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Background: COPD at high altitude may have different risk factors and unique clinical and
radiological phenotypes. We aimed to investigate the demographic data, clinical and radi-
ological features of COPD patients permanently residing at the Tibet Plateau (>3000 meters
above sea level).

Methods: We conducted an observational cross-sectional study which consecutively
enrolled COPD patients visiting the outpatient of Respiratory Medicine at Tibet
Autonomous Region People’s Hospital from January 2018 to March 2021. All patients
were Tibetan permanent residents aging >40 years and met the diagnosis of COPD according
to Global Initiative for Chronic Obstructive Lung Disease (GOLD) guidelines. Data includ-
ing demographic characteristics, altitude of residence, risk factors, respiratory symptoms,
comorbidities and medications, as well as computed tomography (CT) measurements were
collected.

Results: Eighty-four patients with definite COPD were enrolled for analysis. Their mean age
was 64.7 (£9.1) years. All patients lived at >3000 m above sea level and 34.5% of them lived
at >4000 m. About 8.3% of the patients were current smokers and 44.0% were ex-smokers.
Up to 88.1% of the patients reported long-term exposure to indoor biomass fuels. Most of the
patients were classified as having mild-to-moderate (GOLD I: 27.4%; GOLD II: 51.2%)
COPD, while 89.3% had a CAT score >10. Only 36.9% of the patients received regular long-
term medications for COPD in the past year, in whom ICS/LABA and oral theophylline were
the most common used pharmacological therapy. On CT scanning, the majority of our
patients (70.7%) showed no or minimal emphysema, while signs of previous tuberculosis
were found in 45.1% of the patients.

Conclusion: COPD patients living at the Tibet Plateau had a heavy respiratory symptom
burden, but most of them did not receive adequate pharmacological treatment. Indoor
biomass fuel exposure and previous tuberculosis were prevalent, while the emphysema
phenotype was less common in this population.

Keywords: chronic obstructive pulmonary disease, high altitude, phenotype, computed
tomography

Introduction

Chronic obstructive pulmonary disease (COPD) is a common, preventable and
treatable airway inflammatory disease characterized by persistent respiratory symp-
toms and airflow limitation." According to Global Burden of Disease Study, COPD
is the third leading cause of death worldwide in 2017. Moreover, the morbidity and
mortality of COPD were the highest among all the chronic respiratory diseases.”
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There are approximately 99.9 million patients with COPD
in China and the prevalence of COPD among population
aged >40 years is 13.7%.> To date, the economic and
societal burden of COPD is still substantial and great.*

Globally, there are around 400 million people living at
high altitude (>1500 m above sea level).” Low barometric
and hypoxia environment at high altitude may aggravate
gas exchange and hypoxia of patients with COPD and
potentiate pulmonary hypertension and development of
cor pulmonale, leading to higher mortality.® The average
altitude of the Tibet Plateau is over 3000 meters above sea
level, with many regions even at an average altitude of
>3500 meters (very high altitude).® A population-based
cross-sectional survey conducted in Xinjiang and Tibet
Autonomous Regions showed that the overall prevalence
of COPD in residents living at 2100-4700 meters above
sea level was 8.2% and the prevalence decreased with
increasing altitude. Being>40 years of age, household air
pollution and a history of tuberculosis were the indepen-
dent risk factors for COPD in these regions.” Around 3.5
million people permanently live at the Tibet Plateau and
Tibetans are the major ethnics. Ethnic difference and spe-
cial environmental setting may affect the clinical pheno-
types of COPD. However, studies regarding the clinical
and radiological features of COPD patients permanently
residing at the Tibet Plateau (>3000 meters above sea
level) are limited.

In the present study, we aimed to describe the risk
factors, clinical features and computed tomography (CT)
findings in an outpatient cohort of patients with COPD
living at very high altitude in the Tibet Plateau.

Methods
Study Design and Subjects

We conducted an observational cross-sectional study in the
outpatient of Respiratory Medicine in Tibet Autonomous
Region People’s Hospital and consecutively enrolled
patients with COPD from January 2018 to March 2021.
All the patients met the diagnosis of COPD according to
Global Initiative for Chronic Obstructive Lung Disease
(GOLD) guidelines and had definite airflow limitation
with a post-bronchodilator forced expiratory volume in 1
second (FEV;)/forced vital capacity (FVC)<0.7. The
patients were Tibetan residents living at the Tibet Plateau
from their childhood and came from seven districts in
Tibet Autonomous Region of the People’s Republic of
China: Lhasa (~3650 m), Qamdo (~3500 m), Linzhi

(~3000 m), Shannan (~3700 m), Nakchu (~5200 m),
(~3900 m) and Ali (~4500 m). Tibet
Autonomous Region People’s Hospital is located in the
City of Lhasa (~3650 m above sea level).

Exclusion criteria included: 1) age <40 years; 2) sub-

Shigatse

jects with airway diseases other than COPD; 3) acute
exacerbation of COPD in the past 3 months; 4) active
tuberculosis; 5) cardiovascular or cerebrovascular events
in the past 3 months; 6) cognitive dysfunction such as
vascular dementia or Alzheimer’s disease; 7) refusal to
participate in this study.

The study protocol was approved by the Independent
Ethics Committee of the Peking University Third Hospital
(IRB00006761-M2020430) which was the primary
study and the Ethics
Committee of Tibet Autonomous Region People’s
Hospital (ME-TBHP-20-KJ-036). Written informed con-
sents were obtained from the patients or their close rela-

research institution of this

tives. Each subject was recruited once and data were
analyzed anonymously.

Questionnaire and Data Collection

A standardized questionnaire based on the Screening
Questionnaire FRESH AIR Uganda'®"" was used, includ-
ing demographic data, education level, living condition,
respiratory symptoms, exacerbations, tobacco use, biomass
fuel use, history of tuberculosis, comorbidities, medica-
tions and spirometry results. Besides, altitude of current
residence, duration of current residence, current or past
occupation, and the COPD Assessment Test (CAT) score'
were included in this questionnaire. According to GOLD
guidelines, the patients were classified into Group A to D,
based on CAT score and exacerbation history in the past
year.! The questionnaire was translated to Chinese and
strictly discussed by respiratory specialists from Peking
University Third Hospital and Tibet Autonomous Region
People’s Hospital.

Patient visit was completed by the physicians who
were from Department of Respiratory and Critical Care
Medicine in Tibet Autonomous Region People’s Hospital.
A centralized training session for these physicians was
performed prior to the interview. Upon explaining the
aim of this study and the amount of time required, the
interviewer carried on asking the questions from the above
questionnaire in Chinese or Tibetan, trying their best to
make the patients to fully understand the meaning of each
question. Data in the questionnaire were inputted into a
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specialized database and any identifier of the patients was
not collected.

Spirometry Test

Standardized spirometry tests were performed according to
ATS/ERS
MasterScreen PFT Analyzer Unit (Jaeger, Hoechberg,
Germany). Post-bronchodilator FEV % predicted, FVC
percent predicted, and ratio of FEV/FVC were recorded.

. 13 .
current recommendations, using a

Blood Routine Examination

Blood routine examination was performed in the same
period. The results were also valid if the patient received
this examination within one month. Blood routine exam-
ination was analyzed by Clinical Laboratory of Tibet
Autonomous Region People’s Hospital. Count of white
blood cells, red blood cells and platelets, hemoglobin,
percentage of eosinophils and neutrophils were collected.

Chest CT Scanning

High-resolution chest CT examination was performed
using SOMATOM Drive (Siemens, Erlangen, Germany)
at full-inspiration when the patients held their breath. The
thickness of each slice was 1.00-1.25 mm. Lung parench-
ymal and airway measurements were performed with the
use of software package SYNAPSE 3D (FUJIFILM,
Japan).

The area with CT attenuation value of <-950 Hu in
full-inspiration, ie, low attenuation area (LAA), was con-
sidered to be emphysema. The percentage of the LAA
divided by total lung volumes (LAA%) was used as an
index of the severity of emphysema.'* LAA% could be
calculated automatically by the SYNAPSE 3D software.
According to the LAA%, the severity of emphysema was
classified as no emphysema (LAA% <6%), moderate
emphysema (LAA% >6% and <14%), and severe emphy-
sema (LAA% >14%), as described previously.'>'®

For airway analysis, a bronchial tree model was
extracted automatically by the SYNAPSE 3D software.
The opening of apical segment of right upper lobe was
set manually, where bronchial wall thickness (WT), lumi-
nal area (LA) and bronchial wall area (WA) could be
calculated automatically by the software.'”'® The three
measurements were corrected by body surface area (BSA).
The percentage WA (WA%) was calculated as WA/(WA
+LA)*x100%. The WA% was a good surrogate parameter
for small airway disease.’”?' The thickness-to-diameter

ratio (TDR) of the airways was automatically calculated
as bronchial WT/outer diameter.

The presence of previous pulmonary tuberculosis on
chest CT scans was recorded. The definition of previous
pulmonary tuberculosis by radiological imaging was
described previously.*?

Imaging analysis was performed by two radiological
specialists who were unaware of the clinical data of the
patients.

Statistical Analysis

All data were analyzed anonymously. Statistical analyses
were performed using SPSS software, version 19.0 (IBM,
Armonk, NY, USA). Continuous variables were expressed
as mean + standard deviation. Categorical variables were
expressed as numbers (%). Unpaired #-test was used to
evaluate the differences between continuous variables.
Chi-square test or Fisher exact test was used for catego-
rical variables. Results were considered statistically sig-
nificant at P-value <0.05.

Results

During the study period, 113 subjects with a previous
diagnosis of COPD or probable COPD visited the out-
patient of Department of Respiratory Medicine in Tibet
Autonomous Region People’s Hospital. Ten subjects
refused to participate in this study. Nineteen subjects
were excluded as their post-bronchodilator FEV/FVC
ratios were >0.7. Finally, 84 COPD patients who com-
pleted the questionnaire with valid data were included in
the analysis (Figure 1).

The mean age of the patients was 64.7 (£9.1) years and
59.5% were male. The educational levels of the patients
were generally low, with 75.0% only having primary
school education or lower. All patients lived at >3000 m
above sea level for a long-term residence and 34.5% of
them lived at >4000 m above sea level. More than one half
were rural residents or living in pastoral areas. 8.3% of the
patients were current smokers and 44.0% were ex-smo-
kers. Indoor biomass exposure was very common and up
to 88.1% had long-term indoor biomass fuel exposure.
22.6% of the patients reported a definite tuberculosis his-
tory in the past. Approximately 10% reported recurrent
respiratory infection in their childhood (Table 1).

In these patients, shortness of breath or wheezing
(75.0%) and dyspnea in daily life (83.3%) were the most
common respiratory symptoms. The mean CAT score was
17.7, with nearly 90.0% of the patients having a CAT score
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113 outpatients with previously )
diagnosed or probable COPD )

e A\

84 eligible patients with definite

COPD in the final analysis
8 J

Figure | Flow chart of the study.

>10, 58.3% having a CAT score 10-19 and 31.0% having
a CAT score over 20. Hypertension was the most common
comorbidity. The mean FEVo,predicted and FVC %pre-
dicted were 67.08 (£21.90) % and 93.58 (£24.26) %,
respectively. Most of the patients were in GOLD Stage 1
and II. 19.0% of the patients experienced >2 exacerbations
in the past year, but 47.6% were ever hospitalized due to
exacerbation (Table 2). According to the CAT score and
exacerbation history, the proportions of patients in GOLD
Group A-D were 7.1%, 44.0%, 3.6% and 45.2%, respec-
tively. Only 36.9% (31/84) of the patients received regular
long-term medications for COPD in the past 12 months.
Inhaled corticosteroids plus long-acting f2-agonists (ICS
plus LABA) (90.3%, 28/31) and oral theophylline (41.9%,
13/31) were the most commonly used pharmacological
therapy in these patients. Long-acting muscarinic antago-
nist (LAMA) was only prescribed in 16.1% (5/28) of them
(Table 3).

The mean percentage of peripheral blood eosinophils
was 2.9%. The proportions of patients with an eosinophil
count <100/pL, 100-300/uL and >300/uL were 44.0%,
44.0% and 12.0%, respectively (Table 4).

Eighty-two patients received chest CT scanning and
had good image quality for analysis. The mean LAA%
of the patients was 5.23% (£7.39%). The proportions of no
emphysema, moderate emphysema and severe emphysema
were 70.7%, 15.9% and 13.4%, respectively. The mean
WA% and TDR at the opening of the right upper apical
segment was 50.85% (+11.18%) and 0.30 (+0.08), respec-
tively. Up to 45.1% (37/82) of the patients showed signs of
previous tuberculosis on CT scan (Table 5).

We further divided the patients into 2 groups according
to their altitude of residence: 30004000 m (n = 55) and
>4000 m (n =29). The age, gender, BMI, smoking status,

Excluded 10 refused to answer the questionnaire
( § - J/
103 completed the interview
. J ( N\
Excluded 19 had no airflow limitation in post-
bronchodilator spirometry examination
'3 N N J

biomass exposure, CAT score, spirometry and GOLD clas-
sification were not statistically different between the 2
groups. However, patients living at 3000-4000m above
sea level had a greater LAA% than those living at >4000
m, with more patients with moderate and severe emphy-
sema. Airway wall structure was similar between the two
groups. The proportions of patients with previous tubercu-
losis on CT scan were also similar (Table 6).

Discussion

Our study found that COPD patients residing at very high
altitude (>3000 m above sea level) in Tibet had a heavy
respiratory symptom burden, with a high proportion of
patients having a CAT score >10, and having more severe
exacerbations leading to hospitalization. However, only a
small number of patients could maintain their regular
pharmacological treatment. Our patients also showed
unique features on chest CT, with a lower percentage of
emphysema, but a high prevalence of previous tuberculo-
sis. In addition, most of our patients had a long-term
history of exposure to household biomass fuels, rather
than cigarette smoking. Our data provide novel insights
into the risk factors and phenotypes of COPD in patients
living at high altitude.

Tobacco exposure is the major risk factor for COPD
across the world." In our study, fewer patients were current
smokers and the overall rate of cigarette smoking was
relatively lower compared with previous studies on
patients living at sea level.”> > However, exposure to
biomass fuels was more common, especially indoor bio-
mass fuel use. Nearly 90% of the patients were exposed to
long-term household air pollution. In Tibetan rural regions,
dry cow dung is generally used as fuel for cooking and
heating, leading to very high levels of indoor air pollution.
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Table | Demographic Characteristics and Risk Factors Relevant

to COPD (n = 84)

Table 2 Clinical Characteristics of COPD Patients Living at High

Altitude 23000 m Above Sea Level (n = 84)

Characteristics

MeanSD or n (%)

Variables

MeanxSD or n (%)

Age 64.7£9.1
Gender

Male 50 (59.5)

Female 34 (40.5)
Height (cm) 162.4+7.8
Weight (kg) 61.2+11.4
BMI (kg/m?) 23.1%3.7
Education

Primary school or lower 63 (75.0)

Junior middle school 3 (3.6)

Senior middle school 16 (19.0)

College or university 2 (24)

Altitude of residence (25 years)

Smoking index (pack year)?

3000—4000m 55 (65.5)
24000m 29 (34.5)
Residence
Urban 33 (39.3)
Suburb 5 (6.0)
Rural area or pastoral area 46 (54.8)
Profession (current or past)
Primary sector 49 (58.3)
Secondary sector 5 (6.0)
Tertiary sector 7 (8.3)
Quaternary sector 12 (14.3)
Unemployed I (13.1)
Smoking status
Current smokers 7 (8.3)
Former smokers 37 (44.0)
Never smokers 40 (47.6)

20.0 [10.0, 32.5]

Biomass exposure

Indoor biomass fuel use 74 (88.1)

Outdoor biomass fuel use 14 (16.7)
Tuberculosis history (ever-diagnosed)

Yes 19 (22.6)

No 59 (70.2)

Unknown 6(7.2)
Recurrent respiratory infection in childhood 8 (9.5)
Premature

Yes 1 (1.2)

No 81 (96.4)

Unknown 2 (24)

Notes: Data are presented as Mean * SD or n (%). *Smoking index was calculated

in current and former smokers.

Abbreviations: SD, standard deviation; COPD, chronic obstructive pulmonary

disease; BMI, body mass index.

Respiratory symptoms

Chronic cough 35 (41.7)
Chronic expectoration 34 (40.5)
Short of breath or wheezing 63 (75.0)
Dyspnea in daily life 70 (83.3)
CAT score 17.7+5.2
0-9 9 (10.7)
10-19 49 (58.3)
220 26 (31.0)
Comorbidities
Hypertension 39 (46.4)
Ischemic heart disease 0 (0.0)
Heart failure 15 (17.9)
Atrial fibrillation 1(1.2)
Diabetes 2 (24)
Osteoporosis 1(1.2)
Anxiety or depression 1(1.2)
Spirometry function (post-BD)
FEVI/FVC % 56.96+9.68
FEV 1%predicted 67.08+21.90
FVC %predicted 93.58+24.26
GOLD Stage
| 23 (27.4)
Il 43 (51.2)
1] 15 (17.9)
v 3 (3.6)
Exacerbation in the past year
Frequency of exacerbation (/year)
0-1I 68 (81)
2 16 (19)
Hospitalization related to exacerbation
0 44 (52.4)
2| 40 (47.6)

Note: Data are presented as Mean * SD or n (%).

Abbreviations: COPD, chronic obstructive pulmonary disease; CAT, COPD
Assessment Test; BD, bronchodilator; FEVI, forced expiration volume in | second;
FVC, forced vital volume; GOLD, Global Initiative for Chronic Obstructive Lung

Disease.

Exposure to biomass fuels is another important risk factor
for COPD.?*?” A recent study demonstrated that house-
hold air pollution produced by solid biomass fuels was

heavier in the highlands, where it became an independent
risk factor for the development of COPD.'" Another study
showed, interestingly, that compared with cigarette smok-

ing, fewer inhaled biomass particles

deposited in the

alveolar region, which could explain why biomass fuel
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Table 3 Pharmacology Therapy in COPD Patients Who
Received Regular Medications in High Altitude 23000 m Above

Sea Level

Pharmacological Treatment N (%)
Inhaled SABA 3(9.7)
Inhaled SAMA 2 (6.5)
ICS/LABA 28 (90.3)
LAMA 5(l6.1)
Oral theophylline 13 (41.9)
Oral acetylcysteine 1 (3.2)

Note: Data are presented as n (%).

Abbreviations: COPD, chronic obstructive pulmonary disease; SABA, short-act-
ing B2-agonist; SAMA, short-acting muscarinic antagonist; ICS/LABA, inhaled corti-
costeroid plus long-acting $2-agonist; LAMA, long-acting muscarinic antagonist.

Table 4 Blood Routine Characteristics of COPD Patients Living
at High Altitude 23000 m Above Sea Level (n = 84)

Variables MeanzSD or n (%)
WBC count (x10°/L) 5.77£1.93
RBC count (x10'%/L) 6.05£1.22
Hemoglobin (g/L) 177.7£30.5
Hematocrit (%) 54.319.6
Platelet count (x10°/L) 204.4+£93.9
Neutrophil% 63.1£9.8
Lymphocyte% 24.849.7
Eosinophil% 29+2.8
Eosinophil count

0-100 /uL 37 (44.0)

100-300 /puL 37 (44.0)

2300/puL 10 (12.0)

Note: Data are presented as Mean * SD or n (%).
Abbreviations: COPD, chronic obstructive pulmonary disease; WBC, white blood
cell; RBC, red blood cell.

exposure is associated with less emphysema.?® Switching
solid biomass fuels to clean fuels may be helpful to reduce
the incidence of COPD at high altitudes.?’

In our study, although the majority of the patients had
mild-to-moderate COPD, breathlessness was the predomi-
nant symptom and the proportion of patients with a CAT
score >10 was very high (~90%), indicating that respira-
tory symptoms were heavy in these individuals. A large
population-based study showed that more than one half of
COPD individuals living at high altitude had at least one
respiratory symptom and 87.2% had a CAT score >10,’

Table 5 Imaging Features of COPD Patients Living at High
Altitude 23000 m Above Sea Level (n = 82)

Variables MeanzSD or n (%)
Emphysema
LAA (%) 523 +£739
No emphysema 58 (70.7)
Moderate emphysema 13 (15.9)
Severe emphysema 11 (13.4)
Airway analysis
WT//BSA (mm/m) 0.65 + 0.23
LA/BSA (mm*/m?) 8.75 + 6.02
WA/BSA (mm?*m?) 838 + 4.77
WA% 50.85 £ 11.18
TDR 0.30 £ 0.08
Previous tuberculosis 37 (45.1)

Notes: Data are presented as Mean * SD or n (%). WT was corrected by /BSA.
LA and WA were corrected by BSA. BSA=0.006 | xHeight+0.0128xWeight-0.1529.
Abbreviations: COPD, chronic obstructive pulmonary disease; LAA, low attenua-
tion area; WT, bronchial wall thickness; BSA, body surface area; LA, luminal area;
WA, wall area; TDR, thickness-to-diameter ratio.

which was consistent with our study. Dyspnea was the
most frequent symptom in this study, but the frequency
was not as high as in our study.” This may be due to
different study designs. Asymptomatic mild COPD
patients were less likely to wvisit the hospital.
Additionally, in the regions below 1500 m sea level, only
39.8% of people with COPD self-reported typical symp-
toms of COPD.? Hypoxemia worsening at very high alti-
tude due to low barometric pressure and low partial
oxygen pressure may explain this difference.

We also noticed that only one-third of our patients
received regular pharmacological treatment. This propor-
tion was much lower than that in relatively well-developed
areas in China.”> At high altitude, only 1.1% of COPD
patients were aware of their diagnosis previously.’
Unawareness of COPD, low access to healthcare, poor
medication accessibility in rural or pastoral areas, low
index of suspicion by local physicians may lead to inade-
quate diagnosis and treatment for COPD at high altitude.
In addition, even in those individuals receiving regular
pharmacological treatment, ICS plus LABA was the most
commonly used medication. However, only 12.0% of the
patients had a blood eosinophil count >300/uL, while more
than 40% had signs of previous tuberculosis on CT scans,
indicating that inhaled corticosteroids were not appropriate
for some of these patients according to GOLD guidelines.'
LAMAs or LAMA plus LABA may be more suitable for
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Table 6 Comparison of Clinical and Imaging Features Between COPD Patients Living at 30004000 m and 24000 m Above Sea Level

Altitude P value
3000-4000 m (n = 55) 24000 m (n = 29)
Age (years) 65.6 + 8.9 63.0 £ 95 0.208
Gender
Male 32 (58.2) 18 (62.1) 0.730
Female 23 (41.8) 11 (37.9)
BMI (kg/m?) 228 £ 3.6 238+38 0.273
Smoking status
Current smokers 5.1 2 (6.9) 0.940
Former smokers 24 (43.6) 13 (44.8)
Never smokers 26 (47.3) 14 (48.3)
Biomass exposure
Indoor biomass fuel use 49 (89.1) 25 (86.2) 0.731
Outdoor biomass fuel use 12 (21.8) 2 (6.9) 0.123
CAT score
0-9 6 (10.9) 3 (l0.3) 0.582
10-19 30 (54.5) 19 (65.5)
220 19 (34.5) 7 (24.1)
Spirometry function (post-BD)
FEVI/FVC % 575 % 10.1 559 +9.0 0.485
FEV | %predicted 673 +£234 66.6 £ 19.0 0.883
FVC %predicted 92.6 £ 249 95.5 +23.3 0.606
GOLD Stage
| 14 (25.5) 9 (31.0) 0.961
1l 29 (52.7) 14 (48.3)
1 10 (18.2) 5(17.2)
\% 2 (3.6) 1 (3.4)
Emphysema
LAA (%) 6.86 + 831 2.25 + 391 0.001
No emphysema 33 (62.3) 25 (86.2) 0.039
Moderate emphysema 10 (18.9) 3 (10.3)
Severe emphysema 10 (18.9) 1 (3.4)
Airway analysis
WT//BSA (mm/m) 0.67 £ 0.25 0.63 £0.18 0.498
LA/BSA (mm?*/m?) 9.61 622 7.18 £ 5.36 0.080
WA/BSA (mm?*/m?) 8.93 + 5.23 7.37 £ 3.66 0.157
WA% 49.98 + 12.25 52.45 + 8.90 0.343
TDR 0.30 £ 0.09 0.31 £0.06 0.390
Previous tuberculosis on CT 24 (45.3) 13 (44.8) 0.968

Note: Data are presented as Mean * SD or n (%).
Abbreviations: COPD, chronic obstructive pulmonary disease; BMI, body mass index; CAT, COPD assessment test; BD, bronchodilator; FEV1, forced expiration volume in
| second; FVC, forced vital volume; GOLD, Global Initiative for Chronic Obstructive Lung Disease; LAA, low attenuation area; WT, bronchial wall thickness; BSA, body
surface area; LA, luminal area; WA, wall area; TDR, thickness-to-diameter ratio.

reducing respiratory symptoms and exacerbations,** > but
the optimal pharmacological therapy for COPD at high
altitude still needs investigation.

In our study, the clinical features including COPD risk
factors, respiratory symptoms, spirometry and GOLD clas-

sification were similar between those living at altitude
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3000—4000 m and >4000 m. Atmospheric partial oxygen
pressure decreases with altitude increasing, and respiratory
symptoms are expected to be worse at higher altitude. But
there may be some compensatory mechanisms. A larger
study to assess the respiratory symptoms of COPD patients
at different altitudes may help to answer this question.

Interestingly, we found that the degrees of emphysema
on quantitative CT analysis in most of the patients were
mild or moderate, although they had a heavy symptom
burden. Furthermore, the severity of emphysema (LAA%)
was greater in individuals living at 30004000 m than in
those living at >4000 m above sea level. The emphysema-
predominant phenotype of COPD was characterized by
lower gas transfer coefficient and low arterial partial pres-
sure of oxygen.?' This could partly explain the finding that
clinical manifestations were not different between patients
living at altitudes at 30004000 m and >4000 m. In other
words, patients living at 30004000 m had a worse gas
exchange function because of more severe emphysema,
although where the atmospheric partial pressure of oxygen
was relatively higher.

WA% and TDR are used for airway evaluation, espe-
cially for chronic airway diseases such as COPD and
asthma. Compared with previous studies,?’**-** the WA
% in our study was relatively lower, although there is no
normal reference for WA% at present. The WA% in
healthy controls was around 55-60%,°%*' which was
slightly higher than the mean WA% in our study, suggest-
ing that airway remodeling may be less remarkable in
COPD patients living at the Tibet Plateau.

Tuberculosis has been identified as an important risk
factor for COPD.>® Previous pulmonary tuberculosis can
cause permanent damage to lung structures and is asso-
ciated with loss of lung function.>® In our study, 22.6% of
the patients reported an ever-diagnosed tuberculosis his-
tory, and more patients with signs of previous tuberculosis
on CT scans were identified in our cohort. Guo et al found
that the prevalence of COPD in individuals with a tuber-
culosis history living at high altitude was 11.6% and
tuberculosis was an independent risk factor for COPD.
However, they did not report the prevalence of previous
tuberculosis in those with spirometry-defined COPD.’ In a
meta-analysis, the pooled prevalence of COPD in indivi-
duals with previous pulmonary tuberculosis was 21%.>” In
the China Pulmonary Health (CPH) Study, the overall
prevalence of tuberculosis history in COPD individuals
was less than 5.0%,3 which was much lower than the
prevalence in our study. However, a pooled analysis of

individual data from the PREPOCOL-PLATINO-BOLD-
EPI-SCAN studies showed that the prevalence of previous
tuberculosis in individuals living at altitude >1500 m
above sea level was significantly lower than those living
at altitude <1500 m.*® Three studies included in this
pooled analysis were from Latin American regions and
this result was inconsistent with our study. High preva-
lence of previous tuberculosis may be another unique
feature in patients with COPD living at the Tibet Plateau.
Prevention and standard management of pulmonary tuber-
culosis for residents living at the Tibet Plateau may be
helpful for reducing the risk of COPD.

Our study had several limitations. As a single-center,
observational study, the sample size was relatively small.
The whole area of the Tibet Autonomous Region is over
1.2 million square kilometers. Patients living in remote
and mountainous areas were unlikely to visit our outpati-
ents for respiratory symptoms. Therefore, generalizability
needs to be assessed carefully. Secondly, the educational
level in our patients was low and report bias may not be
avoided. Thirdly, we did not include patients living at
altitude <1500 m above sea level for comparison, which
is expected to provide more information regarding the
unique features of COPD at high altitude.

In conclusion, COPD patients living at the Tibet
Plateau (=3000 m above sea level) had a heavy respiratory
symptom burden, but most of them may not receive ade-
quate pharmacological treatment. Previous tuberculosis
was prevalent in these patients and may be an important
risk factor, in addition to biomass fuel, for development of
COPD. Considering the small sample size and unavoidable
bias in this study, larger scale or multi-center studies are
needed to further explore the unique phenotypes and
potential endotypes of COPD in this region.
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