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Purpose: To develop a reliable screening questionnaire for chronic obstructive pulmonary disease (COPD) for primary health care
institutions in high-altitude areas.

Patients and Methods: This was a large cross-sectional study. The study included individuals who resided at an altitude of more
than 2100 meters, were aged 35 years or older. The data were randomly divided into a development set and a validation set at a ratio of
7:3. Single-factor and multifactor logistic regression equations were employed to identify pertinent variables and construct a scoring
system. The receiver operating characteristic (ROC) curve, area under the curve (AUC), positive predictive value (PPV) and negative
predictive value (NPV) were used to evaluate the discriminative ability of the questionnaire.

Results: A total of 2909 individuals were included in this study, including 1304 males (44.83%), with a median age of 47.00
(41.00-55.00) years. A multivariate analysis of the development set revealed that five variables (age, history of pulmonary
tuberculosis, smoking status, household air pollution exposure and CPOD Assessment Test (CAT) score) were significantly correlated
with COPD. A scoring system was constructed on the basis of these findings. The AUC for the model in the development set was
0.714, whereas that for the validation set was 0.726. ROC analysis indicated that the optimal diagnostic cutoff value for the score was
22 points, with a sensitivity of 85.0% and a specificity of 48.4%. The results indicated that the sensitivity of the model was the highest
(87.3%) at altitudes between 2100 and 3000 meters, whereas the specificity was the highest (80.9%) at altitudes >4000 meters. The
conclusions were essentially consistent when the lower limit of normal (LLN) was used to verify the values in different altitude areas.
Conclusion: The COPD screening questionnaire effectively screens COPD in high-altitude primary healthcare settings.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a common disease that is characterized by persistent respiratory
symptoms and airflow limitation." The prevalence of COPD was reported to be 13.7% in adults aged 40 years and older
according to the China Pulmonary Health (CPH) study, although only 2.6% were aware of their condition.” COPD is the
third leading cause of death globally.” Early diagnosis is key to managing COPD.* Many international guidelines
emphasize the importance of case identification in primary care settings.'?

Although spirometry is recommended by the Global Initiative for Chronic Obstructive Lung Disease (GOLD) for the
diagnosis of COPD, spirometers are often inaccessible in most primary care units in low- to middle-income areas. The
Chinese Guidelines for COPD recommend that questionnaire screening should first be conducted in primary healthcare
facilities to identify high-risk individuals. Numerous COPD screening questionnaires have been developed on the basis
of symptoms and risk factors, such as the Self-Scored COPD Population Screener Questionnaire (COPD-PS)® and COPD
Screening Questionnaire (COPD-SQ).” The majority of questionnaires have been designed for populations residing at sea
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level. Consequently, these questionnaires may not be suitable for high-altitude areas because of the presence of different
risk factors (eg, biomass smoke exposure and tuberculosis (TB) are significant risk factors for COPD in Tibet) and
cultural variations.®

More than 400 million people worldwide reside at elevations above 1,500 meters.” COPD is also prevalent in high-
altitude regions, with a reported prevalence rate of 6.1% to 15.6%.%'"'* Low-pressure hypoxia is associated with rapid
disease progression and a high mortality rate among patients with COPD in high-altitude areas. China has many high-
altitude areas with large populations and poor economic conditions. These areas have low rates of spirometry use owing
to environmental and medical limitations. It is thus crucial to facilitate early diagnosis and treatment for patients with
COPD.

This study aimed to develop a simple and reliable questionnaire for the screening of COPD in primary health care
settings in high-altitude areas.

Methods
Design and Population

This was a large cross-sectional, population-based study of cardiac and pulmonary health among adults in Tibet and the
Xinjiang Uygur Autonomous Region. Details have been reported elsewhere.® In brief, a multistage stratified sampling
procedure was employed to select a representative sample of individuals residing at altitudes between 2,100 and 4,700
meters. A more comprehensive investigation of cardiopulmonary disease was conducted among individuals aged 35
years and older. Moreover, similar studies have been conducted. This analysis included permanent residents (those living
in their current residence for a period exceeding one year) aged 35 years or older (Supplemental Figure 1). The exclusion

criteria were defined as follows: 1) current tuberculosis therapy; 2) resting blood pressure exceeding 180/120 mmHg or
heart rate greater than 120 beats per minute; 3) history of myocardial infarction or cerebrovascular events within three
months preceding enrollment; 4) pregnancy; and 5) any contraindications to spirometry performance, including but not
limited to recent thoracic/abdominal surgical procedures, ocular surgery, or diagnosed retinal detachment.

The study involved human participants and was approved by the Institutional Review Board and Ethics Committee of
Beijing Hospital (2013BJYYEC-042C-01). The participants provided informed consent to participate before taking part
in the study.

A standardized questionnaire was administered by experienced interviewers to obtain data regarding demographic
characteristics, living conditions, respiratory symptoms, medical history, and potential risk factors for COPD. The
questionnaire was developed by the project expert group, and all the interviewers received unified training in
Mandarin and the local languages. The mean altitudes were obtained from the local government.

Pulmonary function tests were performed by trained technicians in all the included study participants by using
a MasterScreenTM Pneumo PC spirometer (CareFusion, Yorba Linda, California) in accordance with the American
Thoracic Society/European Respiratory Society (ATS/ERS) recommendations.'* Each participant underwent the same
procedure twice, before and after receiving a bronchodilator (BD) (400 pg of salbutamol through a 500 mL spacer).
Forced expiratory maneuvers were performed three to eight times until the forced vital capacity (FVC) and forced
expiratory volume in one second (FEV 1) were reproducible within 150 mL."> The acceptability of FVC and FEV1 values
was evaluated according to the grading system proposed by Enright et al (A-F).'> Grades of A, B or C were considered
acceptable for analysis.

COPD was defined as a postbronchodilator FEV1/FVC ratio <0.70, on the basis of the GOLD guidelines.! For
sensitivity and specificity analysis, the lower limit of normal (LLN) of the reference value was also utilized.'®

The detailed definitions have been previously reported.®!” In brief, post-TB lung disease was defined as the presence
of pulmonary TB sequalae on chest radiographs and/or a positive medical history of TB. Exposure to household air
pollution was defined as the use of wood, animal waste, or coal for cooking or heating during the previous 6 months or
longer. Occupational exposure history was defined as working in a workplace with dust or harmful gases for more than 3

months.
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Statistical Analysis

The characteristics of the two sets are described as the number (proportion) or the mean + standard deviation (M (1/4, 3/
4)) where appropriate, and a chi-square test or T/rank-sum test was used for comparisons. The observed difference was
considered statistically significant at P < 0.05.

In this study, the data were divided into a training set and a verification set at a 7:3 ratio. The factors with the best
predictive efficiency were determined via stepwise multivariate logistic regression on the basis of the Akaike information
criterion (AIC). The Youden index was then employed to determine the optimal cutoff point of the model scoring system.
The discrimination of the scoring system was evaluated through the presentation of the receiver operating characteristic
(ROC) curve and area under the curve (AUC), as well as the calculation of the accuracy, positive predictive value, and

negative predictive value for the development set and validation set.

Results

Characteristics of the Study Population

A total of 2909 individuals who had information on key variables, were older than 35 years and were permanent residents
were included in this study. A total of 294 (10.11%) participants were identified as having COPD via spirometry, 150
(51.02%) participants were male, and the mean age was 52.00 (44.00-61.75) years (supplemental table 1).

After random splitting at a 7:3 ratio, 2037 individuals were assigned to the development set, and 872 were assigned to
the validation set. There were 900 (44.18%) males, and the mean age was 47.00 (41.00-55.00) years, with 10.51% of the
participants in the development cohort having COPD. A total of 404 (46.33%) males were included, and the mean age
was 47.00 (41.00-54.00) years, with 9.17% of the participants in the validation cohort having COPD. No significant

difference was observed in any risk factor between the two sets (Table 1).

Table 1 Comparison of Characteristics Between the Development and Validation Datasets

Characteristic Total Development Validation Statistical p value
(N =2909) (N=2037) (N=872) Value
Sex 1.139 0.286
Male 1304 (44.83%) 900 (44.18%) 404 (46.33%)
Female 1605 (55.17%) 1137 (55.82%) 468 (53.67%)
Age, years 0.415 0.813
3545 1296 (44.55%) 914 (44.87%) 382 (43.81%)
46-65 1388 (47.71%) 964 (47.32%) 424 (48.62%)
>65 225 (7.73%) 159 (7.81%) 66 (7.57%)
Body mass index, kg/m? 24.38 (21.84-27.26) 24.34 (21.80-27.21) 2441 (21.93-27.37) 0.647 0.421
Ethnicity 0.235 0.889
Han 186 (6.39%) 131 (6.43%) 55 (6.31%)
Tibetan 1963 (67.48%) 1369 (67.21%) 594 (68.12%)
Other 760 (26.13%) 537 (26.36%) 223 (25.57%)
Residence type 0.52 0.471
Rural 2095 (72.02%) 1475 (72.41%) 620 (71.10%)
Urban 814 (27.98%) 562 (27.59%) 252 (28.90%)
Altitude, m 0.283 0.868
2100-3000 911 (31.32%) 632 (31.03%) 279 (32.00%)
3000—4000 1094 (37.61%) 768 (37.70%) 326 (37.39%)
>4000 904 (31.08%) 637 (31.27%) 267 (30.62%)
Education level 1.769 0413
Primary school and lower 2167 (74.49%) 1524 (74.82%) 643 (73.74%)
Middle and high school 390 (13.41%) 277 (13.60%) 113 (12.96%)
College and higher 352 (12.10%) 236 (11.59%) 116 (13.30%)
(Continued)
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Table | (Continued).

Characteristic Total Development Validation Statistical p value
(N =2909) (N=2037) (N=872) Value

Smoking status 0.029 0.865

Never smoker 2088 (71.78%) 1464 (71.87%) 624 (71.56%)

Smoker 821 (28.22%) 573 (28.13%) 248 (28.44%)

History of tuberculosis 223 (7.67%) 158 (7.76%) 65 (7.45%) 0.079 0.779

Household air pollution exposure 2048 (70.40%) 1436 (70.50%) 612 (70.18%) 0.029 0.866

Exposure to dust or chemicals in the 124 (4.26%) 87 (4.27%) 37 (4.24%) 0.001 0.973

workplace

CAT score 0.45 0.502

<10 493 (16.95%) 339 (16.64%) 154 (17.66%)

210 2416 (83.05%) 1698 (83.36%) 718 (82.34%)

Lung function parameters

FVC post-BD, L 351 (2.904.22) 351 (2.91-4.20) 3.54 (2.90-4.29) 0.674 0412

FVC post-BD % pred 101.33 (89.39-113.73) 101.07 (89.39-113.29) 101.69 (89.40-114.46) 0.127 0.722

FEVI post-BD, L 2.88 (2.42-3.48) 2.88 (2.42-3.45) 2.90 (2.41-3.55) 1.49 0.222

FEVI post-BD % pred 102.14 (89.36-115.33) 102.14 (89.13-114.92) 102.28 (90.34-116.00) 0.367 0.545

FEVI/FVC post-BD, % 83.27 (77.81-88.71) 83.25 (77.84-88.90) 83.37 (77.77-88.55) 0.025 0.876

Item Selection and Scoring
The results of univariate logistic regression analysis demonstrated that sex, age, body mass index (BMI), history of

tuberculosis, household air pollution exposure, smoking status, CAT score, and history of asthma were risk factors

for the diagnosis of COPD (P < 0.1). After excluding collinearity among the factors, the above factors were included

in the multivariate logistic regression equation. Five variables, including age, a history of TB, household air

pollution exposure, smoking history and the CAT score, were significantly independently associated with COPD

in the development set after stepwise selection via a multivariate logistic model. These variables were used to

develop the predictive score according to their odds ratios. After the minimum score was determined, a score was

assigned for each variable (Table 2).

Table 2 Results of Logistic Regression and Scores in the Development Set

Variable Coefficient | OR (95% CI) P Score
Age, years

3545 | (reference) 0

46-65 0.527 1.694(1.217-2.36) | 0.002 | 8

>65 1.316 3.727(2.356-5.896) | O 19
History of tuberculosis 1.014 2.756(1.816—4.184) | 0 14
Household air pollution exposure | 0.396 1.485(1.035-2.13) 0032 | 7
Smoking status

Never smoker | (reference)

Smoker 0.802 2.23(1.655-3.004) | 0 I
CAT score

<I0 | (reference) 0

210 0.758 2.133(1.299-3.502) | 0.003 | 11
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Figure |1 ROC curve for screening questionnaires in the development set (A) (AUC = 0.714) and validation set (B) (AUC = 0.726).
Abbreviation: AUC, area under the curve.

When the questionnaire was used to screen for COPD according to the GOLD diagnostic criteria, the corresponding
AUC was 0.714 (95% CI 0.68-0.748) in the development set and 0.726 (95% CI 0.667-0.784) in the validation set
(Figure 1). The sensitivity, specificity, PPV and NPV were 0.85, 0.48, 0.162 and 0.965, respectively (Table 3), at the
cutoff score of 22, which yielded the largest AUC and a balance between sensitivity and specificity.

In addition, we tried to verify the efficacy of the model in regions at different altitude and reported that the model had
the highest sensitivity of 0.873 in regions with altitudes of 2100-3000 meters, whereas the specificity was the highest in
regions at altitudes >4000 meters, with a value of 0.809. The results of the screening questionnaire using the LLN as an
alternative diagnostic criterion for COPD are shown in Figure 2.

The predicted individual COPD probabilities according to the screening questionnaire score were estimated and are
shown in Figure 3. The population was divided into two probability levels according to the probability of COPD
occurrence: low probability and high probability.

Table 3 Accuracy and Positive and Negative Predictive Values for COPD Across Different
Score Thresholds

Score | Sensitivity (95% Cl) | Specificity (95% CI) | PPV (95% CI) | NPV (95% CI)
218 | 0.949(0.919,0.978) 0.226(0.207,0.245) 0.126(0.110,0.142) | 0.974(0.959,0.989)
219 | 0.869(0.824,0.914) 0.400(0.378,0.423) 0.145(0.126,0.165) | 0.963(0.950,0.976)
22| 0.850(0.803,0.898) 0.481(0.458,0.504) 0.161(0.140,0.183) | 0.965(0.953,0.977)
#222 | 0.850(0.803,0.898) 0.484(0.460,0.506) 0.162(0.140,0.183) | 0.965(0.953,0.977)
225 | 0.808(0.756,0.861) 0.516(0.493,0.539) 0.164(0.142,0.186) | 0.958(0.946,0.971)
226 | 0.794(0.740,0.849) 0.521(0.498,0.544) 0.163(0.141,0.185) | 0.956(0.943,0.969)

Notes: *The screening questionnaire yielded the largest AUC and a balance between sensitivity and specificity at the

cut-off score of 22.
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Figure 2 Validity of the performance of the screening questionnaire at the cutoff score of 22 in screening for airflow obstruction according to different diagnostic criteria
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Discussion

In this study, a screening questionnaire was developed and validated as a COPD screening tool for residents living in
high-altitude regions on the basis of a large cross-sectional spirometry dataset. The five-item scoring system is an
effective and simplified method for identifying individuals at risk of COPD, with a recommendation for further lung
function testing. The scoring system demonstrated acceptable validity, reliability, and a correct classification ratio for
quick clinical or online COPD screening.

The early diagnosis and treatment of COPD has been shown to significantly improve symptoms and slow the annual
decline in FEV1."® Population-based screening for COPD has the potential to be cost effective in China. It is estimated
that COPD screening could prevent 0.39-8.10% of COPD-related deaths and 0.58-2.70% of COPD exacerbations. "’
Unfortunately, our previous study indicated that only 1.1% of patients diagnosed with COPD were previously aware of
their diagnosis.® The COPD screening questionnaire is an economical tool that plays an important role in the screening of
COPD in primary care settings. Numerous questionnaires have been developed on the basis of symptoms and risk factors,
with sensitivities ranging from 54% to 86% and specificities ranging from 40% to 85.2%.%72°2* However, the results of
their external verification were suboptimal.?® The sensitivity of the CAPTURE tool, which was developed on the basis of
the American population, for the screening of clinically significant COPD in the primary health care population in the
United States was found to be only 48.2%.2° Otherwise, the development of these questionnaires did not include
individuals residing at high altitudes. Our present study was the only spirometry-defined COPD research among residents
living in high-altitude regions using a rigorous sampling design and quality control, and for the first time, residents living
over 4,000 meters above sea level were included. A previous study revealed that the risk factors and clinical
characteristics of COPD differ between high-altitude regions and low-altitude regions.® The development of a user-
friendly screening questionnaire with high-altitude characteristics for COPD in primary health care settings is highly
important.

Exposure to indoor air pollution is associated with an increased risk of COPD.?”*® An important source of indoor air
pollution in domestic settings is biomass fuel used for cooking and heating in enclosed spaces.”” Approximately
2.6 billion people worldwide are exposed to polluting energy sources.”® More than half of the households in Xinjiang
and Tibet rely on solid fuels for cooking and heating.>® In our study, 70.4% of the individuals were exposed to biomass
fuel, whereas 28.22% were smokers, suggesting that indoor air pollution may be an important item for COPD screening.

TB is a major health problem in low- and middle-income countries. China is the third largest contributor to this global
epidemic.’' Xinjiang and Tibet have the highest incidence rates of tuberculosis, with spatial clustering of cases observed
in these areas.*” Previous research has demonstrated a correlation between a history of TB and the development of
airflow obstruction, which is a defining characteristic of COPD. The prevalence of airflow obstruction in individuals with
a history of TB is 1-3 times greater than that in those without a history of TB.>*® Our research in Xinjiang and Xizang
also revealed that 21.3% of patients with post-TB lung disease had airflow obstruction, an OR of airflow obstruction was
found to be significantly associated with post-TB lung disease, following adjustment for other potential confounding
factors (OR 1.31, 95% CI 1.05 to 1.62)."” Post-TB lung disease should be considered a potentially important cause of
airflow obstruction, and the presence of this disease should be considered a high-risk factor for COPD in settings with
a high TB burden.

Dyspnea is a characteristic symptom of COPD. However, the objective level of dyspnea is not correlated with
patients’ perceptions of disease severity.’’ Patients often adjust their activity levels to avoid reaching their tolerance
limits and experiencing dyspnea. Furthermore, the specificity of exertional dyspnea is significantly reduced in high-
altitude regions due to hypoxia. Patients are more likely to visit their physician when they experience fluctuations in
respiratory symptoms or a decline in their quality of life.*® The CAT is a globally accepted measure of health status
impairment in COPD patients.'** In addition to the typical symptoms of COPD, the CAT also encompasses aspects
related to activity limitations. Therefore, the CAT is a more appropriate tool for identifying COPD-related symptoms in
individuals living at high altitudes.

Smoking is a key environmental risk factor for COPD. Compared with nonsmokers, smokers present a greater
prevalence of lung function abnormalities, a greater annual rate of decline in FEV1, and a greater COPD mortality rate.*’
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The prevalence of COPD is significantly increased in individuals who smoke more than 20 packs per year.” Most
screening questionnaires use the smoking index to evaluate smoking status.”*'" However, owing to the specific environ-
ment, living habits, and economic conditions, the use of pipes, cigars, water pipes, and other types of tobacco was
common in this study. The use of types of tobacco has also been identified as risk factors for COPD.' There are no
quantitative indicators available to quantify the extent of this risk. Consequently, the questionnaire did not use the
smoking index as a measure; rather, it utilized whether a participant had smoked as a screening item.

Some limitations should be acknowledged. First, the diagnosis of COPD was based on spirometry criteria alone, with
no consideration of the patient’s clinical presentation or risk factors. Consequently, individuals with other obstructive
pulmonary diseases, such as severe asthma, could have been misclassified. Second, the participants were required to self-
report their risk factors (eg, smoking status and exposure to household air pollution), which may lead to recall bias.
Third, only internal validation was performed, and external validation was also needed. However, it is uncommon to
obtain such a substantial quantity of data in high-altitude regions. This study presents a simple method for identifying
groups at high risk of COPD.

Conclusion

In conclusion, the screening questionnaire, which incorporates age, history of tuberculosis, household air pollution
exposure, smoking status, and the CAT score, demonstrated has high discriminatory power and can be utilized for the
preliminary screening of patients in primary health care institutions situated in high-altitude areas.
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