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BACKGROUND: The threshold of the lower limit of the normal range of lung function has been
suggested to be more accurate than the 0.7 fixed ratio (FEV1/FVC < 0.7) for a diagnosis of COPD. We
aimed to explore the health status and risk factors of patients overdiagnosed with COPD when using the
lower limit of the normal range as a diagnostic reference. METHODS: Subjects with COPD diagnosed
by a pulmonologist according to guidelines of the Global Initiative for Chronic Obstructive Lung
Disease were recruited from October 2016 to April 2018. Overdiagnosed COPD was defined as FEV1/
FVC that meets the criterion of the 0.7 fixed ratio but not the the lower limit of the normal range
criterion. Spirometry and questionnaires were performed by eligible subjects. RESULTS: Of the 513
subjects included in the final analysis, 20 (3.9%) were overdiagnosed when using the lower limit of the
normal range as the diagnostic reference. The subjects who were overdiagnosed were older, weighed
more, had better lung function, lower modified Medical British Research Council scores, and higher St.
George’s Respiratory Questionnaire and 36-item Short Form Survey scores than the subjects who were
correctly diagnosed. Older age, heavier weight, exposure to cooking oil fumes, or a new-built or newly
renovated home were associated with an increased risk of overdiagnosis of COPD (age adjusted odds
ratio (OR) 1.17, 95% CI 1.09–1.26; weight adjusted OR 1.08, 95% CI 1.03–1.13; exposure to cooking
oil fumes adjusted OR 3.00, 95% CI, 1.04–8.68; exposure to new-built or newly renovated home
adjusted OR 10.88, 95% CI 1.46–80.87. CONCLUSIONS: The subjects with overdiagnosed COPD had
a better health status and lung function than the subjects who were correctly diagnosed. Older age,
heavier weight, and exposure to cooking oil fumes or a new-built or newly renovated home were factors
associated with the overdiagnosis of COPD. These findings may help reduce overdiagnosis of COPD.
Key words: COPD; overdiagnosis; lower limit of the normal; FEV1/FVC fixed ratio. [Respir Care
2020;65(5):603–609. © 2020 Daedalus Enterprises]

Introduction

The diagnosis of COPD is frequently diagnosed by us-
ing the Global Initiative for Chronic Obstructive Lung
Disease (GOLD) guidelines,1 which is based on the fixed
ratio FEV1/FVC of �0.7. However, use of the fixed ratio

criterion can lead to the overdiagnosis of COPD in � 30%
of older men and underdiagnosis in younger women.2-5 In
the past decade, the threshold of the lower limit of the
normal range of lung function was found to be more ac-
curate in a COPD diagnosis than the fixed ratio crite-
rion4,6,7 because FEV1/FVC reduction is most accurate
when it is identified as an individual value of less than the
lower limit of the normal range. In addition, the lower
limit of the normal range is specific to the individual be-
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cause it is determined from an appropriate healthy, non-
smoking, reference population.8

Most previous studies focused on subjects with under-
diagnosed COPD according to GOLD criteria9,10 when
using the lower limit of the normal range as the diagnostic
reference. In contrast, there is little attention payed to over-
diagnosed COPD, which may lead to excessive treatment
and the overuse of health resources. Thus, research to
investigate the characteristics and risk factors of overdi-
agnosed COPD is necessary. In recent years, previous stud-
ies found that subjects who were overdiagnosed were older,
had fewer symptoms, and better lung function than pa-
tients who were correctly diagnosed.10,11 However, the
health status and risk exposure of subjects with overdiag-
nosed COPD are rarely reported. Thus, we carried out a
hospital-based study to explore the clinical characteristics,
health status, and potential risk factors of patients with
overdiagnosed COPD when using the lower limit of the
normal range as the diagnostic reference.

Methods

Study Population

From October 2016 to April 2018, patients diagnosed
with COPD by a pulmonologist according to GOLD guide-
lines1,12 were recruited from the Affiliated Hospital of Gui-
lin Medical University, Guilin, China, for study inclusion.
Subjects were included in our study if they were �45 y old
and without evidence of acute upper respiratory tract in-
fections. Exclusion criteria in the study were: (1) had a se-
vere exacerbation in the last month, defined as a COPD-
associated event that required either an emergency department
visit or hospitalization, and treatment with systemic steroids
and/or antibiotics13,14; (2) had other pulmonary disease be-
sides of COPD; (3) had a history of intubation within 3 years
of enrollment; or (4) had obstructive sleep apnea. The study
protocol was approved by the institutional review board at the
Affiliated Hospital of Guilin Medical University and con-
formed to the Declaration of Helsinki. Written informed con-
sent was obtained from each subject.

The criterion of the fixed ratio was defined in the GOLD
guidelines1 as a post-bronchodilator FEV1/FVC of �0.70.

The criterion for the lower limit of the normal range was
defined as a post-bronchodilator FEV1/FVC of less than
the fifth percentile.15,16 The subjects were categorized as
with overdiagnosed COPD if their FEV1/FVC was � 0.70
but fell within the lower limit of the normal range.

Spirometry

Spirometric data were collected by using a portable
spirometer (Carefusion Master Screen Pneumo, Hoech-
berg, Germany) interfaced for pulmonary function data
acquisition and quality control software (Lab Manager
version 5.31.0, Carefusion, Hoechberg, Germany), which
was calibrated daily. All spirometric measurements were
performed according to the European Respiratory Soci-
ety/American Thoracic Society standards.17

Questionnaire

A face-to-face interview was conducted with the sub-
jects. We collected information on demographic charac-
teristics; possible risk factors for COPD, such as related
medical history, smoking history, occupational exposure,
pollutant exposure at home (including biomass fuel, cook-
ing oil fumes, and living in a new-built or newly renovated
home in the recent year). In addition, the subjects’ phys-
ical activity within the preceding month was tested by
using Physical Activity Rating Scale 318 Dyspnea was
assessed by using the modified British Medical Research
Council (mMRC) questionnaire.19 The health status of the
subjects was evaluated by using the St George Respiratory
Questionnaire (SGRQ) with a Mandarin version20 and the
36-item Short Form (SF-36) survey.21
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QUICK LOOK

Current knowledge

The lower limit of normal is more accurate in diagnosis of
COPD than the 0.7 fixed reference of the Global Initiative
for Chronic Obstructive Lung Disease. There have been
few reports of the health status of individuals overdiag-
nosed for COPD and risk exposure for overdiagnosis.

What this paper contributes to our knowledge

Subjects with overdiagnosed COPD had better health
status than those who were correctly diagnosed. Heavier
in body weight and exposure to cooking oil fumes or to
a new-built or newly renovated home were risk factors
of overdiagnosed COPD when using the lower limit of
the normal range as the reference diagnostic criterion.
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6-Min Walk Test

The 6-min walk test was administered according to the
American Thoracic Society guidelines.22 It was performed
indoors on a flat square course with 25-m long sides and
was supervised by a pulmonologist. Each subject was asked
to walk as far as possible around the course in 6 min.

Statistical Analysis

All statistical analyses were performed by using SAS 9.4
(SAS Institute, Cary, North Carolina). Group data are ex-
pressed as the mean � SD. Differences in continuous vari-
ables of the participants were evaluated by using an indepen-
dent-samples t test, or the Mann-Whitney U test. Differences
in categorical variables were examined by using chi-square
tests. Unconditional logistic regression models with LO-
GISTIC procedure (SAS) were used to assess the asso-
ciation between risk factors and overdiagnosed COPD.
The results were presented as odds ratios (OR) and
95% CI. P values �.05 were considered to be statisti-
cally significant.

Results

The subject selection process is shown in Figure 1. We
excluded subjects if they had a severe exacerbation within
1 month of study inclusion, another pulmonary disease ex-

cept for COPD, or did not complete one or more question-
naires; there was a total of 513 subjects for final analyses.

The proportion of COPD overdiagnosis was 3.9%
(20/513) when using the lower limit of the normal range as
the diagnostic reference. Demographics characteristics for
all the subjects are shown in Table 1. The subjects who
were overdiagnosed were older (mean � SD age 70 � 7 y
vs 61 � 8 y; P � .001), weighed more (mean � SD
65.7 � 8.1 kg vs 57.8 � 10.4 kg; P � .001), and had
higher body mass index (BMI) (mean � SD 24.9 � 3.3 kg/m2

vs 22.2 � 3.6 kg/m2; P � .001). These subjects also had a
lower mMRC score (mean � SD 0.9 � 0.9 vs 1.5 � 1.0;
P � .006) than patients who were correctly diagnosed.

Pre- and post-bronchodilator lung function are illus-
trated in Table 2. The lung function of the subjects who
were overdiagnosed was better than that of the subjects
with COPD for both pre- and post-bronchodilator testing
(pre-bronchodilator: mean � SD FEV1 1.55 � 0.37 L vs
1.24 � 0.55 L, P � .01; mean � SD FEV1 59.07 � 12.58%
of predicted vs 45.36 � 18.23% of predicted, P � .001;
mean � SD FEV1/FVC 66.97 � 2.43 vs 51.15 � 11.63,
P � .001; and post-bronchodilator: mean � SD FEV1

1.60 � 0.38 L vs 1.31 � 0.55 L, P � .02; mean � SD
FEV1 % of predicted 62.63 � 17.11% vs 49.78 � 19.94%,
P � .005; mean � SD FEV1/FVC 68.45 � 0.97 vs
52.09 � 10.84, P � .001). The lower limit of the normal
range of FEV1/FVC in the subjects who were overdiag-
nosed was lower than that found in the correctly diagnosed
COPD group (67.3 � 1.8% vs 69.8 � 2.4%, P � .001).

The health status of the subjects is showed in Table 3. For
SGRQ, mean � SD symptoms score (32.9 � 17.3 vs
45.8 � 19.9, P � .005), activity score (25.4 � 17.0
vs 40.7 � 21.3, P � .002), impacts score (15.9 � 12.1 vs
25.5 � 17.9, P � .02), and total score (21.2 � 11.5 vs
32.0 � 15.0, P � .002) in the overdiagnosed group were
lower than in the COPD group. For the SF-36 survey, the
mean � SD scores of the scale role physical (73.8 � 40.1 vs
46.7 � 47.2, P � .008) and the scale role emotional
(80.0 � 36.5 vs 56.9� 46 .8, P � .01) in the overdiagnosed
group were higher than in the COPD group.

We further explored the association between the risk
factors and overdiagnosis of COPD (Table 4). In the over-
diagnosed group, the subjects were heavier and had a higher
BMI compared with those in the COPD group, although
height was similar between the groups. We used weight
instead of BMI in further analyses. We detected an asso-
ciation between age, body weight, and the risk of COPD
overdiagnosis. The results showed that older age and
heavier weight were associated with an increased risk of
COPD overdiagnosis when using the lower limit of the
normal range as a diagnostic reference (age adjusted
OR 1.17, 95% CI 1.09–1.26; weight adjusted OR 1.08,
95% CI 1.03–1.13).

Patients assessed
637

Severe COPD
exacerbation: 68

Other pulmonary
disease: 32

Did not complete
questionnaire: 24

Subjects analyzed
513

Patients with stable
COPD

569

COPD patients with no
other pulmonary disease

537

Fig. 1. Flow chart.
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Moreover, we assessed the association between smoking,
occupational exposure, pollutant exposure at home, and the
risk of overdiagnosed COPD. The present study showed that
pollutant exposure at home was associated with an increased
risk of overdiagnosed COPD (adjusted OR 4.21, 95% CI
1.40–12.71). We further assessed the association between the
risk of overdiagnosed COPD and exposure to biomass fuel
exposure, cooking oil fumes exposure, or new-built or newly
renovated home. We found that exposure to cooking oil fumes
or to a new-built or newly renovated home was associated
with an increased risk of COPD overdiagnosis (cooking oil
fumes exposure adjusted OR 3.00, 95% CI 1.04–8.68; new-
built or newly renovated home exposure adjusted OR 10.88,
95% CI 1.46–80.87).

Discussion

In our study, subjects over-diagnosed with COPD were
older, had heavier weight, had better lung function, and

had lower mMRC score than non-over-diagnosed patients.
The health status of the subjects who were overdiagnosed
was better than the subjects who were correctly diagnosed
based on the SGRQ and SF-36 survey scores. Further-
more, older age, heavier weight, and exposure to cooking
oil fumes or a new-built or newly renovated home, were
associated with an increased risk of overdiagnosed COPD.

In our study, the lung function of the subjects with
overdiagnosed COPD was better than that of the subjects
who were correctly diagnosed with COPD. FEV1/FVC-
LLN in the subjects who were overdiagnosed was also
lower than that in the correctly diagnosed COPD group,
which may be related to older age in the overdiagnosed
group. In addition, the mMRC score was lower in the
subjects who were overdiagnosed than in the subjects
who were correctly diagnosed, which indicated less dys-
pnea in the subjects who were overdiagnosed than in the
subjects who were correctly diagnosed. These findings

Table 1. Demographics Characteristics of the Subjects by COPD Overdiagnosis Statues Based on the Lower Limit of the Normal Range Criterion of FEV1/FVC

Variable Overdiagnosed Group (n � 20)
Correctly Diagnosed COPD

Group (n � 493)
P

Men, n (%) 19 (95.0) 416 (84.4) .23
Age, mean � SD y 70 � 7 61 � 8 �.001
Height, mean � SD cm 162.5 � 4.4 161.3 � 7.0 .29
Weight, mean � SD kg 65.7 � 8.1 57.8 � 10.4 .001
BMI, mean � SD kg/m2 24.9 � 3.3 22.2 � 3.6 .001
Education, n (%) .34

�9 y 14 (70.0) 391 (79.3)
10–12 y 5 (25.0) 59 (12.2)
13–16 y 1 (5.0) 31 (6.4)
�17 y 0 (0) 2 (0.4)

Family income: 10,000 CNY (Chinese Yuan)/y, n (%)* .22
�5.0 � 10,000 CNY (US$7,500) 14 (77.8) 371 (79.9)
5.0–9.9 � 10,000 CNY (US$7,500–14,999) 2 (11.1) 72 (15.5)
10.0–19.9 � 10,000 CNY (US$15,000–29,999) 1 (5.6) 18 (3.9)
�20 � 10,000 CNY (US$30,000) 1 (5.6) 3 (0.6)

Smoker: yes, n (%) 15 (75.0) 406 (82.4) .59
Smoking pack-years,‡ mean � SD† 36.3 � 32.1 33.9 � 31.1 .74
Smoke-pack �1/d: yes, n (%) 3 (15.0) 139 (28.2) .22
Self-reported occupational exposure: yes, n (%) 6 (20.0) 95 (19.3) .37
Self-reported pollutants exposure at home: yes, n (%) 13 (65.0) 219 (55.6) .11
Biomass fuel exposure: yes, n (%)† 1 (5.0) 33 (6.7) �.99
Cooking oil fumes exposure: yes, n (%)† 10 (50.0) 171 (34.7) .23
New-built or newly renovated home exposure: yes, n (%)† 2 (10.0) 13 (2.6) .11
6MWT, mean � SD m 312 � 92 290 � 115 .51
PARS-3 score, mean � SD 7.8 � 9.0 8.0 � 13.7 .95
mMRC score, mean � SD 0.9 � 0.9 1.5 � 1.0 .006
COPD exacerbation in the past 12 mo: yes, n (%) 7 (35.0) 201 (40.8) .65

* According to the average exchange rate of the U.S. dollar to RMB in 2016 (1:6.64).
† Exposure at home.
‡ Number of pack-years � (number of cigarettes smoked per day/20) � number of years smoked. (1 pack has 20 cigarettes in China).
6MWT � 6-min walk test
PARS-3 � Physical Activity Rating Scale 3
mMRC � modified Medical British Research Council
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were consistent with previous studies,10,11 and suggested
that the subjects with better lung function and fewer
dyspnea symptoms were more likely to be overdiag-
nosed with COPD based on the fixed-ratio criterion of
FEV1/FVC � 0.7. Thus, clinicians should be careful in diag-
nosing patients with COPD who have these characteristics when
using the fixed-ratio criterion of FEV1/FVC of �0.7.

Our results for the SGRQ and SF-36 survey scores
showed that the health status of the subjects with overdi-
agnosed COPD was better than that of the subjects who
were correctly diagnosed. SGRQ is accepted as a measure
of health-related quality of life and was designed to assess
health status in patients with chronic air-flow limitation.20

SGRQ is widely used in COPD studies with Chinese sub-
jects to evaluate health status.23-25 In our study, based on
the SGRQ, symptoms score, activity score, impacts score,
and total score in the overdiagnosed group were lower
than in the COPD group. These results indicated that better
health status of the subjects who were overdiagnosed than
in the patients who were correctly diagnosed.

Additional confirmation in our study comes from the
SF-36 survey, with higher scores in the overdiagnosed
group from the scales role physical and role emotional
compared with the correctly diagnosed COPD group. The
SF-36 survey is a valid and reliable tool for assessing health-
related quality of life in the Chinese population.26 The better
health status of the subjects who were overdiagnosed may
mainly be due to better lung function and less dyspnea. Be-
cause a higher SGRQ score is a significant predictor of fewer
exacerbations, hospital admissions, and death,27 patients who
are overdiagnosed would have a better prognosis than pa-
tients who are correctly diagnosed, even though they were
diagnosed with COPD based on the fixed-ratio criterion of
FEV1/FVC � 0.7 according to GOLD guidelines.1 However,
our study could not assess the prognosis of the subjects who
were overdiagnosed. Future study with a long-term follow-up
may validate this hypothesis.

In our study, the subjects with overdiagnosed COPD
were older and weighed more, and had higher BMIs then
the patients who were correctly diagnosed. These findings
were similar to a previous report.10 Although no signifi-
cant difference in BMI was found in the study by Liu et al,10

BMI in the overdiagnosed group was slightly higher than
that in the correctly diagnosed group. In addition, although
the study by Liu et al10 did not report weight or height, we
found that the subjects were heavier in the overdiagnosed
group but still within the normal range for weight. How-
ever, obesity as a cause of overdiagnosis in COPD has
attracted more attention from researchers.28,29 Thus, other
than BMI and obesity, body weight should also be a con-
cern when diagnosing COPD based on the fixed-ratio cri-
terion FEV1/FVC 0.7.

Furthermore, we explored the association between risk
factors and overdiagnosis of COPD. Although older age
and heavier weight may enhance the risk of overdiagnosed
COPD (age adjusted OR 1.17; weight adjusted OR 1.08),
their effects were not as serious as the effects to environ-
mental exposure. We assessed the effect of exposure to
smoking and to occupational and home pollutants. How-
ever, we did not find a significant association between the
risk of overdiagnosed COPD and smoking, occupational

Table 2. Lung Function of Subjects by COPD Overdiagnosis
Statues Based on the Lower Limit of the Normal Range
Criterion of FEV1/FVC

Variable
Overdiagnosed

Group
(n � 20)

COPD
Group

(n � 493)
P

Before inhaling short-acting
bronchodilator

FVC, L 2.31 � 0.52 2.38 � 0.85 .72
FEV1, L 1.55 � 0.37 1.24 � 0.55 .01
FEV1, % predicted 59.07 � 12.58 45.36 � 18.23 .001
FEV1/FVC, % 66.97 � 2.43 51.15 � 11.63 �.001

After inhaling short-acting
bronchodilator

FVC, L 2.34 � 0.55 2.48 � 0.74 .40
FEV1, L 1.60 � 0.38 1.31 � 0.55 .02
FEV1, % predicted 62.63 � 17.11 49.78 � 19.94 .005
FEV1/FVC, % 68.45 � 0.97 52.09 � 10.84 �.001
FEV1/FVC, lower limit

of the normal range, %
67.3 � 1.8 69.8 � 2.4 �.001

Data are presented as mean � SD.

Table 3. Health Status of Subjects by COPD Overdiagnosis Status
Based on the Lower Limit of the Normal Range Criterion
of FEV1/FVC

Variable
Overdiagnosis

Group
(n � 20)

COPD
Group

(n � 493)
P

SGRQ score
Symptoms 32.9 � 17.3 45.8 � 19.9 .005
Activity 25.4 � 17.0 40.7 � 21.3 .002
Impacts 15.9 � 12.1 25.5 � 17.9 .02
Total 21.2 � 11.5 32.0 � 15.0 .002

SF-36 score
Body pain 10.2 � 6.5 10.7 � 5.6 .73
Physical functioning 77.0 � 19.4 69.9 � 22.0 .15
Role physical scale 73.8 � 40.1 46.7 � 47.2 .008
General health 53.5 � 6.8 56.0 � 7.5 .14
Vitality 10.3 � 9.8 13.3 � 9.3 .15
Social functioning 61.3 � 9.9 62.3 � 15.4 .75
Role emotional scale 80.0 � 36.5 56.9 � 46.8 .01
Mental health 58.2 � 8.3 61.5 � 9.8 .14
Reported health transition 61.3 � 22.2 67.1 � 20.0 .21

SGRQ � St. George’s Respiratory Questionnaire
SF-36 � 36-item Short Form survey
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exposure, or biomass fuel exposure, which was not con-
sistent with the study by Liu et al.10 These findings may
partly be due to our small sample size, which only in-
cluded 20 subjects in the overdiagnosed group. Future
study with a larger sample size is needed to confirm the
relationship between smoking, occupational exposure, and
the risk of overdiagnosed COPD.

Interestingly, we found a significant association be-
tween pollutant exposure at home and an increased risk
of overdiagnosed COPD. We further found that expo-
sure to cooking oil fumes and to a new-built or newly
renovated home in the past year were associated with an
increased risk of overdiagnosed COPD. Previous stud-
ies reported that cooking oil fumes without cigarette smok-
ing were associated with pulmonary disease, particularly lung
cancer,30,31 which indicates the negative effect of cooking oil
fumes on the lungs. Similarly, indoor air pollutants from
building materials in a new-built or newly renovated home,
mainly formalin and volatile organic compounds, were asso-
ciated with an increased risk of COPD.32 Thus, we conjec-
tured that exposure to cooking oil fumes or new-built or
newly renovated homes in the past year may be related to the
decline in lung function to the lower limit of the normal
range, whereas meeting the 0.7 FEV1/FVC fixed-ratio crite-
rion for a COPD diagnosis and leads to a misdiagnosis.

We acknowledge limitations in the present study.
There were disparate sample sizes in each group. The
low prevalence of the subjects with overdiagnosed COPD
led to the large difference in the number of subjects in each
group, which was a common issue in similar studies.10,11 The

majority of our study results were consistent with previous
reports, which indicated that the between-group sample-size
difference was not a serious issue in our study. In addition,
exposure to risk factors was self-reported; however, occupa-
tional exposure was typically self-reported in similar stud-
ies.10,33,34 Nevertheless, home pollutant exposure was recol-
lected within the past year before study enrollment, which
may limit recall bias. Thus, self-reported information on ex-
posure may not be a serious bias in our study.

Conclusions

The subjects with overdiagnosed COPD were in a better
health status and had better lung function than the subjects
who were correctly diagnosed. Older age, heavier weight,
and exposure at home, particularly exposure to cooking oil
fumes or to a new-built or newly renovated home in the past
year, were factors associated with overdiagnosed COPD when
using the lower limit of the normal range as the diagnostic
reference. Those findings may help reduce overdiagnosis of
COPD based on the 0.7 FEV1/FVC fixed ratio.
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U. Fixed ratio or lower limit of normal for the FEV1/VC ratio:
relation to symptoms and extended lung function tests. Clin Physiol
Funct Imaging 2017;37(3):263-269.

12. Lu M, Yao WZ. Interpretation of global strategy for the diagnosis,
management and prevention of chronic obstructive lung disease
(GOLD) 2016. Zhonghua Yi Xue Za Zhi 2016;96(34):2689-2691.

13. Rodriguez-Roisin R. Toward a consensus definition for COPD ex-
acerbations. Chest 2000;117(5 Suppl 2):398S–401S.

14. Jeong SH, Lee H, Carriere KC, Shin SH, Moon SM, Jeong BH, et al.
Comorbidity as a contributor to frequent severe acute exacerbation in
COPD patients. Int J Chron Obstruct Pulmon Dis 2016;11(Can’t get
issue from record):1857-1865.

15. Jordan RE, Miller MR, Lam KB, Cheng KK, Marsh J, Adab P. Sex,
susceptibility to smoking and chronic obstructive pulmonary disease:
the effect of different diagnostic criteria. Analysis of the health sur-
vey for England. Thorax 2012;67(7):600-605.

16. Jian W, Gao Y, Hao C, Wang N, Ai T, Liu C, et al. Reference values
for spirometry in Chinese aged 4-80 years. J Thorac Dis 2017;9(11):
4538-4549.

17. Miller MR, Hankinson J, Brusasco V, Burgos F, Casaburi R, Coates
A, et al.; ATS/ERS Task Force. Standardisation of spirometry. Eur
Respir J 2005;26(2):319-338.

18. Yu QC, Ma WJ, Zou YF, Chen GM, Yao YY, Su PY, et al. Impact
of evening exercise on college students’ sleep quality. Zhonghua Yu
Fang Yi Xue Za Zhi 2013;47(6):542-546.

19. Xu Y. Chronic obstructive pulmonary disease. In: Ge J, Xu Y, ed-
itors. Internal medicine. 8th edition. Pelple’s Medical Publishing:
Beijing, China; 2013:21-27.

20. Jones PW, Quirk FH, Baveystock CM, Littlejohns P. A self-com-
plete measure of health status for chronic airflow limitation. The St.

George’s Respiratory Questionnaire. Am Rev Respir Dis 1992;145(6):
1321-1327.

21. Li L, Wang HM, Shen Y. Chinese SF-36 Health Survey: translation,
cultural adaptation, validation, and normalisation. J Epidemiol Com-
munity Health 2003;57(4):259-263.

22. ATS Committee on Proficiency Standards for Clinical Pulmonary
Function Laboratories. ATS statement: guidelines for the six-minute
walk test. Am J Respir Crit Care Med 2002;166(1):111-117.

23. Polkey MI, Qiu ZH, Zhou L, Zhu MD, Wu YX, Chen YY, et al. Tai
Chi and pulmonary rehabilitation compared for treatment-naive pa-
tients with COPD: a randomized controlled trial. Chest 2018;153(5):
1116-1124.

24. Zheng J, Zhong N, Wang C, Huang Y, Chen P, Wang L, et al. The
efficacy and safety of once-daily fluticasone furoate/umeclidinium/
vilanterol versus twice-daily budesonide/formoterol in a subgroup of
patients from China with symptomatic COPD at risk of exacerba-
tions (FULFIL Trial). COPD 2018;15(4):334-340.

25. Xin C, Xia Z, Jiang C, Lin M, Li G. The impact of pharmacist-
managed clinic on medication adherence and health-related quality
of life in patients with COPD: a randomized controlled study. Patient
Prefer Adherence 2016;10:1197-1203.

26. Wang R, Wu C, Zhao Y, Yan X, Ma X, Wu M, et al. Health related
quality of life measured by SF-36: a population-based study in Shang-
hai, China. BMC Public Health 2008;8:292.

27. Müllerova H, Gelhorn H, Wilson H, Benson VS, Karlsson N, Men-
joge S, et al. St George’s respiratory questionnaire score predicts
outcomes in patients with COPD: analysis of individual patient data
in the COPD biomarkers qualification consortium database. Chronic
Obstr Pulm Dis 2017;4(2):141-149.

28. Spelta F, Fratta Pasini AM, Cazzoletti L, Ferrari M. Body weight and
mortality in COPD: focus on the obesity paradox. Eat Weight Disord
2018;23(1):15-22.

29. McLoughlin RF, McDonald VM, Gibson PG, Scott HA, Hensley
MJ, MacDonald-Wicks L, Wood LG. The impact of a weight loss
intervention on diet quality and eating behaviours in people with
obesity and COPD. Nutrients 2017;9(10). pii: E1147.

30. Xue Y, Jiang Y, Jin S, Li Y. Association between cooking oil fume
exposure and lung cancer among Chinese nonsmoking women: a
meta-analysis. Onco Targets Ther 2016;9:2987-2992.

31. He F, Xie JX, Liu CL, Xiong WM, Xu QP, Liu ZQ, et al. The
relationship of lung cancer with menstrual and reproductive factors
may be influenced by passive smoking, cooking oil fumes, and tea
intake: a case-control study in Chinese women. Medicine (Balti-
more) 2017;96(46):e8816.

32. Hulin M, Simoni M, Viegi G, Annesi-Maesano I. Respiratory health
and indoor air pollutants based on quantitative exposure assessments.
Eur Respir J 2012;40(4):1033-1045.

33. Caillaud D, Lemoigne F, Carré P, Escamilla R, Chanez P, Burgel
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