
© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2021;13(7):4043-4053 | http://dx.doi.org/10.21037/jtd-21-95

Original Article

Prevalence and characteristics of chronic obstructive pulmonary 
disease in China with a diagnostic criterion of FEV1/FVC less than 
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Background: To reappraise the prevalence and characteristics of chronic obstructive pulmonary disease 
(COPD) in China with a criterion of FEV1/FVC < the lower limit of normal (LLN).
Methods: We assessed the incidence and characteristics of airflow limitation using data from the Chinese 
Epidemiological Survey of COPD study—a multicenter, randomized trial, with an age-dependent LLN 
reference equation [established by the Guangzhou Institute of Respiratory Health (GIRH)]. Questionnaire 
and spirometry data were collected for all eligible subjects. COPD prevalence, risk factors, severity 
distribution, as well as comparisons of characteristics between the LLN and 0.7 were analyzed.
Results: COPD prevalence was 9.0% among participants aged 40–80 years in China with the criterion of 
LLN. Greater prevalence was observed in female sex, rural areas and never smokers than with the GOLD 
0.7 fixed ratio. Age distribution showed a higher incidence of COPD in people under 60 years but lower in 
participants over 60 years of age. With the LLN FEV1 reference equation, patients in stage I were decreased 
(15.8% vs. 24.6%, P<0.001), while the proportion of patients in stage III and IV were increased when 
compared with the China 2002 revised equation (27.7% vs. 21.1%, for stage III, P<0.001; 8.7% vs. 5.6% for 
stage IV, P=0.001). Only 30.8% of patients with COPD had ever been “diagnosed” with COPD and 60.6% 
of the patients had respiratory symptoms, both lower than that under the GOLD 0.7 fixed-ratio criterion 
(35.5%, P=0.004; 64.8% for symptoms, P=0.014).
Conclusions: With the GIRH-LLN criterion, COPD prevalence was slightly higher, and a large number 
of women, rural patients and nonsmokers with young age and little symptoms were diagnosed when 
compared with GOLD 0.7 fixed ratio. These subjects may, therefore, deserve further attention and may 
warrant regular follow-up.
Trial Registration: Registration number: ChiCTR-ECS-13004110.
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Introduction

Spirometry is still the recommended routine diagnostic 
procedure of choice for chronic obstructive pulmonary 
disease (COPD), which is characterized by air flow 
limitation (1,2). In the past ten years, the incidence of 
COPD among Chinese individuals over 40 years old has 
increased from 8.2% in 2002 (3) to 13.7% in 2012 with 
the criterion of FEV1/FVC <0.7 (4). However, numerous 
studies have demonstrated that regular changes in FEV1/
FVC are seen with aging, which challenges the traditional 
fixed ratio of 0.7 (5,6). Thus, many scientists believe that 
the threshold of the lower limit of normal (LLN) of FEV1/
FVC should be used to diagnose COPD (7,8). The age-
related LLN of FEV1/FVC has been shown to reduce 
the increases in COPD prevalence seen among the older 
healthy population when using the fixed-ratio criterion 
(FEV1/FVC <0.7) and increased the diagnosis among 
younger patients (9-12). It seems challengeable to promote 
reference equations globally although the European 
Respiratory Society(ERS) Global Lung Function Initiative 
(GLI) have created continuous prediction equations and 
LLNs for spirometric values with adjustment of fixed 
ethnic conversion factors (13,14). Possible reasons might 
be the limited sample size and insufficient representative 
sample clusters. In 2017, a new age-related LLN reference 
equation was developed by the Guangzhou Institute of 
Respiratory Health (GIRH). For the first time, a unified 
and Chinese-suited LLN reference equation from Chinese 
healthy people was published through a large-sample and 
multicenter study (15). Further research has reported that 
this individual-dependent GIRH-LLN equation appears 
to perform better at detecting airflow limitations and 
reduces the risk of underdiagnosis for young adults and 
overdiagnosis for the elderly (12). Therefore, it is of great 
necessity to investigate the exact prevalence of COPD in 
China using this LLN reference equation. We present the 
following article in accordance with the STROBE reporting 
checklist (available at http://dx.doi.org/10.21037/jtd-21-95).

Methods

We retrieved data from participants in the Chinese 
Epidemiological Survey of COPD (CESCOPD) study 
for COPD prevalence estimation in residents aged 40 
to 80 years with the criterion of the GIRH-LLN. The 
CESCOPD study was a multicenter, randomized trial with 
the objective to obtain the COPD prevalence in China 

through a large-population, spirometry-based, cross-
sectional survey of COPD from September 2002 through 
September 2004. Residents invited in our study were given 
individual interviews by our trained interviewers using a 
standardized questionnaire revised from the international 
BOLD study. All interviewers and spirometry operators 
had been well trained and accredited before the survey. 
Questionnaire data were coded and entered into the 
standardized Excel database (Microsoft, Redmond, WA) 
by two persons independently, with computer programs 
checking for out-of-range values and logic mistakes. 
Participants’ characteristics and prevalence of COPD with 
the GOLD 0.7 criterion have been published previously (3).  
Spirometry was conducted using portable spirometers 
(Micro Medical Ltd, Chatham, Kent, UK), along with the 
procedure recommended by the American Thoracic Society 
(ATS) (16). Subjects with airflow limitations defined by 
the GOLD 0.7 fixed ratio underwent postbronchodilator 
testing 15 to 20 minutes after inhaling a dose of 200 μg 
of salbutamol (Ventolin; GlaxoSmithKline, Middlesex, 
UK) through a 500 ml spacer. 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 for quality control. 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. Spirometry results with grades A, B, or 
C were considered as acceptable operations. Spirometry 
and questionnaire-based interview were conducted at a 
convenient and accessible site or at home. Those residents 
temporarily out of reach were given a home interview 
on a later occasion. Interviewers for questionnaire were 
staff (doctors, nurses) and volunteers from local medical 
institutions, while pirometry was completed only by doctors 
and nurses. All interviewers and spirometry operators had 
been well trained and accredited before the survey. The 
GOLD 0.7 fixed ratio was used as the diagnostic criterion in 
the study design, and only participants with an FEV1/FVC 
<0.7 before a bronchodilator (including a small number 
of participants with FEV1/FVC around 71% to 70%) 
accepted the bronchodilation test. For a small group of 
patients who were underdiagnosed by the GOLD 0.7 fixed 
ratio (but lack of bronchodilation test), spirometry data 
collected before bronchodilation were used. Classification 
of airflow limitation severity in COPD was based on post-
bronchodilator FEV1%pred according to the China revised 
2002 reference equation [by applying conversion factors 
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from the European Coal and Steel Community 1993 
(ECSC93) FEV1 reference equation with males by 0.95 
and females by 0.93] (17) and GIRH-LLN FEV1 reference 
equation.

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The Ethics 
Committee of the First Affiliated Hospital of Guangzhou 
Medical University approved the study (approved No. 
2013-37). All the participants were made fully aware of 
the purpose of study, and all participants gave informed 
consent.

Statistical analysis

Multivariate logistic regression models were performed to 
analyze the odds ratios (ORs) and 95% confidence intervals 
(CIs) for COPD in relation to potential risk factors. 
Variables including geographic area, sex, age groups, body 
mass index (BMI), smoking status, occupational exposure 
to dusts/gases/fumes, exposure to biomass fuel for cooking 
or heating, ventilation in the kitchen, family history of 
respiratory disease, pulmonary problems in childhood, 
and education were forced into the multivariate logistic 
regression model. Factors with no statistical difference 
were removed from the final model. Before multivariate 
regression, univariate logistic regressions were performed 
for screening for statistically significant factors. Details 
of the definition of risk factors are given in the published 
literature (3). Categorical variables such as COPD stage 
differences and comparison of the distributions of clinical 
outcomes between the GIRH-LLN criterion and GOLD 
0.7 fixed ratio were analyzed using chi-squared tests. A 

P value <0.05 was considered statistically significant. All 
analyses were performed using IBM SPSS 19.0.

Results

Among 20,245 participants who completed acceptable 
spirometry (grades A, B, or C) and questionnaires in the 
survey, 19,802 people aged 40 to 80 years were included 
in our reanalysis. A total of 443 participants older than  
80 years were removed for lack of the expected reference 
value of FEV1/FVC (Figure 1).

COPD prevalence

The COPD prevalence was 9.0% (1,784/19,802) among 
participants aged 40–80 years in China with the GIRH-
LLN criterion, which was slightly higher than the 
GOLD 0.7 fixed ratio (8.0%). The COPD prevalence 
from different regions are shown in Figure 2. Shanghai 
had the lowest prevalence of 5.0%, while Chongqing had 
the highest prevalence of 14.6%. With the GIRH-LLN 
criterion, the COPD prevalence was higher in most regions 
than that of GOLD 0.7 fixed ratio, except for the rural 
areas of Shanghai, Guangzhou and Tianjin that showed 
lower prevalence. On the whole, the COPD prevalence was 
significantly higher in rural (10.0%) areas compared with 
urban areas (8.2%) (Table 1). More remarkably, the COPD 
prevalence in rural areas increased by 1.4 percentage 
points (from 8.6% to 10%), while in urban areas, it only 
increased by 0.8 percentage points (from 7.4% to 8.2%) 
when compared with the GOLD 0.7 fixed ratio. Great 
prevalence imparities were also observed in sex distribution. 

Figure 1 Subjects included for analysis.

Sampled subjects (25,627)

Subjects with acceptable spirometry (grades A, 

B, or C) and questionnaires (20,245)

Subjects included for analysis (19,802)

Refusals, contact failure, Ineligible for 

spirometry or fail to complete spirometry 

and questionnaires (5,382)

Participants older than 80 years (443)
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The COPD prevalence in females was 6.5%, which was1.6 
percentage points higher than diagnosed by the GOLD 
0.7 fixed ratio, but only 0.2 percentage points higher when 
compared with males (Table 1).

Risk factors

Multivariate logistic regression analyses showed that, 
consistent with the GOLD 0.7 fixed ratio, smoking, 
pulmonary problems in childhood, family history of 
respiratory diseases, male sex, low education level, aging, 
lower BMI, and occupational exposure (dusts/gases/fumes) 
are associated with COPD when the GIRH-LLN criterion 
was used. The adjusted ORs (95% CIs) of these potential 
risk factors are shown in Table 1. Significantly, COPD 
prevalence was higher in participants never smoked (6.6% 
for LLN vs. 5.0% for GOLD), and poor ventilation in the 
kitchen seems to be harmful to COPD (OR 1.13, 95% CI: 
1.00–1.28). Age distribution showed a higher prevalence 
in people under 60 years of age but lower in participants 
over 60 years of age compared to the GOLD 0.7 fixed-ratio 
standard (Table 1).

Symptoms and severity distribution

Under the GIRD-LLN reference equation for the FEV1 
expected value, the percentage of COPD in stages I 
(mild), II (moderate), III (severe), and IV (very severe) 

were 15.8%, 47.8%, 27.7%, and 8.7%, respectively. The 
COPD percentage in stage I classified by the GIRH-LLN 
reference equation was obviously lower than that classified 
by the China revised ECSC1993 equation (15.8% vs. 
24.6%, P<0.001), while patients in stages III and IV were 
relatively higher than that classified by the China revised 
ECSC1993 equation (27.7% vs. 21.1%, P<0.001 for stage 
III; 8.7% vs. 5.6%, P=0.001 for stage IV, Table 2). This kind 
of similar phenomenon can also be found in COPD patients 
diagnosed by FEV1/FVC less than 70%, but the GIRH-
LLN FEV1 reference equation was used (P<0.001, for stage 
I; P<0.001, for stage III; P=0.001, for stage IV) (Table 3).

The prevalence of respiratory symptoms, such as cough, 
sputum, wheezing, and dyspnea in patients with COPD was 
40.1%, 35.8%, 27.1%, and 46.6%, respectively (Table 4).  
A total of 60.6% of COPD patients had at least one 
of the above respiratory symptoms, which was slightly 
lower than that of the GOLD 0.7 fixed-ratio criterion 
(64.8%, P=0.014), reflecting that a higher proportion of 
patients with COPD were asymptomatic (39.4%). Patients 
with respiratory symptoms gradually increased with the 
aggravation of airflow limitation. Notably, with GIRD-
LLN FEV1 reference equation, only 30.8% of patients 
with COPD had ever been “diagnosed” with emphysema, 
asthma, bronchitis, or COPD, which was lower than that of 
the GOLD 0.7 fixed-ratio with China 2002 revised equation 
(35.5%, P=0.004), especially in stage I–II (9.9% vs. 18.5% 
for stage I, and 20.8% vs. 30.5% for stage II, Table 4).

Figure 2 COPD prevalence among participants aged 40–80 years in China with the GIRH-LLN criterion and GOLD 0.7 fixed ratio in 
different regions. GIRH, Guangzhou Institute of Respiratory Health; LLN, lower limit of normal of FEV1/FVC.
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Table 1 Characteristics of subjects in the Chinese Epidemiological Survey of COPD study in residents aged 40 to 80 years with the GIRH-LLN 
criterion and GOLD 0.7 fixed ratio

Variable

FEV1/FVC < LLN* FEV1/FVC <0.7*

N (n) COPD (n)
COPD 

prevalence (%)
Adjusted OR N (n) COPD (n)

COPD 
prevalence (%)

Adjusted OR

Region

Urban 10,500 856 8.20% 1.00 (reference) 10,500 779 7.40% 1.00 (reference)

Rural 9,302 928 10.00% 1.22 (1.07–1.39)† 9,302 803 8.60% 1.28 (1.11–1.47)

Sex

Male 8,477 1,044 12.30% 1.67 (1.45–1.92) 8,477 1,022 12.10% 1.88 (1.61–2.19)

Female 11,325 740 6.50% 1.00 (reference) 11,325 560 4.90% 1.00 (reference)

Age (years)

40– 6,742 392 5.80% 1.00 (reference) 6,742 153 2.30% 1.00 (reference)

50– 5,517 369 6.70% 1.05 (0.90–1.22) 5,517 278 5.00% 2.02 (1.64–2.48)

60– 4,518 489 10.80% 1.66 (1.43–1.93) 4,518 530 11.70% 4.99 (4.10–6.06)

70– 3,025 534 17.70% 2.71 (2.29–3.20) 3,025 621 20.50% 9.38 (7.61–11.55)

Smoking status

Never 12,181 802 6.60% 1.00 (reference) 12,181 608 5.00% 1.00 (reference)

Current 5,834 675 11.60% 1.03 (0.86–1.24) 5,834 649 11.10% 1.23 (1.01–1.50)

Former 1,787 307 17.20% 1.50 (1.23–1.83) 1,787 325 18.20% 1.69 (1.37–2.08)

Occupational exposure

Yes 3,972 411 10.30% NS 3,972 372 9.40% 1.20 (1.03–1.40)

No 15,830 1,373 8.70% 1.00 (reference) 15,830 1,210 7.60% 1.00 (reference)

Family history

Yes 4,431 595 13.40% 2.04 (1.82–2.27) 4,431 519 11.70% 2.16 (1.92–2.44)

No 15,371 1,189 7.70% 1.00 (reference) 15,371 1,063 6.90% 1.00 (reference)

Childhood lung infection

Yes 4,737 479 10.10% 1.17 (1.02–1.33) 4,737 433 9.10% 1.23 (1.06–1.42)

No 15,065 1,305 8.70% 1.00 (reference) 15,065 1,149 7.60% 1.00 (reference)

Education status

Never 3,616 497 13.70% 2.40 (1.84–3.13) 3,616 460 12.70% 1.97 (1.49–2.61)

Primary school 4,981 512 10.30% 1.55 (1.21–2.00) 4,981 493 9.90% 1.36 (1.05–1.77)

Junior high school 5,775 416 7.20% 1.35 (1.06–1.72) 5,775 354 6.10% 1.32 (1.02–1.70)

Senior high school 3,907 266 6.80% 1.36 (1.06–1.75) 3,907 183 4.70% 1.14 (0.87–1.50)

Graduate and above 1,523 93 6.10% 1.00 (reference) 1,523 92 6.00% 1.00 (reference)

Table 1 (continued)
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Table 1 (continued)

Variable

FEV1/FVC < LLN* FEV1/FVC <0.7*

N (n) COPD (n)
COPD 

prevalence (%)
Adjusted OR N (n) COPD (n)

COPD 
prevalence (%)

Adjusted OR

BMI (kg/m2)#

<18.5 740 140 18.90% 2.87 (2.21–3.73) 740 150 20.30% 3.75 (2.84–4.96)

18.5–23.9 9,681 998 10.30% 1.59 (1.32–1.91) 9,681 892 9.20% 1.74 (1.41–2.14)

24.0–27.9 7,062 495 7.00% 1.12 (0.92–1.36) 7,062 418 5.90% 1.17 (0.94–1.46)

≥28.0 2,319 151 6.50% 1.00 (reference) 2,319 122 5.30% 1.00 (reference)

Kitchen ventilation equipment

Yes 11,274 883 7.80% 1.00 (reference) 11,274 815 7.20% NS

No 8,528 901 10.60% 1.13 (1.00–1.28) 8,528 767 9.00% 1.00 (reference)

Biofuel exposure

Yes 9,403 972 10.30% 1.12 (0.99–1.28) 9,403 857 9.10% 1.16 (1.02–1.33)

No 10,399 812 7.80% 1.00 (reference) 10,399 725 7.00% 1.00 (reference)

*, postbronchodilator FEV1/FVC < lower limit of normal established by the Guangzhou Institute of Respiratory Health and FEV1/FVC 
<70% were used to define COPD; †, data are shown as odds ratio in percentage with 95% confidence intervals in parentheses; #, the 
classification boundary value of BMI adopted the normal reference range of BMI in China, 18.5–23.9. Calculations of odd ratios (ORs) and 
95% CI values for COPD in relation 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, occupational exposure to dusts/gases/fumes, exposure 
to biomass fuel for cooking or heating, ventilation in the kitchen, respiratory disease in family, pulmonary problems in childhood, and 
education were all forced into the multivariate logistic regression model and factors with no statistical difference were removed from the 
final model.NS, no statistical significance; BMI, body mass index; CI, confidence interval; COPD, chronic obstructive pulmonary disease; 
OR, odds ratio; LLN, lower limit of normal of FEV1/FVC. 

Table 2 Air flow limitation severity and sex distribution of COPD patients with two diagnostic criterion and FEV1 reference equations

Level
Diagnostic criterion (FEV1/FVC < LLN)* Diagnostic criterion (FEV1/FVC <0.7)§ P

Male, n (%) Female, n (%) Total, n (%) Male, n (%) Female, n (%) Total, n (%) Male Female Total

I 137 (13.1%) 145 (19.6%) 282 (15.8%) 225 (22.8%) 148 (28.0%) 373 (24.6%) <0.001 0.102 <0.001

II 522 (50.0%) 330 (44.6%) 852 (47.8%) 490 (49.5%) 250 (47.3%) 740 (48.7%) 0.061 0.127 0.570

III 290 (27.8%) 204 (27.6%) 494 (27.7%) 212 (21.4%) 108 (20.4%) 320 (21.1%) 0.068 <0.001 <0.001

IV 95 (9.1%) 61 (8.2%) 156 (8.7%) 62 (6.3%) 23 (4.3%) 85 (5.6%) 0.095 0.001 0.001

Total 1,044 (100.0%) 740 (100.0%) 1,784 (100.0%) 989 (100.0%) 529 (100.0%) 1,518 (100.0%) <0.001 <0.001 <0.001

*, postbronchodilator FEV1/FVC < lower limit of normal established by the Guangzhou Institute of Respiratory Health (GIRH) was used to 
define COPD, and the GIRH FEV1 reference equation was used for air flow limitation classification; §, postbronchodilator FEV1/FVC <70% 
was used to define COPD, and the China 2002 revised ECSC93 FEV1 reference equation was used for air flow limitation classification; 
64 COPD patients over 78 years of age were not graded, because there is no predicted value of FEV1 for adults over 78 years of age. 
Comparison of the distributions of COPD stages and sex between the GIRH-LLN criterion and GOLD 0.7 fixed ratio were analyzed using 
chi-squared tests. COPD, chronic obstructive pulmonary disease. 
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Discussion

As a noninvasive and readily available test, spirometry is the 
most reproducible and objective diagnostic measurement 
of airflow limitation. The COPD prevalence varied among 
different criteria, such as the fixed-ratio and GIRH-
LLN. In our study, a higher total morbidity but younger 
incidence, more female patients, and increased severe 
patient proportion were detected with the GIRH-LLN 
criterion than with the GOLD 0.7 fixed ratio.

With the GIRH-LLN criterion, the COPD prevalence 
was 1.0% higher than that of the GOLD 0.7 fixed ratio 
(8.0%) among participants aged 40–80 years in China, 
especially the higher prevalence in women. This was 
consistent with another large study conducted in China, 
which GLI2012 LLN was used (18). Of which, airflow 
obstruction prevalence defined as FEV1/FVC <0.7 was 4.0% 
in females and 5.1% in males, and 5.9%, 5.2% respectively 
when FEV1/FVC < LLN was used (spirometry data of 
pre-bronchodilator was used). COPD prevalence was 1.9 
percentage points higher than the GOLD 0.7 fixed ratio 
for females, but only 0.1 percentage points higher with 
males. A recent study reported that the overall prevalence 
of spirometry-defined COPD was 8.6% (95% CI: 7.5–9.9), 
accounting for 99.9 (95% CI: 76.3–135.7) million people 
with COPD in China. In people aged 40 years or older, the 
COPD prevalence was increased to 13.7% (12.1–15.5) (4). 
COPD patients would be even higher if the GIRH-LLN 
criterion was used because of China's large population 
base. In particular, it is of great significance in improving 
early diagnosis and prevention in patients underdiagnosed 
by GOLD, because of their impaired ventilation and faster 

lung function decline (12).
Significantly, those newly diagnosed patients by LLN 

were not found to have higher smoking rates, but were 
predominantly rural and females, with high rates of biofuel 
explosion and poor kitchen conditions (Table 1). Biofuels 
are still the most important source of fuel in Chinese 
vast rural areas, especially over the past 20 years. As the 
primary undertakers of kitchen work, women are the 
main demographic who come into contact with biofuels. 
Biofuel smoke exposure has been found to be associated 
with COPD in rural and urban women (19). Moreover, 
these exposed residents always tend to have poor kitchen 
ventilation (20), as shown in our past studies. In addition, 
some other insights from the study of patients with COPD 
without a major causal factor are likely to provide insights 
into factors that contribute to endogenous immunological 
mechanisms. Many of them tended to be elderly women 
with a history of organ specific autoimmune disease and 
peripheral blood lymphopenia (21). More common in men 
many years ago, COPD now affects men and women almost 
equally (22). In Norway, the prevalence declined in men but 
not in women from 1995–1997 and 2006–2008 (23).

There are differences in COPD severity classification 
between these two criteria. The COPD percentage in stage 
I classified by the GIRH-LLN reference equation was 
obviously lower, while patients in stages III and IV were 
relatively higher than that classified by the ECSC1993 
equation. What we have proved is that the GOLD criterion 
has caused a portion of the patients to be misdiagnosed as 
having COPD (12). These patients tend to be of a relatively 
high age, with lung function above the predicted value 
of 80%. Actually, lung function in these patients is a part 

Table 3 Air flow limitation severity and sex distribution of COPD patients diagnosed by GOLD 0.7 fixed ratio with two FEV1 reference 
equations

Level
Diagnostic criterion (FEV1/FVC <0.7)# Diagnostic criterion (FEV1/FVC <0.7)§ P

Male, n (%) Female, n (%) Total, n (%) Male, n (%) Female, n (%) Total, n (%) Male Female Total

I 136 (13.3) 74 (13.2) 210 (13.3) 225 (22.8) 148 (28.0) 373 (24.6) <0.001 <0.001 <0.001

II 510 (49.9) 243 (43.4) 753 (47.6) 490 (49.5) 250 (47.3) 740 (48.7) 0.980 0.399 0.820

III 288 (28.2) 190 (33.9) 478 (30.2) 212 (21.4) 108 (20.4) 320 (21.1) 0.001 <0.001 <0.001

IV 88 (8.6) 53 (9.5) 141 (8.9) 62 (6.3) 23 (4.3) 85 (5.6) 0.055 <0.001 0.001

Total 1,022 (100) 560 (100) 1,582 (100) 989 (100.0) 529 (100.0) 1,518 (100.0) 0.749 0.749 –
#, the GIRH FEV1 reference equation was used for air flow limitation classification; §, the China 2002 revised ECSC93 FEV1 reference 
equation was used for air flow limitation classification; 64 COPD patients over 78 years of age were not graded, because there is no 
predicted value of FEV1 for adults over 78 years of age. Comparison of the distributions of COPD stages and sex between the GIRH-LLN 
criterion and GOLD 0.7 fixed ratio were analyzed using chi-squared tests.COPD, chronic obstructive pulmonary disease.
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of the normal evolution of the population (24-26), which 
may result in the lower stage I incidence, when they were 
excluded by the GIRH-LLN criterion. In contrast, the 
increased female patients, especially rural women patients, 
were the major contributors to the increased prevalence 
of COPD with the GIRH-LLN criterion, and many of 
them had a FEV1%pred less than 80%. These subjects 
accounted for the higher proportion of patients with 
COPD stage II and above to a certain extent. Meanwhile, 
in the CESCOPD, we have used the adjusted ECSC93 
FEV1 predicted value by applying conversion factors (males 
by 0.95 and females by 0.93) for the assessment of COPD 
severity (China revised 2002 reference equation), and it was 
established by collecting lung function data (4,773 subjects) 
in 1996–2002. While the new GIRH-LLN FEV1 reference 
equation was established ten years later with a larger sample 
size, stricter random sampling and better quality spirometry 
would be much individualized. Moreover, in the past  
20 years, the overall nutritional status of people in China 
has been significantly improved, and they are physically 
stronger and taller than before (27,28), which may have 
narrowed the gap of lung function with the Europeans. All 
these things may lead to some bias in the estimation of the 
FEV1 predicted value with the China revised 2002 reference 
equation. Nevertheless, because there is no predicted value 
of FEV1 for adults over 78 years of age, 64 COPD patients 
could not be further identified by the ECSC93 criterion, as 
did the China revised 2002 reference equation.

The higher proportion of asymptomatic COPD 
patients and lower diagnosis with GIRH-LLN criterion, 
suggesting that less attention may be paid to their bodies. 
For symptoms are the main motivator for hospital visits and 
recommendation for spirometry by GOLD. Studies have 
shown that subjects in stages I and II followed a trajectory 
of rapidly declining FEV1 (29). Meanwhile, these subjects 
had poorer exercise tolerance than healthy controls upon 
exertion, and a significant proportion of them had dynamic 
hyperinflation (30) though few of them presented chronic 
symptoms. These subjects may, therefore, deserve further 
attention and may warrant regular follow-up.

Overall, our study findings have important public health 
implications. First, we have almost accurately evaluated 
the prevalence of COPD under the criterion of GIRH-
LLN from a national wide, randomized, cross-sectional 
and multi-center survey. Increased prevalences were 
detected in rural areas and female residents. Indicating 
sufficient attention should be taken by the government, 
and possible etiology and related mechanisms should be 
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actively explored. And then, for the first time, we found 
significant differences between different FEV1 reference 
equations on COPD severity classification. Results showed 
that airflow limitation severity determining will be even 
worse when GIRH FEV1 reference equation was used. The 
GIRH-LLN we have chosen was established through a 
large-sample, multicenter and all Chinese originated study. 
Further research has evidenced its advantages on detecting 
airflow limitations to reduce the risk of underdiagnosis for 
young adults and overdiagnosis for the elderly. It seems 
more Chinese-suitable and convincing to be recommended 
nationwide. Moreover, the CESCOPD study was a rare 
large-sample multicenter epidemiological investigation with 
strict random sampling and data quality control in China. 
It is of great representative for assessing COPD prevalence 
among people over 40 years of age.

There also exists some limitations in our study. One 
hundred and fifty-eight patients underdiagnosed by the 
GOLD 0.7 fixed ratio used spirometry data collected 
before bronchodilation, which may lead to a slightly 
higher prevalence of COPD. Consistent with the findings 
(3.1%) of Johannessen and colleagues (31), our published 
article reported 3.3% of the population had a low ratio 
of FEV1/FVC (<70%) before bronchodilation and a 
normal ratio (FEV1/FVC ≥70%) after bronchodilation in 
the present study (3). However, there was no statistically 
significant difference in diagnostic property when using 
pre- or postbronchodilator FEV1/FVC among people with 
respiratory symptoms in the studies by Mohamed and Kato 
(32,33). On the other hand, it is difficult to define patients 
newly diagnosed by LLN as COPD precisely (34), for a few 
of them may possibly have small lungs (35). The same is 
true for GOLD. Another situation, they do have respiratory 
impairment. Whether these populations are pre-COPD 
or early-stage COPD is controversial. Our previous study 
has demonstrated that the underdiagnosed participants (by 
GOLD) showed more symptoms, impaired ventilation and 
faster lung function decline through a two-year longitudinal 
follow-up research compared with normal participants (12), 
prefer to support a think of early stage of COPD. Certainly, 
longer-term follow-up of these populations may be more 
helpful to assess their health status.

Conclusions

In conclusion, the COPD prevalence with the GIRH-LLN 
criterion was slightly higher than with the GOLD 0.7 fixed-
ratio criterion, especially in women and rural participants. 

These residents always showed little symptoms and low 
diagnosis, suggesting serious attention should be paid to 
them.
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