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Objective
To evaluate menopause-related changes in body fat distribution and their relationship with insulin resistance in middle-
aged Korean women. 

Methods
We analyzed women aged 40-60 years using data from the National Health and Nutrition Examination Survey conducted 
from 2008 to 2011. Body fat was measured using dual-energy X-ray absorptiometry. Insulin resistance was assessed using 
the homeostasis model assessment of insulin resistance (HOMA-IR).

Results
Among 3,468 participants, menopausal women (n=1,489) had a higher body mass index (BMI) and higher trunk, arm, 
and head fat percentages than premenopausal women (n=1,979). However, no significant difference was found in the 
leg fat percentage according to menopausal status. Multivariable regression analysis for HOMA-IR showed that trunk fat 
percentage, BMI, and waist circumference positively correlated with insulin resistance and leg fat percentage negatively 
correlated after adjusting for several confounding factors, whereas menopausal status was not associated with HOMA-
IR.

Conclusion
Middle-aged women not only have different body weights and BMI but also have different body fat distributions 
according to menopausal status. Each fat percentage change in the trunk and leg is differently associated with metabolic 
health, particularly insulin resistance. To evaluate the metabolic health of middle-aged women, BMI is generally noted; 
however, body fat distribution, which can be easily assessed using dual-energy X-ray absorptiometry, should also be 
considered.
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Introduction

Menopause is defined as the permanent cessation of men-
strual periods resulting from the loss of ovarian follicles, 
along with serum estrogen deficiency. The average age 
of menopause is between 46 and 52 years, but it differs 
by race [1]. Several previous studies have shown that the 
mean menopausal age varies from 46.9 to 50.4 years in 
Korean women [2,3]. Both menopause and its accompany-
ing sex hormone changes have been reported to be related 
to several metabolic changes, including the prevalence of 
obesity, dyslipidemia, insulin resistance, type 2 diabetes, and 
increased risk of cardiovascular disease [4,5]; however, the 
exact mechanisms underlying these associations are not yet 
fully understood. Thus, it is important to monitor and man-
age high-risk groups for chronic diseases in middle-aged 
women.

Previous studies have presented conflicting results on 
whether menopause is directly related to obesity or body fat 
distribution in middle-aged women. A recent systemic review 
proposed that the change in fat mass quantity between pre-
menopausal and postmenopausal women was predominant-
ly attributed to increasing age, rather than the menopausal 
transition itself [6]. Conversely, several studies have sug-
gested that a decrease in endogenous estrogen levels during 
menopause may increase the total amount of overall body 
fat, particularly central fat, also referred to as trunk or torso 
fat, in postmenopausal women [7-10]. To clarify the factors 
associated with body fat distribution, further research using 
more accurate measurements such as dual-energy X-ray ab-
sorptiometry (DEXA) or computed tomography (CT), rather 
than anthropometric measurements such as body mass index 
(BMI) or waist circumference, is needed [11].

Central or visceral obesity, prevalent among menopausal 
women, has been recognized as a strong predictor of insulin 
resistance, hyperinsulinemia, type 2 diabetes, and cardiovas-
cular risk [12-14]. However, most previous studies have been 
based on anthropometric measurements, and how specific 
changes in body fat distribution in each body part after 
menopausal transition are related to cardiometabolic disor-
ders, including insulin resistance, remains unclear.

Therefore, this study aimed to investigate body fat distribu-
tion according to menopausal status and its relationship with 
insulin resistance among middle-aged Korean women using 
nationwide population-based data.

Materials and methods

1. Data collection and study participants
This study used data from the Korea National Health and 
Nutrition Examination Survey (KNHANES), a nationally repre-
sentative, cross-sectional, population-based survey of health 
and nutritional status conducted by the Korea Centers for 
Disease Control and Prevention. This study used data from 
the seventh KNHANES (2008-2011), which included items on 
socioeconomic status and women’s health.

In the KNHANES database, we analyzed middle-aged wom-
en aged 40-60 years who completed the health examination 
survey, including body fat measurement (total fat mass, fat 
percentage, and body fat percentage) based on the results 
of DEXA and menopausal history. The exclusion criteria were 
as follows: patients with myocardial infarction, stroke, kid-
ney failure, and history of malignant disease (gastric cancer, 
colon cancer, breast cancer, cervical cancer, etc.) and those 
who had surgically or artificially induced menopause (hyster-
ectomy).

2. Measurement of body fat distribution
Body composition was analyzed using DEXA using a Dis-
covery fan beam densitometer (Hologic Inc., Bedford, MA, 
USA). DEXA is a noninvasive technique for measuring bone 
mineral density using spectral imaging and body composition 
analysis, which allows the regional assessment of the propor-
tion of fat and non-fat tissue. The fat mass and percentage 
of each part of the body were measured using DEXA during 
health examinations. Using the software, the body was di-
vided into six parts (head, trunk, left and right arm, and left 
and right leg). Arm and leg fat were defined as the sum of 
the fat in the two arms and legs, both divided by two.

3. Definitions
Menopause was defined as the cessation of menstruation for 
more than 12 months. The survey was conducted through 
face-to-face interviews conducted by trained staff in the 
KNHANES. Menopausal status was determined based on 
self-reports and categorized as either premenopausal or post-
menopausal. BMI is a person’s weight in kilograms divided 
by the square of the height in meters. Body fat percentage is 
the total fat mass divided by the total body mass multiplied 
by 100. Insulin resistance was calculated using the homeo-
stasis model assessment of insulin resistance (HOMA-IR). 
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HOMA-IR has been widely used to measure insulin sensitiv-
ity based on fasting plasma glucose and insulin concentra-
tion [15].

Participants responded to a survey on lifestyle and demo-
graphic factors, including smoking status, drinking status, 

physical exercise level, household income level, and educa-
tion level. Education level was divided into three categories: 
elementary school or no education, middle or high school 
graduates, and university graduates. To calculate the house-
hold income level, the mean monthly household income 

Table 1. Baseline characteristics of pre- and postmenopausal Korean women aged 40-60 years old

Characteristic Premenopausal women (n=1,979) Postmenopausal women (n=1,489) P-value

Age (yr) 45.21±3.81 54.76±3.55 <0.001

Parity 3.41±1.65 3.99±1.92 <0.001

Body mass index (kg/m²) 23.57±3.23 24.03±3.05 <0.001

Waist circumference (cm) 77.96±8.77 81.05±8.87 <0.001

Oral contraceptive uses (%) 13.09 21.22 <0.001

Menopausal hormone therapy (%) 3.08 20.95 <0.001

Hypertension (%) 8.34 24.31 <0.001

Diabetes mellitus (%) 2.68 7.12 <0.001

Dyslipidemia (%) 5.41 18.06 <0.001

Education levels <0.001

Elementary school graduate 8.84 37.68

Middle or high school graduate 62.05 52.65

University graduate 29.11 9.67

House income levels 0.606

Low 23.0 24.3

Lower-middle 25.4 24.2

Upper-middle income 24.7 25.8

High 26.9 25.7

High carbohydrate uptake (%) 46.59 50.78 0.007

High fat uptake (%) 54.47 39.75 <0.001

Intensive physical activity (%) 17.23 14.03 0.011

Mild physical activity (%) 14.70 16.25 0.231

Walking activity (%) 39.71 42.31 0.130

Current smoking (%) 4.25 3.97 0.680

Alcohol, ≥1 time per month (%) 46.07 32.79 <0.001

Systolic BP (mmHg) 112.39±15.50 120.65±17.33 <0.001

Diastolic BP (mmHg) 73.60±10.21 76.87±10.40 <0.001

TC (mg/dL) 186.61±32.45 203.82±36.51 <0.001

HDL-C (mg/dL) 51.14±10.92 50.37±11.52 0.050

LDL-C (mg/dL) 114.33±28.79 127.26±32.76 <0.001

TG (mg/dL) 105.72±70.54 130.96±91.04 <0.001

Fasting glucose (mg/dL) 94.98±20.83 97.88±20.71 <0.001

Fasting insulin (IU/mL) 9.52±3.94 9.82±4.52 0.056

Values are expressed as means±standard deviation or number. Statistical comparisons were conducted using the t-test for continuous variables 
and Pearson’s chi-squared test for categorical variables.
BP, blood pressure; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TG, triglycer-
ides.
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was divided by the root of the number of household mem-
bers and classified into quartiles (from lower to higher). 
Moderate-intensity exercise was defined as a more exertive 
physical activity than usual for a minimum of 30 minutes 
a day for 5 days in a week, or high-intensity exercise for at 
least 20 minutes per day for 3 days in a recent week.

4. Statistical analyses
Continuous variables are expressed as mean±standard de-
viation, unless specified otherwise. Statistical comparisons 
were conducted using the t-test for continuous variables and 
Pearson’s chi-squared test for categorical variables. Multivari-
able regression analysis was performed. P-values <0.05 were 
considered statistically significant. Statistical analyses were 
performed using SAS version 9.4 (SAS Institute Inc., Cary, 
NC, USA).

Results

A total of 3,468 Korean women aged 40-60 years were in-
cluded in this study: 1,979 premenopausal women and 1,489 
postmenopausal women. A comparison of the baseline char-
acteristics according to menopausal status is shown in Table 1. 

The mean ages of the premenopausal and postmenopausal 
women were 45.21±3.81 years and 54.76±3.55 years, re-
spectively. Postmenopausal women have higher parity, BMI, 
waist circumference, and prevalence of chronic diseases, 
more frequent use of oral contraceptive and menopausal 
hormone therapy, lower education levels, less intensive physi-
cal activity, higher carbohydrate and lower fat uptake, higher 
blood pressure, higher fasting glucose levels, and generally 
worse lipid profiles than premenopausal women. Total fat 
mass was significantly higher in postmenopausal women 
than that in premenopausal women (20.08±4.92 kg and 
19.37±4.89 kg, respectively, P<0.001). The trunk, arm, and 
head fat percentages were significantly higher in postmeno-
pausal women than in premenopausal women (Fig. 1). How-
ever, no significant difference was observed in the leg fat 
percentage according to menopausal status among middle-
aged women.

The results of multivariable regression analysis for HOMA-
IR are presented in Table 2. Trunk fat percentage (estimate, 
0.02; P=0.003) showed a significant positive correlation 
with HOMA-IR, whereas the leg fat percentage (estimate, 
-0.03; P<0.001) showed a negative correlation after adjust-
ing for several confounding factors. In addition, BMI, waist 
circumference, diabetes mellitus, and triglyceride levels were 

Body fat percentage
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Fig. 1. Comparison of body fat percentages between premenopausal and postmenopausal middle-aged Korean women. *P-value <0.05.
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positively correlated with HOMA-IR, whereas age, intensive 
physical activity, and high-density lipoprotein cholesterol 

level were negatively correlated with HOMA-IR in this mul-
tivariable analysis. In addition, menopausal status, current 

Table 2. Multivariable regression analysis for HOMA-IR in middle-aged women (n=3,468)

Variable
HOMA-IR

Estimate 95% CI P-value

Trunk fat percentage 0.02 0.01 to 0.03 0.003

Leg fat percentage -0.03 -0.04 to -0.02 <0.001

Age -0.02 -0.03 to -0.01 0.003

BMI 0.09 0.06 to 0.11 <0.001

Waist circumference 0.02 0.01 to 0.03 0.001

Diabetes mellitus 1.18 0.98 to 1.38 <0.001

Intensive physical activity -0.13 -0.24 to -0.02 0.024

HDL-C -0.01 -0.01 to 0.00 0.016

Triglycerides 0.00 0.00 to 0.00 <0.001

Alcohol, ≥1 time per month -0.10 -0.18 to -0.01 0.026

Menopause -0.01 -0.14 to 0.13 0.888

Parity 0.01 -0.01 to 0.04 0.337

Arm fat percentage 0.00 -0.01 to 0.01 0.546

Hypertension 0.11 -0.01 to 0.24 0.081

Dyslipidemia 0.07 -0.06 to 0.21 0.293

Menopausal hormone therapy 0.03 -0.11 to 0.17 0.682

Oral contraceptive use 0.00 -0.11 to 0.11 0.991

Moderate physical activity -0.07 -0.19 to 0.04 0.199

Walking activity -0.04 -0.12 to 0.04 0.356

Current smoking -0.15 -0.35 to 0.06 0.162

Total cholesterol 0.00 0.00 to 0.00 0.379

Systolic BP 0.00 0.00 to 0.01 0.097

Diastolic BP 0.00 -0.01 to 0.01 0.678

High carbohydrate uptake -0.01 -0.09 to 0.08 0.900

High fat uptake -0.02 -0.10 to 0.06 0.655

Household income levels

1st quartile 0.06 -0.05 to 0.18 0.302

2nd quartile Reference - -

3rd quartile 0.01 -0.10 to 0.12 0.833

4th quartile -0.02 -0.13 to 0.10 0.797

Education levels

≤Elementary school Reference - -

Middle or high school 0.03 -0.08 to 0.15 0.559

University graduate 0.11 -0.04 to 0.27 0.147

The statistically significant determinants are presented at the upper rows of this table.
HOMA-IR, homeostasis model assessment of insulin resistance; CI, confidence interval; BMI, body mass index; HDL-C, high-density lipoprotein 
cholesterol; BP, blood pressure.
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menopausal hormone therapy, carbohydrate or fat uptake, 
household income, and education levels were not associated 
with HOMA-IR (Table 2). In the subgroup analysis accord-

ing to menopausal status, the leg fat percentage showed a 
significant negative correlation with HOMA-IR in both pre- 
and postmenopausal women (estimate, -0.03; P<0.001 and 

Table 3. Multivariable regression analysis for HOMA-IR in middle-aged women divided by their menopausal status

Variable

HOMA-IR

Premenopausal women (n=1,979) Postmenopausal women (n=1,489)

Estimate 95% CI P-value Estimate 95% CI P-value

Trunk fat percentage 0.02 0.01 to 0.03 0.010 0.01 0.00 to 0.03 0.134

Leg fat percentage -0.03 -0.05 to -0.02 <0.001 -0.03 -0.05 to -0.01 0.001

Arm fat percentage 0.00 -0.01 to 0.01 0.901 0.01 -0.01 to 0.03 0.385

Age -0.03 -0.04 to -0.01 <0.001 0.00 -0.02 to 0.02 0.946

BMI 0.10 0.07 to 0.13 <0.001 0.07 0.02 to 0.11 0.005

Waist circumference 0.01 0.00 to 0.02 0.217 0.02 0.01 to 0.04 0.003

Parity -0.01 -0.04 to 0.02 0.713 0.03 -0.01 to 0.07 0.144

Diabetes mellitus 1.40 1.10 to 1.71 <0.001 1.03 0.74 to 1.31 <0.001

Hypertension 0.06 -0.13 to 0.24 0.543 0.16 -0.03 to 0.34 0.094

Dyslipidemia 0.17 -0.06 to 0.39 0.140 0.02 -0.17 to 0.21 0.830

Menopausal hormone therapy - - - 0.08 -0.09 to 0.26 0.346

Oral contraceptive use 0.01 -0.01 to 0.01 0.901 - - -

Alcohol, ≥1 time per month -0.06 -0.16 to 0.04 0.239 -0.14 -0.29 to 0.02 0.081

Current smoking -0.25 -0.49 to -0.01 0.044 0.03 -0.34 to 0.40 0.861

Intensive physical activity -0.18 -0.31 to -0.05 0.008 -0.08 -0.28 to 1.12 0.456

Moderate physical activity -0.04 -0.18 to 0.10 0.557 -0.09 -0.28 to 0.10 0.369

Walking activity -0.07 -0.17 to 0.03 0.179 0.00 -0.14 to 0.14 0.988

HDL-C 0.00 -0.01 to 0.00 0.135 -0.01 -0.01 to 0.00 0.079

Triglycerides 0.00 0.00 to 0.00 <0.001 0.00 -0.01 to 0.00 <0.001

Total cholesterol 0.00 0.00 to 0.00 0.629 0.00 0.00 to 0.00 0.398

Systolic BP 0.01 0.00 to 0.01 0.009 0.00 -0.01 to 0.01 0.962

Diastolic BP -0.01 -0.01 to 0.00 0.231 0.00 -0.01 to 0.01 0.701

High carbohydrate uptake 0.07 -0.02 to 0.17 0.139 -0.11 -0.25 to 0.03 0.137

High fat uptake -0.03 -0.13 to 0.07 0.595 -0.04 -0.18 to 0.11 0.619

Household income levels

1st quartile 0.06 -0.08 to 0.19 0.409 0.07 -0.14 to 0.27 0.526

2nd quartile Reference - - Reference - -

3rd quartile 0.01 -0.12 to 0.15 0.835 -0.01 -0.20 to 0.19 0.928

4th quartile 0.02 -0.12 to 0.16 0.806 -0.07 -0.27 to 0.14 0.517

Education levels

≤Elementary school Reference - - Reference - -

Middle or high school 0.07 -0.11 to 0.26 0.422 0.04 -0.12 to 0.20 0.603

University graduate 0.16 -0.05 to 0.37 0.141 0.03 -0.25 to 0.31 0.815

HOMA-IR, homeostasis model assessment of insulin resistance; CI, confidence interval; BMI, body mass index; HDL-C, high-density lipoprotein 
cholesterol; BP, blood pressure.
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estimate, -0.03; P=0.001, respectively), whereas the trunk fat 
percentage showed a positive correlation only in premeno-
pausal women (estimate, 0.02; P=0.010; Table 3).

Discussion

Using a nationally representative, population-based survey, 
this study showed that body fat distribution differed accord-
ing to menopausal status among middle-aged women and 
was also significantly associated with insulin resistance after 
adjusting for several confounding factors. Trunk fat percent-
age and leg fat percentage were inversely associated with 
insulin resistance, as measured using HOMA-IR. In particular, 
leg fat negatively correlated with HOMA-IR regardless of 
menopausal status, whereas trunk fat was only associated 
with HOMA-IR in premenopausal women. Predicting and 
managing the metabolic health of middle-aged women 
should consider analyzing body fat distributions that show 
different patterns depending on menopause, rather than 
only using anthropometric measurements such as BMI in 
health checkups for those populations.

Various methodologies have been used to assess total body 
fat quantity or distribution, including BMI, waist circumfer-
ence, DEXA, CT, and magnetic resonance imaging (MRI), 
in studies on women’s cardiometabolic health. Previous 
cross-sectional studies using DEXA showed that postmeno-
pausal women had a greater proportion of central fat than 
premenopausal women [8,16]. Another study using single-
slice CT also showed an increase in visceral abdominal fat 
with menopause [17]. In this study, we measured body fat 
distribution using DEXA, which is a useful technique that can 
accurately determine discrete fat mass cross-sectionally. It is 
more accurate than BMI and waist circumference to assess 
body composition, is less expensive and less invasive than 
MRI, and exposes patients to smaller doses of radiation than 
CT. Furthermore, DEXA is frequently performed for osteopo-
rosis screening among middle-aged women in South Korea; 
therefore, body fat distribution can be easily and accurately 
measured along with bone mineral density in those popula-
tions. Although anthropometric measurements can be used 
to predict insulin resistance among middle-aged women, 
body fat distribution can also be measured freely using DEXA 
in those populations and provide valuable information re-
garding their metabolic health, including insulin resistance. 

However, further studies are needed to validate how our 
findings can be used to manage the health of middle-aged 
women.

Central adiposity has been associated with cardiovascular 
risk and results in adverse metabolic consequences such as 
dysglycemia, dyslipidemia, hypertension, and cardiovascu-
lar disease [14]. In line with these findings, this study also 
showed that trunk fat percentage had an independent ad-
verse effect on insulin resistance, whereas leg fat percentage 
had a protective effect. The protective properties of leg fat 
against cardiometabolic disease risk have been suggested in 
several studies. Studies on adipose tissue physiology in vitro 
and in vivo suggest distinct properties of the leg fat depot 
with regard to lipolysis and fatty acid uptake [18]. It appears 
to be more passive than the abdominal depot and exerts its 
protective properties by long-term fatty acid storage, which 
affects insulin resistance [18]. Similarly, a larger hip circum-
ference was associated with a lower prevalence of diabetes 
mellitus and dyslipidemia in a previous large population-
based study [19]. Isolated adipocytes from upper-body obese 
women respond less to insulin activity, inhibiting lipolysis in 
the adipose tissue when compared with those of lower-body 
obesity [20]. These findings indicate that changes in body fat 
distribution are associated with insulin resistance and could 
be a marker of cardiometabolic disease risk.

To the best of our knowledge, this is the first large popula-
tion-based study using a nationwide database to reveal a sig-
nificant association between insulin resistance and body fat 
distribution according to menopausal status in middle-aged 
Korean women. However, this study has several limitations. 
First, this was a cross-sectional study that did not allow the 
investigation of causality. Determining the causal relation-
ship between insulin resistance and menopause is difficult. 
Second, although many confounding factors were assessed 
and statistically controlled for, the possibility of residual con-
founding cannot be ruled out. Further studies are required 
to confirm the relationship between insulin resistance and 
menopause. Finally, menopausal status was not classified in 
detail and was determined based only on self-reported ques-
tionnaires. Further longitudinal studies with detailed defini-
tions of menopausal status and hormonal assessments are 
needed.

Menopausal women have not only higher body weight, 
but also a different fat distribution, compared with premeno-
pausal women. Body fat distribution was independently 
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correlated with insulin resistance in middle-aged women. Al-
though BMI has been used to evaluate the metabolic health 
of middle-aged women, our findings indicate that body fat 
distribution should also be assessed along with general obe-
sity. Further studies are warranted to investigate the role of 
DEXA as a screening tool to predict high-risk groups for car-
diometabolic diseases among middle-aged women.
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