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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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AAT alpha-1 antitrypsin
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ARDS acute respiratory distress syndrome
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CI confidence interval

COPD chronic obstructive pulmonary disease

GST glutathione S-transferase

HAP house air pollution

MMP-12 matrix metalloproteinase 12

NOS Newcastle-Ottawa Scale

OR Odds Ratio

PaO2 arterial oxygen partial pressure

PAO2 alveolar oxygen partial pressure

TB tuberculosis

ADDITIONAL INFORMATION AND DECLARATIONS

Funding
The authors received no funding for this work.

Competing Interests
The authors declare that they have no competing interests.

Author Contributions
� Huaiyu Xiong conceived and designed the experiments, performed the experiments,
prepared figures and/or tables, authored or reviewed drafts of the paper, and approved
the final draft.

� Qiangru Huang conceived and designed the experiments, prepared figures and/or tables,
and approved the final draft.

� Chengying He analyzed the data, prepared figures and/or tables, and approved the final
draft.

Xiong et al. (2020), PeerJ, DOI 10.7717/peerj.8586 11/15

http://dx.doi.org/10.7717/peerj.8586
https://peerj.com/


� Tiankui Shuai performed the experiments, analyzed the data, prepared figures and/or
tables, and approved the final draft.

� Peijing Yan conceived and designed the experiments, analyzed the data, prepared figures
and/or tables, and approved the final draft.

� Lei Zhu performed the experiments, prepared figures and/or tables, and approved the
final draft.

� Kehu Yang analyzed the data, authored or reviewed drafts of the paper, and approved
the final draft.

� Jian Liu analyzed the data, authored or reviewed drafts of the paper, and approved the
final draft.

Data Availability
The following information was supplied regarding data availability:

The raw data is available in the Supplemental File.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.8586#supplemental-information.

REFERENCES
Blanco I, De Serres FJ, Fernandez-Bustillo E, Lara B, Miravitlles M. 2006. Estimated numbers

and prevalence of PI�S and PI�Z alleles of alpha1-antitrypsin deficiency in European countries.
European Respiratory Journal 27(1):77–84 DOI 10.1183/09031936.06.00062305.

Brakema EA, Tabyshova A, Kasteleyn MJ, Molendijk E, Van der Kleij R, Van Boven JFM,
Emilov B, Akmatalieva M, Mademilov M, Numans ME, Williams S, Sooronbaev T,
Chavannes NH. 2019. High COPD prevalence at high altitude: does household air pollution
play a role? European Respiratory Journal 53:1801193 DOI 10.1183/13993003.01193-2018.

Burtscher M. 2014. Effects of living at higher altitudes on mortality: a narrative review. Aging and
Disease 5:274–280 DOI 10.14336/ad.2014.0500274.

Caballero A, Torres-Duque CA, Jaramillo C, Bolivar F, Sanabria F, Osorio P, Orduz C,
Guevara DP, Maldonado D. 2008. Prevalence of COPD in five Colombian cities situated at low,
medium, and high altitude (PREPOCOL study). Chest 133(2):343–349 DOI 10.1378/chest.07-1361.

Cohen JE, Small C. 1998. Hypsographic demography: the distribution of human population by
altitude. Proceedings of the National Academy of Sciences of the United States of America
95(24):14009–14014 DOI 10.1073/pnas.95.24.14009.

Coté TR, Stroup DF, Dwyer DM, Horan JM, Peterson DE. 1993. Chronic obstructive pulmonary
disease mortality. A role for altitude. Chest 103(4):1194–1197 DOI 10.1378/chest.103.4.1194.

Coultas DB, Samet JM, Wiggins CL. 1984. Altitude and mortality from chronic obstructive lung
disease in New Mexico. Archives of Environmental Health 39(5):355–359
DOI 10.1080/00039896.1984.10545863.

Culver BH. 2012. How should the lower limit of the normal range be defined? Respiratory Care
57(1):136–145 DOI 10.4187/respcare.01427.

De Serres FJ. 2002. Worldwide racial and ethnic distribution of alpha1-antitrypsin deficiency:
summary of an analysis of published genetic epidemiologic surveys. Chest 122(5):1818–1829
DOI 10.1378/chest.122.5.1818.

Xiong et al. (2020), PeerJ, DOI 10.7717/peerj.8586 12/15

http://dx.doi.org/10.7717/peerj.8586#supplemental-information
http://dx.doi.org/10.7717/peerj.8586#supplemental-information
http://dx.doi.org/10.7717/peerj.8586#supplemental-information
http://dx.doi.org/10.1183/09031936.06.00062305
http://dx.doi.org/10.1183/13993003.01193-2018
http://dx.doi.org/10.14336/ad.2014.0500274
http://dx.doi.org/10.1378/chest.07-1361
http://dx.doi.org/10.1073/pnas.95.24.14009
http://dx.doi.org/10.1378/chest.103.4.1194
http://dx.doi.org/10.1080/00039896.1984.10545863
http://dx.doi.org/10.4187/respcare.01427
http://dx.doi.org/10.1378/chest.122.5.1818
http://dx.doi.org/10.7717/peerj.8586
https://peerj.com/


DerSimonian R, Laird N. 2015. Meta-analysis in clinical trials revisited. Contemporary Clinical
Trials 45:139–145 DOI 10.1016/j.cct.2015.09.002.

Ding Z,Wang K, Li J, Tan Q, TanW, Guo G. 2019. Association between glutathione S-transferase
gene M1 and T1 polymorphisms and chronic obstructive pulmonary disease risk: a meta-
analysis. Clinical Genetics 95(1):53–62 DOI 10.1111/cge.13373.

Ezzati M, Horwitz MEM, Thomas DSK, Friedman AB, Roach R, Clark T, Murray CJL,
Honigman B. 2012. Altitude, life expectancy and mortality from ischaemic heart disease, stroke,
COPD and cancers: national population-based analysis of US counties. Journal of Epidemiology
and Community Health 66(7):e17 DOI 10.1136/jech.2010.112938.

Gaviola C, Miele CH, Wise RA, Gilman RH, Jaganath D, Miranda JJ, Bernabe-Ortiz A,
Hansel NN, CheckleyW, Group CCS. 2016.Urbanisation but not biomass fuel smoke exposure
is associated with asthma prevalence in four resource-limited settings. Thorax 71:154–160
DOI 10.1136/thoraxjnl-2015-207584.

GBD 2015 Chronic Respiratory Disease Collaborators. 2017. Global, regional, and national
deaths, prevalence, disability-adjusted life years, and years lived with disability for chronic
obstructive pulmonary disease and asthma, 1990–2015: a systematic analysis for the Global
Burden of Disease Study 2015. Lancet Respiratory Medicine 5:691–706
DOI 10.1016/s2213-2600(17)30293-x.

Gordon SB, Bruce NG, Grigg J, Hibberd PL, Kurmi OP, Lam K-BH, Mortimer K, Asante KP,
Balakrishnan K, Balmes J, Bar-Zeev N, Bates MN, Breysse PN, Buist S, Chen Z, Havens D,
Jack D, Jindal S, Kan H, Mehta S, Moschovis P, Naeher L, Patel A, Perez-Padilla R, Pope D,
Rylance J, Semple S, Martin WJ II. 2014. Respiratory risks from household air pollution in low
and middle income countries. Lancet Respiratory Medicine 2(10):823–860
DOI 10.1016/S2213-2600(14)70168-7.

Halbert RJ, Natoli JL, Gano A, Badamgarav E, Buist AS, Mannino DM. 2006. Global burden of
COPD: systematic review and meta-analysis. European Respiratory Journal 28(3):523–532
DOI 10.1183/09031936.06.00124605.

Havryk AP, Gilbert M, Burgess KR. 2002. Spirometry values in Himalayan high altitude residents
(Sherpas). Respiratory Physiology & Neurobiology 132(2):223–232
DOI 10.1016/S1569-9048(02)00072-1.

Higgins JPT, Thompson SG. 2002. Quantifying heterogeneity in a meta-analysis. Statistics in
Medicine 21(11):1539–1558 DOI 10.1002/sim.1186.

Horner A, Soriano JB, Puhan MA, Studnicka M, Kaiser B, Vanfleteren L, Gnatiuc L, Burney P,
Miravitlles M, Garcia-Rio F, Ancochea J, Menezes AM, Perez-Padilla R, Montes de Oca M,
Torres-Duque CA, Caballero A, Gonzalez-Garcia M, Buist S, FlammM, Lamprecht B. 2017.
Altitude and COPD prevalence: analysis of the PREPOCOL-PLATINO-BOLD-EPI-SCAN
study. Respiratory Research 18(1):162 DOI 10.1186/s12931-017-0643-5.

Hunninghake GM, Cho MH, Tesfaigzi Y, Soto-Quiros ME, Avila L, Lasky-Su J, Stidley C,
Melen E, Soderhall C, Hallberg J, Kull I, Kere J, Svartengren M, Pershagen G, Wickman M,
Lange C, Demeo DL, Hersh CP, Klanderman BJ, Raby BA, Sparrow D, Shapiro SD,
Silverman EK, Litonjua AA, Weiss ST, Celedon JC. 2009. MMP12, lung function, and COPD
in high-risk populations. New England Journal of Medicine 361(27):2599–2608
DOI 10.1056/NEJMoa0904006.

Hwang J, Jang M, Kim N, Choi S, Oh Y-M, Seo JB. 2018. Positive association between moderate
altitude and chronic lower respiratory disease mortality in United States counties. PLOS ONE
13(7):e0200557 DOI 10.1371/journal.pone.0200557.

Xiong et al. (2020), PeerJ, DOI 10.7717/peerj.8586 13/15

http://dx.doi.org/10.1016/j.cct.2015.09.002
http://dx.doi.org/10.1111/cge.13373
http://dx.doi.org/10.1136/jech.2010.112938
http://dx.doi.org/10.1136/thoraxjnl-2015-207584
http://dx.doi.org/10.1016/s2213-2600(17)30293-x
http://dx.doi.org/10.1016/S2213-2600(14)70168-7
http://dx.doi.org/10.1183/09031936.06.00124605
http://dx.doi.org/10.1016/S1569-9048(02)00072-1
http://dx.doi.org/10.1002/sim.1186
http://dx.doi.org/10.1186/s12931-017-0643-5
http://dx.doi.org/10.1056/NEJMoa0904006
http://dx.doi.org/10.1371/journal.pone.0200557
http://dx.doi.org/10.7717/peerj.8586
https://peerj.com/


Jaganath D, Miranda JJ, Gilman RH, Wise RA, Diette GB, Miele CH, Bernabe-Ortiz A,
Checkley W. 2015. Prevalence of chronic obstructive pulmonary disease and variation in risk
factors across four geographically diverse resource-limited settings in Peru. Respiratory Research
16(1):40 DOI 10.1186/s12931-015-0198-2.

Lamprecht B, McBurnie MA, Vollmer WM, Gudmundsson G, Welte T, Nizankowska-
Mogilnicka E, Studnicka M, Bateman E, Anto JM, Burney P, Mannino DM, Buist SA. 2011.
COPD in never smokers: results from the population-based burden of obstructive lung disease
study. Chest 139(4):752–763 DOI 10.1378/chest.10-1253.

Laniado-Laborin R, Rendón A, Batiz F, Alcantar-Schramm JM, Bauerle O. 2012. High altitude
and chronic obstructive pulmonary disease prevalence: a casual or causal correlation?
Archivos de Bronconeumologia 48(5):156–160 DOI 10.1016/j.arbr.2011.12.004.

Lau J, Ioannidis JPA, Terrin N, Schmid CH, Olkin I. 2006. The case of the misleading funnel plot.
BMJ 333(7568):597–600 DOI 10.1136/bmj.333.7568.597.

Menezes AMB, Perez-Padilla R, Jardim JRB, Muiño A, Lopez MV, Valdivia G,
Montes de Oca M, Talamo C, Hallal PC, Victora CG, Team P. 2005. Chronic obstructive
pulmonary disease in five Latin American cities (the PLATINO study): a prevalence study.
Lancet 366(9500):1875–1881 DOI 10.1016/S0140-6736(05)67632-5.

Miele CH, Grigsby MR, Siddharthan T, Gilman RH, Miranda JJ, Bernabe-Ortiz A, Wise RA,
Checkley W, Group CCS. 2018. Environmental exposures and systemic hypertension are risk
factors for decline in lung function. Thorax 73:1120–1127 DOI 10.1136/thoraxjnl-2017-210477.

Miranda JJ, Bernabe-Ortiz A, Smeeth L, Gilman RH, Checkley W, Group CCS. 2012.
Addressing geographical variation in the progression of non-communicable diseases in Peru: the
CRONICAS cohort study protocol. BMJ Open 2:e000610 DOI 10.1136/bmjopen-2011-000610.

Olloquequi J, Silva OR. 2016. Biomass smoke as a risk factor for chronic obstructive pulmonary
disease: effects on innate immunity. Innate Immunity 22(5):373–381
DOI 10.1177/1753425916650272.

Peterson J, Welch V, Losos M, Tugwell PJOOHRI. 2011. The Newcastle-Ottawa scale (NOS) for
assessing the quality of nonrandomised studies in meta-analyses. Available at http://www.ohri.
ca/programs/clinical_epidemiology/oxford.asp (accessed 1 January 2011).

Song F, Gilbody S. 1998. Bias in meta-analysis detected by a simple, graphical test. Increase in
studies of publication bias coincided with increasing use of meta-analysis. BMJ 316:471.

Tian J, Zhang J, Ge L, Yang K, Song F. 2017. The methodological and reporting quality of
systematic reviews from China and the USA are similar. Journal of Clinical Epidemiology
85:50–58 DOI 10.1016/j.jclinepi.2016.12.004.

Urrunaga-Pastor D, Moncada-Mapelli E, Runzer-Colmenares FM, Bailon-Valdez Z, Samper-
Ternent R, Rodriguez-Mañas L, Parodi JF. 2018. Factors associated with poor balance ability
in older adults of nine high-altitude communities. Archives of Gerontology and Geriatrics
77:108–114 DOI 10.1016/j.archger.2018.04.013.

Van Gemert F, Kirenga B, Chavannes N, Kamya M, Luzige S, Musinguzi P, Turyagaruka J,
Jones R, Tsiligianni I, Williams S, De Jong C, Van der Molen T. 2015. Prevalence of chronic
obstructive pulmonary disease and associated risk factors in Uganda (FRESH AIR Uganda): a
prospective cross-sectional observational study. Lancet Global Health 3(1):e44–e51
DOI 10.1016/S2214-109X(14)70337-7.

Vinnikov D, Brimkulov N, Redding-Jones R. 2011. Four-year prospective study of lung function
in workers in a high altitude (4,000 m) mine. High Altitude Medicine & Biology 12(1):65–69
DOI 10.1089/ham.2010.1033.

Xiong et al. (2020), PeerJ, DOI 10.7717/peerj.8586 14/15

http://dx.doi.org/10.1186/s12931-015-0198-2
http://dx.doi.org/10.1378/chest.10-1253
http://dx.doi.org/10.1016/j.arbr.2011.12.004
http://dx.doi.org/10.1136/bmj.333.7568.597
http://dx.doi.org/10.1016/S0140-6736(05)67632-5
http://dx.doi.org/10.1136/thoraxjnl-2017-210477
http://dx.doi.org/10.1136/bmjopen-2011-000610
http://dx.doi.org/10.1177/1753425916650272
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://dx.doi.org/10.1016/j.jclinepi.2016.12.004
http://dx.doi.org/10.1016/j.archger.2018.04.013
http://dx.doi.org/10.1016/S2214-109X(14)70337-7
http://dx.doi.org/10.1089/ham.2010.1033
http://dx.doi.org/10.7717/peerj.8586
https://peerj.com/


Vogelmeier CF, Criner GJ, Martinez FJ, Anzueto A, Barnes PJ, Bourbeau J, Celli BR, Chen R,
Decramer M, Fabbri LM, Frith P, Halpin DMG, López Varela MV, Nishimura M, Roche N,
Rodriguez-Roisin R, Sin DD, Singh D, Stockley R, Vestbo J, Wedzicha JA, Agustí A. 2017.
Global strategy for the diagnosis, management, and prevention of chronic obstructive lung
disease 2017 report. GOLD executive summary. American Journal of Respiratory and Critical
Care Medicine 195(5):557–582 DOI 10.1164/rccm.201701-0218PP.

Wood S, Norboo T, Lilly M, Yoneda K, Eldridge M. 2003. Cardiopulmonary function in high
altitude residents of Ladakh. High Altitude Medicine & Biology 4(4):445–454
DOI 10.1089/152702903322616191.

Wurst KE, St Laurent S, Hinds D, Davis KJ. 2017. Disease burden of patients with asthma/COPD
Overlap in a US claims database: impact of ICD-9 coding-based definitions. Journal of Chronic
Obstructive Pulmonary Disease 14(2):200–209 DOI 10.1080/15412555.2016.1257598.

Zaeh S, Miele CH, Putcha N, Gilman RH, Miranda JJ, Bernabe-Ortiz A, Wise RA, Checkley W.
2016. Chronic respiratory disease and high altitude are associated with depressive symptoms in
four diverse settings. International Journal of Tuberculosis and Lung Disease 20(9):1263–1269
DOI 10.5588/ijtld.15.0794.

Xiong et al. (2020), PeerJ, DOI 10.7717/peerj.8586 15/15

http://dx.doi.org/10.1164/rccm.201701-0218PP
http://dx.doi.org/10.1089/152702903322616191
http://dx.doi.org/10.1080/15412555.2016.1257598
http://dx.doi.org/10.5588/ijtld.15.0794
https://peerj.com/
http://dx.doi.org/10.7717/peerj.8586

	Prevalence of chronic obstructive pulmonary disease at high altitude: a systematic review and meta-analysis
	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusions
	Abbreviations
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


