Journal of the Korea Academia-Industrial https://doi.org/10.5762/KAIS.2017.18.2.549

cooperation Society ISSN 1975-4701 / ¢ISSN 2288-4688
Vol. 18, No. 2 pp. 549-558, 2017

Effects of Aerobic Exercise on Serum Blood Lipids, Leptin, Ghrelin,
and HOMA-IR Factors in Postmenopausal Obese Women

Jeong-Ah Lee', Ji-Hyeon Kim’, Jong-Won Kim’, Do-Yoen Kim”
1Physical Education, Kyungsung University
2Physical Education, Pusan National University
3Physical Education, Busan National University of Education

FAE £50) W F wlwelye) WYAY, WY, 21U
2 AFAAPIAR A= 9T

=

O|&o} ZIX[aL, ZIZQF 2o
‘ZNtistm MISst) SAiel HSnS

Abstract The aim of this study was to analyze the effects of aerobic exercise on the blood lipids, leptin, ghrelin,
and HOMA-IR factors in obese postmenopausal Korean women. Thirty-six healthy postmenopausal women (mean age.
54.47 + 2.50 years) with >32 % body fat were assigned randomly to an aerobic exercise group (n = 18) or to a "no
exercise" control group (n = 18). The subjects' body composition, blood lipid, leptin, ghrelin levels, and HOMA-IR
were measured before and after a 16-week line-dancing program. The exercise group showed a significant decrease
in body weight, percent body fat, body mass index, visceral fat area, leptin, insulin, glucose, HOMA-IR, total
cholesterol, triglycerides, apolipoprotein B, low-density lipoprotein cholesterol, and systolic and diastolic blood
pressure. In addition, this group exhibited a significant increase in the apolipoprotein A-I, ghrelin, and high-density
lipoprotein cholesterol levels. The energy metabolic factors that influenced the visceral fat included ghrelin, leptin,
insulin, glucose, and HOMA-IR. The t-value, which determined the statistical significance of the independent
variables, was significant for ghrelin, glucose, insulin, and HOMA-IR (p < 0.05). Regular and continuous aerobic
exercise (e.g., line dancing) effectively improved the body composition, visceral fat, serum blood lipids, leptin, ghrelin,
and HOMA-IR factors in obese postmenopausal Korean women.

2 9 B ATE AAYE] 32% o4 N3 F ulwely 369 UFOR FAAeE] BYAY, YEl, 19 Y
QAERATA AT 1 e PR S1slel LEARASI FADRISHN 02 ro] FAEEED el
160 A F A, BB, 98, I8 3 AEDAGIATE SEUA T sl vl & 9

o] A7} 5 Fo EEHTANA AT, ZJ]X]HFE(%BF) A& G HBMI), A HEA(VFA), 1€l (Leptin), 1€ H(Insulin),
SF3I2(Glucose), NEHAHLYAFT(HOMA-IR), T2 2Bl E(TC), T ANTG), o}z iii‘ﬂ(Apollpoprotem) B, A
AEA e Z 2~ ELDL-C) ¥ 55718 NSBP)o] frolshAl #Aastsit). T3t o} 2] 3 2 Bl(Apolipoprotein) A-1, 12
U(Ghrelin) ¥ A=A Z ~HEHDL-C)o] fFolstAl 7kttt frathd-sdee] A Q43S vl
01]HZ]E]]/K]—ZX4°1Z}°] 3| AR A FoagloR P, OJ%aJ FF32 D HOMA-IR Uehstth, upgba] 7722 o

AEARl frAkaggol H7 F vkl de] Az, WA, A4, e, 299 % HOMA-IRS HAA7]E vl &
W7t dE Aew *3 etk

Keywords : line dance, ghrelin, leptin, HOMA-IR

“This work was supported by a 2-Year Research Grant of Pusan National University”
*Corresponding Author : Do-Yeon Kim(Pusan National University)

Tel: +82-51-510-2718  email: kdy4955@pusan.ac.kr

Received November 15, 2016 Revised (Ist December 26, 2016, 2nd January 16, 2017)
Accepted February 3, 2017 Published February 28, 2017

549



FArsly|&akel e A1 A2E, 2017

1. Introduction

In Korea, recent economic growth, the acceleration
of industrialization, and the information age have
contributed to the westernization of the Korean
lifestyle. As a result, the incidence of obesity and
hypokinetic diseases has rapidly increased, due to
factors such as excessive nutrient intake and a lack of
physical activity. Therefore, the risk of obesity-related
diseases, such as diabetes, heart disease, hyperlipidemia,
hypertension, and atherosclerosis, has rapidly risen
among all age groups. The increase in obesity among
middle-aged women is likely to cause various chronic
diseases, making obesity in this age group a serious
social issue[1].

Various adipocytokines and fat hormones that are
secreted from adipocytes are reportedly involved in
metabolic diseases[2], such as metabolic syndrome and
insulin resistance. In particular, ghrelin and leptin are
be

homeostasis[3]. The weight control mechanisms of the

known to mutually antagonistic in energy
human body are divided into the afferent signals
(which are created in fatty tissues and send signals to
the brain), the efferent signals (which allow the
hypothalamus to respond to the afferent signals), intake
behaviors and energy consumption (which respond to
signals from the brain), and the fatty tissues (in which
energy is absorbed and stored). As none of these
components can act alone, given their interconnected
nature, the body can regulate its energy intake and
consumption, thereby maintaining homeostasis and a
constant weight[4].

Ghrelin (the appetite-promoting hormone that is
the (the

secreted by

secreted by stomach) and leptin

appetite-suppressing hormone that is
adipocytes) both play an important role in appetite
control by acting antagonistically in the arcuate nucleus
of the hypothalamus[5]. In cases of obesity or rapid
weight gain, it has been reported that serum levels of
ghrelin decrease with a concomitant increase in serum

levels of leptin. In contrast, during long-term fasting or

550

weight loss, serum levels of ghrelin increase while
serum levels of leptin decrease[6-8]. In addition,
greater insulin resistance is associated with increased
fasting insulin levels, and the association is stronger
during normal glycometabolism, where the increased
secretion of insulin serves to normalize the levels of
glucose and free fatty acids (FFA) during fasting or
glucose loading[9].

Line dancing is an activity in which many people
form lines and proceed to dance. The popularity of this
form of dancing has steadily increased, establishing it
as a common healthy leisure activity among
middle-aged women[10]. Unfortunately, the number of
obese women increases with age, doubling the number
of obese men among persons aged >55 years, although
research regarding energy balance after menopause is
relatively scarce[11]. Regular and continuous line
dance exercise will be effective for preventing the
lifestyle diseases with improvement of the energy
metabolic factors and insulin resistance by decreasing
the body fat. Moreover, little is known regarding the
role of leptin and ghrelin in obese postmenopausal
Korean women. Therefore, we designed this study to
investigate the effects of aerobic exercise on leptin,
ghrelin, blood lipids, and HOMA-IR factors in obese

postmenopausal Korean women.

2. Methods

2.1 Participants

This study evaluated obese postmenopausal residents
of metropolitan Busan, Korea, who had >32% body fat
and volunteered to participate in the study. The 38
women were screened for no history of disease, no
current special conditions, and no regular exercise.
Participants were grouped into 20 persons who would
participate in exercise and 18 persons who chose not to
participate in exercise. The data from 36 participants
were analyzed (18 persons from each group), after

excluding 2 subjects who did not participate in the
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exercise consistently and whose test results were not
All their

informed consent prior to participation, and ethical

reliable. participants  provided written
approval was granted by our Institutional Human

Research Committee.

Table 1. Physical characteristics of subjects

Control(n=18) Line Dance(n=18)
Age(yrs) 54.10+1.95 55.00+1.86
Height(cm) 155.75+3.06 156.23+£2.56
Weight(keg) 62.30+4.49 61.13£5.37
%BF(%) 32.56+3.08 32.14+3.06

Values are means+SD

2.2 Study design

The nature, purpose, and experimental procedures
were explained verbally to each participant, who then
signed an informed consent form before participating
in the study. The participants were tested at the same
time of day (in the morning), to avoid any diurnal
variation in temperature. Participants were instructed to
not exercise and to obtain from caffeine or alcohol on
the day before, or day of, testing. At their initial visit,
subject examinations included a standardized health
questionnaire, anthropometry and body composition,
resting blood pressure, and fasting venous blood
sampling for blood chemistry. After their baseline

measurements, participants were randomized into a line

dancing exercise group (n = 18) or a “no exercise”
control group (n = 18) for the 16-week duration of the

study.

2.3 Body composition and anthropometric
assessment
Blood pressure readings were performed after at
least 10 min of resting in the supine position in a quiet
environment. Height was measured, with the participant
barefoot, to the nearest 0.1 cm, and body weight was
measured to the nearest 0.1 kg with the participant
wearing light clothing. Body mass index (BMI) was
calculated as weight in kilograms divided by the square

of height in meters[12]. Body composition (including
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overall body fat mass, lean body mass, and visceral fat
area [VFA]) was analyzed at the beginning and end of
ecach phase of the study, using the bioelectrical
impedance analysis method (Inbody 720; Biospace,
Seoul, Korea) and following the procedures
recommended by the American College of Sports

Medicine[13].

2.4 Blood sampling

Venous blood samples were drawn between 8 AM
and 10 AM after a 12-h overnight fast, and the serum
samples were separated and stored at -70°C. Using
these serum samples, concentrations of glucose, total
(TC), triglycerides (TG), high-density
lipoprotein  cholesterol (HDL-C),
lipoprotein cholesterol (LDL-C) were measured using a
Toshiba TBA 200FR NEO
Diagnostics, Inc., Holliston, MA, USA). Apolipoprotein

cholesterol
and low-density

analyzer (Diamond
A-I and apolipoprotein B were analyzed by kinetic
immunoturbidimetry on a Hitachi auto-analyzer, model
705. Fasting concentrations of insulin, leptin, and
ghrelin measured insulin kit
(Coat-A-count Insulin, DPC, USA) and y-counter
(COBRA 5010 Quantum, PACKARD, USA). The
index of insulin resistance was assessed using the
HOMA-IR equation, where HOMA-IR

insulin (UU/mL) x fasting glucose (mmol/L)]/22.5[14].

were using an

[fasting

2.5 Aerobic exercise program
The

beginner-level program that took place 3x per week, in

line dancing program was a 16-week
60 min sessions. Each session was composed of a
10-min warm-up, 40 min of dance, and 10 min of
wrap-up, which gradually increased in intensity from
the adjustment stage (weeks 1 -4, maximum heart rate
[MHR]: 50 - 60%), to the improvement stage (weeks 5
-8, MHR: 60 - 70%) and the advanced stage (weeks 9
- 12, MHR: 70 - 80%). The program was designed for
general health promotion, and the intensity of physical
activity was considered moderate. Wireless heart rate

monitors (worn by all participants) were used to
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determine whether the specified intensity levels were

reached.

2.6 Statistical analysis

All data were presented as mean + standard
deviation (SD) and all
completed using the Statistical Package for Social
Sciences (SPSS) version 21.0 for Windows (SPSS Inc.,
Chicago, IL). All statistical tests used an alpha level set

statistical analyses were

at p < 0.05, and compared the pre- and post-exercise
intervention variables. Changes from baseline to the
end of the intervention were evaluated using a paired
t-test and independent t-test. In the multiple linear
regression analysis, serum blood lipids and energy
metabolic factors were assessed as the independent
variables, with visceral fat change considered the
dependent variable in the line dance group. A power
analysis was conducted using a sample size of eight for
each group, generating an estimated power of 0.82 for

a paired sample t-test.

3. Results

3.1 Participant characteristics and body
composition

A complete description of demographic characteristics
of the study participants can be found in Table 1. The
changes in participants’ body composition and VFA
before and after the 16-week line dancing program are
listed in Table 2. In the line dancing group, weight,
%BF, BMI, WC, and VFA decreased significantly (all,
p < 0.001) after the program. In the control group,
%BF, BMI, WC, and VFA
significantly (all, p < 0.001) after the program, while
LBM decreased,

statistically

weight, increased
although this decrease was not

significant.  Although no significant
differences were observed between the groups before
the program, the line dancing group had significantly
lower weight, %BF, BMI, WC, and VFA (all, p <
0.05) after the exercise program, while LBM exhibited

no significant difference.

Table 2. Changes in body composition after 16-week Line Dancing exercise

Variable Group Pre-test Post-test t
Line Dance 61.13£5.37 60.11+4.63 3.564"
“Eiight Control 62.30+4.49 66.86+6.35 34347
t -0.086 -1.520"
Line Dance 32.14£3.06 30.42+3.04 67117
%}zf Control 32.56+3.08 34.79+1.40 -6.120™
t -0.239 -5.901""
Line Dance 39.3043.14 39.66+3.43 -3.050
L(E’;;[ Control 39.90:+4.82 39.17+5.04 6.101
t -0.154 1.178
Line Dance 25.60+1.63 24.78+1.61 3346
(kgB.l\ﬁ_z) Control 26.9422.77 27.80£2.60 -3.560"
t -0.777 2365
Line Dance 87.3943.17 85.80+2.96 4078
wC Control 89.51+5.99 90.83+6.88 2.938"
t -0.195 -1.524'
Line Dance 104.66+8.94 97.38+7.49 9.826™"
\(';? Control 107.11£10.32 115.9811.12 4764

t

-6.058""

% p<0.05, #* p<0.01, *** p<0.001

%BF: percentage of body fat, LBM: lean body mass, BMI: body mass index

WC: waist circumference, VFA: visceral fat area
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3.2 Energy metabolic factors and blood
lipids
Changes in the energy metabolic factors, HOMA-IR,
and serum lipid levels before and after the 16-week
line dancing program are listed in Table 3. In the line

dancing group, Apo A-I, ghrelin and HDL-C increased

significantly (all, p < 0.01) after the program, while
leptin, insulin, glucose, HOMA-IR, Apo B, TC, TG,
LDL-C, SBP, and DBP decreased significantly (all p <
0.01). In the control group, ghrelin, Apo A-I, and
HDL-C decreased significantly (all, p < 0.05) after the
program, while leptin, insulin, glucose, HOMA-IR, TC,

Table 3. Changes in Energy metabolic factors, HOMA-IR and blood lipids

Variable Group Pre-test Post-test t
. Line Dance 588.70£63.87 681.30+63.44 54827
Ghrelin Control 611.06£74.11 576.82£10137 1883
(pg/m) o
t 1114 2361
Line Dance 14.2343.95 11.0243.39 -0.188""
Leptin .
+ + -]
wUint) Control 937 + 3.63 10.01 2*.31 5.249
t 1.043 4513
Line Dance 8.45+£1.98 7.90+1.79 2.597"
Insulin Control 11.1245.02 12.414.24 1378
(WU/m) S e :
t -1.119 4618
Line Dance 101.33+8.51 94.89+10.55 2120
Glucose -
Control 99.53+8.45 100.7110.35 4404
(mmol/ £)
t 1.623 2.104
Line Dance 2.58+1.19 1.8440.95 3.991"
HOMA-IR Control 2.67+1.17 3.16£0.96 2257
t 0.215 4560
Line Dance 208.67+22.73 193.83+16.91 4246
Te Control 196.00+18.78 211.39+16.40 2.776"
(ng/clo) .
t 0.631 2971
Line Dance 110.61£26.62 100.00+24.37 5.101"
16 Control 106.94+33.38 134.06+39.14 2919"
(ng/lo) ..
t 1.190 2.620
Line Dance 49.07+10.55 52.45+10.55 4031
HDL-C “
Control 51.36+10.41 46.86+8.51 3.779
(mg/do)
t 0.680 2570
Line Dance 149.06+26.98 139.56+26.40 2965
LDL-C Control 132.72£29.58 151.8322.75 4490
(mg/do)
t 0.888 3219
Line Dance 140.16+24.50 150.32425.84 26027
Apo Al Control 132.45£15.24 129.10+12.54 3379
(mg/dL) .
t 0.257 2219
Line Dance 73.74+12.18 65.64+12.26 54507
Apo B Control 75.78+9.24 83.25+11.94 2.579"
(mg/dL) "
t 0.018 3.293
Line Dance 131.1745.93 125.1144.52 16147
SBP Control 127.387.17 130.67+4.09 -1.660"
(mmHg) .
t 0914 2442
Line Dance 8.45+1.98 7.90+1.79 3.0317
DBP Control 84.33+5.16 87.67+3.63 2327
(mmHg)
t 1.255 -4.026

* p<0.05, ** p<0.01, *** p<0.001

TC : total cholesterol, TG: triglyceride, HDL-C: high-density lipoprotein cholesterol

LDL-C: low-density lipoprotein cholesterol, Apo: apolipoprotein, SBP: systolic blood pressure
DBP: diastolic blood pressure, HOMA-IR: homeostasis model assessment insulin resistance index
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TG, Apo B, LDL-C, SBP, and DBP increased
significantly (all, p < 0.05). Although no significant
differences were observed between the groups before
the program, the line dancing group have significantly
lower leptin, insulin, glucose, HOMA-IR, Apo B, TC,
TG, SBP, and DBP (all, p < 0.05) after the program,
while ghrelin and Apo A-I increased significantly and
HDL-C and LDL-C exhibited no significant difference.
The results of the regression analysis of the serum
blood lipids and energy metabolic factors that affect
visceral fat after the 16-week line dancing program are
listed in Table 4 and 5.

Serum lipid factors that affected the visceral fat of
the exercise group included TC, Apo A-I, and LDLC
(p < 0.05). Energy metabolic factors influenced visceral
fat included ghrelin, leptin, insulin, glucose, and
HOMA-IR. It was also found that the t-value that
determined the statistical significance of the
independent variables was significant for ghrelin,
glucose, insulin, and HOMA-IR (p < 0.05). Leptin was
at the significant level, and the beta coefficient that
indicates the importance of the regression coefficient
was highest for HOMA-IR at 24.645.

4. Discussion

Aging is known to induce an increase in %BF and
a decrease in LBM, while fat storage is likely to
change from peripheral subcutaneous to abdominal
internal storage[15]. Among women, the accumulation
of abdominal fat rapidly increases due to the reduced
secretion of estrogen, and the increase in abdominal fat
is closely related to the development of metabolic
syndromes such as type 2 diabetes, hypertension, and
hyperlipidemia[16-18]. Although obesity is associated
with genetic factors and body shape, a lack of exercise
can also increase the visceral-subcutaneous fat
ratio[ 19]. However, ongoing aerobic exercise decreases
abdominal fat, with significant fat reduction in the
abdomen compared to that in the limbs, and a
subsequent significant decrease in the
abdomen-to-thigh ratio of subcutaneous fat[20].

Most of postmenopausal obese women are afflicted
with at least one disease, and two or more of the
diseases associated with obesity. Postmenopausal

women who did not participated in regular and

continuous physical activity have increased and/or

Table 4. Regression analysis of visceral fat and blood lipids factors after 16-week Line Dancing exercise group

Independent

2
variables B SE B b ! F R
Constant 85.651 20.233 4233

TC 963 266 1.575 3.625" .
. 8.159 867
LDL-C -.821 253 -1.541 -3.246
Apo A-1 -6.53 .140 -1.459 -4.670"
* p<0.05

* by multiple linear regression

Table 5. Regression analysis of visceral fat and energy metabolic factors after 16-week Line Dancing exercise group

Independent 2
variables B SE B B t F R
Constant 598.840 98.211 6.098
Ghrelin 207 078 1330 2.647"

Leptin 4772 2449 -1.234 -1.948 .
" 7.028 934
Insulin -128.653 25.614 -5.551 5.023
Glucose 54262 11215 20369 -4838"
HOMA-IR 252285 49.835 24.645 5.062"

* p<0.05, ** p<0.01
* by multiple linear regression
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decreased body composition, serum blood lipids levels,
adipose tissue, and metabolic syndrome factors because
non physical activity significantly decreases and
increases body weight, BMI, lipid profiles, glucose,
and energy metabolsim.

One study evaluated the effects of 12 months of
aerobic exercise and calisthenics among overweight
postmenopausal women, and observed that ghrelin
levels exhibited a significant gradual increase, while
the exercise-without-diet program resulted in a 10%
increase in ghrelin levels and 3 kg of weight loss[21].
In addition, another study reported that a 16-week yoga
program for postmenopausal women with >35% body
fat (average age, 57.3 years) significantly decreased
TC, TG, and glucose levels[8].
reported that aquarobics exercise significantly increased
HDL-C and decreased WC

women[22].

Yet another study

among menopausal

Interestingly, a study regarding cardiovascular risk
factors among 86 adult men and women (age, 21 - 71
years) revealed a significant negative correlation
between ghrelin levels and WHR, VFA, fasting blood
sugar, and HOMA-IR in the obesity group, and a
positive correlation with HDL-C[23]. However, a
significant negative correlation was observed between
leptin and ghrelin. Other studies have reported that
ghrelin and insulin were negatively correlated[24], that
plasma ghrelin and insulin exhibited no correlation[25],
and that ghrelin exhibited a significant correlation with
WHR, which is related to truncal obesity[26].

Our results are consistent with those of previous
studies, despite the differences in the types of exercise
that were used. For example, one study regarding the
between HOMAIR, TG, FFA,

abdominal visceral fat (among 75 middle-aged obese

correlations and
Koreans without diabetes) revealed that each factor had
a significant positive correlation with the insulin
index[27]. 12-week

swimming exercise program for obese middle-aged

resistance In addition, in a
women with >30% body fat resulted in a significant

decrease in leptin levels[28], while a 12-week aerobic
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exercise program and resistance exercise program for
middle-aged women with >35% body fat also resulted
in a decrease in leptin levels[8,29,30].

Excessive amounts of FFAs in the blood are known
to cause hyperinsulinemia by reducing the removal of
insulin, subsequently increasing blood pressure and TG,
and causing atherosclerosis. In addition, a lack of
exercise is considered a risk major factor for heart
disease, along with hypertension, hyperlipidemia, and
smoking, while regular exercise is an effective way to
prevent and treat heart disease. Therefore, regular
aerobic exercise is reported to reduce adult diseases
that are related to lipid imbalances and obesity (which
are caused by inactive lifestyles), as well as
hypokinetic disease[1,8,31].

For those with obesity, ghrelin levels decrease,
while leptin levels increase. Ghrelin also causes marked
hyperglycemia by inhibiting the secretion of insulin.
Ghrelin is a hormone that is produced in the stomach
and affects cardiovascular disease, and therefore low
ghrelin levels are independently related to type 2
diabetes, insulin resistance, and hypertension, and are
negatively correlated with fasting %BF, insulin, and
levels[32-35].

plasma ghrelin levels, along with significantly higher

leptin Obese patients exhibit lower
insulin, glucose, and insulin resistance index than
normal patients[31,33,34]. In addition, another study
reported that low ghrelin was associated with high WC,
high BP, insulin, leptin, and TG[36]. Therefore, the
lower ghrelin concentration is independently associated
with fasting insulin levels, insulin resistance, and type
2 daiabetes. Similarly, we also observed that the insulin
levels of obese participants increased after exercise had
reduced their body fat. In addition, we observed that
the 16-week
significant decrease in weight, %BF, BMI, and VFA

among postmenopausal obese women, in terms of

line dance program resulted in a

changes in body composition and VFA. The line dance
program also resulted in a significant increase in
ghrelin, Apo A-I, and HDL-C levels, along with a

significant decrease in energy metabolic factors and
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serum lipid levels (leptin, insulin, glucose, HOMA-IR,
TC, TG, Apo B, LDL-C, SBP, and DBP). Among these
factors, TC, LDL-C, ghrelin, leptin, insulin, glucose,
and HOMA-IR significantly affected visceral fat. The
results are consistent with those from previous studies,
which have reported improvements in insulin
resistance, along with a balancing of energy metabolic
factors, due to weight loss. Therefore, our results
suggest that regular, ongoing line dance exercise results
in a balancing of energy metabolic factors, due to a

reduction in body fat, among postmenopausal obese

women. Similar programs may be effective in
preventing and ameliorating the various lifestyle
diseases that may appear after menopause, by

improving the participants’ insulin resistance.

5. Conclusions

Regular and continuous line dancing exercise was
effective in improving body composition, visceral fat,
serum lipids, leptin, ghrelin, and HOMA-IR among
postmenopausal women. Therefore, line dance exercise
may be effective in preventing the cardiovascular
diseases that are caused by obesity in this population.
Future studies are needed to validate these results, as
well as to compare the effects of line dancing exercise
on these variables in obese and non-obese men and
women (in various age groups and exercise types).
This information might then be used to develop
effective another aerobic exercise programs for subjects

with different ages or body types.
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