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Abstract. Background/Aim: Emerging evidence suggests
that there is a close relationship between the human lung
and kidney. This study evaluated whether decreased renal
Sfunction was associated with accelerated pulmonary function
decline in a large-scale community-based cohort. Patients
and Methods: A total of 10,028 subjects of the prospective
Ansung-Ansan cohort were eligible for the longitudinal
analysis of changes in pulmonary function associated with
decreased renal function (glomerular filtration rate <60
ml/min/1.73 m?). Logistic regression analysis was performed
to evaluate factors associated with decreased baseline renal
function, and a linear mixed model compared changes in
pulmonary function in participants with and without
decreased renal function after propensity score matching
(PSM). Results: At baseline, subjects with and without
decreased renal function showed distinct characteristics, and
the factors associated with decreased renal function were
age, baseline forced vital capacity, hypertension, and white
blood cell (WBC) count. A 1:4 PSM of age, sex, body mass
index, and smoking status showed that the proportion of
those with hypertension and the WBC count differed between
the patients with decreased and normal renal function. In the
PSM population, those with decreased renal function had a
greater decline in forced expiratory volume in the first
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second (FEVI) than those without (p=0.0402); however,
these differences were not found to be evident when
hypertension and WBC count were further matched
(p=0.0807). Conclusion: The results of our study
demonstrated that decreased renal function was not directly
associated with the rapid decline in pulmonary function in a
community-based general population setting.

Pulmonary function is an objective index to measure the
capacity of the human lung that can be evaluated using a
number of assessments, including spirometry, total lung
volume, and diffusing capacity for carbon monoxide (1). The
investigation of the pattern of abnormalities present in the
lung and further investigations are conducted using forced
expiratory volume in the first second (FEV1), forced vital
capacity (FVC), and the ratio of FEV1 to FVC (FEV1/FVC)
(2). Traditionally acknowledged factors influencing
pulmonary function include age, sex, weight, height, and
ethnicity; however, other factors could also affect the
spirometry results (3). For instance, chronic inflammation is
linked to decreased lung function, and it is determined by
increased levels of acute inflammatory mediators, such as C-
reactive protein and interleukin-6 (4, 5).

Chronic kidney disease (CKD) is a medical condition that
could have various aetiologies that are characterised by
decreased renal function or renal damage (6). CKD is
defined by the presence of laboratory markers of kidney
injury or a decrease in glomerular filtration rate (GFR) to
<60 ml/min/1.73 m? for 3 months; a GFR cut-off value of
60 is used to classify patients into CKD stage three and
above (7, 8). The most common causes of CKD are
hypertension (HTN) and diabetes mellitus (DM); however,
glomerular diseases or other causes may also lead to renal
function impairment (9). In general, CKD is regarded as a
hyperinflammatory state associated with sustained low-grade
inflammation (10). Increased levels of pro-inflammatory
cytokines, chemokines, and cell adhesion molecules are
observed in patients with CKD, and it was shown that
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targeting these molecules could be clinically beneficial, thus
emphasising that chronic inflammation plays an important
role in CKD (11).

In individuals with chronic kidney disease (CKD), a
prevalent issue is the decline in lung function, and research
suggests a strong connection with chronic fluid overload
(12). When the glomerular filtration rate (GFR) decreases,
pulmonary oedema and respiratory muscle dysfunction are
more common, due to fluid retention and metabolic,
endocrine and cardiovascular changes (12, 13). In addition,
chronic systemic inflammation is associated with decline of
both pulmonary and renal functions, and growing insights
suggest their association (14), the decrease in pulmonary
function could be also aggravated in patients with impaired
renal function; however, such an association has not been
described. Thus, we aimed to evaluate the relationship
between decreased GFR (defined as <60 ml/min/1.73 mz)
and pulmonary function decline by using a large-scale
community-based database.

Patients and Methods

Study population. Data from the Ansan-Ansung cohort included in
the Korean Genome and Epidemiology Study (KoGES), a series of
large community-based epidemiological surveys investigating
chronic diseases in Koreans, were analysed. In this cohort, 10,030
individuals aged 39-70 years were enrolled in 2001-2002 and were
prospectively observed during the 12-year investigation period, with
assessments performed every two years. Detailed information on the
study design and relevant protocols has been previously published
(14). In the present study, two patients who did not have data on
kidney function were excluded, and 10,028 subjects were analysed.
The Korea Centre for Disease Control and Prevention obtained
written informed consent from all participants regarding the
collection of their data, and the Institutional Review Board of Korea
Ansan Hospital (IRB No. 2019AS0102) approved the study. All
methods were performed in accordance with relevant national
guidelines and regulations.

Lung function assessment by spirometry. Pulmonary function tests
were performed by a skilled technician using a portable spirometer
(Vmax-2130, Sensor Medics, Yorba Linda, CA, USA) according to
standardised protocols set by the 1994 recommendations of the
American Thoracic Society (ATS) (15). The participants underwent
a pre-bronchodilator test on completing at least three repeated
measurements; the participants showing absolute differences within
0.15 litre (1) between the largest and the next largest FVC and FEV,
values were included. Calibration and quality control of spirometry
tests assessing measures of lung function, including FEV1 (in 1),
FVC (in 1), and FEV1/FVC, were regularly performed based on the
ATS guidelines.

Covariates and definition of decreased renal function. The assessed
covariates were age; sex; height; weight; body mass index (BMI);
smoking and alcohol status (categorised into current, ex-, and
never); and comorbid diseases, including HTN, DM, and
dyslipidaemia, based on a comprehensive health assessment and

prescribed medications. The evaluated laboratory values included
white blood cell (WBC) count and levels of C-reactive protein
(CRP), blood urea nitrogen (BUN), creatinine (Cr), aspartate
aminotransferase, alanine aminotransferase, and sodium (Na).
Decreased renal function was defined as a GFR of <60 ml/min/1.73
m2, which was calculated according to the Modification of Diet in
Renal Disease Study equation (16).

Statistical analysis. Among the descriptive characteristics,
categorical variables are reported as numbers and percentages,
whereas continuous variables are expressed as meanzstandard
deviation. Independent #-tests and chi-square tests were performed
for continuous and categorical variables, respectively, as indicated.
Multivariate analyses using a logistic regression model were
performed to evaluate predictors of decreased renal function at
baseline and are presented as adjusted odds ratios (ORs) with 95%
confidence intervals (Cls). In addition, given that there was a
substantial difference in the baseline characteristics between patients
with  GFR <60 ml/min/1.73 m? and those with GFR =60
ml/min/1.73 m2, a 1:4 propensity score matching (PSM) according
to baseline covariates including age, sex, body mass index, smoking
history, and smoking status (pack-years) was applied to adjust for
the differences, using the nearest neighbour method within a calliper
of 0.25 of the propensity score. In an additional analysis to further
adjust for differences in HTN and WBC count, 1:2 PSM was
performed. Finally, linear mixed-model analyses were used to
determine the best fit for the decrease in spirometric measures over
time. Statistical analyses were performed using Stata statistical
software version 14.2 (StataCorp LP, College Station, TX, USA),
and p-values <0.05 were considered statistically significant.

Results

Characteristics of patients with and without decreased renal
Sfunction. A comparison of baseline characteristics between
subjects with GFR =60 ml/min/1.73 m? and those with GFR
<60 ml/min/1.73 m? indicated that those with decreased renal
function were older, were less frequently of the female sex,
and had higher BMIs. In addition, the proportion of current
smokers and drinkers was higher among those with decreased
renal function. With regard to pulmonary function and
comorbid diseases, baseline FEV1, FVC, and FEV1/FVC
were also lower in the decreased renal function group,
whereas HTN and DM were more common. In addition, the
results of blood tests revealed that the group with decreased
renal function had a higher WBC count and higher levels of
CRP, BUN, Cr, and Na (Table I).

Among men, those with decreased renal function had
higher ages and BMIs, and there was a higher percentage of
current smokers and drinkers. However, a comparison of
pulmonary function and comorbidities revealed that only
FEV1 and FVC differed, and HTN was more common in the
decreased renal function group. A comparison of laboratory
results revealed a significantly higher WBC count and higher
CRP, BUN, and Cr levels among those with decreased renal
function. Contrastingly, in women, those with decreased
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Table II. Factors associated with decreased renal function at baseline.

Univariate model

Multivariate model

OR (95% CI) p-Value OR (95% CI) p-Value
Demographics
Age 1.139 (1.118-1.161) <0.0001 1.124 (1.097-1.151) <0.0001
Female sex 1.338 (1.018-1.759) 0.037
BMI 1.074 (1.031-1.119) 0.0007
Smoking status
Current smoker Ref
Ex-smoker 1.061 (0.741-1.521) 0.7464
Never smoker 0.599 (0.416-0.864) 0.006
Alcohol drinking status
Current drinker Ref
Ex-drinker 1.354 (0.868-2.112) 0.1811
Never drinker 0.500 (0.370-0.677) <0.0001
Pulmonary function test
Baseline FEV1 0.464 (0.387-0.556) <0.0001
Baseline FVC 0.337 (0.269-0.422) <0.0001 0.081 (0.654-0.991) 0.0410
Baseline FEV1/FVC 0.974 (0.959-0.990) 0.0012
Comorbid disease
Hypertension 5.159 (3.931-6.770) <0.0001 2.925 (2.105-4.064) <0.0001
Diabetes mellitus 2.171 (1.457-3.235) 0.0001
Dyslipidemia 0.374 (0.093-1.515) 0.1683
Laboratory data
Blood tests
WBC count 1.163 (1.093-1.238) <0.0001 1.160 (1.075-1.251) 0.0001
C-reactive protein 1.156 (1.023-1.307) 0.0197
AST 1.000 (0.993-1.007) 0.9886
ALT 0.998 (0.990-1.005) 0.5212
Na 1.113 (1.043-1.188) 0.0013

GFR: Glomerular filtration rate; OR: odds ratio; CI: confidence interval; BMI: body mass index; FEV1: forced expiratory volume in the first second;
FVC: forced vital capacity; WBC: white blood cell; AST, aspartate aminotransferase; ALT: alanine aminotransferase; Na: sodium; Ref: reference.

renal function were older and were less often current
drinkers. In line with the results of the total population,
women with decreased renal function had significantly lower
FEVI1, FVC, and FEV1/FVC ratios, as well as higher rates
of HTN and DM. Regarding laboratory data, in the decreased
renal function group, a higher WBC count and higher BUN,
Cr, and Na levels were observed (Table I).

Predictors of decreased renal function at baseline and
propensity-score matching. The results of the multivariate
logistic regression analysis were as follows: age (OR=1.124,
95% CI=1.097-1.151, p<0.0001), baseline FVC (OR=0.081,
95% CI1=0.654-0.991, p=0.0410), HTN (OR=2.925, 95%
CI=2.105-4.064, p<0.0001), and WBC count (OR=1.160,
95% CI=1.075-1.251, p=0.0001) (Table II).

In the PSM population, the baseline characteristics of
patients with decreased renal function differed in terms of
the comorbidity of HTN, WBC count, BUN, and Cr levels.
On the other hand, in this population, men with decreased
renal function had HTN more frequently as well as higher
BUN and Cr levels, and women with decreased renal

function had lower baseline FEV1 and FVC, a higher
frequency of HTN, and higher laboratory levels of WBC
count, BUN, and Cr (Table III).

Pulmonary function changes in patients with decreased renal
Sfunction and without. Figure 1A-C shows the changes in
absolute values of FVC and FEV1 during the follow-up
period. Patients with decreased renal function showed a
significantly higher decline in FEV1 than those with normal
renal function (p=0.0402), whereas the changes in FVC and
FEVI/FVC were comparable (p=0.7582 and p=0.1911,
respectively). However, when additional matching with HTN
and WBC count was performed, the slope plot demonstrated
that the differences in FEV1, FVC, and FEV1/FVC were not
evident in the longitudinal analysis (Figure 1D-F).

Discussion
Although studies have demonstrated that decreased pulmonary

function is associated with an early decline in kidney function,
to the best of our knowledge, the association between
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Figure 1. Lung function decline in patients with and without decreased kidney function using linear mixed model. (A) Slope figure of the linear
mixed model after 1:4 propensity matching of age, sex, BMI, and smoking status for FVC. (B) Slope figure of the linear mixed model after 1:4
propensity matching of age, sex, BMI, and smoking status for FEVI. (C) Slope figure of the linear mixed model after 1:4 propensity matching of
age, sex, BMI, and smoking status for FEVI/FVC. (D) Slope figure of the linear mixed model after 1:2 propensity matching of age, sex, BMI,
smoking status, hypertension, and WBC count for FVC. (E) Slope figure of the linear mixed model after 1:2 propensity matching of age, sex, BMI,
smoking status, hypertension, and WBC count for FEVI. (F) Slope figure of the linear mixed model after 1:2 propensity matching of age, sex, BMI,
smoking status, hypertension, and WBC count for FEVI/FVC. FEVI, Forced expiratory volume in the first second; FVC: forced vital capacity;

WBC': white blood cell; BMI, body mass index.

decreased renal function and alterations in pulmonary function
measures has not been investigated. By using data from a
large prospective community-based cohort, we investigated
the relationship between decreased renal function and
pulmonary function decline. Patients with decreased renal
function had distinct clinical characteristics compared to those
without decreased renal function. Furthermore, the relevant
factors associated with decreased renal function at baseline
were age, FVC, HTN, and WBC count. Finally, the
differences in the clinical factors appeared to decrease
substantially after PSM; however, the differences in WBC
count and HTN existed. In the population that underwent
additional matching, subjects with decreased renal function
did not present an expedited reduction in pulmonary function.

On the contrary, some previous studies have suggested that
chronic kidney disease (CKD) is more comorbid in individuals
with low lung function and respiratory disease (17-19). These
studies have proposed numerous pathophysiological
mechanisms that contribute to this association. Many risk
factors are common to both diseases, such as older age,
smoking, higher levels of inflammatory markers (20) and
systemic chronic inflammatory comorbidities, such as HTN and
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DM (21), which can affect the lungs and airways causing direct
organ damage or inducing the development of endothelial
dysfunction contributing to the strong association between
Chronic obstructive pulmonary disease (COPD) and CKD (22).
However, the association of reduced lung function with adverse
kidney outcomes still remained statistically significant even
after accounting for various potential confounders.

The comparison of baseline characteristics revealed a clear
disparity between subjects with GFR <60 ml/min/1.73 m? and
those with =60 ml/min/1.73 mZ. Briefly, patients with
decreased renal function had a higher age, included a greater
proportion of men, higher BMIs, and a greater proportion of
current smokers and drinkers. Intriguingly, patients with
decreased renal function had poor pulmonary function,
suggesting a potential link between renal and pulmonary
functions. In particular, in both men and women, significantly
lower values of FEV1 and FVC were observed, whereas these
differences appeared to decrease in the PSM population.
Moreover, comorbidities, such as HTN and DM, were more
frequent in the decreased renal function group at baseline; there
is abundant evidence illustrating augmented inflammation in
HTN and DM (23, 24). Corroborating the available evidence,
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more subjects with decreased renal function had elevated
inflammatory markers of WBC and C-reactive protein
compared to those without decreased renal function.

Despite adjusting for the baseline factors of age, sex,
BMI, and smoking status, differences in comorbidities, such
as HTN and WBC count, were continuously observed. The
early decrease in FEV1 in subjects with decreased renal
function compared to those with normal renal function in this
prospective observational study seems to be attributable to
several factors. First, heightened inflammation is now
regarded as a state that can result in endothelial dysfunction,
potentially affecting airway resistance (25). As a growing
body of evidence suggests the presence of a higher degree
of inflammation in the presence of decreased renal function
(26), the pro-inflammatory setting could have resulted in a
rapid decline in FEV1. Second, although the cause remains
uncertain, systemic inflammation may modulate pulmonary
function in an intrinsic manner (5, 27). Third, HTN could be
relevant to the reduction of pulmonary function, as described
by Miele et al. and Schnabel et al. (28, 29). Supporting this
assumption, the baseline factors associated with decreased
renal function included WBC count and HTN. Therefore, the
greater decrease in FEV1 in patients with decreased renal
function may not be a direct cause of kidney impairment.
Indeed, in a further analysis adjusting for the differences in
HTN and WBC count, the decrease in FEV1 in the total
population was not apparent.

Our results suggest that although a profound interaction
exists between kidney and lung function, this may be
mediated by the presence of inflammation and comorbid
diseases and may not have a causal relationship. Therefore,
although it could be generally suggested that patients with
poor renal function require regular follow-up with regard to
an earlier decrease in pulmonary function, the presence of
inflammation and comorbidities such as HTN should be
systematically evaluated. In particular, given that pulmonary
function gradually decreases as a consequence of aging and
is aggravated in men and following exposure to smoking (17,
30, 31), the influence of decreased renal function in a
susceptible population, which requires continuous screening
and consultation, remains to be better understood. Therefore,
further large-scale studies are required to evaluate whether
decreased renal function affects pulmonary function,
especially in older patients and those who smoke.

An advantage of the present study is that it is the first to
investigate whether decreased renal function is related to
accelerated pulmonary function decline. However, there are
several limitations. First, although the number of subjects
was large at baseline, those being followed-up decreased
gradually during the follow-up period and was small at the
end of the observation period. Second, due to the limitations
of the study design, we could only demonstrate an
association and not establish a causal relationship. Additional
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investigations are required to analyse the causal relationship
between decreased renal function and the accelerated decline
in pulmonary function. Third, the precise cause of decreased
renal function could not be identified, as this information
was not provided in the Ansung—Ansan cohort database.

Conclusion

Decreased renal function was not directly associated with a
rapid decline in pulmonary function in a community-based
general population setting, but appeared to be affected by the
presence of systemic inflammation and comorbidity of HTN.
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