibility increased significantly by 14% (P=0.003). 
Balance also increased significantly by 115% (P=0.011). Strength 
and muscular endurance both showed a trend towards increasing, 
but there were no statistically significant differences.

DISCUSSION

This study aimed to examine the effect of uphill walking on 
energy consumption, lipid metabolism, irisin, and FGF-21, which 
are browning factors, and adiponectin in healthy women undergo-
ing menopause. The results showed that there were no significant 
changes in weight or adiponectin after exercise, but irisin signifi-
cantly increased and metabolic health indices improved.

BAT, which transforms energy to heat-generating energy and 
stores it, was discovered in adults through imaging technology. 
With this discovery, there is a growing interest in research focused 
on the prevention of metabolic syndromes, including browning 
hormones and obesity (Kajimura and Saito, 2014). Irisin stimu-
lates the browning of the WAT and the expression of uncoupling 
protein 1, thus increasing the energy consumption and activating 
lipid and glucose metabolism to combat obesity and metabolic 
syndrome. Furthermore, its secretion increases when the muscle 
contracts, suggesting that exercise plays an important role in in-
creasing the level of irisin. According to research on the link be-
tween exercise and irisin reported to date, the results differ de-
pending on the type of exercise but aerobic exercise increases the 
concentration of circulating irisin (Crujeiras et al., 2015; Stengel 
et al., 2013). This was consistent with previous findings, showing 
increased circulating irisin concentration and decreased waist cir-
cumference, systolic blood pressure, and circulating lipid after 6 
weeks of medium-intensity exercise in women undergoing meno-
pause.

FGF-21 is reported to improve the insulin response by promot-
ing the lipid oxidation in the liver and promoting ketogenesis and 

gluconeogenesis. Furthermore, FGF-21 promotes the production 
of peroxisome proliferator-activated receptor (PPAR)-γ and adi-
ponectin in WAT, thereby secreting adiponectin to the blood and 
providing a metabolic advantage of promoting heat generation in 
BAT (Reitman, 2007). Aerobic exercise is thought to increase the 
expression of FGF-21 by activating PPAR-α, but the effect of ex-
ercise in FGF-21 is not as clear in research to date.

In this study, FGF-21 concentration tended to decrease, but not 
significantly, after 6 weeks of walking. This is in line with find-
ings by Taniguchi et al. (2016) who reported that there were de-
crease in serum FGF-21 concentration in Japanese elderly males 
after 3 cycle exercises per week for 5 weeks. In contrast, Catoire et 
al. (2014) found increased expression of FGF-21 in the muscles 
after 1 hr of cycling. Significant increases after 2 weeks of exercise 
have been reported (Cuevas-Ramos et al., 2012) and after 1-time 
exercise (Kim et al., 2013), as well as findings showing exercise 
having no effect. Thus, the effect of FGF-21 has not yet been clear-
ly established. According to Cuevas-Ramos et al. (2012), there is 
a negative correlation between FGF-21 and insulin, and the possi-
bility that increased insulin due to exercise suppresses the secre-
tion of FGF-21. Although the subjects of this study all showed 
normal blood glucose levels, there is a positive correlation between 
insulin resistance measured with TG/HDL-C and FGF-21. There-
fore, research on the changes in FGF-21 concentration with a fo-
cus on the type of exercise and insulin concentration will be need-
ed in the future.

HMW-adiponectin, which is one of the subtypes of adiponectin, 
has been shown to directly activate AMPK in the liver and the 
musculoskeletal system and increase the fatty acid oxidation to 
improve insulin resistance and also has anti-inflammatory func-
tions (Hada et al., 2007). Additionally, the increase in adiponectin 
after exercise has been shown to improve metabolic syndrome and 
cardiovascular diseases. Kim et al. (2014) reported an increase in 
HMW-adiponectin in obese middle-aged women after 24 weeks 
of regular exercise, a positive correlation with total-adiponectin, 
and negative correlations with glucose and free fatty acid. However, 
this study showed a trending decrease in adiponectin and HMW- 
adiponectin after exercises, in contrast with previous findings. It 
has been suggested that at least 5% weight loss is necessary to in-
crease adiponectin (Varady et al., 2009), and that HMW-adiponec-
tin can increase significantly through weight loss due to high-in-
tensity aerobic training (Garekani et al., 2011) and diet control 
(Hulver et al., 2002). Studies showing no significant changes in 
adiponectin after exercise also showed an insignificant weight loss 
effect (Hulver et al., 2002). Nevertheless, it is thought that weight 

Table 5. Changes in health-related physical fitness

Variable Pre Post Δ score P-value

Muscle strength (kg) 37.91± 14.86 36.12± 12.77 -1.78± 5.65 0.259
Muscle endurance (reps) 16.16± 10.85 19.56± 11.89 3.40± 8.74 0.064
Flexibility (cm) 17.09± 7.24 19.59± 5.90 2.50± 3.73 0.003
Balance (sec) 10.05± 6.99 21.63± 21.03 11.58± 21.13 0.011

Values are presented as mean± standard deviation.
Δ score represents the difference in score after 6 weeks from the score before the 
exercise program.
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loss through a relatively high-intensity exercise should accompany 
an increase in adiponectin.

Among health-related physical fitness factors, significant increas-
es were observed in balance and flexibility. Similar findings have 
demonstrated that walking improved functional physical fitness 
factors, including flexibility, in middle-aged women (Kim, 2018). 
The increase in flexibility may be due to the increase range of mo-
tion of the hip joints caused by the highly sloped mountain terrain, 
unlike flat surfaces and thus leading to natural contraction and re-
laxation of the gastrocnemius muscle and the popliteal muscle 
above the knee. The increase in balance can be considered to be 
due to the development of sensory-motor neurons for motion and 
balancing in multidimensional situations that result from irregu-
lar mountain terrains.

Interestingly, this study found that irisin and all circulating lip-
id profiles significantly improved despite the short duration of ex-
ercise. According to the results from the meta-analysis on the im-
provement of blood lipid profile from exercise, blood lipid im-
provements such as an increase in HDL-C and a decrease in TG 
and LDL-C occur after at least 12 weeks of aerobic exercise. Im-
provement in blood lipid profile is more apparent with increasing 
intensity of exercise (Mann et al., 2014). However, greater im-
provement on the blood lipid profile was seen in our study even 
with medium-intensity duration of exercise for 6 weeks, than in 
the meta-analysis. Irisin also showed significant increases through 
endurance training rather than resistance training and through 
high-intensity training rather than low-intensity training (Daska-
lopoulou et al., 2014; Tsuchiya et al., 2014). However, in this 
study, the expression of irisin was sufficiently increased in women 
undergoing menopause with only medium-intensity uphill walk-
ing exercises. These results provide evidence that a short duration 
of medium-intensity uphill walking exercise can improve lipid 
profiles and increase the browning factor in women undergoing 
menopause who are at high risk of exposure to various metabolic 
syndromes and cardiovascular diseases due to increased body fat 
and reduced muscle mass, and also that the uphill walking is 
more effective in treating obesity compared with walking on a flat 
surface.
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