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Background: We sought to explore whether reduced pulmonary function is an independent risk factor for incident diabetes in 
Koreans.
Methods: We conducted a prospective cohort study of pulmonary function as a risk factor for incident diabetes using 10-year fol-
low-up data from 3,864 middle-aged adults from the Ansung cohort study in Korea. The incidence of diabetes was assessed using 
both oral glucose tolerance tests and glycosylated hemoglobin levels.
Results: During 37,118 person-years of follow-up, 583 participants developed diabetes (incidence rate: 15.7 per 1,000 person-
years). The mean follow-up period was 8.0±3.7 years. Forced vital capacity (FVC; % predicted) and forced expiratory volume in 1 
second (FEV1; % predicted) were significantly correlated with incident diabetes in a graded manner after adjustment for sex, age, 
smoking, exercise, and metabolic parameters. The adjusted hazard ratio (HR) and confidence interval (CI) for diabetes were 1.408 
(1.106 to 1.792) and 1.469 (1.137 to 1.897) in the first quartiles of FVC and FEV1, respectively, when compared with the highest 
quartile. Furthermore, the FVC of the lowest first and second quartiles showed a significantly higher 10-year panel homeostasis 
model assessment of insulin resistance index, with differences of 0.095 (95% CI, 0.010 to 0.018; P=0.028) and 0.127 (95% CI, 
0.044 to 0.210; P=0.003), respectively, when compared to the highest quartiles.
Conclusion: FVC and FEV1 are independent risk factors for developing diabetes in Koreans. Pulmonary factors are possible risk 
factors for insulin resistance and diabetes.
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INTRODUCTION

Pulmonary dysfunction, particularly reduced forced vital ca-
pacity (FVC), is commonly found in patients with diabetes 
[1,2]. That is, diabetes is often accompanied by a restrictive 
pattern of pulmonary dysfunction [1]. Several prospective 
studies in Western countries have reported that decline in lung 

function precedes and predicts the onset of diabetes. One co-
hort study conducted in Malmo, Sweden reported that low vi-
tal capacity was an independent predictor of diabetes over 6 
years of follow-up [3]. The Atherosclerosis Risk in Communi-
ties study also showed that lower baseline FVC predicted high-
er diabetes incidence after 9 years [4]. Another study found 
that low FVC and low forced expiratory volume in 1 second 
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(FEV1) predicted diabetes mellitus (DM) 13 years later, inde-
pendent of other risk factors such as obesity [5]. In the same 
cohort, the incidence of cardiovascular disease was higher 
among subjects with low FVC who later developed insulin re-
sistance [6]. Finally, the National Health and Nutrition Exami-
nation Survey study showed that FVC and FEV1 were inversely 
correlated with the incidence of diabetes over 20 years of fol-
low-up [7]. Cross-sectional studies have also found that de-
creased FVC and FEV1 were associated with an increased 
prevalence of diabetes and that they were closely correlated 
with components of metabolic syndrome, including blood 
pressure, glucose, triglyceride, high-density lipoprotein choles-
terol (HDL-C), and waist circumference [8-10]. One prospec-
tive study showed that a reduction in FVC over 6 years of fol-
low-up was linked to an increase in the incidence of metabolic 
syndrome, and that the association was mainly due to an in-
crease in central obesity [11]. In addition, several prospective 
studies have reported that a decline in FVC and FEV1 is associ-
ated with increased morbidity and mortality due to cardiovas-
cular disease and diabetes [12].

Several Asian studies have also revealed significant associa-
tions between lower pulmonary functions and the prevalence 
of type 2 DM. However, all such studies were of cross-sectional 
design, so they could not ascertain the causal relationship [13-
16]. One hospital-based cohort study demonstrated an associ-
ation between reduced FVC and FEV1 and increased diabetes 
prevalence in young Korean men who regularly undertook 
workplace health checkups [17]. However, the results cannot 
be extrapolated to the general population, as they addressed 
only young men with specific occupations [17]. No prospec-
tive studies have addressed decreased lung function as a deter-
minant of incident diabetes in Asian populations. Considering 
that DM shows ethnic differences, it is essential that such stud-
ies be carried out on Asians. Furthermore, most previous stud-
ies have used fasting blood glucose or self-report to diagnose 
diabetes, so they may have been limited by confirmation bias 
and underdiagnosis of diabetes.

In the present background, we used data from the Ansung 
community-based cohort study to determine whether reduc-
tions in lung functions in Koreans were independently associ-
ated with increased diabetes and consistently correlated with 
various metabolic indicators. Secondly, we investigated wheth-
er the changes of FVC and FEV1 differed between patients who 
later developed diabetes and controls. Thirdly, we analyzed the 
interaction between FVC and FEV1, as well as sequential 

changes in insulin resistance over the follow-up period, to 
identify the mechanisms that may link diabetes occurrence to 
lower FVC and FEV1. 

METHODS

Subjects
The data from Ansung cohort were used in this analysis. The 
Korean government conducted a large, community-based epi-
demiological study (Korean Genome and Epidemiology study 
[KoGES]) to investigate chronic, non-communicable diseases 
such as diabetes among Koreans. The Ansung cohort was part 
of the KoGES and was selected to represent Korean rural areas 
[18]. In particular, the Ansung cohort study focused on diabe-
tes and its related metabolic problems. All subjects in the co-
hort underwent biannual 75-g oral glucose tolerance tests dur-
ing the study follow-up if they were not already diagnosed as 
having diabetes. The Korean Centers for Disease Control and 
Prevention (KCDC) obtained written informed consent from 
all participants, and the Institutional Review Board of Eulji 
University Hospital approved the study protocol (IRB No. 
EMCS 2019-05-008). After IRB approval was granted, the 
KCDC provided us the data for analysis after removing the 
participants’ names and registry numbers (approval No. 2019-
EPI-41). The study protocol adhered to the tenets of the Decla-
ration of Helsinki. The baseline examination of the Ansung co-
hort was conducted between 2001 and 2003. The present study 
included 5,018 eligible adults who were 40 to 69 years of age. 
Follow-up surveys were conducted at 2-year intervals for 10 
years. Subjects who did not undergo pulmonary function test-
ing at baseline were excluded (n=142), as were additional sub-
jects with a past or current medical history of asthma (n=129), 
chronic obstructive pulmonary disease (n=42), or pulmonary 
tuberculosis (n=225). Of the remaining subjects (n=4,520), a 
further 656 with baseline DM were excluded, because the Ka-
plan-Meier survival and Cox proportional hazard analysis 
sought only to assess diabetes that developed during follow-up.

Assessment of clinical characteristics and parameters
Anthropometric parameters and blood pressure were mea-
sured using standard methods. A series of surveys were con-
ducted to collect information regarding demographics, past 
and present medical history, medication use, and a variety of 
health-related variables. The collected blood samples were sent 
to the central laboratory for analysis. Fasting plasma glucose, 
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creatinine, aspartame aminotransferase (AST), alanine amino-
transferase (ALT), total cholesterol, triglycerides, and HDL-C, 
were measured using a Hitachi 747 chemistry analyzer (Hita-
chi Ltd., Tokyo, Japan). Glycosylated hemoglobin (HbA1c) was 
measured using high-performance liquid chromatography 
(Variant II; BioRad Laboratories, Hercules, CA, USA), C-reac-
tive protein (CRP) using immunoradiometric assay (ADVIA 
1650; Bayer Diagnostics, Tarrytown, NY, USA), and the plas-
ma insulin concentration using radioimmunoassay (Linco kit; 
Linco Research, St Charles, MO, USA). The homeostasis mod-
el assessment of insulin resistance index (HOMA-IR) was cal-
culated as follows: HOMA-IR=(fasting glucose [mmol/L])× 
(fasting insulin [µU/mL])/22.5 [19]. Metabolic syndrome was 
identified when three or more of the following criteria were 
present, according to modified Adult Treatment Panel III 
guidelines: (1) central obesity (waist circumference cutoff 
points of >90 cm for men and >80 cm for women), (2) elevated 
triglyceride level (≥1.7 mmol/L or drug treatment for elevated 
triglyceride levels), (3) reduced HDL-C levels (<1.0 mmol/L in 
men, <1.3 mmol/L in women, or drug treatment for low HDL-
C), (4) elevated blood pressure (≥130 mm Hg systolic, ≥85 
mm Hg diastolic, or antihypertensive drug treatment), and (5) 
elevated fasting plasma glucose (≥5.6 mmol/L or drug treat-
ment for diabetes) [20]. With regards to cigarette smoking, the 
subjects were categorized as never-smokers, former smokers, 
light smokers (less than 1 pack per day), or heavy smokers 
(more than 1 pack per day) using a standard questionnaire. 
Physical activity was defined as the number of episodes of exer-
cise per week, categorized into three groups (none, 1–3 times, 
4–7 times a week).

Pulmonary function tests were performed by a trained tech-
nician using a spirometer (Vmax-2130; Sensor Medics, Yorba 
Linda, CA, USA) according to the American Thoracic Society 
standard protocol [21]. The spirometry tests were calibrated 
quality controlled regularly according to the American Tho-
racic Society guidelines. All participants underwent pulmo-
nary function testing three times at baseline (year 0), and at 
years 2 and 4.

Definition of diabetes
Individuals were categorized as having diabetes if one or more 
of the following criteria were met, adapted from 2019 Ameri-
can Diabetes Association: (1) fasting glucose level ≥7.0 mmol/
L, (2) post-challenge 2-hour glucose level ≥1.1 mmol/L, (3) 
HbA1c ≥6.5%, or (4) current use of anti-diabetic medications 

[22]. Persons classified as having diabetes at baseline were ex-
cluded from the Kaplan-Meier survival and Cox proportional 
hazard analysis of incident DM.

Statistics
All values are expressed as means±standard deviations. The 
FEV1 (% predicted) and FVC (% predicted) of the baseline 
study population were normally distributed. We categorized 
the FEV1 and FVC into quartiles for further analysis. Continu-
ous and categorical variables were analyzed using analysis of 
variance (ANOVA) and the chi-square test, respectively. The 
time to incident diabetes was assessed in a survival analysis us-
ing quartiles of FEV1 and FVC. A Kaplan-Meier plot of the cu-
mulative proportions of diabetes was constructed according to 
the quartiles of FEV1 and FVC among subjects without diabe-
tes at baseline. Cox proportional hazards models were used in 
a multivariate analysis. Relative hazard ratios (HRs) were used 
to compare the incidence of diabetes in the lower three versus 
the highest quartiles of FEV1 and FVC, after adjustment for 
confounding factors. Model 1 was adjusted for age, sex, smok-
ing, exercise, and body mass index (BMI), Model 2 for the 
same factors as Model 1, plus HbA1c, white blood cell (WBC) 
count, and CRP, and Model 3 for the same factors as Model 2, 
plus total cholesterol, AST, ALT, and creatinine. We calculated 
HRs with 95% confidence intervals (CIs). Longitudinal data 
were analyzed using the panel data analysis model provided by 
the STATA statistical package. We compared changes of FEV1 
and FVC between subjects who progressed to DM and those 
who did not. Panel data were used to analyze FEV1 and FVC in 
the first 4-year period, during which pulmonary function had 
been measured at three time points (baseline [year 0], year 2, 
and year 4). The panel data of HOMA-IR over 10 years were 
used to compare the differences among the quartiles of FEV1 
and FVC. HOMA-IR was also measured at 2-year intervals. A 
P values <0.05 were considered to be statistically significant. 
Statistical analyses were performed using STATA version 13.1 
(StataCorp, College Station, TX, USA).

RESULTS

Baseline characteristics
The subjects’ baseline characteristics are shown in Table 1 by 
FVC quartiles (% predicted). At baseline, 656 (14.5%) of 4,520 
subjects were diabetes patients, while 1,802 (39.7%) were cur-
rent (n=1,232) or ex-smokers (n=570). Subjects with lower 
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FVC (% predicted) were significantly more likely to be older, to 
be male, to be current or ex-smokers, to exercise less, and to 
have higher WBC count, blood glucose, total cholesterol, tri-
glyceride, AST, ALT, creatinine, waist and hip circumferences, 
BMI, systolic blood pressure (SBP), and diastolic blood pres-

sure (DBP). Subjects with lower FEV1 showed similar charac-
teristics as those with lower FVC, although their exercise, total 
cholesterol, SBP, and waist circumference differed. Important-
ly, individuals with lower FVC or FEV1 had a higher preva-
lence of metabolic syndrome and diabetes (Table 1).

Table 2. Linear regression analysis between FVC and FEV1 and clinical correlates

Factor

FVC FEV1

Univariate Multivariatea Univariate Multivariatea

Beta-
coeff SE P value Beta-

coeff SE P value Beta-
coeff SE P value Beta-

coeff SE P value

Age, yr 0.108 0.028 <0.001 0.149 0.03 <0.001 0.192 0.033 <0.001 0.236 0.035 <0.001

Male sex –4.461 0.484 <0.001 –3.951 0.842 <0.001 –10.843 0.558 <0.001 –6.863 0.972 <0.001

BMI, kg/m2 –0.243 0.075 0.001 –0.218 0.082 0.008 0.205 0.089 0.021 0.013 0.095 0.890

WC, cm –0.094 0.028 0.001 –0.008 0.033 0.806

Hip circumference, cm –0.109 0.040 0.006 –0.058 0.047 0.221

WH ratio, % –7.801 3.870 0.044 5.205 4.603 0.258

SBP, mm Hg –0.036 0.013 0.005 –0.034 0.014 0.013 –0.010 0.015 0.490 –0.038 0.016 0.018

DBP, mm Hg –0.087 0.021 <0.001 –0.071 0.025 0.005

Smoking

   Ex –3.419 0.751 <0.001 0.793 0.986 0.421 –8.399 0.867 <0.001 –2.041 1.138 0.073

   Light –1.985 0.801 0.013 1.404 0.976 0.150 –9.469 0.924 <0.001 –3.587 1.127 0.001

   Heavy –4.016 0.679 <0.001 0.349 0.961 0.716 –12.095 0.783 <0.001 –4.600 1.109 <0.001

Exercise, /wk

   1–3 –0.521 0.750 0.487 –0.719 0.891 0.419

   4–7 –2.614 0.867 0.003 –2.348 1.032 0.023

FBS, mg/dL –0.091 0.014 <0.001 –0.084 0.016 <0.001

Fasting insulin, μU/mL 0.046 0.044 0.301 0.170 0.052 0.001

HbA1c, % –1.359 0.255 <0.001 –1.244 0.264 <0.001 –1.261 0.303 <0.001 –1.354 0.305 <0.001

HOMA-IR –0.221 0.163 0.175 0.233 0.193 0.229

Total cholesterol, mg/dL –0.019 0.007 0.007 –0.017 0.007 0.020 0.011 0.008 0.182 –0.004 0.009 0.610

Triglyceride, mg/dL –0.008 0.002 0.001 0.002 0.002 0.377 –0.007 0.003 0.005 0.003 0.003 0.232

HDL-C, mg/dL 0.005 0.024 0.824 0.013 0.028 0.643

AST, IU/L –0.067 0.012 <0.001 –0.065 0.020 0.001 –0.086 0.015 <0.001 –0.068 0.023 0.003

ALT, IU/L –0.061 0.011 <0.001 0.012 0.018 0.492 –0.069 0.013 <0.001 0.036 0.020 0.076

Creatinine, mg/dL –11.016 1.355 <0.001 –6.004 1.521 <0.001 –17.714 1.600 <0.001 –5.396 1.756 0.002

WBC, ×103/mL  –0.618 0.133 <0.001 –0.260 0.141 0.065 –1.220 0.157 <0.001 –0.588 0.163 <0.001

CRP, mg/dL –0.884 0.379 0.020 –0.674 0.377 0.074 –0.750 0.451 0.096 –0.338 0.435 0.437

FVC, forced vital capacity; FEV1, forced expiratory volume in 1 second; Beta-coeff, beta-coefficient; SE, standard error; BMI, body mass index; 
WC, waist circumference; WH, waist hip; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBS, fasting blood sugar; HbA1c, glycosyl-
ated hemoglobin; HOMA-IR, homeostasis model assessment of insulin resistance; HDL-C, high-density lipoprotein cholesterol; AST, aspar-
tame aminotransferase; ALT, alanine aminotransferase; WBC, white blood cell; CRP, C-reactive protein.
aMultivariate analysis was performed with adjustment for age, sex, smoking status, HbA1c, total cholesterol, triglyceride, AST, ALT, creatinine, 
WBC, CRP, SBP, and BMI.
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To determine whether lower FVC or FEV1 at baseline was 
associated with components of insulin resistance syndrome, 
linear regression analyses were conducted. Lower FVC (% pre-
dicted) was independently associated with age, sex, HbA1c, to-
tal cholesterol, AST, creatinine, SBP, and BMI in a multivariate 
analysis (Table 2). Lower FEV1 was independently associated 
with age, sex, smoking status, HbA1c, AST, creatinine, and 
SBP (Table 2).

Incident diabetes
During 37,118 person-years of follow-up, 583 subjects devel-
oped diabetes (incidence rate: 15.7 per 1,000 person-years). 
The mean follow-up period was 8.0±3.7 years. There were in-
verse relationships between FVC and FEV1 and incidence of 

diabetes (Fig. 1).
In the Cox regression analysis, the first and second quartiles 

of FVC and the first to third quartiles of FEV1 showed a signifi-
cantly increased incidence of diabetes, even after adjustment 
for sex, age, smoking, BMI, HbA1c, WBC count, CRP, total 
cholesterol, AST, ALT, and creatinine (Table 3).

Comparison of FVC and FEV1 reductions according to 
diabetes development
Among subjects who did not have diabetes at baseline, those 
who developed diabetes during the 10-year follow-up period 
were further classified as DM progressors, whereas those who 
did not were defined as non-DM progressors. The differences 
in FVC and FEV1 changes between DM progressors and non-

Table 3. Proportional hazards models of diabetes as a function of quartiles of FVC and FEV1 

Variable
FVC FEV1

1st 2nd 3rd 1st 2nd 3rd

Univariate 1.751 (1.385–2.213) 1.665 (1.316–2.106) 1.043 (0.807–1.349) 1.772 (1.389–2.261) 1.592 (1.248–2.032) 1.421 (1.106–1.826)

Model 1a 1.623 (1.277–2.064) 1.568 (1.234–1.993) 1.034 (0.797–1.341) 1.675 (1.299–2.161) 1.470 (1.142–1.893) 1.426 (1.105–1.841)

Model 2b 1.389 (1.092–1.768) 1.390 (1.092–1.768) 1.016 (0.783–1.318) 1.452 (1.124–1.877) 1.358 (1.053–1.751) 1.430 (1.108–1.846)

Model 3c 1.408 (1.106–1.793) 1.381 (1.084–1.759) 1.025 (0.790–1.330) 1.469 (1.137–1.898) 1.334 (1.034–1.722) 1.449 (1.122–1.870)

Hazard ratios and 95% confidence intervals in parentheses were presented, using the 4th quartile group as a reference group.
FVC, forced vital capacity; FEV1, forced expiratory volume in 1 second.
aModel 1 included age, sex, smoking status (never-smoker, ex-smoker, light smoker and heavy smoker), exercise and body mass index, bModel 2 
included Model 1 and glycosylated hemoglobin, white blood cell, and C-reactive protein, cModel 3 included Model 2 and total cholesterol, as-
partame aminotransferase, alanine aminotransferase, and creatinine.

Fig. 1. Kaplan-Meier plot for the cumulative proportions of diabetes mellitus (DM) according to quartiles of (A) forced vital ca-
pacity (FVC) (% predicted) and (B) forced expiratory volume in 1 second (FEV1) (% predicted). 
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DM progressors were analyzed using a random effects panel 
data regression model. Over 4 years, the FVC tended to de-
crease by –1.06% per year in the overall population (95% CI, 
–1.16% to –0.95%; P<0.001). The FVC was –3.38% lower in 
the DM progressors (95% CI, –4.51% to –2.14%; P<0.001) 
than in the non-DM progressors. FEV1 showed similar results 
as FVC, decreasing by –0.81% per year (95% CI, –0.92% to 
–0.69%; P<0.001) in the overall group. In DM progressors, the 
FEV1 was 3.91% lower than in non-DM progressors (95% CI, 
–5.45% to –2.37%; P<0.001). The interaction between DM de-

velopment and time was not significant to either FVC or FEV1. 
Fig. 2 shows a similar decreasing trend in both the DM pro-
gressor and non-progressor groups.

Panel HOMA-IR results according to quartiles of FVC  
(% predicted)
The differences in the HOMA-IR panel results were analyzed 
among the FVC and FEV1 quartiles over 10 years using a ran-
dom effects panel data regression model. HOMA-IRs were 
measured at 2-year intervals during the 10-year follow-up pe-

Table 4. Panel homeostasis model assessment of insulin resistance results with quartiles of FVC and FEV1 as independent vari-
ables

Variable

FVC FEV1

Univariate Multivariate Univariate Multivariate

Coefficients
(95% CI) P valuea Coefficients

(95% CI) P valueb Coefficients
(95% CI) P valuea Coefficients

(95% CI) P valueb

1st 0.095
(0.010 to 0.180)

0.028 0.129
(0.044 to 0.215)

0.003 0.003
(–0.083 to 0.089)

0.944 0.064
(–0.024 to 0.153)

0.156

2nd 0.127
(0.044 to 0.210)

0.003 0.139
(0.055 to 0.223)

0.001 0.790
(–0.004 to 0.162)

0.061 0.114
(0.029 to 0.199)

0.009

3rd 0.018
(–0.064 to 0.100)

0.661 0.044
(–0.039 to 0.126)

0.298 0.036
(–0.047 to 0.119)

0.396 0.045
(–0.038 to 0.129)

0.290

FVC, forced vital capacity; FEV1, forced expiratory volume in 1 second; CI, confidence interval.
aCoefficients and P values were calculated by random effects panel data regression model, using the 4th quartile group as a reference group, 
bMultivariate analyses were performed with adjustment for age, sex, smoking and exercise status.

Fig. 2. (A) Forced vital capacity (FVC) (% predicted) and (B) forced expiratory volume in 1 second (FEV1) (% predicted) accord-
ing to diabetes mellitus (DM) development and time. Markers represents mean values at each time, and vertical lines represent 
95% confidential intervals. Solid line with circle marker represents non-DM progressors, and dashed line with hollow circle 
marker represents DM progressors. 
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riod. The FVC (% predicted) of the lowest first and second 
quartiles showed significantly higher panel HOMA-IR results, 
with differences of 0.095 (95% CI, 0.010 to 0.018; P=0.028) 
and 0.127 (95% CI, 0.044 to 0.210; P=0.003), respectively, 
when compared to the highest quartile as a reference group 
(Table 4). The results remained significant after adjustment for 
age, sex, smoking and exercise status (Table 4). The results of 
FEV1 were not robust (Table 4).

DISCUSSION

In this prospective cohort study of otherwise healthy, commu-
nity-dwelling Korean subjects, a lower FVC and FEV1 predict-
ed subsequent diabetes. The association was graded and was 
independent of many potential covariates. Moreover, subjects 
with lower FVC or FEV1 had many aspects of insulin resistance 
at baseline; they showed higher blood levels of glucose and tri-
glyceride, as well as higher waist circumference and blood 
pressure. Our results are generally in accord with previous pro-
spective studies that have shown associations with lower pul-
monary function and diabetes development [4-7,9]. To our 
knowledge, this was the first study of the relationship between 
pulmonary function and diabetes incidence in Asian popula-
tions.

The exact mechanisms of these associations are not well 
known. However, several observations have suggested that in-
sulin resistance and increased inflammation are mediators of 
this association [6,23]. For example, previous studies have 
demonstrated that raised plasma CRP levels are associated 
with future diabetes, and that interleukin 6 (IL-6) may be im-
portant for glucose and insulin metabolism [24-26]. Inflam-
mation is also known to be associated with atherosclerosis de-
velopment [27]. It follows that systemic, low-grade inflamma-
tion could be the link between reduced FVC, development of 
insulin resistance, and subsequent cardiovascular disease.

Another explanation is mitochondrial dysfunction, which is 
an important mechanism in the pathogenesis of insulin resis-
tance [28-30]. Basically, the pulmonary function test measures 
both lung function and the metabolic rate of the whole body. If 
the metabolic rate of the whole body is reduced, pulmonary 
function will also decrease [31]. Persons with a low metabolic 
rate become obese, which can lead to diabetes [32]. In support 
of this hypothesis, one previous study showed that low FVC is 
inversely related with fat mass in the trunk or central area, even 
after adjustment for multiple covariates [33]. Metabolic rate 

depends on body mass and the body’s mitochondrial density 
and function [34], so we speculated that mitochondrial dys-
function is also an important factor in the association between 
lung function and diabetes. The accumulation of environmen-
tal pollutants in the body is known to cause both inflammation 
and mitochondrial dysfunction [34].

Ventilatory dysfunction in patients with diabetes is more 
likely to have a restrictive pattern than an obstructive one. In-
deed, the FVC is lower in patients with diabetes than in con-
trols, but the FEV1/FVC is conserved [2,9,35,36]. Autopsy 
studies and transbronchial lung biopsies have long shown that, 
as in diabetic kidney disease, microangiopathic changes occur 
in the pulmonary structure of patients with diabetes. Specifi-
cally, histopathology has shown changes in microvascular 
structures, such as fibrosis and basal lamina thickening, which 
are thought to cause restrictive pattern dysfunction [37-40]. 
Several studies have reported that poor blood glucose control 
and duration of diabetes are associated with pulmonary func-
tion [8,35,36]. These observations suggest that pulmonary dys-
function is an important diabetic complication. In the baseline 
data of the present study, the proportion of restrictive pattern 
lung dysfunction (both [FEV1/FVC] ≥0.7 and FVC [% pre-
dicted] <80%) was significantly higher in subjects with diabe-
tes (6.9%) than in those without diabetes (4.6%; P<0.008), 
whereas there was no difference in obstructive pattern lung 
dysfunction (FEV1/FVC <0.7; diabetes: 1.2% vs. non-diabetes: 
1.1%; P=0.778).

The present study showed that pulmonary function decline 
in early diabetes did not differ between DM progressors and 
non-DM progressors, although FVC and FEV1 remained lower 
in the DM progressors than in the non-DM progressors 
throughout the observations. Several previous studies have an-
alyzed changes in pulmonary function in patients with diabe-
tes, but have not reached a consistent conclusion [2,8,9,36]. 
Some studies have reported that the pulmonary function re-
duction in patients with diabetes is steeper than in the control 
group, and that it varies according to diabetes severity, diabetes 
duration, and anti-diabetic medications [2,8]. Conversely, 
some studies have reported that lung function changes in dia-
betic patients do not differ from the control group [9,36]. 
These discrepancies may have arisen because the patients dif-
fered across the studies in terms of diabetes severity and pres-
ence of microangiopathy, and because the studies used only 
fasting blood glucose or self-report to diagnose diabetes, so 
underdiagnosis may have occurred.
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The lungs depend on strictly controlled immune and inflam-
matory processes. They are constantly exposed to various air-
borne infection sources, harmful gases, and particulates in the 
process of gas exchange. As a response, inflammatory and im-
mune cells in the lungs produce various inflammatory media-
tors and cytokines. In this sense, the lung itself may serve as a 
source of low-grade inflammation, even when overt lung dis-
eases are absent. Furthermore, fine dust and air pollution, 
which have emerged as major environmental problems in re-
cent years, may increase the inflammatory reaction. Consistent 
with this hypothesis, the FVC and FEV1 were significantly cor-
related with baseline WBC count in the present study.

The FVC quartiles showed interactions with changes in in-
sulin resistance during the course of diabetes development in 
our panel analysis. The mechanism by which pulmonary func-
tion is associated with DM is elusive for the present. However, 
the present study was the first to identify the interaction be-
tween FVC and insulin resistance over time.

The present study had several limitations. Firstly, selection 
bias may have occurred because all the participants were resi-
dents of Ansung: a rural area in Korea. Therefore, the results of 
the present study may not be generalizable to all populations.

The strengths of the present study were that we included 
both men and women, as well as both smokers and non-smok-
ers. Secondly, the incidence of diabetes was evaluated thor-
oughly using both the oral glucose tolerance test and HbA1c 
level. Moreover, our data consisted of both baseline data and 
10-year follow-up time points, and we assessed serial HOMA-
IR changes according to FVC and FEV1 quartiles, providing 
valuable insight into the complex interplay between vital ca-
pacity and diabetes development. Finally, we adjusted for 
heavy smoking, which is independently associated with diabe-
tes incidence [41].

In conclusion, lower pulmonary function is an independent 
risk factor for incident diabetes in Koreans. Pulmonary factors 
are possible risk factors for insulin resistance and diabetes.
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