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Background: We analyzed hemoglobin Alc (HbAlc) levels and various lung function test results in healthy individuals after a
6-year follow-up period to explore the influence of lung function changes on glycemic control.

Methods: Subjects whose HbA ¢ levels did not qualify as diabetes mellitus (DM) and who had at least two consecutive lung func-
tion tests were selected among the people who visited a health promotion center. Lung function parameters, including forced expira-
tory volume in 1 second (FEV1), forced vital capacity (FVC), FEV/FVC ratio, and forced expiratory flow 25% to 75% (FEF2s0;-75%),
were divided into four groups based on their baseline quantiles. To evaluate future DM onset risk in relation to lung function chang-
es, the correlation between baseline HbA Ic levels and changes in lung function parameters after a 6-year follow-up period was ana-
lyzed.

Results: Overall, 17,568 individuals were included; 0.9% of the subjects were diagnosed with DM. The individuals included in the
quartile with FEV1/FVC ratio values of 78% to 82% had lower risk of DM than those in the quartile with FEV1/FVC ratio values of
=>86% after adjusting for age, sex, and body mass index (P=0.04). Baseline percent predicted FEV1, FVC, FEV1/FVC ratio, and
FEFasv-75%, and differences in the FEV1/FVC ratio or FEF2sy-75%, showed negative linear correlations with baseline HbA1c levels.
Conclusion: Healthy subjects with FEV1/FVC ratio values between 78% and 82% had 40% lower risk for future DM. Smaller dif-
ferences and lower baseline FEV1/FVC ratio or FEF»sv-7s, values were associated with higher baseline HbAlc levels. These find-
ings suggest that airflow limitation affects systemic glucose control and that the FEV1/FVC ratio could be one of the factors predict-
ing future DM risk in healthy individuals.
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INTRODUCTION

Diabetes mellitus (DM) is a metabolic disease characterized by
hyperglycemia resulting from insulin defects or resistance,
which is associated with long-term organ dysfunction [1]. Re-
cent studies [2-4] have demonstrated a positive correlation be-
tween glycemic control and lung function impairment in pa-
tients with DM. A meta-analysis including 3,182 diabetes pa-
tients and 27,080 control subjects found that patients with dia-
betes had decreased forced expiratory volume in 1 second
(FEV1) and forced vital capacity (FVC) compared with a
healthy control group [2]. One large-scale 5-year prospective
study reported that individuals with diabetes had a 1.6-fold
higher risk of restrictive lung function impairment than those
without diabetes after adjusting for baseline lung function [4].

The relationship between glycemic control and lung function
changes has been described in patients with DM in previous lit-
erature. Davis et al. [5] showed that declining lung function
measures (FEV1, FVC) were consistently predicted by higher
hemoglobin Alc (HbAlc) levels on follow-up in the Fremantile
Diabetes study. The decline in lung function under poor glyce-
mic control had been explained not only in DM but also in the
prediabetes stages. Prediabetes, defined by HbAlc levels be-
tween 5.7% and 6.4% [1], had a negative correlation with both
FVC (y=-0.113, P<0.001) and FEV1 (y=-0.079, P=0.003). A
multivariable logistic regression model showed that restrictive
patterns and FEV1 of <80% showed a positive correlation with
HbAIlc levels [6]. Moreover, epidemiological studies suggest
that diabetes and hyperglycemia are associated with the devel-
opment of several pulmonary diseases, including airway diseas-
es and interstitial lung disease [7,8]. These studies suggest that
the metabolic changes induced by hyperglycemia affect the
lung, consistent with the pathologic autopsy findings showing
involvement of the alveolar capillaries and arterioles, with hya-
linosis, plasmorrhagia, and insudation, in diabetic microangiop-
athy [9]. The common links between diabetes and pulmonary
diseases are systemic inflammatory pathways, including those
involving proinflammatory cytokines such as tumor necrosis
factor-a and interleukin-6, which induce insulin resistance
[10,11]. Moreover, obesity, an important risk factor for DM, is
considered to activate an inflammatory cascade that could affect
lung function [7,12].

However, evidence regarding the association between lung
function and glycemic control status in healthy individuals
without prediabetes or DM is lacking. The prevalence of DM
increases with age and is 34% in women and 14% in men
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among patients aged 20 to 39 years, whereas it is approximately
50% in those aged >80 years [13]. However, long-term follow-
up studies are limited for the development of new-onset diabe-
tes mellitus (NODM) in middle-aged adults. As the develop-
ment of NODM is increasing in these patients, it is becoming
increasingly important to determine the future risks of develop-
ing DM. Therefore, this study was designed to analyze HbAlc
after a 6-year follow-up according to various lung function test
results in healthy individuals, exploring the influence of lung
function changes on glycemic control.

METHODS

Data collection and study design

Subjects with an HbAlc of <6.5% at their initial visit and more
than two consecutive lung function measurements were selected
among those who visited a health promotion center for exami-
nation in Seoul St Mary’s hospital, a 1,200-bed tertiary univer-
sity hospital, from March 2009 to October 2012. We examined
the development of NODM in 6-year follow-up visits and col-
lected the data of baseline characteristics of the subjects, includ-
ing medical history, blood chemistry, lung function test results,
anthropometric measurements, and body composition. We di-
vided the selected healthy participants into four groups accord-
ing to their baseline lung function results. Lung function param-
eters, FEV1, FVC, FEV/FVC ratio, and forced expiratory flow
25% to 75% (FEFasw-75%) were categorized depending on their
baseline quantiles. Baseline characteristics were analyzed ac-
cording to four ranges of different lung function parameters, and
we evaluated the risk of future DM in a 6-year follow-up period
according to these lung function ranges. DM diagnosis was de-
fined by HbAlc of =26.5% according to the American Diabetes
Association statement in 2011 [1].

The study population was aged from 19 to 85 years, and regu-
lar health check-ups were performed to facilitate early detection
of the diseases. The health promotion program collects data of
the medical histories of the subjects and their family members
with standardized questionnaires, blood chemistry tests, lung
function tests, Body composition analysis, and imaging studies,
including chest radiography, computed tomography, sonogram,
and gastroenteroscopy. Retrospective data collection was per-
formed to gather data of baseline characteristics of the partici-
pants, such as age, sex, body mass index (BMI), medical histo-
ry, blood pressure (BP), anthropometric measurements, body
composition, blood cholesterol level, and HbAlc.

Body composition metrics, including height, weight, waist
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circumference (WC), skeletal muscle mass (MM), fat mass
(FM), and fat mass index (FMI), were measured according to
the bioelectrical impedance method using InBody 720 (Bio-
space, Seoul, Korea). BP was measured using an automatic BP
monitor (TM-2655P, P.M.S., Berkshire, UK) after 5 minutes of
rest. After fasting for at least 6 hours, blood samples were col-
lected in sodium fluoride tubes for plasma glucose measurement
and in serum-separating tubes for others. All measurements
were performed using the Hitachi 7600 autoanalyzer (Hitachi
Ltd., Tokyo, Japan) in the central laboratory of Seoul St Mary’s
Hospital. Triglyceride, total, and low-density lipoprotein (LDL)
cholesterol levels were measured through enzymatic assays, and
high-density lipoprotein (HDL) cholesterol levels were mea-
sured through selective inhibition. HbAlc was measured by
high-performance liquid chromatography using Diabetes Con-
trol and Complication Trial (DCCT)-aligned methods (Tosoh-
G8, Tosoh, Tokyo, Japan).

Lung function assessment
Spirometry was performed as recommended by the American
Thoracic Society/European Respiratory Society guidelines [14]
by trained examiners, using Vmax2130 (SensorMedics, Yorba
Linda, CA, USA). FEF:s-75% was calculated according to the
same guidelines. The absolute values of FVC and FEV1 were
obtained, and the percentage of predicted values (% pred) for
FVC and FEV1 was calculated from the following equations
obtained in a representative sample from the Republic of Korea
[15].
Predicted FVC=-4.8434-[0.00008633 X age’ (years)]+
[0.05292 X height (cm)]+[0.01095 X weight (kg)]
Predicted FEV1=-3.4132-[0.0002484 X age® (years) ]+
[0.04578 X height (cm)]

Data privacy and protection

The data extracted in this study were stored as an encrypted file
on the research director’s encrypted computer, and only the prin-
cipal researcher could access it. For statistical analysis, all per-
sonal information was deleted, and in the case of data that can be
individually identified, pseudonymization and anonymization
were performed. Because of its retrospective nature, the require-
ment for informed consent was waived, and this study was ap-
proved by the Clinical Research Ethics Committee of the Catho-
lic Medical Center (approval number: KC20RISI0886).

Statistical analyses
Data are expressed as meanststandard deviations for continu-

1256 www.e-enm.org

ous variables and numbers with percentages for categorical
variables. Patients were grouped by quartile based on their ini-
tial FVC, FEV1, FEV1/FVC ratio, and FEF2se-7s%. The associa-
tions between initial lung function biomarkers and diagnostic
diabetes were determined by logistic regression considering
confounders. All statistical analyses were performed using SAS
version 9.4 (SAS Institute, Cary, NC, US), and P values that are
<0.05 were considered statistically significant.

RESULTS

Baseline characteristics

A total of 17,568 individuals were selected, and the participants
were divided into four groups based on the quartiles of percent
predicted FVC, FEV1, FEV1/FVC ratio, and FEF2sv-7sv. Based
on the percent predicted FVC, the four categories were as fol-
lows: <86% in quartile 1, 86%-93% in quartile 2, 93%—101%
in quartile 3, and =101% in quartile 4. Quartiles based on per-
cent predicted FEV1 were as follows: <92% in quartile 1, 92%—
100% in quartile 2, 100%—-108% in quartile 3, and =108% in
quartile 4. Quartiles based on the percent predicted FEVI/FVC
ratio were as follows: <78% in quartile 1, 78%—82% in quartile
2, 82%—86% in quartile 3, and =86% in quartile 4. In addition,
quartiles based on the percent predicted FEF,se,-750, were as fol-
lows: <82% in quartile 1, 82%-99% in quartile 2, 99%—117%
in quartile 3, and =117% in quartile 4.

Table 1 describes the baseline characteristics of all included
healthy individuals. The mean age was 45.31+9.9 years, 58.6%
(10,298/17,568) were male, with a mean BMI of 23.5+3.1 kg/m®.
When we compared lung function parameters according to a 10-
year age scale, the FEV1/FVC ratio and FEF2se 75 had de-
creased in older adults (age of =60 years) compared with that
in the younger population (age of <40 years). Among them,
males had lower FEV1 (%) and FEV1/FVC ratios than females
with statistical significances (FEV1 [%]: 99.410.1 vs. 101.4%
0.2, P<0.001; FEVI/FVC ratio: 81.1£0.1 vs. 84.2+0.1, P<
0.001). In addition, the FEV1/FVC ratio showed a decreasing
tendency as the BMI increased (P<0.00). There were 1,328
(7.6%) participants who were treated for pulmonary tuberculo-
sis (Tbc) and 253 (1.4%) who were treated for bronchial asth-
ma. Lung function parameters including FEV1, FVC, FEV1/
FVC ratio, and FEFsv-7s% were lower in patients with histories
of pulmonary Tbc or asthma, with significant differences. His-
tories of coronary-cerebrovascular disease was associated with
alower FEV1/FVC ratio (P=0.01), hypertension with the FEV1/
FVC ratio (P<0.001), and FEF2sv-7s, (P<0.001). A family his-
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tory of DM was associated with slightly lower FEV1 (%), FVC ~ metric measurements and laboratory results are shown in Sup-
(%), FEF2s0,-75%, and a higher FEV1/FVC ratio. Initial anthropo- ~ plemental Table S1. The mean HbAlc was 5.4%+0.3%, and

Table 1. Baseline Characteristics of All Subjects (2=17,368)
Characteristic Total FEV1 FVC FEV1/FVC FEF2s0,-75%
Mean 100.2+12.6 93.4£10.9 82.4+6.7 100.3+26.8
Age, yr 45.3+9.9
<40 5,399 (30.7) 98.1+£0.2 91.2+0.1 85.31+0.1 103.3£0.3
40-50 6,047 (37.8) 100.6£0.1 94.2+0.1 82.54+0.1 101.1£0.3
50-60 4,018 (22.9) 101.6£0.2 94.8+£0.2 80.240.1 97.410.5
=60 1,504 (8.6) 103.0£0.4 93.9+0.3 77.8£0.2 94.0+£0.9
P value <0.001 <0.001 <0.001 <0.001 <0.001
Sex
Male 10,298 (58.6) 99.440.1 93.3£0.1 81.1£0.1 100.5+£0.3
Female 7,270 (41.4) 101.410.2 93.4+0.1 84.240.1 100.1+£0.3
P value <0.001 0.54 <0.001 0.41
BMI, kg/m* 23.5+3.1
<213 3,916 (22.3) 99.2+0.2 90.7£0.2 85.240.1 101.6+0.4
21.3-233 4,280 (24.4) 101.5+0.2 94.840.2 82.5+0.2 99.840.4
23.3-25.4 4,325 (24.6) 100.910.2 94.940.2 81.1+0.1 99.1+£0.4
=254 5,047 (28.7) 99.5+0.2 93.0+0.2 81.4%0.1 100.8+0.4
P value <0.001 <0.001 <0.001 <0.001
History of pulmonary Tbe
Yes 1,328 (7.6) 97.8+£0.4 92.3+0.3 80.1£0.2 93.2+0.8
No 16,240 (92.4) 100.4+0.1 93.5+0.1 82.61+0.1 100.94+0.2
P value <0.001 0.001 <0.001 <0.001
History of asthma
Yes 253 (1.4) 93.3+1.2 91.2+0.8 77.4%£0.7 83.3+22
No 17,315 (98.6) 100.3+0.1 93.4£0.1 82.51+0.1 100.6+0.2
P value <0.001 0.004 <0.001 <0.001
History of coronary-CVD
Yes 317(1.8) 100.41+0.8 92.4+0.7 81.4+0.4 100.1+1.6
No 17,251 (98.2) 100.2£0.1 93.4+£0.1 82.440.1 100.3+0.2
P value 0.85 0.14 0.01 0.90
History of hypertension
Yes 1,953 (11.1) 100.4£0.3 93.4+£0.3 80.1£0.2 97.7+0.7
No 15,615 (88.9) 100.2£0.1 93.4+£0.1 82.71£0.1 100.7£0.2
P value 0.53 0.93 <0.001 <0.001
DM family history
Yes 5,706 (32.5) 99.940.2 93.1£0.1 82.610.1 100.2+0.4
No 11,862 (67.5) 100.410.1 93.5+0.1 82.310.1 100.5+£0.3
P value 0.004 0.02 0.01 0.75
Values are expressed as mean=standard deviation or number (%).
FEV1, forced expiratory volume for 1 second; FVC, forced vital capacity; FEF2sy-7s%, forced expiratory flow 25% to 75%; BMI, body mass index; Tbc,
tuberculosis; CVD, cerebrovascular disease; DM, diabetes mellitus.
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the mean fasting glucose level was 91.2+11.7 mg/dL. The
mean MM was 27.01£6.2 kg, the mean FM was 17.0£5.2 kg,
the mean WC was 82.5+8.7 cm, and the mean BP was 118.7%
13.8/73.1+£10.3 mm Hg. In addition, the mean total cholesterol
level was 194.7432.2 mg/dL; the triglyceride level was 112.8+
80.0 mg/dL; HDL cholesterol level, 53.24+12.7 mg/dL; and
LDL cholesterol level, 117.9430.0 mg/dL.

Comparison of baseline clinical characteristics according
to lung function ranges
We analyzed the differences in baseline characteristics accord-

ing to the range of lung function parameters. FVC, FEV1,
FEV1/FVC ratio, and FEF2sv-7s% were divided into four groups
based on their quartiles. Table 2 shows that the histories of pul-
monary Tbc, hypertension, and familial DM were different
among the four groups of percent predicted FVC range, with the
highest rate of history of pulmonary Tbc in the first quartile
(P=0.004). Male sex, age, BMI, HbAlc, lipid profile, MM,
FM, FMI, and WC also significantly differed between the four
groups in all cases. MM was lowest in the first quartile group
(FVC <86%), and body FM was highest. The percent predicted
FEV1 showed different results; percentages of pulmonary Tbc

Table 2. Comparison of Baseline Clinical Characteristics According to Lung Function Ranges

Characteristic Ql Q2 Q3 Q4 P value

FVC
Number 4,257 (24.2) 4,260 (24.3) 4,643 (26.4) 4,408 (25.1)
Age, yr 443+10.8 4431+9.6 45.2+9.3 473194 <0.001
Male sex 2,399 (56.4) 2,612 (61.3) 2,796 (60.2) 2,491 (56.5) <0.001
BMI, kg/m? 232+3.6 23.5+3.2 23.612.9 23.7+2.7 <0.001
HbAlc, % 543403 541403 540103 540403 <0.001
Total cholesterol, mg/dL 193.5+34.0 193.8+£33.2 195.3+£32.9 196.0£32.9 <0.001
Triglyceride, mg/dL 115.4+85.1 115.9483.2 113.7+£77.1 106.4+74.4 <0.001
HDL-C, mg/dL 533+13.1 52.6+12.4 53.0+12.6 53.7+12.5 0.070
LDL-C, mg/dL 116.8+30.8 117.3+£29.9 118.5+29.7 119.0+29.5 <0.001
Muscle mass, kg 26.3+6.3 273%6.3 27.3+6.2 27.1+6.2 <0.001
Fat mass, kg 17.3+5.7 17.1£5.2 16.8+4.9 16.7+4.7 <0.001
FMI, kg/m? 26.5+£5.9 25.7£5.9 25.5+6.0 25.6+6.2 <0.001
WC, cm 82.1+10.1 82.7+8.8 82.6+8.2 82.7+7.6 0.005
History of pulmonary Tbe 371 (9.4) 303 (7.6) 315(7.3) 339(8.3) 0.004
History of asthma 74(1.9) 61(1.5) 65(1.5) 53(1.3) 0.231
History of coronary-CVD 88 (2.4) 77@2.1) 75(1.9) 77 (2.1) 0.514
History of hypertension 497 (12.5) 468 (11.8) 463 (10.7) 525 (12.9) 0.011
Family history of DM 1,385 (32.5) 1,429 (33.5) 1,571 (33.8) 1,321 (30.0) <0.001

FEV1
Number 4,041 (23.0) 4,496 (25.6) 4332 (24.7) 4,699 (26.8)
Age, yr 44.6+£10.3 43.9£9.5 44.7+£9.4 47.8£9.9 <0.001
Male sex 2,516 (62.3) 2,729 (60.7) 2,597 (60.0) 2,456 (52.3) <0.001
BMI, kg/m? 23.5£3.5 23.5+3.2 23.5+2.9 234+29 0.159
HbAlc, % 5.4540.3 541403 5.3940.3 5.404+0.3 <0.001
Total cholesterol, mg/dL 194.8+£33.5 193.8+£32.9 194.4+33.3 195.6+£33.2 0.146
Triglyceride, mg/dL 124.5+91.2 114.6+77.4 112.2+80.4 101.7£69.7 <0.001
HDL-C, mg/dL 5224125 52.7+12.6 5324127 5444+12.8 <0.001
LDL-C, mg/dL 118.1+30.1 117.6+29.7 117.7£30.1 118.3+30.1 0.703
Muscle mass, kg 27.1£6.3 27.316.2 27.3+6.2 264+6.2 <0.001
Fat mass, kg 17.61+5.6 17.1£5.2 16.8+4.9 16.6+4.9 <0.001
FMI, kg/m? 26.3+5.8 25.7£5.9 25.5+5.9 259+6.4 0.002
WC, cm 83.0+9.5 82.5+8.9 82.4+8.3 82.1+8.1 <0.001

(Continued to the next page)
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Table 2. Continued

Characteristic Ql Q2 Q3 Q4 P value
History of pulmonary Tbc 400 (9.9) 312 (6.9) 299 (6.9) 317 (6.8) <0.001
History of asthma 111 (2.8) 48 (1.1) 38(0.9) 56 (1.2) <0.001
History of coronary-CVD 82(2.0) 67 (1.5) 74 (1.7) 94 (2.0) 0.179
History of hypertension 468 (11.6) 466 (10.4) 450 (10.4) 569 (12.1) 0.015
Family history of DM 1,332 (33.0) 1,518 (33.8) 1,421 (32.8) 1,435 (30.5) 0.007

FEV1/FVC
Number 3,623 (20.6) 4,089 (23.3) 4,510(25.7) 4,510 (25.7)
Age, yr 50.5£10.3 47.1£9.0 44.6+89 44.6£89 <0.001
Male sex 2,661 (73.5) 2,580 (63.1) 2,681 (59.5) 2,681 (59.5) <0.001
BMI, kg/m? 23.8+2.7 239+29 239+3.1 23.9+3.1 <0.001
HbAlc, % 5.48+0.3 5.44+03 5.42+0.3 5.33+£0.3 <0.001
Total cholesterol, mg/dL 195.6+32.9 197.4£33.2 196.2+33.0 196.2+33.0 <0.001
Triglyceride, mg/dL 122.1£78.6 120.0£86.7 117.3£80.7 117.3£80.7 <0.001
HDL-C, mg/dL 50.9+11.8 52.1+£124 52.7£12.6 52.7+12.6 <0.001
LDL-C, mg/dL 119.1£29.2 120.6+29.7 119.5+30.1 119.5+30.1 <0.001
Muscle mass, kg 28.5+5.8 27.8+6.2 274463 27.4+6.3 <0.001
Fat mass, kg 17.0+4.7 17.4£5.0 17.6£53 17.6+5.3 <0.001
FMLI, kg/m? 25.0+£5.8 25.9£6.0 26.3£6.1 26.3%6.1 <0.001
WC, cm 84.4+7.7 83.9+8.2 83.3+£8.6 83.3+£8.6 <0.001
History of pulmonary Tbe 442 (12.2) 305 (7.5) 272 (6.0) 272 (6.0) <0.001
History of asthma 98 (2.7) 63 (1.5) 45(1.0) 45(1.0) <0.001
History of coronary-CVD 82(2.3) 69 (1.7) 83 (1.8) 83(1.8) 0.087
History of hypertension 596 (16.5) 501 (12.3) 491 (10.9) 491 (10.9) <0.001
Family history of DM 1,058 (29.2) 1,316 (32.2) 1,543 (34.2) 1,543 (34.2) <0.001

FEFa2s0:-75%
Number 4,327 (24.6) 4,288 (24.4) 4,342 (24.7) 4,611 (26.3)
Age, yr 47.7+£10.3 44.81+9.6 44.0+9.3 44.7£9.8 <0.001
Male sex 2,616 (60.5) 2,441 (56.9) 2,458 (56.6) 2,783 (60.4) <0.001
BMLI, kg/m’ 23.5+£3.0 23.5+3.1 235432 234432 0.143
HbAlc, % 5.46+0.3 5.40+0.3 5.40£0.3 5.39+0.3 <0.001
Total cholesterol, mg/dL 19524329 194.7+33.6 193.9432.7 194.8+33.7 0.402
Triglyceride, mg/dL 118.4£82.2 112.9+£78.3 111.8+79.6 108.4+79.8 <0.001
HDL-C, mg/dL 523+123 53.1£12.7 53.2+12.8 54.0+£12.7 <0.001
LDL-C, mg/dL 118.3£29.2 118.2£30.3 117.3£29.7 117.8+£30.8 0.275
Muscle mass, kg 27.0%6.1 26.9£6.3 27.0%£6.2 272463 0.080
Fat mass, kg 17.1£5.1 17.0+5.0 17.0£53 16.7£5.2 0.001
FMI, kg/m? 26.1£6.0 26.0£6.0 25.9+6.0 25.4%6.0 <0.001
WC, cm 83.2+8.5 82.5+8.6 82.4+8.8 82.1+£8.9 <0.001
History of pulmonary Tbc 470 (10.9) 316 (7.4) 249 (5.7) 293 (6.4) <0.001
History of asthma 122 (2.8) 57(1.3) 36 (0.8) 38(0.8) <0.001
History of coronary-CVD 87(2.0) 65 (1.5) 81 (1.9) 84 (1.8) 0.369
History of hypertension 586 (13.5) 455 (10.6) 436 (10.0) 476 (10.3) <0.001
Family history of DM 1,367 (31.6) 1,408 (32.8) 1,456 (33.5) 1,476 (32.0) 0212

Values are expressed as number (%) or mean+standard deviation.

FVC, forced vital capacity; BMI, body mass index; HbA Ic, hemoglobin A lc; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cho-

lesterol; FMI, fat mass index; WC, waist circumference; Tbc, tuberculosis; CVD, cerebrovascular disease; DM, diabetes mellitus; FEV 1, forced expiratory volume

for 1 second; FEF2se;,-75%, forced expiratory flow at 25% to 75%.

Copyright © 2021 Korean Endocrine Society www.e-enm.org 1959
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NODM and Pulmonary Function Test E n M

and bronchial asthma histories were highest in the first quartile
(FEV1 <92%), and participants in the first quartile group
showed tendencies to have higher triglyceride (<0.001) and
lower HDL cholesterol (P<0.001) levels, with higher FM
(P<0.001) and WC (P<0.001). Table 2 describes the different
variables according to ranges of the FEV1/FVC ratio. The per-
centage of pulmonary Tbc history and bronchial asthma was
highest in Q1 (FEV1/FVC ratio <78); moreover, subjects in the
first quartile had increased age (P<0.001), HbAlc (P<0.001),
and triglyceride level together with decreased HDL-cholesterol
levels (P<0.001). MM and WC were highest in quartile 1.
FEF2s%-75% showed similar tendencies with the FEV1/FVC ra-
tio. The percentages of pulmonary Tbc and asthma histories
were highest in the first quartile (FEF2sy-75% <82), and in-
creased age; HbAlc, triglyceride, and lower HDL-cholesterol
levels; and FM and WC were noted.

Association between future DM risk and lung function
parameters after 6 years

To find the association between baseline lung function parame-
ters and the development of DM after a 6-year follow-up, we
performed multivariable logistic regression analyses, shown in
Table 3. Among the 17,568 participants, 152 (0.9%) were diag-
nosed with DM. The mean follow-up duration was 2,214.7+

193.6 days. Lung function increased in terms of percent predict-
ed FVC (3.61+0.01), FEV1 (9.8£0.1), FEV1/FVC ratio (0.8t
0.03), and FEFasv-7s% (0.3%0.1) during the 6 years. The differ-
ences in lung function values between the baseline and the
6-year follow-up tended to increase from Q1 to Q4 (lowest to
highest value). In subjects with the lowest FEV1/FVC ratio
(Q1), the odds ratio (OR) of DM was 1.6 (95% confidence in-
terval [CI], 1.1 to 2.5) compared with the highest quartile refer-
ence category (P=0.03). However, when we adjusted for age
and sex, the OR for DM decreased in Q1-3 compared with the
Q4 reference category and decreased in Q2, with significant dif-
ferences (OR, 0.6; 95% CI, 0.4 to 1.0; P=0.04). In addition, the
OR was 0.6 (95% CI, 0.3 to 0.9) after adjusting for age, sex, and
BMI in Q2 compared with the Q4 reference (P=0.02). Baseline
airflow obstruction and small airway disease, defined as an
FEV1/FVC ratio of <0.7 and FEF2sy-75% <80, individually had
no association with the future risk of DM.

Changes in lung function results and the correlation
between lung function and other variables

Table 4 shows the correlation between baseline lung function
results and other variables. There were negative correlations be-
tween HbAlc and all baseline lung function parameters. These
findings, which are also described in Fig. 1, showed that HbAlc

Table 4. Correlations between Baseline Lung Function Results and Other Variables and Correlations between Baseline Variables and
Changes in Lung Function Results for 6 Years
Baseline lung function results and other variables Between bascline \r'arialulci‘jl{lg f/l:sigcs of lung function results
FVC FEVI  FEVIFVC  FEFwsirss h‘:]\fz? o c hﬁ‘;cv“ | of Er\‘/”ffv“g (Pt:u“"f

HbAlc r —0.04 —0.05 —0.18 —0.09 0.18 0.07 —0.05 -0.04

P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
BMI r 0.05 —0.01 —0.19 —0.01 0.25 —0.02 —0.08 —0.07

P <0.001 0.535 <0.001 0.459 <0.001 0.040 <0.001 <0.001
Muscle mass r 0.04 —0.05 -0.22 0.02 0.1 -0.09 —0.04 —0.04

P <0.001 <0.001 <0.001 0.006 <0.001 <0.001 <0.001 <0.001
Fat mass r —0.05 —0.06 —0.08 —0.03 0.18 —0.02 —0.07 —0.06

P <0.001 <0.001 <0.001 <0.001 <0.001 0.004 <0.001 <0.001
FMI r —0.05 -0.02 0.05 —0.04 0.11 0.05 —0.04 —0.03

P <0.001 0.042 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
wC r 0.02 —0.03 -0.24 —0.04 0.28 0.01 —0.1 -0.09

P <0.001 <0.001 <0.001 <0.001 <0.001 0.270 <0.001 <0.001
FVC, forced vital capacity; FEV1, forced expiratory volume for 1 second; FEFasy,-7s%, forced expiratory flow at 25% to 75%; HbA 1¢c, hemoglobin Alc;
BMI, body mass index; FMI, fat mass index; WC, waist circumference.

Copyright © 2021 Korean Endocrine Society www.e-enm.org
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Fig. 1. Linear plot between baseline lung function parameters and hemoglobin Alc (HbA Ic, %). Percent predicted (A) forced vital capacity
(FVQO), (B) forced expiratory volume for 1 second (FEV1), (C) FEV1/FVC, and (D) forced expiratory flow 25% to 75% (FEF2s0-75%)

showed a significant negative correlation with baseline HbA lc.

had negative linear correlations with lung function values.
When we analyzed the correlation between the differences in
lung function results and HbAlc, the FEV1/FVC ratio still
showed a negative linear correlation to HbAlc, while FVC and
FEV1 were positively correlated (Fig. 2).

DISCUSSION

This study described an interesting negative association be-
tween the FEV1/FVC ratio and future DM risk in healthy indi-
viduals. Subjects with an FEV1/FVC ratio of 78 to 82 had a
40% lower risk of DM diagnosis in a 6-year follow-up com-
pared with the reference group (FEV1/FVC ratio =86) after ad-
justing for age, BMI, and sex. However, percent predicted FVC,
FEV1, FEVI/FVC ratio, and FEF»s¢-7s% showed a negative lin-
ear correlation with baseline HbAlc. During the 6-year interval,

'I 262 www.e-enm.org

a negative correlation was still observed in the plot of changes
in FEV1/FVC ratio or FEF2se, 755 versus HbAlc. That is, certain
ranges of the FEV1/FVC ratio (78 to 82) could predict a de-
creased future risk of DM, and HbA1c¢ increased with decreas-
ing lung function parameters at baseline in non-diabetes indi-
viduals. Moreover, baseline HbA Ic increased with changes in
the FEV1/FVC ratio or FEF2s¢-750 decrease for 6 years.

Several previous longitudinal studies evaluated the risk of fu-
ture type 2 DM according to different baseline pulmonary func-
tion test results in non-diabetes subjects [16-20]. The consistent
common findings of these studies were the increased risk of
DM in the lowest quartile of predicted FEV1 (%) or FVC (%)
compared with that in the highest quartile. They observed the
incidence of DM during 9 to 37 years of follow-up using vari-
ous diagnostic methods of DM. The diagnostic method was
subjects’ report [18], fasting blood glucose level [19,20], or in-

Copyright © 2021 Korean Endocrine Society
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Fig. 2. Linear plot between baseline hemoglobin Alc (HbAlc, %) and lung function changes for 6 years. Changes in percent predicted (A)
forced vital capacity (FVC) and (B) forced expiratory volume for 1 second (FEV1) had a positive correlation with baseline HbAlc. In con-
trast, changes in (C) FEV1/FVC and (D) forced expiratory flow 25% to 75% (FEF2se-75) showed a negative correlation with HbA lc.

ternational classification of disease codes [16]. Instead of using
these parameters to diagnose DM, Lazarus et al. [17] measured
insulin levels and the fasting insulin resistance index to define
insulin resistance. They found that baseline FVC, FEV1, and
mid-expiratory flow rate were negatively associated with future
insulin resistance after adjusting for baseline age, BMI, fat dis-
tribution pattern, and cigarette smoking [17]. Moreover, insulin
secretion was also shown to be correlated to lung function pa-
rameters in previous studies. Alicandro et al. [21] reported that
lower fasting blood C-peptide levels were associated with lower
FEV1 values. Nezer et al. [22] also demonstrated that there was
a negative correlation between baseline FEV1 and glucose level
after a 2-hour oral glucose tolerance test (OGTT) and higher in-
sulin secretion during pulmonary exacerbations in patients with
cystic fibrosis.

Contrary to this, the results of our study revealed a decreased

Copyright © 2021 Korean Endocrine Society

risk of NODM associated with an FEV1/FVC ratio of 78 to 82
compared with higher reference ranges (FEV1/FVC ratio =86)
which could be explained by our study’s distinct population. We
excluded diabetes patients according to HbAlc at baseline, who
were mainly middle-aged with some older adults aged >60
years. These inclusion criteria would have strictly excluded hy-
perglycemic individuals compared with other studies, which de-
fined DM based on self-reporting. Moreover, subjects who were
taking glucose-lowering agents might have been missed at the
6-year follow-up because of the definition of DM based on
HbAlc. In fact, the proportion of participants diagnosed with
DM after the 6-year follow-up was 0.9% in our study, which is
smaller than that of 2.2% after a 5-year follow-up among indi-
viduals from another health check-up program in the Republic
of Korea as described in another report [23]. However, the main
strength of this study is its large population cohort recruited

www.e-enm.org
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from one tertiary referral university hospital. We included
17,568 subjects who had serial lung function test results with
6-year intervals performed by trained technicians according to
international guidelines. To the best of our knowledge, this is
the largest study population that has been used to predict future
DM risk according to different ranges of lung function in non-
diabetes individuals.

The occurrence of NODM in the young population has been
recently gained much focus [24]. Because only few studies
stratified the risk of NODM by age groups, our study could sug-
gest new real-world evidence based on data from routine health
check-ups. Data obtained from regular health check-up pro-
grams have several advantages compared with other big data re-
garding a variable number of clinical parameters and an easily
tracked and consistent lung function testing protocol throughout
the study. Moreover, we used NODM, a clear primary outcome
for our analysis. These factors had enabled us to successfully
identify the associations between variable clinical characteris-
tics and NODM diagnoses.

One cross-sectional study explained the impaired glucose me-
tabolism was an independent mechanism of airway resistance in
patients with obesity and asthma. Karampatakis et al. [25] had
reported that asthmatics with insulin resistance had significantly
lower values of bronchial hyperresponsiveness (BHR) than
those without insulin resistance. They described that obesity
alone was not a causal factor in BHR because BMI was not as-
sociated with changes in the value of the provocation dose of
mannitol required to achieve 15% drop in FEV1 [25,26]. Kim et
al. [27] also found that among the 1,058 healthy subjects, 33
(3.1%) had BHR based on methacholine bronchial provocation
test, and insulin resistance and BMI were the significant risk
factor for BHR after adjusting for age in women. At the molecu-
lar level, the effect of hyperinsulinemia on airway smooth mus-
cle contractility by mast cells [28,29], to alter small airway
parasympathetic innervation [30], or to increase transforming
growth factor-f activity in the airway [31] were suggested as
possible mechanisms for the association between BHR and in-
sulin resistance. Although we could not suggest an exact mecha-
nism for the link between airway limitation and future DM risk
in healthy subjects without diabetes, the impairment of glucose
metabolism would be one of the important factors contributing
to airflow resistance, based on these studies and our results.

However, evidence regarding the association between NODM
and airflow obstruction from long-term follow-up studies is
lacking. An FEV1/FVC ratio of <70 to 75 is defined as airway
obstruction for the diagnosis and treatment of chronic obstruc-

1264 wwuw.e-enm.org

tive pulmonary disease (COPD) according to international
guidelines [32]. FEFasy-7s% is a forced mid-expiratory flow,
known to be the most sensitive measure of airflow in the periph-
eral airways, associated with small airway diseases [33]. Im-
paired FEF2s¢-75¢, in asymptomatic subjects has been defined as
a surrogate marker for the early onset of asthma, BHR, or lower
airway inflammation [34]. Moreover, the FEF2sy-750 value was
suggested as a predictor for COPD development in patients with
normal lung function in a recent analysis [35]. Because the par-
ticipants included in this study were healthy middle-aged indi-
viduals from a health promotion center, we included FEF2s0,-7s
in analyzing the association between baseline lung function and
future risk of DM to detect early small airway dysfunction. In
previous studies, the baseline FEV1/FVC ratio did not show a
statistically significant correlation with the diagnosis of DM
[16,20]. The negative linear correlation between the FEV1/FVC
ratio and future DM risk is a novel finding. Moreover, this is
also the first trial to perform a regression analysis using
FEF3s0-75% regarding the risk of NODM diagnosis.

The crude risk of DM diagnosis was 1.6 (95% CIL, 1.1 to 2.5;
P=0.03) in the lowest quartile (Q1) of the FEVI/FVC ratio
compared with the reference quartile (Q4) (Table 3). However,
this correlation was not observed after adjusting for compound-
ing variables, including age and sex (model 1) or age, sex, and
BMI (model 2). The risks were decreased in models 1 and 2 and
were lowest in Q2 compared with reference Q4. Additional ad-
justment for history of pulmonary Tbe and asthma, which could
affect airflow obstruction, showed the same result (data not
shown). Therefore, the second quartile FEV1/FVC ratio would
be an independent negative factor for future DM diagnosis after
adjusting for older age, male sex, higher BMI, history of pulmo-
nary Tbc, and bronchial asthma. This result is quite interesting
because subjects in Q2 had higher proportion of hypertension,
higher HbA I¢, and slightly higher triglyceride and LDL-choles-
terol levels than those in Q4 at baseline. Moreover, the negative
linear correlation between baseline lung function parameter and
HbA1c could describe uncovered equations in non-diabetes
healthy individuals.

There are several limitations to our study. The first limitation
is the relatively short follow-up duration and absence of annual
HbA Ic values. Zaigham et al. [20] analyzed the hazard ratios of
DM according to lung function over a 30-year follow-up period
and showed that there was increased future DM risk in the latter
years compared with that in the earlier phase. Moreover, the
prevalence of DM increases significantly with age in the general
population [36], and a 5-year follow-up period would have un-

Copyright © 2021 Korean Endocrine Society
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derdiagnosed those at risk for DM. While HbA ¢ levels can re-
flect the blood glucose status of individuals in the preceding 2
to 3 months [37], an analysis of annual follow-up HbAlc levels
could reflect hyperglycemic changes more accurately. Instead
of the cross-sectional study design employed in this study, a
prospective longitudinal observational study design analyzing
the risk of DM according to the FEV1/FVC ratio would be
needed in future research. Another possible limitation of this
study was that we missed adjusting for cigarette smoking histo-
ry in the multivariate regression analysis. It is possible that the
slightly decreased baseline FEV1 and FEV1/FVC ratio values
in the male participants could have been affected by cigarette
smoking. Although we included male sex as a confounding fac-
tor in the risk of DM, smoking history should be considered in
future analyses. The third limitation is the restricted age group
at baseline since 91.4% of the 17,568 individuals enrolled in our
study were under the age of 60. However, in terms of predicting
lung function deterioration in the future, this may be a clinically
appropriate age range. Furthermore, this study was limited to
patients who underwent a health check-up. There was also a
limitation in the data that we were able to collect from the
health-promotion center. Since the subjects visited the center at
intervals of approximately 3 to 24 months, we could not define
the exact timing of NODM diagnosis and HbAlc differences
during the 6-year period. In addition, that we did not consider
physical activity as a risk factor for NODM risk analysis could
be a limitation. Epidemiological studies have demonstrated that
low levels of physical activity and fitness are prominent, inde-
pendent, and modifiable risk factors for the development of type
2 DM [38-40]. Finally, the single-center cohort design of this
study was a limitation. However, since we performed a compar-
ison of the parameters after a 6-year period, we considered the
reliability of the laboratory data to be high enough that this may
be considered a strength.

In conclusion, our study described that the baseline FEV1/
FVC ratio of 78 to 82 was associated with a 40% lower risk of
future DM diagnosis than a higher FEV1/FVC ratio of =86 after
adjusting for age, sex, and BMI. In non-diabetes individuals, de-
creased FEV1 (%), FVC (%), FEVI/FVC ratio, and FEF2se;-75%
were associated with an increased HbA I¢ level in linear regres-
sion analysis. These findings could enable the determination of
the risk of new-onset diabetes after 6 years based on lung func-
tion parameters in healthy subjects, which could identify the at-
risk population for DM through further large-scale research.

Copyright © 2021 Korean Endocrine Society
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