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Qrsemr

Background: Menopause contributes to an increase in visceral fat mass and a decrease
in muscle protein synthesis. Therefore, we performed this study to examine their rela-
tionship how effect the changes of body composition as obesity and sarcopenia on met-
abolic syndrome (MS) as a predictor of cardiovascular disease in postmenopausal wom-
en. Methods: Using data from the Korean National Health and Nutrition Examination
Survey (KNHANES) from 2008 to 2011, we estimated that 4,183 postmenopausal wom-
en underwent dual energy X-ray absorptiometry scans. Sarcopenia was defined as an
appendicular skeletal muscle mass divided by body weight that was less than 1 stan-
dard deviation below the sex specific mean for the young reference group. After classifi-
cation into four groups, the results were adjusted with menopausal age and hormonal
treatment. The relationship between sarcopenic obesity (SO) and MS in postmenopausal
women was analyzed by logistic regression analysis in a complex sampling. Results: In
an unadjusted model, the odds ratio (OR) of MS for sarcopenia was 1.94 (95% confidence
interval [Cl], 1.52-2.49); the obesity group had an OR of 4.55 (95% Cl, 3.63-5.71); and dis-
tinctly, the SO group had an OR of 6.26 (95% Cl, 5.10-7.70). Even though there was con-
trolling for variable adjustment, no definite difference was seen in the results. Conclu-
sions: Sarcopenia and obesity were associated with MS independent of other metabolic
impairment risk factors in both early menopausal and postmenopausal women. The re-
sults showed that, in particular, the prevalence of MS has increased more in postmeno-
pausal women compared with previous research.
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INTRODUCTION

The prevalence of metabolic syndrome (MS) is increasing worldwide, and it can
create a burden on national economies. In South Korea, MS has increased signifi-
cantly from 23.6% in 1998 to 28.0% in 2001.[1] However, currently, it has trend to
decrease to 18.8% according to a report of the Ministry of Health and Welfare in
Korea.[2] Although there are a number of risk factors, such as age, obesity, smok-
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ing, dietary habits, and exercise, that affect MS as a predic-
tor of cardiovascular disease, low skeletal muscle mass re-
lated to a high prevalence of cardiovascular disease emerged
as a spotlighted factor among them.[3]

Menopause-related hormonal changes influence the re-
distribution of body fat and the loss of muscle mass and
strength, independently of aging.[4,5] Menopause is clini-
cally defined as a cessation of menstruation entirely for 1
year, which is reported to occur, on average, in Korean wom-
en in their fifties. Women generally tend to gain weight (Wt)
due to sudden hormonal changes.[6]

Hence, low skeletal muscle mass and high fat mass may
have a synergistic impact on both metabolic impairment
and physical disability,[7] especially in postmenopausal
women.

Given the scarcity of studies about the relationship be-
tween sarcopenic obesity (SO) and MS in postmenopausal
women, Lim et al.[8] suggested that SO was more closely
associated with MS in women aged 65 or older. This was
measured by dual energy X-ray absorptiometry (DXA) scans
(Hologic Inc., Bedford, MA, USA). In contrast, Peppa et al.[9]
investigated the traditional belief that lean body mass with-
out fat and bone mass is favor associated with cardiometa-
bolic risk factors in healthy postmenopausal women. It was
found that women with a high arm lean mass index (LMI)
displayed a significantly higher prevalence of MS compared
to women with a low arm LMI when the central fat distri-
bution was taken into consideration. Therefore, emerging
evidence has shown that the relationship between SO and
MS in postmenopausal women clearly was yet to be estab-
lished.

In the present study, according to the recent interest in
health and various dietary behaviors in the elderly, we in-
vestigated the prevalence of sarcopenia and SO in Korean
women with the natural decline of estrogen during the
menopausal period and its relevance to MS, and whether
there are significant changes after controlling multiple vari-
ables in postmenopausal women.

MEHTODS

1. Data collection

The sampling units of the Korean National Health and
Nutrition Examination Survey (KNHANES) were households
selected through a comple, stratified, multistage, and pro-
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bability-cluster design. It represents the entire Korean pop-
ulation by a complex sampling analysis through sampling
Wts. We analyzed postmenopausal women who underwent
DXA scans from July 2008 to May 2011. The DXA scans were
used to measure whole and regional body compositions.
Appendicular skeletal muscle mass (ASM) was calculated
as the sum of skeletal muscle in the arms and legs measured
by DXA scans, assuming that all non-fat and non-bone tis-
sue was skeletal muscle. To determine cut-off point for sar-
copenia, previous studies showed various formulae such
as ASM/height? and ASM/body mass index (BMI).[10,11]
We identified the sarcopenic group defined as an ASM di-
vided by Wt (ASM/Wt) that was less than 1 standard devia-
tion (SD) below the mean of the reference group (20-39
years), which was modified from the studies of Janssen et
al.[12] and Baumgartner et al.[13] The cutoff point of BMI
for obesity was greater than or equal to 25 kg/m? on the
basis of the Asian Pacific criterion. According to the above
definitions of sarcopenia and obesity, our study categorized
MS into four groups: normal, obesity, sarcopenia, and SO.
MS was diagnosed according to the criteria of the Ameri-
can Heart Association, the National Heart, Lung, and Blood
Institute, and the criteria of the International Diabetes Fed-
eration.[14,15] This definition was fulfilled by the presence
of at least three of the following five criteria: (1) waist cir-
cumference as central obesity =90 cm in males or =85 cm
in females; (2) serum triglyceride (TG) concentration =150
mg/dL (1.7 mmol/L); (3) serum high density lipoprotein
cholesterol (HDL-C) concentration <40 mg/dL (1.03 mmol/
L) in males or <50 mg/dL (1.3 mmol/L) in females; (4) av-
erage blood pressure =130/85 mmHg; and (5) fasting se-
rum glucose =100 mg/dL (5.6 mmol/L).

The KNHANES protocols were approved by the Institu-
tional Review Board of the Korean Center for Disease Con-
trol and Prevention (IRB No. 2010-02CON-21-C, 2011-
02CON-06-C).

2. Statistical analysis

In this study, all probability samples were calculated tak-
ing sampling Wts into account with the complex sample
design of KNHANES to represent the total population of
Korea. Categorical variables were used Pearson's chi-square
test in complex sampling and were presented as percent-
ages; continuous variables were used as descriptive statis-
tics in complex sampling and expressed as mean and stan-

https://doi.org/10.11005/jbm.2017.24.1.9



JBM

dard error. To work out the association between them and
MS in postmenopausal women, we estimated the odds ra-
tio (OR) of MS in the postmenopausal group by logistic re-
gression analysis in complex sampling after adjusting for
confounding factors to determine whether or not sarcope-
nia and obesity could be independently associated with
MS. Menopausal age, hormonal treatment, drinking status,
smoking status, physical activity, chronic disease, and eco-
nomic status were designated as confounding factors. All
statistical data were analyzed using the IBM SPSS software
version 22.0 (IBM Corp., Armonk, NY, USA). A P-value of less
than 0.05 was regarded as statistically significant.

RESULTS

Among the 37,790 subjects who underwent the health
examination and interview, the number of postmenopaus-
al women was 7,431 (53.7%). After excluding 3,248 subjects
for missing the adjustment values, the final 4,183 partici-
pants were included in the study (Fig. 1). The characteris-
tics of the young reference group as healthy women aged
20 to 39 years were presented with mean and SD (Table 1).
It indicated that the cutoff value for sarcopenia was 23.76%
as ASM/Wt (%).

The normal population group was the most common with
2,071 (49.5%). In sequence, the SO group was 855 (20.4%),
the obesity group was 700 (16.7%), and finally, the sarco-
penia group was the lowest with 557 (13.3%). Mean ASM/
Wt (%) was lower in SO (21.94%) than in sarcopenia (22.37%)

Association between SO and MS ||

(Table 2). In the chronic disease category, the prevalence
of hypertension was the largest overall. The prevalence of
MS was 23.47% for the normal group, 33.75% for sarcope-
nia, 58.71% for obesity, and 67.84% for SO (Table 3). The
logistic regression analyses were used to determine the OR
of MS for four groups of postmenopausal women control-
ling for menopausal age, hormonal treatment, drinking
status, smoking status, physical activity, chronic disease,
and economic status (Table 4). In an unadjusted model,
the sarcopenia group had an OR of 1.94 (95% confidence
interval [Cl] 1.52-2.49), and the obesity group had an OR of
4.55 (95% Cl 3.63-5.71). Both groups had a higher risk of
MS than the normal group. The SO group had an OR of 6.26
(95% Cl 5.10-7.70), which was the highest risk category for
MS. After adjusting for all variables, including chronic disease
and economic status, the SO group had an OR of 5.56 (95%

Table 1. Characteristics of the young reference group (healthy wom-
en aged 20 to 39 years)

Variables Young reference women group
(n=3,320)

Age yr) 31.1815.60

Waist circumference (cm) 56.69+9.54

Height (cm) 160.41£5.47

Weight (kg) 73621+9.22

BMI (kg/m?) 22.03+3.51

ASM/weight (%) 26.22+2.46

Cutoff value for ASM/weight (%) 23.76

The data is presented as mean % standard deviation.
BMI, body mass index; ASM, appendicular skeletal muscle mass.

(n=37,790)

Subjects from 2008-2011 KNHANES }

Excluded subjects with

\
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.
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n=17,195
[

Premenopause
n=6,410

Postmenopause
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Fig. 1. Flow chart of subjects selection. KNHNES, Korean National Health and Nutrition Examination Survey.
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Table 2. Basic characteristics of normal, sarcopenia, obesity, and sarcopenic obesity group (n=4,183)

JBM

Variables Normal Obesity Sarcopenia Sarcopenic obesity
(n=2,071) (n=700) (n=557) (n=855)
Menopause age (yr) 48.29+0.14 48.91+0.27 48.77+0.27 48.41+0.23
Age (yr) 61.5610.30 61.05+0.44 61.87£0.51 62.91+0.44
Waist circumference (cm) 76.84+0.20 88.47+0.31 80.52+0.34 91.394+0.33
Height (cm) 154.27+£0.18 154.22 £0.25 153.16 £0.27 152.76 £0.25
Weight (kg) 52.58+0.18 63.81+0.26 54.46+0.24 65.26+0.29
BMI (kg/m?) 22.0610.06 26.8010.07 23.1940.07 27.9310.11
ASM (kg) 13.89+48.71 16.07+73.69 12.19465.22 14.31+75.78
ASM/weight (%) 26.4810.06 25.19£0.05 22.37+0.07 21.9410.07
Systolic blood pressure (mmHg) 124.64+0.54 128.54£0.71 127.21£0.87 130.52+0.68
Diastolic blood pressure (mmHg) 76.41£0.30 79.02+0.43 78.10£0.51 79.97£0.40
Triglyceride (mg/dL) 125.44£2.09 153.34£4.19 141.26 £4.65 154.93+£3.69
Fasting blood glucose (mg/dL) 97.85+0.53 103.44+1.17 99.89+1.15 105.42+1.08
HDL cholesterol (mg/dL) 54.23+0.35 49.66+0.49 52.84+0.64 51.12+0.47
Total cholesterol (mg/dL) 198.18+£1.02 200.18+1.77 206.66+1.76 205.68+1.54

The data is presented as mean % standard error.

BMI, body mass index; ASM, appendicular skeletal muscle mass; HDL, high-density lipoprotein.

Table 3. Prevalence of chronic disease and health-related behavior factors according to four groups in postmenopausal women

: Normal Obesit: Sarcopenia Sarcopenic obesit
VEIEldIE (1=2.071) (n=700) In—557) g
Chronic disease

Hypertension 640 (30.90) 318 (45.43) 219(39.32) 487 (56.96)
Dyslipidemia 328 (15.84) 154 (22.00) 107 (19.21) 214 (25.03)
CVD 46 (2.22) 28 (4.00) 17 (3.05) 40 (4.68)
Ml/angina pectoris 71(3.43) 32(4.57) 29(5.21) 41 (4.80)
Diabetes mellitus 218(10.53) 105 (15.00) 62(11.13) 165 (19.30)
Metabolic syndrome 486 (23.47) 411 (58.71) 188(33.75) 580 (67.84)
Alcohol use
Non drinking 1,556 (75.13) 488 (69.71) 430 (77.20) 657 (76.84)
Normal drinking 412 (19.89) 178 (25.43) 106 (19.03) 154 (18.01)
Problem drinking 77(3.72) 28 (4.00) 21(3.77) 24 (2.81)
Alcohol use disorder 10(0.48) 2(0.29) 0(0.00) 8(0.94)
Alcohol dependence 16 (0.77) 4(0.57) 0(0.00) 12 (1.40)
Smoking
Non-smoker 1,891 (91.31) 646 (92.29) 509 (91.38) 792 (92.63)
Past smoker 34 (1.64) 10(1.43) 8(1.44) 19(2.22)
Current smoker 146 (7.05) 44 (6.29) 40(7.18) 44 (5.15)
Physical activity
Sedentary behavior 1,002 (48.38) 303 (43.29) 288 (51.71) 458 (53.57)
Low intensity 612 (29.55) 194 (27.71) 169 (30.34) 213 (24.91)
Moderate intensity 278(13.42) 135(19.29) 62(11.13) 121 (14.15)
Vigorous intensity 179 (8.64) 68(9.71) 38(6.82) 63 (7.37)
Household income
Low 738 (35.63) 261(37.29) 175(31.42) 330 (38.60)
Low-middle 505 (24.38) 195 (27.86) 172 (30.88) 206 (24.09)
High-middle 421(20.33) 132(18.86) 94 (16.88) 174 (20.35)
High 407 (19.65) 112 (16.00) 116 (20.83) 145 (16.96)
0Cs or HRT
No medication 1,399 (67.55) 439 (62.71) 340 (61.04) 571 (66.78)
HRT 227 (10.96) 72(10.29) 79(14.18) 82(9.59)
0Cs 445 (21.49) 189 (27.00) 138(24.78) 202 (23.63)

The data is presented as number (%).
CVD, cerebral vascular disease; MI, myocardial infarction; OCs, oral contraceptive pills; HRT, hormonal replacement therapy.
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Table 4. Odds ratios for metabolic syndrome according to normal, obesity, sarcopenia, and sarcopenic obesity for weight adjusted by logistic re-

gression in postmenopausal women

Association between SO and MS ||

Metabolic syndrome

Normal (n=2,071)

Obesity (n=700)

Sarcopenia (n=557)

Sarcopenic obesity (n=855)

Unadjusted OR (95% Cl)
Adjusted OR (95% CI)®
Adjusted OR (95% CI)
Adjusted OR (95% Cl)?
Adjusted OR (95% CI)"

1
1
1
1
1

4.55(3.63-5.71) 1.94(1.52-2.49) 6.26 (5.10-7.70)
453 (3.61-5.69) 1.94 (1.51-2.48) 6.26 (5.09-7.70)
4.55(3.62-5.71) 1.94(1.52-2.49) 6.25 (5.08-7.69)
4.94(3.91-6.24) 1.87 (1.46-2.40) 6.36 (5.17-7.81)
4.81(3.74-6.19) 1.97 (1.51-2.56) 5.56 (4.49-6.90)

Tests by logistic regression of complex sampling analysis (95% Cl).

I ogistic regression for metabolic syndrome with four groups after adjustment for menopausal age. "Logistic regression for metabolic syndrome with
four groups after adjustment for menopausal age and any female sex hormonal treatment. “Logistic regression for metabolic syndrome with four groups
after adjustment for menopausal age, any female sex hormonal treatment, drinking status, smoking status, and physical activity. “Logistic regression for
metabolic syndrome with four groups after adjustment for menopausal age, any female sex hormonal treatment, drinking status, smoking status, physical

activity, chronic disease, and economic status.
OR, odds ratio; Cl, confidence interval.

C14.49-6.90).

DISCUSSION

The total fat mass tends to increase in women during
the menopause period of their lifetime. It is related to hor-
monal changes—the decline of estrogen production—as
well as normal aging, which contribute to an increase in
central fat accumulation and a reduction in lean body mass
following the increasing prevalence of MS in postmeno-
pausal women.[16,17] In addition, the aging process accel-
erates a reduction in muscle mass, which can decrease up
to 8% every 10 years in women aged approximately 40 to
80 years, then decreases up to 15% every 10 years from
then on.[18-20]

We examined the effect of sarcopenia and obesity on
the risk of MS in postmenopausal women with controlling
confounding factors. The results showed a definite relation-
ship between SO and MS in postmenopausal women based
on the 2008 to 2011 KNHANES. The OR for MS was approxi-
mately twice as high in the sarcopenia group as in the nor-
mal group, and six times higher in the SO group. One study
suggested that the prevalence of MS in women aged 60 or
older was 32.4% in the normal group and 71.1% in the SO
group; therefore, the SO group had MS 2.1 times greater
than the normal group.[16] Another study found that the
SO group was 3.24 times than normal group according to
the skeletal muscle mass index after adjusting for age.[21]
Therefore, this study proposed that the prevalence of MS
for the SO group was approximately twice as high when

https://doi.org/10.11005/jbm.2017.24.1.9

compared with the previous research when targeting post-
menopausal women.

Several limitations should be considered in the interpre-
tation of this study. First, with the cross-sectional nature of
this study, it is difficult to clarify the causal relationships
between each other. Second, unfortunately, due to the ab-
sence of questions on the Questionnaire form regarding
menopausal duration, an equivocal boundary between
the perimenopausal group and the postmenopausal group
could facilitate from premenopausal to postmenopausal
status. Third, the definition of sarcopenia has not been uni-
versally confirmed, neither has its mensuration and indica-
tors.[22] Fourth, we did not include participants who took
medication for hypertension, diabetes, and hyperlipidemia
in the diagnosis of MS, as it would underestimate the prev-
alence of MS. Despite these limitations, this study analyzed
the relationship between SO and MS with a complex sam-
pling analysis on the great number of postmenopausal wom-
enin South Korea. Therefore, the results were representative
in reflecting their relationship in postmenopausal women
including early menopause.

In conclusion, this study suggests that the prevalence of
MS has increased in postmenopausal women compared
with results of previous research.[16,21,23] This is due to
the sudden hormonal changes that influence the redistri-
bution of body composition, such as central obesity and
the loss of muscle mass as independent risk factors that
cause MS. Therefore, we further recommend that the mor-
bidity rate of chronic disease be decreased through the pre-
vention and management of modifiable detrimental fac-
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tors in postmenopausal women.
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