Original Article

https://doi.org/10.12965/jer.1938368.184

Journal of Exercise Rehabilitation 2019;15(5):676-682

Effects of resistance exercise on adipokine factors and
body composition in pre- and postmenopausal women
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The objective of the present study was to examine effects of resistance
exercise for 12 weeks on adipokine factors and body composition in
postmenopausal (POM) women to provide basic data for preventing
obesity or metabolic syndrome caused by menopause. Subjects of this
study were 35 premenopausal (PRM) and POM women with body fat
percentages of 30% or more. They were divided into PRM (n=15) and
POM (n=20) groups. All subjects participated in resistance exercise
training for 12 weeks. All serum samples were submitted for en-
zyme-linked immunosorbent assay measurements of adipokine factors.
Body weight, muscle mass, body mass index, and waist-to-hip ration
showed significant differences between the two groups after training.
In contrast, body fat percentage did not differ between the groups, al-
though it was significantly lower in the PRM group after exercise. Phys-
ical fitness was significant differences between the two groups after

INTRODUCTION

Most women in menopausal transition experience hot flashes or
regret their lives (Avis et al., 2009; Gold et al., 2006). It has been
reported to changes in body composition including obesity and
metabolic syndrome (Abdulnour et al., 2012). These changes in
body composition are related to levels of physical activity. Many
studies have reported that lack of physical activity is linked to
obesity (Fleg et al., 2005; Lovejoy et al., 2008). Reduced physical
activity and unbalanced dietary habits can lead to obesity by in-
creasing fat content in the body. This promotes the secretion of
various cytokines and inflammatory factors that can activate endo-
crine organs to sectete to adipocyte, resulting in negative (in-
creased pro-inflammatory and decreased anti-inflammatory)
changes of adipokine factors (Bruunsgaard, 2005; Freeman et al.,

training, including grip strength (left and right), sit and reach, sit-ups,
and standing long jump. In addition, grip strength (left), sit-up, and side
step tests were significantly increased after exercise in the PRM group.
There were the significant differences in interleukin-6 and leptin levels
between the two groups after training. Interleukin-6, interleukin-15, and
adiponectin levels were significantly higher in both groups after training
compared to those before training, although leptin levels were signifi-
cantly lower after exercise in the PRM group. Regular resistance exer-
cise was found to be effective in decreasing body fat in PRM women,
and decreased leptin and increased adiponectin were positively signifi-
cantin both groups.

Keywords: Menopause, Obese women, Leptin, Adiponectin, Resistance
exercise

2010; Petersen and Pedersen, 2005). Previous studies have shown
that adipokine levels are abnormal in those with obesity. It is
known to be the cause of metastasis to other diseases such as car-
diovascular disease, diabetes, and cancer (Perks and Holly, 2011,
Roberts et al., 2010). In addition, obesity is linked to increased
levels of pro-inflammatory cytokines and impaired immune sys-
tems in clinical disease (Suganami and Ogawa, 2010). Changes in
lifestyle can lead to decrease in body weight. Although, such
changes may not result in normal weight, they might lead to a
health benefit (Wadden et al., 2007). In other words, moderate to
high-intensity physical activity can result in positive changes in
body compositions, including weight loss and increased lean body
mass in postmenopausal (POM) women (Buonani et al., 2013a;
Haskell et al., 2007).

Adipose tissue can regulate various metabolic functions as an
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endocrine organ. Leptin and adiponectin adipokines are known to
play a pivotal role in inducing pathophysiologically important in-
sulin resistance in metabolic and vascular-related diseases (Kwon
and Pessin, 2013). High levels of leptin but low levels of adi-
ponectin have been reported in pre- and POM women with hot
flushes (Thurston et al., 2013). However, low levels of leptin but
high levels of adiponectin are only found in POM women with
hot flushes (Huang et al., 2017). It has been shown that exercise
under hypoxic conditions is effective in increasing plasma adi-
ponectin level and body compositions in POM women (Goldstein
et al., 2004). On the other hand, the lack of physical activity can
increase plasma concentrations of inflammatory factors such as in-
terleukin (IL)-6 and tumor necrosis factor (TNF)-a but decrease
insulin sensitivity and adiponectin levels (Bruunsgaard, 2005; Pe-
tersen and Pedersen, 2005). Adiponectin, an adipocyte-specific
plasma protein, is known to be antiatherosclerosis and anti-in-
flammatory effect. It can also improve insulin sensitivity (Gold-
stein et al., 2004; Whitehead et al., 2006). Physical inactivity has
been found to be an independent risk factor for increasing chronic
low-grade systemic inflammation and its outcomes (Booth et al.,
2012; Bunprajun et al., 2013; Green et al., 2014; Knudsen et al.,
2012). Most POM women do not undertake regular physical ex-
ercise. However, resistance training would maximize musculo-
skeletal and cardiovascular therapeutic benefits for menopausal
women (Williams et al., 2007).

In addition, resistance training may induce positive effects on
several menopause-related diseases (Brochu et al., 2009; Zaki,
2014). Also, moderate-to-vigorous physical activity per week have
lower levels of body fat and fasting glucose compared with wom-
en who undertake <150 min of moderate-to-vigorous physical
activity per week (Buonani et al., 2013b; World Health Organi-
zation, 1996). There is insufficient study on changes in body
composition and adipokine factors, which are regular resistance to
hormonal changes during menopause. Regular resistance exercise
is essential for POM women, but research is very limited. In par-
ticular, most menopausal women consider menopause a natural
phenomenon. They show passive attitude toward prevention and
treatment for menopause. In addition, there is a difference in hor-
mone secretion between pre and POM women. Such may be dif-
ferent depending on exercise intervention. Thus, the objective of
this study was to investigate effects of resistance exercise for 12
weeks on adipokine factors and body composition in obese pre
and POM women to provide basic data for prevention of obesity
or metabolic syndrome caused by menopausal transition.
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Table 1. Resistance exercise program

[tems station Exercise type Intensity Time (min)
1 Warm-up 10
2 Squat

3 Lunge

4 Chest press %RM

5 Vertical fly 55%—65% 40
6 Latpulldown 230260 kcal/day

7 Long pull

8 Crunch

9 Cool-down 10
RM, repetition maximum.

MATERIALS AND METHODS

Subjects

Subjects of this study were 35 premenopausal (PRM) and POM
women with body fat percentages of 30% or more. They were di-
vided into PRM group (n=15,47.5+66.11 years) and POM group
(n=20, 57.79%5.68 years). The sample size of the subjects was
calculated by using analysis of variance (ANOVA) a large size of
effect size of 0.90, a significance level of 0.05 and a power of 0.80
(G*power 3.2.1). The results of sample size per group were calcu-
lated as 15 persons. All subjects participant in a resistance exercise
program that consumed energy of 230-260 kcal daily for 12 weeks
(Table 1). To be included in the present study, participants had to
meet the following inclusion criteria: (a) POM (absence of a men-
strual cycle for at least 1 year and follicle-stimulating hormone
>30 TU/L) (Gurudut and Rajan, 2017) older than 40 (PRM) and
50 (POM) years on the date of the assessment; (b) not receiving
hormone replacement treatment; and (c) not using drugs such as
beta-blockers, statins, and so on. All volunteers underwent medi-
cal screening, including a health status interview and physical ex-
amination. Written informed consent was obtained from each
subject. This study was approved by the Institutional Review
Board of Kangwon National University (2016-04-009-002). It
was conducted in accordance with the Declaration of Helsinki.

Body composition and physical fitness

All subjects underwent anthropometric measurements (height,
body weight, % body fat, muscle mass, body mass index [BMI],
waist-to-hip ratio [WHR]) using a multifrequency bioelectrical
impedance analyzer with eight tactile electrodes (MF- BIAS) (In-
body 720 body compostion analyzer, Biospace, Seoul, Korea) at
the Exercise Physiology Laboratory of Kangwon National Univer-
sity. Bioelectrical impedance analysis was performed after at least
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8 hr of fasting and voiding. This analyzer uses an alternating cur-
rent of 250 mA at a multifrequency of 1, 5, 50, 250, 500, and
1,000 kHz. It measures segmental impedances at the right arm,
left arm, right, leg, left leg and trunk for all frequencies. Total
body impedance value was calculated by summing segmental im-
pedance values. Physical fitness tests were petformed with a circu-
lation measuring device using Orun’s Hellmass system 3 (grip
strength, sit-ups, sit and reach test, standing long jump, and side
step). All measurements were entered into an electronic card and
transmitted to the computer. To measure grip strength, subjects
stood with both feet at shoulder width and maintained an angle
of 15 degrees so that the torso and the arm did not touch each
other. They held the handle of the dynamometer with second
joints of their fingers and pulled the handle while keeping their
arms from shaking. For sit-ups, subjects laid on a mat and bent
their knees about 140 degrees. Their feet were flat on the floor.
Then the upper body was raised until elbows touched knees. The
number of repetitions made in 60 sec was recorded. For sit and
reach test, subjects were asked to bend their upper body while fix-
ing the two legs in plate. For standing long jump, all subjects
started with their feet in place and jumped as far as possible with
the two feet landing together. For side step, parallel lines were
drawn at a distance of 120 cm on the floor and subjects stood on
both feet, one foot on the left side and the other foot on the right
side, from the center line.

Adipokine factors test

All participants arrived at our laboratory at 7:00 a.m. After 10
min of resting in a comfortable chair, fasting blood was collected
to a plain tube for serum separation from the median cubital vein
after overnight (12 hr) fasting. Collected blood samples were cen-
trifuged at 3,000 g for 10 min at 4°C and stored at -80°C freezer
until appropriate analysis. All serum samples were immediately
frozen and subjected to measurements with enzyme-linked immu-
nosorbent assay for IL-6 (DY 406, R & D system Inc., Minneapo-
lis, MN, USA), IL-15 (DY247, R & D system Inc.), leptin (DY398,
R&D System Inc.), and adiponectin (DY1119, R&D System Inc.)
at the Laboratory of Pharmacology by standard techniques.

Exercise intervention

Resistance exercise programs were used following experiments
performed by Gurudut and Rajan (2017) with slight, modifica-
tions to fit the purpose of our experiment (Table 1). The goal of
the resistance exercise intervention was to burn 230-260 kcal
with moderate intensity exercise 60 min per day, 3 days per week
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for 12 weeks. At the beginning of each session, there was a 10
min of warm-up. It was followed by 40 min of the main part of
the training with specific content and 10 min of cool-down.
Warm-up exercises included 5 min of stretching, and 5 min of
power walking at 50% intensity of the maximal heart rate reserve.
Among resistance exercises, moderate intensity exercise was de-
fined as circuit trainings at 55%—-65% intensity of one-repetition
maximum (IRM), 12 times of repeat, and 3 sets. The rest period
between each category was 30 sec. The rest period between sets
was 1 min in total resistance exercise time of 60 min. All exercise
groups were given a polar (heart rate monitor; M400, Kempele,
Finland), a portable exercise intensity setting device, for 60 min.
Measurement of 1RM was calculated using formula: 1RM = lifted
weight (Ib)/(1.0278—repetitions x 0.0278). All exercises were per-
formed by remeasuring IRM every 2 weeks.

In addition, dietitians and exercise physiologists met regularly
with a clinical health psychologist experienced in lifestyle behav-
ior change to discuss participant progress and refine behavior
modification goals according to each participant’s needs. Nutri-
tional education, self-management training, and behavior change
techniques were provided. Furthermore, telephone consultations
were scheduled biweekly for monitoring and motivation.

Statistical analysis

Data were analyzed using the IBM SPSS Statistics ver. 22.0
(IBM Co., Armonk, NY, USA). Data were expressed as mean+
standard deviation. All the data were tested for their normal dis-
tribution using Shapiro-Wilk test. Comparison of variables be-
tween groups before and after 12 weeks was performed by two-
way ANOVA. The main analysis of interest was the ANOVA of
interaction term to compare changes over time between groups.
Statistical significance was accepted at o value of 0.5.

RESULTS

Results of a 12-week resistance exercise program for POM obese
women are summarized in Table 2. All the results of body compo-
sition factors showed not interaction effect. Body weight, muscle
mass, BMI, and WHR showed significant differences between the
two groups after exercise (P <0.05). On the other hand, body fat
percentage did not differ between the groups, but was significant-
ly decreased after exercise in the PRM group (P <0.05).

In Table 3, there were significant differences between the two
groups in terms of grip strength (left and right), upper body
bending, sit-up, and standing long jump (P <0.05) between the
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Table 2. Change of body composition

Table 4. Change of adipokine factors

Variable 0 Week 12 Weeks Group (F)  Time (F) Variable 0 Week 12 Weeks Group (F) Time (F)

Weight (kg) 9.244 0.836 IL-6 (pg/mL) 7585 24247
PRM 66.70+12.99 6455 +11.75 PRM 22.59+6.00 27.99**+6.46
POM 60.66 +6.55 59.47+6.14 POM 20.32+2.75 24.76*+358

Muscle (kg) 6.733 0574 IL-15 (pg/mL) 0310 92447
PRM 2241+358 23.13'+3.84 PRM 2590+342 34.94*+2.76
POM 21.16+2.22 21.34+2.31 POM 26.37+324 3354*+4.48

% Body fat (%) 1.898 4741 Leptin (pg/mL) 5173 12260
PRM 37.34+6.12 34.39%+549 PRM 41935+ 114.81 330.84*7+147.17
POM 35.26+5.27 3350+4.54 POM 357.51+73.01 293.78+72.03

BMI (kg/m?) 8.578 0.826 Adiponectin (pg/mL) 0.039 29385
PRM 26.76+4.57 26,04/ +4.34 PRM 60.70+5.45 68.74* +6.36
POM 2469+2.54 24.18+2.31 POM 59.98+6.62 68.85" +7.69

WHR 5374 5630 Values are presented as mean + standard deviation.
PRM 0.93+0.06 0.90%%+0.04 PRM, premenopausal; POM, postmenopausal; IL-6, intereukine-6; IL-15, interleuk-
POM 0.90+0.05 0.88*+0.04 ing-15.

Values are presented as mean + standard deviation.

PRM, premenopausal; POM, postmenopausal; BMI, body mass index; WHR, waist-
to-hip ratio.

*P<0.05, 0 week vs. 12 weeks. *P< 0.05, between groups.

Table 3. Change of physical fitness

Variable 0 Week 12 Weeks ~ Group (F) Time (F)

Grip strength left (kg) 5392 5.069
PRM 21.27+499 2421* 451
POM 19.54+5.78 21.20%+4.18

Grip strength right (kg) 4422 3058
PRM 2266+6.31 2469 +5.43
POM 2054+6.17 22.26+4.01

Sit and reach test (cm) 12161 3.106
PRM 13.73+5.37 16.22*+5.23
POM 18.27+5.82 19.96+6.15

Sit-up (fre/60 sec) 17.939  10.003
PRM 18.67+1067 2539*#+10.79
POM 10.85+8.38 16.56%+9.29

Standing long jump (cm) 13924 2432
PRM 130.33+23.38  140.17/+23.10
POM 11282+21.09  119.11+30.06

Side step (fre/30 sec) 3060 26.284
PRM 30.11+4.50 34.44%+4.72
POM 2832+4.72 33.12*+351

Values are presented as mean + standard deviation.
PRM, premenopausal; POM, postmenopausal.
*P<0.05, 0 week vs. 12 weeks. *P< 0.05, between groups.

two groups after exercise. In addition, grip strength (left), sit-up,
and side step tests were significantly increased after exercise in the
PRM group (P <0.05).

https://doi.org/10.12965/jer.1938368.184

*P<0.05, 0 week vs. 12 weeks. *P<0.05, between groups.

In Table 4, there was a significant difference between groups of
adipokine factors, IL-6 and leptin (P < 0.05). IL-6, IL-15, and adi-
ponectin were significantly increased in both groups after exercise
(P <0.05). However, leptin was significantly decreased after exer-
cise in PRM group (P <0.05).

DISCUSSION

The lack of physical activity is considered a pivot risk factor for
metabolic disease (Ekelund et al., 2015; Pedersen, 2009). The
lack of physical activity is associated with a 7.5-fold higher mor-
tality rate due to the lack of function of the immune system and
obesity (Allison et al., 2012; Healy et al., 2011). On the other
hand, regular exercise can decrease mortality from overweight or
obesity by about 26% (Ekelund et al., 2015). Increased physical
activity due to regular exercise is associated with decreased body
weight and body fat (Ross and Janssen, 2001) which may reduce
obesity. Results of the present study showed that regular resis-
tance exercise in obese women before and after menopause result-
ed in significant changes in body fat percentage in PRM women,
but not in POM women. Physical fitness such as strength, endur-
ance, and side-step test showed significant difference in both exer-
cise groups. These results suggest that resistance exercise is essen-
tial for pre and POM to reduce for body fat, and POM women are
more required (Henriquez et al., 2017).

Adiponectin is known to be induced from visceral fat. Leptin
has been reported to be secreted from subcutaneous adipose tissue
(Van et al., 1998). Serum adiponectin levels are known to be re-
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duced by abdominal obesity while serum leptin levels are highly
correlated with subcutaneous fat levels (Matsuzawa et al., 1999;
Weryer et al., 2001). Previous studies have shown that increased
leptin and decreased adiponectin levels are directly and indirectly
associated with insulin resistance, metabolic syndrome, and ath-
erosclerosis (Beltowski, 20006). It is known that they can cause
metabolic syndrome by negatively affecting glucose and lipid me-
tabolism in menopausal transition women (Gray and Vidal-Puig,
2007). Low levels adiponectin and high leptin levels after meno-
pausal transition can increase the risk of insulin resistance. In ad-
dition, menopause women are known have high levels of inflam-
matory factors such as TNF-a but low levels of adiponectin (Sites
et al., 2002). Recently, the ratio of leptin to adiponectin has been
considered as a powerful diagnostic tool for metabolic syndrome
in menopausal transition women (Gupta et al., 2018). High phys-
ical activity has shown positive effects on decreased body fat per-
centage and increased adiponectin levels in women (Wang and
Scherer, 2008). Regular exercise is also known to increase the level
of adiponectin in women (Kobayashi et al., 2006; Lim et al.,
2008). Some previous studies have reported that low-mild-inten-
sity exercise or acute exercise is not effective in changing adi-
ponectin levels. In other words, many studies have demonstrated
no change in adiponectin level in the absence of weight or fat re-
duction (Simpson and Singh, 2008). Recent studies have shown
that hypoxic exercise training for 8 weeks in POM women can in-
crease the concentration of adiponectin by weight and fat reduc-
tion (Nishiwaki et al., 2016). As a result of this study, regular re-
sistance exercise decreased leptin and adiponectin levels in both
groups with decrease of body fat percentage, consistent with pre-
vious studies.

POM women with metabolic syndrome have been reported to
have higher levels of IL-6 (Chedraui et al., 2014). IL-6 levels in
POM women are associated with diverse metabolic syndrome fac-
tors. IL-6 level is known to be highly related to TG level (Tehrani
et al., 2013). Increased levels of IL-6 may be a risk factor for car-
diovascular disease in POM women. Serum IL-6 levels are associ-
ated with insulin levels and visceral fat tissue (Cartier et al., 2008).
Thus IL-6 is defined as an adipokine associated with obesity or in-
sulin resistance. It is also defined as a myokine in association with
muscle contraction of skeletal muscle during exercise (Keller et
al., 2001; Steensberg et al., 2000). In other words, levels of IL-6
are known to be increased after exercise without causing muscle
damage. It has been reported that levels of IL-6 are related to ex-
ercise intensity, duration, endurance exercise, and muscle contrac-
tion (Febbraio and Pedersen, 2002; Pedersen et al., 2000). Anoth-
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er study has shown that IL-6 is expressed in muscle contraction. It
is released by contraction of skeletal muscle during exercise (His-
cock et al., 2004). As a result of this study, PRM women showed
positive changes in body compositions with increased muscle
mass and reduced body fat percentage. In addition, IL-6 levels
were increased in the same as the previous study. This suggests
that resistance exercise can increased muscle contraction activity
by increasing levels IL-6 which plays a role as a myokine in the
contraction of muscle. The limitations of this study are that di-
etary control is not perfect, and its strength is motivation for reg-
ular resistance exercise to POM women.

Our results revealed that regular resistance exercise was effective
in decreasing body fat percentage and increasing muscle mass in
PRM women, but not POM women. It also has improved strength-
related factors in physical fitness. However, adipokine factors were
positively significant in both groups. That is, positive changes in
adipokine factors were observed with decrease in body fat percent-
age and increase in muscle mass was found in PRM women. Thus,
regular resistance exercise is more effective for PRM obese women
than for POM obese women.

CONFLICT OF INTEREST

No potential conflict of interest relevant to this article was re-
ported.

ACKNOWLEDGMENTS

This paper was supported by NRF -2016R1D1A1B03930331
research fund.

REFERENCES

Abdulnour J, Doucet E, Brochu M, Lavoie JM, Strychar I, Rabasa-Lhoret
R, Prud’homme D. The effect of the menopausal transition on body
composition and cardiometabolic risk factors: a Montreal-Ottawa New
Emerging Team group study. Menopause 2012;19:760-767.

Allison MA, Jensky NE, Marshall 5], Bertoni AG, Cushman M. Sedentary
behavior and adiposity-associated inflammation: the Multi-Ethnic
Study of Atherosclerosis. Am ] Prev Med 2012;42:8-13.

Avis NE, Colvin A, Bromberger JT, Hess R, Matthews KA, Ory M, Schock-
en M. Change in health-related quality of life over the menopausal
transition in a multiethnic cohort of middle-aged women: Study of
Women'’s Health Across the Nation. Menopause 2009;16:860-869.

Beltowski J. Leptin and atherosclerosis. Atherosclerosis 2006;189:47-60.

https://doi.org/10.12965/jer.1938368.184



Park KM, et al. ® Exercise enhance adipokines in menopausal

J

Booth JN, Bromley LE, Darukhanavala AP, Whitmore HR, Imperial ]G,
Penev PD. Reduced physical activity in adults at risk for type 2 diabe-
tes who curtail their sleep. Obesity (Silver Spring) 2012;20:278-284.

Brochu M, Malita MF, Messier V, Doucet E, Strychar I, Lavoie JM, Prud’hom-
me D, Rabasa-Lhoret R. Resistance training does not contribute to im-
proving the metabolic profile after a 6-month weight loss program in
overweight and obese postmenopausal women. ] Clin Endocrinol
Metab 2009;94:3226-3233.

Bruunsgaard H. Physical activity and modulation of systemic low-level
inflammation. ] Leukoc Biol 2005;78:819-835.

Buonani C, Rosa CS, Diniz TA, Christofaro DG, Monteiro HL, Rossi FE,
Freitas Junior IF. Physical activity and body composition in meno-
pausal women. Rev Bras Ginecol Obstet 2013a;35:153-158.

Buonani C, Rossi FE, Diniz TA, Christofaro DG, Fernandes RA, Freitas IF
Jr. Influence of habitual practice of physical activity and trunk fat on
fasting glucose in postmenopausal women. Medicina (Ribeirao Preto)
2013b;46:273-280.

Bunprajun T, Henriksen TI, Scheele C, Pedersen BK, Green CJ. Lifelong
physical activity prevents aging-associated insulin resistance in hu-
man skeletal muscle myotubes via increased glucose transporter ex-
pression. PLoS One 2013;8:e66628.

Cartier A, Lemieux I, Alméras N, Tremblay A, Bergeron ], Després JP. Vis-
ceral obesity and plasma glucose-insulin homeostasis: contributions
of interleukin-6 and tumor necrosis factor-alpha in men. ] Clin Endo-
crinol Metab 2008;93:1931-1938.

Chedraui P, Escobar GS, Pérez-Lopez FR, Palla G, Montt-Guevara M, Ce-
cchi E, Genazzani AR, Simoncini T; Research Group for the Omega
Women's Health Project. Angiogenesis, inflammation and endothelial
function in postmenopausal women screened for the metabolic syn-
drome. Maturitas 2014;77:370-374.

Ekelund U, Ward HA, Norat T, Luan ], May AM, Weiderpass E, Sharp SJ,
Overvad K, Ostergaard JN, Tjenneland A, Johnsen NF, Mesrine S,
Fournier A, Fagherazzi G, Trichopoulou A, Lagiou P, Trichopoulos D,
LiK, Kaaks R, Ferrari P, Licaj I, Jenab M, Bergmann M, Boeing H, Palli
D, Sieri S, Panico S, Tumino R, Vineis P, Peeters PH, Monnikhof E,
Bueno-de-Mesquita HB, Quirds JR, Agudo A, Sanchez MJ, Huerta JM,
Ardanaz E, Arriola L, Hedblad B, Wirfélt E, Sund M, Johansson M,
Key TJ, Travis RC, Khaw KT, Brage S, Wareham NJ, Riboli E. Physical
activity and all-cause mortality across levels of overall and abdominal
adiposity in European men and women: the European Prospective
Investigation into Cancer and Nutrition Study (EPIC). Am J Clin Nutr
2015;101:613-621.

Febbraio MA, Pedersen BK. Muscle-derived interleukin-6: mechanisms
for activation and possible biological roles. FASEB ] 2002,16:1335-1347.

Fleg JL, Morrell CH, Bos AG, Brant L], Talbot LA, Wright ]G, Lakatta EG.

https://doi.org/10.12965/jer.1938368.184

Accelerated longitudinal decline of aerobic capacity in healthy older
adults. Circulation 2005;112:674-682.

Freeman EW, Sammel MD, Lin H, Gracia CR. Obesity and reproductive
hormone levels in the transition to menopause. Menopause 2010;17:
718-726.

Gold EB, Colvin A, Avis N, Bromberger ], Greendale GA, Powell L, Stern-
feld B, Matthews K. Longitudinal analysis of the association between
vasomotor symptoms and race/ethnicity across the menopausal tran-
sition: study of women’s health across the nation. Am J Public Health
2006;96:1226-1235.

Goldstein BJ, Scalia R. Adiponectin: a novel adipokine linking adipocytes
and vascular function. ] Clin Endocrinol Metab 2004;89:2563-2568.
Gray SL, Vidal-Puig AJ. Adipose tissue expandability in the maintenance

of metabolic homeostasis. Nutr Rev 2007,65(6 Pt 2):57-12.

Green AN, McGrath R, Martinez V, Taylor K, Paul DR, Vella CA. Associa-
tions of objectively measured sedentary behavior, light activity, and
markers of cardiometabolic health in young women. Eur ] Appl Physi-
01 2014;114:907-919.

Gupta V, Mishra S, Mishra S, Kumar S, Gupta V. Association of leptin:
adiponectin ratio and metabolic risk markers in postmenopausal
women. Immunol Lett 2018;196:63-67.

Gurudut P, Rajan AP. Immediate effect of passive static stretching versus
resistance exercises on postprandial blood sugar levels in type 2 dia-
betes mellitus: a randomized clinical trial. ] Exerc Rehabil 2017;13:581-
587.

Haskell WL, Lee IM, Pate RR, Powell KE, Blair SN, Franklin BA, Macera
CA, Heath GW, Thompson PD, Bauman A; American College of
Sports Medicine; American Heart Association. Physical activity and
public health: updated recommendation for adults from the American
College of Sports Medicine and the American Heart Association. Cir-
culation 2007;116:1081-1093.

Healy GN, Matthews CE, Dunstan DW, Winkler EA, Owen N. Sedentary
time and cardio-metabolic biomarkers in US adults: NHANES 2003-
06. Eur Heart ] 2011;32:590-597.

Henriquez S, Monsalves-Alvarez M, Jimenez T, Barrera G, Hirsch S, de la
Maza MP, Leiva L, Rodriguez JM, Silva C, Bunout D. Effects of two
training modalities on body fat and insulin resistance in postmeno-
pausal women. ] Strength Cond Res 2017;31:2955-2964.

Hiscock N, Chan MH, Bisucci T, Darby IA, Febbraio MA. Skeletal myo-
cytes are a source of interleukin-6 mRNA expression and protein re-
lease during contraction: evidence of fiber type specificity. FASEB |
2004;18:992-994.

Huang WY, Chang CC, Chen DR, Kor CT, Chen TY, Wu HM. Circulating
leptin and adiponectin are associated with insulin resistance in healthy
postmenopausal women with hot flashes. PLoS One 2017;12:¢0176430.

http://www.e-jerorg 681



Park KM, et al. © Exercise enhance adipokines in menopausal

J

Keller C, Steensberg A, Pilegaard H, Osada T, Saltin B, Pedersen BK, Neufer
PD. Transcriptional activation of the IL-6 gene in human contracting
skeletal muscle: influence of muscle glycogen content. FASEB ] 2001;
15:2748-2750.

Knudsen SH, Hansen LS, Pedersen M, Dejgaard T, Hansen J, Hall GV,
Thomsen C, Solomon TP, Pedersen BK, Krogh-Madsen R. Changes in
insulin sensitivity precede changes in body composition during 14
days of step reduction combined with overfeeding in healthy young
men. ] Appl Physiol (1985) 2012;113:7-15.

Kobayashi ], Murase Y, Asano A, Nohara A, Kawashiri MA, Inazu A, Ya-
magishi M, Mabuchi H. Effect of walking with a pedometer on serum
lipid and adiponectin levels in Japanese middle-aged men. ] Athero-
scler Thromb 2006;13:197-201.

Kwon H, Pessin JE. Adipokines mediate inflammation and insulin resis-
tance. Front Endocrinol (Lausanne) 2013;4:71.

Lim S, Choi SH, Jeong IK, Kim JH, Moon MK, Park KS, Lee HK, Kim YB,
Jang HC. Insulin-sensitizing effects of exercise on adiponectin and ret-
inol-binding protein-4 concentrations in young and middle-aged
women. ] Clin Endocrinol Metab 2008;93:2263-2268.

Lovejoy JC, Champagne CM, de Jonge L, Xie H, Smith SR. Increased vis-
ceral fat and decreased energy expenditure during the menopausal
transition. Int ] Obes (Lond) 2008;32:949-958.

Matsuzawa Y, Funahashi T, Nakamura T. Molecular mechanism of meta-
bolic syndrome X: contribution of adipocytokines adipocyte-derived
bioactive substances. Ann N'Y Acad Sci 1999;892:146-154.

Nishiwaki M, Kawakami R, Saito K, Tamaki H, Ogita F. The effects of ex-
ercise training under mild hypoxic conditions on body composition
and circulating adiponectin in postmenopausal women. Clin Physiol
Funct Imaging 2016;36:468-475.

Pedersen BK. The diseasome of physical inactivity - and the role of myok-
ines in muscle-fat cross talk. ] Physiol 2009;587(Pt 23):5559-5568.

Pedersen BK, Hoffman-Goetz L. Exercise and the immune system: regu-
lation, integration, and adaptation. Physiol Rev 2000;80:1055-1081.

Perks CM, Holly J]M. Hormonal mechanisms underlying the relationship
between obesity and breast cancer. Endocrinol Metab Clin North Am
2011;40:485-507, vii.

Petersen AM, Pedersen BK. The anti-inflammatory effect of exercise. |
Appl Physiol (1985) 2005;98:1154-1162.

Roberts DL, Dive C, Renehan AG. Biological mechanisms linking obesity
and cancer risk: new perspectives. Annu Rev Med 2010;61:301-316.
Ross R, Janssen I. Physical activity, total and regional obesity: dose-response

considerations. Med Sci Sports Exerc 2001;33(6 Suppl):5521- 527.

Simpson KA, Singh MA. Effects of exercise on adiponectin: a systematic
review. Obesity (Silver Spring) 2008;16:241-256.

Sites CK, Toth MJ, Cushman M, L'Hommedieu GD, Tchernof A, Tracy

682 http://www.e-jerorg

RP, Poehlman ET. Menopause-related differences in inflammation
markers and their relationship to body fat distribution and insulin-
stimulated glucose disposal. Fertil Steril 2002;77:128-135.

Steensberg A, van Hall G, Osada T, Sacchetti M, Saltin B, Klarlund Peder-
sen B. Production of interleukin-6 in contracting human skeletal mus-
cles can account for the exercise-induced increase in plasma interleu-
kin-6. ] Physiol 2000;529 Pt 1:237-242.

Suganami T, Ogawa Y. Adipose tissue macrophages: their role in adipose
tissue remodeling. ] Leukoc Biol 2010;88:33-39.

Tehrani DM, Gardin JM, Yanez D, Hirsch CH, Lloyd-Jones DM, Stein PK,
Wong ND. Impact of inflammatory biomarkers on relation of high
density lipoprotein-cholesterol with incident coronary heart disease:
cardiovascular Health Study. Atherosclerosis 2013;231:246-251.

Thurston RC, Chang Y, Mancuso P, Matthews KA. Adipokines, adiposi-
ty, and vasomotor symptoms during the menopause transition: find-
ings from the Study of Women’s Health Across the Nation. Fertil Ster-
i12013;100:793-800.

Van Harmelen V, Reynisdottir S, Eriksson P, Thérne A, Hoffstedt ], Lénn-
qvist F, Arner P. Leptin secretion from subcutaneous and visceral adi-
pose tissue in women. Diabetes 1998;47:913-917.

Wadden TA, Butryn ML, Wilson C. Lifestyle modification for the man-
agement of obesity. Gastroenterology 2007,132:2226-2238.

Wang ZV, Scherer PE. Adiponectin, cardiovascular function, and hyper-
tension. Hypertension 2008;51:8-14.

Weyer C, Funahashi T, Tanaka S, Hotta K, Matsuzawa Y, Pratley RE, Ta-
taranni PA. Hypoadiponectinemia in obesity and type 2 diabetes:
close association with insulin resistance and hyperinsulinemia. ] Clin
Endocrinol Metab 2001;86:1930-1935.

Whitehead JP, Richards AA, Hickman IJ, Macdonald GA, Prins JB. Adi-
ponectin - a key adipokine in the metabolic syndrome. Diabetes Obes
Metab 2006;8:264-280.

Williams MA, Haskell WL, Ades PA, Amsterdam EA, Bittner V, Franklin
BA, Gulanick M, Laing ST, Stewart KJ; American Heart Association
Council on Clinical Cardiology; American Heart Association Council
on Nutrition, Physical Activity, and Metabolism. Resistance exercise
in individuals with and without cardiovascular disease: 2007 update:
a scientific statement from the American Heart Association Council
on Clinical Cardiology and Council on Nutrition, Physical Activity,
and Metabolism. Circulation 2007;116:572-584.

World Health Organization. Research on the menopause in the 1990s: re-
port of a WHO scientific group. Geneva (Switzerland): World Health
Organization; 1996.

Zaki ME. Effects of whole body vibration and resistance training on bone
mineral density and anthropometry in obese postmenopausal women.
J Osteoporos 2014;2014:702589.

https://doi.org/10.12965/jer.1938368.184



