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INTRODUCTION

Chronic kidney disease (CKD) is a general term describ-

ing heterogeneous disorders affecting kidney struc-
ture and function [1]. CKD is defined by the presence 
of kidney damage or a glomerular filtration rate (GFR) 
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Background/Aims: The pulmonary abnormalities (principally restrictive abnor-
malities) are characteristic of renal transplant recipients or those with end-stage 
renal disease. Our aim was to explore whether the prevalence of spirometric ab-
normalities was influenced by the estimated glomerular filtration rates (GFRs) in 
a Korean general population.
Methods: We used data obtained during the 2010 to 2012 Korean National Health 
and Nutrition Examination Survey, a national cross-sectional survey. We ana-
lyzed data from subjects for whom spirometric assays and estimated GFRs were 
of acceptable quality. 
Results: A total of 8,809 subjects (3,868 male and 4,941 female) was included. In 
both males and females with GFR values < 60 mL/min/1.73 m2, the linear trends 
toward the presence of obstructive and restrictive patterns were significant. How-
ever, the percent predicted forced vital capacity (FVC) decreased with a decline in 
the estimated GFR, but only in males (p for trend < 0.0031). Multivariate linear 
regression analysis showed a decline in the estimated GFR was independently as-
sociated with falls in the percent predicted FVC and the forced expiratory volume 
in 1 second/FVC ratio in both males and females. However, the percent predicted 
FVC was independently predictive only in males (p = 0.002).
Conclusions: Impaired pulmonary function was associated with a decline in the 
estimated GFR. The percent predicted FVC decrease paralleled the decline in 
estimated GFR in male only. Careful interpretation of pulmonary function test 
data is required in patients with decreased GFRs or impaired renal function, es-
pecially males.
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less than 60 mL/min/1.73 m2 for 3 or more months, ir-
respective of cause [2]. The median rate age-related GFR 
decline is 0.75 to 1.00 mL/min/1.73 m2 per 1 year [3]. In the 
USA, the prevalence of CKD is about 11.5%, but attains 
47% in subjects older than 70 years [4]. The increased 
prevalence of CKD, high treatment costs, and poor out-
comes, burden public health systems worldwide. 

Chronic obstructive pulmonary disease (COPD) is a 
leading cause of morbidity and mortality worldwide, 
imposing substantial and rising economic and social 
burdens [5]. COPD is diagnosed via spirometry; a post-
bronchodilator forced expiratory volume in 1 second 
(FEV1)/forced vital capacity (FVC) ratio of less than 0.7 
indicates persistent airflow limitation and (thus) COPD 
[6]. Restrictive ventilatory defects are characterized by 
reductions in total lung capacity (TLC) but normal FEV1/
FVC ratios [6]. TLC and residual lung volume are some-
times not measured, but a restrictive abnormality may 
be suspected when the FVC is reduced [6]. Spirometric 
data must be carefully interpreted in patients with dys-
pnea, chronic cough, and/or sputum production. The 
FVC, FEV1, and FEV1/FVC ratio are the fundamental pa-
rameters used to evaluate lung function [6]. 

Pulmonary complications, including edema, fibrosis, 
calcification, pleural effusion, and respiratory muscle 
myopathy, are common in CKD patients [7]. These con-
ditions alter pulmonary function, reducing the FVCs of 
those with restrictive disorders, indicative of pulmonary 
congestion, decreased respiratory muscle strength, and 
hypoxemia [8,9]. Obstructive abnormalities have also 
been reported in CKD patients; however, in patients 
with CKD, reductions in FEV1 are attributable primar-
ily to falls in the FVC [10,11]. Pulmonary function im-
proves significantly after successful renal transplanta-
tion [8]. The pulmonary abnormalities mentioned above 
are characteristic of renal transplant recipients or those 
with end-stage renal disease. Data on the relationships 
between spirometric parameters and the GFRs of gen-
eral populations are lacking.

Our aim was to explore whether the prevalence of spi-
rometric abnormalities was influenced by the estimated 
GFRs and gender in a Korean general population. Such 
data would assist clinicians who must interpret pulmo-
nary function test results.

METHODS

Study population
We used data obtained during the 2010 to 2012 Kore-
an National Health and Nutrition Examination Survey 
(KNHANES); this was a national cross-sectional survey 
conducted by the Ministry of Health and Welfare of Ko-
rea. The target population was non-institutionalized ci-
vilians aged ≥ 18 years. Sampling units were households 
selected via a stratified, multistage probability-sampling 
design that considered geographic area, sex, and age 
group, by reference to household registries. A total of 
25,661 subjects was included. The probability of being 
sampled was weighted for each participant; the results 
are thus representative of the entire Korean population. 
All participants completed a four-part questionnaire 
exploring health, health behavior, health examinations, 
and nutrition. Pulmonary function test data from sub-
jects aged < 40 years were excluded. Subjects with white 
blood cell counts > 10,000 cells/μL were also excluded; 
acute disease was possible. Finally, 8,809 subjects (3,868 
males and 4,941 females) were included. Written in-
formed consent was obtained from all subjects. The 
study was approved by the Institutional Review Board 
(IRB) of Korea Centers for Disease Control and Pre-
vention (IRB: 2010-02CON-21-C, 2011-02CON-06-C, 
2012-01EXP-01-2C).

Data collection
During the 2010 to 2012 KNHANES, all candidate par-
ticipants were informed that they had been randomly 
selected to voluntarily participate in a national repre-
sentative survey conducted by the Ministry of Health 
and Welfare of Korea in 2012, and that they could refuse 
to participate under the National Health Enhancement 
Act supported by the National Statistics Law of Korea. 
Health examinations (conducted in 2010 to 2012) in-
cluded medical history-taking, physical examination, 
administration of a questionnaire exploring health-
related behaviors, anthropometric measurements, and 
collection of biochemical data. All physical examinations 
were performed by trained medical staff who followed 
a standard procedure. Cigarette smoking, alcohol con-
sumption, and current treatment for any disease were 
investigated. If any disease was being treated, the subject 
was asked to give the diagnosis and a list of medications 
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currently taken. Completed questionnaires were re-
viewed by trained staff and entered into a database. Body 
weight and height were measured with subjects wearing 
light indoor clothing, without shoes, to the nearest 0.1 
kg and 0.1 cm, respectively. The body mass index (BMI) 
was the weight/height2 (thus, kg/m2). Blood pressure in 
the right arm was measured using a standard mercury 
sphygmomanometer (Baumanometer, Baum, Copiague, 
NY, USA). Waist circumference (WC) was measured by 
trained staff using standard protocol. Systolic and dia-
stolic blood pressure readings were recorded twice over 
a 5-minute interval and averaged prior to analysis. After 
a 12-hour overnight fast, blood samples were obtained 
from antecubital veins, centrifuged, refrigerated at the 
examination sites, and transferred on ice on the same 
day to a central laboratory in Seoul. Fasting levels of 
plasma glucose, total cholesterol, triglyceride, high den-
sity lipoprotein (HDL) cholesterol, and creatinine were 
measured using an ADVIA1650 autoanalyzer (Siemens 
Medical Solutions Diagnostics, Erlangen, Germany). 
The estimated GFR was calculated using the Crockcroft-
Gault formula [4], as follows: GFR = [(140 – age in year × 
weight in kg) / (0.81 × creatinine level μmol/L × 1.73 m2)] / 
BSA (m2) (× 0.85 only if female). 

Spirometry
Trained interviewers visited the homes of all subjects 
and administered a standardized questionnaire on phy-
sician-diagnosed diseases. A few days later, spirometry 
was performed by trained technicians who followed the 
1994 recommendations of the American Thoracic Soci-
ety for which a dry rolling seal spirometer (Model 2130, 
SensorMedics, Yorba Linda, CA, USA) [12]. We analyzed 
only data obtained from subjects for whom two or more 
spirometric assays were of acceptable quality. The FVC, 
FEV1, and FEV1/FVC ratio were measured. Restrictive 
lung disease was considered present when the percent 
predicted FVC was less than 80% and the FEV1/FVC ra-
tio was greater than 0.7. Chest X-rays were also obtained, 
using specially dedicated mobile platforms; two radiolo-
gists evaluated all X-ray films. The spirometric and X-
ray procedures have been described in detail elsewhere 
[13].

Statistical analysis
Data are expressed as frequencies with percentages, or as 

means with standard errors. The basic characteristics of 
the study population (in terms of estimated GFRs) were 
compared using the unpaired Student t test for continu-
ous variables and the chi-square test for categorical vari-
ables. Pearson correlation coefficients were determined 
between the GFR and the clinical variables of age, BMI, 
WC, and blood pressure; and the levels of glucose, total 
cholesterol, triglycerides, HDL, and creatinine. Multiple 
linear regression analysis was used to search for inde-
pendent relationships between FVC (%) and the FEV1/
FVC ratio, and other clinical variables. A linear-by-linear 
association test was employed to explore associations 
between a decline in the estimated GFR, and pulmonary 
function patterns or changes in FVC (%) and the FEV1/
FVC ratio. SAS version 9.1 (SAS Institute Inc., Cary, NC, 
USA) for Windows was used in analysis, and a p < 0.05 
was taken to reflect significance.

RESULTS

Clinical characteristics by estimated GFR
Table 1 shows the characteristics of 3,868 male and 4,941 
female subjects by their estimated GFRs. CKD is defined 
as a GFR < 60 mL/min /1.73 m2 for 3 months or more [1]; 
we used this definition in analysis.

Males with GFRs < 60 mL/min/1.73 m2 were likely 
to be of older age; to have a lesser smoking history; to 
have elevated levels of serum creatinine; and to exhibit 
features of metabolic syndrome including a high BMI, 
hypertension, DM, and WC, compared with those with 
GFRs ≥ 60 mL/min/1.73 m2. Males with GFRs < 60 mL/
min/1.73 m2 had lower-than-predicted FVC values and 
FEV1/FVC ratios upon spirometry. Females with lower 
GFRs tended to be of older age, and to have hyperten-
sion, DM, metabolic syndrome, and an enhanced WC. 
Upon spirometry, females with GFRs < 60 mL/min/1.73 
m2 exhibited reduced the percent predicted FVC, per-
cent predicted FEV1 values, and FEV1/FVC ratio com-
pared with those with GFRs ≥ 60 mL/min/1.73 m2.

Association of spirometric abnormalities with a fall 
in the GFR
We defined a restrictive pattern as a percent predicted 
FVC less than 80% and an FEV1/FVC ratio greater than 
0.7; and an obstructive pattern as an FEV1/FVC ratio be-
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low 0.7. In both males and females with GFR values < 60 
mL/min/1.73 m2, the linear trends toward the presence 
of obstructive and restrictive patterns were significant 
(Fig. 1). Fig. 2 shows that the percent predicted FVC de-
creased with a decline in the estimated GFR, but only in 
males (a linear-by-linear association was evident, with 
a p for trend < 0.0031). In both males and females, a de-
creased FEV1/FVC ratio was significantly associated with 
a decline in the estimated GFR.

Correlations between the GFR and spirometric 
parameters
The Pearson’s correlation data are shown in Table 2. In 
both males and females, the FEV1/FVC ratio correlated 
significantly with the estimated GFR, which was posi-
tively associated with the percent predicted FVC only in 
males, and negatively associated with the percent pre-
dicted FEV1 only in females. 

Table 3 shows the results of multivariate linear regres-

Table 1. Clinical characteristics of the study population 

Characteristic
Male (n = 3,868) Female (n = 4,941)

GFR ≥ 60
(n = 3,741)

GFR < 60
(n = 127)

p value
GFR ≥ 60
 (n = 4,818)

GFR < 60
(n = 123)

p value

Age, yr 52.9 ± 0.2 64.5 ± 1.2 0.001 54.5 ± 0.2 68.4 ± 1.1 0.001

Smoking, % 40.2 (1.1) 25.4 (5.2) 0.014 4.2 (0.4) 5.4 (2.1) 0.536

Body mass index, kg/m2 24.4 ± 0.1 25.1 ± 0.3 0.036 24.2 ± 0.1 25 ± 0.4 0.054

Waist circumference, cm 85.9 ± 0.2 88.5 ± 0.9 0.006 80.9 ± 0.2 84.9 ± 1.1 0.001

High blood pressure, % 40.3 (1) 85.4 (3.4) 0.001  33.6 (1) 74.3 (4.8) 0.001

Diabetes mellitus, % 12.9 (0.7) 36.5 (5.5) 0.001  9.3 (0.5) 37.9 (5.6) 0.001

Metabolic syndrome, % 35.5 (1) 61.5 (5.5) 0.001  35.9 (0.9) 73.9 (4.9) 0.001

Creatinine, mg/dL 1.0 ± 0.0 1.5 ± 0.0 0.001  0.7 ± 0.0 1.3 ± 0.1 0.001

GFR, mL/min/1.73 m2 90.2 ± 0.4 50.9 ± 0.9 0.001  93.4 ± 0.3 50.9 ± 1.3 0.001

FEV1 % predicted 90.4 ± 0.3 87.9 ± 1.6 0.119  94.3 ± 0.3 93.8 ± 1.5 0.001

FVC % predicted 92.7 ± 0.2 86.7 ± 1.3 0.001 94.3 ± 0.2 90.7 ± 1.3 0.006

FEV1/FVC 0.8 ± 0.0 0.7 ± 0.0 0.001 0.8 ± 0.0 0.8 ± 0.0 0.001

Values are presented as mean ± SE or number (%). 
GFR, glomerular filtration rate; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity.
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Figure 1. Trends in pulmonary function abnormalities with declines in the estimated glomerular filtration rates (GFRs) of (A) 
males and (B) females. ap < 0.0001.
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sion analysis of the relationship between the estimated 
GFR and spirometric parameters. Older age, a higher 
BMI, a greater WC, and elevated blood pressure, inde-
pendently predicted the percent predicted FVC and the 
FEV1/FVC ratio. In both males and females, a decline in 
the estimated GFR was independently associated with 
falls in the percent predicted FVC and the FEV1/FVC 
ratio. However, the percent predicted FVC was inde-
pendently predictive only in males (p = 0.002).

DISCUSSION

We investigated the association between pulmonary 
functional abnormalities and the estimated GFR, by 
gender, in a general Korean population. The percent 
predicted FVC and the FEV1/FVC ratio declined as the 
estimated GFR decreased. However, the percent predict-
ed FVC was independently associated with the GFR fall 
only in males. Thus, changes in pulmonary function-
ing, including declines in the FVC and FEV1/FVC ratio 

Table 2. Correlations between glomerular filtration rate and other clinical variables

Characteristic
Male Female

r p value r p value

Age, yr –0.205 0.001 –0.316 0.001

Body mass index, kg/m2 –0.159  0.001 –0.022 0.280

Waist circumference, cm –0.123 0.001 –0.045 0.025

Systolic blood pressure, mmHg –0.031 0.142 –0.088 0.001

Diastolic blood pressure, mmHg 0.005 0.819 0.019 0.302

Glucose, mg/dL 0.018 0.360 –0.048 0.023

Total cholesterol, mg/dL –0.024  0.243 –0.031 0.088

Triglyceride, mg/dL –0.040 0.070 –0.061 0.001

High density lipoprotein, mg/dL 0.136 0.001 0.065 0.001

Creatinine, mg/dL –0.899  0.001 –0.706 0.001

FVC % predicted 0.073 0.001 0.007 0.687

FEV1 % predicted –0.003 0.892 –0.042 0.019

FEV1/FVC ratio 0.065  0.001 0.123 0.001

Pearson’s correlation coefficients were determined for glomerular filtration rate versus other variables. 
FVC, forced vital capacity; FEV1, forced expiratory volume in 1 second.
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should be considered when pulmonary function test re-
sults of patients with CKD are interpreted.

Impaired pulmonary function has been reported in 
patients with metabolic syndrome, proteinuria, and 
diabetes mellitus [14-16]. We found that metabolic syn-
drome components including hypertension, hyper-
glycemia, dyslipidemia, and abdominal obesity were 
associated with impaired pulmonary function in both 
males and females, in agreement with previous findings 
[14]. Possible explanations are that abdominal obesity 
affects thoracic and diaphragm compliance, and that 
inflammation associated with insulin-resistance might 
be an early trigger of lung function decline [16,17]. Mi-
croalbuminuria has been reported to be associated with 
a restrictive pattern and lower than predicted FVCs in 
a Korean general population [15]. Microalbuminuria is 
an early predictor of both kidney damage and athero-
sclerosis [18]. A reduced FVC has been linked to athero-
genic diseases including diabetes and hypertension, and 
mortality rises when the restrictive pattern coexists with 
such chronic diseases [19,20].

CKD is a major risk factor for cardiovascular disease; 
mortality from such disease is 10- to 30-fold higher in 
dialysis patients [1,21]. A lower GFR, albuminuria, and 
other traditional risk factors including hypertension, 

fluid overload, electrolyte and acid-base disorders, in-
flammation, oxidative stress, and prothrombotic stim-
uli, increase the risk of cardiovascular disease [22,23]. 
A restrictive pattern may reflect stiffening of the lung 
parenchyme, chronic fluid engorgement, loss of lung 
volume caused by ingress of alveolar and interstitial 
fluid, and increased heart size. In addition, cardiomeg-
aly caused by cardiovascular disease is, at least in part, 
responsible for development of restrictive lung disease 
[24,25]. We hypothesize that abdominal obesity, systemic 
inflammation associated with atherosclerosis, and car-
diovascular disease and complications thereof, may ex-
plain the impaired pulmonary function of patients with 
decreased GFRs.

Another noteworthy finding was that gender differ-
ences were evident. Declines in the percent predicted 
FVC were significantly associated with GFRs in males 
but not females. Earlier reports found that metabolic 
syndrome and microalbuminuria were independently 
associated with declines in the FVC and development of 
restrictive abnormalities in males [15,26]. Although the 
literature does not explain the observed gender differ-
ences, possible reasons include differential sex hormone 
actions and structural/morphological between-gender 
effects [27]. Svartberg et al. [28] found that reduced pul-

Table 3. Results of multiple linear regression analysis seeking independent relationships between FVC, the FEV1/FVC ratio, 
and other clinical variables

Characteristic

Male Female

FVC FEV1/FVC FVC FEV1/FVC

r p value r p value r p value r p value

Age, yr –0.208 0.001 –0.479 0.001 –0.080 0.001 –0.359 0.001

BMI, kg/m2 –0.234 0.001 0.172 0.001 –0.164 0.001 0.075 0.001

WC, cm –0.257 0.001 0.016 0.432 –0.176 0.001 –0.013 0.048

SBP, mmHg –0.137 0.001 –0.107 0.001 –0.116 0.001 –0.085 0.001

DBP, mmHg –0.014 0.471 0.117 0.001 –0.047 0.016 0.042 0.040

Glucose, mg/dL –0.095 0.001 –0.012 0.550 –0.145 0.001 –0.012 0.439

Total cholesterol, mg/dL 0.019 0.350 0.071 0.001 –0.048 0.009 –0.046 0.007

Triglyceride, mg/dL –0.102 0.001 0.069 0.001 –0.120 0.001 –0.030 0.091

HDL, mg/dL 0.131 0.001 –0.025 0.280 0.066 0.001 –0.009 0.610

Creatinine, mg/dL –0.058 0.007 0.016 0.346 –0.001 0.988 –0.042 0.004

GFR, mL/min/1.73 m2 0.073 0.001 0.065 0.001 0.007 0.687 0.123 0.001

FVC, forced vital capacity; FEV1, forced expiratory volume in 1 second; BMI, body mass index; WC, waist circumference; SBP, 
systolic blood pressure; DBP, diastolic blood pressure; HDL, high density lipoprotein; GFR, glomerular filtration rate.
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monary function was associated with low levels of en-
dogenous total and free testosterone. In addition, the 
female airway is smaller (relative to lung size) than that 
of the male [29].

When interpreting pulmonary function test data, the 
FEV1/FVC, FEV1 and FVC should be considered first. 
The post-bronchodilator FEV1/FVC ratio is the best in-
dicator of an obstructive abnormality. TLC should be 
used to confirm or exclude the presence of a restrictive 
abnormality when the vital capacity is below the lower 
limit of normal [6]. Interpretations require comparison 
of patient findings with reference (predicted) values de-
rived from healthy subjects with identical anthropomet-
ric characteristics (e.g., sex, age, and height) and, where 
relevant, of the same ethnicity [30]. Spirometric refer-
ence data were earlier derived, in Korea, for use in the 
KNHANES [31]. 

When FEV1 and FVC are concomitantly decreased and 
the FEV1/FVC ratio is normal or near-normal, the pres-
ence of an obstruction cannot be ruled out by simple 
measurement of FEV1 and FVC. An obstruction may 
render the airflow so slow that the subject cannot empty 
the lungs [6]. Another possible cause of an obstruction is 
patch collapse of small airways early in exhalation [32]. 
Under such circumstances, TLC must be measured to 
confirm or exclude the presence of a restrictive defect 
when the vital capacity is below the lower limit of nor-
mal [6]. We hypothesized that a decreased FVC, a nor-
mal or near-normal FEV1/FVC ratio, and a TLC equal 
to or greater than the lower limit of normal, suggested 
the presence of an obstructive abnormality. Therefore, 
when patients with CKD are suspected to have COPD, a 
decreased FVC with a normal or near-normal FEV1/FVC 
ratio dose not clearly exclude an obstructive abnormal-
ity, especially in males. Lung volume must be measured.

Our study had some limitations. As few data on post-
bronchodilator spirometric parameters or lung volumes 
were available, we used only FEV1, FVC, and the FEV1/
FVC ratio in analysis. Further prospective studies of 
post-bronchodilator responses, with measurement of 
lung volumes, are required. Another limitation is that a 
single measure of an estimated GFR of less than 60 mL/
min/1.73 m2 was considered to reflect CKD; GFRs were 
not measured over 3 or more months. As the study was 
cross-sectional in design, a few subjects with acute kid-
ney injuries may have been enrolled.

In conclusion, we found that impaired pulmonary 
function was associated with a decline in the estimat-
ed GFR. The FEV1/FVC ratio, a spirometric index of 
airflow limitation, decreased when the estimated GFR 
declined in both males and females. In males only, the 
percent predicted FVC decrease paralleled the decline 
in estimated GFR. Careful interpretation of pulmonary 
function test data is required in patients with decreased 
GFRs or impaired renal function, especially males.
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