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Background: Several population-based studies have shown that individuals with type 2 diabetes mellitus 
(T2DM) have decreased pulmonary function. Moreover, impaired pulmonary function is associated with 
all-cause mortality in T2DM. We investigated the association between glycemic state and pulmonary 
function and evaluated the role of walking as protective factor in subjects with diabetes using a nationwide, 
population-based, cross-sectional survey. 
Methods: The study included 17,542 subjects: 2,195 with diabetes, 4,042 with prediabetes, and 11,305 with 
normal glucose tolerance. Furthermore, 1,770 subjects with available data on walking exercise were divided 
into three groups according to weekly exercise time: <150, 150–300, and ≥ 300 min/week.
Results: The diabetes group had reduced pulmonary function, particularly forced vital capacity (FVC) 
(P<0.001), and a decrease in pulmonary function was observed in the subjects with prediabetes (P<0.001). 
The walking exercise analysis revealed that the percentage of predicted FVC (P=0.001) and percentage of 
predicted forced expiratory volume in 1 s (P=0.021) were highest in the subjects with diabetes who walked 
≥300 min/week after adjustment for age, sex, body mass index, and waist circumference (WC) measurements. 
Conclusions: Pulmonary function was significantly associated with walking exercise in diabetic patients, 
and walking ≥300 min/week may have a preventive effect against pulmonary dysfunction in subjects with 
diabetes.
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Introduction

Type 2 diabetes mellitus (T2DM) is a complex disease 
associated with an increased risk of several complications 
requiring multifactorial intervention to treat and prevent. 
Cardiovascular disease, nephropathy, retinopathy, and 
peripheral neuropathy are well-known complications of 
T2DM. However, recent studies have identified less well-

known complications, including cognitive dysfunction (1),  
mood disorders (2), and sleep-related problems (3). 
Moreover, several population-based studies found that 
subjects with T2DM had decreased pulmonary function  
(4-6), as indicated by lower forced vital capacity (FVC) and 
forced expiratory volume in 1 s (FEV1) values, regardless of 
race (4-8). Subjects with impaired fasting glucose levels are 
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at higher risk of pulmonary dysfunction (9). Moreover, the 
findings of several previous studies suggest that decreased 
pulmonary function may be a predictor of T2DM. Davis 
et al. (8) found that pulmonary dysfunction was associated 
with all-cause mortality in T2DM. It is not clear why 
the decrease in pulmonary function in T2DM increases 
all-cause mortality, but considering that the decrease in 
pulmonary function shows an inverse correlation with 
cardiovascular disease (CVD), the increase in CVD events 
may also contribute (10,11).

Regular exercise is important for the management of 
glycemic control in subjects with T2DM (12). Current 
guidelines recommend that subjects with T2DM perform 
moderate to vigorous aerobic exercise (13,14); however, 
such exercise may be difficult for patients with diabetes 
due to decreased physical abilities (15). Walking is a readily 
performed and straightforward exercise that does not 
require special skills or equipment, and the risk of injury 
or adverse effects is low. Several studies have shown that 
walking has significant benefits for blood pressure, body 
weight, and glycemic control (16-18). 

Although several previous studies have reported an 
association between pulmonary function and T2DM, 
no studies have investigated the prevention of decreased 
pulmonary function in subjects with diabetes. We 
investigated the association between glycemic state and 
pulmonary function and evaluated the role of walking as 
protective factor in subjects with diabetes

Methods

Study population

The Korea National Health and Nutrition Examination 
Survey (KNHANES) is a nationwide, population-based, 
cross-sectional survey. KNHANES was designed to assess 
the health and nutritional status of the Korean population. 
The survey, which was initiated in 1998, has been 
conducted periodically by the Korea Centers for Disease 
Control and Prevention. The KNHANES includes a health 
questionnaire survey, health examination, and nutrition 
survey completed by randomly assigned individuals from 
600 randomly selected districts in cities and provinces in 
South Korea. We obtained KNHANES data collected 
between 2009 and 2013. We initially selected 33,605 
subjects aged 19 years or older. Of those, 16,063 subjects 
with no available pulmonary function or laboratory test 
data were excluded. Thus, 17,542 subjects were included 

in the analysis. We divided the subjects into three groups 
according to disease status: diabetes, prediabetes, and 
normal glucose tolerance (NGT). Additionally, 1,770 
subjects with available data on walking exercise were 
classified into three groups according to weekly exercise 
time (<150, 150–300, and 300 min/week).

Definition of diabetes and prediabetes

Diabetes and prediabetes were diagnosed according to 
the criteria of the American Diabetes Association (19). 
However, we were not able to assess 2-h postprandial 
plasma glucose levels because the oral glucose tolerance test 
was not included in the KNHANES. We defined diabetes 
as a fasting plasma glucose (FPG) level ≥126 mg/dL,  
glycosylated hemoglobin (HbA1c) level ≥6.5%, or 
treatment with glucose-lowering medications. Prediabetes 
was defined as an FPG level of 100–125 mg/dL or HbA1c 
level of 5.7–6.4%.

Clinical and biochemical parameters 

Height, weight, and waist circumference (WC) were 
measured using standard techniques and equipment. Body 
mass index (BMI) was calculated by dividing weight in 
kilograms by height in meters squared (kg/m2). Blood 
pressure was measured manually three times in subjects 
in the sitting position by nurses experienced in using a 
mercury sphygmomanometer. The mean of the second and 
the third measurements was used in the analysis. 

Blood samples were collected in the morning after 
fasting for at least 8 h. FPG was measured using the 
Hitachi Automatic Analyzer 7600 (Hitachi, Tokyo, Japan). 
HbA1c was measured using a high-performance liquid 
chromatography assay (HLC-723G7, Tosoh Co., Tokyo, 
Japan).

Smoking status, alcohol consumption, physical activity, 
and histories of disease and medication use were obtained 
from a self-reported questionnaire. Exercise was categorized 
according to weekly exercise time (min/week) as high-
intensity exercise (vigorous aerobic exercise causing 
vigorous shortness of breath and very fast heart rate for  
>10 min, e.g., running, jumping rope, climbing, and 
swimming) and moderate-intensity exercise (moderate 
aerobic exercise causing moderate shortness of breath and 
slightly fast heart rate for >10 min, e.g., brisk walking, 
jogging, weight training, golf, and Pilates). 
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Pulmonary function test

Pulmonary function was measured by clinical technicians 
using a dry rolling-seal spirometer (model 2130; Sensor 
Medics, Yorba Linda, CA, USA). Spirometry tests were 
repeated up to eight times until at least three acceptable 
spirometry curves were obtained. FEV 1 and FVC 
measurements were made according to the American 
Thoracic Society/European Respiratory Society guidelines. 
We used FVC, FEV1, the FEV1 to FVC ratio (FEV1/FVC), 
and the percentage of predicted values for FEV1 (%pFEV1) 
and FVC (%pFVC) to assess pulmonary function.

Statistical analyses

We performed the normality test using Kolmogorov-
Smirnova test, and we found that some variables including 
weekly exercise and sitting time, did not meet the normality 
distribution. Demographic and medical characteristics 
were compared among groups using the chi-square test, 
parametric test (one-way analysis of variance followed 
by a post-hoc Bonferroni correction) and nonparametric 
test (Kruskal Wallis test and Mann-Whitney U test with 
Bonferroni correction for post-hoc evaluation). We used 
analysis of covariance and post-hoc Bonferroni correction 
to compare pulmonary function among groups, with 
adjustment for variables that showed significant differences 
in baseline characteristics in various models. Multivariate 
linear regression analysis was performed to identify 
correlations between the glycemic measures (HbA1c and 
FPG) and pulmonary function-related variables, including 
pFVC, pFEV1, and pFEV1/FVC. Analysis of covariance 
was used to compare pulmonary function among groups 
according to walking exercise times. All statistical tests 
were performed using the Statistical Package for the Social 
Sciences for Windows, version 18.0 (SPSS Inc., Chicago, 
IL, USA). Continuous variables are expressed as means 
± standard deviations. P values <0.05 were considered to 
indicate statistical significance. 

Results

Comparison of baseline characteristics among groups

The study included 17,542 subjects: 2,195 with diabetes, 
4,042 with prediabetes, and 11,305 subjects with NGT. 
The baseline characteristics of the subjects are shown in 
Table 1. The highest mean age was in the diabetes group  
(61.2 years). The diabetes and prediabetes groups comprised 

more male subjects than did the NGT group. Systolic blood 
pressure, BMI, and WC were significantly higher in the 
diabetes group than in the other two groups. The mean 
FPG and HbA1c values were 140.6 mg/dL and 7.3% in the 
diabetes group, 107.2 mg/dL and 5.9% in the prediabetes 
group, and 90.0 mg/dL and 5.6% in the NGT group, 
respectively. There was a significant difference among the 
three groups in hypertension and ischemic heart disease, and 
alcohol consumption and smoking amount were higher in 
the diabetes and prediabetes groups than in the NGT group. 

Comparison of pulmonary function according to glucose 
tolerance

The spirometer results revealed that FVC, FEV1 and the 
percentage of predictive values were lowest in the diabetes 
group and lower in the prediabetes group than in the NGT 
group (Table 1). After adjustment for potential confounding 
factors associated with pulmonary function including age, 
sex, BMI, and WC, the %pFVC, and %pFEV1 values 
were highest in the NGT group and lowest in the diabetes 
group. In contrast, the %pFEV1/FVC was not significantly 
different among the groups. The reduced pulmonary 
function, %pFVC in particular, in the diabetes group 
remained significant after further adjustments for current 
smoking status, high intensity exercise, and walking exercise 
(Table 2). 

Correlation between glycemic parameters and pulmonary 
function

We performed a linear regression analysis to investigate the 
associations between glycemic parameters and pulmonary 
function. A 1% absolute increase in the HbA1c level was 
associated with a −1.99% difference in %pFVC and a −1.04% 
difference in %pFEV1. A 10 mg/dL increase in the FPG 
level was associated with a −0.59% difference in %pFVC 
and a −0.34% difference in %pFEV1. After adjusting for 
confounding factors, the decrement in pulmonary function, 
%pFVC in particular, was significantly correlated with 
increases in FPG and HbA1c levels. We found that higher 
HbA1c and FPG levels were independently associated with 
lower FVC and FEV1 (Table 3). 

Effects of walking exercise on pulmonary function in 
subjects with diabetes

To further investigate the effects of walking exercise on 
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Table 1 Baseline characteristics according to disease status

Characteristics
Diabetes (A) 

(n=2,195)
Prediabetes (B) 

(n=4,042)
NGT (C) (n=11,305) P value (post-hoc)

Age (years) 61.2±10.4 56.5±11.4 52.5±13.0 <0.001* (A > B > C)

Males (%) 1,155 (52.6) 2,189 (54.2) 4,485 (39.7) <0.001†

SBP (mmHg) 128.1±16.3 126.3±16.3 119.7±16.5 <0.001* (A > B > C)

DBP (mmHg) 77.5±10.4 80.2±10.4 77.3±10.3 <0.001* (B > A = C)

BMI (kg/m2) 25.3±3.4 24.9±3.0 23.7±3.0 <0.001* (A > B > C)

WC (cm) 87.7±8.9 85.4±8.4 81.0±8.8 <0.001* (A > B > C)

FPG (mg/dL) 140.6±41.4 107.2±6.4 90.0±5.7 <0.001* (A > B > C)

HbA1c (%) 7.3±1.4 5.9±0.4 5.6±0.3 <0.001* (A > B > C)

Smoking status (n, %)‡ <0.001†

Current smoker 627 (29.2) 1,154 (29.1) 2,812 (25.3)

Ex-smoker 438 (20.4) 786 (19.8) 1,409 ( 12.7)

Non-smoker 1,082 (50.4) 2,024 (51.1) 6,915 (62.1)

COPD (n, %) 7 (0.3) 16 (0.4) 41 (0.4) 0.889

Hypertension (n, %) 1,150 (52.4) 1,306 (32.3) 2,105 (18.6) <0.001†

Ischemic heart disease (n, %) 133 (6.1) 105 (2.6) 200 (1.8) <0.001†

Amount smoked, current smoker (ea/day) 16.8±8.5 16.8±9.2 15.5±8.4 <0.001* (A = B > C)

Amount smoked, ex-smoker (ea/day) 19.3±13.5 17.7±11.5 15.5±10.9 <0.001* (A > B > C)

Alcohol consumption (grams/day) 52.9±35.7 55.5±35.7 48.6±34.3 <0.001* (A = B > C)

Weekly exercise [mean (IQR), min/week]

High intensity 118.5 (47.5, 120) 113.1 (52.5, 120) 104.3 (40, 120) 0.001* (A = B > C)

Moderate intensity 106.8 (30, 120) 110.1 (30, 120) 107.2 (30, 120) 0.815*

Walking 74.4 (30, 120) 78.3 (30, 120) 74.9 (30, 90) 0.062*

Sitting time [mean (IQR), min/week] 332.6 (180, 480) 314.0 (180, 420) 324.6 (180, 420) 0.219*

FVC (L) 3.3±0.9 3.6±0.9 3.5±0.8 <0.001* (B > C > A)

FEV1 (L) 2.5±0.7 2.8±0.7 2.8±0.7 <0.001* (C = B > A)

FEV1/FVC 0.77±0.08 0.78±0.08 0.79±0.08 <0.001* (C > B > A)

%pFVC 88.6±11.7 91.6±11.7 93.8±11.6 <0.001* (C > B > A)

%pFEV1 90.1±13.7 91.8±13.3 93.0±13.1 <0.001* (C > B > A)

%pFEV1/FVC 76.7±7.9 77.5±7.6 78.9±7.6 <0.001* (C > B > A)

Mean ± standard deviation. *, P value was obtained from one-way analysis of variance followed by post-hoc Bonferroni correction; †,  
P value was obtained from the chi-squared test. Ischemic heart disease includes coronary heart disease and angina. Italic numbers  
indicate statistically significant differences at P<0.05. ‡, in smoking status, 48, 78, and 169 subjects in Group A, B, and C 
did not respond to the questionnaires about smoking status, respectively. Therefore, statistical analyses were performed in 
2,147, 3,964, and 11,136 subjects. NGT, normal glucose tolerance; SBP, systolic blood pressure; DBP, diastolic blood pres-
sure; BMI, body mass index; WC, waist circumference; FPG, fasting plasma glucose; HbA1c, glycosylated hemoglobin; COPD,  
chronic obstructive pulmonary disease; IQR, interquartile range; FVC, forced vital capacity; FEV1, forced expiratory volume in 1 s; %pFVC, 
percentage of predicted FVC; %pFEV1, percentage of predicted FEV1.
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Table 2 Multivariate analyses of estimated pulmonary function (N=17,542)

Model Diabetes (A) (n=2,195) Prediabetes (B) (n=4,042) NGT (C) (n=11,305) P value (post-hoc)*

Model 1

%pFVC 90.3±0.3 92.4±0.2 93.1±0.1 <0.001 (C > B > A)

%pFEV1 90.6±0.3 92.1±0.2 92.8±0.1 <0.001 (C > B > A)

%pFEV1/FVC 78.8±0.1 78.4±0.1 78.1±0.1 <0.001 (A > B = C)

Model 2

%pFVC 90.3±0.3 92.4±0.2 93.1±0.1 <0.001 (C > B > A)

%pFEV1 90.6±0.3 92.1±0.2 92.8±0.1 <0.001 (C > B > A)

%pFEV1/FVC 78.9±0.1 78.4±0.1 78.1±0.1 <0.001 (A > B = C)

Model 3

%pFVC 90.6±0.5 93.0±0.3 93.7±0.2 <0.001 (C > B = A)

%pFEV1 90.4±0.5 92.0±0.3 92.8±0.2 <0.001 (C > B = A)

%pFEV1/FVC 79.4±0.3 78.8±0.2 78.8±0.1 0.107

Model 4

%pFVC 90.2±0.3 92.3±0.2 93.2±0.1 <0.001 (C > B > A)

%pFEV1 90.6±0.3 91.9±0.2 92.9±0.1 <0.001 (C > B > A)

%pFEV1/FVC 79.0±0.2 78.5±0.1 78.3±0.1 0.001 (A > B = C)

Mean ± standard error. *, P values obtained from analysis of covariance with post-hoc Bonferroni correction. Model 1: adjustment for 
age, sex, body mass index, and waist circumference; Model 2: same adjustments as in model 1 plus smoking status; Model 3: same  
adjustments as in model 2 plus high-intensity exercise (time/week); Model 4: same adjustment as in model 2 plus walking exercise (time/
week). Italic numbers indicate statistically significant differences at P<0.05. NGT, normal glucose tolerance; %pFVC, percentage of  
predicted forced vital capacity; %pFEV1, percentage of predicted forced expiratory volume in 1 s. 

pulmonary function in subjects with diabetes, we divided 
the diabetes group into three subgroups according to 
walking time (<150, 150–300, and ≥300 min/week) (Table 4).  
The %pFVC and %pFEV1 values were highest in subjects 
who walked ≥300 min/week. After adjustment for age, sex, 
BMI, and WC, walking exercise had a significant effect 
on preventing pulmonary dysfunction in subjects who 
walked ≥300 min/week. However, we found no significant 
difference in %pFVC1 or %pFEV1 after adjustment for 
smoking status, suggesting that the beneficial effect of 
walking on pulmonary function is not independent of 
smoking. We additionally investigated the effects of walking 
on pulmonary function in current smokers and non-
smokers, respectively. Similar results were obtained in our 
analysis of diabetic patients that excluded current smokers. 
We found that pulmonary function tended to increase in 
current smokers who walked ≥300 min/week; however, the 
difference was not statistically significant (data not shown).

Discussion

We found that pulmonary function was impaired in subjects 
with diabetes, and that walking exercise had a significant 
association with pulmonary function. Previous studies have 
shown that pulmonary function is decreased in subjects 
with T2DM compared with healthy subjects (4,20,21). The 
Atherosclerosis Risk in Communities study, a prospective 
longitudinal study that followed subjects with T2DM for 
3 years, found that pulmonary function was significantly 
reduced in the cohort (22). We confirmed that FEV1, FVC, 
and their percentage predictive values were lower in subjects 
with diabetes than in the control group. Moreover, subjects 
with prediabetes had lower pulmonary function than that of 
those with NGT. Taken together, our findings suggest that 
pulmonary function begins to decrease in the prediabetes 
state. Diabetes increases the risk of impaired pulmonary 
function; however, the definitive mechanisms underlying 
this association remain unclear. Several recent studies 
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have suggested that multiple factors, including low-grade 
chronic inflammation (23-25), leptin resistance (26,27), and 
insulin resistance (28), may play roles in the pathogenesis 
of impaired pulmonary function in T2DM. Given that the 
lung microvascular structure is composed of an abundance 
of alveolar-capillary networks, impaired pulmonary function 
may be a manifestation of diabetic microangiopathy (29). In 
addition, since T2DM is a significant risk factor for heart 
failure which can cause the pulmonary function reduction, 
it could be assumed that cardiovascular diseases, such as 
hypertension, ischemic heart disease, and heart failure may 
contribute to impaired pulmonary function in T2DM.

In our diabetes group, the pulmonary function test 
showed decreases in FEV1 and FVC but a preserved FEV1/
FVC ratio, which is similar to the restrictive pattern 
previously described in T2DM (30-32). Restrictive lung 
disease is characterized by a reduced total lung capacity 
classified as intrinsic or extrinsic according to the cause. 
Given the pathogenesis described above, intrinsic restrictive 
ventilatory defects may be primarily attributed to a 
reduction in pulmonary function in diabetes; however, 
extrinsic ventilatory defects may also be associated with 
diabetes because subjects with T2DM have higher rates of 

obesity and significant muscle weakness.
We found that overall pulmonary function was negatively 

correlated with FPG and HbA1c levels, and this trend 
was evident in the NGT and diabetes groups (data not 
shown). This finding indicates that poor glycemic control 
increases the risks of pulmonary dysfunction and disease 
acceleration. Therefore, assessment of pulmonary function 
is recommended for diabetic patients with poor glycemic 
control. Furthermore, pulmonary function screening 
may be clinically useful for diabetic patients with other 
established risk factors for impaired pulmonary function, 
such as smoking. Our dataset did not contain information 
on the duration of diabetes; therefore, we could not 
determine whether disease duration should be a criterion 
for pulmonary function screening. 

Walking exercise effectively lowers blood glucose 
levels and blood pressure and improves dyslipidemia 
(33,34). Moreover, exercise can improve insulin resistance 
and prevent cardiovascular events via weight loss (18). 
Furthermore, we demonstrated the possibility of walking 
exercise as protective factor for pulmonary impairment 
in subjects with diabetes. We found that walking had a 
significant effect on preventing pulmonary function decline, 

Table 3 Multivariate adjusted associations of pFVC, pFEV1, and pFEV1/FVC with glycemic measures

Traits 
%pFVC %pFEV1 %pFEV1/FVC

β r2 P value β r2 P value β r2 P value

HbA1c (1% absolute increase)

Model 1 –1.99 0.029 <0.001 –1.04 0.006 <0.001 –0.20 0.001 0.008

Model 2 –1.19 0.097 <0.001 –0.84 0.04 <0.001 0.38 0.270 <0.001

Model 3 –1.22 0.097 <0.001 –0.86 0.042 <0.001 0.37 0.269 <0.001

Model 4 –1.30 0.095 <0.001 –0.93 0.031 <0.001 0.33 0.254 0.009

Model 5 –1.20 0.098 <0.001 –0.77 0.045 <0.001 0.42 0.278 <0.001

FPG (increase of 10 mg/dL)

Model 1 –0.59 0.013 <0.001 –0.34 0.003 <0.001 –0.23 0.005 <0.001

Model 2 –0.27 0.063 <0.001 –0.22 0.03 <0.001 0.09 0.285 <0.001

Model 3 –0.29 0.062 <0.001 –0.26 0.031 <0.001 0.07 0.287 0.005

Model 4 –0.30 0.068 <0.001 –0.26 0.027 0.001 0.06 0.286 0.109

Model 5 –0.27 0.064 <0.001 –0.21 0.033 <0.001 0.09 0.290 <0.001

Model 1: no adjustments; Model 2: adjustments for age, sex, body mass index, and waist circumference; Model 3: same adjustments as 
in model 2 plus walking exercise; Model 4: same adjustments as in model 2 plus high-intensity exercise; Model 5: same adjustments as 
in model 2 plus smoking status. Italic numbers indicate statistically significant differences at P<0.05. %pFVC, percentage of predicted 
forced vital capacity; %pFEV1, percentage of predicted forced expiratory volume in 1 s; FPG, fasting plasma glucose; HbA1c, glycosylated 
hemoglobin.
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particularly FVC, which was associated with the walking 
duration per week. Because the %pFVC and %pFEV1 

were not significantly different between the <150 and  
150–300 min/week groups, our findings suggest that 
subjects with diabetes need to walk ≥300 min/week to 
prevent a decrease in pulmonary function. Our analysis of 
walking time and pulmonary function in the NGT group 
showed that walking did not have a significant effect on 
pulmonary function (data not shown), suggesting that 
walking exercise has little impact on individuals whose 
pulmonary function is not compromised. Although the 
effect of walking exercise on pulmonary function was not 
significant in the model adjusted for smoking, together our 
findings suggest that both walking exercise and smoking 
cessation are important for improvement of pulmonary 
function in subjects with diabetes. 

Our study has several limitations. First, the retrospective 
cross-sectional design did not allow for causal conclusions. 
A prospective longitudinal study is needed to determine 
the relationship between pulmonary function and duration 
or severity of diabetes and to confirm the effect of walking 
exercise on pulmonary function in T2DM. Second, the 
questionnaire did not distinguish between types 1 and 2 
DM; therefore, our diabetes group may have included 
subjects with type 1 DM; however, we were not able 
to identify differences in pulmonary function or the 
effectiveness of walking exercise between diabetes types. 
Moreover, the effect of each type of diabetes on pulmonary 
function could not be determined. Third, because 2-h 
postprandial glucose data were not available, subjects with 
isolated impaired glucose tolerance were included in the 
NGT group rather than the prediabetes group. However, 

Table 4 Comparisons of pulmonary function according to walking time in subjects with diabetes 

Model Walking time
<150 min/week 150–300 min/week ≥300 min/week

P value (post-hoc)*
(n=1,587, 89.7%, A) (n=128, 7.2%, B) (n=55, 3.1%, C)

Model 1 FVC 3.3±0.8 3.6±0.8 4.0±0.9 <0.001 (C > B > A)

FEV1 2.5±0.7 2.7±0.7 3.0±0.6 <0.001 (C > B > A)

FEV1/FVC 0.77±0.08 0.75±0.08 0.75±0.07 0.011 (A > B = C)

%pFVC 88.4±11.6 87.5±11.6 94.1±12.0 0.001 (C > B = A)

%pFEV1 90.1±13.7 87.1±14.0 92.8±13.5 0.015 (C = A > B)

%pFEV1/FVC 76.9±7.9 75.0±8.3 75.2±7.1 0.011 (A > B = C)

Model 2 FVC 3.3±0.8 3.6±0.8 4.0±0.9 <0.001 (C > B = A)

FEV1 2.6±0.7 2.7±0.7 3.0±0.6 0.024 (C > B = A)

FEV1/FVC 0.77±0.08 0.75±0.08 0.75±0.07 0.070

%pFVC 88.4±11.6 87.5±11.6 94.1±12.0 0.001 (C > B = A)

%pFEV1 90.1±13.7 87.1±14.0 92.8±13.5 0.021 (C > B = A)

%pFEV1/FVC 76.9±7.9 75.0±8.3 75.2±7.1 0.070

Model 3 FVC 3.9±0.8 4.0±0.7 4.1±0.8 0.564

FEV1 2.9±0.7 2.9±0.7 3.1±0.6 0.583

FEV1/FVC 0.75±0.09 0.74±0.1 0.75±0.07 0.799

%pFVC 88.8±11.8 88.2±10.7 92.8±12.5 0.477

%pFEV1 86.9±13.3 84.6±12.8 89.6±11.0 0.434

%pFEV1/FVC 74.7±8.7 74.1±10.0 75.0±6.8 0.799

*, P values obtained from analysis of covariance with post-hoc Bonferroni correction. Model 1: no adjustments; Model 2: adjustments 
for age, sex, body mass index, and waist circumference; Model 3: same adjustments as in model 2 plus smoking status. Italic numbers  
indicate statistically significant differences at P<0.05. FVC, forced vital capacity; FEV1, forced expiratory volume in 1 s; %pFVC, percentage  
of predicted FVC; %pFEV1, percentage of predicted FEV1.
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had subjects with isolated impaired glucose tolerance been 
included in the prediabetes group, we believe that the 
difference in pulmonary function between the diabetes and 
NGT groups would have been more marked.

In conclusion, we demonstrated that pulmonary function 
is decreased in subjects with diabetes, and that impaired 
pulmonary function is associated with glycemic control. 
Furthermore, our findings suggest that walking ≥300 min/
week can help prevent a decrease in pulmonary function in 
subjects with diabetes.
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