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Purpose: Chronic obstructive pulmonary disease (COPD) is associated with systemic
inflammation. We investigated whether elevated baseline serum C-reactive protein (CRP)
levels in healthy individuals are associated with the risk of incident COPD by smoking
status.

Patients and methods: This was a cohort study of 63,260 adult men and women who
were older than 40 years, free of COPD at baseline, and underwent health screening from
2002 to 2016 with at least one follow-up visit through December 2016. We investigated the
association between baseline high-sensitivity CRP (hsCRP) levels and incident COPD by
smoking status, using flexible parametric proportional hazards models and pooled logistic
regression analyses.

Results: The multivariable-adjusted hazard ratio (95% confidence interval) comparing
participants in the 90th to those in the 10th percentile of hsCRP was 1.19 (1.08, 1.31).
The corresponding hazard ratio in never, former, and current smokers were 1.07 (0.89, 1.29),
1.22 (1.05, 1.42), and 1.22 (1.05, 1.41), respectively. The association between hsCRP levels
and incident COPD had a similar dose-response pattern in former and current smokers, but
not in never smokers.

Conclusion: Higher baseline hsCRP is associated with an increased risk to develop COPD
in ever smokers but not in never smokers.

Keywords: smokers, C-reactive protein, systemic inflammation, COPD, cohort studies

Introduction
Chronic obstructive pulmonary disease (COPD) is an inflammatory disorder char-
acterized by persistent airflow limitation, affecting approximately 10% of adults
over 40 years of age." The World Health Organization projects that COPD will
become the third leading cause of death worldwide by 2030.? Local pulmonary
inflammation, which is characterized by an abnormal inflammatory response
induced by a variety of cytokines and activated inflammatory cells in response to
cigarette smoke and other environmental pollutants in a susceptible host, is a
hallmark of COPD.?

An increasing body of evidence indicates that COPD is associated with systemic
inflammation, in addition to local pulmonary inflammation.*> Indeed, systemic
inflammatory biomarkers such as C-reactive protein (CRP), circulating leukocytes,
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interleukin-6, interleukin-8, fibrinogen, and tumor necrosis
factor-o, are elevated in patients with COPD compared
with subjects without COPD;*'* furthermore, CRP is a
predictor of prognosis in patients with COPD.'! The asso-
ciation between CRP levels and lung function, however, is
not well characterized. Several investigators have reported
an inverse cross-sectional relationship between CRP levels

1213 a5 well as an association between

and lung function
CRP levels and a higher likelihood of a clinical diagnosis
of COPD.'*!* In contrast, several studies have reported
negative or no associations of CRP levels with lung func-
tion decline.'®!”

Smoking, a single most important risk factor for
COPD, can lead to systemic inflammation and subse-
quently reduce lung function. However, there has been
controversy on whether systemic inflammation by itself
after adjusting smoking status and other confounding fac-
tors could induce lower lung function and COPD.'*'*

In the present study, we used data from a large cohort
of apparently healthy middle-aged adults (>40 years old)
free of COPD at baseline to examine the association
between CRP levels and COPD development based on
repeated spirometry measures over follow-up by smoking
status.

Methods

Study population

The Kangbuk Samsung Health Study, a multicenter cohort
study, involves adult men and women who underwent a
comprehensive health examination at the clinics of the
Total
Hospital in Seoul and Suwon, South Korea, between
January 1, 2002, and December 31, 2016.'® The present
analysis was restricted to participants with at least one

Healthcare Center of the Kangbuk Samsung

follow-up visit between January 1, 2011, and December
31,2016 (n=311,524; Figure 1). We subsequently excluded
participants younger than 40 years (to exclude patients with
potential asthma, and onset age of COPD is usually
>40 years old, n=223,891); participants with a history of
COPD (n=1,299), (n=1,023),
(n=5,071), lung cancer (n=27), or lung surgery (n=98);

asthma tuberculosis
participants with serum high-sensitivity C-reactive protein
(hsCRP) level >5 mg/L (n=2,979) since these values can
result from acute infection or reflect short-term inflamma-
tory responses; and participants with baseline forced expira-
tory volume in 1 second (FEV)/forced vital capacity (FVC)
<0.7 (n=2,160). We then excluded participants with missing

Adults who underwent comprehensive health check-up
examination at the Kangbuk Samsung Hospital
screening centers between Jan 2002 and Dec 2016 and
had at least one follow-up visit (N= 311,524)

Excluded because of ineligibility at baseline
- Age <40 years (N = 223,891)
- History of COPD (N = 1,299)
- History of asthma (N = 1,023)

—>| - History of tuberculosis (N = 5,071)

- History of lung cancer (N = 27)

- History of lung surgery (N = 98)

- hsCRP >5 mg/L (N =2,979)

- Baseline FEV/FVC < 0.7 (N = 2,160)

Excluded because of missing data
- Missing CRP at all visits (N = 1,323)
—>] - Missing spirometry test and self-reported COPD
at all visits (N = 7,674)
- Missing other covariates (N = 2,719)

| Participants included in this analysis (N= 63,260)

Figure | Flow chart of study design.

Abbreviations: COPD, chronic obstructive pulmonary disease; CRP, C-reactive
protein; FEV, forced expiratory volume in | second; FVC, forced vital capacity;
hsCRP, high-sensitivity C-reactive protein .

hsCRP measurements (n=1,323), spirometry data and self-
reported COPD status (n=7,674), or other covariates
(n=2,719). The final study sample included 63,260 partici-
pants (38,843 men and 24,417 women).

The Institutional Ethics
Samsung Hospital approved this study. The requirement

Committee of Kangbuk

of informed consent was waived as we only used de-
identified data routinely collected during health screening
visits.

Data collection
At each screening visit, we collected data on demographic
characteristics, smoking status, alcohol consumption, phy-
sical activity, medical history, and medication use through
standardized, self-administered questionnaires. The smok-
ing status was categorized into never, former, or current
smoker. Alcohol consumption was categorized into none,
moderate (<30 grams/day in men and <20 grams/day in
women), or heavy (>30 grams/day in men and >20 grams/
day in women). The frequency of vigorous physical activ-
ity was categorized into 0, 1-3, or >3 times/week.
Height, weight, and sitting blood pressure were mea-
sured by trained nurses. Body mass index was calculated
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as weight in kilograms divided by height in meters
squared. Blood pressure was measured using an automated
oscillometric device (53,000, Welch Allyn, NY, USA) in
the sitting position with the arm supported at the heart
level. Hypertension was defined as a systolic blood pres-
sure of >140 mmHg, a diastolic blood pressure of
>90 mmHg, or current use of antihypertensive medication.

Spirometry was performed as recommended by the
American Thoracic Society,'? using Vmax 22 spirometers
(SensorMedics, Yorba Linda, CA, USA). We used the
highest FVC and FEV; of three or more tests with accep-
table curves, and COPD was defined as FEV/FVC <0.7 or
self-reported COPD status. The forced vital capacity
(FVC) is the amount of air that can be forcefully exhaled
during the FVC maneuver, and the forced expiratory
volume in one second (FEV)) is the amount of air expelled
during the first second. The ratio of FEV; and FVC (FEV,/
FVC) is used as an indicator of airway obstruction.

We obtained blood samples after participants had
fasted for at least 10 hrs. Serum hsCRP was measured
with a particle-enhanced immunoturbidimetric assay on a
Modular Analytics P800 apparatus (Roche Diagnostics,
Tokyo, Japan). Serum total cholesterol and triglycerides
were determined with an enzymatic colorimetric assay.
High-density lipoprotein cholesterol was measured
directly with a homogeneous enzymatic colorimetric
assay. Diabetes was defined as a fasting serum glucose
>126 mg/dL, hemoglobin Alc >6.5%, or current use of

insulin or antidiabetic medications.

Statistical analyses

The study endpoint was development of incident COPD.
Follow-up time was calculated from the baseline examina-
tion to COPD development or to the last health examina-
tion conducted for each participant, whichever occurred
first. Because the exact time of COPD onset was unknown
and it was between the visit for COPD diagnosis and the
previous visit, we used flexible parametric proportional
hazard models to account for this type of interval
censoring.?’ This survival model parameterized log cumu-
lative hazards as natural cubic splines of log time with 3
internal knots at the 25th, 50th, and 75th percentiles. We
estimated the hazard ratios for incident COPD comparing
quintiles 2-5 of the CRP level to the lowest quintile. In
addition to categorical analysis, we modeled hsCRP as a
continuous variable using restricted cubic splines (with
knots at the 5th, 35th, 65th, and 95th percentiles of its

sample distribution) to provide a flexible model for the
dose—response relationship between hsCRP and COPD.

We used three models with increasing degrees of
adjustment to account for potential confounding factors.
The first model was adjusted for age (continuous), sex, and
study center (Seoul or Suwon). The second model was
further adjusted for smoking (never, former, or current),
physical activity (0, 1-3, or >3 times/week), alcohol con-
sumption (none, moderate, or high), and body mass index
(continuous). The third model was further adjusted for
baseline FEV, (continuous). The fourth model was further
adjusted for hypertension (yes or no), total and high-den-
sity lipoprotein cholesterol (continuous), triglycerides
(continuous), and fasting glucose (continuous).

In addition, interaction analyses were explored in pre-
specified subgroups defined by age (<50 and >50 years), sex,
smoking, alcohol drinking, vigorous physical activity, body
mass index (<25 and >25 kg/m?), hypertension, and diabetes.
All reported P-values were two-sided, and the significance
level was set at 0.05. All analyses were performed using Stata
version 15 (StataCorp LP, College Station, TX, USA).

Results
The average (standard deviation) age of the study partici-
pants was 46.8 (6.3) years. During 303,125 person-years
of follow-up (mean follow-up: 4.9 years), 4,259 partici-
pants developed COPD. Current smokers were younger
and had higher FEV, and FVC than did never smokers at
baseline but were more likely to develop COPD during
follow-up (Table 1). Participants who developed COPD
during follow-up were on average older and more likely to
be male, alcohol drinkers, hypertensive, and physically
active than those who did not develop COPD (Table S1).
The multivariable-adjusted hazard ratio (95% confi-
dence interval) for incident COPD comparing participants
in the highest quintile of baseline hsCRP (1.4-5 mg/L)
with those in the lowest quintile (0.1-0.2 mg/L) was 1.17
(1.06, 1.29; P trend <0.001; Table 2). The multivariable-
adjusted hazard ratio (95% confidence interval) comparing
participants in the 90th to those in the 10th percentile of
hsCRP was 1.19 (1.08, 1.31). The corresponding hazard
ratios in never, former, and current smokers were 1.07
(0.89, 1.29), 1.22 (1.05, 1.42), and 1.22 (1.05, 1.41),
respectively. However, adjusted hazard ratio comparing
the 5th to the 1st quintile was most pronounced in the
former smoker group (HR 1.22; 1.04-1.45), and less pro-
nounced in the current 1.14;
0.97-1.33).

smoker group (HR
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Table | Baseline characteristics of study participants by smoking status

Characteristic Overall Never Former Current P-value
N 63,260 28,989 18,392 15,879
Age (years) 46.8 (6.3) 47.0 (6.6) 47.3 (6.6) 45.6 (5.3) <0.001
C-reactive protein (mg/L)? 0.5 (0.2-1.0) 0.4 (0.2-0.9) 0.5 (0.2-1.0) 0.6 (0.3-1.2) <0.001
FEV, 3.3 (0.8) 2.9 (0.7) 3.6 (0.7) 3.6 (0.7) <0.001
FvC 3.9 (0.9) 3.4 (0.8) 4.3 (0.7) 4.3 (0.7) <0.001
FEV,/FVC 84.2 (6.6) 85.0 (6.3) 83.8 (6.6) 83.4 (6.7) <0.001
COPD during follow-up 4,259 (6.7) 1,025 (3.5) 1,564 (8.5) 1,670 (10.5) <0.001
Male 38,843 (61.4) 6,809 (23.5) 16,755 (91.1) 15,279 (96.2) <0.001
Study center <0.001

Seoul 50,962 (80.6) 23,299 (80.4) 14,948 (81.3) 12,715 (80.1)

Suwon 12,298 (19.4) 5,690 (19.6) 3,444 (18.7) 3,164 (19.9)
Body mass index (kg/m?) 23.9 (2.9) 23.2 (3.0 24.5 (2.7) 24.6 (2.8) <0.001
Total cholesterol (mg/dL) 201.7 (34.7) 198.3 (34.2) 204.0 (34.8) 205.0 (35.1) <0.001
HDL cholesterol (mg/dL) 55.6 (13.4) 59.0 (13.9) 53.8 (12.5) 514 (11.9) <0.001
Triglycerides (mg/dL)* 110.0 (77.0-162.0) 91.0 (66.0—130.0) 121.0 (86.0-173.0) 143.0 (101.0-204.0) <0.001
Alcohol <0.001

None 19,528 (30.9) 14,659 (50.6) 3,352 (18.2) 1,517 (9.6)

Moderate 34,949 (55.2) 13,128 (45.3) 11,758 (63.9) 10,063 (63.4)

Severe 8,783 (13.9) 1,202 (4.1) 3,282 (17.8) 4,299 (27.1)
Vigorous exercise (times/week) <0.001

0 30,974 (49.0) 15,547 (53.6) 7,373 (40.1) 8,054 (50.7)

1-3 21,471 (33.9) 8,188 (28.2) 7,370 (40.1) 5913 (37.2)

>3 10,815 (17.1) 5,254 (18.1) 3,649 (19.8) 1,912 (12.0)
Fasting glucose (mg/dL) 97.3 (18.2) 95.0 (15.6) 99.3 (18.6) 99.3 (21.4) <0.001
Diabetes 3,795 (6.0) 1,206 (4.2) 1,378 (7.5) 1,211 (7.6) <0.001
Systolic blood pressure (mmHg) 114.8 (14.6) 112.4 (15.2) 117.8 (14.1) 115.8 (13.4) <0.001
Diastolic blood pressure (mmHg) 74.9 (10.4) 72.5 (10.4) 77.4 (10.0) 76.4 (9.9) <0.001
Hypertension 13,915 (22.0) 5,089 (17.6) 5,247 (28.5) 3,579 (22.5) <0.001

Notes: Values are expressed as mean (standard deviation) or number (%). *Median (interquartile range).
Abbreviations: COPD, chronic obstructive pulmonary disease; FEV|, forced expiratory volume in | second; FVC, forced vital capacity; HDL, high-density lipoprotein.

The dose-response curve obtained using restricted
cubic splines showed an increased risk of incident COPD
with increasing hsCRP levels, although the increasing
trend plateaued above hsCRP levels of 2 mg/L (P-value
for nonlinear spline terms =0.002; Figure 2A). The asso-
ciation between hsCRP levels and incident COPD had a
similar dose-response pattern in former and current smo-
kers (Figure 2B). In subgroup analyses, the risk of incident
COPD increased with increasing hsCRP levels in all sub-
groups analyzed (Figure 3), except women, never smokers,
non-drinkers, and participants with diabetes.

Discussion

In this large study of apparently healthy adult men and
women over 40 years old, we found that high baseline
hsCRP levels were significantly associated with an increased

risk of COPD in ever smokers but not in never smokers,
suggesting hsCRP can be regarded as a predictive marker,
but not as an independent risk factor for developing COPD.

Several studies have demonstrated that patients with
stable COPD have increased CRP levels compared with
#6021 and that patients with severe COPD
have higher serum CRP levels than those with moderate

healthy controls,

COPD.?* In prospective studies, however, the association
of CRP levels with lung function decline is not yet con-
clusive. Rasmussen et al reported that a higher level of
CRP at age 20 is associated with a greater reduction in
FEV, over nine years.”> The Coronary Artery Risk
Development in Young Adults cohort study also showed
that a higher year 7 CRP level was associated with greater
loss of FEV; and that, among participants with greater
than 10 pack-years of cigarette exposure, year 7 CRP
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Table 2 Hazard ratios for incident COPD by time-varying CRP levels
Log (CRP) (90th vs Ist Quintile 2nd Quintile 3rd Quintile 4th Quintile 5th Quintile
10th percentile) (0.1-0.2 mg/L) | (0.3 mg/L) (0.4-0.7 mg/L) | (0.8-1.3 mg/L) | (1.4-5 mg/L)

Overall

Incident rate® 14.1 11.4 13.7 15.3 15.4 16.1
Model | 1.31 (1.20, 1.43) Reference (1) 0.94 (0.85, 1.04) 1.01 (0.92, 1.12) 1.17 (1.06, 1.28) | 1.26 (1.15, 1.39)
Model 2 1.23 (1.12, 1.35) Reference (1) 0.93 (0.85, 1.03) | 0.99 (0.90, 1.09) 1.12 (1.02, 1.23) | 1.19(1.08, 1.31)
Model 3 1.14 (1.04, 1.25) Reference (1) 0.94 (0.85, 1.04) | 0.97 (0.88, 1.07) 1.06 (0.97, 1.16) | 1.13(1.02, 1.24)
Model 4 1.19 (1.08, 1.31) Reference (1) 0.96 (0.87, 1.05) 1.00 (0.91, 1.10) 1.10 (1.00, 1.20) | 1.17 (1.06, 1.29)

Never smoker

Incident rate® 8.0 7.1 8.2 79 8.5 9.4
Model | 1.08 (0.90, 1.30) Reference (1) 1.04 (0.87, 1.25) [ 0.99 (0.82, 1.20) 1.05 (0.87, 1.26) | 1.08 (0.88, 1.32)
Model 2 1.08 (0.90, 1.30) Reference (1) 1.05 (0.88, 1.26) 1.00 (0.83, 1.22) 1.05 (0.87, 1.27) | 1.08 (0.88, 1.33)
Model 3 1.02 (0.85, 1.23) Reference (1) 1.06 (0.88, 1.27) | 0.98 (0.8, I.19) 1.00 (0.82, 1.20) | 1.04 (0.85, 1.28)
Model 4 1.07 (0.89, 1.29) Reference (1) 1.09 (0.91, 1.30) 1.03 (0.85, 1.25) 1.04 (0.86, 1.26) | 1.10(0.89, 1.35)

Former smoker

Incident rate® 16.7 14.3 17 19.5 17.9 16.4
Model | 1.29 (1.11, 1.49) Reference (1) 0.94 (0.80, 1.10) [ 0.95 (0.81, I.11) 1.17 (1.00, 1.35) | 1.26 (1.07, 1.47)
Model 2 1.29 (1.11, 1.49) Reference (1) 0.94 (0.81, I.11) | 0.95 (081, I.11) 1.17 (1.01, 1.36) | 1.26 (1.07, 1.47)
Model 3 1.20 (1.03, 1.39) Reference (1) 0.96 (0.82, 1.12) [ 0.94 (0.80, 1.10) I.11 (0.95, 1.29) | 1.20 (1.02, 1.40)
Model 4 1.22 (1.05, 1.42) Reference (1) 0.97 (0.82, 1.13) [ 0.96 (0.82, 1.12) 1.13 (0.97, 1.31) | 1.22(1.04, 1.43)

Current smoker

Incident rate® 21.2 18.7 20.3 21.5 21.4 23.6
Model | 1.26 (1.09, 1.46) Reference (1) 0.84 (0.71, 1.00) 1.02 (0.87, 1.19) 1.10 (0.95, 1.28) | 1.16(1.00, 1.35)
Model 2 1.25 (1.08, 1.45) Reference (1) 0.85 (0.72, 1.00) 1.02 (0.88, 1.20) 1.10 (0.95, 1.28) | 1.15(0.99, 1.34)
Model 3 1.15 (0.99, 1.33) Reference (1) 0.84 (0.71, 1.00) [ 0.98 (0.84, 1.15) 1.03 (0.88, 1.19) | 1.08(0.92, 1.25)
Model 4 1.22 (1.05, 1.41) Reference (1) 0.86 (0.73, 1.02) 1.02 (0.87, 1.19) 1.07 (0.92, 1.25) | 1.14(0.97, 1.33)

Notes: Hazard ratio derived from cox proportional hazard regression. Model |: Age (continuous), sex (man or woman), study center (Seoul or Suwon), and body mass
index (continuous). Model 2: Additionally adjusted for smoking (never, former, current), physical activity (0, | to 3, or >3 times/week), and alcohol consumption (none,
moderate, high). Model 3: Additionally adjusted for baseline FEV| (continuous). Model 4: Model 2+ hypertension (yes or no), total and high-density lipoprotein cholesterol
(continuous), triglycerides (continuous), and fasting glucose (continuous). *Per 1,000 person-years.

Abbreviations: COPD, chronic obstructive pulmonary disease; CRP, C-reactive protein; FEV,, forced expiratory volume in | second.

levels were associated with greater odds of COPD.*
However, in a 16-year follow-up study in elderly subjects,
baseline CRP levels failed to show a significant correlation
with future lung function, whereas baseline fibrinogen
levels showed an inverse correlation with future lung
function."”

Conflicting information also exists regarding the asso-
ciation between serum CRP concentration and incident
COPD, although available studies are somewhat limited.
In our study, elevated baseline hsCRP levels were asso-
ciated with incident COPD. This increased risk remained
significant after adjustment for several confounders,
including age, sex, smoking status, body mass index, dia-
betes mellitus, and concomitant cardiovascular disease,
which are also associated with elevated CRP levels.”> 2’
Consistent with our results, hsCRP >3 mg/L was asso-

ciated with a significantly increased risk of incident

COPD compared with hsCRP <1 mg/L among subjects
aged 55 years or older in the population-based Rotterdam
cohort study.'* However, Dahl et al found that, although
elevated plasma CRP >3 mg/L is related to both a diag-
nosis of COPD and subsequent hospital admission, ele-
vated CRP is not genetically associated with an increased
risk of COPD, suggesting that the association between
CRP levels and COPD is not causal.'’

Moreover, the mechanisms underlying systemic
inflammation in patients with COPD are not clearly
defined. There are two different theories on these mechan-
isms: first, the inflammatory process primarily originates
in the airways and lung parenchyma and then “spills over”

28,29 second, similar to ather-

into the systemic circulation;
osclerosis and coronary artery disease,’” COPD is the
result of a systemic component that develops parallel to,

or before, lung inflammation.”®~" In this study, CRP levels
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Figure 2 Hazard ratio for incident COPD by CRP levels at baseline. (A) represents overall hazard ratio and (B) represents hazard ratio by smoking status. Curves represent
adjusted hazard ratios (solid lines) and their 95% confidence intervals (dashed lines) based on restricted cubic splines for CRP with knots at the 5th, 35th, 65th, and 95th
percentiles of their sample distributions. The reference values (diamond dots) were set at the |0th percentile of the distributions (corresponding to 0.1 mg/L). Models were
adjusted for age, sex, center, body mass index, smoking status, physical activity, alcohol consumption. Bars represent the frequency distribution of CRP.

Abbreviations: COPD, chronic obstructive pulmonary disease; CRP, C-reactive protein; HR, hazard ratio.

were lower in never smokers, but increased in former and
current smokers, which supports the “spills over” theory in
the development of COPD.

Our subgroup analysis revealed that CRP levels were
not associated with the risk of COPD in never smokers,
which suggests that risk factors other than smoking may
be associated with the development of COPD. In particu-
lar, gender-related difference remains controversial, and
little is known about the relationships among sex, CRP,
and never-smoker COPD. In this study, the 76.5% of never
smokers were female, and the hazard ratio for COPD in
women is stronger than in never smokers, (1.17 vs 1.08),
indicating that the lower risk for COPD in never smokers
are not due to female sex. Moreover, in the subgroup
analysis, the hazard ratio for women and men were similar,
and the interactions by sex and smoking status were not
statistically significant. An estimated 25-45% of patients
with COPD have never smoked.’”> Although genetic fac-
tors, outdoor air pollution, environmental smoke exposure,
biomass smoke, and occupational exposure are all possible
contributing factors for COPD in non-smokers,> their
assessment was not included in the present study. Thus,
the origin or nature of systemic inflammation among the
non-smoking subjects with COPD in this study could not
be clearly determined. More investigations are required to
verify the contribution of each risk factor to the develop-
ment of COPD in order to better understand COPD in non-
smokers.

We found that those who developed COPD during
follow-up had higher baseline FVC, similar FEV,, and
lower FEV/FVC ratio compared with those participants
without developed COPD. Since the volume of adult
female is smaller than that of male, one of the possible
reasons for higher baseline FVC in participants who devel-
oped COPD compared with those without COPD is sex
difference. A total of 69.6% of participants in the COPD
group were male, which is higher than those in the no
COPD group (57.3%). In addition, even though we cannot
precisely determine the cut-off threshold, this data suggest
that participants with reduced FEV{/FVC even within the
normal value should be carefully followed-up for the
development of COPD.

Diabetes is often associated with impaired lung func-
tion, but in this study, participants with diabetes were not
associated with the risk of incident COPD. One of the
explanations is that impaired lung function in those with
diabetes is not consistent. A meta-analysis performed in
participants with diabetes reported restrictive disease pat-
tern rather than obstructive pattern seen in COPD.**
Moreover, other risk factors including age, smoking status,
obesity, life style modification, comorbidity, and effect of
anti-diabetic medication can affect this relationship.
Further studies are necessary for a better understanding
of the potential links between diabetes and COPD.

The strengths of the present study compared to those of
previous studies are its large sample size and the use of
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Subgroup HR for COPD (95%Cl)
Age i
<50 (N = 48,253) 1.22 (1.09, 1.37) n
250 (N = 15,007) 1.26 (1.08, 1.47) : i
p-value 0.94 :
Sex :
Women (N = 24,417) 1.17 (0.95, 1.45) i :
Men (N = 38,843) 1.25 (1.13, 1.38) E.
p-value 0.25 :
Smoking :
Never (N = 28,989) 1.08 (0.90, 1.30) :
Former (N = 18,392) 1.29 (1.11, 1.49) : B
Current (N = 15,879) 1.25 (1.08, 1.45) :l
p-value 0.14 :
Alcohol drinking |
None (N = 19,528) 1.18 (0.99, 1.42) i :
Moderate (N = 34,949) 1.24 (1.10, 1.39) -
Heavy (N = 8,783) 1.27 (1.02, 1.59) : L >
p-value 0.48 :
Physical activity i
None (N = 30,974) 1.19 (1.03, 1.36) -
Active (N = 32,286) 1.27 (1.12, 1.43) : L
p-value 0.78 :
BMI i
<25 (N =41,692) 1.25 (1.12, 1.39) :.
225 (N = 21,568) 1.20 (1.02, 1.42) L :
p-value 0.97 :
Hypertension i
No (N = 49,345) 1.22 (1.10, 1.36) B
Yes (N =13,915) 1.25 (1.05, 1.49) :l
p-value 0.96 :
Diabetes i
No (N =59,465) 1.24 (1.13, 1.37) +
Yes (N = 3,795) 1.24 (0.85, 1.79) h >
p-value 0.54 :
|
Overall 1.23 (1.12, 1.35) +
1
|
[ | ™ |
0.8 0.9 1 1.2 1.5

Figure 3 Associations between CRP (90th vs |0th percentile) and COPD by pre-specified subgroups. Models were adjusted for age, sex, center, smoking status, physical
activity, alcohol consumption, and BMI.
Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; CRP, C-reactive protein; HR, hazard ratio.
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high-quality procedures. However, our study had several
limitations. First, the presence of asthma at baseline was
excluded only by questionnaire. Second, since we did not
measure other airway inflammatory biomarkers, we could
not establish the mechanism underlying the association
between elevated CRP levels and the development of
COPD. A longitudinal study investigating a combination
of biomarkers and incident COPD should be performed.
Finally, further research is needed to determine whether
treatment of systemic inflammation is associated with pre-
vention of COPD or favorable long-term clinical out-
comes, such as decreased morbidity and mortality.

Conclusion

Our findings showed that higher baseline hsCRP is asso-
ciated with an increased risk to develop COPD in ever
smokers but not in never smokers. These data suggest the
role of systemic inflammation in the development of
COPD by smoking status.
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Supplementary material

Table S| Baseline characteristics of study participants by incident COPD status

Characteristic No COPD during follow-up COPD during follow-up P-value
N 59,001 4,259
Age (years) 46.6 (6.2) 48.7 (7.8) <0.001
C-reactive protein (mg/L)* 0.5 (0.2-1.0) 0.6 (0.2-1.1) <0.001
FEV, 3.3 (0.8) 3.3(0.8) 0.45
FvC 3.9 (0.9) 4.1 (0.9) <0.001
FEV,/FVC 84.5 (6.4) 80.2 (7.3) <0.001
Male 35,339 (59.9) 3,504 (82.3) <0.001
Study center <0.001

Seoul 47,603 (80.7) 3,359 (78.9)

Suwon 11,398 (19.3) 900 (21.1)
Body mass index (kg/m?) 23.9 (2.9) 24.0 (2.7) 0.16
Total cholesterol (mg/dL) 201.6 (34.8) 202.7 (34.3) 0.05
HDL cholesterol (mg/dL) 55.7 (13.5) 54.1 (12.6) <0.001
Triglycerides (mg/dL)* 110.0 (77.0-162.0) 120.0 (86.0-173.0) <0.001
Smoking <0.001

Never 27,964 (47.4) 1,025 (24.1)

Former 16,828 (28.5) 1,564 (36.7)

Current 14,209 (24.1) 1,670 (39.2)
Alcohol <0.001

None 18,528 (31.4) 1,000 (23.5)

Moderate 32,460 (55.0) 2,489 (58.4)

Severe 8,013 (13.6) 770 (18.1)
Vigorous exercise (times/week) 0.005

0 29,105 (49.3) 1,869 (43.9)

1-3 19,895 (33.7) 1,576 (37.0)

>3 10,001 (17.0) 814 (19.1)
Fasting glucose (mg/dL) 97.3 (18.3) 97.3 (17.0) 0.86
Diabetes 3,523 (6.0) 272 (6.4) 0.27
Systolic blood pressure (mmHg) 114.6 (14.6) 117.1 (14.5) <0.001
Diastolic blood pressure (mmHg) 74.8 (10.4) 76.5 (10.1) <0.001
Hypertension 12,760 (21.6) 1,155 (27.1) <0.001

Notes: Values are expressed as mean (standard deviation) or number (%). *Median (interquartile range).
Abbreviations: COPD, chronic obstructive pulmonary disease; FEV|, forced expiratory volume in | second; FVC, forced vital capacity; HDL, high-density lipoprotein.
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