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Abstract
Background Pulmonary hypertension (PH) is a common complication in patients with chronic obstructive 
pulmonary disease (COPD) and is closely associated with poor prognosis. However, studies on the predictors of PH in 
COPD patients are limited, especially in populations living at high altitude (HA).

Objectives To investigate the differences in the clinical characteristics and predictors of patients with COPD/COPD 
and PH (COPD-PH) from low altitude (LA, 600 m) and HA (2200 m).

Methods We performed a cross-sectional survey of 228 COPD patients of Han nationality admitted to the respiratory 
department of Qinghai People’s Hospital (N = 113) and West China Hospital of Sichuan University (N = 115) between 
March 2019 and June 2021. PH was defined as a pulmonary arterial systolic pressure (PASP) > 36 mmHg measured 
using transthoracic echocardiography (TTE).

Results The proportion of PH in COPD patients living at HA was higher than that in patients living at LA (60.2% vs. 
31.3%). COPD-PH patients from HA showed significantly different in baseline characteristics, laboratory tests and 
pulmonary function test. Multivariate logistic regression analysis indicated that the predictors of PH in COPD patients 
were different between the HA and LA groups.

Conclusions The COPD patients living at HA had a higher proportion of PH than those living at LA. At LA, increased 
B-type natriuretic peptide (BNP) and direct bilirubin (DB) were predictors for PH in COPD patients. However, at HA, 
increased DB was a predictor of PH in COPD patients.
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Background
Chronic obstructive pulmonary disease (COPD) is char-
acterized by persistent respiratory symptoms and airflow 
limitation. It has been listed as one of the top three causes 
of death worldwide [1]. It is the most common cause of 
deaths in patients with chronic respiratory disease, with a 
fatality rate of 0.0419% [2]. Moreover, acute exacerbation 
of COPD is associated with higher morbidity, mortality 
and medical costs, aggravating the disease burden [3]. 
Pulmonary hypertension (PH) is a common complication 
in patients with COPD, occurring mainly in advanced 
airflow limitation due to hypoxic vasoconstriction. Addi-
tionally, the prevalence of PH in COPD patients depends 
on the population, the definitions applied, and the tools 
used to evaluate patients [4, 5]. According to previ-
ous studies, the prevalence rate of PH in patients with 
COPD is approximately 30.0%~70.0% [6]. In addition, 
PH is associated with an increased risk of exacerbation 
and mortality in patients with COPD [7, 8]. Climate of 
HA is characterized by hypobaric hypoxic conditions, 
coldness, dryness and high ultraviolet light, which causes 
functional changes in human energy metabolism, neuro-
endocrine system, hemodynamics and fluid balance, and 
leading to various diseases [9].

Information about the differences in the predictors 
of PH in COPD patients between HA and LA was lim-
ited, Lei S et al. [10] compared the characteristics of 
patients with PH between LA and HA, and suggested 
that patients living at HA had lower BNP and less severe 
PH than those living at LA. Moreover, Aguirre-Franco C 
et al. [11] investigated the factors associated with PH in 
COPD patients living at HA, and showed that GOLD 4 
and hypoxemia were the independently associated with 
PH in COPD patients at HA, however, patients from LA 
were not enrolled. Furthermore, Lupi-Herrera E et al. 
[12] suggested that alveolar hypoxia plays a role in pro-
ducing PH in COPD at HA, and after compared with 
previous studies, they found that the effect of chronic 
alveolar hypoxia on PH was attenuated at HA, however, 
they did not analyze the characteristics of COPD-PH 
patients and predictors of PH in COPD patients between 
LA and HA. Therefore, it is reasonable to compare the 
characteristics and predictors of PH in COPD patients 
between both regions.

Globally, around 500.3  million people live at HA 
(defined as ≥ 1500 m above sea-level), [13] and are expo-
sured to hypobaric hypoxia, colder temperatures and 
drier climates [14]. Some studies have revealed that gen-
eral populations from HA have greater pulmonary artery 
systolic pressure (PASP) than those from LA, as mea-
sured using transthoracic echocardiography (TTE) [15, 
16]. The HA setting combines social-economic factors 
and environmental conditions which may affect respira-
tory health. Thus, it is of great significance to recognize 

the characteristics and predictors of PH in patients with 
COPD living at HA and LA.

However, information about PH in COPD patients at 
different altitudes is limited, and some studies have eval-
uated only the association between PH and COPD, or the 
prognostic factors of PH in COPD patients [5, 17, 18]. A 
study conducted in Bogotá (2640 m) have evaluated the 
prevalence and factors independently associated with PH 
in COPD patients living at HA, however, only the pulmo-
nary function tests (PFT) and arterial blood gas(ABG) 
were collected [11]. No study has analyzed the differ-
ences in characteristics and predictors for the presence 
of PH in COPD patients living LA and HA. This study 
aimed to compare the clinical characteristics and predic-
tors of PH in COPD patients between the Sichuan Plain 
and the Qinghai Plateau.

Materials and methods
Subjects and selection criteria
The cohort was composed of 228 hospitalized patients of 
Han nationality admitted through the outpatient clinic 
with a diagnosis of COPD in Qinghai People’s Hospital 
and West China Hospital of Sichuan University between 
March 2019 and June 2021, Patients from the two refer-
ence centers were selected according to 1:1 pairing by 
sex and age. Moreover, we collected participants’ demo-
graphic characteristics, laboratory tests, PFT and TTE 
results. The inclusion criteria were all patients with 
chronic cough or sputum production and the forced 
expiratory volume in the first second/forced vital capac-
ity ratio (FEV1/FVC) post-bronchodilator < 0.7, patients 
aged ≥ 18 years, and all patients underwent echocardiog-
raphy. Moreover, we excluded patients with a history 
of untreated hypertension or other diseases that might 
affect heart health; PH caused by other diseases (idio-
pathic PH; connective tissue disease, HIV infection, por-
tal hypertension, congenital heart disease; PH due to left 
heart disease, silicosis and pulmonary embolism), preg-
nant and lactating women, and patients with cancer. This 
study was approved by the Ethics Committee of Qinghai 
People’s Hospital and West China Hospital of Sichuan 
University (Ethics number: Review No. 716 of 2021), and 
conducted following Helsinki’s Declaration. Appropriate 
consent and assent were obtained from all participants.

Pulmonary function test (PFT)
Spirometry was performed before and after administer-
ing a bronchodilator, and arterial blood gasses (ABG) 
tests were performed according to the European Respi-
ratory Society (ERS) standardization [19]. Patients were 
grouped by airflow limitation severity according to the 
Global Initiative for Chronic Obstructive Lung Disease 
(GOLD) (mild to moderate: GOLD 1 + 2, severe to very 
severe: GOLD 3 + 4) [20].
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Transthoracic echocardiography (TTE)
TTE was performed at baseline on admission by an expe-
rienced cardiologist using a Philips Sonos 5500® ultra-
sound machine (Royal Philips, Amsterdam, Netherland). 
The diagnosis of PH was based on the tricuspid regur-
gitation peak velocity (TRV). This machine recorded 
the degree of dilation of right atrium to estimate right 
atrial pressure (RAP), which was used in the estimation 
of PASP by the Bernoulli equation: PASP = 4TRV2 + RAP 
(when PASP is > 36 mmHg, PH is considered). Lastly, PH 
was graded into three groups: mild (36 mmHg < PASP ≤ 45 
mmHg), moderate (45 mmHg < PASP ≤ 60 mmHg), and 
severe (PASP > 60 mmHg) [21–23].

Statistical analysis
Normally distributed data is represented by a 
mean ± standard deviation and number (percentage), 
and skewness distribution data were represented by a 
median (P25, P75) and number (percentage). The indepen-
dent samples t-test and non-parametric test were used to 
compare measurement data fitting normal and skewed 
distribution respectively. Additionally, the chi-squared 
test was used to compare categorical variables. Moreover, 
univariate and multivariate logistic regression analyses 
were used to determine the effects of relevant variables 
on PH in patients with COPD. Skewed distribution vari-
ables were transformed into binary variables for logistic 
regression analysis, and the cut-off value was determined 
by receiver operating characteristic (ROC) curve analy-
sis. Next, the covariates of multivariate analysis were 
selected from the univariate analysis with statistical sig-
nificance (P value < 0.05) and collinearity was excluded 
(we selected the variables with the strongest correla-
tion with presence of PH to perform logistic regression 

analysis in the collinear data) (supplement Tables 1 and 
2). Lastly, the cut-off value was determined using the 
ROC curve. SPSS software version 26 (IBM Corporation, 
Armonk, NY, United States) was used for all the statisti-
cal analyses.

Results
The baseline characteristics of COPD-PH and COPD-NPH 
patients from LA and HA
Overall, 115 patients were from LA and 113 from HA. 
Table 1 lists the baseline characteristics of patients with 
COPD-PH and COPD without PH (COPD-NPH) living 
at LA. Patients from LA were mainly men with a mean 
age of > 65 years. Both groups had similar BMI, somking 
status and duration of cough (P > 0.05). Another, Table 1 
also lists the baseline characteristics of patients with 
COPD-PH and COPD-NPH patients at HA. Patients 
from HA were mainly older men. Compared with COPD-
NPH patients, COPD-PH patients had lower BMI. Both 
groups had similar somking condition and duration of 
cough (P > 0.05).

The laboratory examination and pulmonary function test 
of COPD-PH and COPD-NPH patients from LA and HA
We observed significant differences in total bilirubin 
(TB), indirect bilirubin (IB), BNP, platelet (PLT), and 
lymphocyte (LY) levels between COPD-PH and COPD-
NPH patients living at LA (P < 0.05) (Table  2). COPD-
PH patients had higher bilirubin and BNP levels than 
COPD-NPH patients. Conversely, the PLT and LY levels 
in COPD-PH patients were lower than those in COPD-
NPH patients.

Moreover, we observed significant differences in TB, 
IB, BNP, serum albumin (ALB), arterial partial pressure 

Table 1 Baseline Characteristics of COPD-PH and COPD-NPH patients
Variables LA HA

COPD-NPH(n = 79) COPD-PH(n = 36) P* COPD-NPH(n = 45) COPD-PH(n = 68) P**
male, n(%) 57(72.2) 24(66.7) 0.55 33(73.3) 48(70.6) 0.751

age (years) 66.51 ± 7.89 69.2 ± 8.76 0.098 66.53 ± 10.30 68.53 ± 8.34 0.260

BMI, Kg/m2 22.77 ± 3.71 22.64 ± 3.79 0.863 23.35 ± 3.56 21.06 ± 3.91 0.002

overweight/obesity, n(%) 22(27.8) 7(19.4) 0.336 11(24.4) 9(13.2) 0.126

smoking, n(%) 46(58.2) 19(52.8) 0.585 21(46.7) 28(41.2) 0.564

duration of cough, years 10.0(4.0,20.0) 10.0(4.0,20.0) 0.968 5.0(2,7.5)† 5.0(3.0,9.5)§ 0.162

PASP, mmHg ¯¯¯¯ 45.00(41.00,61.84) ¯¯¯¯ 56.00(47.75,72.75)§

PH stage, n(%)

mild(36mmHg < PASP ≤ 45mmHg) ¯¯¯¯ 18(50.0) ¯¯¯¯ 13(19.1)§

moderate to severe(PASP > 45mmHg) ¯¯¯¯ 18(50.0) ¯¯¯¯ 55(80.9)
*Comparison among patients with COPD-NPH and COPD-PH at LA

**Comparison among patients with COPD-NPH and COPD-PH at HA.

†Statistical significance was set to 0.05 compared with COPD-NPH patients at LA.

§Statistical significance was set to 0.05 compared with COPD-PH patients at LA.

Abbreviations: LA = low altitude;HA = high altitude;BMI = body mass index;BMI = body mass index; PASP = pulmonary artery systolic pressure

Data are shown as mean ± SD, median (quartile) or n (%).
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of oxygen (PaO2) and arterial partial pressure of car-
bon dioxide (PaCO2), arterial oxygen saturation (SaO2), 
HCO3

−, forced expiratory volume in the first second 
(FEV1), FEV1/FVC, and GOLD stages between COPD-
PH and COPD-NPH patients from HA (P < 0.05) 
(Table 2). COPD-PH patients had higher bilirubin, BNP, 
PaCO2, HCO3

− and GOLD stages than COPD-NPH 
patients. Conversely, the ALB, PaO2, SaCO2, FEV1, and 
FEV1/FVC levels were lower in COPD-PH patients than 
in COPD-NPH patients.

The proportion and baseline characteristics of COPD-PH 
patients from LA and HA
We enrolled 228 patients from LA and HA. There were 
31.3% (36/115) and 60.2% (68/113) of COPD-PH patients 
from LA and HA, respectively, had PASP > 36 mmHg 
measured by echocardiography, and the difference was 
statistically significant (P < 0.001) (Fig.  1). Table  1 pres-
ents the baseline characteristics of COPD-PH patients 
in both groups. As illustrated, both groups of COPD-
PH patients were mainly older men with similar BMI 
(P > 0.05). COPD-PH patients from LA had a longer 
duration of cough (10.00 years vs. 5.00 years, P = 0.007) 
and lower PASP (45.00 mmHg vs. 56.00 mmHg, 

Table 2 Laboratory examination and pulmonary function test of COPD-PH and COPD-NPH patients
Laboratory examination and pulmonary function test of COPD-PH and COPD-NPH patients

LA HA
COPD-NPH(n = 79) COPD-PH(n = 36) P* COPD-NPH(n = 45) COPD-PH(n = 68) P**

TB,umol/L 9.55(6.73,12.35) 10.50(8.70,14.20) 0.035 13.10(10.70,16.15)† 17.65(11.65,25.05)§ 0.008

DB, umol/L 2.90(2.20,4.10) 3.80(3.10,4.75) 0.007 2.70(2.10,3.45) 4.55(2.45,6.28) 0.022

IB, umol/L 5.90(4.50,9.23) 6.80(5.50,9.40) 0.049 10.10(8.50,13.25)† 13.50(8.75,19.00)§ 0.021

ALT, IU/L 21.50(12,31.25.00) 15.00(10,27.50) 0.786 18.00(12.00,28.00)† 18(13.00,24.50) 0.200

AST, IU/L 20.00(15.705,25) 19.00(15.50,26.00) 0.403 20.00(17.00,27.00) 22.00(19.00,29.00) 0.651

TP, g/L 65.55(60.35,68.45) 63.80(62.45,66.85) 0.638 65.20(61.65,68.25) 63.80(58.28,68.83) 0.087

ALB,g/L 39.67 ± 3.87 39.16 ± 3.36 0.496 39.07 ± 3.63 36.66 ± 3.77§ 0.001

Cr, umol/L 74.00(60.75,87.00) 71.00(57.50,87.50) 0.838 71.00(62.50,84.50) 71.00(65.00,89.00) 0.769

BNP, pg/mL 76.50(46.50,143.75) 211.00(125.50,1085.00) < 0.001 37.00(21.50,118.00)† 234.50(53.50,396.50)§ < 0.001

CRP, mg/mL 5.12(2.61,12.50) 8.92(3.31,19.85) 0.100 2.56(0.67,6.90)† 3.47(1.82,6.51)§ 0.054

PCT, ng/mL 0.040(0.020,0.073) 0.030(0.020,0.050) 0.755 0.037(0.026,0.049) 0.041(0.026,0.050) 0.786

Hb, g/L 136.67 ± 19.07 137.89 ± 23.60 0.769 167.13 ± 27.27† 172.41 ± 30.94§ 0.354

PLT, x10^9/L 192.10 ± 73.12 163.11 ± 62.47 0.042 165.97 ± 59.83† 146.84 ± 51.81 0.074

WBC, x10^12/L 7.16(5.74,8.77) 6.75(5.94,7.69) 0.247 5.54(4.59,7.07)† 5.18(4.50,6.51)§ 0.511

NEUT, x10^9/L 4.46(3.30,6.22) 4.49(3.63,5.51) 0.995 4.79(3.45,5.59)† 3.56(2.77,4.47)§ 0.932

LYx10^9/L 1.61 ± 0.72 1.35 ± 0.52 0.029 1.41 ± 0.47 1.23 ± 0.52 0.064

PH 7.41 ± 0.03 7.42 ± 0.05 0.196 7.42 ± 0.04 7.42 ± 0.04 0.44

PaO2, mmHg 80.80(67.33,98.03) 80.70(68.90,120.85) 0.821 77.00(59.00,98.50)† 63.50(54.75,77.25)§ 0.011

PaCO2, mmHg 43.95 ± 7.76 42.41 ± 10.34 0.393 39.82 ± 6.69† 44.91 ± 8.66 0.002

SaO2, % 97.20(94.93,98.43) 96.20(94.60,99.20) 0.767 96.00(91.00,98.00)† 92.00(88.00,95.25)§ 0.013

HCO3
−, mmol/L 25.95(24.18,30.83) 26.70(23.80,29.05) 0.671 25.20(22.85,27.20) 28.50(25.78,30.20)§ 0.001

FEV1, % predicted 46.45(33.10,58.73) 47.50(31.60,66.35) 0.27 57.40(37.40,79.35) 40.50(26.63,50.75)§ 0.008

FEV1/FVC, % predicted 45.63(38.45,60.33) 48.22(40.72,63.20) 0.278 58.94(52.48,63.66)† 55.18(44,35,61.23) 0.044

VC, % predicted 73.86 ± 18.61 73.63 ± 19.69 0.952 71.95 ± 23.14 62.98 ± 24.49 0.054

GOLD stages (FEV1, % predicted), n% 0.08 < 0.001

GOLD1 + 2(≥ 50% predicted) 28(35.40) 19(52.80) 27(60.00)† 18(26.50)§

GOLD3 + 4(< 50% predicted) 51(64.60) 17(47.20) 18(40.00) 50(73.50)
*Comparison among patients with COPD-NPH and COPD-PH at LA.

**Comparison among patients with COPD-NPH and COPD-PH at HA.

†Statistical significance was set to 0.05 compared with COPD-NPH patients at LA.

§Statistical significance was set to 0.05 compared with COPD-PH patients at LA.

Abbreviations: LA = low altitude;HA = high altitude;TB = total bilirubin; DB = direct bilirubin; IB = indirect bilirubin; ALT = alanine transaminase; AST = glutamic 
oxalacetic transaminase; Cr = creatinine; TP = total protein; ALB = serum albumin; BNP = brain natriuretic peptide; CRP = C-reaction protein; PCT = procalcitonin; 
Hb = hemoglobin; PLT = platelet; WBC = white blood cell; NEUT = neutrophil; LY = lymphocyte; pH = potential of hydrogen; PaO2 = arterial partial pressure of oxygen; 
PaCO2 = arterial partial pressure of carbon dioxide; SaO2 = arterial oxygen saturation; BE = base excess; HCO3

−= concentration of bicarbonate radical; FEV1 = forced 
expiratory volume in the first second; FEV1/FVC = forced expiratory volume in the first second/forced vital capacity; VC = vital capacity. GOLD = Global Initiative for 
Chronic Obstructive Pulmonary Disease

Data are shown as mean ± SD, median (quartile) or n (%).
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P = 0.003) than those from HA. COPD-PH patients with 
a mild stage of PH were primarily from LA (58.06%), and 
those with moderate to severe PH were mainly from HA 
(75.3%) (P = 0.001). (Fig. 2)

Laboratory examination and pulmonary function test of 
COPD-PH from LA and HA
Significant differences were observed in hemoglobin 
(Hb) levels, white blood cell (WBC) counts, ALB, TB, IB, 
BNP, C-reaction protein (CRP) levels, FEV1, vital capac-
ity (VC), PaO2, PaCO2 levels and proportion of GOLD 
1 + 2 between COPD-PH patients living at LA and HA 
(P < 0.05). The parameters in COPD-PH patients liv-
ing at LA, such as WBC counts, ALB, BNP, CRP levels, 
FEV1, VC, PaO2, and PaCO2 levels, and the proportion 
of GOLD 1 + 2 were higher than those in patients living 
at HA. Conversely, Hb, TB and IB levels were lower in 
COPD-PH patients living at LA than in those patients liv-
ing at HA. Lastly, we observed no significant differences 

in PLT and LY counts, DB, alanine transaminase (ALT), 
glutamic oxalacetic transaminase (AST), total protein 
(TP), creatinine (Cr), and procalcitonin (PCT) levels, 
potential of hydrogen (pH), PaCO2, base excess (BE) lev-
els, and FEV1/FVC levels in COPD-PH patients living in 
both regions (Table 2).

Predictors of PH in COPD patients
The cut-off values of the skewed distribution variables 
that for logistic regression analysis were determined 
using ROC curve analysis (Fig.  3). Moreover, BNP lev-
els in both groups had a maximum area under the curve 
(AUC). At LA, 130.50 pg/mL was determined as the cut-
off for BNP (AUC = 0.764, sensitivity: 75.80%, specific-
ity: 71.40%) in ROC analyses. At HA, 42.00 pg/mL was 
determined as the cut-off for BNP (AUC = 0.750, sensitiv-
ity: 82.50%, specificity: 57.90%), and 48.75%predicted was 
determined as the cut-off for FEV1 (AUC = 0.675, sensi-
tivity: 64.40%, specificity: 70.60%) in the ROC analysis. 
Information about the other variables of both groups is 
listed in Table 3.

We evaluated the factors associated with PH in 
COPD patients using univariate and multivariate logis-
tic regression analyses at HA and LA (Tables  4 and 
5). BNP ≥ 130.50 pg/mL (OR: 10) and TB ≥ 8.90 umol 
(OR:3.3) were predictors of PH in COPD patients from 
LA after adjusting for PLT (Table  4). TB ≥ 17.35umol 
(OR:3.4, 95%CI: 1.07–11.14, p = 0.039) was a predictor of 
PH in COPD patients from HA after adjusting for BNP, 
ALB, PaCO2 and FEV1(Table  5). Therefore, increased 
BNP was a predictor of PH in COPD patients from LA 
rather than HA, increased TB was a predictor of PH in 
COPD patients from HA and LA.

Discussion
Our study showed that patients with COPD living at HA 
had a higher proportion of PH than those living at LA. 
Moreover, COPD-PH patients from HA showed signifi-
cantly higher TB, BNP, Hb, and PASP and a higher pro-
portion of moderate to severe PH. Additionally, they 
show WBC, PaO2, lower duration of cough and poor lung 
function compared with patients from LA. Multivariate 
logistic regression analysis indicated that the predictors 
of PH in COPD patients are different between HA and 
LA (increased TB vs. increased TB and BNP).

Previous studies showed that the rate of PH in COPD 
patients and the PASP of COPD-PH patients from HA 
were higher than those in patients from LA,[11, 15, 24–
26] and pulmonary artery pressure was negatively cor-
related with FEV1, [27, 28] consistent with our results. 
These findings suggested that PH could be induced by 
HA, [29, 30] is possibly associated with chronic alveo-
lar hypoxia, and is involved in the development of PH 
in patients with COPD who resided at HA permanently 

Fig. 2 The proportion of PH severity between LA and HA

 

Fig. 1 The rate of complicating PH in COPD patients between LA and HA
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[12]. Moreover, Thabut G et al. [31] showed that FEV1 
was related to mean pulmonary arterial pressure (mPAP) 
using univariate analysis consistent with our result. How-
ever, Scharf SM et al. [28] found that mPAP was signifi-
cantly related to FEV1 using multivariate analysis. This 
may be because low PaO2 was an exclusion criterion in 
the study by Scharf SM et al. Moreover, in the studies 
of Scharf SM et al. [28] and Thabut G et al. [31], mPAP 
was determined from right heart catheterization in some 
patients, our PASP data determined from TTE. These 
results showed that there could be a negative correlation 
between the prevalence of PH and FEV1.

PH was more common in COPD patients with severe 
(GOLD 3) to very severe (GOLD 4) airflow limitation 
living at HA, our result (HA: 73.53%, LA:47.22%) was 
consistent with previous studies, Aguirre-Franco C et al. 
[11] showed that the proportion of PH in COPD patients 
with severe to very severe airflow limitation living at an 

Table 3 Information on ROC curves for continuous Predictor of PH in COPD patients
Information on ROC curves for continuous Predictor of PH in COPD patients

LA HA

TB,umol/L BNP, pg/mL TB,umol/L BNP, pg/mL FEV1, %pred

Cut-off 8.90 130.50 17.35 42.00 48.75

Sensitivity(Sens),% 78.80 75.80 54.00 82.50 64.40

Specificity(Spec),% 47.10 71.40 81.60 57.90 70.60

AUC 0.620 0.764 0.653 0.750 0.675
Abbreviations: LA = low altitude;HA = high altitude;TB = total bilirubin;BNP = brain natriuretic peptide;FEV1 = forced expiratory volume in the first second

Table 4 Predictors of PH in COPD patients from LA - Univariable 
and multivariate logistic regression analysis
Predictors of PH in COPD patients from LA - Univariable and multi-
variate logistic regression analysis
Variables Univariable 

OR(95%CI)
P Multivariable 

OR(95%CI)
P

TB ≥ 8.9, umol/L 3.0(1.2,7.4) 0.017 3.3(1.1,10) 0.035
BNP ≥ 130.5, pg/mL 7.8(3.0,20) < 0.001 10(3.5,28) < 0.001
PLT, x10^9/L 0.99(0.99,1.0) 0.046 0.34(0.104,1.1) 0.07

LY, x10^9/L 0.53(0.28,1.0) 0.054 ¯¯¯¯ ¯¯¯¯
Abbreviations:TB = total bilirubin; BNP = brain natriuretic peptide; PLT = platelet; 
LY = lymphocyte

Table 5 Predictors of PH in COPD patients from HA - Univariable 
and multivariate logistic regression analysis
Predictors of PH in COPD patients from HA - Univariable and mul-
tivariate logistic regression analysis

Univariable 
OR(95%CI)

P Multi-
variable 
OR(95%CI)

P

BNP ≥ 42.00, pg/mL 6.5(2.6,16) < 0.001 2.9(0.92,9.4) 0.069

BMI, Kg/m2 0.85(0.76,0.95) 0.004 0.88(0.77,1.0) 0.063

TB ≥ 17.35, umol/L 3.7(1.6,8.7) 0.002 3.4(1.1,11) 0.04
ALB, g/L 0.84(0.75,0.94) 0.002 0.89(0.77,1.0) 0.136

PaO2 < 60, mmHg 1.7(0.76,4.0) 0.195 ¯¯¯¯ ¯¯¯¯

PaCO2, mmHg 1.1(1.0,1.2) 0.003 1.1(0.99,1.2) 0.09

FEV1 ≥ 48.75, %pred 0.23(0.10,0.76) < 0.001 0.41(0.13,1.3) 0.123
Abbreviations:BMI = body Mass Index; TB = total bilirubin; BNP = brain natriuretic 
peptide; ALB = serum albumin; PaO2 = arterial partial pressure of oxygen; 
PaCO2 = arterial partial pressure of carbon dioxide; FEV1 = forced expiratory 
volume in the first second;

Fig. 3 ROC curve of skewed distribution variables for logistic regression analysis and cut-off of the variables. (A) at LA. (B) at HA. ROC, Receiver operator 
characteristic. AUC, area under the curve
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average altitude of 2640 m was 64.00%. However, Jatav V.S 
et al. [32] reported that the proportion of PH in COPD 
patients with severe to very severe airflow restriction liv-
ing at an average altitude of 598 m was 47.30%, suggest-
ing a higher risk of complicating PH for COPD patients 
living at HA compared with those had similar airflow 
limitation living at LA. Furthermore, COPD patients 
with severe airflow limitation are more likely to have 
PH, possibly because increased airflow limitation could 
cause more severe hypoxia in COPD patients, resulting 
in severe hypoxic pulmonary vasoconstriction—the main 
mechanism of PH [33–35]. Moreover, severe hypoxia 
leads to endothelial cell injury and impaired vascular 
regeneration and remodeling, and causing significant 
proliferation and resistance to pulmonary artery resident 
cells apoptosis [36–38].

The distinctive feature of our study was that our sub-
jects were all the permanent residents of HA (2200  m) 
and LA (600  m). Consistent with previous reports, we 
found that people living at HA had lower PaO2, SaO2, 
FEV1, VC and higher Hb than those living at LA, [15, 25, 
39, 40] probably because of the chronic hypoxic environ-
ment of HA. Regarding some inflammation indexes, we 
found that patients from HA had lower WBC and CRP 
levels than those from LA. Previous studies reported that 
general population and patients with thromboembolic 
disease living at HA had lower WBC than those living 
at LA [41–43]. One hypothesis is that hypoxia causes 
increased erythroid activity and relatively decreased 
myeloid/monocytic lineage activity. Additionally, HA 
might change plasma volume [41]. Furthermore, CRP 
was closely associated with WBC levels, and some studies 
have shown that prolonged hypoxia may resolve inflam-
mation, suggesting the adaptation of vascular endothe-
lium to hypoxia [44]. Regarding the role of inflammation 
in the development of PH in COPD patients, previous 
studies have shown that CRP, interleukin (IL)-1, and IL-6 
levels were higher in COPD-PH patients than in COPD-
NPH patients [45–47]. Grimminger J et al. [48] showed 
that: (1) chronic inflammation could lead to endothelial 
dysfunction, reducing the levels of endothelium-derived 
relaxing factors (for example, nitric oxide and prostacy-
clin) and increasing the levels of endothelium-derived 
contracting factors (for example, reactive oxygen species 
and endothelin). (2) chronic inflammation could lead to 
loss of ciliary cell function and instability of the airways, 
leading to COPD and hypoxia, which is associated with 
endothelial dysfunction. (3) CD8 + T-cell infiltration of 
the adventitia of the pulmonary arteries could lead to 
endothelium-dependent relaxation and increased intima 
thickness. Some studies have suggested that higher 
inflammation is associated with a worse prognosis in 
patients with PH, [49, 50] and anti-inflammatory treat-
ments are a promising mitigation strategy for PH [51, 52]. 

However, no studies have reported differences in the role 
of inflammation in COPD-PH patients living at HA and 
LA.

Additionally, we found that the predictors of PH in 
COPD patients were different between LA and HA. 
Firstly, the BNP level was higher in COPD-PH patients 
than in COPD-NPH at both HA and LA; however, 
increased BNP was the only predictor of PH in COPD 
patients from LA. BNP is a biomarker secreted by the 
ventricular muscle that can be used to evaluate cardiac 
function and prognosis in heart failure and other cardio-
vascular diseases, and hypoxia can stimulate its release 
[53, 54]. Therefore, vascular adaptations to hypoxia 
may determine higher BNP in populations living at 
HA than those living at LA, consistent with our results 
(Table 2). However, a previous study on the relationship 
between PH and altitude arrived at inverse conclusions, 
it reported that PH patients from LA had higher BNP 
levels than those from HA [55]. These differences may 
be because the population had interstitial lung disease, 
which was different from our subjects; meanwhile, all the 
subjects were Italians in this previous study. Increased 
BNP level was associated with higher PASP and mortal-
ity in patients with PH, and plasma BNP level could be 
regarded as a protocol for the early identification of PH 
[56–58]. Regarding patients living at HA, due to long-
term exposure to hypobaric hypoxic environment, their 
body undergoes some adaptive changes such as hypoxic 
pulmonary vasoconstriction and ventricular hypertro-
phy [34, 59]. Therefore, the increased BNP level was not a 
predictor of PH in COPD patients living at HA.

Furthermore, we found that increased BMI was related 
to PH in COPD patients living at HA using univariate. 
Being overweight and obese have a positive association 
with cardiovascular and all-cause mortality [60]. How-
ever, many studies suggested that high BMI was associ-
ated with low mortality in COPD patients—the “obesity 
paradox” [61, 62]. The obesity paradox means that obesity 
in older patients or in patients with several chronic dis-
eases might be protective and associated with decreased 
mortality [63]. Moreover, a previous study from South-
east Iran plateau suggested that low BMI was indepen-
dently associated with severe PH in COPD patients, 
indicating that high BMI might be a protective factor in 
patients with severe PH in COPD patients, consistent 
with our results for patients living at HA [64]. However, 
our result regarding PH was different from some previous 
studies, which reported that high BMI was independently 
associated with PH and BMI was positively correlated 
with PASP [65, 66]. In our study, BMI was not indepen-
dently associated with PH in COPD patients from HA. 
The differences may be because the subjects of the pre-
vious studies were the general population and patients 
without specific background diseases, which were more 
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than 3000 and 8000 subjects, respectively. Moreover, 
the race in our study differed from that of the previous 
studies. Additionally, our patients were dwellers at HA, 
excluding interference from other altitudes.

Moreover, we found that bilirubin levels were higher in 
COPD-PH patients than in COPD-NPH patients living 
at HA and LA. Additionally, increased TB was an inde-
pendent predictor of PH in COPD patients living at HA 
and LA; COPD-PH patients from HA had significantly 
higher TB than those from LA. Similarly, some stud-
ies on TB and PH reported that PASP levels were posi-
tively correlated with TB, and TB was an independent 
predictor of PH, [67, 68] the reasons could be that HA is 
characterized by hypoxia and bilirubin is an endogenous 
antioxidant molecule related to oxidative stress [69, 70]. 
Moreover, in our study, transaminases between COPD-
PH at HA and COPD-PH at LA were not significantly 
different, indicating that serum bilirubin was more sen-
sitive to hemodynamic changes than transaminases, [71] 
however, the sensitivity of serum bilirubin and transami-
nases to altitude changes were required for assessment in 
more studies.

The highlight of this study was that the subjects were 
from two reference centers and we reasonably excluded 
the those with other diseases associated with PH. How-
ever, the study has some limitations. Primarily, it was a 
cross-sectional retrospective study, thus, we could not 
directly determine causality from the results. Secondly, 
although we had two reference centers, each altitude had 
a single reference center and the sample size was limited, 
therefore, the results could not be reliably extrapolated to 
the general population with COPD living at similar alti-
tudes. Thirdly, there was no linear correlation between 
PaO2 and PASP at both HA and LA in our study which 
was different from Scharf SM et al. [28] and Thabut G 
et al. [31], the main reason could be the small sample 
size of PH patiens in our study. Fourthly, other diseases 
with coexisting pathologic conditions that could cause 
PH were excluded in our study, therefore, we could not 
classify PH into different subgroups in this study. More-
over, we could not obtain the rate of complicating PH 
in patients with COPD in different GOLD groups using 
ABE assessment tool, [72] because the study subjects 
were hospitalized for COPD exacerbation, and they were 
all in group E according to GOLD 2023. A previous study 
had reported a higher rate of complicating PH in group 
E, [73] however, in our study, we could not compare the 
difference in the rate of complicating PH between dif-
ferent COPD patients in group A-B and E. Lastly, TTE 
was used to estimate PASP instead of the right cardiac 
catheter(RHC) in this study. RHC is superior to TTE in 
monitoring complete hemodynamic assessment, [74] 
however, it is invasive, expensive and difficult to use on a 
large scale [75, 76].

Conclusion
This study showed that the proportion of PH complica-
tions and moderate to severe PH in COPD patients living 
at HA was higher than that in patients living at LA. More-
over, increased TB was the common predictor of PH in 
COPD patients living at LA and HA, and increased BNP 
was only the predictor of PH in COPD patients living at 
LA. Therefore, multicenter studies and large sample size 
are needed to explore the differences in predictors of PH 
in COPD patients living at different altitudes.
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