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Metabolic syndrome (MetS) is a combination of 
abnormalities, including obesity, elevated blood pres-
sure, impaired glucose metabolism, and atherogenic 
dyslipidemia.  Subjects with MetS are more suscepti-
ble to type 2 diabetes [1] and cardiovascular disease 
(CVD) [2, 3].  The prevalence of MetS is increasing 
worldwide and becoming a global epidemic [4].  The 
rapid socioeconomic growth of Korea resulted in pro-
found lifestyle changes such as the introduction of 
Westernized diet and sedentary behavior, which led to 
an increase in MetS.  

Emerging evidence has shown that pulmonary func-
tion impairment is associated with all-cause and CVD 
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mortality [5, 6].  More recent studies have shown that 
pulmonary function impairment has a connection with 
not only cigarette smoking, but also with obesity [7], 
type 2 diabetes [8], insulin resistance [9], conditions 
linked to increased oxidative stress and chronic low-
grade inflammation [5, 6].  

Compared with men, women tend to have smaller 
lung volumes and lower maximal expiratory flow 
rates even when corrected for sitting height [10].  
Additionally, the smoking rate for women is less 
than 5%, which is strikingly lower than for men in 
Korea [11].  In the light of these novel findings, sex 
differences in lifestyle factors, and pulmonary structure 
and function may affect pulmonary function in differ-
ent manners.  To date, sex differences in the relation-
ship of MetS and its component with pulmonary func-
tion have not been fully evaluated.  We analyzed our 
data by gender using different equations for the cal-
culation of predicted forced vital capacity (FVC) and 
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representative survey conducted by the Ministry of 
Health and Welfare of Korea in 2007, and that they were 
also given the right to refuse to participate in accor-
dance with the National Health Enhancement Act sup-
ported by the National Statistics Law of Korea.  A writ-
ten informed consent was obtained from the subjects.  
The Korea Centers for Disease Control and Prevention 
also obtained written informed consent to use their 
sera for further analysis.  The health examinations in 
2007 included a medical history, physical examination 
results, a questionnaire about health-related behavior, 
anthropometric measurement, and biochemical mea-
surements.  Physical examinations were performed by 
trained medical staff following a standardized proce-
dure.  Participants were asked about lifestyle behaviors, 
including cigarette smoking, alcohol consumption, and 
current treatment for any disease.  If they were being 
treated for any disease, they were asked for the data 
of diagnosis and the list of medications being taken.  
Completed questionnaires were reviewed by trained 
staff and entered into the database.  Body weight and 
height were measured in light indoor clothing without 
shoes to the nearest 0.1 kg and 0.1 cm, respectively.  
Body mass index was calculated as the ratio of weight 
(kg)/height2 (m2).  Blood pressure was measured in 
the right arm using a standard mercury sphygmoma-
nometer (Baumanometer, USA).  Systolic and diastolic 
blood pressure readings were recorded twice with a 
5-min interval and averaged for analysis.  After a 12-h 
overnight fast, blood samples were obtained from the 
antecubital vein.  Fasting plasma glucose, total cho-
lesterol, triglyceride, high-density lipoprotein (HDL) 
cholesterol, aspartate aminotransferase (AST), alanine 
aminotransferase (ALT), and creatinine were measured 
using an ADVIA1650 autoanalyzer (Siemens Medical 
Solutions Diagnostics, Erlangen, Germany).  

Spirometry
Pulmonary function tests were performed using a 

Model 1022 Spirometer (SensorMedics, USA).  The 
same technician performed all spirometric tests to 
reduce inter-rater variability.  Forced vital capac-
ity (FVC) and forced expiratory volume in 1 second 
(FEV1) from the best tests, as defined by the American 
Thoracic Society [12] were recorded.  Published pre-
diction equations were used to calculate predicted 
FEV1 and FVC for each subject.  Percentages of pre-
dicted FVC (FVC (%)) were calculated.  

forced expiratory volume in 1 second (FEV1) for men 
and women.  

Thus, this study aimed to investigate the associa-
tion between MetS and pulmonary function, as mea-
sured by the percentage of predicted FVC (FVC (%)) 
and the ratio between FEV1 and FVC (FEV1/FVC) in 
Korean men and women based on the 2007 Korean 
National Health and Nutrition Examination Survey 
(KNHANES). 

Materials and Methods

Study population
This study was based on the data obtained from 

the 2007 KNHANES which is a national cross-sec-
tional survey conducted by the Ministry of Health and 
Welfare of Korea in 2007.  The target population of the 
survey was noninstitutionalized people aged ≥ 1 year 
in Korea.  Sampling units were households selected 
through a stratified, multistage, probability-sampling 
design based on geographic area, sex, and age group 
using household registries.  In this study, 6,455 subjects 
from 2,300 households were included.  One-hundred 
sampling frames, consisting of 2,300 households 
from the primary sampling units, were randomly sam-
pled.  Of these, 4,594 subjects (71.2%) were included.  
Weights indicating the probability of being sampled 
were assigned to each participant, enabling the results 
to represent the entire Korean population.  Participants 
completed a questionnaire comprising four parts: 
health interview, health behavior, health examination, 
and nutrition.  The survey on health examination was 
completed by 4,264 (65.8%) of 6,455 individuals who 
had taken part in the health interview survey.  In this 
survey, pulmonary function tests were performed on 
individuals aged ≥ 19 years.  Individuals with CVD, 
cancer, asthma or chronic obstructive pulmonary dis-
ease (COPD) were excluded from the study.  Subjects 
with white blood cell count > 10,000 (cells/μL) were 
also excluded because of any possible undetected acute 
disease.  As a result, a total of 2,614 subjects were 
included in the final analysis.  This study was approved 
by the Institutional Review Board of Yonsei University 
College of Medicine in Seoul, Korea. 

Data collection
When the 2007 KNHANES was conducted, candi-

date participants were informed that they had been ran-
domly selected to voluntarily participate in the national 
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were compared using independent two sample t-test for 
continuous variables and chi-square test for categori-
cal variables.  The FVC (%) and FEV1/FVC were also 
compared using independent two sample t-test accord-
ing to each component of the MetS.  Pearson’s corre-
lation coefficients were determined for FVC (%) and 
FEV1/FVC versus age, height, weight, waist circum-
ference, blood pressure, BMI, glucose, cholesterol, 
triglyceride, and HDL cholesterol in men and women.  
Multivariate linear regression analyses were conducted 
to assess independent relationships between each com-
ponent of MetS and FVC (%) and FEV1/FVC.  All 
analyses were conducted using SAS statistical soft-
ware, version 9.1 (SAS Institute Inc, Cary, NC, USA).  
All statistical tests were two-sided, and a p value < 0.05 
was considered significant.

Results

Table 1 shows the characteristics of 1,059 men and 
1,555 women with the mean age of 48.8 ± 16.1 years 
for men and 48.4 ± 16.6 years for women.  The mean 
body mass index, waist circumference, systolic and 
diastolic blood pressures, fasting plasma glucose, total 
cholesterol, triglycerides, WBC count, AST, ALT, and 
creatinine were higher in subjects with MetS than in 
subjects without MetS for both men and women.  The 
overall prevalence of MetS according to the modified 

Men	 predicted FVC = 0.148 Height inch - 0.025 Age - 4.241
	 predicted FEV1 = 0.092 Height inch  - 0.032 Age - 1.260
Women	 predicted FVC = 0.115 Height inch  - 0.024 Age - 2.852
	 predicted FEV1 = 0.089 Height inch  - 0.025 Age - 1.932

Definition of metabolic syndrome 
Definitions of the MetS and its components are based 

on the National Cholesterol Education Program Adult 
Treatment Panel III, and we used ethnicity-specific val-
ues for waist circumference based on the data from the 
World Health Organization and the Korean Society 
for the Study of Obesity [13].  Therefore, MetS was 
defined by the presence of 3 or more of the following 
risk factors: (1) central obesity (waist circumference ≥ 
90 cm for men and ≥ 80 cm for women; (2) systolic BP 
≥ 130 mmHg and diastolic BP ≥ 85 mmHg; (3) fasting 
plasma glucose, FPG ≥ 100 mg/dL; (4) triglyceride, TG 
≥ 150 mg/dL; and (5) low HDL-cholesterol (≤ 40 mg/
dL for men and ≤ 50 mg/dL for women).  Subjects who 
reported taking antihypertensive or antidiabetes medi-
cations were considered to have elevated blood pres-
sure or high fasting plasma glucose.  

Statistical analysis
We separated all data by gender in all analyses 

because the equations used to calculate predicted FVC 
and FEV1 differed by sex.  The basic characteristics of 
the study population according to the presence of MetS 

Table 1  Clinical characteristics of the study population

Variables
Men   Women

With MetS Without MetS p value With MetS Without MetS p value
N 332 727 471 1084
Age, year 53.4 ± 14.3 46.6 ± 16.4 <0.001 59.9 ± 13.6 43.4 ± 15.3 <0.001
Body mass index, kg/m2 26.0 ± 2.8 23.0 ± 2.6 <0.001 25.8 ± 3.1 22.3 ± 2.9 <0.001
Waist circumference, cm 91.3 ± 6.8 81.7 ± 7.3 <0.001 88.2 ± 7.8 76.4 ± 8.5 <0.001
Systolic BP, mmHg 128.7 ± 15.0 116.7 ± 14.0 <0.001 127.1 ± 18.9 108.5 ± 14.4 <0.001
Diastolic BP, mmHg 82.7 ± 10.7 76.8 ± 8.6 <0.001 77.8 ± 9.5 71.0 ± 8.8 <0.001
Total cholesterol, mg/dL 192.5 ± 34.2 184.9 ± 33.4 <0.001 202.6 ± 36.3 181.9 ± 33.8 <0.001
Triglyceride, mg/dL 207.8 ± 98.2 119.1 ± 61.6 <0.001 171.4 ± 84.8 92.6 ± 42.7 <0.001
HDL cholesterol, mg/dL 35.2 ± 7.2 42.2 ± 9.8 <0.001 37.7 ± 6.9 46.6 ± 10.1 <0.001
Fasting plasma glucose, mg/dL 110.0 ± 32.4 92.4 ± 15.5 <0.001 106.6 ± 29.7 88.2 ± 9.0 <0.001
WBC, cells/μL 6929 ± 1428 6617 ± 1424 0.001 6285 ± 1494 5884 ± 1458 <0.001
AST, IU/L 30.5 ± 16.6 26.4 ± 13.1 <0.001 25.0 ± 9.3 21.6 ± 14.1 <0.001
ALT, IU/L 33.5 ± 24.5 26.0 ± 14.5 <0.001 23.8 ± 12.9 19.0 ± 12.8 <0.001
Cr, mg/dL 1.1 ± 0.2 1.1 ± 0.1 0.001 0.9 ± 0.1 0.8 ± 0.1 <0.001
Current smoker, % 125 (37.7%) 288 (39.6%) 0.543 20 (4.2%) 35 (3.2%) 0.318
All values except current smoker are expressed as mean ± SD.  p values from t-test for continuous outcomes comparing a difference 
between the two study groups.  BP, blood pressure; HDL, high density lipoprotein; AST, aspartate alaninetransferase; ALT, alanine 
aminotransferase; WBC, white blood cell; Cr, creatinine.
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HDL cholesterol were included.  FEV1/FVC was sig-
nificantly lower when high blood pressure and high 
fasting plasma glucose were included in men, while 
it was significantly lower when all MetS components 
were included in women. 

The results of Pearson’s correlation analyses are listed 
in Table 2.  FVC (%) significantly correlated with age, 
height, waist circumference, body mass index, blood 
pressure, fasting plasma glucose, and HDL-cholesterol 
in both men and women.  FVC (%) significantly cor-
related with weight only in men, and with total choles-
terol only in women.  FEV1/FVC significantly corre-
lated with age, height, body mass index, blood pressure, 
and fasting plasma glucose in both men and women.  

NCEP-ATP III criteria was 30.7%, which is higher in 
men (31.4%) than in women (30.4%) (p < 0.001). 

Fig. 1 presents the mean values of FVC (%) and the 
FEV1/FVC ratio according to the diagnosis of MetS.  
For both men and women, FVC (%) was significantly 
lower in subjects with MetS than in those without MetS 
(p < 0.001).  FEV1/FVC was significantly lower in sub-
jects with MetS than in those without MetS only for 
women (p < 0.001).  

Fig. 2 illustrates the mean values of FVC (%) and 
the FEV1/FVC ratio according to each component of 
MetS.  For both men and women, FVC (%) was sig-
nificantly lower when abdominal obesity, high blood 
pressure, high fasting plasma blood glucose, and low-

Fig. 1  Comparison of FVC (%) and FEV1/FVC according to the diagnosis of metabolic syndrome (MetS) in men (A) and women (B).

Fig. 2 	 FVC (%) and FEV1/FVC according to each component of MetS in men (A) and women (B) (*p < 0.05; **p < 0.01; ***p < 
0.0001).
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the magnitude of effect being stronger in men. 

Discussion 

In this cross-sectional study, we investigated whether 
the association between MetS and pulmonary function 
were different by gender.  FVC (%) was significantly 
lower in subjects with MetS than in those without MetS 
for men, whereas both FVC (%) and FEV1/FVC were 
lower in subjects with MetS in women.  In multivariate 
linear regression analyses, most but not all components 
of MetS were independently associated with FVC (%) 
in men and were related to FEV1/FVC in women after 
adjusting for confounding factors. 

In previous studies in Italy, Taiwan and Japan, 
MetS was independently associated with impaired 

Meanwhile, FEV1/FVC correlated with weight only in 
men and with waist circumference, total cholesterol, 
triglyceride and HDL-cholesterol in women.  

Table 3 shows the results of multivariate linear 
regression analyses of the relationship between 
each component of MetS and pulmonary function.  
Among components of MetS, waist circumference, 
blood pressure and fasting plasma glucose, and HDL-
cholesterol were independently related to FVC (%) in 
men, whereas waist circumference was significantly 
associated with FVC (%) in women.  Blood pressure 
was found to be an independent factor of MetS in men, 
whereas blood pressure, fasting plasma glucose and 
HDL-cholesterol were independent factors of MetS 
in determining FEV1 in women.  Moreover, cigarette 
smoking was associated with lower FEV1/FVC with 

Table 2  Correlation coefficients between % predicted FVC, FEV1/FVC and other variables

Variables
FVC (%) FEV1/FVC 

Men Women Men Women
Age -0.25  (p <0.001) -0.14  (p <0.001) -0.56  (p <0.001) -0.49  (p <0.001)
Height 0.17  (p <0.001)  0.08  (p =0.004)  0.25  (p <0.001) 0.24  (p <0.001)
Weight -0.01  (p <0.001) -0.05  (p =0.09)  0.26  (p <0.001) 0.02  (p =0.56)
Waist circumference -0.18  (p <0.001) -0.15  (p <0.001)  0.03  (p =0.41) -0.18  (p <0.001)
BMI -0.13  (p <0.001) -0.11  (p <0.001)  0.17  (p <0.001) -0.11  (p <0.001)
Systolic BP -0.16  (p <0.001) -0.12  (p <0.001) -0.22  (p <0.001) -0.31  (p <0.001)
Fasting plasma glucose -0.14  (p <0.001) -0.06  (p =0.048) -0.09  (p =0.01) -0.16  (p <0.001)
Total cholesterol 0.01  (p =0.68) -0.06  (p =0.04)  0.03  (p =0.46) -0.15  (p <0.001)
Triglyceride -0.04  (p =0.26) -0.06  (p =0.06) -0.01  (p =0.84) -0.16  (p <0.001)
HDL cholesterol 0.12  (p <0.001) 0.07  (p =0.02) -0.05  (p =0.13) 0.13  (p <0.001)

Pearson’s correlation coefficients were determined for %PFVC and FEV1/FVC ratio versus age, height, weight, waist circumference, 
BMI, systolic BP, fasting plasma glucose, total cholesterol, triglyceride and HDL cholesterol in men and women.  BMI, body mass index; 
BP, blood pressure; HDL, high density lipoprotein

Table 3	 Results of multiple linear regression analysis to assess independent relationships between FVC (%), FEV1/FVC and clinical 
variables

Variables
FVC (%) FEV1/FVC

Men Women Men Women
β SE β SE β SE β SE

Current smoking 0.77 1.14 1.67 1.15 -0.03** 0.009 -0.016* 0.007
Waist circumference -0.17** 0.059 -0.15** 0.04 0.0007 0.0005 -0.0001 0.0002
Fasting plasma glucose -0.056** 0.021 -0.008 0.02 -0.0003 0.0002 -0.0003* 0.0001
Systolic BP -0.12*** 0.030 -0.04 0.02 -0.001*** 0.0002 -0.001*** 0.0001
Total cholesterol 0.0031 0.015 -0.009 0.01 0.0001 0.0001 -0.0001* 0.00007
Triglyceride 0.0086 0.006 0.004 0.006 0.000003 0.00005 -0.000004 0.00004
HDL-cholesterol 0.14** 0.05 0.04 0.04 -0.0003 0.0004 0.0006* 0.0003

* p <0.05, **p <0.01, ***p <0.0001.   BP, blood pressure; HDL, high density lipoprotein
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sex differences in lung function can be explained by a 
fewer total number of alveoli and smaller airway diam-
eter relative to lung size in women [25, 26].  Given the 
pulmonary structural and functional differences, women 
could be more susceptible to a lower FEV1/FVC when 
cardiometabolic risk factors were clustered.  Another 
possible explanation may be offered by the role of sex 
hormones.  Estrogen may modify pulmonary function 
in women, which may, in turn, affect their pulmonary 
function.  Gibbs et al. [27] reported that women have 
a decline in pulmonary function and deterioration in 
asthma symptoms before and during menstruation.  In 
addition, Chandler et al. [28] reported that the use of 
oral contraceptive improved pulmonary function and 
symptoms in asthmatic women.  Thus, the interac-
tions between sex hormone and pulmonary function 
might also potentially provide a mechanism to link 
sex-specific association between MetS and pulmonary 
function.  

Our study has limitations.  Since it is a cross-sec-
tional study, it cannot be concluded whether MetS is 
a risk factor actively involved in the development of 
pulmonary function impairment.  Further prospective 
and experimental research is warranted to better under-
stand a pathophysiologic role of MetS in the develop-
ment of pulmonary impairment.  Another limitation 
is that insulin resistance was not measured, for exam-
ple, using the homeostasis model assessment of insu-
lin resistance (HOMA-IR) index, and thus no direct 
relationship between insulin sensitivity and pulmonary 
function was demonstrated. 

In conclusion, we found that there exist sex dif-
ferences in the relationship between MetS and its 
components regarding pulmonary function.  These 
findings suggest that sex-specific association between 
MetS and lung function measures should be considered 
in clinical practice. 
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pulmonary function in a particularly restrictive pattern, 
measured by FVC (%) [14-16].  Moreover, abdominal 
obesity was a major factor that determined the asso-
ciation between MetS and pulmonary function impair-
ment [17].  However, in most previous studies, sex dif-
ferences were not fully considered because they did 
not present the data through sex-specific analyses.  Our 
study demonstrated that the relation between MetS and 
its components with regard to pulmonary function were 
found in sex-specific manners.  

 Some mechanisms could explain the significant rela-
tionships between MetS and impaired pulmonary func-
tion.  First, insulin resistance, a core problem of MetS, 
might be the reason that MetS is related to pulmonary 
function.  Previous studies have found that MetS is asso-
ciated with endothelial dysfunction as well as microan-
giopathy of pulmonary vessels.  Microangiopathy of 
alveolar capillaries and pulmonary arterioles plays a 
substantial role in pulmonary function impairment in 
subjects with type 2 diabetes independently of con-
founding factors such as cigarette smoking and obesity 
[18].  Second, chronic low-grade inflammation may be 
another mechanism to explain the association between 
MetS and pulmonary function.  Moreover, some pro-
spective studies suggested that impaired pulmonary 
function may be a potentially novel risk factor for CVD 
and type 2 diabetes [19, 20], where the underlying 
mechanisms were closely linked to an excess of oxi-
dative stress and chronic low-grade inflammation [21, 
22].  Inflammatory markers such as C-reactive protein 
(CRP) have been associated with impaired pulmonary 
function among subjects with MetS and diabetes [23, 
24].  In the present study WBC count, a marker of non-
specific systemic inflammation, was also higher in sub-
jects with MetS than in those without MetS (Table 1).  

Another noteworthy finding in our study was that 
FEV1/FVC in addition to FVC was significantly lower 
in subjects with MetS only for women (Fig. 1).  Also, 
all parameters of MetS were statistically different in 
subjects with inclusion criteria of MetS compared to 
subjects with exclusion criteria of MetS in women (Fig. 
2).  Although the reason for the sex difference in the 
effect of MetS on pulmonary function is unclear, some 
explanations may be offered.  There is a marked sexual 
dimorphism in the structural and functional capacity 
of the pulmonary system.  It has been suggested that 
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