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Rationale: The prevalence of chronic obstructive pulmonary disease
(COPD) in China is largely unknown.
Objectives: To obtain the COPD prevalence in China through a large-
population, spirometry-based, cross-sectional survey of COPD.
Methods: Urban and rural population-based cluster samples were
randomly selected from seven provinces/cities. All residents 40 years
of age or older in the selected clusters were interviewed with a stan-
dardized questionnaire revised from the international BOLD (Burden
of Obstructive Lung Diseases) study. Spirometry was performed on
all eligible participants. Patients with airflow limitation (FEV1/FVC ,

0.70) were further examined by post-bronchodilator spirometry,
chest radiograph, and electrocardiogram. Post-bronchodilator FEV1/
FVCof less than70%wasdefinedas thediagnosticcriterionofCOPD.
Measurements and Main Results: Among 25,627 sampling subjects,
20,245 participants completed the questionnaire and spirometry
(response rate, 79.0%). The overall prevalence of COPD was 8.2%
(men, 12.4%; women, 5.1%). The prevalence of COPD was signifi-
cantly higher in rural residents, elderly patients, smokers, in those
with lower body mass index, less education, and poor ventilation in
the kitchen, in those who were exposed to occupational dusts or
biomass fuels, and in those with pulmonary problems in childhood
and family history of pulmonary diseases. Among the patients who
had COPD, 35.3% were asymptomatic; only 35.1% reported lifetime
diagnosis of bronchitis, emphysema, or other COPD; and only 6.5%
have been tested with spirometry.
Conclusions: COPD is prevalent in individuals 40 years of age or older
in China.
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Chronic obstructive pulmonary disease (COPD) is a disease state
characterized by airflow limitation that is not fully reversible (1).
As a major public health problem, COPD is the fourth leading
cause of morbidity and mortality in the United States, with direct
and indirect medical costs up to $24 billion in 1993 (2). In China,
respiratory diseases (of which COPD is a major component) are
the third leading cause of death in rural areas and the fourth
leading cause of death in urban areas, accounting for 1 million
deaths and over 5 million disabilities each year. According to an
estimation by the World Health Organization (WHO), COPD
ranks first among the burdens of diseases in China and is predicted
to rank as the fifth burden of diseases in the world by 2020 (3).

Earlier surveys have yielded varied global prevalence of
COPD ranging from 0.23 to 18.3% because of disagreements on
diagnostic criteria and epidemiologic study designs (4). In
China, a previous study reported the prevalence of COPD in
the northern and the central rural regions of China (Liaoning,
Beijing, and Hubei province) to be 3% for individuals 15 years
of age or older (5), in which only subjects with respiratory
symptoms or smoking habits were recruited to receive lung
function testing. Another study estimated that the prevalence of
COPD was 5.9% in adults 35 years of age or older in Nanjing,
China (6), based on self-reported physician diagnosis rather
than spirometry. Thus, asymptomatic or never-smoking patients
with COPD could have been overlooked, resulting in underes-
timation of the prevalence of this disease. To provide an overall
prevalence of COPD in China, the present study, one of the key
research projects funded by the 10th National Five-year De-
velopment Plan of China and a pertaining parallel study of
Burden of Obstructive Lung Disease (BOLD), was conducted
in seven provinces/cities of China between September 2002 and
September 2004. To the best of our knowledge, this is the first
large-scale, population-based epidemiologic study on COPD
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prevalence in China. Some results of this study have been
previously orally reported in the form of an abstract at the 11th
congress of the Asian Pacific Society of Respirology (7).

METHODS

Study Design and Subjects

A population-based, cross-sectional survey of COPD was conducted in
seven provinces/cities in China: Beijing, Tianjin, and Liaoning (north-
ern China); Shanghai (eastern China); Guangdong (southern China);
and Shanxi and Chongqing (western China), covering a wide range of geo-
graphic areas in China and a total population of more than 230 million.

In each of these provinces/cities, we used a multistage cluster
sampling strategy, in which the first stage was the stratification of census
tracts. Due to the large socioeconomic differences between rural and
urban regions, an urban district and a rural county were randomly
selected in each province/city. As the second step of the sampling
process, we randomly selected an urban street or a rural township from
each of the selected urban districts and rural counties. Finally, we used
a randomized cluster sampling method to select urban communities or
villages (as cluster units). The number of selected clusters depended on
the size of population in the communities or villages. For example, in
a 20-community urban district with the average number of subjects 40
years of age or older in each community estimated to be about 300, five
communities were to be selected randomly to meet the designed sample
size of this study, which is 1,450. (The calculation of this sample size can
be found in the online supplement). In the selected sample clusters, we
recruited all residents 40 years of age or older according to the latest
census by local police stations where residential registry data were kept
electronically. Those temporarily out of reach were given a home
interview on a later occasion. The study protocol was approved by the
institutional review board of each participating center.

Data Collection

Procedures. All recruited residents were invited to participate in the
study at a convenient and accessible site or at home. They were given
individual interviews by our trained interviewers using a standardized
questionnaire revised from the international BOLD study. The partic-
ipants were made fully aware of the purpose of study, and all par-
ticipants gave informed consent. After an eligibility evaluation for
spirometry, the indicated subjects underwent spirometry examination.
We further examined those with airflow limitation (FEV1/FVC , 0.70)
with post-bronchodilator spirometry, chest radiograph, and electrocar-
diogram. All subjects who were ineligible or who had an unsuccessful
spirometry test were required to complete a short questionnaire to
collect data on age, sex, and smoking status.

Spirometry and diagnostic criteria. Portable spirometers (Micro
Medical Ltd, Chatham, Kent, UK) were used in the study, along with
the procedure for spirometry recommended by American Thoracic Soci-
ety (ATS) (8) applied to all eligible subjects (see the online supplement
for definitions of spirometry ineligibility). Subjects with airflow limi-
tations underwent post-bronchodilator testing at 15 to 20 minutes after
inhaling a dose of 200 mg of salbutamol (Ventolin; GlaxoSmithKline,
Middlesex, UK) through a 500-ml spacer. As reported by Enright and
colleagues (9) (see online supplement), we determined a quality grade
(A–F) based on acceptable maneuvers and repeatability of the FEV1

and FVC. Spirometry results with grades A, B, or C were considered
acceptable for analysis. Following the diagnostic criteria of Global Ini-
tiative for Chronic Obstructive Lung Disease (GOLD) (1), we defined
subjects with post-bronchodilator FEV1/FVC less than 70% to have COPD.
Prebronchodilator FEV1/FVC of less than 70% was used as the modified
GOLD diagnostic criteria of COPD. Modified restrictive disorder was
defined as prebronchodilator FEV1/FVC of 70% or greater and FVC
less than 80% predicted values. To minimize the ethnic differences
between Chinese and whites, we adjusted the predicted value of FEV1

from the reference value of the European Coal and Steel Community
(1993) (ECSC93) by applying conversion factors (male by 0.95, female
by 0.93) (10).

Questionnaire. The questionnaire used in this study was a revised
form of the international BOLD study (11) and incorporated parts of
questionnaires used in previous COPD studies in China (5). The ques-
tionnaire covered demographic data, respiratory symptoms/disease,

comorbidities, health care use, activity limitation, nutritional status,
potential risk factors for COPD, and the Medical Research Council
dyspnea scale and health status (see online supplement for details) (12).

Quality control. Uniform protocol, instrument, strategies, and pro-
cedures were used among all the sites. All interviewers and spirometry
operators had been well trained and accredited before the survey. A
preinvestigation was conducted at each site. Before data collection,
each spirometer was calibrated daily with a volume variation of less
than 3% by a 3-L syringe. Spirometry results were sent every 2 weeks
to Guangzhou, where the data were analyzed and quality control
reports were prepared for each interviewer. All spirometry data were
recorded without deletion or revision. Each completed questionnaire
and spirometry report was verified by a field supervisor at the filing
spot. The results were double-checked by the principal investigator and
fed back to each field worker. Subjects with unacceptable measurement
were invited to receive a make-up test within 30 days. All questionnaire
data were coded and entered into the standardized Excel database
(Microsoft, Redmond, WA) by two persons independently, with com-
puter programs checking for out-of-range values and logic mistakes.

Statistical Analysis

The COPD prevalence was calculated as crude rates and 95%
confidence intervals (CIs) and standardized for age with the reference
population in the world (2000–2005) (13) and the age–sex population in
the United States (2000) (14). Sex, age groups, smoking status, and
other potential exposures were treated as categorical variables. The
differences between the variables were determined by chi-square tests.
Calculations of odd ratios (ORs) and 95% CI values for COPD in rela-
tion to potential risk factors were performed with multivariate logistic
regression models. The variables of geographic area, sex, age groups,
body mass index (BMI), smoking status, pack-years of smoking, occupa-
tional exposure to dusts/gases/fumes, exposure to biomass fuel for cook-
ing or heating, ventilation in the kitchen, respiratory disease in family,
pulmonary problems in childhood, and education were forced into the
final multivariate logistic regression model. All statistical tests were per-
formed with Stata statistical software (version 7.0; Stata Corporation,
College Station, TX), and a P value of 0.05 was deemed significant.

RESULTS

Sample Demographics

Of 25,627 subjects sampled from seven provinces/cities, 21,270
(83.0%) were interviewed. Among 21,270 interviewees, 315 were
not eligible for spirometry, 532 failed to finish the spirometry,
and 20,245 completed acceptable spirometry (grades A, B, or C)
and questionnaires, yielding a response rate of 79.0% (20,245/
25,627) (Figure 1) (the response rate by sites is shown in Table E1
of the online supplement). The reasons for nonresponse included

Figure 1. Response rate of questionnaire and spirometry.
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refusals, contact failures, spirometry ineligibility, and failed
attempts. Despite differences in age, sex, and urban/rural
between responders and nonresponders, there was no significant
difference in smoking status. The pattern of age and sex
distribution in responders was similar to that of the whole
population (Table 1). The pattern of age and sex distribution
among responders, sample, and the sample frame are shown in
Figure E1. The mean age of the total study population was 56.7
(SD, 11.7) years, with a range of 40 to 99 years. The percentages
of current smokers, ex-smokers, and total smokers in the study
population were 29.2, 9.2, and 38.4%, respectively. Smokers
accounted for 74.3% of the male subjects and 11.3% of the
female subjects. Those with more than 15 pack-years of smoking
history added up to 25.9% of study subjects. The smoking rates of
study population by urban/rural, sex, and age groups are shown
in Table 2.

Prevalence of COPD

The overall prevalence of COPD in China was 8.2% (95% CI,
7.9–8.6) according to GOLD diagnostic criteria (Table 3).
Standardized to the world population in 2000–2005 and to the
United States population in 2000, the prevalence rates of COPD
were 7.8% (95% CI, 7.4–8.1) and 8.5% (95% CI, 8.1–8.9),
respectively.

The crude prevalence of COPD was the highest in Chongqing
(13.7%) and lowest in Shanghai (3.9%) among urban areas and
was highest in Guangdong (12.0%) and lowest in Liaoning (6.8%)
and Shangxi (6.9%) among rural areas. The COPD prevalence
was significantly higher in rural (8.8%) areas compared with
urban areas (7.8%) (P 5 0.007) (Table 3). According to modified
GOLD diagnostic criteria (prebronchodilator FEV1/FVC ,70%),
the overall prevalence of COPD in China was 11.5% (11.0–
11.9%) (Table E2). The prevalence of modified restrictive dis-
order was 8.5% (Table E3).

Stratification Analysis on COPD Prevalence

Stratification analysis of COPD prevalence was based on de-
mographic, social, and economic characteristics (Table 4). The
prevalence of COPD was significantly higher in men than in
women (12.4 vs. 5.1%; P , 0.001) and increased with age (Ptrend

, 0.001). Fewer education years were associated with a higher
prevalence (Ptrend , 0.001); those with a BMI of less than 18.5
kg/m2 had a prevalence of COPD as high as 21.0%, and there
was a negative correlation between BMI and COPD preva-
lence. For smoking status, ex-smokers were linked to higher
prevalence of COPD (18.7%) compared with current smokers

(11.4%) and nonsmokers (5.2%); about two-thirds (61.4%) of
the patients with COPD, including 81.8% of male patients with
COPD and 24.0% of female patients with COPD, were smokers
(data not shown); 13.2% of smokers had COPD; hence, there
was a positive correlation between smoking pack-years and
COPD prevalence (Ptrend , 0.001). Those with occupational
exposure to dusts/gas/fumes had a higher prevalence than
nonexposed subjects (9.5 vs. 7.9%; P 5 0.001); similar results
were found in those with versus those without indoor exposure
to biomass (9.3 vs. 7.3%; P , 0.001), poor ventilation in the
kitchen (9.3 vs. 7.5%; P , 0.001), pulmonary problems in
childhood (9.3 vs. 7.9%; P , 0.001), and a family history of
pulmonary diseases (12.1 vs. 7.2%; P , 0.001).

Multivariate logistic regression analyses showed that smok-
ing, pulmonary problems in childhood, family history of re-
spiratory diseases, male sex, low education level, aging, lower
BMI, poor ventilation in the kitchen, and exposure to biomass
and occupational dusts/gases/fumes are associated with COPD.
Adjusted ORs (95% CI) of these potential risk factors are
shown in Table 4.

Prevalence of COPD According to GOLD Severity Strata

According to the severity criteria of GOLD, the prevalence of
stage I (mild), stage II (moderate), stage III (severe), and stage
IV (very severe) COPD was 2.0, 3.8, 1.7, and 0.4%, respectively.
Later stages of COPD were more frequent in male patients than
in female patients.

The total prevalence of formerly proposed stage 0 defined
by chronic cough or phlegm production with an FEV1/FVC of
0.70 or greater was 16.1% (95% CI, 15.6–16.6) and was higher
in male patients than in female patients (20.0 vs. 13.2%;
P , 0.001) (Table 5).

Respiratory Symptoms and Lifetime Diagnosis of COPD

The prevalence of cough, phlegm, wheezing, and breathlessness
respiratory symptoms in patients with COPD was 44.0%, 39.5%,
29.3%, and 48.6%, respectively (Table 6). A total of 64.7% of
patients with COPD exhibited at least one of above respiratory
symptoms, whereas more than one-third (35.3%) of patients with
COPD were asymptomatic. The frequency of these respiratory
symptoms increased with GOLD severity stages (all Ptrend ,

0.001). Only 35.1% of patients with COPD had ever been
‘‘diagnosed’’ with emphysema, asthma, bronchitis, or COPD.
Of all patients with COPD, only 6.5% had ever been tested by
lung function tests (spirometry).

DISCUSSION

In this large-scale population and spirometry-based, cross-
sectional survey in China, the prevalence of COPD (8.2%) in
people 40 years of age or older indicated COPD as a more
serious public health problem in the Chinese than expected in
previous studies (5, 6). The finding was close to the WHO
model–estimated prevalence (6.2%) in Chinese population aged
30 years or older (15) and consistent with an expected range of
4% to 10% from international review of COPD prevalence
based on spirometry (4). Compared with studies using the same
diagnostic criteria (GOLD criteria) in the same age groups
(adults > 40 yr of age), our prevalence was similar to those in
Japan (10.9%) (16), Poland (10.7%) (17), and Mexico City
(7.8%) but was lower than those in the other four cities of Latin
America (12.1–19.7%) (18) and Salzburg of Austria (26.1%)
(19). Prevalence of COPD in other age groups has also been
described in Korea (17.2% among subjects above 45 yr of age
according to GOLD criteria) (20), Finland (9.4% among adults
20–70 yr of age according to GOLD criteria) (21), and the

TABLE 1. COMPARISON OF CHARACTERISTICS BETWEEN
NONRESPONDERS AND RESPONDERS

Characteristics Nonresponders Responders Sample P Value*

Region ,0.001

Urban 3,526 (65.5)† 10,811 (53.4) 14,337 (55.9)

Rural 1,856 (34.5) 9,434 (46.6) 11,290 (44.1)

Sex ,0.001

Male 4,065 (75.5) 8,705 (43.0) 12,770 (49.8)

Female 1,317 (24.5) 11,540 (57.0) 12,857 (50.2)

Age, yr ,0.001

40–49 2,902 (53.9) 6,742 (33.3) 9,644 (37.6)

50–59 1,243 (23.1) 5,517 (27.3) 6,760 (26.4)

601 1,237 (23.0) 7,986 (39.4) 9,223 (36.0)

Smokers‡ 0.089

Yes 414 (41.1) 7,774 (38.4) 8,188 (38.5)

No 594 (58.9) 12,471 (61.6) 13,065 (61.5)

* Comparison between nonresponders and responders.
† Data are given as number with percentage in parentheses.
‡ Data of nonresponses from the 1,008 participants in all sites.
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United States (16.8% in residents 30–80 years of age according
to modified GOLD criteria) (22). With regard to other studies,
a Greek survey that was limited to smokers and used a different
and more rigorous definition of COPD reported a COPD
prevalence of 8.4% in people older than 35 years (23), and
surveys that followed criteria of the European Respiratory
Society (ERS) on spirometry (i.e., FEV1/FVC ratio in percent-
age predicted , 88% in men or , 89% in women) reported
a 9.1% COPD prevalence in adults 40 to 69 years of age in
Spain (24) and 13.3% among subjects 35 years of age in England
(25). The Northern Ireland study showed a 14.4% prevalence of
COPD in subjects 40 to 69 years of age according to British
Thoracic Society (BTS) criteria (26). In India, COPD was
diagnosed in 4.1% of adults 35 years of age and above according
to chronic bronchitis (CB) criteria (cough and expectoration for
at least 3 months in a year for 2 consecutive years or more) (27).
A report from Italy indicated that the prevalence of airway
obstruction for subjects over 46 years was 12.2% (ERS), 28.8%
(GOLD), and 57% (ATS) (28). As reported from the Obstruc-
tive Lung Disease in Northern Sweden Studies, the prevalence
rates of BTS-COPD were mild, 5.3%, moderate, 2.2%, and
severe, 0.6% (GOLD-COPD: mild, 8.2%; moderate, 5.3%;
severe, 0.7%; and very severe, 0.1%), for subjects over 45 years
of age (29).

The prevalence of COPD displays a wide range of variation
due to differences in epidemiologic methodology, proportions of
age and sex, response rate, and diagnostic criteria of COPD used,
as described by Haibert (4, 30) and others (28, 29). Even if
objective tools such as spirometry were performed in the same

population, the prevalence of COPD may remain highly variable
across ATS, ERS, GOLD, and BTS criteria (28, 29). Although the
results of those studies cannot be directly compared with ours,
they all have pinpointed COPD as a global threat to human
health.

Smoking is a well-documented risk factor that contributes
substantially to COPD (5, 6, 14–32). As shown in our study, about
two-thirds (61.4%) of patients with COPD, including 81.8% of
male patients with COPD and 24.0% of female patients with
COPD, were smokers; 13.2% of smokers had COPD, and the risk
for COPD increased with the number of cigarettes consumed. In
contrast to other sources of data (22, 24), this study revealed
higher COPD prevalence in ex-smokers than in current smokers
and a higher relative OR for COPD in ex-smokers after adjusting
for index of smoking and other variables. This can be explained
by the lifetime bias (ex-smokers possibly had lived longer than
current smokers) and the fact that majority of Chinese smokers,
with poor education in tobacco control and the harmfulness of
smoking to health (data not shown), have not been determined to
quit smoking unless afflicted with severe diseases or old age.

About one-third (38.6%) of patients with COPD were non-
smokers, and the prevalence of COPD in nonsmokers, which
was as high as 5.2%, suggested that factors other than smoking
exposure might also be involved in COPD. As shown in the
present study, the prevalence of COPD was significantly higher in
those with lower BMI, less education, exposure to occupational
dusts, and pulmonary problems in childhood, all of which are
consistent with the findings of other studies (33–37). However,
because some degree of recall bias might exist, more rigorous

TABLE 3. CHRONIC OBSTRUCTIVE PULMONARY DISEASE PREVALENCE ACCORDING TO GLOBAL INITIATIVE FOR
CHRONIC OBSTRUCTIVE LUNG DISEASE DIAGNOSTIC CRITERIA* BY REGIONS IN CHINA

Test Sites

Urban Rural All Areas

P Values‡

Responders

(n)

COPD

(n)

Prevalence†

(95% CI )

Responders

(n)

COPD

(n)

Prevalence

(95% CI )

Responders

(n)

COPD

(n)

Prevalence

(95% CI )

Beijing 1,434 98 6.8 (5.5–8.1) 1,624 148 9.1 (7.7–10.5) 3,058 246 8.0 (7.1–9.0) 0.021

Tianjin 1,500 148 9.9 (8.4–11.4) 1,508 142 9.4 (7.9–10.9) 3,008 290 9.6 (8.6–10.7) 0.676

Liaoning 1,947 157 8.1 (6.9–9.3) 2,020 138 6.8 (5.7–7.9) 3,967 295 7.4 (6.6–8.3) 0.139

Shanghai 1,503 59 3.9 (2.9–4.9) 1,516 137 9.0 (7.6–10.5) 3,019 196 6.5 (5.6–7.4) ,0.001

Guangdong 1,818 134 7.4 (6.2–8.6) 1,468 176 12.0 (10.3–13.7) 3,286 310 9.4 (8.4–10.4) ,0.001

Shanxi 1,189 47 4.0 (2.8–5.1) 1,298 89 6.9 (5.5–8.2) 2,487 136 5.5 (4.6–6.4) 0.001

Chongqing 1,420 195 13.7 (11.9–15.5) — — — 1,420 195 13.7 (11.9–15.5)

Total 10,811 838 7.8 (7.2–8.3) 9,434 830 8.8 (8.2–8.4) 20,245 1668 8.2 (7.9–8.6) 0.007

Definition of abbreviations: CI 5 confidence interval; COPD 5 chronic obstructive pulmonary disease.

* Post-bronchodilator FEV1/FVC , 70% was defined as COPD according to Global Initiative for Chronic Obstructive Lung Disease diagnostic criteria.
† Prevalence values are given as percentage with 95% CIs in parentheses.
‡ Comparison between urban and rural with COPD prevalence.

TABLE 2. SMOKING STATUS OF RESPONDERS BY AGE, RURAL/URBAN AREA, AND SEX

Characteristics Total n Never-smokers Ex-smokers

Current

Smokers

Pack-years

1–14 15–29 >30

Rural/urban

Urban 10,811 7,096 (65.6)* 1,151 (10.6) 2,564 (23.7) 1,282 (11.9) 1,204 (11.1) 1,229 (11.4)

Rural 9,434 5,375 (57.0) 712 (7.5) 3,347 (35.5) 1,251 (13.3) 1,343 (14.2) 1,465 (15.5)

Age, yr

40–49 6,742 4,337 (64.3) 295 (4.4) 2,110 (31.3) 966 (14.3) 1,019 (15.1) 420 (6.2)

50–59 5,517 3,421 (62.0) 370 (6.7) 1,726 (31.3) 629 (11.4) 605 (11.0) 862 (15.6)

60–69 4,518 2,641 (58.5) 572 (12.7) 1,305 (28.9) 559 (12.4) 518 (11.5) 800 (17.7)

>70 3,468 2,072 (59.7%) 626 (18.1%) 770 (22.2%) 379 (10.9%) 405 (11.7%) 612 (17.6%)

Sex

Male 8,705 2,235 (25.7%) 1,536 (17.6%) 4,934 (56.7%) 1,827 (21.0%) 2,218 (25.5%) 2,425 (27.9%)

Female 11,540 10,236 (88.7%) 327 (2.8%) 977 (8.5%) 706 (6.1%) 329 (2.9%) 269 (2.3%)

Total 20,245 12,471 (61.6%) 1,863 (9.2%) 5,911 (29.2%) 2,533 (12.5%) 2,547 (12.6%) 2,694 (13.3%)

* Data are given as number with percentage in parentheses.
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studies on the association between COPD and pulmonary prob-
lems in childhood, such as cohort studies, are needed for further
evaluation and validation. The cause–effect relationship between
BMI and COPD remains to be elucidated. Family history of
respiratory diseases was also found to be associated with a higher
prevalence of COPD in the present study, suggesting possible
involvement of genetic or family-related environmental factors in
the development of this disease. The prevalence of COPD in
China varied with geographic area, gender, and age, which is
consistent with other studies (18, 24). The association between
indoor air pollution and COPD is a worldwide concern, especially
in developing countries (36–38). The present study also showed
a higher prevalence of COPD in subjects with exposure to
biomass or with poor ventilation in the kitchen. In addition, there
was a higher adjusted OR for COPD in rural areas than urban

areas, which may be associated with more biomass exposure,
lower socioeconomic status, lower education degree, lower health
care standard, and poorer quality of cigarettes consumed in the
countryside (data not shown). More than one-third of patients
with COPD were asymptomatic in this population study, and
nearly two thirds had never been diagnosed before this survey.
Similarly, in a Japanese study, only 9.4% of cases with airflow
limitation reported a previous diagnosis of COPD (16). This
suggests that diagnosis of COPD based on symptoms may not be
adequate.

The fact that an even smaller percentage (6.5%) of diagnosed
subjects had ever been examined with spirometry further indi-
cates the need for the use of spirometry to be strongly encouraged
in community clinics. On the other hand, although COPD
diagnostic criteria of GOLD are widely accepted, they may yield

TABLE 4. STRATIFICATION ANALYSIS OF CHRONIC OBSTRUCTIVE PULMONARY DISEASE* PREVALENCE IN CHINA BY DEMOGRAPHIC,
SOCIAL, AND ECONOMIC CHARACTERISTICS

Responders (n)

COPD
Adjusted OR

(95% CI )n % (95% CI ) P Value

Area 0.007

Urban 10,811 838 7.8 (7.2–8.3) 1.00 (reference)

Rural 9,434 830 8.8 (8.2–8.4) 1.30 (1.07–1.57)

Sex ,0.001

Male 8,705 1,080 12.4 (11.7–13.1) 1.85 (1.59–2.14)

Female 11,540 588 5.1 (4.7–5.5) 1.00 (reference)

Age, yr ,0.001‡

40–49 6,742 153 2.3 (1.9–2.6) 1.00 (reference)

50–59 5,517 278 5.0 (4.5–5.6) 2.01 (1.64–2.48)

60–69 4,518 530 11.7 (10.8–12.7) 4.97 (4.09–6.04)

>70 3,468 707 20.4 (19.0–21.7) 9.20 (7.48–11.30)

Education, yr ,0.001‡

0 3,824 496 13.0 (11.9–14.0) 1.94 (1.47–2.57)

1–5 5,120 529 10.3 (9.5–11.2) 1.38 (1.07–1.79)

6–8 5,823 361 6.2 (5.6–6.8) 1.31 (1.02–1.69)

9–11 3,944 188 4.8 (4.1–5.4) 1.14 (0.87–1.50)

>12 1,534 94 6.1 (4.9–7.3) 1.00 (reference)

BMI, kg/m2 ,0.001‡

,18.5 790 166 21.0 (18.2–23.9) 3.70 (2.83–4.85)

18.5–23.9 9,918 942 9.5 (8.9–10.1) 1.73 (1.41–2.11)

24.0–27.9 7,185 433 6.0 (5.5–6.6) 1.15 (0.93–1.42)

>28 2,352 127 5.4 (4.5–6.3) 1.00 (reference)

Smoking status† ,0.001

Never-smoker 12,471 644 5.2 (4.8–5.6) 1.00 (reference)

Current smoker 5,911 675 11.4 (10.6–12.2) 1.27 (1.05–1.54)

Ex-smoker 1,863 349 18.7 (17.0–20.5) 1.72 (1.40–2.11)

Amount of smoking, pack-years ,0.001‡

0–14 15,004 861 5.7 (5.4–6.1) 1.00 (reference)

15–29 2,547 298 11.7 (10.5–12.9) 1.30 (1.07–1.58)

30–44 1,590 259 16.3 (14.5–18.1) 1.78 (1.44–2.19)

>45 1,104 250 22.6 (20.2–25.1) 1.72 (1.39–2.14)

Occupational exposure to dusts/gases/fumes 0.001

Never 16,101 1,274 7.9 (7.5–8.3) 1.00 (reference)

Ever 4,144 394 9.5 (8.6–10.4) 1.20 (1.04–1.39)

Ventilation in the kitchen ,0.001

Poor 8,714 808 9.3 (8.7–9.9) 1.28 (1.14–1.43)

Good 11,531 860 7.5 (7.0–7.9) 1.00 (reference)

Indoor exposure to biomass for cooking or heating ,0.001

Never 10,661 776 7.3 (6.8–7.8) 1.00 (reference)

Ever 9,584 892 9.3 (8.7–9.9) 1.35 (1.20–1.52)

Pulmonary problems in childhood 0.002

Never 15,412 1,218 7.9 (7.5–8.3) 1.00 (reference)

Ever 4,833 450 9.3 (8.5–10.1) 1.21 (1.05–1.40)

Family history of pulmonary diseases ,0.001

Never 15,764 1,128 7.2 (6.8–7.6) 1.00 (reference)

Ever 4,481 540 12.1 (11.1–13.0) 2.18 (1.93–2.45)

Definition of abbreviations: BMI 5 body mass index; CI 5 confidence interval; COPD 5 chronic obstructive pulmonary disease; OR 5 odds ratio.

* Post-bronchodilator FEV1/FVC , 70% was defined as COPD according to GOLD (Global Initiative for Chronic Obstructive Lung Disease) diagnostic criteria.
† The COPD prevalence in smokers (including current smokers and ex-smokers) was 13.2%.
‡ P value for trend.
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more false-negative results among younger adults and more false-
positive results among older adults (39, 40), which makes it
necessary for asymptomatic patients be further investigated in
a cohort study.

The present study showed higher prevalence of stage III
(1.7%) and IV (0.4%) and lower prevalence of stage I (2.0%)
and stage II (3.8%) of COPD in China than that in some of the
Latin American cities (18). This could be attributed to the fact
that due to lower health care standard and general lack of med-
ical knowledge among people, most of the patients with COPD
in China did not visit a doctor until they develop significant symp-
toms and exacerbations, especially in rural areas where major
health care disparities exist. Hence, most diseases would have
developed to a more advanced and severe stage by the time the
diagnosis is made. The lower proportion of younger subjects in
the responders may be another explanation. In addition, sub-
jects with mild obstruction but short expiration times may not
meet the FEV/FVC threshold, resulting in a ‘‘low’’ COPD pre-
valence and a ‘‘high’’ restrictive prevalence. However, in the pres-
ent study, spirometry tests were performed according to ATS
recommendation by well trained spirometric physicians. Sub-
jects were encouraged to inhale as much air as they could and to

continue to exhale the air at the end of the maneuver. FEV1 of
more than 6 seconds and/or the 15 volume–time curve reached
a plateau, which meant there was no change in volume (<0.03
L) for at least 1 second. Thus, in our study, good quality control
in spirometry was assured, and ‘‘high’’ prevalence of modified
restrictive disorder was not observed in some of the areas with
‘‘low’’ prevalence of modified-GOLD COPD (see Table 3 and
Table E2).

One of the limitations in the present study was that data on
smoking status were not obtained from all of the nonresponse
population due to contact failure, and there were differences in
age, sex, and urban/rural between responders and nonrespond-
ers. However, because the pattern of age and sex distribution in
responders was similar to that of the whole population, the total
response rate was relatively high. Moreover, contact failure, the
major cause of nonresponse in this study, seems to be a random
cause of nonresponse, so some possible selection bias should
thus be negligible.

Second, the predicted normative values of FEV1 were derived
from ECCS equations and adjusted with conversion factors
recommended by Zheng and Zhong (10) to minimize variations
from ethnic differences. The adjusted conversion factors were
obtained by comparing ECCS equations with Chinese equations,
which were summarized from a nationwide normal lung function
study (41), with 26 participating hospitals and institutions
throughout the country and an enrollment of 4,773 Chinese
healthy individuals ranging from 15 to 78 years of age. Although
other prediction equations are available, larger ethnic differences
can arise from these equations (10). Nevertheless, because there
is no predicted value of FEV1 for adults over 78 years of age, the
COPD diagnosis could not be further identified by the criteria of
below fifth percentile of the predicted value, and the severity of
COPD would also be affected if there is a systemic reason (e.g.,
diet or air pollution) responsible for poor lung function. However,
according to diagnostic criteria of GOLD, the investigation on
COPD prevalence must to be consistent with the study methods
of BOLD and comparable with the results reported by BOLD
study.

Third, the possibility of misclassifying some subjects with
asthma and other diseases as patients with COPD could not be
eliminated. In addition, a recall bias was inevitable, like in all
cross-sectional studies. Due to the impracticality of testing with
the bronchodilator for all subjects in this large-scale study, only
those with airflow limitation received a dose of Ventolin. This
would bias toward a lower prevalence because some people

TABLE 5. PREVALENCE OF CHRONIC OBSTRUCTIVE
PULMONARY DISEASE* ACCORDING TO GLOBAL INITIATIVE
FOR CHRONIC OBSTRUCTIVE LUNG DISEASE SEVERITY

GOLD Stage

Prevalence†

Men Women All

Stage 0‡ 20.0 (19.2–20.9) 13.2 (12.6–13.8) 16.1 (15.6–16.6)

Stage I 2.8 (2.5–3.2) 1.4 (1.1–1.6) 2.0 (1.8–2.2)

Stage II 5.8 (5.3–6.3) 2.3 (2.0–2.5) 3.8 (3.5–4.1)

Stage III 2.6 (2.2–2.9) 1.0 (0.8–1.2) 1.7 (1.5–1.8)

Stage IV 0.8 (0.6–0.9) 0.2 (0.1–0.3) 0.4 (0.4–0.5)

Unknown stagex 0.4 (0.3–0.6) 0.3 (0.2–0.4) 0.3 (0.3–0.4)

Definition of abbreviation: GOLD 5 Global Initiative for Chronic Obstructive

Lung Disease

* Post-bronchodilator FEV1/FVC , 70% was defined as chronic obstructive

pulmonary disease according to GOLD diagnostic criteria.
† Data are shown as prevalence in percentage with 95% confidence intervals

in parentheses.
‡ Stage 0 was defined as having chronic cough or phlegm with an FEV1/FVC

of > 0.70.
x Patient completed prebronchodilator spirometry, chest radiographs, and elec-

trocardiogram and was confirmed as having chronic obstructive pulmonary dis-

ease but did not complete at least two acceptable post-bronchodilator spirometries.

TABLE 6. FREQUENCIES OF RESPIRATORY SYMPTOMS AND PREVIOUS DIAGNOSIS OF CHRONIC
RESPIRATORY DISEASES IN PATIENTS WITH CHRONIC OBSTRUCTIVE PULMONARY DISEASE

Symptoms and

Previous Diagnosis

Frequency in Patients

with COPD (%)

(n 5 1,668)

Frequency in GOLD Staging* (%)

Ptrend

Stage I

(n 5 401)

Stage II

(n 5 770)

Stage III

(n 5 337)

Stage IV

(n 5 91)

Cough 44.0 31.7 40.9 62.0 57.1 ,0.001

Sputum 39.5 24.9 39.5 54.9 50.5 ,0.001

Wheezing 29.3 15.2 25.6 47.8 53.8 ,0.001

Dyspnea† 48.6 32.6 46.1 65.8 75.3 ,0.001

One of above 64.7 47.4 64.7 79.5 84.6 ,0.001

Chronic cough with phlegm‡ 30.0 17.0 28.6 45.7 40.7 ,0.001

Lifetime diagnosis of COPDx 35.1 18.2 30.4 57.9 73.6 ,0.001

Spirometry test 6.5 4.7 6.1 9.2 9.9 ,0.001

Definition of abbreviations: COPD 5 chronic obstructive pulmonary disease; GOLD 5 Global Initiative for Chronic Obstructive

Lung Disease.

* Total valid number of GOLD stages was 1,599.
† The number of reports of breathlessness included in the analysis was 1,610. Some subjects were excluded because of disability

of walking due to other diseases such as stroke, with 389 of stage I, 740 of stage II, 325 of stage III, and 89 of stage IV.
‡ Cough with phlegm for at least 3 months per year in the previous 2 years.
x Including COPD, bronchitis, emphysema, and asthma.
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reportedly move from unobstructed to obstructed after a bron-
chodilator dose (because their FVC improves more significantly
than FEV1 or due to some type of paradoxical response), as
reported by Johannessen and colleagues (42). To evaluate the
bias and to compare our study with other studies, the preva-
lence of COPD according to ‘‘modified GOLD criteria’’ (11.5%;
see Table E2), the modified restrictive disorder (8.5%; see Table
E3), and the changed lung function from prebronchodilator to
post-bronchodilator for subjects with a low ratio of prebron-
chodilator FEV1/FVC (,70%) (see Figure E2S) are shown in
the online supplement. As shown in Figure E2, for subjects with
a low ratio of prebronchodilator FEV1/FVC (,70%), FEV1 and
FVC increased by a mean of 50 ml and 40 ml, respectively, after
a post-bronchodilator spirometric testing, in alignment with
Johannessen and colleagues’ findings (42). Also consistent with
the findings (3.1%) of Johannessen and colleages (42) was our
finding that 3.3% of population had a low ratio of FEV1/FVC
(FEV1/FVC ,70%) before bronchodilation and a normal ratio
(FEV1/FVC > 70%) after bronchodilation (see Table 3 and
Table E2) in the present study.

In conclusion, this nationwide, population-based and spirometry-
based, cross-sectional survey showed that the prevalence of
COPD in China is 8.2% in people 40 years of age or older ac-
cording to GOLD criteria and 11.5% according to modified
GOLD criteria, which is higher than previously expected. Our
results highlight COPD as a major public health problem in
China and call for more research to be directed toward pre-
ventive measures and efforts.
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