
1Kim SH, et al. BMJ Open 2021;11:e043432. doi:10.1136/bmjopen-2020-043432

Open access 

Obstructive spirometry pattern and the 
risk of chronic kidney disease: analysis 
from the community- based prospective 
Ansan- Ansung cohort in Korea

Sang Hyuk Kim    ,1 Hyeon Sam Kim,2 Hyang Ki Min    ,2 Sung Woo Lee2

To cite: Kim SH, Kim HS, 
Min HK, et al.  Obstructive 
spirometry pattern and 
the risk of chronic kidney 
disease: analysis from 
the community- based 
prospective Ansan- Ansung 
cohort in Korea. BMJ Open 
2021;11:e043432. doi:10.1136/
bmjopen-2020-043432

 ► Prepublication history and 
additional material for this paper 
is available online. To view these 
files, please visit the journal 
online (http:// dx. doi. org/ 10. 
1136/ bmjopen- 2020- 043432).

Received 03 August 2020
Revised 25 January 2021
Accepted 11 February 2021

1Medical Service Corps of 2nd 
Armored Brigade, Republic of 
Korea Army, Paju, South Korea
2Department of Internal 
Medicine, Nowon Eulji Medical 
center, Eulji University, Seoul, 
South Korea

Correspondence to
Professor Sung Woo Lee;  
 neplsw@ gmail. com

Original research

© Author(s) (or their 
employer(s)) 2021. Re- use 
permitted under CC BY- NC. No 
commercial re- use. See rights 
and permissions. Published by 
BMJ.

ABSTRACT
Objective There have been limited studies on the 
relationship between obstructive spirometry pattern 
and the development of chronic kidney disease (CKD). 
We investigated the association between obstructive 
spirometry pattern and incident CKD development in a 
large- scale prospective cohort study.
Methods We reviewed the data of 7960 non- CKD adults 
aged 40–69 years who participated in the Ansung- 
Ansan cohort, a prospective community- based cohort 
study. Prebronchodilation results for the ratio of forced 
expiratory volume per 1 s (FEV1) to forced vital capacity 
(FVC) were used as the primary exposure. The primary 
outcome was incident CKD, defined as the first event of an 
estimated glomerular filtration rate <60 mL/min/1.73 m2. 
HRs and 95% CIs were calculated using multivariate Cox 
proportional hazard regression analysis.
Results Over a mean follow- up period of 11.7 years, 
incident CKD developed in 511 subjects (6.4%). An 
increase of 0.1 in FEV1/FVC was associated with a 
decreased risk of incident CKD (HR 0.76, 95% CI 0.68 to 
0.84, p<0.001). Compared with the fourth quartile, the 
HR (95 % CI) of the first quartile of FEV1/FVC ratio was 
1.81 (1.39 to 2.36, p<0.001). In the restricted cubic spline 
curve, the renal hazard associated with a decreased FEV1/
FVC ratio was evident at FEV1/FVC values <0.80, showing 
a U- shaped relationship. In subgroup analysis, the renal 
hazard associated with a decreased FEV1/FVC ratio was 
particularly evident in people without metabolic syndrome 
(p for interaction=0.018).
Conclusion Decreased FEV1/FVC ratio was independently 
associated with an increased risk of incident CKD 
development, particularly in people without metabolic 
syndrome. Future studies need to be conducted to confirm 
these results.

INTRODUCTION
Airway obstruction which is commonly 
found in chronic respiratory diseases, such 
as chronic obstructive pulmonary disease 
(COPD) and bronchial asthma (BA), can 
be objectively measured by pulmonary func-
tion tests.1 2 Obstructive spirometry pattern 
is defined by a combination of the results 
of spirometry.3 The main parameter that 
represents obstructive spirometry pattern is 

the ratio of forced expiratory volume per 1 s 
(FEV1) to forced vital capacity (FVC).4 Many 
studies have revealed that lower FEV1/FVC 
ratios are associated with increased comor-
bidities and mortality.5–8 Decreased FEV1/
FVC ratios are also associated with increased 
incidence of atrial fibrillation,5 heart failure6 
and type 2 diabetes mellitus.7

Chronic kidney disease (CKD) is one of 
the major chronic diseases in modern society, 
causing substantial medical expenses, chronic 
disease morbidity and mortality.9 According 
to the 2011–2013 report, the total prevalence 
of CKD in adults aged more than 20 years was 
8.2% in Korea.10 The prevalence and inci-
dence of CKD has been increasing worldwide, 
particularly in developing countries.11 In 
addition, CKD is related to an increased inci-
dence of mental disorders, including depres-
sion, dementia and Parkinson’s disease.12–14 
As a result, degradation of quality of life was 
commonly found in the CKD population.15 
Therefore, identification of factors associ-
ated with CKD and early intervention may be 
helpful in promoting public health.16

Several recent studies have reported 
the association between obstructive airway 
diseases and CKD.17–19 Furthermore, the find-
ings of obstructive spirometry pattern may 

Strengths and limitations of this study

 ► The strength of our study is the prospective nature 
of this study with a large number of participants.

 ► Our study is the only study to investigates the as-
sociation between lung function and chronic kidney 
disease development using a non- linear analytic 
method.

 ► The limitations are the observational nature of our 
study and only pre- bronchodilator measurements 
were used for analysis.

 ► Another limitation is that generalisation is limited be-
cause the study was conducted in a single country.
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also be associated with CKD.20–22 Suzuki et al reported 
that the prevalence of CKD increased with an increase in 
the obstructive spirometry grade.20 Sumida et al analysed 
14 946 participants of the Atherosclerosis Risk in Commu-
nities study and reported that the incidence of end- stage 
renal disease was higher in the lowest quartile of FEV1/
FVC ratio than highest quartile with a hazard ratio (HR) 
and 95% confidence interval (CI) of 1.33 (1.03 to 1.73).21 
Although one Korean study also suggested that decreased 
FEV1/FVC ratio was associated with an increased risk of 
incident CKD, it was based on a single- centre retrospec-
tive cohort, and the potential renal hazard associated with 
obstructive spirometry pattern needs to be tested in a 
prospective setting.22 The aim of this study was, therefore, 
to investigate the relationship between FEV1/FVC ratio 
and incident CKD using data from the community- based 
prospective Ansan- Ansung cohort in Korea.

METHODS
Participants
The Ansan- Ansung cohort was prospectively assessed 
to investigate factors affecting the incidence of chronic 
diseases in the Ansan (urban) and Ansung (rural) areas. 
The enrolled subjects were aged 40–69 years and lived 
in these two cities in Korea, and baseline measurements 
were performed between May 2001 and February 2003. 
Participants were examined biennially after the baseline 
measurement. This community- based prospective cohort 
study is ongoing, and the last follow- up was conducted in 
2015–2016. More detailed information about the Ansan- 
Ansung cohort can be found in previous reports.23 In 
total, 10 030 people participated at the baseline. Out of 
10 030 subjects, we excluded 252 subjects with missing 
spirometry results, 114 subjects with missing smoking 
status, and 337 subjects with missing data for metabolic 
disorders. Of the remaining 9327 subjects, 186 subjects 
with prevalent CKD, 189 subjects with baseline proteinuria 
defined as ≥1+ protein in dipstick urinalysis (URISCAN 
Pro II; YD Diagnostic Corp), 917 subjects missing serial 
creatinine measurements, and 75 subjects with prevalent 
chronic lung diseases were further excluded. Finally, 7960 
subjects were included in this study for analysis (figure 1).

All data were completely anonymised prior to access. 
Our study was also checked using the Strengthening the 
Reporting of Observational Studies in Epidemiology 
Statement.24

Exposure
The main exposure of this study was the FEV1/FVC 
ratio, which was obtained by pre- bronchodilator testing 
using spirometry (VMAX2130; Sensormedics, Yorba, Cali-
fornia, USA). FEV1 and FVC were measured three times 
and best scores were recorded by well- trained techni-
cians. Per cent- predicted FEV1 and FVC values were used 
to calculate the FEV1/FVC ratio, and the predicted FEV1 
and FVC values used to calculate per cent- predicted FEV1 
and FVC values were derived from Korean formula.25

Outcome
Estimated glomerular filtration rate (eGFR) was calcu-
lated using the CKD Epidemiology Collaboration equa-
tion.26 CKD was defined as eGFR <60 mL/min/1.73 m2. 
Prevalent CKD was defined as eGFR <60 mL/min/1.73 m2 
at the baseline measurement and incident CKD, a main 
outcome of this study, was defined as the first event of 
eGFR <60 mL/min/1.73 m2, which was confirmed at least 
two or more times and was maintained thereafter.

Measurements and other definitions
A standard interview regarding the participants’ sociode-
mographic status and lifestyle was conducted by trained 
interviewers. High income was defined as the highest 
quintile of monthly household income (≥3 million won 
a month). Blood pressure (BP) was measured using a 
standard mercury sphygmomanometer (Baumanometer- 
Standby; W. A. Baum, Copiague, New York, USA), and the 
average BP on both arms was used as the representative 
BP measure. Body mass index (BMI) was calculated by 
dividing the weight by the square of the height (kg/m2). 
Waist circumference (WC) was measured at the narrowest 
point between the lower rib and the iliac crest (measured 
to the nearest 0.1 cm). Blood samples were examined 
for fasting for at least 8 hours. Haemoglobin levels and 
white cell count (WCC) were analysed using enzymatic 
methods with ADVIA 120 (Bayer Diagnostics, Tarrytown, 
New York, USA). Fasting glucose (FG), triglyceride (TG), 
high- density lipoprotein cholesterol (HDL- C), C reactive 
protein (CRP), serum creatinine and blood urea nitrogen 
levels were measured using ADVIA 1650 (Siemens, Tarry-
town, New York, USA). Five components of metabolic 
syndrome (MetS) were defined according to the recom-
mendations of the International Diabetes Federation.27 
First, elevated BP was defined as a systolic BP ≥130 mm 
Hg, a diastolic BP ≥85 mm Hg, treatment with antihyper-
tensive drugs, or a previous diagnosis of hypertension 
by a physician. Second, elevated FG was defined as an 
FG level of ≥100 mg/dL, treatment with insulin or oral 
antidiabetic drugs, or a previous diagnosis of diabetes 

Figure 1 Flow chart of the study subject selection. CKD, 
chronic kidney disease.
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by a physician. Third, increased TG was defined as TG 
≥150 mg/dL, treatment with anti- dyslipidemic drugs, 
or a previous diagnosis of dyslipidaemia by a physician. 
Fourth, reduced HDL- C levels were defined as HDL- C 
<40 mg/dL in men and <50 mg/dL in women. Finally, 
central obesity was defined as WC ≥90 cm in men and 
≥80 cm in women. MetS was defined as three or more of 
the five MetS components.28

Statistical analyses
All statistical analyses were performed using R V.3.6.2 (R 
core Team 2019; R foundation for Statistical Computing, 
Vienna, Austria). Histograms and Q- Q plots were used to 
evaluate the normality of continuous variables. Normally 
distributed continuous variables were expressed as 
mean±SD. Non- normally distributed continuous variables 
were described as medians with IQR. The p trend was 
analysed using linear regression for the normally distrib-
uted continuous variables, Jonckheere- Terpstra test for 
the non- normally distributed continuous variables, and 
the Cochran- Armitage test for the categorical variables. 
Survival curves were analysed using Kaplan- Meier esti-
mates, and differences among groups were tested using 
the log- rank test. HRs and 95% CIs were calculated using 
Cox proportional hazards regression analysis. Both anal-
yses were performed with the ‘survival’ package. In the 
Kaplan- Meier survival curve, the mean survival time of 
each FEV1/FVC ratio quartile group was truncated at 14 
years and analysed using the restricted mean survival time 
function with the ‘survRM2’ package. The proportional 
hazards assumption was verified by goodness- of- fit tests. 
All variables except age satisfied the proportional risk 
assumption. As a result, Cox proportional hazard regres-
sion analysis was performed without adjustment for age 
and Kaplan- Meier survival curve by age was presented 
(online supplemental figure S1). Potential non- linear 
relationships between obstructive spirometry pattern 
and incident CKD were evaluated using restricted cubic 
spline curve analysis with the ‘rms’ package. A p<0.05 was 
considered statistically significant. Subgroup analysis was 
performed on clinically important variables, and contin-
uous variables were divided into median values. Sensitivity 
analysis was presented using multivariate Cox regression 
analysis for per cent- predicted FEV1 and FVC.

Patient and public involvement
Cohort data managed by the Korea Center for Disease 
Control and Prevention was provided anonymously. 
Patient and public were not involved in the design of this 
study. The result will not be disseminated to participants.

RESULTS
The 7960 subjects had a mean±SD age of 51.7±8.7 years, 
and the proportions of men and current smokers were 
48.2% and 41.1%, respectively. Mean±SD BMI, WC, systolic 
BP, diastolic BP, and HDL- C level were 24.6±3.1 kg/m2, 
82.6±8.7 cm, 120.9±18.1 mm Hg, 80.2±11.4 mm Hg, and 

44.7±9.9 mL/dL, respectively, and median (IQR) of FG 
and TG levels were 82 (77-90) mg/dL and 134 (99-187) 
mg/dL, respectively. The mean±SD of FEV1/FVC ratio, 
FEV1 and FVC were 0.80±0.08, 96.9%±14.1%-predicted, 
and 96.9%±13.1%-predicted, respectively. Mean±SD base-
line creatinine was 0.8±0.2 mL/min/1.73 m2. During a 
mean 11.7 years’ follow- up, incident CKD developed in 
511 subjects (6.4%).

The first through fourth quartiles of the FEV1/FVC 
ratio were <0.76, 0.76–0.80, 0.81–0.84 and ≥0.85, respec-
tively. The baseline characteristics of the study according 
to the FEV1/FVC ratio quartiles are depicted in table 1. As 
the FEV1/FVC ratio quartile decreased, the proportions 
of men and current smokers increased, while the propor-
tions of high- income and college graduates decreased. 
Although BMI and the HDL- C level decreased, systolic 
BP, diastolic BP and WC increased as the FEV1/FVC ratio 
quartile decreased. With the reduction in the FEV1/FVC 
ratio quartile, WCC, CRP, haemoglobin, creatinine and 
FVC increased, while FEV1 decreased.

We explored the potential hazard of the FEV1/FVC 
ratio quartile on the development of incident CKD. In 
the Kaplan- Meier survival curve (figure 2), the mean 
(95% CI) CKD- free survival was 13.4 (13.3–13.5) years in 
Q1, 13.6 (13.5–13.6) years in Q2, 13.7 (13.7–13.8) years in 
Q3 and 13.7 (13.6–13.8) years in Q4 (log- rank p<0.001). 
In multivariate Cox proportional hazard regression anal-
ysis (table 2), a 0.1- unit increase in FEV1/FVC ratio was 
associated with decreased hazard of incident CKD devel-
opment: HR (95% CI) of 0.73 (0.66 to 0.82, p<0.001). 
Compared with the fourth quartile, the HR (95% CI) of 
the first quartile of the FEV1/FVC ratio was 1.81 (1.39 
to 2.36, p<0.001). In restricted cubic spline curve anal-
ysis (figure 3), as FEV1/FVC ratio decreased, HR (95 % 
CI) for incident CKD development increased, showing a 
U- shaped relationship and the negative relationship was 
obvious for FEV1/FVC<0.80. However, unlike the FEV1/
FVC ratio, FEV1 was not associated with the development 
of incident CKD in the sensitivity analysis (online supple-
mental table S1).

In the subgroup analysis, MetS modified the effect 
of the FEV1/FVC ratio on incident CKD development 
(figure 4). In detail, although an increased FEV1/FVC 
ratio was not associated with incident CKD development 
in people with MetS, it was independently associated with 
incident CKD development in those without MetS. There 
were no subgroups showing statistically significant effect 
modification. However, younger age, low baseline eGFR, 
and raised FG were not valid subgroups for the for the 
relationship between FEV1/FVC ratio and CKD develop-
ment (online supplemental table S2).

DISCUSSION
Obstructive lung disease and CKD are both important 
chronic diseases in the modern world.9 29 Several recent 
studies have shown the relationship between obstruc-
tive lung disease and CKD.17 30 Chen and Liao reported 
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that the overall incidence of CKD was higher in the 
COPD group (287.52 per 104 person- years vs 470.9 per 
104 person- years).30 Huang et al found that BA patients 
were more likely to develop CKD (HR 1.56, 95% CI 
1.48 to 1.64, p<0.001).17 The FEV1/FVC ratio called the 

Tiffeneau- pinelli index, has been used worldwide as a 
screening index for diagnosing obstructive lung disease. 
The FEV1/FVC ratio is an easily applicable index because 
it does not require calculation of the predicted value.3 18 
Since only a few studies have evaluated the usefulness 
of the FEV1/FVC ratio in predicting future incident 
CKD development, we performed the current study and 
identified that a decreased FEV1/FVC ratio was inde-
pendently associated with incident CKD development in 
a community- dwelling general population.

In this study, a 0.1 unit increase in the FEV1/FVC ratio 
was associated with a 16% lower risk of developing incident 
CKD. In comparison with patients showing FEV1/FVC 
≥0.85 (highest quartile), those with an FEV1/FVC ratio 
<0.76 (lowest quartile) showed a 35% higher risk of devel-
oping incident CKD. However, those in the second and 
third quartiles did not show a statistically significant renal 
hazard, suggesting a non- linear relationship between the 
FEV1/FVC ratio and incident CKD development. There-
fore, we performed restricted cubic spline curve anal-
ysis and found that the renal hazard of association with 
decreased FEV1/FVC was evident at FEV1/FVC <0.80. 

Table 1 Clinical characteristics of the study population according to the FEV1/FVC ratio quartile

FEV1/FVC ratio groups (n=7960)

1Q: <0.76 
(n=1935)

2Q: 0.76–0.80 
(n=2027)

3Q: 0.81–0.84 
(n=2088) 4Q: ≥0.85 (n=1910) P- trend

Age (years) 55.93±8.66 52.41±8.50* 50.09±7.98*† 48.47±7.81*†‡ <0.001

Male, n (%) 1290 (66.67) 1040 (51.31)* 854 (40.90)*† 651 (34.08)*†‡ <0.001

High income, n (%) 230 (11.89) 384 (18.94)* 433 (20.74)* 383 (20.05)* <0.001

College graduate, n (%) 189 (9.77) 283 (13.96)* 360 (17.24)*† 273 (14.29)*‡ <0.001

Current smoker, n (%) 1167 (60.31) 893 (43.06)* 691 (33.09)*† 519 (27.17)*†‡ <0.001

BMI (kg/m2) 24.02±3.00 24.80±2.98* 24.94±3.01* 24.60±3.34*‡ <0.001

SBP (mm Hg) 123.80±18.41 121.24±17.82* 119.66±17.96*† 118.80±17.92*† <0.001

DBP (mm Hg) 81.72±11.09 80.32±11.16* 79.65±11.40* 78.98±11.65*† <0.001

Waist circumference (cm) 83.31±8.04 83.60±8.44 82.54±8.73*† 80.96±9.20*†‡ <0.001

Fasting glucose (mg/dL) 82 (77–90) 82 (77–91) 82 (78–90) 82 (77–89) 0.390

Triglyceride (mg/dL) 139 (103–191) 141 (104–198) 133 (98–186)*† 127 (94–177)*†‡ <0.001

HDL- cholesterol (mg/dL) 44.45±9.87 44.33±9.91 44.66±9.72 45.50±10.15*†‡ <0.001

Creatinine (mg/dL) 0.85±0.17 0.84±0.17 0.83±0.17* 0.81±0.16*†‡ <0.001

Haemoglobin (g/L) 139.70±14.46 137.36±15.70* 134.48±16.34*† 133.19±15.33*† <0.001

WCC (×109/L) 6.70±1.83 6.51±1.77* 6.43±1.73* 6.38±1.73*† <0.001

CRP (mg/dL) 0.15 (0.07–0.26) 0.14 (0.06–0.23)* 0.13 (0.06–0.24)* 0.14 (0.06–0.23)* <0.001

FEV1 (%-predicted) 87.89±14.59 97.35±12.58* 100.25±12.18*† 101.98±12.53*†‡ <0.001

FVC (%-predicted) 98.24±14.05 98.24±12.90 97.22±12.24 93.96±12.72*†‡ <0.001

Values are expressed as mean±SD for normally distributed continuous variables, median and IQR for non- normally distributed variables 
and percentage for categorical variables. P trend was analysed normally distributed continuous variables by ANOVA, for non- normally 
distributed continuous variable by Jonckheere- Terpstra tests, and for categorical variables by Cochran- Armitage test for trend. *, † and ‡ 
meant p<0.05 when compared with <0.76, 0.76–0.81, 0.81–0.85 groups of FEV1/FVC ratio, respectively, using Bonferroni post hoc analysis of 
one- way ANOVA for normally distributed continuous variables, Mann- Whitney U tests for non- normally distributed continuous variable and χ2 
tests for categorical variables.
ANOVA, analysis of variance; BMI, body mass index; CRP, C reactive protein; DBP, diastolic blood pressure; FEV1, forced expiratory volume 
in 1 s; FVC, forced vital capacity; HDL, high density lipoprotein; SBP, systolic blood pressure; WCC, white cell count.

Figure 2 Kaplan- Meier CKD- free survival curves among 
four groups defined by the FEV1/FVC ratio. CKD, chronic 
kidney disease; FEV1, forced expiratory volume in 1 s; FVC, 
functional vital capacity.
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Furthermore, the renal hazard was increased propor-
tionally with the decrease in FEV1/FVC, suggesting that 
FEV1/FVC can be used not only as a screening index, but 
also as a severity index, particularly in predicting future 
CKD development.

In contrast, however, per cent- predicted FEV1 which is 
traditionally used as a severity index for obstructive lung 
disease, was not associated with incident CKD develop-
ment. This may be because of possible inaccuracies in the 
prediction method attribute to race, age and gender.31 
We used the formula proposed in 2005 based on the 
Korean population, but the demographics of Korea have 

been changed dramatically over the last 15 years. Thus, 
a new estimation formula based on new demographics 
will be needed.32 In addition, the ageing process and 
underlying diseases can falsely reduce FEV1 values due 
to respiratory muscle weakness, but the FEV1/FVC ratio 
was not affected by those confounders.33 Therefore, for a 
population with a low prevalence of airway obstruction, 
including this cohort, the FEV1/FVC ratio may be a more 
suitable index for predicting incident CKD than abso-
lute FEV1 values. The FEV1/FVC ratio was particularly 
evident in groups without metabolic derangements. This 
means that spirometry patterns in individuals with meta-
bolic disorders may differ from those in healthy popula-
tion. We propose that FEV1/FVC ratio can be used as a 
spirometric index to be associated with future CKD devel-
opment in a relatively healthy population.

To date, there have been no exact mechanisms for 
the potential renal hazard of airway obstruction. One 
possible explanation is the chronic hypoxia induced by 
airway obstruction. Chronic hypoxia may cause hypoxic 
renal damage, which is related to a decline in kidney 

Table 2 Hazard of FEV1/FVC ratio on incident CKD development

Univariate Model 1 Model 2

HR (95% CI, p value) HR (95% CI, p value) HR (95% CI, p value)

FEV1/FVC ratio: 0.1- unit increase 0.69 (0.63 to 0.76, <0.001) 0.65 (0.59 to 0.72, <0.001) 0.73 (0.66 to 0.82, <0.001)

FEV1/FVC ratio quartile

  1Q: <0.76 (n=1935) 2.13 (1.66 to 2.75, <0.001) 2.35 (1.82 to 3.05, <0.001) 1.81 (1.39 to 2.36, <0.001)

  2Q: 0.76–0.80 (n=2027) 1.45 (1.11 to 1.89, 0.006) 1.49 (1.14 to 1.95, 0.003) 1.31 (1.00 to 1.72, 0.047)

  3Q: 0.81–0.84 (n=2088) 1.05 (0.79 to 1.39, 0.742) 1.05 (0.79 to 1.40, 0.720) 0.96 (0.7 to 1.27, 0.765)

  4Q: ≥0.85 (n=1910) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Model 1: adjustment for sex and BMI. Model 2: model 1+adjustment for college graduate, high income, smoking status, systolic and diastolic 
BP, waist circumference, fasting glucose, triglyceride, HDL- cholesterol, creatinine, haemoglobin level, WCC, and CRP.
BMI, body mass index; BP, blood pressure; CKD, chronic kidney disease; CRP, C reactive protein; FEV1, forced expiratory volume in 1 s; FVC, 
forced vital capacity; HDL, high density lipoprotein; WCC, white cell count.

Figure 3 Restricted cubic splines curve of Cox proportional 
hazards regression analysis according to the FEV1/FVC 
ratio. All covariates of model 2 shown in table 2 were used 
for adjustment. The solid line indicates the calculated line 
of association between the FEV1/FVC ratio and estimated 
HR. The shaded region represents the 95% CIs for value 
of HR according to the FEV1/FVC ratio. CKD, chronic 
kidney disease; FEV1, forced expiratory volume in 1 s; FVC, 
functional vital capacity.

Figure 4 Subgroup analysis for the relationship between the 
FEV1/FVC ratio and the risk of incident CKD. Adjusted beta 
and 95% CI were analysed using Cox proportional hazards 
regression analysis. All covariates of model two shown in 
table 2 were used to adjustment. BMI, body mass index; 
CKD, chronic kidney disease; CRP, C reactive protein; eGFR, 
estimated glomerular filtration rate; FEV1, forced expiratory 
volume in 1 s; FVC, functional vital capacity; MetS, metabolic 
syndrome; WCC, white cell count.
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function.34 Atherosclerosis, a risk factor for CKD, is also 
associated with chronic hypoxia.35 The systemic inflam-
mation in obstructive lung diseases, including increased 
levels of tumour necrosis factor α and interleukin 6, may 
cause vascular calcification and protein- energy wasting, 
which can ultimately result in CKD development.36

Our study has several strengths. First, to our knowledge, 
this is the first prospective study using the FEV1/FVC ratio 
as the main index to predict CKD development. Second, 
a large number of participants and many confounders 
for the incident CKD were adjusted in this study. Third, 
using a non- linear analytic method, we found that inci-
dent CKD and the FEV1/FVC ratio had a U- shaped rela-
tionship. The upper limit of FEV1/FVC is not clear, but 
most of those with FEV1/FVC above 0.9 had a decreased 
FVC % predicted. Neuromuscular disorders may cause 
high FEV1/FVC and be associated with incident CKD. 
Further study will be needed to clarify the clinical signif-
icance of high FEV1/FVC. This study also had several 
limitations. First, this was an observational study. There-
fore, a causal relationship could not be ascertained, and 
the results should be interpreted with caution. Second, 
because of the large number of participants, we only 
obtained prebronchodilator measurements. Thirds, age 
was not included in the adjustment of Cox proportional 
hazard regression analysis. Age cannot be adjusted due 
to extreme violation of the proportional risk assumption. 
However, age was used to adjust for incident CKD. The 
superiority of further adjustment for already adjusted 
variable is not clear. Repeated adjustment of same vari-
able can cause bias.37 Because of the low prevalence of 
airway diseases, however, we assumed that this limitation 
has little effect on the study results. Finally, the gener-
alisability of the results is limited because the study was 
conducted in a single country with a single ethnicity.

In conclusion, decreased FEV1/FVC ratio was an inde-
pendent risk factor for future CKD development. The 
relationship of this findings with incident CKD develop-
ment was particularly valid in a relatively healthy popula-
tion, suggesting that it may serve as an early predictor for 
CKD development. Future studies need to be conducted 
to confirm the results of this study.
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