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Abstract: Background and Objectives: Metabolic syndrome (MS) has many risk factors that are impor-
tant to investigate in populations living at sea level and in high-altitude geographic regions. The aim
was to identify the components of MS that cross-sectional studies use to assess in adult populations
residing in high-altitude regions. Materials and Methods: A systematic review study was conducted.
The Pubmed database was used. The search for original articles (cross-sectional) was performed from
January 2013 to December 2020. The procedure was carried out by two researchers. The keywords
used were metabolic syndrome, adults, and altitude regions. The search strategy considered the
components of the PICOS tool. Results: Ten cross-sectional studies were identified in the Pubmed
database from 2014 to 2020. Altitude levels varied between countries and regions, from 2060 to 4900
m above sea level. Three studies were conducted in both China and Peru, two studies in Ecuador, and
one in Bolivia and India. The age ranges studied were from 18 to ~80 years of age, approximately. The
components used to assess MS in most studies (between 9 to 10 studies) were body mass index (BMI),
waist circumference (WC), blood pressure (BP), triglycerides (TG), high-density lipoproteins (HDL)
and serum glucose (SG). Conclusions: This systematic review verified that the most commonly used
domains in adult populations in various moderate- and high-altitude regions of the world are BMI,
WC, BP, TG, HDL, and SG. These results suggest that in order to evaluate and/or investigate MS in
subjects residing in high-altitude populations, at least four diagnostic domains should be considered
in their protocols.

Keywords: metabolic syndrome; altitude; adults

1. Introduction

Metabolic syndrome (MS) is a complex pathophysiological state that originates pri-
marily from an imbalance in calorie intake and energy expenditure but is also affected by
the genetic/epigenetic makeup of the individual, the predominance of sedentary lifestyle
over physical activity, and other factors such as food quality and composition and gut
microbiome composition [1].
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Its components comprise abdominal obesity, insulin resistance (elevated fasting glu-
cose), hypertension, and dyslipidemia (elevated triglyceride levels and decreased high-
density lipoprotein (HDL) cholesterol levels) [2,3].

These abnormalities are closely related to increased risk of cardiovascular disease,
type 2 diabetes and premature death [4–7].

In fact, studies in general have shown an increase in prevalence over time as a result
of changes in diet, lifestyle, low physical activity, consumption of various processed foods,
rich in saturated fats and sugar, as well as smoking, among other factors [8–10].

Prevalence figures in various populations around the world have reached 27.4% to
39% [11–14], which is evidence that MS like other chronic diseases, is a complex disease
that depends on genetic and environmental factors [15,16].

In general, differences in genetic background, dietary habits, physical activity levels,
age structure, sex, and levels of overnutrition and malnutrition can influence the prevalence
of both metabolic syndrome and each of its components [17].

In this context, as MS is considered as a set of conditions that occur together and have
a multifactorial etiology [18] and due to its large variations in climates, geography, lifestyles
and ethnicities, it is important to investigate these risk factors not only in populations living
at sea level, but also in geographic regions of altitude.

In fact, several studies have reported that environment and altitude may also affect
the incidence of MS, because people living in these regions tend to be thinner compared
to those living in low altitude areas. This inverse association is independent of lifestyle,
ethnicity and income [19].

On the other hand, it is also postulated that people living in high-altitude regions
generate a favorable increase in cardiovascular conditions and respiratory efficiency, despite
lower oxygen availability [20], and it is even highlighted that people living at altitude
possess lower LDL (low-density lipoprotein), higher HDL, and better fasting glucose levels,
as well as reduced obesity, compared to sea-level residents [20,21].

Therefore, this information could generate some advantages in the identification of
prevalence in people living in high-altitude regions.

In fact, given that MS defines the coexistence of at least three of the five cardiometabolic
risk factors (abdominal adiposity, hyperglycemia, hypertriglyceridemia, high-density lipopro-
tein cholesterol (HDL-C), and hypertension) [22], this study assumes that the primary studies
performed in altitude regions at least consider three risk factors in their protocols

This information could help professionals and researchers working in the health
sciences to adopt assessment protocols in the diagnosis and follow-up of MS and even
to establish appropriate cut-off points for populations living in high-altitude regions in
the future.

Therefore, the aim of the study was to identify the components of MS that cross-
sectional studies use to assess in adult populations residing in high-altitude regions.

2. Materials and Methods
2.1. Type of Study

We conducted a systematic review study on cross-sectional research that has been
conducted on metabolic syndrome in adults living in high-altitude geographic regions. To
ensure the process of organization and systematized information we relied on the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement [23]. The
PubMed database of the US National Library of Medicine was used for the information
search process.

2.2. Eligibility Criteria

To achieve the relevance of this systematic review, the original articles (cross-sectional)
included the following keywords (1) metabolic syndrome; (2) adults; (3) altitude regions.
Subsequently such words were grouped into two or three sets of words, and a new search
was performed, such as, for example, metabolic syndrome and adults, metabolic syndrome
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and altitude regions. Matching and combination strategies were also used to search for
research, whose terms were searched for in the study titles, abstract and keywords.

Studies that included systematic reviews, bibliographic reviews and letters to the
editor were excluded from the analysis. Therefore, this process was limited to original
articles (cross-sectional) that investigated adults aged 18 years and older up to ~80 years
of age. Original articles were also excluded if they met the eligibility criteria but were not
accessible in the full version (not available electronically or in hard copy or requested from
the authors but not submitted).

2.3. Search Strategy

The electronic search covered a period of one month (January 2021). Specific searches
in the most-cited journals and authors and in the reference lists of the articles ensured the
location of all relevant articles. The basis for the search strategy was considered using the
components of the PICOS (Population, Interventions, Comparators, Outcomes, and Study
design) tool, these being P: adults ≥ 18 years who participated as a sample in metabolic
syndrome topics; I: components of MS; C: present different components of the evaluated MS;
O: describe methodological characteristics of the investigated sample (number, age, altitude
level, city) in studies evaluating MS in altitude populations; and S: cross-sectional studies.

2.4. Methodological Quality

The assessment of methodological quality was performed independently by two
reviewers (MC, RG), who analyzed the selected studies of this systematic review and
resolved disagreements in the consensus analysis. The methodological quality review was
performed considering the 11 items recommended by the Agency for Healthcare Research
and Quality (AHRQ). Each item has a score of “Yes”, “No”, or “Unclean” to judge in the
systematized study.

The following items were considered: Define the source of information (survey, record
review); list the inclusion and exclusion criteria for exposed subjects or refer to previous
publications; indicate the time period used to identify patients; indicate whether subjects
were consecutive or not, if not population-based; indicate whether the assessors of the
subjective components of the study were masked to the participants’ status; describe any
assessments performed for quality assurance purposes (e.g., testing/re-testing of primary
outcome measurements); explain any exclusions of patients from analyses. Describe any
assessments conducted for quality assurance purposes (e.g., test/re-retest of primary
outcome measurements); explain any exclusions of patients from analysis; describe how
confounders were assessed and/or controlled for; if applicable, explain how missing data
were handled in the analysis; summarize patient response rates and completeness of data
collection; clarify what follow-up was expected, if any, and the percentage of patients for
whom incomplete data or follow-up was obtained.

2.5. Data Extraction and Analysis

The data extraction process for each article was carried out using a structured script
(observation sheet) that included the following points: authors, (age range and sex of study
participants), altitude (city and country), and components of metabolic syndrome used.

A first reviewer performed the data extraction described above, and the second
reviewer checked the data extraction. This ensured concordance of the data.

For the presentation of the results in terms of systematization, descriptive analysis
(ranges and frequencies) was used to quantify the components of the metabolic syndrome
used in altitude regions.

3. Results

Figure 1 shows the PRISMA flow chart showing the study selection process developed.
A total of 97 studies were identified worldwide, which were considered as potential studies
for systematization. Subsequently, 44 studies were eliminated as they were not original
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studies in high-altitude populations. In the next stage, the titles and abstracts were read,
considering the inclusion and exclusion criteria, and 29 articles were eliminated. In the
third stage, of the 24 eligible studies, which were read in their entirety, 14 that were not
cross-sectional studies were eliminated. Finally, 10 articles were considered in this review.
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Figure 1. PRISMA flow chart for the systematization of original articles 2014–2020.

The results of the quality analysis of the articles are shown in Table 1. All studies
included in this systematic review define the sources of information, presented inclusion
and exclusion criteria for participants, present patient responses. Fifty percent indicated
the time period used to identify the patients, only 30% clearly indicated the management
of confidentiality of the results.
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Table 1. Analysis of the methodological quality of the articles selected for this systematic review.
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N° Author(s) Year Title Journal 

1 Huang et al. [24]. 2020 
Metabolic syndrome in native populations living at 

high altitude: a cross-sectional survey in Derong, 
China. 

BMJ Open. 

2 Lopez-Pascual et al. [29]. 2018 
Inverse Association Between Metabolic Syndrome 
and Altitude: A Cross-Sectional Study in an Adult 

Population of Ecuador 

Frontiers in Endocri-
nology, Clinical Dia-

betes. 

3 Sherpa et al. [10]. 2013 
Prevalence of metabolic syndrome and common 

metabolic components in high-altitude farmers and 
herdsmen at 3700 m in Tibet.  

High Altitude & 
Medicine Biology.  

4 Lin et al. [26]. 2018 
The prevalence of obesity and metabolic syndrome in 

Tibetan immigrants living in high altitude areas in 
Ladakh, India. 

Obesity Research & 
Clinical Practrice. 

In relation to the control of the measures, only 10% of the studies indicated that they
were controlled. Likewise, two studies (20%) described the assessment and control of
confounding factors, and only one study explained how missing data were treated.

In general, the evaluation of methodological quality showed that the two studies
with the highest scores were Sherpa et al. [10] and Huang et al. [24] (9 and 8 points,
respectively), followed by Guo et al. [25], Lin et al. [26], Hurtado-Arestegui et al. [27]
and Herrera-Enriquez, Narvaez Guerra [28] (with 7 and 6 points, respectively); and
Lopez-Pascual et al. [29], De Ferrari et al. [30], and Miele et al. [7] (5 points) on this scale.

The indicators that characterize the cross-sectional studies can be seen in Table 2. Ten
studies published from 2014 to 2020 were systematized; in addition, seven journals were
identified that published cross-sectional research related to MS in high-altitude regions.

Table 3 describes the sample size used in the studies, as well as the age range, city
(country), and altitude level where the studies were conducted. Of the ten systematized
studies, three were conducted in China and Peru, two in Ecuador, and one each in Bolivia
and India. The ages that have been investigated vary among the studies, for example, seven
studies have included subjects from 30 to ~80 years of age and three studies from 18, 20,
and 27 years of age onwards, up to 48, 60, and 70 years of age approximately.



Medicina 2022, 58, 451 6 of 11

Table 2. Indicators of the articles systematized for the study.

N◦ Author(s) Year Title Journal

1 Huang et al. [24]. 2020
Metabolic syndrome in native populations

living at high altitude: a cross-sectional
survey in Derong, China.

BMJ Open.

2 Lopez-Pascual et al. [29]. 2018
Inverse Association Between Metabolic

Syndrome and Altitude: A Cross-Sectional
Study in an Adult Population of Ecuador

Frontiers in Endocrinology,
Clinical Diabetes.

3 Sherpa et al. [10]. 2013

Prevalence of metabolic syndrome and
common metabolic components in

high-altitude farmers and herdsmen at
3700 m in Tibet.

High Altitude & Medicine Biology.

4 Lin et al. [26]. 2018
The prevalence of obesity and metabolic

syndrome in Tibetan immigrants living in
high altitude areas in Ladakh, India.

Obesity Research & Clinical
Practrice.

5 Hurtado-Arestegui et al. [27] 2018 Higher prevalence of unrecognized kidney
disease at high altitude. Journal of Nephrology.

6 De Ferrari et al. [30] 2014

Prevalence, clinical profile, iron status, and
subject-specific traits for excessive

erythrocytosis in Andean adults living
permanently at 3825 m above sea level.

Chest Journal

7 Miele et al. [7] 2016 Increased Cardiometabolic Risk and
Worsening Hypoxemia at High Altitude. High Altitude & Medicine Biology.

8 Gou et al. [25] 2020

The Prevalence and Risk Factors of
High-Altitude Pulmonary Hypertension

Among Native Tibetans in Sichuan
Province, China.

High Altitude & Medicine Biology.

9 Herrera-Enríquez,
Narváez-Guerra [28] 2017

Discordance of metabolic syndrome and
abdominal obesity prevalence according to
different criteria in Andean highlanders: A

community-based study.

Diabetes & Metabolic Syndrome:
Clinical Research & Reviews

10 Salazar-Lugo et al. [31] 2016

Factores bioquímicos y nutricionales
asociados a la viscosidad sanguínea en

adultos de la sierra urbana
(Imbabura), Ecuador.

Investigación Clínica

The altitude levels of each geographic region also vary between countries, e.g., the
altitude levels can be seen in Tables 3 and 4. The studies in general were carried out
in China, Derong (2060 m), Sichuan (3200 m) and Tibet (4900 m), in Ecuador, Imbadura
(2500 m), Quito (2850 m) and Riobamba (2754 m), in India, Ladakn (3505 m), in Bolivia, La
Paz (3640 m) and Peru, in Chivay (3635 m) and Puno (3825 m).

Of the ten systematized studies (Figure 2), it is observed that the majority (between
9 and 10 studies) have evaluated BP, obesity indicators (BMI and WC), HDL, TG and SG.
However, 02 studies have considered waist-hip index (WHiI) and body fat percentage (%F)
(measured using bioelectrical impedance analysis) as indicators of obesity. In addition, six
studies have considered LDL, and five studies have considered total cholesterol (TC). In
general, BMI, WC, BP, TG, HDL and SG are those frequently used in samples of adults living
at moderate and high altitudes in China, India, Ecuador, Bolivia, and Peru, respectively.
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Table 3. Methodological characteristics of research conducted on metabolic syndrome in high-
altitude regions.

N◦ Author(s) Samples Ages (Year) Altitude (m) City (Country)

1 Huang et al. [24]
n = 5053
M = 2221
W = 2832

18–70 2060–3820 Derong (China)

2 Lopez-Pascual et al. [29]
n = 260
M = 168
W = 92

27–48 2758–2787 Guayaquil, Triunfo y Riobamba (Ecuador)

3 Sherpa et al. [10]
n = 692
M = 317
W = 375

30–80 3700 Lhunzhub y Qushu, Region del Tíbet (China)

4 Lin et al. [26]
n = 149
M = 47

W = 102
40–73 3505 Ladakh (India)

5 Hurtado-Arestegui et al. [27]
n = 293
M = 145
W = 148

40–60 3640–4500 La Paz (Bolivia)

6 De Ferrari et al. [30]
n = 1065
M = 518
W = 547

42–67 3825 Puno, Perú

7 Miele et al. [7]
n = 1065
M = 518
W = 547

42–67 3825 Puno, Perú

8 Gou et al. [25]
n = 1129
M = 440
W = 689

32–60 3200 Sichuan, China

9 Herrera-Enríquez,
Narváez-Guerra [28]

n = 237
M = 110
W = 127

48–82 3635 Chivay, Perú

10 Salazar-Lugo et al. [31]
n = 237
M = 128
W = 109

20–60 2200 Imbabura (Ecuador)

Legend: n: sample size, M: men, W: women, m: meters.

Table 4. Altitude level of cities and countries that have investigated metabolic syndrome in adults.

Country/City Altitude (masl)

China
Derong 2060

Tibet 4900
Sichuan 3200
Ecuador

Riobamba 2754
Quito 2850

Imbabura 2500
India

Ladakh 3505
Bolivia
La Paz 3640
Perú
Puno 3825

Chivay 3635
Legend: masl: meters above sea level.
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index, BP: blood pressure, SG: serum glucose, TC: total cholesterol, TG: triglycerides, %F: body fat
percentage; HDL: high-density lipoprotein, LDL: low-density lipoprotein).

4. Discussion

This review aimed to identify the components of MS that cross-sectional studies used
in adult populations residing in high-altitude regions. The results reported ten cross-
sectional studies that have been conducted in moderate- and high-altitude regions in China,
India, Ecuador, Bolivia, and Peru.

In general, most of the investigations conducted at high altitude have used five
components of MS, such as BP, obesity indicators (BMI and WC), HDL cholesterol, TG, and
SG. These findings are consistent with reports proposed by the World Health Organization
(WHO), the National Cholesterol Education Program [32], and by the International Diabetes
Federation (IDF), which are usually considered to be the most popular and are generally
used in surveys and health care plans in various populations around the world [22].

For example, the WHO [33] highlights four components such as: HDL cholesterol, TG,
WHiH or BMI and BP; however, it considers as a priority the presence of insulin or glucose
resistance, and together with it, two or more of the other parameters are added.

The National Cholesterol Education Program [32] emphasizes the presence of three
or more of the five parameters they propose. These include SG, HDL cholesterol, TG,
WC, and BP. While the International Diabetes Federation [34] highlight in their report the
presence of five parameters (SG, HDL cholesterol, TG, WC and BP), where WC turns out to
be a primary parameter, and along with that anthropometric measure, two or more of the
remaining three should be increased.

In essence, systematized cross-sectional studies have shown that in high-altitude
regions, four of the five suggested components should be used. This information is relevant,
since it can be used for the prevention and treatment of young people and adults living in
high-altitude regions.

It is currently estimated that more than 400 million people worldwide reside in high-
altitude areas above 1500 m above sea level (MASL) [24], representing a major physiological
challenge for residents of these regions.

In general, permanent residents exhibit physiological adaptations to environmental
pressure and lower oxygen availability, such as elevated hemoglobin concentration, en-
larged lung volume, and decreased hypoxic ventilatory response [21]. These physiological
aspects of human adaptation at altitude have allowed for the development of multiple
studies that have to do with cardiovascular and respiratory efficiency, lower LDL choles-
terol values, higher HDL cholesterol, better fasting glucose levels, reduced obesity rates,



Medicina 2022, 58, 451 9 of 11

compared to sea level residents, and they even usually present lower presence of diabetes
and hypertension [20,21,31,35,36].

In general, genetic and physiological adaptations to hypoxia affect glucose metabolism
and trigger appetite suppression and consequently reduced caloric intake [37]. These
aspects could be indicators of the urgent need for the presence of proper criteria and cut-off
points to assess MS at altitude. This is due to the fact that not only physiological reasons
may be justified, but also lifestyle differences between regions may be determinant.

Therefore, future studies should be interested in proposing reference values for each
of the five components that define the MS for residents of moderate and high altitudes,
although it is necessary to take into consideration that the MS of non-Andean populations
(for example, Tibetans) cannot be compared with those performed in inhabitants of the
Andes, due to the differences in phenotypes and genotypes [38], in addition to considering
the differences in lifestyle between regions [39].

Consequently, data and research on the components, reference values and cut-off
points on SM in various altitude regions of the world still remain insipient, especially if
we are talking about South American countries, so future studies should be interested in
developing new proposals that allow more accurate assessment, diagnosis, and monitoring
of altitude residents. This is the first study that reported on the components used in high-
altitude regions, which opens new perspectives for researchers in high-altitude regions,
since, as observed in this study, there is little information on the prevalence of MS in areas
of moderate and high altitude in the world.

This study has some limitations that have to do with the use of a single database and
the inclusion of cross-sectional studies, so other studies should be interested in expanding
the search for information to other databases, as well as extending their search to longitudi-
nal and experimental investigations to determine the effect of high altitude on metabolic
syndrome. In addition, this systematic review is one of the first of its kind, so it can serve
as a baseline for future studies and the systematized information can be useful, not only for
researchers, but also for public health professionals working in high-altitude regions, and
even for developing national strategies for the prevention and treatment of MS in regions
of moderate and high altitude.

5. Conclusions

In conclusion, this study verified that the most commonly used domains in adult
populations in various moderate and high-altitude regions of the world are BMI, WC, BP,
TG, HDL and SG. These results suggest that in order to evaluate and/or investigate MS
in subjects residing in high-altitude populations, at least 4 diagnostic domains should be
considered in their protocols. This information could help to propose in the future specific
domains for people living in high-altitude geographic regions of the world.

Author Contributions: Conceptualization, M.C.-B. and R.G.-C.; methodology, C.B.V.-A., V.I.-Q.,
C.M.-M., C.U.-A. and S.R.C.-Y.; investigation, J.F.-L. and C.B.V.-A.; data curation, C.B.V.-A., V.I.-Q.,
C.M.-M., C.U.-A. and S.R.C.-Y.; writing—original draft preparation, M.C.-B., R.V.-E., C.U.-A. and
R.G.-C.; writing—review and editing, M.C.-B., R.V.-E. and R.G.-C.; visualization, M.C.-B. and R.G.-C.;
supervision, M.C.-B. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Informed Consent Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Saklayen, M.G. The Global Epidemic of the Metabolic Syndrome. Curr. Hypertens. Rep. 2018, 20, 12. [CrossRef] [PubMed]
2. Reaven, G.M. Role of insulin resistance in human disease (syndrome X): An expanded definition. Annu. Rev. Med. 1993, 44,

121–131. [CrossRef] [PubMed]
3. Ju, S.Y.; Lee, J.Y.; Kim, D.H. Association of metabolic syndrome and its components with all-cause and cardiovascular mortality

in the elderly: A meta-analysis of prospective cohort studies. Medicine (Baltimore) 2017, 96, e8491. [CrossRef]

http://doi.org/10.1007/s11906-018-0812-z
http://www.ncbi.nlm.nih.gov/pubmed/29480368
http://doi.org/10.1146/annurev.me.44.020193.001005
http://www.ncbi.nlm.nih.gov/pubmed/8476236
http://doi.org/10.1097/MD.0000000000008491


Medicina 2022, 58, 451 10 of 11

4. Wilson, P.W.; D’Agostino, R.B.; Parise, H.; Sullivan, L.; Meigs, J.B. Metabolic syndrome as a precursor of cardiovascular disease
and type 2 diabetes mellitus. Circulation 2005, 112, 3066–3072. [CrossRef] [PubMed]

5. Gami, A.S.; Hodge, D.O.; Herges, R.M.; Olson, E.J.; Nykodym, J.; Kara, T.; Somers, V.K. Apnea obstructiva del sueño, obesidad y
riesgo de fibrilación auricular incidente. J. Am. Coll. Cardiol. 2007, 49, 565–571. [CrossRef] [PubMed]

6. Mottillo, S.; Filion, K.B.; Genest, J.; Joseph, L.; Pilote, L.; Poirier, P.; Rinfret, S.; Schiffrin, E.L.; Eisenberg, M.J. The metabolic
syndrome and cardiovascular risk: A systematic review and meta-analysis. J. Am. Coll. Cardiol. 2010, 56, 1113–1132. [CrossRef]

7. Miele, C.H.; Schwartz, A.R.; Gilman, R.H.; Pham, L.; Wise, R.A.; Davila-Roman, V.G.; Jun, J.C.; Polotsky, V.Y.; Miranda, J.J.;
Leon-Velarde, F.; et al. Increased Cardiometabolic Risk and Worsening Hypoxemia at High Altitude. High Alt. Med. Biol. 2016, 17,
93–100. [CrossRef] [PubMed]

8. Pitsavos, C.; Panagiotakos, D.; Weinem, M.; Stefanadis, C. Diet, exercise and the metabolic syndrome. Rev. Diabet. Stud. RDS
2006, 3, 118–126. [CrossRef] [PubMed]

9. Sun, K.; Liu, J.; Ning, G. Active smoking and risk of metabolic syndrome: A meta-analysis of prospective studies. PLoS ONE 2012,
7, e47791. [CrossRef]

10. Sherpa, L.Y.; Stigum, H.; Chongsuvivatwong, V.; Nafstad, P.; Bjertness, E. Prevalence of metabolic syndrome and common
metabolic components in high altitude farmers and herdsmen at 3700 m in Tibet. High Alt. Med. Biol. 2013, 14, 37–44. [CrossRef]

11. Athyros, V.G.; Ganotakis, E.S.; Elisaf, M.; Mikhailidis, D.P. The prevalence of the metabolic syndrome using the National
Cholesterol Educational Program and International Diabetes Federation definitions. Curr. Med. Res. Opin. 2005, 21, 1157–1159.
[CrossRef] [PubMed]

12. Song, Q.B.; Zhao, Y.; Liu, Y.Q.; Zhang, J.; Xin, S.J.; Dong, G.H. Sex difference in the prevalence of metabolic syndrome and
cardiovascular-related risk factors in urban adults from 33 communities of China: The CHPSNE study. Diabetes Vasc. Dis. Res.
2015, 12, 189–198. [CrossRef] [PubMed]

13. Zeng, H.; Lin, H.; Liu, W.; Wang, J.; Wang, L.; Zheng, C.; Shu, W. Prevalence of metabolic syndrome among adults with liver
function injury in rural area of Southwest China: A cross-sectional study. Sci. Rep. 2017, 7, 5518. [CrossRef] [PubMed]

14. Mazidi, M.; Toth, P.P.; Banach, M. C-reactive Protein Is Associated With Prevalence of the Metabolic Syndrome, Hypertension,
and Diabetes Mellitus in US Adults. Angiology 2018, 69, 438–442. [CrossRef]

15. Elder, S.J.; Lichtenstein, A.H.; Pittas, A.G.; Roberts, S.B.; Fuss, P.J.; Greenberg, A.S.; McCrory, M.A.; Bouchard, T.J.; Saltzman, E.;
Neale, M.C. Genetic and environmental influences on factors associated with cardiovascular disease and the metabolic syndrome.
J. Lipid Res. 2009, 50, 1917–1926. [CrossRef] [PubMed]

16. Gosadi, I.M. Assessment of the environmental and genetic factors influencing prevalence of metabolic syndrome in Saudi Arabia.
Saudi Med. J. 2016, 37, 12–20. [CrossRef] [PubMed]

17. Hruby, A.; Hu, F.B. The Epidemiology of Obesity: A Big Picture. Pharmacoeconomics 2015, 33, 673–689. [CrossRef] [PubMed]
18. Castro, J.P.; El-Atat, F.A.; McFarlane, S.I.; Aneja, A.; Sowers, J.R. Cardiometabolic syndrome: Pathophysiology and treatment.

Curr. Hypertens. Rep. 2003, 5, 393–401. [CrossRef]
19. Woolcott, O.O.; Castillo, O.A.; Gutierrez, C.; Elashoff, R.M.; Stefanovski, D.; Bergman, R.N. Inverse association between diabetes

and altitude: A cross-sectional study in the adult population of the United States. Obesity 2014, 22, 2080–2090. [CrossRef]
20. Anderson, J.D.; Honigman, B. The effect of altitude-induced hypoxia on heart disease: Do acute, intermittent, and chronic

exposures provide cardioprotection? High Alt. Med. Biol. 2011, 12, 45–55. [CrossRef]
21. Hirschler, V. Cardiometabolic risk factors in native populations living at high altitudes. Int. J. Clin. Pract. 2016, 70, 113–118.

[CrossRef]
22. Alberti, K.G.; Eckel, R.H.; Grundy, S.M.; Zimmet, P.Z.; Cleeman, J.I.; Donato, K.A.; Fruchart, J.C.; James, W.P.T.; Loria, C.M.;

Smith, S.C., Jr. Harmonizing the metabolic syndrome: A joint interim statement of the international diabetes federation task force
on epidemiology and prevention; national heart, lung, and blood institute; American heart association; world heart federation;
international atherosclerosis society; and international association for the study of obesity. Circulation 2009, 120, 1640–1645.
[CrossRef]

23. Liberati, A.; Altman, D.G.; Tetzlaff, J.; Mulrow, C.; Gøtzsche, P.C.; Ioannidis, J.P.; Clarke, M.; Devereaux, P.J.; Kleijnen, J.; Moher, D.
The PRISMA statement for reporting systematic reviews and meta-analyses of studies that evaluate health care interventions:
Explanation and elaboration. PLoS Med. 2009, 6, e1000100. [CrossRef] [PubMed]

24. Huang, X.; Hu, Y.; Du, L.; Lin, X.; Wu, W.; Fan, L.; Li, L.; Zhong, X.; Gong, Q.; Gao, L.; et al. Metabolic syndrome in native
populations living at high altitude: A cross-sectional survey in Derong, China. BMJ Open 2020, 10, e032840. [CrossRef] [PubMed]

25. Gou, Q.; Shi, R.; Zhang, X.; Meng, Q.; Li, X.; Rong, X.; Chen, X. The prevalence and risk factors of high-altitude pulmonary
hypertension among native Tibetans in Sichuan Province, China. High Alt. Med. Biol. 2020, 21, 327–335. [CrossRef] [PubMed]

26. Lin, B.Y.; Genden, K.; Shen, W.; Wu, P.S.; Yang, W.C.; Hung, H.F.; Fu, C.M.; Yang, K.C. The prevalence of obesity and metabolic
syndrome in Tibetan immigrants living in high altitude areas in Ladakh, India. Obes. Res. Clin. Pract. 2018, 12, 365–371. [CrossRef]
[PubMed]

27. Hurtado-Arestegui, A.; Plata-Cornejo, R.; Cornejo, A.; Mas, G.; Carbajal, L.; Sharma, S.; Swenson, E.R.; Johnson, R.J.; Pando, J.
Higher prevalence of unrecognized kidney disease at high altitude. J. Nephrol. 2018, 31, 263–269. [CrossRef]

28. Herrera-Enriquez, K.; Narvaez-Guerra, O. Discordance of metabolic syndrome and abdominal obesity prevalence according to
different criteria in Andean highlanders: A community-based study. Diabetes Metab. Syndr. 2017, 11, S359–S364. [CrossRef]

http://doi.org/10.1161/CIRCULATIONAHA.105.539528
http://www.ncbi.nlm.nih.gov/pubmed/16275870
http://doi.org/10.1016/j.jacc.2006.08.060
http://www.ncbi.nlm.nih.gov/pubmed/17276180
http://doi.org/10.1016/j.jacc.2010.05.034
http://doi.org/10.1089/ham.2015.0084
http://www.ncbi.nlm.nih.gov/pubmed/27281472
http://doi.org/10.1900/RDS.2006.3.118
http://www.ncbi.nlm.nih.gov/pubmed/17487335
http://doi.org/10.1371/journal.pone.0047791
http://doi.org/10.1089/ham.2012.1051
http://doi.org/10.1185/030079905X53333
http://www.ncbi.nlm.nih.gov/pubmed/16083523
http://doi.org/10.1177/1479164114562410
http://www.ncbi.nlm.nih.gov/pubmed/25670848
http://doi.org/10.1038/s41598-017-05791-2
http://www.ncbi.nlm.nih.gov/pubmed/28717178
http://doi.org/10.1177/0003319717729288
http://doi.org/10.1194/jlr.P900033-JLR200
http://www.ncbi.nlm.nih.gov/pubmed/19372593
http://doi.org/10.15537/smj.2016.1.12675
http://www.ncbi.nlm.nih.gov/pubmed/26739969
http://doi.org/10.1007/s40273-014-0243-x
http://www.ncbi.nlm.nih.gov/pubmed/25471927
http://doi.org/10.1007/s11906-003-0085-y
http://doi.org/10.1002/oby.20800
http://doi.org/10.1089/ham.2010.1021
http://doi.org/10.1111/ijcp.12756
http://doi.org/10.1161/CIRCULATIONAHA.109.192644
http://doi.org/10.1371/journal.pmed.1000100
http://www.ncbi.nlm.nih.gov/pubmed/19621070
http://doi.org/10.1136/bmjopen-2019-032840
http://www.ncbi.nlm.nih.gov/pubmed/31911517
http://doi.org/10.1089/ham.2020.0022
http://www.ncbi.nlm.nih.gov/pubmed/32614250
http://doi.org/10.1016/j.orcp.2017.03.002
http://www.ncbi.nlm.nih.gov/pubmed/28411022
http://doi.org/10.1007/s40620-017-0456-0
http://doi.org/10.1016/j.dsx.2017.03.016


Medicina 2022, 58, 451 11 of 11

29. Lopez-Pascual, A.; Arévalo, J.; Martínez, J.A.; González-Muniesa, P. Inverse association between metabolic syndrome and altitude:
A cross-sectional study in an adult population of Ecuador. Front. Endocrinol. 2018, 9, 658. [CrossRef] [PubMed]

30. De Ferrari, A.; Miranda, J.J.; Gilman, R.H.; Dávila-Román, V.G.; León-Velarde, F.; Rivera-Ch, M.; Huicho, L.; Bernabé-Ortiz, A.;
Wise, R.A.; Checkley, W. Prevalence, clinical profile, iron status, and subject-specific traits for excessive erythrocytosis in andean
adults living permanently at 3825 meters above sea level. Chest 2014, 146, 1327–1336. [CrossRef]

31. Salazar-Lugo, R.; Barahona, A.; Tarupi, Y.; Victoria, C.; Santamaría, M.; Oleas, M. Factores bioquímicos y nutricionales asociados a
la viscosidad sanguínea en adultos de la sierra urbana (Imbabura), Ecuador [Biochemical and nutritional factors associated with
blood viscosity in adults living in a mountain chain, (Imbabura), Ecuador]. Investig. Clin. 2016, 57, 293–304. (In Spanish)

32. National Cholesterol Education Program (NCEP) Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol
in Adults (Adult Treatment Panel III). Third Report of the National Cholesterol Education Program (NCEP) Expert Panel on
Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel III) final report. Circulation
2002, 106, 3143–3421. [CrossRef]

33. Alberti, K.G.; Zimmet, P.Z. Definition, diagnosis and classification of diabetes mellitus and its complications, part 1: Diagnosis
and classification of diabetes mellitus provisional report of a WHO consultation. Diabet. Med. 1998, 15, 539–553. [CrossRef]

34. Alberti, K.G.; Zimmet, P.; Shaw, J. IDF Epidemiology Task Force Consensus Group. The metabolic syndrome: A new worldwide
definition. Lancet 2005, 366, 1059–1062. [CrossRef]

35. Norboo, T.; Stobdan, T.; Tsering, N.; Angchuk, N.; Tsering, P.; Ahmed, I.; Chorol, T.; Sharma, V.K.; Reddy, P.; Singh, S.B.; et al.
Prevalence of hypertension at high altitude: Cross-sectional survey in Ladakh, Northern India 2007–2011. BMJ Open 2015,
5, e007026. [CrossRef] [PubMed]

36. Woolcott, O.O.; Gutierrez, C.; Castillo, O.A.; Elashoff, R.M.; Stefanovski, D.; Bergman, R.N. Inverse association between altitude
and obesity: A prevalence study among andean and low-altitude adult individuals of Peru. Obesity 2016, 24, 929–937. [CrossRef]
[PubMed]

37. US Department of Health and Human Services. Appendix 1. Translating scientific evidence about total amount and intensity
of physical activity into guidelines. In 2008 Physical Activity Guidelines for Americans; ODPHP Publication No. U0036; USA
Department of Health and Human Services, Office of Disease Prevention and Health Promotion: Rockville, MD, USA, 2008.
Available online: https://health.gov/paguidelines/pdf/paguide.pdf (accessed on 20 January 2022).

38. Bigham, A.; Bauchet, M.; Pinto, D.; Mao, X.; Akey, J.M.; Mei, R.; Scherer, S.W.; Julian, C.G.; Wilson, M.J.; López Herráez, D.; et al.
Identifying signatures of natural selection in Tibetan and Andean populations using dense genome scan data. PLoS Genet. 2010,
6, e1001116. [CrossRef] [PubMed]

39. Wang, J.; Sun, W.; Wells, G.A.; Li, Z.; Li, T.; Wu, J.; Zhang, Y.; Liu, Y.; Li, L.; Yu, Y.; et al. Differences in prevalence of
hypertension and associated risk factors in urban and rural residents of the northeastern region of the People’s Republic of China:
A cross-sectional study. PLoS ONE 2018, 13, e0195340. [CrossRef]

http://doi.org/10.3389/fendo.2018.00658
http://www.ncbi.nlm.nih.gov/pubmed/30483215
http://doi.org/10.1378/chest.14-0298
http://doi.org/10.1161/circ.106.25.3143
http://doi.org/10.1002/(SICI)1096-9136(199807)15:7&lt;539::AID-DIA668&gt;3.0.CO;2-S
http://doi.org/10.1016/S0140-6736(05)67402-8
http://doi.org/10.1136/bmjopen-2014-007026
http://www.ncbi.nlm.nih.gov/pubmed/25897026
http://doi.org/10.1002/oby.21401
http://www.ncbi.nlm.nih.gov/pubmed/26935008
https://health.gov/paguidelines/pdf/paguide.pdf
http://doi.org/10.1371/journal.pgen.1001116
http://www.ncbi.nlm.nih.gov/pubmed/20838600
http://doi.org/10.1371/journal.pone.0195340

	Introduction 
	Materials and Methods 
	Type of Study 
	Eligibility Criteria 
	Search Strategy 
	Methodological Quality 
	Data Extraction and Analysis 

	Results 
	Discussion 
	Conclusions 
	References

