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Objectives: This study was performed to test the association between lung function and type 2 diabetes 
mellitus (T2DM) in Korean patients. 
Methods: Data from the 6th Korea National Health and Nutrition Examination Survey (2013 to 2015) was 
used in this study. There were 3,466 individuals aged between 40 and 80 years, with T2DM, who had a 
smoking and alcohol status listed, and blood analysis (including blood pressure), were included in this 
study. Lung function, measured by spirometer ventilatory dysfunction was categorized into 3 patterns: 
normal, restrictive ventilatory dysfunction, and obstructive ventilatory dysfunction (OVD).
Results: Based on multivariate logistic regression analysis, individuals with restrictive ventilatory 
dysfunction had an increased odds ratio (OR 1.615, 95% CI 1.137-2.294) for T2DM compared with 
individuals with normal ventilatory function, whereas OVD had no increase in the odds ratio (OR 1.169, 
95 % CI 0.857-1.594). Model 1, which adjusted for age and gender, showed that the probability of having 
restrictive disorder was 1.559 times (95% CI 1.617-2.082) higher for prediabetes patients, and 2.320 
times (95% CI 1.611-3.343) higher for T2DM patients, compared to normal individuals. For Model 4, 
which was fully adjusted for variables, the probability of having a restrictive disorder was 1.837 times 
higher for T2DM patients (95% CI 1.260-2.679).
Conclusion: Restrictive ventilatory dysfunction, but not OVD, was associated independently with T2DM.

©2020 Korea Centers for Disease Control and Prevention. This is an open access article under the CC BY-
NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Reduced pulmonary function is defined by obstructive and 
restrictive patterns, and increases the risk of hypertension, 
and systematic low-grade inflammation in the lungs [1]. 
Additionally, a reduction in pulmonary function has been 
associated previously with an increased risk of death after 
adjusting for the patient’s age, gender, race, and smoking 
status [2]. Interestingly, several studies have reported a strong 
association between reduced lung function and type 2 diabetes 
mellitus (T2DM) [3-5].

A condition causing an obstructive pattern of reduced 

pulmonary function, hinders a person’s ability to exhale air 
from their lungs. This is observed as a significant reduction in 
the forced expiratory volume in 1 second (FEV1), in relation to 
the forced vital capacity (FVC) that can be displaced from the 
lung. Chronic obstructive pulmonary disease is the main type 
of obstructive lung disease [6]. 

On the other hand, a restrictive, but not an obstructive 
pattern of reduced pulmonary function, shows a significant 
reduction in both the FVC and FEV1, mainly due to a defect 
in thoracic compliance [7]. A restrictive pattern of reduced 
pulmonary function has been reported to be present in 10-
15% of individuals older than 70 years, and can be caused by 
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several pathological conditions, such as diabetes, obesity, heart 
failure, nonspecific lung fibrosis, and muscular weakness [8]. 
A restrictive pattern of reduced pulmonary function has also 
been reported to be associated with an increased risk of T2DM. 
Furthermore, in a previous study, diabetic patients showed a 
significantly reduced predicted  FVC and FEV1 compared to 
non-diabetic patients at the baseline [9].

There is still a lack of large scale studies that have investigated 
diabetic and non-diabetic patients and lung dysfunction in 
Asians, and fewer studies that have investigated T2DM. As such, 
this study’s aim was to assess whether reduced pulmonary 
function or selective restrictive/obstructive pattern was 
associated with T2DM. Data from the Korea National Health and 
Nutrition Survey (KNHANES) was used in this study.

Materials and Methods

1. Data source and study population

This study used the data from the 6th KNHANES (2013-
2015), which is a nationally representative population-based 
survey. The survey is cross-sectional and designed to examine 
the health and nutritional status of the non-institutionalized 
Korean population, and is conducted by the Division of Chronic 
Disease Surveillance, Korea Centers for Disease Control and 
Prevention. The KNHANES survey consists of 4 different 
components: 1) a health interview, 2) a health behavior survey, 
3) a health examination, and 4) a nutrition survey. The survey 
information was collected by face-to-face interviews after the 
agreement of the individual, followed by a health examination.

Among the 22,948 individuals who participated in the 
KNHANES, a total of 14,116 (who had not had a spirometry 
test), and 940 others (not measured type 2 diabetes mellitus 
status) were excluded. In addition, individuals were selected 
for those ≥ 40 < 80 years old. Furthermore, individuals with an 
unknown smoking or alcohol status (n = 147) or lacking blood 
analysis (n = 4,279), including blood pressure, were all excluded 
from this study. After passing the study selection criteria, a total 
of 3,466 participants were included in this study for analysis.

2. Covariates

The general patient-characteristic information including 
age, gender, body mass index (BMI), waist circumference (WC), 
low-density lipoprotein cholesterol, high-density lipoprotein 
cholesterol, triglyceride, systolic blood pressure, diastolic blood 
pressure, and smoking status were included as covariates in 
the analysis model. The weight of the patient was measured 
on a calibrated balance-beam scale, and their height was 
measured in an upright position, using a stadiometer. The 
BMI was calculated by dividing weight (kg) by height (cm2). 

In the KNHANES, the respondents’ height and weight were 
measured by trained examiners. The WC was measured at 
the midpoint between the bottom of the rib cage and the top 
of the lateral border of the iliac crest during full expiration. 
Blood samples were collected from individuals in the morning 
after overnight fasting and were analyzed at a national central 
laboratory. The participants blood pressure was measured 
using a mercury sphygmomanometer, in a seated position, 
and after a 10-minute rest period. Two measurements were 
taken for every individual at a 5-minute interval. An average 
of 2 measurements was used for the data analyses. Cigarette 
smoking was categorized as never smoked, ex-smoker, or 
current smoker, and alcohol status was dichotomized as 
current user and non-user of cigarettes.

3. T2DM 

The KNHANES classified an individual with diabetes using 3 
different measures. Firstly, participants were asked whether or 
not they had a diabetic condition, and whether they had ever 
been diagnosed with diabetes by a physician. Individuals who 
self-reported that they had been diagnosed with diabetes by a 
physician were classified as diabetic. Secondly, individuals were 
classified as having diabetes during the health examination if 
their fasting glucose level was > 126 mg/dL. Lastly, individuals 
who self-reported that they were receiving treatment for 
diabetes were also classified as having a diabetic condition.

Based on these 3 indicators for diabetes, all individuals were 
recategorized into a diabetic and non-diabetic condition. In 
addition, the level of fasting glucose was divided into normal 
(< 100 mg/dL), prediabetic (100-125 mg/dL), and T2DM (≥ 126 
mg/dL) to test for an association of ventilatory dysfunction, 
with an individual’s probability of developing T2DM. The 
KNHANES did not list the type of diabetes. Thus, it was 
assumed that if a respondent was diagnosed with diabetes 
before the age of 19 years, their diabetes was type 1, and it was 
assumed that none of them were affected by lung dysfunction.

4. Measurement of lung function

Lung function was measured by using a dry rolling seal 
spirometer (Model 2130; Sensor Medics, Yorba Linda, CA, USA) 
according to the criteria of the American Thoracic Society and 
the European Respiratory Society for standardization [10]. 
Spirometric data obtained on-site by clinical technicians were 
transferred to an internet review center for processing. The 
data were carefully examined and compared against criteria 
metrics for acceptability, reproducibility, and quality control. 
A principal investigator validated and stored the data in a 
Korea Centers for Disease Control and Prevention repository 
management system.

The participants were classified in groups according to their 
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respiratory patterns: normal (FEV1/FVC ≥ 0.70, FVC ≥ 80% 
predicted), restrictive ventilatory dysfunction (RVD), (FVC < 
80% predicted, FEV1/FVC ≥ 0.70), and obstructive ventilatory 
dysfunction (OVD), (FEV1/FVC < 0.70) [11].

5. Statistical analysis

Data were analyzed using SPSS 22.0 (IBM Corp., Armonk, NY, 
USA). Differences among groups were assessed using χ2 test 
for categorical variables, and the analysis of variance (ANOVA) 
for continuous variables. Bonferroni’s test was used for post 
hoc multiple comparisons in ANOVA. Multivariate logistic 
regression analyses were used to estimate the odds ratios (ORs) 
with 95% confidence intervals (CI) for T2DM, and prediabetes, 
using the fasting glucose levels of the normal group as a 
reference category, after adjusting for other clinical and 
biochemical variables. p < 0.05 were considered statistically 
significant.

Results

The clinical characteristics of the individuals according to 
the ventilatory function are shown in Table 1. From the 3,466 
participants, 2,663 (76.83%) were placed in the normal group, 
315 (9.14%) in the RVD group, and 488 (14.07%) in the OVD 
group. When comparing the characteristics of the individuals’ 
ventilatory function, the prevalence rates of T2DM were 
reported at 13.7% for the normal group, 26.4% for the RVD 
group, and 23.0% for the OVD group. Individuals placed in the 
RVD group had higher fasting glucose levels, BMI, WC, and 
triglyceride values than the individuals in the normal and OVD 
groups.

Based on the fasting glucose status of the individuals (Table 
2), there were 1,820 (53.52%) with normal values, 1,065 
(30.73%) with prediabetes, and 581 (16.76%) with T2DM. 
Additionally, the prevalence of RVD in these groups was 
reported at 6.2%, 9.9%, and 14.3%, respectively, indicating 

Normal (n = 2,663) RVD (n = 315) OVD (n = 488)

Type 2 diabetes mellitus (%)* 13.7 26.4 23.0

Fasting glucose (mg/dL)* 104.10 ± 0.651† 113.47 ± 2.267‡ 107.74 ± 1.183§

Age (y)*    54.15 ± 0.261†   57.92 ± 0.660‡    62.84 ± 0.568§

Male (%)* 48.3 52.3 78.5

BMI (kg/m2)*   24.44 ± 0.071†  26.07 ± 0.217‡    24.24 ± 0.146†§

Waist circumference (cm)*   83.86 ± 0.213†   88.60 ± 0.591‡    86.67 ± 0.429§

Systolic BP (mmHg)* 120.95 ± 0.384† 125.54 ± 1.044‡  124.96 ± 0.740‡§

Diastolic BP (mmHg)*   77.86 ± 0.241†   78.62 ± 0.760†   76.73 ± 0.541‡

Total cholesterol*  199.18 ± 0.866†  194.11 ± 2.238‡  192.24 ± 2.006§

LDL-cholesterol*  117.54 ± 0.792†  114.87 ± 2.012†‡  113.75 ± 1.980‡

HDL-cholesterol*   48.55 ± 0.328†   45.60 ± 0.784‡     45.70 ± 0.578‡§

Triglyceride* 194.78 ± 5.101† 198.25 ± 8.427‡   187.34 ± 6.925†‡

Smoking status (%)*
(non-/ex-/current smoker) 55.1/23.6/21.3 55.1/24.7/20.3 30.2/36.6/33.2

Drinking (%)
(non-/currently drinking) 26.2/75.5 32.4/67.6 24.5/75.5

FVC (% predicted)* 95.301 ± 0.209† 74.788 ± 0.003‡ 90.923 ± 0.814§

FEV 1*     2.932 ± 0.0156†   2.295 ± 0.034‡   2.431 ± 0.036§

FEV1/FVC*   0.793 ± 0.001†   0.795 ± 0.003†   0.643 ± 0.003‡

Data are presented as means ± SD or n (%). 
*p < 0.05 by ANOVA or chi-square test.
†, ‡, § The same letters indicate non-significant difference between groups based on Bonferoni multiple comparison test.
RVD = restrictive ventilatory dysfunction; OVD = obstructive ventilatory dysfunction; BMI = body mass index; WC = waist circumference; TG = 
triglyceride; LDL, low density lipoprotein; HDL = high density lipoprotein; SBP = systolic blood pressure; DBP = diastolic blood pressure; FBS = 
fasting blood sugar; FVC = forced vital capacity; FEV = forced expiratory volume.

Table 1. Clinical characteristics of individuals with normal, restrictive and obstructive ventilatory dysfunction.
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that those with a higher fasting glucose level had a higher 
prevalence of RVD. Furthermore, a significant relationship was 
determined between a higher fasting glucose level and a lower 
FVC, FEV1, and FEV1/FVC.

Based on the multivariate logistic regression analysis, 
individuals with RVD were determined to have an increased 
OR (1.615, 95% CI 1.137-2.294) for T2DM when compared 
with individuals with normal ventilatory function (p < 0.01). 
However, with regards to OVD, the OR was similar (OR 1.169, 
95% CI 0.857-1.594) and this was after fully adjusting for Model 
4 (Table 3).

To determine whether ventilation dysfunction in individuals 
who were not classified as diabetic, but were likely to 
develop T2DM, a multivariate logistic regression analysis was 
performed using 3 fasting glucose groups: normal (< 100 mg/
dL), prediabetic (100-125 mg/dL), and T2DM (≥ 126 mg/dL; 
Table 4). Model 1, which was adjusted for age and gender, 
showed the probability of having a restrictive lung disorder 

was 1.559 times higher (95% CI 1.617-2.082) in the prediabetes 
group (p < 0.01), and 2.320 times higher (95% CI 1.611-3.343) 
in the T2DM 1 (p < 0.001), compared to those in the normal 
group. In Model 4, which was fully adjusted for variables, the 
probability of having a restrictive lung disorder was 1.837 
times (95% CI 1.260-2.679), which was significantly higher in 
the T2DM group compared with the normal group (p < 0.01). 
In contrast, there was no association between OVD and fasting 
glucose levels in any model.

Discussion

The main finding of this study illustrated that ventilatory 
dysfunction was positively associated with abnormal glucose 
levels. Particularly a restrictive, but not obstructive respiratory 
pattern of reduced pulmonary function was determined to be 
linked to an increased OR for T2DM, which was independent of 

Normal (n = 1,820) IFG (n = 1,065) T2DM (n = 581)

Rvd (%)* 6.2 9.9 14.3

Fasting glucose (mg/dL)*   91.20 ± 0.148† 107.27 ± 0.219‡ 148.12 ± 1.869§

Age (y)*   54.28 ± 0.310†   55.85 ± 0.370‡   59.70 ± 0.502§

Male (%)* 43.7 62.2 63.1

BMI (kg/m2)*   23.91 ± 0.078†  25.25 ± 0.17‡   25.62 ± 0.154§

Waist circumference (cm)*   82.21 ± 0.239†   86.87 ± 0.285‡ 88.227 ± 0.368§

Systolic BP (mmHg)*  119.25 ± 0.442†  124.14 ± 0.550‡ 126.07 ± 0.722§

Diastolic BP (mmHg)*   77.01 ± 0.277†   79.49 ± 0.376‡     76.71 ± 0.490†§

Total cholesterol* 198.32 ± 0.944† 201.15 ± 1.214‡  189.59 ± 2.107§

LDL-cholesterol*  118.67 ± 0.901†  119.05 ± 1.157‡  106.28 ± 1.731§

HDL-cholesterol*   50.06 ± 0.391†   46.60 ± 0.402‡   43.46 ± 0.531§

Triglyceride* 162.2978 ± 4.026†  214.11 ± 6.750‡  258.47 ± 11.836§

Smoking status (%)*
(non-/ex-/current smoker) 59.4/20.9/19.7 43.6/30.5/25.9 43.2/30.0/26.8

Drinking (%)*
(non-/currently drinking) 27.6/72.4 22.2/77.8 31.3/68.7

FVC (% predicted)* 94.517 ± 0.296†  91.847 ± 0.403‡ 89.883 ± 0.561§

FEV1*  2.801 ± 0.019†   2.872 ± 0.025‡   2.716 ± 0.037§

FEV1/FVC*   0.779 ± 0.001†   0.770 ± 0.002‡   0.759 ± 0.004§

Data are presented as means ± SD or n (%).
* p < 0.05 by ANOVA or chi-square test.
†, ‡, § The same letters indicate non-significant difference between groups based on Bonferoni multiple comparison test.
BMI = body mass index; IFG = impaired fasting glucose; WC = waist circumference; TG = triglyceride; LDL, low density lipoprotein; HDL = high 
density lipoprotein; SBP = systolic blood pressure; DBP = diastolic blood pressure; FBS = fasting blood sugar; FVC = forced vital capacity; FEV = 
forced expiratory volume.

Table 2. Respiratory function (spirometric parameters) in normal, impaired fasting glucose, and type 2 diabetic individuals.
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Ventilatory
dysfunction Odds ratio 95% CI p

Model 1 Normal 1 (reference)

Restrictive     1.889** 1.341-2.611  < 0.001

Obstructive 1.171 0.865-1.586 0.306

Model 2 Normal 1

Restrictive   1.633*  1.151-2.318 0.006

Obstructive 1.093 0.805-1.484 0.569

Model 3 Normal 1

Restrictive   1.650*   1.151-2.366 0.007

Obstructive 1.162 0.850-1.588 0.347

Model 4 Normal 1

Restrictive  1.615*  1.137-2.294 0.008

Obstructive 1.169 0.857-1.594 0.323

Model 1: adjusted for age, gender.
Model 2: adjusted for age, gender, body mass index, waist circumference.
Model 3: adjusted for variables in Model 2 + total cholesterol, LDL-cholesterol, HDL-cholesterol, triglyceride.
Model 4: adjusted for variables in Model 3 + systolic blood pressure, diastolic blood pressure, smoking status.
Reference category: individuals with non-type 2 DM.
* p < 0.01, ** p < 0.001.

Table 3. The adjusted odds ratios for type 2 diabetes mellitus according to the ventilatory dysfunction by multivariate logistic regression analysis.

Fasting glucose Restrictive Obstructive

Model 1 Normal 1 (reference) 1

Prediabetes (100-125) 1.559 (1.617-2.082)* 0.805 (0.585-1.106)

T2DM (≥ 126) 2.320 (1.611-3.343)** 1.063 (0.770-1.468)

Model 2 Normal 1 1

Prediabetes (100-125) 1.259 (0.943-1.681) 0.779 (0.565-1.075)

T2DM (≥ 126) 1.835 (1.261-2.670)* 0.976 (0.706-1.350)

Model 3 Normal 1 1

Prediabetes (100-125) 1.295 (0.971-1.726) 0.803 (0.584-1.104)

T2DM (≥ 126) 1.882 (1.281-2.766)* 1.049 (0.7560-1.457)

Model 4 Normal 1 1

Prediabetes (100-125) 1.289 (0.966-1.720) 0.801 (0.581-1.104)

T2DM (≥ 126) 1.837 (1.260-2.679)* 1.054 (0.761-1.460)

Model 1: adjusted for age, gender.
Model 2: adjusted for age, gender, body mass index, waist circumference.
Model 3: adjusted for variables in Model 2 + total cholesterol, LDL-cholesterol, HDL-cholesterol, triglyceride.
Model 4: adjusted for variables in Model 3 + systolic blood pressure, diastolic blood pressure, smoking status.
Reference category: individuals with normal spirometry.
* p < 0.01, ** p < 0.001.
T2DM = type 2 diabetes mellitus.

Table 4. The adjusted odds ratios for ventilatory dysfunction according to the fasting glucose level by multivariate logistic regression analysis.
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major confounding factors such as individual’s age, obesity, or 
smoking status.

A previous study using cross-sectional research that 
investigated the relationship between ventilatory dysfunction 
and glucose levels in patients, did not distinguish between 
restrictive and obstructive respiratory patterns of reduced 
pulmonary function, and demonstrated an independent 
association between low lung volume and insulin resistance [5]. 
In contrast, in this current study, an association between the 
restrictive ventilatory pattern of reduced pulmonary function 
and T2DM was determined.

A previous study has shown that there are insulin receptors 
in the lung pleura, and that hyperglycemia can contribute to 
reduced lung capacity [12]. The outcome of this current study 
was consistent with those results, in which the average FVC, 
FEV1, and FEV1/FVC values in the prediabetes and T2DM groups, 
showed a significant reduction in lung capacity in the fasting 
glucose levels compared to the group with normal glucose levels 
(non-diabetic). A follow-up study showed that only RVD was 
associated with the prevalence of diabetes in men and women in 
North America, which was not the case for OVD [8]. In addition, 
a study of Swedish patients reported a negative correlation 
between RVD and prevalence of diabetes [1,13].

Studies investigating the correlation between reduced lung 
function and diabetes among Asians remain scarce. It has been 
reported that Japanese men had a low FVC and FEV1, but not 
a low FEV1/FVC ratio, which increased the risk of diabetes 
after adjusting the model for fasting glucose levels [14]. In 
another study in Korean men, the lowest quartiles of FVC 
and FEV1 showed an increased OR for T2DM [15]. However, a 
major shortcoming of these 2 studies was that only men were 
investigated. In contrast, in this study the association between 
T2DM and RVD was determined for both men and women.

It has been overwhelmingly shown that smoking has a 
significant adverse effect on lung function [16]. Although 
smoking is the major cause of lung dysfunction, the risk for 
T2DM that is positively associated with RVD, is independent of 
patients’ smoking status in this current study (Model 4). Other 
studies have also shown that the relationship between RVD 
and the prevalence of diabetes is not significantly dependent 
on a patient’s smoking status [1,8]. This implies that smoking 
status does not have a clear effect on the positive association 
between T2DM and ventilatory dysfunction.

Previous studies have shown that there may be a relationship 
between reduced ventilatory function and T2DM. Obesity, a 
condition well-known for its association with hyperglycemia, 
is not only a risk factor for T2DM, but also a major cause of 
reduced lung capacity [17]. In a systemic review, the findings 
showed that obese individuals had a significantly lower FVC 
compared to healthy ones, and there was a significant negative 
association between the restive response pattern and obesity 

[18]. However, based on the results in this current study, the 
OR of RVD with the highest fasting glucose level (T2DM) was 
reported at 1.835 (95% CI 1.261-2.670) after adjusting for 
the BMI and WC. Furthermore, no significant difference was 
reported for prediabetes fasting glucose levels. Thus, obesity 
may explain the association between lung restriction and 
prediabetes, but it does not appear to be the stage of diabetes. 
Additionally, insulin resistance, illustrated by cells that fail to 
respond normally to the hormone insulin, and a major etiology 
of T2DM may alter the glucose absorption of thoracic muscles, 
thereby causing a reduced respiratory muscle function, and 
eventually the RVD [19,20].

Despite several meaningful findings in this study, there are 
some limitations that must be mentioned. Firstly, although 
the association between RVD and T2DM may be helpful in 
providing additional information about the nature of this 
relationship, determination of the rudimentary cause of RVD 
and OVD in patients was not possible. For this reason, future 
studies should include mechanisms to clarify the relationship 
between impaired lung function and T2DM. Secondly, the 
limitation of the KNHANES is that the individuals who 
participated in this survey have relatively mild-to-moderate 
levels of comorbidities, that is, a small number of severe cases of 
diabetes or lung dysfunction in patients influence the analysis 
of the results. This limitation might be overcome by further 
case-control or cohort studies. Thirdly, the KNHANES data 
were conducted on respiratory function tests in the over 40’s. 
Type 1 diabetes is commonly known to occur in children. For 
this reason, it was not possible to investigate the relationship 
between T1DM and RVD. Therefore, future research should 
investigate the correlation between ventilatory dysfunction 
and the type of diabetes. Despite these limitations, this current 
study has significant clinical and research implications because 
it is representative of the Korean population, and is a large 
sample size, which allowed multiple statistical adjustments 
increasing the sensitivity, validity and robustness of the study.

The findings of this study showed that RVD, but not OVD, 
in Koreans is highly associated with the prevalence of T2DM, 
regardless of various diabetes risk factors that may confuse or 
mediate these associations.
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