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ABSTRACT
Background and objective: Recently, several studies have investigated the prevalence
of chronic obstructive pulmonary disease (COPD) at high altitude (>1,500 m).
However, much remains to be understood about the correlation between altitude and
COPD. We aimed to summarize the prevalence of COPD at high-altitudes and find
out if altitude could be a risk factor for COPD.
Methods: We searched PubMed/Medline, Cochrane Library, Web of Science,
SCOPUS, OVID, Chinese Biomedical Literature Database (CBM) and Embase
databases from inception to April 30th, 2019, with no language restriction. We used
STATA 14.0 to analyze the extracted data. A random-effect model was used to
calculate the combined OR and 95% CI. Heterogeneity was assessed by the I2 statistic
versus P-value. We performed a subgroup analysis to analyze possible sources of
heterogeneity. The Egger’s test and the Begg’s test were used to assess any publication
bias.
Results: We retrieved 4,574 studies from seven databases and finally included 10
studies (54,578 participants). Males ranged from 18.8% to 49.3% and the population
who smoked ranged from 3.3% to 53.3%. The overall prevalence of COPD at
high-altitude was 10.0% (95% CI [0.08–0.12], P < 0.001). In a subgroup analysis,
based on different regions, the results showed that the prevalence in Asia was higher
than that in Europe and America. Seven studies compared the relationship between
the prevalence of COPD at high-altitudes and the lowlands. The results showed
that altitude was not an independent risk factor for the prevalence of COPD
(ORadj = 1.18, 95% CI [0.85–1.62], P = 0.321). There was no publication bias among
the studies.
Conclusions: Our study found a higher prevalence of COPD at high-altitudes than
those from average data. However, altitude was not found to be an independent risk
factor for developing COPD (PROSPERO Identifier: CRD42019135012).
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INTRODUCTION
Chronic obstructive pulmonary disease (COPD) is a prevalent and non-curable disease
that causes heavy social and economic burden (GBD 2015 Chronic Respiratory Disease
Collaborators, 2017). Evidence shows that COPD affects an increasingly younger age group
(Blanco et al., 2006), accounting for 3.2% of males and 2.0% of females (Brakema et al.,
2019). Additionally, it is the third leading cause of mortality in the world, accounting for
5.7% of all-death population (Brakema et al., 2019). In spite of this, COPD is still
undertreated and underdiagnosed (Burtscher, 2014).

Previous studies have reported that globally, there are more than 400 million people
living at high-altitudes (Caballero et al., 2008), however, the relationship between the
prevalence of COPD and altitude is still unknown. Several studies have also demonstrated
a negative correlation between COPD and altitude (Coultas, Samet & Wiggins, 1984;
Menezes et al., 2005; Laniado-Laborin et al., 2012; Horner et al., 2017). For example,
Horner et al. (2017) found a prevalence of 8.5% at high-altitudes and 9.9% in the lowlands
for COPD. Caballero et al. (2008) reported that, with the increase in altitude, the
prevalence of COPD increased. Other studies have reported that people living at higher
altitudes may have a higher prevalence of COPD (Hwang et al., 2018; Gaviola et al., 2016;
Ezzati et al., 2012; Coté et al., 1993). A study from Kyrgyzstan found that the prevalence of
COPD at high-altitude was three-fold more than that in the lowlands (Brakema et al.,
2019). Another review also suggested that people living in high-altitude areas may be at
lower risk of developing COPD after immigrating to lower altitudes (Burtscher, 2014).
Therefore, it is essential to clarify whether people living in high altitudes have a higher risk
of COPD.

To the best of our knowledge, there has been no systematic review or meta-analysis on
COPD at high-altitude and its prevalence. In addition, high-quality meta-analysis has
been increasingly regarded as one of the key tools for establishing evidence (Tian et al.,
2017). Therefore, we have analyzed previous studies to conduct a meta-analysis and
summarize the prevalence of COPD at high-altitudes and explore whether altitude is an
independent risk factor affecting the prevalence of COPD.

MATERIALS AND METHODS
All the methods followed the PRISMA guidelines for conducting systematic review and
meta-analysis. This meta-analysis was registered on the PROSPERO International
Prospective Register of systematic reviews (PROSPERO Identifier: CRD42019135012).

Data sources and searches
We searched PubMed/Medline, Cochrane Library, Web of Science, SCOPUS, OVID,
Chinese Biomedical Literature Database (CBM) and Embase databases from inception to
April 30th, 2019 to find out original studies that described the prevalence of COPD in
high-altitude residents. There was no language restriction during our search process, and
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we searched references of all relevant studies to make our search more comprehensive.
The keywords and MESH terms were combined, and the search strategy we used in
PubMed is as follows: (“Altitude” [Mesh] OR altitudes OR plateau) AND (“Pulmonary
Disease, Chronic Obstructive” [Mesh] OR COPD OR Chronic Obstructive Pulmonary
Disease) OR (“Lung Diseases, Obstructive” [Mesh] OR Lung Disease, Obstructive OR
Obstructive Lung Disease) OR (Bronchitis, Chronic OR Chronic Bronchitis) OR
(“Pulmonary Emphysema” [Mesh] OR Emphysemas, Pulmonary OR Pulmonary
Emphysemas). The detailed search strategies from databases are shown in Appendix S1.

Studies that met the following inclusion criteria were included:

1. Studies that described the prevalence of COPD at high altitudes.

2. Studies that provided the Odds Ratio (OR) and 95% confidence interval (CI) or had
enough data to calculate these.

3. The included subjects who had not been previously diagnosed as COPD.

4. Studies that included two or more participants.

The exclusion criteria included:

1. Studies that described other types of diseases with high-altitude, such as cardiovascular
disease, asthma, acute respiratory distress syndrome (ARDS), and sleep apnea.

2. Studies that included animal researches, reviews, case reports, letters, and commentaries

3. Subjects diagnosed as COPD before being included in the research.

Data extraction and quality assessment
Two authors (X.H.Y and H.Q.R) screened the titles and/or abstracts from retrieved studies
independently, read the full text of eligible studies and extracted information from the
original studies. The relevant information included: first author, published year, region,
type of study, elevation from sea-level that the eligible participants lived at, body mass
index (BMI), diagnostic criteria for COPD, sample size, mean age, gender, percentage of
current smoking status, history of tuberculosis (TB), education level, corresponding to
the adjusted OR value of the 95% CI, Variables of adjusted OR and prevalence of COPD at
high-altitude and plains. Any difference in opinion was discussed between the two authors.

Variables of adjusted OR include household air pollution (HAP), age, gender,
educational level, pack years, exposure to gas or dust, history of TB, BMI and ethnic
origin. We defined high altitude as >1,500 m above sea level (Cohen & Small, 1998).
The diagnosis for COPD in the studies met the following four criteria: post-bronchodilator
forced expiratory volume in 1 s (FEV1)/forced vital capacity (FVC) ratio less than
0.70, FEV1/FVC less than 5% of age-dependent lower limit of normal (LLN), the
International Classification of Disease definition (ICD), and patient-reported COPD
(Caballero et al., 2008; Halbert et al., 2006; Havryk, Gilbert & Burgess, 2002; Culver, 2012;
Wurst et al., 2017).

Quality assessment was done by the two authors individually (X.H.Y and H.Q.R).
The Newcastle-Ottawa Scale (NOS) (Peterson et al., 2011), which contained 3 main
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concepts: selection, comparability, and outcome assessment which were used to assess the
quality of the cohort studies, and the Agency for Healthcare Research and Quality
(AHRQ), which included 11 terms, was used to assess the quality of the cross-sectional
studies.

Data analysis
We used STATA 14.0 to analyze the extracted data. We calculated the unadjusted
prevalence of COPD by dividing the number of cases by the total number of participants.
We used the Review Manager (Version 5.3; Revman, Copenhagen, Denmark) to calculate
the OR and the 95% CI when they were not available in the studies (DerSimonian &
Laird, 2015). A random-effects model was used to calculate the combined adjusted OR
and 95% CI (DerSimonian & Laird, 2015). Heterogeneity was assessed by the I2 statistic
versus P value (Higgins & Thompson, 2002). A P-value of ≤ 0.05 and I2 ≥ 50% were
considered high heterogeneity and I2 ≤ 50% indicated heterogeneity in an acceptable
range. We performed a subgroup analysis to analyze any possible source of heterogeneity
when the heterogeneity was high. A sensitivity analysis was performed to detect if the
results were stable and reliable. The Egger’s test and the Begg’s test were used to assess
publication bias (Song & Gilbody, 1998). A funnel plot depicted when the studies were
more than 10 (Lau et al., 2006). We considered a P < 0.05 as statistically significant.

RESULTS
We finally retrieved 4,574 studies from 7 databases and additional records identified
through other sources. After removing duplicates, 3,145 studies remained. We screened
the titles and abstracts of the studies and 174 studies remained. We viewed the full texts of
the 174 studies, and finally included 10 studies for this analysis. The specific steps are
shown in Fig. 1.

A total of 54,578 participants were included from 10 studies and the sample size for a
single study varied from 365 to 30,874. The characteristics of the included studies are
shown in Table 1. Out of the 10 studies, 7 were from the Americas (Colombia, Mexico and
Peru) (Caballero et al., 2008;Menezes et al., 2005; Laniado-Laborin et al., 2012;Miele et al.,
2018; Jaganath et al., 2015; Zaeh et al., 2016; Urrunaga-Pastor et al., 2018), 1 was from
Europe (Austria) (Horner et al., 2017), and 2 were from Asia (Kyrgyzstan) (Brakema et al.,
2019; Vinnikov, Brimkulov & Redding-Jones, 2011). Eight studies met the fixed-ratio
diagnostic criteria (Brakema et al., 2019; Caballero et al., 2008; Menezes et al., 2005;
Laniado-Laborin et al., 2012; Miele et al., 2018; Jaganath et al., 2015; Zaeh et al., 2016;
Vinnikov, Brimkulov & Redding-Jones, 2011), 1 met the definition of LLN (Horner et al.,
2017) and 1 met the patient-reported criteria (Urrunaga-Pastor et al., 2018).

Among the participants, the proportion of males ranged from 18.8% to 49.3%, the
proportion who smoked ranged from 3.3% to 53.3%. The subjects with a history of TB
varied from 0.8% to 3.1%. The proportion with a high school level of education ranged
from 0.6% to 21.8%. All 10 were cross-sectional studies. The results of the quality
analysis were as follows: AHRQ scores ranged from 5 to 10 out of 10 cross-sectional
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studies. Six studies had a low risk of bias, and 4 had a moderate risk of bias; no study had a
high risk of bias.

All of the 10 included studies described the prevalence of COPD at high-altitude.
The results showed that the overall prevalence of COPD at high-altitude was 10.0%

4574 Records identified through 
database searching

PubMed=1043
Embase=704

Cochrane Library=493
Web of Science=881

SCOPUS=910
OVID=335
CBM=208

Additional records identified 
through other sources

(n =0)

Records after duplicates removed
(n =3145)

Studies excluded based on 
titles and abstracts

(n=2981)

Full-text articles assessed 
for eligibility

(n = 174)

Full-text articles excluded, 
with reasons

(n =164)
Reviews= 16

Cardiovascular disease=5
Diagnosed before 

included=41
Drug intervention=10

Conference abstracts= 6
Case report = 3

Sleep apnea syndrome=6 
Children =5

Animal researches=10
Pulmonary 

hypertension=21
Participants were not 

residents=35
Asthma=6

Studies included in 
quantitative synthesis 

(meta-analysis)
(n = 10)

Records screened
(n=3145)

Figure 1 PRISMA (preferred reporting items for systematic reviews and meta-analyses) flow
diagram and exclusion criteria. Full-size DOI: 10.7717/peerj.8586/fig-1
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(95% CI [0.08–0.12], P < 0.001) (Fig. 2). In a subgroup analysis based on different regions,
the results showed that the prevalence in Asia was higher than that in the other 2
continents (Fig. 3). There was no publication bias among the studies (Begg’s test z = 1.34,
P > 0.180; Egger’s test P > 0.143). A plot for publication bias is shown in Fig. S1. The result
of the funnel plot is shown in Fig. S2.

Seven studies compared the relationship between the prevalence of COPD at
high-altitudes and lowlands and calculated the adjusted OR for the altitude in COPD and
that for non-COPD patients. The results showed that altitude is not an independent
risk factor for the prevalence of COPD (ORadj = 1.28, 95% CI [0.93–1.76], P = 0.129)
(Fig. 4). Similar results were also found in the subgroup for different regions (Fig. S3).

DISCUSSION
This meta-analysis summarized the global prevalence of COPD at high altitudes and
analyzed whether altitude is one of the risk factors for the onset of high-altitude COPD.
The main findings of this study were as follows: the prevalence of COPD at high altitude
is 10.0%, which is higher than the global average (3.2 in males and 2.0 in females)
(Brakema et al., 2019; Miranda et al., 2012). From the subgroup analysis, the prevalence
of COPD at high altitude was found to be higher in Asia than that in the Americas and
Europe. However, altitude was not found to be an independent risk factor for the
occurrence of COPD.

Figure 2 Forest plot for the prevalence of COPD at high-altitude.
Full-size DOI: 10.7717/peerj.8586/fig-2
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High prevalence of COPD was found at high-altitudes, which was inconsistent with
Horner et al. (2017). Altitude was not found to be an independent risk factor for such
phenomenon, which demonstrated that there might be other risk factors for COPD at
high-altitudes. We tried to find out other possible risk factors from the original studies,
but unfortunately, the information in the original studies was limited. A study reported
that HAP might be a reason for this prevalence (Gordon et al., 2014). The study also
found that people living in high-altitudes were more likely to be exposed to HAP than
those living in the lowlanders. The possible mechanism for HAP leading to COPD was the
change in the innate immune response, increase in inflammation in the lungs and
oxidative stress state (Olloquequi & Silva, 2016). Moreover, a study by Miele et al. (2018)
found that it might be due to the high-speed decline in lung function. The multivariable
regression analysis in their study showed that people living at high altitudes could suffer
an additional decline of lung function. Other possible reasons might be alveolar oxygen
partial pressure (PAO2), arterial oxygen partial pressure (PaO2), temperature, and
humidity. There is “physiological pulmonary hypertension” in healthy people living at
high altitudes. Furthermore, low temperature and humidity at high altitudes may increase
dryness in the airways, and reduce respiratory quality. Although there were many

Figure 3 Forest plot for the prevalence of COPD at high-altitude by different regions.
Full-size DOI: 10.7717/peerj.8586/fig-3
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conjectures, the exact risk factors are still unknown. Therefore, it is essential for future
studies to find out the exact factors that cause a high prevalence of COPD at high-altitudes.

A subgroup analysis according to different regions showed that the prevalence of
COPD at high-altitudes in Asia was higher than that in the Americas and Europe.
However, only a small number of studies included were from Asia and Europe, and this
result had small representation.

The differences between the regions might be due to the different genetic makeup of
different ethnic groups. The deficiency of alpha-1 antitrypsin (AAT) was the best known
for developing COPD. Several studies investigated the prevalence of alpha1-antitrypsin
deficiency (AATD), such as that by De Serres (2002). They found that this disease was
mainly found in Europe and was a common genetic disease in Caucasians and that there
were still differences among countries. Some scholars have investigated and statistically
analyzed the frequency of mutations among residents of 21 European countries
(Blanco et al., 2006). They discovered that the Z-type mutations were mainly in the Nordic
coastal areas and that the mutations in the S allele that caused moderate levels of plasma
AAT were more common in southern Europe. The frequency of the Z mutant gene in
America was lower than that in Europe, while the S mutation was higher in subjects from
Northern Europe (Blanco et al., 2006). Recently, matrix metalloproteinase 12 (MMP-12)
(Hunninghake et al., 2009) and glutathione S-transferase (GST) (Ding et al., 2019)
were also found to be possible risk factors. A meta-analysis (Ding et al., 2019) from a
Chinese group found that GSTM1 and GSTT1 deletion genotypes significantly increased

Figure 4 Forest plot for assessing whether altitude is a risk factor for developing COPD.
Full-size DOI: 10.7717/peerj.8586/fig-4
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the prevalence of COPD risk. A racial subgroup analysis showed that the polymorphism of
GSTM1 deletion gene was closely related to the susceptibility of COPD for all races
and that the polymorphism of the GSTT1 deletion gene was only associated with COPD in
Asia.

A subgroup analysis for detecting the source of heterogeneity showed that region was
not a main source of heterogeneity. Heterogeneity for the prevalence of COPD was found
to be due to several reasons. First, different diagnostic criteria were used in different
studies. There were no gold diagnostic criteria for COPD. Spirometry was widely used
in clinical trials because it is noninvasive and easy to perform. However, fixed-ratio
criteria was highly under-diagnosed in patients under 45 years of age and over-diagnosed
in the elderly (Halbert et al., 2006; Vogelmeier et al., 2017). This diagnostic criteria
were largely influenced by the degree of cooperation of the subjects. The educational level
of patients may have affected the coordination and understanding of spirometry. In our
meta-analysis, 8 out of the 10 studies used fixed-ratio criteria to diagnose COPD, but
the percentage of higher education varied from 0.6% to 21.8%. This might present a
potential diagnostic heterogeneity. Second, different ages were included in the original
studies. A study from Latin America by Lamprecht et al. (2011) examined the prevalence
of COPD in subjects over 40 years of age (Lamprecht et al., 2011) and showed that the
prevalence of COPD increased steadily with age, especially in those over 60 years of
age. Urrunaga-Pastor et al. (2018) only included participants over 60 years in their study,
which might have caused a higher prevalence of COPD than other studies. Therefore,
age heterogeneity might have been a source of the overall heterogeneity. Third, a
different portion of males was included in different studies. Although a study reported
that the prevalence of COPD was equal in males and females (Wood et al., 2003),
a meta-analysis fromHalbert et al. (2006) demonstrated that there was a higher prevalence
of COPD in males than females. However, the proportion of males in the included
studies varied from 18.8% to 87.5%, this might have been a partial cause of the
heterogeneity.

This meta-analysis had several limitations. First, all of our included participants were
over the age of 40, while Van Gemert et al. (2015) said that people under the age of 30
who had been exposed to risk factors for a long time might be diagnosed as COPD.
Therefore future studies on COPD should include younger participants. Second, no study
described the difference in mortality of COPD between high-altitudes and lowlands.
Third, we tried to find out whether the prevalence of COPD increased with an increase in
altitude (Ezzati et al., 2012). However, unfortunately, we couldn’t get exact data from the
original studies, therefore, further studies are needed to support our conjecture. Fourth,
most of the regions included in our study were from American countries, and only a few
were from other continents, this might have led to the small representation of our results
on a global scale. Finally, only one study reported that they have considered the ethnic
origin as a mixed factor, and we could not rule out the impact of race on our results.
As ethnic composition changes with altitude, often native ethnicity (American Indians)
increases with altitude, that may change susceptibility.
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CONCLUSIONS
The results of this meta-analysis suggest that the prevalence of COPD at high-altitudes
is higher than that from average data. However, altitude was not found to be an
independent risk factor for developing COPD. It is essential for future studies to detect risk
factors for the prevalence of COPD at high altitudes. Studies involving younger
participants and larger geographical regions are important to make these studies more
representative and reliable.
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COPD chronic obstructive pulmonary disease
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