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Background: COPD patients living in Tibet are exposed to specific environments and different risk factors and probably have
different characteristics of COPD from those living in flatlands. We aimed to describe the distinction between stable COPD patients
permanently residing at the Tibet plateau and those in flatlands.

Methods: We conducted an observational cross-sectional study that enrolled stable COPD patients from Tibet Autonomous Region
People’s Hospital (Plateau Group) and Peking University Third Hospital (Flatland Group), respectively. Their demographic informa-
tion, clinical features, spirometry test, blood routine and high-resolution chest CT were collected and evaluated.

Results: A total of 182 stable COPD patients (82 from plateau and 100 from flatland) were consecutively enrolled. Compared to those
in flatlands, patients in plateau had a higher proportion of females, more biomass fuel use and less tobacco exposure. CAT score and
frequency of exacerbation in the past year were higher in plateau patients. The blood eosinophil count was lower in plateau patients,
with fewer patients having an eosinophil count >300/uL. On CT examination, the proportions of previous pulmonary tuberculosis and
bronchiectasis were higher in plateau patients, but emphysema was less common and milder. The ratio of diameters of pulmonary
artery to aorta >1 was more often in plateau patients.

Conclusion: Patients with COPD living at Tibet Plateau had a heavier respiratory burden, lower blood eosinophil count, less
emphysema but more bronchiectasis and pulmonary hypertension. Biomass exposure and previous tuberculosis were more common in
these patients.
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Introduction
Chronic obstructive pulmonary disease (COPD) is a common, preventable and treatable disease that is characterized by
persistent respiratory symptoms and airflow limitation.' As a chronic airway disease which accounts for more than
3 million deaths annually, the number of deaths due to COPD in 2017 increased 23% compared to 1990.> The overall
prevalence of COPD in China is 8.6% and the prevalence is 13.7% among the adults aged 40 or older, estimating that
there are approximately 99.9 million adults with COPD in mainland China.’

COPD is a heterogeneous disease. Phenotypes of COPD, which refer to “a single or combination of disease attributes
that describe differences between individuals with COPD as they relate to clinically meaningful outcomes (symptoms,
exacerbations, response to therapy, rate of disease progression, or death)”, are proposed to describe such heterogeneity,*
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including clinical and physiological manifestations, radiological characteristics, and airway and systematic inflammation.
Phenotyping the patients with COPD is of clinical significance for treatment optimization.°

People living at high altitude are exposed to a specific environment which is characterized by low barometric pressure,
increased ultra violet radiation as well as biomass fuel exposure, which are harmful to the health status of plateau residents.’
Previous studies have demonstrated the risk factors, prevalence and higher mortality of COPD patients living at high altitude and
highlighted the importance of biomass fuel exposure and household air pollution in facilitating the development and progression
of COPD.* ! Our study carried out in Tibet Plateau also found that biomass exposure and previous pulmonary tuberculosis were
very common in patients with COPD and that they had a heavy symptom burden, although the emphysema phenotype was less
common.'? From these findings, we hypothesized that the clinical characteristics of COPD in Tibet Plateau might differ from
those in flatlands. To address this question, we performed a cross-sectional study on two well-defined cohorts of COPD patients
living at high altitude and in flatlands respectively, which revealed remarkable differences in disease characteristics between
these two populations.

Methods
Study Subjects

During January 2018 to March 2021, we conducted an observational, cross-sectional comparative study in the outpatients of
Respiratory Medicine in Tibet Autonomous Region People’s Hospital and Peking University Third Hospital, respectively. 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 enrolled from Tibet Autonomous Region People’s Hospital were permanent residents at Tibet Plateau.
They resided at an altitude of exceeding 3000 meters above the sea and were designated as the plateau group. Their data were
extracted from our database of COPD patients at plateau and the processes were described previously,'” with some data
overlapping in the current study. The patients recruited from Peking University Third Hospital permanently lived in flatlands and
were designated as the flatland group.

Exclusion criteria included: 1) age <40 years; 2) subjects with airway diseases other than COPD; 3) acute exacer-
bation 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; 8) incomplete or invalid information.

The study protocol was approved by the Ethics Committee of Tibet Autonomous Region People’s Hospital (ME-
TBHP-20-KJ-036) and the Independent Ethics Committee of the Peking University Third Hospital (IRB00006761-
M2020430). All interviewers underwent a centralized training session prior to the formal investigation. Written informed
consents were obtained from the patients or their close relatives. This study was conducted in accordance with the
Declaration of Helsinki. Each subject was recruited once and data were analyzed anonymously.

The study protocol has been registered on the ClinicalTrials.gov website (NCT04964076).

Data Collection

Medical history and other information including demographic data, education level, tobacco exposure and biomass fuel
use were collected. The COPD Assessment Test (CAT) score and the modified Medical Research Council (mMRC)
dyspnea scale were performed to assess the respiratory symptoms.'*'* Frequency of exacerbation in the past year was
recorded. Spirometry test, blood routine test and high-resolution chest computed tomography (CT) were completed
around 3 months of the visit and the data were evaluated for validity.

Spirometry Test

Standardized spirometry tests were performed according to current ATS/ERS recommendations.'> Spirometry tests
performed in Tibet Autonomous Region People’s Hospital used a MasterScreen PFT Analyzer Unit (Jaeger,
Hoechberg, Germany), while those performed in Peking University Third Hospital used a MasterScreen SeS lung
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function testing device (Vyaire Medical GmbH, Hoechberg, Germany). Post-bronchodilator (400 pg of salbutamol) FEV,
Y%predicted, FVC %predicted, and ratio of FEV,/FVC were documented.

Blood Routine Test
Blood routine test was completed in the clinical laboratory of the respective hospital. Counts of white blood cells, red
blood cells and platelets, hemoglobin, count and percentage of eosinophils were collected.

High-Resolution Chest CT Examination

In Tibet Autonomous Region People’s Hospital, high-resolution chest CT (HRCT) examination was administrated by
using SOMATOM Dirive (Siemens, Erlangen, Germany) and the lungs were imaged in horizontal position with breath-
holding at full inspiration. CT images were reconstructed at section thickness of 1-1.25 mm and the lung parenchyma
was extracted by using the software package SYNAPSE 3D (FUJIFILM, Japan). In Peking University Third Hospital,
HRCT was performed using GE Discovery 750 HD Device (General Electric, Boston, USA), with the lung parenchyma
extraction by the software package Airway Analysis (General Electric, USA).

Low attenuation area (LAA) defined by a CT attenuation value of less than =950 Hu on inspiratory scans was
considered to be emphysema.'® LAA% calculated by the ratio of LAA and total pulmonary volumes was used for
assessment of severity of emphysema. LAAY% >6% was classified as emphysema.'’

Bronchiectasis was considered present if HRCT showed abnormal dilation of bronchi with the ratio of the diameter of
bronchus to that of the accompanying pulmonary artery being >1.1 (signet ring sign) or the lack of tapering of bronchi
(tramline sign).18 We separately estimated the extent and severity of bronchiectasis in each of the five lung lobes as well as
the lingula and calculated the summed score from six parts. The extent of bronchiectasis in each lobe was graded according to
the grading system proposed by Smith et al (Smith score).'® The score was 0 if there was no evidence of bronchiectasis, and
bronchiectasis in <25%, in 25% to 50%, in 50% to 75% and in >75% were scored as 1, 2, 3 and 4. According to the Bhalla
scoring system (Bhalla score),”” the severity of bronchiectasis was scored as 0 for no involvement; scored as 1 (mild) if the
luminal diameter of dilated bronchi was slightly greater than but did not exceed twice the diameter of the adjacent vessel,
scored as 2 (moderate) if the luminal diameter was two or three times the diameter of the adjacent vessel; and scored as 3
(severe) if the luminal diameter exceeded three times the diameter of the adjacent vessel.

The diameters of the main pulmonary artery (PA) and the ascending aorta (A) were measured at the level of the
bifurcation of the main pulmonary artery. The ratio of PA/A was calculated and PA/A ratio >1 indicated the presence of
pulmonary hypertension.>!

Any presence of previous pulmonary tuberculosis on chest CT scans was recorded, including discrete linear or
reticular fibrotic scars, or dense nodules locating in the upper lobes and/or superior segment of lower lobes, with or
without calcification in the lesions or in the local lymph nodes.*

Two radiological specialists unaware of the clinical data of the patients performed the imaging analysis separately.

Statistical Analysis

Data analyses were performed with the use of SPSS software, version 26.0. Continuous variables were recorded as mean
+ standard deviation and unpaired #-test was administrated for difference evaluation. Categorical variables were recorded
as numbers (%) and Chi-square or Fisher exact test was used for difference comparation. P-value <0.05 was considered
statistically significant.

Results

Clinical Characteristics Between Patients from Plateau and Flatland

Two hundred and forty-two subjects with a diagnosis of COPD or probable COPD visited the outpatients during the
study period, of whom 35 refused to participate in the study, and 23 were excluded as their post-bronchodilator FEV
/FVC was >70% and another 2 patients were excluded because they did not have available radiological data. A total of

International Journal of Chronic Obstructive Pulmonary Disease 2023:18 https: 851
Dove!


https://www.dovepress.com
https://www.dovepress.com

Jiang et al Dove

242 outpatients with previously
diagnosed or probable COPD

J] 35 refused to participate

| 207 completed the interview |

23 with post-bronchodilator
FEV,/FVC 20.7

| 184 with definite COPD |

2 without available radiological
data

| 182 included in final analysis |

| 82 in Plateau Group | | 100 in Flatland Group

Figure | Flow chart of the study.

182 patients with stable COPD were enrolled in the final analysis, of whom 82 were from Tibet Plateau (Plateau Group)
and 100 from Beijing (Flatland Group, Figure 1).

Demographic characteristics and risk factors relevant to COPD are presented in Table 1. Age and body mass index
showed no statistical difference between the two groups. Patients from plateau had a higher percentage of females
(41.5%) and almost all were Tibetans. They had a relatively lower education level, with more than 75% having primary
school education or lower. Although the proportion of current and former smokers and the smoking index were lower, the
percentage of exposure to biomass fuel was dramatically higher in the Plateau Group. In terms of the comorbidities of
COPD, approximately 58.5% of the patients in the Plateau Group had at least one comorbidity, which was higher than
those in the Flatland Group. Hypertension and heart failure were more common in the former, while ischemic heart
disecase was more frequent in the latter group.

Assessments of the respiratory symptoms and risk of exacerbation of the patients are presented in Table 2. The CAT
score was significantly higher in patients from plateau, who were more likely to have a CAT score >10 and >20. More
patients from plateau had mMRC dyspnea score >2. Spirometry test showed no difference regarding post-bronchodilator
FEV,/FVC ratio and FEV%predicted. Distribution of GOLD stage was not different between two groups. Patients in
plateau had a higher frequency of exacerbation in the past year, and the percentage of those experiencing >2 exacerba-
tions was higher accordingly.

Peripheral Blood Cell Characteristics Between Patients from Plateau and Flatland
Peripheral blood cell count characteristics are presented in Table 3. Red blood cell count, hemoglobin, hematocrit and
platelet count were higher in patients from plateau, while white blood cell, neutrophil and lymphocyte showed no
difference. The mean eosinophil count in patients from plateau was 163.79/uL, which was lower than that in patients
from flatland (258.85/uL, P=0.046). Fewer patients living in plateau had a count of eosinophil >300/uL, although the
P value was 0.052.

HRCT Characteristics Between Patients from Plateau and Flatland

The imaging characteristics evaluated by HRCT are presented in Table 4. 29.3% patients in plateau had emphysema, in
contrast to the 71.0% of patients in flatland showing emphysema. In COPD patients with emphysema, LAA% was
significantly lower in patients living at plateau. Bronchiectasis was more common in patients from plateau although the
P value was 0.051. However, Smith score was lower in patients from plateau. The Bhalla score showed no significant
difference. The diameter of main pulmonary artery in patients from plateau was larger than that of patients in flatland,
and PA/A ratio in patients from plateau was larger. 40.2% patients in plateau had a PA/A ratio >1, which was much
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Table | Demographic Characteristics, Relevant Risk Factors and Comorbidities Between
COPD Patients from Plateau (n = 82) and Flatland (n = 100)

Characteristics Plateau (n=82) Flatland (n=100) P value

Mean*SD or n (%)

Age 64.74+9.22 69.34+8.43 0.758
Gender
Male 48 (58.5) 89 (89.0) <0.001
Female 34 (41.5) I (11.0)
Ethnicity

Tibetan 81 (98.8) 0 (0) <0.001

Han Chinese 1(1.2) 100 (100)

BMI (kg/m?) 23.18+3.60 23.87+3.28 0.691
Education

Primary or lower 62 (75.6) 13 (13.0) <0.001

Junior 33.7) 23 (23.0)

Senior or Secondary 15 (18.3) 28 (28.0)

College and higher 2 (24) 36 (36.0)

Smoking status

Current smokers 6 (7.3) 19 (19.0) <0.001

Former smokers 36 (43.9) 67 (67.0)

Passive smokers 0 (0) 5 (5.0

Never smokers 40 (48.8) 9 (9.0)

Smoking index (pack year)? 28.2+26.5 34.5+20.9 0.108
Biomass exposure 72 (87.8) 3 (3.0 <0.001
Comorbidities 48 (58.5) 36 (36.0) 0.002

Hypertension 38 (46.3) 23 (23.0) 0.001

Ischemic heart disease 0 (0) 13 (13.0) 0.001

Heart failure 15 (18.3) 1 (1.0) <0.001

Atrial fibrillation 1 (1.2) 3 (3.0 0.415

Diabetes 2 (2.4) 8 (8.0) 0.190

Note: *Smoking index was calculated in current and former smokers.
Abbreviation: BMI, body mass index.

higher than those in flatland. Besides, signs of previous pulmonary tuberculosis were more common in patients living at
high altitude.

Discussion

The present study highlighted the differences of disease characteristics between the patients with stable COPD residing
permanently in super high altitude (Tibet Plateau, >3000m above the sea level) and those living in flatlands. The risk
factors for COPD, the symptom burden and exacerbation risk, the characteristics of peripheral blood cells and the chest
CT features in COPD patients living at Tibet Plateau were distinct from their counterparts living in flatlands. Our data
provide more evidence for further understanding the heterogeneity of COPD in different populations.

Biomass fuel exposure is a major risk factor for the development and progress of COPD in residents in plateau.'®* In
our study, over 80% of the COPD patients living at Tibet Plateau used biomass fuels for cooking and heating for a long-
term, which differed from the patients living in the flatland. Compared to cigarette smoking, exposure to biomass fuel
was a more common risk factor for COPD in residents living at the Tibet Plateau. Moreover, the higher proportion of
female patients in Tibet Plateau was consistent with previous studies, in which the male—female ratio was nearly equal
among non-smokers with COPD.?* Inhaled particles from biomass fuels are less deposited in the lungs, while particles
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from cigarette smoke tend to deposit in the distal airways, which may partly explain the different characteristics between
COPD related to biomass fuel or cigarette smoke.” In addition, we found that more patients in plateau had signs of
previous pulmonary tuberculosis on chest CT, which may be another factor accounting for the discrepancy. Previous

Table 2 Clinical Characteristics Between COPD Patients from Plateau (n = 82) and Flatland

(n = 100)
Variables Plateau (n=82) Flatland (n=100) P value
Mean*SD or n (%)

CAT score 17.61%5.21 6.08+6.40 0.035
0-9 9 (11.0) 77 (77.0) <0.001
10-19 48 (58.5) 19 (19.0)

220 25 (30.5) 4 (4.0)

mMRC 1.40+0.87 0.82%1.10 0.072
mMRCs| 52 (63.4) 80 (80.0) 0.013
mMRC22 30 (36.6) 20 (20.0)

Spirometry function (post-bronchodilator)

FEV, /FVC 56.98+9.60 58.11+841 0.459
FEV,%predicted 67.44+21.72 62.39+19.82 0.643
FVC %predicted 94.17£24.10 82.65+18.35 0.005
GOLD stage

23 (28.0) 24 (24.0) 0.660
Il 42 (51.2) 51 (51.0)
1 15 (18.3) 19 (19.0)
\% 2 (24) 6 (6.0)

Frequency of exacerbation in the past year 1.18+0.40 0.28+0.67 0.010
0-1 67 (81.7) 93 (93.0) 0.020
>2 15 (18.3) 7 (7.0)

Abbreviations: COPD, chronic obstructive pulmonary disease; CAT, COPD Assessment Test; mMRC, the Modified
British Medical Research Council Questionnaire; FEV,, forced expiration volume in | second; FVC, forced vital capacity;
GOLD, Global Initiative for Chronic Obstructive Lung Disease.

Table 3 Blood Routine Characteristics Between COPD Patients from Plateau (n = 82)

and Flatland (n = 100)

Variables Plateau (n=82) Flatland (n=100) P value
MeanzSD or n (%)
WBC count (x10°/L) 5.81%1.94 7.00%2.12 0.595
RBC count (x10'?/L) 6.03+1.22 4.75+0.58 <0.001
Hemoglobin (g/L) 177.12+30.08 147.66+16.95 <0.001
Hematocrit (%) 54.14£9.46 44.52+5.23 <0.001
Platelet count (%10°/L) 205.44+94.02 216.62+57.64 0.004
Neutrophil% 63.14+9.95 60.50+8.17 0.283
Lymphocyte% 24.68+9.84 29.04+8.32 0.444
Eosinophil count 163.69+162.05 258.85+493.55 0.046
<100/puL 35 (42.7) 26 (26.0) 0.052
100-300/pL 37 (45.1) 55 (55.0)
2300/pL 10 (12.2) 19 (19.0)
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Table 4 HRCT Characteristics Between COPD Patients from Plateau (n = 82) and

Flatland (n = 100)

Variables Plateau (n=82) Flatland (n=100) P value
MeanzSD or n (%)

Emphysema® 24 (29.3) 71 (71.0) <0.001
LAA (%) 14.78+7.30 22.52+9.62 0.001

Bronchiectasis 43 (52.4) 38 (38.0) 0.051
Smith score® 2.81+2.46 5.13+3.98 0.001
Bhalla score® 3.07x2.71 3.05£2.66 0.961

Pulmonary artery pressure®
Diameter of pulmonary artery (mm) 33.82+6.36 27.27+3.86 <0.001
Diameter of aorta (mm) 34.73+3.60 37.49+3.75 0.890
PA/A 0.98+0.18 0.73+0.11 0.001
PA/A ratio 2| 33 (40.2) 3 3.0 <0.001

Previous pulmonary tuberculosis 37 (45.1) 31 (31.0) 0.050

Notes: “Emphysema was classified as LAA% 26% on high-resolution chest CT. Comparison of LAA% was based on
COPD patients with emphysema. Smith score and Bhalla score were calculated among patients who were
diagnosed as bronchiectasis based on signs on computed tomography. “Pulmonary artery pressure was mediately
evaluated by the diameter of pulmonary artery which had superb correlation with pressure in pulmonary artery and
which was noninvasive.

Abbreviations: LAA, low attenuation area; PA/A, the ratio of the diameter of pulmonary artery and the diameter
of aorta.

pulmonary tuberculosis can cause permanent damage to the lung and has been recognized as an important risk factor for
the higher prevalence of COPD in low and middle-income countries.”**’ Biomass exposure also increases susceptibility
to pulmonary tuberculosis, by facilitating the transmission of Mycobacterium tuberculosis, even though high altitude
environment with excessive ultraviolet light inhibits this pathogen.?®*° Switching to clean energy and controlling the
spread of pulmonary tuberculosis are of clinical significance in reducing the prevalence of COPD among the population
residing at the Tibet Plateau.

Although spirometry measurements and the GOLD stage did not show marked difference between the two groups,
patients in plateau had higher CAT score, heavier dyspnea and more frequent exacerbations. Our data were consistent
with a previous study in which 76.8% participants living at high altitude who were not diagnosed as having COPD yet
had a CAT score of 10 or higher.® Patients with biomass-related COPD had more severe respiratory symptoms and lower
partial pressure of blood oxygen.*® In terms of the comorbidities of COPD, 58.5% patients in plateau had at least one
comorbidity and this proportion was higher than those in flatland. The most common comorbidities were hypertension
and other concomitant cardiovascular diseases, such as heart failure and ischemic heart disease. Interestingly, although
hypertension and heart failure were more common in patients in plateau, ischemic heart disease was more frequent in
those in flatland. The reason for this discrepancy was unclear.

We compared the HRCT findings between the two groups and found distinct radiological characteristics in patients
living in plateau. First, there was a much lower proportion of emphysema and lower severity of emphysema in plateau
patients. Previous studies also demonstrated that emphysema was more prevalent in tobacco-induced COPD than in
biomass-induced COPD,**3%*! probable due to the fact that more cigarette smoke particles deposit in distal airways and
tend to induce inflammation and structure damage in the lung parenchyma.?®> Second, the proportion of bronchiectasis
was higher in patients living in plateau, but the extent of bronchi involved was less because of the lower Smith score,
which was hard to explain. We speculated that airway lesions induced by pulmonary tuberculosis was mostly regional,
commonly located in the upper lobes or superior segments of the lower lobes, while more extensive airways were

involved in cigarette smoking-related COPD.
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PA/A ratio correlates strongly with mean pulmonary artery pressure,? with PA/A ratio >1 indicating high probability
of pulmonary hypertension (PH) and the specificity being up to 92%.** In our study, patients living in the plateau had
larger diameter of main pulmonary artery and the proportion of PA/A ratio >1 was significantly higher, suggesting that
PH was more likely to emerge in COPD patients living at the Tibet Plateau. Aguirre-Franco et al found that 56.3% COPD
patients living at high altitude (2640m) had PH and this proportion increased with GOLD stage.** The proportion in our
study was 40.2%, which was slightly lower. The spirometry parameters were similar between the two groups in our
study, while emphysema which can cause diffusing capacity impairment was less frequent in plateau patients. The causes
for PH in these patients may be related to the hypoxic environment. Hypoxic stimulus can cause constriction of
pulmonary arteries, which plays an important role in matching the ratio of ventilation and perfusion but induces the
formation of PH in COPD patients,*> especially when the alveolar pressure of oxygen decreases to 60 mmHg or lower.
COPD patients accompanied with PA/A ratio >1 had higher risk of exacerbations, as well as poor prognosis,*'** which
could partly explain the higher frequency of exacerbations in our patients living in the plateau.

Our study also demonstrated that the eosinophilic phenotype was less frequent in patients in the plateau. The
eosinophil count can serve as a treatable trait for inhaled corticosteroids (ICS), as recommended by the GOLD guideline,
with the threshold of >300/uL as an indication of initial therapy with ICS."***7 In context of the more severe symptom
burden and more signs of previous pulmonary tuberculosis in plateau patients, long-acting bronchodilators, including
long-acting muscarinic antagonists (LAMAs) and LAMA plus long-acting B2 agonists (LAMA+LABA), may be more
appropriate in alleviating respiratory symptoms and averting the risk of tuberculosis in this specific population.®®*

There were some limitations in our study. First, as a cross-section study, we could not compare the clinical outcomes
between the cohorts in this study. Second, the patients with COPD in flatland and plateau were enrolled in their own
single center, and the representativeness of the patients was limited. Lastly, airway remodeling was not assessed due to
the restriction of the software package, though comparison of airway remodeling would be of interest for addressing in
more detail the radiological characteristics of COPD patients in plateau.

In conclusion, COPD patients living at the Tibet Plateau had unique disease manifestations, characterized by more
respiratory symptoms, lower blood eosinophil counts, less emphysema, more bronchiectasis and potential pulmonary
hypertension, as compared to those living in the flatland. These findings highlight the heterogeneity of COPD in different
populations, and the underlying mechanisms warrant further investigation.

Abbreviations

COPD, chronic obstructive pulmonary diseases; GOLD, Global Initiative for Chronic Obstructive Lung Disease; CT,
computed tomography; FEV,, forced expiratory volume in 1 second; FVC, forced vital capacity; HRCT, high-resolution
chest CT; BMI, body mass index; CAT, COPD Assessment Test; LAA, low attenuation area; PA/A, the ratio of the
diameter of pulmonary artery and the diameter of aorta; PH, pulmonary hypertension; LABA, long-acting 2 agonist;
ICS, inhaled corticosteroids; LAMA, long-acting muscarinic antagonist.
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