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Introduction

Obesity is defined as medical condition where there is 

an excessive fat accumulation that may harm health. For 

instance, it is associated with increased risk of diabetes, 

hypertension, cardiovascular disease, cancer, liver disease, 

sleep apnea and respiratory problems.1,2 To classify for obe-

sity or overweight, body mass index (BMI) has been com-

monly used. BMI is a simple index of weight-for-height and 

calculated as a person’s weight in kilograms divided by the 

square of height in meters (kg/m2). For adults, World Health 

Organization (WHO) established cut-point for overweight and 

obesity by using BMI greater than or equal to 25 kg/m2 and 

30 kg/m2 respectively.3 
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However, BMI is inaccurate and indirect measures for 

obesity assessment, because it does not consider the fat dis-

tribution. Aging is associated with increase in central and 

intra-abdominal fat, combined with decrease in lower body 

subcutaneous fat.4 These age-related changes in body com-

position can occur independent of changes in total adiposity, 

weight or waist circumference.5 Especially for postmeno-

pausal women, estrogen deficiency essentially contributes 

to obesity, because estrogen plays a vital role in fat storage 

and distribution.6 Before menopause, estrogen deposits fat 

in thigh, hips, and buttocks. During and after menopause, 

decrease in estrogen leads to an overall increase in total 

body fat (TBF) but now more so in central portion.7 In ad-

dition, BMI does not reflect sex, age, or race differences, so 

it should be considered when clinically applied. For instance, 

in Western populations, WHO defines the obesity as a BMI 

greater than or equal to 30 kg/m2 and obesity is a key risk 

factor for diabetes.8,9 But Asian populations generally have a 

higher percentage of body fat than do Western populations 

at the same BMI levels.10 Therefore overweight is defined as 

a BMI from 23.0 kg/m2 to 24.9 kg/m2 and obesity as a BMI 

greater than or equal to 25 kg/m2 by 2014 guideline of the 

Korean Society for the Study of Obesity.11

There are many techniques to measure the body compo-

sition. Whole body dual-energy X-ray absorptiometry (DXA) 

provides precise measurement of body fat composition, but 

DXA is very expensive and limited to use. Instead, other 

more accessible techniques such as bioelectrical impedance 

analysis (BIA) are commonly used by clinicians. There is a 

significant correlation between the percentage of TBF by 

DXA and the one measured by BIA.12 

The aim of this study is to evaluate the validity of BMI 

standards relative to TBF and to estimate new BMI criteria 

that correspond to TBF for obesity, especially for postmeno-

pausal women.

Materials and Methods

1. Study design and population

A total 5,930 women participated in this cross-sectional 

study who visited to the health promotion center at Pusan 

National University Hospital in Busan, Korea between 2008 

and 2014. Patients with uncertain medical information were 

excluded from analysis. Finally 3,936 patients were included 

in this study, including 1,565 premenopausal and 2,371 

postmenopausal women.

At the time of visit, demographic data and information 

were collected through self-report questionnaires and inter-

views with healthcare providers. Menopause was defined as 

the time when there has been no menstrual periods for 12 

consecutive months or as status of both ovarian resection. 

In case of the patients with previous hysterectomy, serum 

follicle stimulating hormone level over 40 mIU/mL was de-

fined as menopause state. All the medical records and data 

used for this study were given consent by each patient.

2. Anthropometric measurements

Height, weight, and waist circumference were measured 

separately and BMI was calculated as weight in kilograms 

divided by height in meters squared. Obesity index (%) was 

calculated as weight divided by standard weight multiplied 

by 100. Muscle mass (kg) and TBF ratio (%) were obtained 

from BIA with X-scan plus II (Jawon Medical Co., Ltd., 

Seoul, Korea)

In this study, we defined overweight as a BMI from 23.0 

to 24.9 kg/m2 and obesity as a BMI greater than or equal 

to 25 kg/m2 based on BMI classifications suggested by 2014 

guideline of the Korean Society for the Study of Obesity.11 

On the other hand, there is no consensus on cut-point for 

obesity according to TBF. According to previous report by 

Kim et al.,13 cutoffs of percentage body fat for predicting 

obesity-related cardiovascular disease risk factors in Korean 

women is 32%. We here settled the range of TBF from 25% 

to 40% at interval of 1% and investigated the new BMI cut-

point.

3. Statistical analysis

R program version 3.3.2 (R Foundation for Statistical 

Computing, Vienna, Austria) was used for statistical analy-

sis. All data were presented as mean ± standard deviation. 

Independent t test or Wilcoxon rank sum test was used for 

continuous variables in comparisons of two groups. P value 

< 0.05 is considered as statistically significant. Sensitivity, 
specificity, positive predictive value (PPV), negative predic-

tive value (NPV) and Youden’s index were used to assess the 
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validity of BMI-defined obesity and to establish optimal BMI 

cut-point by using MedCalc version 18 (MedCalc Software, 

Mariakerke, Belgium). 

Results

Table 1 presents the demographic characteristics of the 

study participants. A total 3,936 women were included in 

this study, composed of 1,565 (39.8%) premenopausal wom-

en and 2,371 (60.2%) postmenopausal women. There were 

statistically significant differences in parameters of age, 

waist circumference, obesity index, muscle mass, mean BMI 

and mean TBF (all P < 0.001). By comparison, there was no 

significant difference in body weight. 

Table 2 demonstrates the validity of BMI cut-point of 25 

kg/m2 comparing to TBF reference values ranging from 25% 

to 40%. All of the area under the curve (AUC) values exceed 

0.9. The highest value of AUC for premenopausal women 

is TBF 37% (0.995). The AUC of TBF 40% is highest in 

postmenopausal women (0.986). The sensitivity and speci-

ficity ranged from 24.6% and 99.8% for TBF 25% to 100% 

and 83.0% for TBF 40% in premenopausal women. In case 

of postmenopausal women, the sensitivity and specificity 

ranged from 29.0% and 99.5% for TBF 25% to 100.0% and 

74.8% for TBF 40%.

Table 3 demonstrates the empirical optimal BMI cut-point 

to define obesity by using Youden’s index and overall ac-

curacy. In premenopausal women, TBF ≥ 38% indicated the 

highest Youden’s index (0.986) and corresponding BMI value 

was > 29.45 kg/m2. In comparison, postmenopausal women 

who were TBF ≥ 38% and 39% showed the same highest 

Youden’sindex (0.894). Out of them, TBF ≥ 38% had higher 

overall accuracy (0.907) and corresponding BMI value was > 
26.45 kg/m2. 

Discussion

As for defining obesity, the results of this study indicate 

that current BMI criteria are too low for Korean women and 

there is a difference depending on menopausal status of 

women. 

In this study, the prevalence of obesity was quite differ-

ent between premenopausal and postmenopausal women. In 

premenopausal women, 263 patients were obese by BMI and 

Table 1. Demographic characteristics of the study participants

Characteristic Total Premenopause Postmenopause P-value

Participant 3,936 (100) 1,565 (39.8) 2,371 (60.2)

Age (y) 52.14 ± 10.97 42.08 ± 7.76 58.78 ± 7.01 < 0.001

Weight (kg) 57.16 ± 7.94 56.90 ± 8.34 57.32 ± 7.65 0.110

Waist circumference (cm) 79.34 ± 8.24 77.08 ± 8.12 80.83 ± 7.98 < 0.001

Obesity index 109.30 ± 14.01 106.16 ± 14.19 111.38 ± 13.49 < 0.001

Muscle mass (kg) 36.75 ± 3.56 37.61 ± 3.55 36.19 ± 3.45 < 0.001

Body mass index (kg/m2) 23.02 ± 3.11 22.35 ± 3.17 23.47 ± 2.99 < 0.001

  ≥ 25 867 (22.0) 263 (16.8) 604 (25.5) < 0.001

  < 25 3,069 (78.0) 1,302 (83.2) 1,767 (74.5)

Total body fat (%) 29.49 ± 4.82 27.61 ± 4.86 30.73 ± 4.37 < 0.001

  ≥ 25 3,257 (82.7) 1,104 (70.5) 2,153 (90.8) < 0.001

  < 25 679 (17.3) 461 (29.5) 218 (9.2)

The data is presented as number (%) or mean ± standard deviation.
Statistically analyzed by two-sample t test or Wilcoxon rank-sum test for continuous variables and by Fisher’s exact test for categorical 
variables using R version 3.3.2 (R Foundation for Statistical Computing, Vienna, Austria).



Journal of Menopausal Medicine 2019;25:55-62

58 https://doi.org/10.6118/jmm.2019.25.1.55

J MM
Table 2. Classification of BMI cut-point of 25 kg/m2 comparing to TBF reference values ranging from 25% to 40%

TBF (%) N (%) AUC Sensitivity Specificity PPV NPV Accuracy

Premenopause (n = 1,565)

  25 1,104 (70.5) 0.949 0.246 0.998 0.996 0.356 0.468

  26 980 (62.6) 0.951 0.279 0.998 0.996 0.452 0.548

  27 868 (55.5) 0.947 0.313 0.999 0.996 0.539 0.619

  28 737 (47.1) 0.955 0.369 0.998 0.993 0.640 0.702

  29 604 (38.6) 0.955 0.447 0.996 0.986 0.742 0.784

  30 487 (31.1) 0.950 0.538 0.989 0.957 0.826 0.849

  31 370 (23.6) 0.955 0.673 0.979 0.908 0.906 0.907

  32 277 (17.7) 0.968 0.834 0.967 0.844 0.965 0.943

  33 187 (11.9) 0.968 0.925 0.927 0.631 0.989 0.927

  34 128 (8.2) 0.979 0.984 0.896 0.459 0.999 0.904

  35 89 (5.7) 0.982 0.989 0.874 0.321 0.999 0.881

  36 59 (3.8) 0.990 1.000 0.858 0.216 1.000 0.863

  37 43 (2.7) 0.995 1.000 0.848 0.157 1.000 0.852

  38 23 (1.5) 0.994 1.000 0.837 0.084 1.000 0.840

  39 14 (0.9) 0.993 1.000 0.832 0.051 1.000 0.834

  40  9 (0.6) 0.990 1.000 0.830 0.033 1.000 0.831

Postmenopause (n = 2,371)

  25 2,153 (90.8) 0.963 0.290 0.995 0.998 0.124 0.355

  26 2,060 (86.9) 0.955 0.303 0.994 0.997 0.177 0.394

  27 1,938 (81.7) 0.943 0.322 0.993 0.995 0.246 0.444

  28 1,780 (75.1) 0.944 0.350 0.995 0.995 0.337 0.511

  29 1,580 (66.6) 0.935 0.390 0.989 0.986 0.448 0.590

  30 1,369 (57.7) 0.930 0.443 0.982 0.971 0.564 0.671

  31 1,120 (47.2) 0.936 0.532 0.975 0.950 0.699 0.766

  32 900 (38.0) 0.943 0.632 0.962 0.910 0.811 0.837

  33 681 (28.7) 0.948 0.758 0.935 0.825 0.906 0.884

  34 494 (20.8) 0.959 0.870 0.896 0.688 0.964 0.890

  35 357 (15.1) 0.966 0.947 0.857 0.540 0.989 0.871

  36 256 (10.8) 0.969 0.965 0.821 0.395 0.995 0.836

  37 174 (7.3) 0.981 0.994 0.794 0.277 0.999 0.809

  38 111 (4.7) 0.979 0.991 0.772 0.176 0.999 0.782

  39 63 (2.7) 0.984 1.000 0.756 0.101 1.000 0.763

  40 37 (1.6) 0.986 1.000 0.748 0.059 1.000 0.752

BMI: body mass index, TBF: total body fat, AUC: area under the curve, PPV: positive predictive value, NPV: negative predictive value.
Statistically analyzed by two-sample t test or Wilcoxon rank-sum test for continuous variables and by Fisher’s exact test for categorical 
variables using R version 3.3.2 (R Foundation for Statistical Computing, Vienna, Austria).
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Table 3. The optimal BMI cut-point according to varying levels of TBF

TBF (%) Criteria N (%) Sensitivity Specificity Youden’s index Accuracy

Premenopause (n = 1,565)

  25 20.75 1,104 (70.5) 0.893 0.900 0.791 0.895

  26 21.35 980 (62.6) 0.885 0.896 0.777 0.892

  27 21.55 868 (55.5) 0.876 0.887 0.757 0.880

  28 22.15 737 (47.1) 0.892 0.895 0.781 0.892

  29 22.55 604 (38.6) 0.901 0.885 0.780 0.891

  30 22.85 487 (31.1) 0.914 0.874 0.782 0.886

  31 23.35 370 (23.6) 0.935 0.872 0.805 0.888

  32 24.45 277 (17.7) 0.910 0.940 0.831 0.932

  33 24.75 187 (11.9) 0.952 0.913 0.862 0.918

  34 25.25 128 (8.2) 0.984 0.915 0.890 0.921

  35 25.75 89 (5.7) 0.989 0.922 0.905 0.926

  36 27.15 59 (3.8) 0.983 0.960 0.931 0.960

  37 28.25 43 (2.7) 1.000 0.981 0.978 0.982

  38 29.45 23 (1.5) 1.000 0.987 0.986 0.987

  39 29.45 14 (0.9) 1.000 0.983 0.981 0.983

  40 29.45 9 (0.6) 1.000 0.979 0.978 0.980

Postmenopause (n = 2,371)

  25 21.15 2,153 (90.8) 0.873 0.954 0.817 0.880

  26 21.35 2,060 (86.9) 0.869 0.920 0.783 0.875

  27 21.55 1,938 (81.7) 0.876 0.871 0.741 0.876

  28 22.05 1,780 (75.1) 0.851 0.888 0.737 0.862

  29 22.55 1,580 (66.6) 0.844 0.869 0.706 0.851

  30 23.05 1,369 (57.7) 0.823 0.878 0.699 0.847

  31 23.25 1,120 (47.2) 0.876 0.847 0.716 0.860

  32 23.85 900 (38.0) 0.869 0.871 0.734 0.868

  33 24.15 681 (28.7) 0.899 0.856 0.751 0.868

  34 24.55 494 (20.8) 0.931 0.848 0.773 0.866

  35 25.05 357 (15.1) 0.936 0.879 0.815 0.889

  36 25.75 256 (10.8) 0.926 0.900 0.825 0.903

  37 26.15 174 (7.3) 0.977 0.909 0.884 0.914

  38 26.45 111 (4.7) 0.991 0.907 0.894 0.911

  39 26.75 63 (2.7) 1.000 0.906 0.894 0.908

  40 29.3 37 (1.6) 0.973 0.968 0.893 0.968

BMI: body mass index, TBF: total body fat.
Statistically analyzed by two-sample t test or Wilcoxon rank-sum test for continuous variables and by Fisher’s exact test for categorical 
variables using R version 3.3.2 (R Foundation for Statistical Computing, Vienna, Austria).
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the prevalence was 16.8%. By comparison, 604 postmeno-

pausal women were obese and the prevalence was 25.5% (P 

< 0.001). The proportion of TBF ≥ 25% in premenopausal 

and postmenopausal group was 70.5% and 90.8%, respec-

tively (P < 0.001). In common, the rate of obesity was higher 

in postmenopausal group. Chang et al.14 showed similar 

results that BMI and TBF percentage were significantly in-

creased through menopausal transition. 

We evaluated the validity of BMI cut-point of 25 kg/m2 

comparing to TBF reference values from 25% to 40% at in-

terval of 1%. In Table 2, all AUC values for each TBF exceed 

0.9. Therefore, BMI-defined obesity (≥ 25 kg/m2) is quite 

good diagnostic test. 

As TBF reference value increases from 25% to 40%, the 

sensitivity increases and the specificity decreases. However, 

the degree of sensitivity increase (+75.4% in premenopausal 

women, and +71.0% in postmenopausal women) was much 

higher than that of specificity decrease (–16.8% in pre-

menopausal women and –24.7% in postmenopausal women). 

These results mean that by using TBF, we can define obese 

women who are truly obese. Also, PPV values of both groups 

have a larger variation than NPV values. It means that the 

probability that someone who is truly non-obese is classified 

as non-obese will be raised by using TBF. 

We demonstrated the optimal BMI cut-point to define obe-

sity by using Youden’s index and overall accuracy in Table 3. 

In premenopausal women, TBF ≥ 38% indicated the highest 

both Youden’s index and overall accuracy, and corresponding 

BMI value was 29.45 kg/m2. In comparison, postmenopausal 

women who were TBF ≥ 38% showed the highest Youden’

s index and overall accuracy, and corresponding BMI value 

was 26.45 kg/m2 (Fig. 1). Youden’s index is defined as the 

difference between the true positive rate and the false posi-

tive rate. It means the likelihood of a positive test result in 

subjects with the condition versus those without the condi-

tion. Maximizing this index allows to find an optimal cut-

off point from receiver operating characteristic (ROC) curve 

independently from the prevalence. This index has a value 

between 0 (worthless test) and 1 (perfect test).15 

Banack et al.16 demonstrated that the empirical optimal 

BMI cut-point to define obesity is 26.49 kg/m2 for TBF > 38% 

in postmenopausal women. In our report, it showed similar 

results as the corresponding BMI cut-point for TBF ≥ 38% 

is 26.45 kg/m2. Considering that most of the patients who 

participated in Banack et al.’s study were White, we might 

assume that the body shape of Koreans is gradually becom-

ing Western. Also, it may reflect that BMI criteria currently 

being applied on the Asian is too low and should be applied 

on the basis of 30 kg/m2 just like Westerners. 

This study has some limitations. First, we used BIA in-

stead of DXA for body fat percentage measurement. Previ-

ous studies found that BIA was less accurate than DXA17; 

however, recent studies shows that there is high level of 

correlation between two methods when measuring TBF 

Fig. 1. Receiver-operating characteristic (ROC) curves comparing body mass index (BMI) with total body fat (TBF). (A) In premenopausal 
women, BMI corresponding TBF > 38% is 29.45 kg/m2. (B) In postmenopausal women, BMI corresponding TBF > 38% is 26.45 kg/m2. 
AUC: area under the curve, 95% CI: 95% confidence interval.
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percentage.12,18 Although DXA is the most accurate way to 

measure fat composition, there is no choice but to use BIA 

in real clinical practice due to cost or accessibility issues.

Second, there is no exact information on participants’ race 

or ethnicity. But it is highly likely that most of them are 

Korean, and as far as we know, there has been no study 

that compares BMI and TBF for obesity in Korean. Espe-

cially, we intended to reflect the fat disposition according to 

status of menopause. 

Third, range of age is too narrow because the proportion 

of 20s or 30s is extremely low. Yet, there is significant dif-

ference between premenopausal and postmenopausal women 

(P < 0.001), so it is meaningful in this respect.

In conclusion, though BMI has been commonly used in 

epidemiological study because it is simple to apply and it has 

correlation with body fat percentage, we should consider 

that this relationship is significantly influenced by age and 

gender.19 The percentage of body fat, irrespectively of body 

weight itself, is associated with obesity-related diseases such 

as hypertension, diabetes, dyslipidemia, metabolic syndrome 

and cardiovascular disease.20 BMI is good diagnostic test, 

but by using TBF standards, the change that we can define 

obese women who are truly obese and someone is classified 

as non-obese who is truly non-obese will be higher. In this 

study, we established new BMI cut point according to TBF. 

BMI > 29.45 kg/m2 and BMI > 26.45 kg/m2 are suitable 

to define obesity for premenopausal and postmenopausal 

women, respectively.

Further studies that evaluate the validity of these BMI cut-

point values according to obesity-related diseases should be 

conducted. 
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