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Implication of High-Body-Fat Percentage
on Cardiometabolic Risk in Middle-Aged,
Healthy, Normal-Weight Adults
Ji Young Kim1, Sang-Hwan Han2 and Bong-Min Yang3

Objective: This study investigated the number of Korean adults who had a normal body mass index

(BMI) but high body-fat percentage (BF%) and determined their increased risk factors for cardiovascular

diseases, including high blood pressure, hyperglycemia, and dyslipidemia.

Design and Methods: This cross-sectional study was based on 12,386 subjects (6,534 men and 5,852

women), with a normal BMI, between 30 and 49 years of age. Subjects were categorized into two groups

by BF% (normal BF% group, BF% <25 for men, and BF% <30 for women; high BF(%) group, BF% �25

for men, and BF% �30 for women).

Results: The proportion of subjects with a normal BMI and high BF% was 12.7% (n ¼ 1,572; 291 [4.5%]

men and 1,281 [21.9%] women). Subjects with a high BF% had a significantly higher prevalence of high

blood pressure (men only), hyperglycemia, and dyslipidemia. Multiple logistic regression analyses

revealed that subjects with a normal BMI and high BF% had a 1.63 (adjusted odds ratio, 95%

confidence interval: 1.21–2.19) in men and 1.56 (adjusted odds ratio, 95% confidence interval: 1.36–1.80)

in women increased risk of one or more cardiovascular risk factors compared to subjects in the normal

BMI and normal BF% group, even after adjusting for abdominal obesity.

Conclusion: High BF% is associated with a high cardiometabolic risks, regardless of abdominal obesity,

in normal-weight Korean adults. Thus, follow-up screening of those with a high BF% may be necessary

to detect and prevent cardiometabolic diseases, particularly for women with a normal BMI.
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Introduction
Obesity is defined as excess body fat that results in an increased risk of

metabolic abnormalities. Obesity increases the risk of diseases, such as

cardiovascular disease, type 2 diabetes, and several cancers (1). The

World Health Organization (WHO) defines obesity based on body mass

index (BMI) and waist circumference (WC) (2). Most countries report

obesity-related statistics based on BMI. However, BMI is limited when

used as the only obesity index. Obesity based on BMI classifies those

who have lower body weight despite excessive fat as normal, such as

the elderly, whereas it classifies young men with less fat and more mus-

cle as obese (3). The standard obesity indices related to cardiometabolic

risk factors including BMI, body fat percentage (BF%), WC, and waist-

to-hip ratio (4,5). WC and waist-to-hip ratio reflect the cardiometabolic

risk represented by abdominal obesity (6). However, the results showed

that high BF% increases the risk factors for cardiovascular diseases in

normal- and low-BMI Asians populations (7). Previous studies have

shown that those with a high-body-fat percentage (BF%) despite normal

body weight have an increased cardiometabolic risk (8–11).

Subjects in the normal body weight range who have metabolic

abnormalities are defined as metabolically obese normal weight

(MONW). These individuals are not obese based on BMI, but are

hyperinsulinemic, insulin resistant, and predisposed to type 2 diabe-

tes mellitus and premature coronary heart disease (12). Based on the

data from the third Korean National Health and Nutrition Examina-

tion Survey (KNHANES III), the prevalence of MONW is 8.7%

(10.1% men, 7.6% women) (13). Indeed, the BF% measurement was

used for the first time in the Fourth Korean National Health and

Nutrition Examination Survey (KNHANES IV) conducted during

2007–2009 in South Korea, in which BF% was measured using the

dual-energy X-ray absorptiometry (DEXA) method.

In one of the recent reports using the US third National Health and

Nutrition Examination Survey (NHANES III) population, subjects

with a normal BMI but high BF%, that is, normal weight obesity

(NWO), have a higher prevalence of cardiometabolic risks. In

women, NWO is strongly associated with an increased risk of cardi-

ovascular mortality (14).
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When comprehensive health examinations are administered in the

clinical field, there are many cases in which the results of hemato-

logical tests and blood pressure are abnormal even for subjects with

a normal body weight. In such cases, the BF% is often high despite

the absence of underlying disease. Such a phenomenon is particu-

larly pronounced among women.

However, to the best of our knowledge, there has not been a large

epidemiologic study of the prevalence and association of cardiome-

tabolic risks with normal weight obesity in Korean adults. Therefore,

this study was conducted to determine the prevalence of high BF%

but normal BMI in Middle-Age and Healthy adults and to evaluate

their risk factors for cardiovascular diseases.

Methods and Procedures
Study population
This study included 17,206 subjects (10,439 men and 6,767 women)

between 30 and 49 years of age. Subjects underwent a comprehensive

health examination in a single health promotion center at a university

hospital from January to December 2007, and gave consent for the use

of the examination results for research purposes. The survey was con-

ducted as part of regular surveillance. Exclusion criteria were (i) BMI

<18.5 or �25 kg/m2; (ii) subjects who had been diagnosed and given

treatment for hypertension, diabetes, or hyperlipidemia (600 men and

190 women); (iii) subjects who had been diagnosed with a chronic dis-

ease, such as chronic hepatitis, hyperthyroidism, or hypothyroidism;

(iv) pregnant women; (v) subjects who did not respond to one or more

of the questions in the questionnaire about alcohol consumption,

smoking, and exercise; and (vi) subjects with any blood test result

greater than the mean þ three times the standard deviation (SD) (fast-

ing plasma glucose [FPG], <141.6 [mg/dl], 119 men and 42 women;

total cholesterol [TChol], >288.7 [mg/dl], 78 men and 32 women; tri-

glycerides [TGs], >379.6 [mg/dl], three men and four women). Thus,

a total of 12,386 subjects (6,534 men and 5,852 women) were ana-

lyzed in this study. The ethical committee of Gil Medical Center

(Incheon, Korea) approved this study.

Questionnaire information
Information regarding alcohol consumption, smoking, and exercise

was obtained from structured questionnaires. Smoking status was clas-

sified into three groups: nonsmoker, ex-smoker, or current smoker.

The amount and frequency of alcohol drinking were similarly studied

by dividing the subjects into nondrinkers, moderate drinkers (mean

alcohol intake, <24 g/day), and heavy drinkers (mean alcohol intake,

>24 g/day) (15). We investigated how many times per week the sub-

jects exercised for >30 min at a moderate or higher intensity, and then

divided subjects into a nonexercise group, for those who did not exer-

cise at all, an irregular exercise group (one or two times per week),

and a regular exercise group (�3 times/week).

Anthropometric measurements
All anthropometric measurements were performed using the same

instrument and technique by trained examiners. Blood pressure was

measured with an automatic hematomanometer (ERKA type 113,

German) using the right arm, whereas the subjects sat in a stable sit-

ting position after resting for more than 10 min. WC was measured

with anthropometric tape after expiration at a point midway between

the lowest rib and the iliac crest of the pelvis, whereas the subjects

were standing comfortably. BMI was calculated as body weight (kg)

divided by square of the height (m2). Height (cm), body weight

(kg), body fat (kg), body muscle (kg), and BF% were simultane-

ously measured with a bioelectrical impedance analysis (BIA)

instrument (InBody3.0; Biospace, Seoul, South Korea). The resist-

ance of arms, trunk, and legs was measured at frequencies of 5, 50,

250, and 500 kHz with an 8-polar tactile-electrode impedance meter:

four were in contact with the palm and thumb of both hands and

four with the anterior and posterior aspects of the sole of both feet.

The correlation coefficient of BF% between the InBody 3.0 and the

DEXA was 0.96 in men and 0.93 in women (16). To measure BF%

accurately, the subjects were given directions in advance, which

included no physical exercise or alcohol consumption for at least

24-h before the examination.

Laboratory measurements
All blood tests were performed in the morning after 12-h fasting.

Total cholesterol and TG levels were measured using an enzymatic

colorimetric test. High-density lipoprotein cholesterol (HDLC) was

measured using the selective-inhibition method, and low-density lip-

oprotein cholesterol (LDLC) was measured using the homogeneous

enzymatic colorimetric test. FPG was measured using the hexoki-

nase method, and the fasting insulin (FI) level was determined using

an immunoradiometric assay (Biosource Diagnostic, Aartrijke, Bel-

gium). The homeostatic model assessment (HOMA) was used as an

index for insulin resistance (IR) (17), calculated as follows: HOMA-

IR ¼ (FI [lIU/ml] � FPG [mg/dl])/405.

Criteria of obesity and cardiovascular disease
risk factors
The BMI-based obesity criterion was defined as a BMI �25 kg/m2,

according to the WHO standard for Asians (18,19). In 2005, the

Ministry of Health and Welfare of Korea also accepted a BMI of

�25 kg/m2 for obesity (13). Although there is no standardized defi-

nition of obesity by body fat, BF%-based obesity was defined as a

BF% �25% for men and �30% for women with reference to sev-

eral epidemiologic studies of the BF% (20–23) and health examina-

tion criteria in a clinical setting. The subjects were divided into nor-

mal BMI and normal body fat groups based on the BMI- and BF%-

based obesity criteria (BMI <25 kg/m2 and BF% <25% [30% for

women]) and a normal BMI and high-body-fat group (BMI <25

kg/m2 and BF% �25% [30% for women]). The cutoff points of WC

for abdominal obesity are �90 cm for men and �80 cm for women.

This is used to indicate central obesity according to the Asian-spe-

cific WC cutoff points of the International Diabetes Federation crite-

ria (24,25). The risk factors for cardiovascular disease were defined

as follows (26,27):

(i) High blood pressure: systolic pressure �130 mmHg/diastolic

pressure �85 mmHg.

(ii) Hyperglycemia: FPG �100 mg/dl.

(iii) Dyslipidemia: TG �150 mg/dl, HDLC �40 mg/dl (50 mg/dl

for women), LDLC �160 mg/dl.

Statistical analysis
The mean levels of the anthropometric variables and blood tests were

calculated, such as cardiometabolic risk parameters. The mean
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differences between the normal BF% group and the high BF% group

were assessed using the Levene equal variance test and Student’s t-test.

Means were adjusted for age, BMI, and the lifestyle factors, such as

alcohol consumption, smoking, and exercise, respectively, and the

adjusting mean differences were examined with an analysis of co-

variance (ANCOVA). The differences in cardiovascular risk and

lifestyle factors among groups were determined using the v2-test.

The odds ratios (ORs) for clustering of one or more cardiovascular

risk factors were calculated in each group using a multiple logistic

regression analysis after adjusting for age, smoking, alcohol, exer-

cise, and WC. The analysis was further adjusted for BMI. As medi-

cations could affect blood test and body composition, we repeated

the same analysis after including subjects in treatment for hyperten-

sion, type 2 diabetes mellitus, and/or dyslipidemia.

All P-values presented are two-tailed, and P-values of <0.05 were

considered to indicate statistical significance. Statistical analyses

were performed with SPSS ver. 19.0 for Windows (SPSS, Inc., Chi-

cago, IL).

Results
The 12,386 subjects included 6,534 men (52.8%) and 5,852 women

(47.2%). The number of subjects with a high BF% (�25% for men

and �30% for women) and normal BMI was 291 (4.5%) in men

and 1,281 (21.9%) in women. Male subjects in the high BF% group

were older compared to men in the normal BF% groups (P < 0.05).

No significant difference in the age distribution between the groups

was found for the female subjects. The high BF% group showed a

lower frequency of regular exercise, and many of these subjects

were in the nonexercise group. The frequency of abdominal obesity

was significantly higher in both men and women in the high BF%

group (Table 1).

WC was significantly greater in high BF% groups (P < 0.05). For

both male and female subjects, high BF% group had significantly

higher values for systolic blood pressure, diastolic blood pressure,

TChol, TG, LDLC, FPG, FI, and IR compared to those in the nor-

mal BF% group (P < 0.05) (Table 2). In addition, we performed an

ANCOVA between the high and the low BF% group for the cardio-

metabolic risk parameters after adjusting for age, BMI, and the life-

style factors, respectively. For both male and female subjects, high

BF% groups had significantly higher values for all cardiometabolic

risk parameters compared to those in the normal BF% groups (P <
0.001) after adjusting age. Meanwhile, no significant differences

were found with FPG and HDLC after adjusting BMI. After adjust-

ing for the lifestyle factors in male subjects, no significant differ-

ence was found with in the FPG and blood pressure.

We divided subjects according to the abdominal obesity status.

Then, we performed t-test between the high and the low BF% group

TABLE 1 General characteristics of 12,386 normal BMI individuals

Men (n ¼ 6,534) Women (n ¼ 5,852)

Normal BF (%) High BF (%) Normal BF (%) High BF (%)

N¼ 12,386 n¼ 6,243 (95.5) n¼ 291 (4.5) P-value n¼4,571 (78.1) n¼ 1,281 (21.9) P-value

Age

Mean 6 SDa 39.0 6 5.4 39.8 6 5.3 0.018 37.4 6 5.0 37.4 6 5.1 0.779

30–39 3,354 (53.7) 127 (43.6) 0.001 3,022 (66.1) 833 (65.0) 0.469

40–49 2,899 (46.3) 164 (56.4) 1,549 (33.9) 448 (35.0)

Smoking <0.001 0.711

Nonsmoker 2,146 (34.4) 120 (41.2) 4,438 (97.1) 1,241 (96.9)

Ex-smoker 1,506 (24.1) 85 (29.2) 75 (1.6) 24 (1.9)

Current smoker 2,591 (41.5) 86 (29.6) 58 (1.3) 16 (1.2)

Alcoholb 0.002 0.876

Nondrinker 987 (15.8) 52 (17.9) 3,026 (66.2) 835 (65.2)

Moderate 3,943 (63.2) 174 (59.8) 1,474 (32.2) 430 (33.6)

Heavy 1,313 (21.0) 65 (22.3) 71 (1.6) 16 (1.2)

Exercisec 0.052 0.693

Regular 882 (14.1) 21 (7.2) 833 (18.2) 186 (14.5)

Irregular 2,192 (35.1) 96 (33.0) 795 (17.4) 273 (21.3)

No 3,169 (50.8) 174 (59.8) 2,943 (64.4) 822 (64.2)

Abdominal obesityd <0.001 <0.001

No 6,045 (96.8) 155 (53.3) 4,562 (99.8) 1,061 (82.8)

Yes 198 (3.2) 136 (46.7) 9 (0.2) 220 (17.2)

Values are expressed as number (percentage) except for notationa; v2 analyses for age and WC; Mantel–Haenszel v2 analyses for smoking, alcohol, and exercise.
Normal BF%, BF% <25% (30%, female); High BF%, BF%�25% (30%, female); BF%, body fat percentage; SD, standard deviation; WC, waist circumference.
aValues are expressed as mean 6 standard deviation. P-value by t-tests.
bNondrinker, 0 g/day; moderate, <24 g/day; heavy, �24 g/day.
cNo, 0 time a week; irregular, one to two times a week; regular, at least three times a week.
dNo, waist circumference <90 cm (80cm, female); yes, waist circumference �90 cm (80 cm, female).
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for the cardiometabolic risk parameters. For the males without ab-

dominal obesity (n ¼ 6,200), high BF% group had significantly dif-

ferences for FI, IR, TChol, TG, HDLC, and LDLC (P < 0.001). In

male subjects with abdominal obesity (n ¼ 334), high BF% group

had significantly higher values for FI and IR (P < 0.05). Mean-

while, significant differences in all the cardiometabolic risk parame-

ters between the BF% groups were found for female subjects with-

out abdominal obesity (n ¼ 5,623, P < 0.001). In females with

abdominal obesity (n ¼ 229), high BF% group had significantly

higher values only for FI (P < 0.001).

In our study, a correlation analysis of BF%, BMI, and WC of the

subjects determined that the Pearson’s correlation coefficient

between WC and BMI was 0.88 in men and 0.86 in women.

Between BF% and WC, it was 0.90 in both men and women, and

that between BF% and BMI it was 0.78 in men and 0.79 in women;

all correlations was significant (P < 0.05). In addition, BF% con-

trolled for age, WC, and BMI was significantly correlated with lipid

profiles, FI, and IR in men (P < 0.05), whereas in women, there

was no significant correlation with TChol and TG. Correlations

between BF% and cardiometabolic risk parameters were weak in

both male and female subjects (data not shown).

The prevalence of high blood pressure, hyperglycemia, dyslipidemia,

and clustering of one or more cardiovascular risk factor was higher

in the high BF% group (P < 0.001) (Table 3). The adjusted ORs for

having cardiovascular disease risk factors in the high BF% group

were investigated using a multiple logistic regression analysis and

compared to those of the normal BF% group. Age, smoking, drink-

ing, exercise, and abdominal obesity were adjusted for in the multi-

ple logistic regression analysis. The adjusted ORs for at least one

cardiovascular risk factor in the high BF% group were 1.63 (95%

confidence interval [CI], 1.21–2.19) in men, and 1.56 (95% CI,

1.36–1.80) in women. In addition, the results from multiple logistic

regression analyses, with adjustment for BMI, were also consistent.

To test the sensitivity of our results, we performed analysis includ-

ing subjects undergoing treatment for hypertension, diabetes melli-

tus, and/or hyperlipidemia (adjusted ORs ¼ 1.73, 95% CI, 1.29–2.31

in men and adjusted ORs ¼ 1.50, 95% CI, 1.33–1.70 in women).

Including them did not affect the associations. We performed suba-

nalysis of normal-weight to overweight subjects for 18.5 � BMI

(kg/m2) < 23. The adjusted ORs for subjects of BMI <23 kg/m2 for

at least one cardiovascular risk factor in the high BF% group were

4.48 (95% CI, 1.51–13.3) in men, and 1.43 (95% CI, 1.18–1.72) in

women (Table 4).

Discussion
This study was conducted to investigate the prevalence of adults

with a normal BMI but high BF% and to determine the association

between an increase in BF% and the risk of cardiometabolic

TABLE 2 The mean levels of anthropometric parameters and cardiometabolic risk parameters in 12,386 normal BMI
individuals

Men (n ¼ 6,534) Women (n ¼ 5,852)

Normal BF (%) High BF (%) Normal BF (%) High BF (%)

N¼ 12,386 n¼ 6,243 n¼ 291 P-value n¼ 4,571 n¼ 1,281 P-value

Anthropometric parameters

Height (cm) 172.6 (5.7) 169.8 (5.6) <0.001 160.1 (5.1) 158.4 (5.1) <0.001

Weight (kg) 67.6 (6.3) 69.5 (5.1) <0.001 54.2 (5.0) 58.0 (4.8) <0.001

BMI (kg/m2) 22.7 (1.6) 24.1 (0.7) <0.001 21.1 (1.5) 23.1 (1.2) <0.001

Body fat (%) 18.7 (3.3) 26.4 (1.3) <0.001 25.1 (3.0) 31.9 (1.6) <0.001

Fat mass (kg) 12.7 (2.8) 18.3 (1.6) <0.001 13.6 (2.4) 18.5 (1.9) <0.001

Muscle mass (kg) 51.9 (4.8) 48.4 (3.8) <0.001 38.2 (3.4) 37.2 (3.2) <0.001

WC (cm) 84.8 (2.8) 89.4 (1.6) <0.001 73.8 (2.3) 78.0 (1.8) <0.001

Cardiometabolic risk parameters

SBP (mmHg) 116.4 (9.2) 117.9 (9.2) 0.007 104.8 (10.6) 107.2 (10.6) <0.001

DBP (mmHg) 73.9 (7.4) 75.2 (7.6) 0.003 65.3 (7.5) 67.0 (8.0) <0.001

TChol (mg/dl) 185.2 (27.8) 197.0 (28.0) <0.001 175.5 (27.3) 183.8 (27.7) <0.001

TG (mg/dl) 121.6 (59.6) 148.6 (68.6) <0.001 79.8 (37.5) 94.8 (46.0) <0.001

HDLC (mg/dl) 49.8 (10.2) 47.5 (9.2) <0.001 58.2 (12.0) 56.0 (11.8) <0.001

LDLC (mg/dl) 108.0 (25.1) 119.7 (24.0) <0.001 93.9 (22.8) 103.1 (24.2) <0.001

FPG (mg/dl) 96.5 (7.9) 98.0 (7.4) 0.001 92.3 (7.0) 93.5 (7.5) <0.001

FI (lIU/ml) 4.6 (2.5) 6.1 (2.8) <0.001 4.7 (2.3) 5.8 (2.9) <0.001

HOMA-IR 1.1 (0.6) 1.5 (0.7) <0.001 1.0 (0.5) 1.3 (0.7) <0.001

Values are expressed as means (standard deviation). P-value by t-tests.
Normal BF%, BF% <25%(30%, female); high BF%, BF%�25%(30%, female); BMI, body mass index; BF%, body fat percentage; WC, waist circumference; SBP, systolic
blood pressure; DBP, diastolic blood pressure; TChol, total cholesterol; TG, triglyceride; HDLC, high-density lipoprotein cholesterol; LDLC, low-density lipoprotein choles-
terol; FPG, fasting plasma glucose; FI, fasting insulin; HOMA-IR, homeostasis model assessment of insulin resistance.
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diseases, including high blood pressure, hyperglycemia, and dyslipi-

demia among healthy subjects with normal body weight and without

diseases. BF%-based obesity was defined as a BF% � 25% for men

and BF% � 30% for women. The proportion of subjects with a nor-

mal BMI and a high BF% was 291 (4.5%) men and 3,782 (64.6%)

women. The adjusted ORs of the high BF% group with clustering

of one or more cardiovascular disease risk factors were 1.63 (95%

CI, 1.21–2.19) in men and 1.56 (95% CI, 1.36–1.80) in women,

indicating that the adjusted ORs were significantly higher in the

high BF% group, even after adjusting for abdominal obesity.

TABLE 3 Frequency of cardiovascular risk factors in 12,386 normal BMI individuals

Men (n ¼ 6,534) Women (n ¼ 5,852)

Normal BF (%) High BF (%) Normal BF (%) High BF (%)

N¼ 12,386 n¼ 6,243 n¼291 P-value n¼ 4,571 n¼ 1,281 P-value

High BPa 1,134 (18.2) 67 (23.0) 0.036 207 (4.5) 74 (5.8) 0.065

Hyperglycemiab 1,927 (30.9) 122 (41.9) <0.001 632 (13.8) 250 (19.5) <0.001

Dyslipidemiac 2,084 (33.4) 155 (53.3) <0.001 1,275 (27.9) 467 (36.5) 0.001

High triglycemia 1,539 (24.7) 119 (40.9) <0.001 227 (5.0) 142 (11.1) <0.001

High LDLC 140 (2.2) 14 (4.8) 0.005 22 (0.5) 10 (0.8) 0.199

Low HDLC 1,120 (17.9) 73 (25.1) 0.002 1,288 (28.2) 457 (35.7) <0.001

Cardiovascular risk factors

None 2,534 (40.6) 69 (23.7) <0.001 2,775 (60.7) 631 (49.3) <0.001

Having one or more 3,709 (59.4) 222 (76.3) <0.001 1,796 (39.3) 650 (50.7) <0.001

Having two or more 1,248 (20.0) 106 (36.4) <0.001 305 (6.7) 130 (10.1) <0.001

Having three or more 188 (3.0) 16 (5.5) <0.001 13 (0.3) 11 (0.9) <0.001

Values are expressed as number (percentage). P-value by v2 tests.
Normal BF%, BF% <25%(30%, female); high BF%, BF%�25%(30%, female); BF%, body fat percentage; BP, blood pressure; HDLC, high-density lipoprotein cholesterol;
LDLC, low-density lipoprotein cholesterol.
aSystolic blood pressure �130 mmHg and/or diastolic blood pressure �85 mmHg.
bFasting plasma glucose �100 mg/dl.
cTriglyceride �150 mg/dl and/or HDLC �40 mg/dl (50 mg/dl, female) and/or LDLC �160 mg/dl.

TABLE 4 Multiple logistic regression analysis on clustering of one or more cardiovascular risk factors

Men Women

n (%) aOR (95% CI) P-value n (%) aOR (95% CI) P-value

Normal BMI (without hypertension, DM, dyslipidemia)a 6,534 (100.0) 5,852 (100.0)

Normal BF (%) 6,243 (95.5) 1.00 (Reference) 4,571 (78.1) 1.00 (Reference)

High BF (%) 291 (4.5) 1.63 (1.21–2.19) <0.001 1,281 (21.9) 1.56 (1.36–1.80) <0.001

Normal BMI (without hypertension, DM, dyslipidemia)b 6,534 (100.0) 5,852 (100.0)

Normal BF (%) 6,243 (95.5) 1.00 (Reference) 4,571 (78.1) 1.00 (Reference)

High BF (%) 291 (4.5) 1.56 (1.18–2.07) 0.002 1,281 (21.9) 1.23 (1.07–1.42) 0.004

Normal BMI (with hypertension, DM, dyslipidemia)c 7,134 (100.0) 6,042 (100.0)

Normal BF (%) 6,790 (95.2) 1.00 (Reference) 4,694 (77.7) 1.00 (Reference)

High BF (%) 344 (4.8) 1.73 (1.29–2.31) <0.001 1,348 (22.3) 1.50 (1.33–1.70) <0.001

18.5�BMI 23 (without hypertension, DM, dyslipidemia)d 3,293 (100.0) 4,560 (100.0)

Normal BF (%) 3,268 (99.2) 1.00 (Reference) 4,018 (88.1) 1.00 (Reference)

High BF (%) 25 (0.8) 4.48 (1.51–13.28) 0.007 542 (11.9) 1.43 (1.18–1.72) <0.001

The cardiovascular risk factors include high blood pressure, hyperglycemia, and dyslipidemia. High blood pressure: systolic pressure �130 mmHg/diastolic pressure �85
mmHg; hyperglycemia: FPG �100 mg/dl; dyslipidemia: TG �150 mg/dl/HDLC �40 mg/dl (50 mg/dl for female)/LDLC �160 mg/dl.
Normal BMI, 18.5�BMI (kg/m2) <25; normal BF%, BF% <25%(30%, female); high BF%, BF%�25%(30%, female).
BMI, body mass index; BF%, body fat percentage; aOR, adjusted OR; CI, confidence interval; DM, type 2 diabetes mellitus.
a,c,dAge, smoking, alcohol, exercise, and waist circumference were adjusted.
bAge, smoking, alcohol, exercise, and body mass index were adjusted.
a,b,dAnalysis based on normal BMI subject excluding subjects undergoing treatment for type 2 diabetes mellitus, hypertension, and/or dyslipidemia.
cAnalysis based on normal BMI subject including subjects undergoing treatment for type 2 diabetes mellitus, hypertension, and/or dyslipidemia.
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Ruderman et al. (12) suggested the concept of MONW. These indi-

viduals are not obese based on BMI but have hyperinsulinemia, IR,

and are predisposed to type 2 diabetes mellitus and premature coro-

nary heart disease despite having normal weight. Recently, the new

syndrome NWO was defined as a normal BMI with increased body

fat (28). Women with NWO have been shown to present differences

in lean mass relative to normal-fat, normal-weight women (29),

which might influence cardiovascular risk factors (28).

Romero-Corral et al. used 6,171 normal BMI subjects from the US

Third National Health and Nutrition Examination Surveys

(NHANES III) and found that the prevalence of metabolic syndrome

was 15.8% (143/1,017) for BF% >23.15 in men and 17.2% (178/

1,045) for BF% >33.3 in women. This study shows that the NWO,

normal BMI, and BF%-based obesity group had a higher prevalence

of cardiometabolic risk factors. The prevalence of metabolic syn-

drome in subjects with NWO was four–fold higher compared to the

low BF% group. In addition, Romero-Corral et al. (14) reported that

NWO women had a significantly greater (2.2-fold increased) risk of

total cardiovascular mortality compared to the low BF group.

In the Quebec Family Study and the Heritage Family Study, Tanaka

et al. (10) reported that the ORs of having cardiovascular risk fac-

tors were approximately 3.15-fold higher in the high BF% group

than in the low BF% group among normal-weight males. A study

conducted on 40 Italian women showed that the normal weight, high

BF% group had higher mean inflammatory blood indices, such as

interleukin (IL)-1a, IL-1b, IL-6, IL-8, and TNF-a, than the normal

weight, normal BF% group. High BF% may be a predisposing factor

for cardiovascular diseases (30).

The analysis in our study showed that subjects with high BF% have

short stature (Table 2), a finding consistent with that of Cho et al.

(21). The study on Mexican Population showed that short stature

subjects have significantly higher amount of body fat compared to

tall stature subjects in the same ethnic group matched for BMI, age,

and gender (31). In addition, Bosy-Westphal et al. (32) showed that

shorter-than-average adults are at a higher risk for obesity and are

more susceptible to diabetes and cardiovascular disease, independent

of BMI.

Cho et al. (21) studied 5,543 Korean male adults, and found that the

risk of having at least two cardiovascular risk factors was approxi-

mately 1.77-fold higher in the high BF% group with a normal

weight than in the normal BF% group, which was similar to the

adjusted OR (1.63) found in our study. However, Cho et al. (21)

included subjects older than 50 years of age and receiving treatment

for hypertension, type 2 diabetes mellitus, and/or dyslipidemia in

their analysis. The results in the Cho et al. were consistent when

subjects without treatment for hypertension, type 2 diabetes mellitus,

and/or dyslipidemia. In our study, subjects undergoing treatment for

cardiometabolic diseases such as hypertension, DM, and/or dyslipi-

demia were included and additional analyses were conducted. The

results did not cause a significant bias to the results (Table 4). In

comparison with the total number of study subjects (12,386), those

considered here were comparatively few (790; 600 men and 190

women). When additional analyses were conducted after including

research subjects with diseases, the results were as follows: for men,

OR ¼ 1.73 (95% CI, 1.29–2.31; P ¼ 0.002); and for women, OR ¼
1.50 (95% CI, 1.33–1.70; P ¼ 0.004). These results were similar to

the results of the initial analysis from which subjects receiving treat-

ment for cardiometabolic diseases were excluded. As they confirm

the strength of the association and the direction of the results of this

study according to the sensitivity analysis, the results are considered

consistent.

The difference in cardiovascular risk factors is caused by a high

BF% as well as excessive local body fat distribution (33). In other

words, the location of body fat is as much a risk factor as the abso-

lute quantity. Ito et al. (9) reported that excessive body fat distrib-

uted in the upper body increased the risk of hyperlipidemia in both

men and women with a normal body weight. In one study, female

hormone, estrogen reportedly reduced the risk of cardiovascular dis-

ease (34). Thus, further studies will be conducted on the gender-

based effect and the difference in body fat distribution with adjust-

ment for more risk factors.

Our study has a few limitations. First, it had a cross-sectional

design, and hence no causal relationship and the directionality of the

associations can be suggested. However, the association between

BF% and cardiovascular diseases risk factors was clear. The findings

of our study are consistent with those of numerous previous studies.

Second, we used BIA to measure BF%. DEXA is more accurate but

is not used commonly in clinical setting because it is expensive and

inconvenient. However, previous study reported a good correlation

between the BF% results obtained from the two methods (35).

Third, the results of our study cannot be generalized to the general

population because the subjects were adults only between 30 and 49

years who regularly underwent comprehensive health examinations.

Finally, the recall bias caused by information on self-reporting alco-

hol consumption, smoking, and exercise questionnaires. Also, exer-

cise questionnaires were not validated in our study.

Despite these limitations, our study has some advantages. It included

a relatively large number of subjects: 12,386 adult men and women.

A further strength is that this study was performed in an Asian pop-

ulation, whereas most others have been conducted on Caucasian

populations or small studies of Asian populations. In addition, we

simultaneously measured anthropometrics, FPG, cholesterol levels,

and blood pressure. Also, lifestyle factors, such as alcohol consump-

tion, smoking, and exercise, were adjusted in the multivariate

analyses.

The effect of an increase in BMI and in BF% on the risk of cardio-

metabolic diseases may follow disparate mechanisms. Consequently,

when the results of these two anthropometric measurement indices

disagree, different approaches must be taken to decrease the risk

factors. BF% measurement in subjects with a normal body weight

will provide additional information and allow physicians to deter-

mine and reduce their cardiometabolic risk. Additionally, not only

in the clinical field but also in public health, care and concern for

such population groups are necessary, along with preventive strat-

egies. Thus, prolonged tracking and follow-up research including

comparative studies of the incidence and mortality rate of cardio-

vascular diseases according to body fat and BMI-based obesity are

necessary.

Conclusions
In conclusion, high BF% was consistently associated with the cardi-

ometabolic risk factors, such as high blood pressure, hyperglycemia,
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and hyperlipidemia, regardless of abdominal obesity in middle-aged,

healthy, normal-weight adults.O

VC 2012 The Obesity Society
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