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Introduction

The morbidity and mortality of chronic obstructive 
pulmonary disease (COPD) have constantly increased along 
with the environmental pollution due to extensive and rapid 
economic development in China and with the increase of 
smoking rate, imposing serious threats to public health 
(1-4). However, few epidemiological studies on COPD 
have been carried out in China (5). In health check-up 
populations, subjects with the clinical features and/or risk 
factors of COPD and those who have obstructive ventilator 
dysfunction and/or obstructive small airway disease but 
have not reached the diagnostic criteria of COPD are 
more common (6,7). In our current study, we carried out a 
research on the incidences and risk factors of COPD and 

it relevant lung function changes in this population, with 
an attempt to inform the early prevention and treatment of 
COPD.

Subjects and methods

Subjects

Subjects who aged 20 years and older and received health 
check-up in the Health Management Center, Third 
Xiangya Hospital, Central South University from June 2013 
to June 2015 were enrolled in this study. Subjects who did 
not cooperate in lung function test or those who had other 
conditions (e.g., bronchiectasis, pulmonary tuberculosis, 
lung cancer, and congestive heart failure) that might affect 
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the results of lung function test were excluded. Finally 
6,811 subjects (5,438 men and 1,373 women) were enrolled. 
The male-to-female ratio was 4.0:1. The subjects aged  
20-79 years (mean: 44.4±9.2 years).

Survey methods

Questionnaire-based survey
A uniform questionnaire was designed and applied. The 
main items included the general data, previous disease 
history, medication history, allergy history, family history, 
lifestyle habits (smoking status). Specially trained doctors 
were assigned as the survey interviewers.

Physical examination
The subjects’ body weight and height were recorded, and 
the body mass index (BMI) was calculated [BMI = body 
weight (kg)/body height (m2)].

Pulmonary function test
The test was uniformly performed using Medikro SpiroStar 
device in strict accordance with the American Thoracic 
Society (ATS) quality control standards. During the lung 
function test, the forced vital capacity (FVC) and the forced 
expiratory volume in 1.0 s (FEV1) were measured 3 times, 
and the maximum values were used; furthermore, the 
differences between maximum and minimum values were 
smaller than 5% or 150 mL. All the staff involved in lung 
function test were qualified professionals who had received 
special training.

Diagnostic criteria

Diagnostic criteria of COPD
FEV1/FVC decreases (below 70% of the predicted normal 
value) after bronchodilator test (inhalation of salbutamol 
200 µg for at least 15 min).

Diagnostic criteria of obstructive ventilator dysfunction
FEV1/FVC decreases (below 90% of predicted) along with 
the decrease of max voluntary ventilation (MVV) or FEV1 
(below 80% of predicted).

Diagnostic criteria of obstructive small airway disease
Two of three criteria including maximal mid-expiratory 
flow curve (MMEF), forced expiratory flow at 50% of FVC 
(FEF 50%), and forced expiratory flow at 75% of FVC (FEF 
75%) are below 65% of predicted.

Criteria of the risk factors of COPD

Lower respiratory tract infections during childhood
Any of the following respiratory diseases before 14 years 
is regarded as lower respiratory tract infections during 
childhood: measles, bronchitis, pneumonia, and whooping 
cough.

Occupational exposure
A work experience in a workplace (e.g., mining or 
quarrying, cement, grain processing, casting, textile, paint, 
and chemical industry) that requires the subjects to be 
exposed to dust or harmful gases is regarded as occupational 
exposure.

Bioaerosol exposure
Use of bioaerosols (e.g., wood, grass, and straw) in home 
cooking in the past decade.

Family history of COPD
The first-degree relative(s) of the subject had a history of 
COPD.

Among these four items, the positive result(s) of one or 
more items are defined as the presence of COPD risk factor.

Statistical analysis

The data were collected and then entered by double data 
entry in Epidata 3.1 software by specially assigned personnel 
before logic error checking and consistency checking. 
Statistical analysis was performed using the SPSS 17.0 
software, and a value of P<0.05 was considered statistically 
significant.

Results

A total of 6,811 subjects [5,438 men (79.8%) and 1,373 
women (20.2%)] were enrolled in this study. The detection 
rate of COPD, obstructive ventilatory dysfunction, and 
obstructive small airway disease was 0.8%, 2.6%, and 4.0% 
in this population (Table 1).

In this health check-up population, the disease features 
differed among these three groups in terms of gender, 
age, education background, smoking status, BMI, and risk 
factors (Table 2). Male subjects with older age (range, 60-79), 
smoking index ≥30 pack-years, and presence of risk factor 
had higher risk for COPD; male subjects with an age of  
40-60, an education background of college or lower, smoking 
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history, presence of risk factors had higher risk for obstructive 
ventilatory dysfunction; and male subjects with an age of  
40-60 years, smoking index ≥15 pack-years, and presence 
of risk factor had higher risk for obstructive small airway 
disease.

Discussion

COPD, featured by the incomplete reversibility of airflow 
obstruction, is a progressive pulmonary disease. It has 
certain association with the lung’s abnormal inflammatory 
response to harmful gas or particles such as tobacco smoke. 
In patients with end-stage COPD, the treatment becomes 
less effective and each acute exacerbation can be potentially 
life-threatening. The past decades have witnessed the 
constant increase of COPD morbidity and mortality (8). 
Globally, the COPD case-fatality has risen from fourth 

place in 2000 to third place in 2012 (9). In addition, COPD 
and its complications have dramatically increased the 
medical costs (10). The heavy burden of COPD has made it 
an important public health problem.

Early detection and early intervention are key strategies in 
lowering the incidence of COPD, improving its prognosis, 
and thus decreasing the burdens of patients, families, and 
society and improving the patients’ quality of life. Patients 
may have no or few symptoms at the early stage of COPD, 
or the mild symptoms are often regarded as the natural 
manifestations of aging. However, testing for lung function 
may reveal specific changes, and prompt intervention at this 
stage can control this condition before it become irreversible. 
Therefore, routine lung function test and enhanced 
epidemiological studies on COPD will be particularly helpful 
for the prevention and treatment of COPD.

In the current study, the detection rate of COPD, 
obstructive ventilatory dysfunction, and obstructive small 
airway disease was 0.8%, 2.6%, and 4.0%, respectively in 
a health check-up population. Globally, the population 
characteristics, investigation methods, and COPD 
definitions were different among different epidemiological 
studies on COPD. For instance, the clinical symptoms, 
signs, and lung function test results may be separately 
used as the basis for judging COPD in different studies. 
Furthermore, the diagnostic criteria of COPD also differ 
among ATS, British Thoracic Society (BTS), European 
Respiratory Society (ERS), and Global Initiative for COPD. 
As a result, the global COPD incidences dramatically differs 
from 0.2% in Japan to 37% in the United States (11,12). 
In China, the incidence of COPD also ranged from 5% to 
13% in different areas (13). The lower incidence of COPD 
in our population may be due to the following reasons: (I) 
most of our subjects are young or mid-aged adults, with a low 
proportion of elderly people. Since the incidence of COPD 
increases along with age, the incidence of COPD was thus 
lower in our population; (II) most of our subjects were 
white-collar workers who had good economic status and had 
lower chances to be exposed to biofuels, occupational dust, 
and the risk of childhood lower respiratory tract infection; 
(III) the health check-up populations are often composed of 
healthy and sub-healthy individuals or patients with well-
controlled chronic diseases. Patients with severe diseases or 
requiring repeated outpatient treatment or admission (e.g., 
patients with advanced COPD) often do not require routine 
health check-up. Notably, in our current population, the 
overall incidence of obstructive ventilatory dysfunction 
and obstructive small airway disease reached 6.6%; disease 

Table 1 General characteristics

Item N (%)

Gender

Men 5,438 (79.8)

Women 1,373 (20.2)

Age (years)

20-39 1,862 (27.3)

40-59 4,418 (64.9)

60-90 531 (7.8)

Education background

High school or lower 1,874 (27.5)

College 4,162 (61.1)

Master or higher 775 (11.4)

Body mass index (kg/m2)

<24 2,588 (38.0)

≥24 4,223 (62.0)

Smoking status (pack-years)

Non-smoker 3,282 (48.2)

0-14.9 1,899 (27.9)

15-29.9 1,284 (18.9)

≥30 346 (5.1)

Risk factor

COPD 52 (0.8)

Obstructive ventilatory dysfunction 180 (2.6)

Small airway obstructive disease 273 (4.0)

COPD, chronic obstructive pulmonary disease.
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may progress to COPD if the changeable risk factors (e.g., 
smoking) are not interrupted timely. Therefore, timely 
identification of these individuals and early intervention are 
particularly valuable.

The detection rates of COPD, obstructive ventilatory 
dysfunction, and obstructive small airway disease were 
higher in men than in women. Epidemiological studies have 
shown that the detection rate of COPD is higher in men 
than in women due to smoking. In recent years, however, 
the morbidity and mortality of COPD in females have 
increased annually due to changes in gender distribution 
of smokers and the higher sensitivity of females’ to  
tobacco (14). Therefore, prevention and control of COPD 
and its relevant early conditions should also be enhanced 
in females. As shown in our study, the detection rates of 
obstructive ventilatory dysfunction and obstructive small 
airway disease increased with age, and the detection rate of 

COPD was higher in the 6-79 years old group than in the 
20-59 years old group. Aging is a risk factor of COPD, and 
the incidence of COPD increases along with age (15). Thus, 
special attention should be paid for the screening of COPD, 
obstructive ventilatory dysfunction, and obstructive small 
airway disease in mid-aged and elderly populations.

The detection rate of obstructive ventilatory dysfunction 
increased along with the decrease of education background. 
Epidemiological studies both in China and abroad have 
shown that socioeconomic status is a risk factor of COPD 
and the incidence of COPD increases along with the decrease 
of socioeconomic status and education background (16). 
Populations with low socioeconomic status and/or education 
background are more possible to be exposed to occupational 
dust, tobacco, biofuels, and other risk factors of COPD. 
Meanwhile, poor living environment and malnutrition 
also increase the risk of infections and bronchitis in these 

Table 2 Disease features in COPD group, obstructive ventilatory dysfunction group, and obstructive small airway disease group

Group
COPD Obstructive ventilatory defect Obstructive small airway disease

N (%) RR (95% CI) N (%) RR (95% CI) N (%) RR (95% CI)

Gender

Women 3 (0.2) 1 8 (0.6) 1 31 (2.3) 1

Men 49 (0.9) 4.13 (1.29, 13.16) 172 (3.2) 5.43 (2.68, 10.99) 242 (4.5) 1.97 (1.36, 2.85)

Age (years)

20-39 5 (0.3) 1 18 (1.0) 1 34 (1.8) 1

40-59 26 (0.6) 2.19 (0.84, 5.71) 110 (2.5) 2.58 (1.57, 4.22) 195 (4.4) 2.42 (1.69, 3.46)

60-90 21 (4.0) 14.71 (5.59, 38.46) 52 (9.8) 10.1 (5.99, 17.24) 44 (8.3) 4.55 (2.93, 7.04)

Education background

Master or higher 5 (0.6) 1 9 (1.2) 1 27 (3.5) 1

College 23 (0.6) 0.87 (0.33, 2.25) 100 (2.4) 2.07 (1.05, 4.08) 164 (3.9) 1.13 (0.76, 1.69)

High school or lower 24 (1.3) 1.98 (0.76, 5.18) 71 (3.8) 3.26 (1.64, 6.49) 82 (4.4) 1.25 (0.82, 1.92)

Smoking status (pack-years)

Non-smoker 19 (0.6) 1 47 (1.4) 1 90 (2.7) 1

0-14.9 11 (0.6) 1.00 (0.48, 2.10) 48 (2.5) 1.76 (1.18, 2.63) 55 (2.9) 1.06 (0.76, 1.47) 

15-29.9 10 (0.8) 1.35 (0.63, 2.88) 45 (3.5) 2.44 (1.63, 3.66) 89 (6.9) 2.53 (1.90, 3.37)

≥30 12 (3.5) 5.99 (2.93, 12.20) 40 (11.6) 8.06 (5.38, 12.20) 39 (11.3) 4.12 (2.87, 5.88)

BMI (kg/m2)

<23.9 35 (1.4) 1 67 (2.6) 1 93 (3.6) 1

≥24.0 17 (0.4) 0.30 (0.17, 0.53) 113 (2.7) 1.03 (0.77, 1.39) 180 (4.3) 1.19 (0.93, 1.52)

Risk factor

No 25 (0.4) 1 129 (2.0) 1 200 (3.0) 1

Yes 27 (12.5) 33.33 (19.61, 55.56) 51 (23.6) 12.05 (9.01, 16.13) 73 (33.8) 11.11 (8.85, 14.08)

COPD, chronic obstructive pulmonary disease; BMI, body mass index; RR, relative risk.
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populations and thus increase the risk of COPD onset.
According to World Health Organization (WHO) 

Report on the Global Tobacco Epidemic 2008, 5.4 million 
people die each year from tobacco-related diseases. In 
our current study, subjects with a high smoking index  
(≥30 pack-years) had a higher risk of COPD than non-
smokers. The risk of obstructive ventilatory dysfunction 
was higher in smokers than non-smokers and increased 
along with the increase of number of cigarettes smoked. 
Also, subjects with a smoking index of ≥15 pack-years had 
a higher risk of obstructive small airway disease, which rose 
along with the increase of number of cigarettes smoked. 
The incidence of COPD is remarkably higher in smokers 
than non-smokers (17). Smoking is the main risk factor 
of COPD. In developing countries, about 90% of COPD 
deaths were associated with smoking, and smoking intensity 
is significantly associated with COPD (18,19). Furthermore, 
smoking is avoidable and controllable. Therefore, as a 
global joint effort, effective measures should be taken to 
lower the smoking rate, eliminate the hazard of tobacco, 
and maintain and promote human health.

The detection rate of COPD, obstructive ventilatory 
dysfunction, and obstructive small airway disease was not 
significantly different among subjects with different BMI. 
An epidemiological study in China had indicated that 
low BMI might increase the risk of COPD, especially in 
elderly (60 years and over) populations (20). However, the 
relationship between BMI and COPD still require further 
verification in more epidemiological studies with larger 
sample sizes. Subjects with a history of childhood lower 
respiratory tract infection, occupational exposure, family 
history of COPD, and/or fuel exposure, the detection 
rates of COPD, obstructive ventilatory dysfunction, and 
obstructive small airway disease were significantly higher 
thank those in the control groups. Thus, screening and 
control of COPD should be enhanced in populations with 
COPD risk factors.

In conclusion, the detection rate of COPD is markedly 
lower in the health check-up population. However, there are 
high detection rates of obstructive ventilatory dysfunction 
and obstructive small airway disease; without prompt 
intervention, these conditions can gradually progress into 
COPD. Therefore, routine lung function test should 
be performed in the health check-up populations, and 
appropriate interventions should be provided to individuals 
with abnormal findings, so as to reduce the risk of COPD 
and thus decrease the familial and socioeconomic burdens 
and improve the individuals’ quality of life.
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