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MetS, RLD in men was associated with increased odds for 
low eGFR or albuminuria, while RLD or OLD in women 
was associated with increased odds for low eGFR.
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Introduction

Chronic lower respiratory diseases and chronic kidney 
disease lead to major chronic morbidity and mortality 
worldwide and make the sustained public burden [1, 2]. 
A few studies have reported that the prevalence of chronic 
obstructive lung disease ranges from 20 to 30% among 
patients with chronic kidney disease [3, 4]. Other stud-
ies have suggested that obstructive/restrictive lung disease 
(OLD/RLD) is associated with some manifestations of 
chronic kidney disease, such as albuminuria or impaired 
kidney function [5–7]. Although pathophysiological mech-
anisms for those relationships remain to be defined, sys-
temic and glomerular endothelial dysfunction and chronic 
inflammation could influence on both conditions [5, 8]. 
Endothelial dysfunction, characterized by the loss of the 
physiological balance between vasodilation and vasocon-
striction [5], and chronic inflammation are also considered 
to play significant roles in the relationship between albu-
minuria and metabolic syndrome (MetS) [8]. Given these 
pathophysiological mechanisms, the associations of OLD 
and RLD with MetS may be plausible. Meanwhile, some 
studies have indicated that RLD is associated with the 
odds for metabolic syndrome (MetS), and the relationship 
between OLD and MetS has been shown to be inconsistent 
[9–12]. As there is evidence supporting MetS as a risk fac-
tor for the incidence of low estimated glomerular filtration 
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rate (eGFR) and albuminuria [13] and differences in the 
relationships between OLD/RLD and MetS, the relation-
ships between OLD/RLD and indicators of chronic kid-
ney disease, such as albuminuria and low eGFR, could be 
affected by MetS. However, the combined effects of RLD/
OLD and MetS on impaired kidney function have not been 
studied in depth. Thus, we aimed to evaluate the combined 
effects of RLD/OLD and MetS on low eGFR and albumi-
nuria in a representative population-based study of South 
Koreans.

Methods

Participants

The participants were individuals from the non-institution-
alized civilian population of South Korea who underwent 
assessment for health and nutritional status as part of the 
2011–2013 Korea National Health and Nutrition Exami-
nation Survey (KNHANES), a cross-sectional, nationally 
representative survey [14, 15]. Among the 9564 adults 
who were aged ≥40 and had spirometry data available, we 
included 8551 adults (3798 men and 4753 women) who 
had complete data relating to spirometry, MetS, eGFR, 
urine albumin-to-creatinine ratio (UACR), health behav-
iors, educational attainment, and the use of medication for 
chronic diseases (hypertension, diabetes, dyslipidemia, car-
diovascular disease, bronchial asthma, or osteoarthritis). 
We excluded those with a history of chronic kidney fail-
ure. Compared to 1014 individuals who were excluded, the 
included individuals were less likely to have albuminuria 
(UACR ≥  30 mg/g; 8.5 vs. 11.7%, P =  0.021) and more 
likely to have MetS (32.9 vs. 28.4%, P = 0.021). However, 
there were no significant differences in the categories of 
lung function and low eGFR (eGFR < 60 mL/min/1.73 m2) 
between the individuals who were excluded and included. 
The KNHANES was conducted with ethical approval from 
the Institutional Review Board of the Korea Center for Dis-
ease Control and Prevention.

Measurements

Lung function was tested using a dry rolling-seal spirom-
eter (Model 2130; SensoMedics, Yorba Linda, CA, USA) 
in the seated position, with nose clips, according to the 
manufacturer’s manual [16]. Each participant performed 
three–eight forced expiratory maneuvers. The forced expir-
atory volume for 1 s (FEV1) and the forced vital capacity 
(FVC) from three satisfactory maneuvers were used in the 
analyses. OLD was defined according to the Global Initia-
tive for Chronic Obstructive Lung Disease criteria as an 
FEV1/FVC of <70% [17]. RLD was defined as an FEV1/

FVC of ≥70% and an FVC < 80% of the predicted value 
[6]. The non-OLD and non-RLD groups were defined by 
an FEV1/FVC of ≥70% and an FVC of ≥80% of the pre-
dicted value.

Waist circumference (WC) was measured in the standing 
position at the narrowest region between the lower margin 
of the rib cage and the iliac crest. Blood pressure (BP) was 
assessed manually using a standard mercury sphygmoma-
nometer. Venous blood samples were collected from each 
subject after a 12-h overnight fast. The levels of serum 
high-density lipoprotein cholesterol (HDL-C), fasting 
plasma glucose (FPG), triglycerides (TG), creatinine, urine 
creatinine, and albumin were measured using an automatic 
analyzer (Automatic Chemistry Analyzer 7600, Hitachi, 
Japan and Cobas 8000 C702, Roche, Germany).

The definition of MetS was adapted from the harmo-
nized definition, in which three of five MetS components 
should be present [18]. The MetS criteria used in this study 
were as follows: WC > 90 cm in men or >85 cm in women 
[19]; BP ≥ 130/85 mmHg or a history of hypertension; an 
FPG level ≥5.6 mmol/L or a history of diabetes; a HDL-C 
level <1.03 mmol/L for men or <1.29 mmol/L for women; 
and a TG level ≥1.63 mmol/L.

UACR was calculated as the ratio of urine albumin to 
urine creatinine level (mg/g). eGFR was computed using 
the serum creatinine-based Chronic Kidney Disease Epide-
miology Collaboration equation [20]. Albuminuria and low 
eGFR were, respectively, defined as a UACR ≥  30  mg/g 
and an eGFR < 60 mL/min/1.73 m2 [21].

A standardized questionnaire was delivered using a self-
administered method with the assistance of trained survey-
ors to assess demographic characteristics (age, gender, and 
educational attainment), the use of medications for chronic 
diseases, medical histories of hypertension, diabetes, 
and chronic kidney failure, and health behaviors. Health 
behaviors included history of smoking (non-smoker, cur-
rent smoker, or ex-smoker), alcohol consumption (yes vs. 
no to drinking at least 1 unit of alcohol per month over the 
last year), and exercise (yes vs. no to engaging in regular, 
high-intensity exercise for >20 min/session at least 3 times/
week; regular, moderate-intensity exercise for >30  min/
session at least 5  times/week; and regular walking for 
>30 min/session at least 5 times/week).

Statistical analyses

All analyses were performed separately for men and 
women based on previous findings of gender-specific asso-
ciations between RLD and albuminuria [22]. To compare 
the relationships of the three categories of lung function 
(non-OLD/non-RLD, RLD, and OLD) with the categories 
of kidney function, MetS, educational attainment, health 
behaviors, and medication use, we used the Chi-squared 
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test. One-way analysis of variance with the post hoc Schef-
fe’s test was used to make comparison for age. Multiple 
logistic regression analyses were performed to determine 
the associations of the different categories of lung func-
tion with low eGFR and albuminuria, after adjusting for 
demographics, health behaviors, medication use, and other 
indicators of kidney function (i.e., eGFR in the analysis of 
albuminuria and UACR in the analysis of low eGFR). MetS 
was considered as a confounding factor in these models in 
order to identify any independent associations between the 
each lung function category and impaired kidney function. 
Finally, the same analyses were performed in the combined 
subgroups of the MetS (or its components) categories and 
lung function categories to detect the combined effects of 
MetS and impaired lung function on impaired kidney func-
tion. Data were analyzed using IBM Statistical Package for 
the Social Sciences (SPSS) software version 22.0.0.0 (IBM 
Corp., Armonk, NY, USA).

Results

In the total cohort, 10.1% of participants had RLD and 
14.5% had OLD. Men and women with RLD or OLD were 
more likely to have low eGFR (odds ratio [95% confidence 
interval] 2.41 [1.51–3.84] for RLD, 3.31 [2.36–4.62] for 
OLD in men; 2.85 [1.83–4.44] for RLD, 3.69 [2.33–5.84] 
for OLD in women) and albuminuria (odds ratio [95% 
confidence interval] 2.29 [1.68–3.13] for RLD, 1.59 
[1.22–2.06] for OLD in men; 1.85 [1.31–2.50] for RLD, 
2.13 [1.53–2.97] for OLD in women) compared to those 
without RLD and OLD. MetS was more likely to occur in 
men with RLD (odds ratio [95% confidence interval] 2.01 
[1.63–2.48]) and in women with RLD or OLD (odds ratio 
[95% confidence interval] 2.46 [2.02–2.99] for RLD, 1.44 
[1.14-–1,82] for OLD) compared to those without RLD 
and OLD. The categories of lung function were associated 
with age, smoking status, alcohol use, educational attain-
ment, and medication use for chronic diseases in both of 
men and women, and with exercising habits only in women 
(Table 1).

The gender-specific associations between combinations 
of lung function/MetS (or its components) and low eGFR 
and albuminuria are presented in Tables  2 and 3, respec-
tively. When the results were adjusted for confounding 
factors and MetS, neither RLD nor OLD was associated 
with low eGFR in men, while RLD was associated with 
higher odds of low eGFR in women compared to those in 
the non-OLD and non-RLD groups. In terms of the rela-
tionships between the combination of MetS (or its compo-
nents) and lung function categories, the odds for low eGFR 
increased in men with RLD when combined with high BP 
or low HDL-C; in men with OLD, when combined with 

MetS, high WC, high BP, or low HDL-C; in women with 
RLD, when combined with MetS or individual MetS com-
ponents; and in women with OLD, when combined with 
MetS, high BP, high FPG, or low HDL-C. In contrast, the 
odds for low eGFR increased in men with RLD who did 
not have MetS or high BP; in women with RLD who did 
not have MetS, high BP, or high FPG; and in women with 
OLD who did not have MetS (Table 2). 

As shown in Table 3, RLD in men and OLD in women 
were associated with increased odds for albuminuria after 
adjusting for confounding factors and MetS. In the com-
bined models for MetS (or its components) and the catego-
ries of lung function, the odds for albuminuria increased in 
men and women with RLD and OLD combined with MetS 
or individual MetS components. In addition, the odds for 
albuminuria increased in men with RLD when they did 
not have MetS, high FPG, low HDL-C, or high TG; and 
in women with OLD who did not have high WC (Table 3).

Discussion

In this study of a representative sample of South Koreans 
aged ≥40 years old, RLD and OLD were associated with 
increased odds of low eGFR or albuminuria when com-
bined with MetS or its components in both gender. To our 
knowledge, this is the first study to report the joint gender-
specific effects of MetS and impaired lung function on indi-
cators of chronic kidney disease. The associations observed 
suggest that there are some variations in the individual rela-
tionships. First, the additive effects of MetS and its com-
ponents tended to be more consistent for the association 
with albuminuria than with low eGFR. In addition, some 
relationships indicated significant associations between 
impaired lung function and impaired kidney function, 
even though there was no concomitant MetS or its compo-
nents, and those associations were modulated by gender. 
For example, the odds for low eGFR increased in men and 
women with RLD but no MetS, in men and women with 
RLD but without high BP, in women with RLD but with-
out high FPG, and in women with OLD without MetS; 
the odds for albuminuria increased in men with RLD but 
without MetS, high FPG, low HDL-C, or high TG, and in 
women with OLD but without high WC.

The findings of the present study agree with and extend 
the previously published data. Our findings concerning 
the relationships between RLD/OLD and impaired kidney 
function after adjusting for MetS were partially consistent 
with previously reported data. In a US population-based 
study, albuminuria was found to be positively associated 
with RLD and OLD, while a decrease in eGFR was posi-
tively associated with OLD but not with RLD after adjust-
ing for gender, body mass index, diabetes, and hypertension 
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[6]. Another small study of chronic obstructive lung disease 
suggested that an increase in urinary albumin level exists in 
patients with severe forms of the condition [5]. Meanwhile, 
another cohort study supported the increased tendency of 
higher odds for microalbuminuria with lower FEV1 [7]. 
The gender-specific associations between RLD and albumi-
nuria in a previous Korean study [22] were replicated in the 
present study. The present data add to these previous find-
ings by demonstrating the combined effects of MetS or its 
individual components with impaired lung function on low 
eGFR and albuminuria according to gender.

The potential mechanisms for the associations between 
impaired lung function and impaired kidney function are 
multifactorial and not entirely understood: Impaired lung 
function induces hypoxic damage to the renal tubules and 
interstitium, systemic inflammation and oxidative stress, 
and glomerular injury caused by arterial stiffness [6, 9, 23–
25]. The mechanistic link between MetS and impaired kid-
ney function is also complex and multifactorial, involving 

insulin resistance, activation of the renin–angiotensin–
aldosterone system, insulin/insulin-like growth factor-1 
signaling pathways, reactive oxygen species formation 
[26], and other mechanisms in obesity [27]; nephrosclerosis 
and activation of the sympathetic system, interference with 
glomerular hemodynamics, and inflammatory mechanisms 
in high BP; and inflammatory and oxidative stress path-
ways in dyslipidemia [28]. In addition, some mechanisms, 
such as adiposity-induced effects on the lung airways, may 
involve both MetS and lung function impairment [29]. 
Therefore, the increased risk of impaired kidney function 
when combined with MetS may be explained by interac-
tions between these complicated and common mechanisms.

So far, there are no plausible explanations for the gen-
der-specific associations between impaired lung function 
and impaired kidney function. A previous Korean study 
and the current study both demonstrated gender-related 
difference in the relationship between RLD and albuminu-
ria after adjusting for confounding factors including some 

Table 1   Comparison of characteristics according to lung function categories

Values are represented as mean ± SD or number (%)

RLD restrictive lung disease, OLD obstructive lung disease, eGFR estimated glomerular filtration rate, UACR urine albumin-to-creatinine ratio

Alcohol user was defined as those who drank at least 1 unit of alcohol per month over the last year

Regular exercise was defined as moderate exercise (>30 min at a time 5 times/week), strenuous exercise (>20 min at a time 5 times/week), or 
walking (>30 min at a time >5 times/week)

Medication for chronic diseases was defined as use of medication for hypertension, cardiovascular disease, diabetes, bronchial asthma, arthritis, 
or dyslipidemia

* P < 0.05 using one-way analysis of variance and post hoc test by Scheffe test (reference: the group of non-restrictive and non-obstructive lung 
function)
‡  P value by one-way analysis of variance for continuous variables and Chi-square test for categorical variables

Men (n = 3798) Women (n = 4753)

Non-RLD/
non-OLD 
(n = 2471)

RLD (n = 413) OLD (n = 914) P value‡ Non-RLD/
non-OLD 
(n = 3975)

RLD (n = 450) OLD (n = 328) P value‡

Age (year) 54.0 ± 9.8 59.5 ± 10.6* 65.0 ± 9.5* <0.001 56.5 ± 10.4 60.3 ± 10.1* 65.4 ± 9.2* <0.001

eGFR < 60 mL/
min/1.73 m2

67 (2.7) 26 (6.3) 77 (8.4) <0.001 87 (2.2) 27 (6.0) 25 (7.6) <0.001

UACR ≥ 30 mg/g 174 (7.0) 61 (14.8) 98 (10.7) <0.001 289 (7.3) 57 (12.7) 47 (14.3) <0.001

Metabolic syn-
drome

798 (32.3) 202 (48.9) 317 (34.7) <0.001 1148 (28.9) 225 (50.0) 121 (36.9) <0.001

Smoking status <0.001 0.027

 Non-smoker 439 (17.8) 75 (18.2) 94 (10.3) 3717 (93.5) 418 (92.9) 294 (89.6)

 Current smoker 872 (35.3) 141 (34.1) 346 (37.9) 137 (3.4) 22 (4.9) 21 (6.4)

 Ex-smoker 1160 (46.9) 197 (47.7) 474 (51.9) 121 (3.0) 10 (2.2) 13 (4.0)

 Alcohol user 1841 (74.5) 292 (70.7) 593 (64.9) <0.001 1322 (33.3) 110 (24.4) 81 (24.7) <0.001

 Regular exercise 1174 (47.5) 194 (47.0) 456 (49.9) 0.423 1736 (43.7) 169 (37.6) 119 (36.3) 0.003

 Education 
(≥high school)

1757 (71.1) 267 (64.6) 446 (48.8) <0.001 1944 (48.9) 170 (37.8) 77 (23.5) <0.001

 Medication 
for chronic 
diseases

1000 (40.5) 242 (58.6) 530 (58.0) <0.001 2065 (51.9) 305 (67.8) 239 (72.9) <0.001
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components of MetS [22]. However, the current study adds 
new findings: There were gender-related differences in 
these relationships in participants without MetS or its com-
ponents, but no gender-related differences in those with 
MetS or its components. Most probably gender-related dif-
ferences in the underlying causes for RLD or the duration 
and severity of RLD, in addition to unmeasured environ-
mental factors such as treatment of those conditions, cumu-
lative exposure to smoking, and nutritional status, also con-
tribute to the observed gender-related differences.

As the data used in this study were drawn from a 
representative population sample, the current observa-
tions can be generalized to South Korean adults aged 
≥40  years old. However, the cross-sectional design of 
this study precludes us from making any causal infer-
ences regarding the relationships among impaired lung 
function, MetS, and impaired kidney function. Making 

classifications based on a single measurement of UACR, 
creatinine and MetS components can lead to the misclas-
sification of some individuals. Similarly, impaired lung 
function may also have been misclassified in some cases 
because post-bronchodilator spirometry measurements 
were not conducted for the classification of OLD, and 
RLD may not be capable of predicting true RLD [30]. 
Finally, although we attempted to adjust for all potential 
confounding factors, other may still have had an effect on 
the results.

In conclusion, this representative Korean study 
demonstrated that RLD or OLD was associated with 
increased odds for low eGFR or albuminuria, when com-
bined with MetS in both gender. Even when MetS was 
not present, RLD in men was associated with increased 
odds for low eGFR or albuminuria, while RLD and OLD 
in women were associated with increased odds for low 

Table 2   Associations between lung function categories and low eGFR (eGFR < 60 mL/min/1.73 m2) in relation to metabolic syndrome/its com-
ponents

Numbers are represented as odds ratio (95% confidence interval)

Bold values indicate P < 0.05

RLD restrictive lung disease, OLD obstructive lung disease, eGFR estimated glomerular filtration rate, MetS metabolic syndrome, WC waist cir-
cumference, BP blood pressure, FPG fasting plasma glucose, HDL-C high-density lipoprotein cholesterol, TG triglycerides
a  Logistic regression analysis after adjusting for age, alcohol use, smoking status, exercise, education, medication history for hypertension, car-
diovascular disease, diabetes, bronchial asthma, arthritis, or dyslipidemia, and urine albumin-to-creatinine ratio

Men (n = 3798) Women (n = 4753)

Non-RLD/non-
OLD (n = 2471)

RLD (n = 413) OLD (n = 914) Non-RLD/non-
OLD (n = 3975)

RLD (n = 450) OLD (n = 328)

Adjusted modela 1.0 1.13 (0.68–1.90) 1.12 (0.76–1.65) 1.0 1.89 (1.17–3.04) 1.60 (0.98–2.60)

Adjusted modela +MetS 1.0 1.08 (0.64–1.81) 1.12 (0.76–1.65) 1.0 1.79 (1.11–2.89) 1.58 (0.97–2.57)

Adjusted modela for combinations of MetS/MetS components and lung function 
categories

MetS

 No 1.0 2.29 (1.10–4.77) 1.64 (0.94–2.87) 1.0 2.37 (1.05–5.33) 2.13 (1.04–4.37)

 Yes 3.09 (1.78–5.36) 1.76 (0.79–3.89) 2.54 (1.42–4.53) 1.64 (1.04–2.60) 2.52 (1.35–4.71) 2.05 (1.03–4.10)

High WC

 No 1.0 1.78 (0.91–3.49) 1.23 (0.76–1.99) 1.0 1.80 (0.87–3.74) 1.67 (0.89–3.13)

 Yes 1.84 (1.09–3.13) 1.07 (0.50–2.32) 1.82 (1.04–3.16) 1.12 (0.72–1.76) 2.12 (1.14–3.94) 1.69 (0.80–3.57)

High BP

 No 1.0 2.93 (1.05–8.17) 1.94 (0.82–4.60) 1.0 5.38 (2.13–13.62) 1.84 (0.58–5.81)

 Yes 2.79 (1.33–5.85) 2.41 (1.01–5.79) 2.76 (1.30–5.88) 1.93 (1.05–3.55) 2.66 (1.25–5.65) 3.00 (1.43–6.33)

High FPG

 No 1.0 1.14 (0.52–2.51) 0.87 (0.49–1.52) 1.0 2.29 (1.08–4.83) 1.93 (0.92–4.09)

 Yes 0.93 (0.55–1.57) 1.05 (0.52–2.12) 1.28 (0.76–2.16) 1.75 (1.10–2.76) 2.75 (1.44–5.27) 2.34 (1.19–4.58)

Low HDL-C

 No 1.0 1.34 (0.69–2.63) 1.43 (0.87–2.36) 1.0 1.88 (0.82–4.33) 1.66 (0.74–3.72)

 Yes 2.77 (1.63–4.71) 2.53 (1.13–5.67) 2.14 (1.22–3.74) 1.45 (0.92–2.28) 2.55 (1.38–4.71) 2.15 (1.14–4.08)

High TG

 No 1.0 1.10 (0.56–2.15) 1.21 (0.75–1.95) 1.0 1.59 (0.83–3.01) 1.69 (0.93–3.09)

 Yes 1.73 (1.02–2.91) 2.01 (0.93–4.30) 1.51 (0.88–2.60) 1.03 (0.64–1.65) 2.42 (1.23–4.74) 1.48 (0.68–3.20)
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eGFR. Further studies will be necessary in order to eluci-
date whether these links represent the coexistence of the 
conditions or the causal relationships.
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