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Background: Metabolic syndrome (MetS) is characterized by the clustering of
hyperglycemia, hypertension, hypertriglyceridemia, low high-density lipoprotein
cholesterol levels and central adiposity. Altitude has been proposed as a protective
factor to prevent the development of MetS and its components.

Aim: To determine whether living at geographical elevation is associated with MetS and
its individual components after adjustment for potential confounders in an Ecuadoran
population.

Methods: The study included 260 Ecuadoran university graduates over 20 years of
age, from the coastal or the Andean Altiplano region. The altitude of residence was
imputed with the postal code of each participant residence according to the data of
the Ecuadoran Geophysical Institute of the National Polytechnic School. MetS was
defined according to the harmonizing definition. Logistic regression models were fitted
to assess the relationship between altitude level and the prevalence of MetS and its
individual components. To test the internal validity, re-sampling techniques were used
(1,000 bootstrap samples).

Results: Living at high altitude was associated with less hypercholesterolemia (OR
= 0.24; p < 0.001), hyperglycemia (OR = 0.25; p < 0.05) and MetS (OR = 0.24;
p < 0.05), after adjusting for potential confounders. At high altitude the bootstrapped
logistic regression models showed lower prevalence of hypercholesterolemia (OR = 0.30;
p < 0.05), hyperglycemia (OR = 0.22; p < 0.001) and MetS (OR = 0.28; p < 0.05).
The MetS score (0-5 points) showed a reduction in the number of MetS components
at high altitude compared to sea level (B = —0.34; p = 0.002). A statistically significant
lower self-reported energy intake was found in high altitude compared to sea level after
adjustment for potential confounders (o < 0.001).

Conclusion: In the present study concerning a small Ecuadoran population composed
of highly educated adults living at the coast and the Andean Altiplano, living at
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high altitude (2,758-2,787m) was associated with a lower prevalence of MetS,
hypercholesterolemia and hyperglycemia, compared to the participants at sea level
(4-6m). In addition, an inverse association between altitude and self-reported energy
intake was found after adjusting for covariates, suggesting a physiological role of
appetite at high altitude even in acclimated subjects.

Keywords: obesity, insulin resistance, hyperlipidemia, cardiovascular disease, type 2 diabetes mellitus, metabolic

syndrome, high altitude

INTRODUCTION

The metabolic syndrome (MetS) is characterized by the clustering
of hyperglycemia, hypertension, hypertriglyceridemia, low high-
density lipoprotein cholesterol levels (c-HDL), and central
adiposity (measured by waist circumference and body mass
index) (1). The MetS is highly prevalent worldwide amounting
to over 20% in Western countries (2). There is sufficient evidence
indicating that MetS is a risk factor for cardiovascular disease and
type 2 diabetes (3). Experts in clinical practice have published
guidelines for the precise management of each risk factor in order
to prevent or delay onset of type 2 diabetes and cardiovascular
disease (1). Many risk and protective factors have been described
to be associated to MetS, but there are contradictory outcomes
among them (2). Therefore, research concerning the factors that
are associated with the development of MetS is fundamental for
its prevention and treatment.

Altitude has been proposed to increase cardiovascular and
respiratory efficiency despite lower oxygen availability (4).
Several observational studies have described that permanent
highlanders had lower LDL cholesterol, higher HDL cholesterol
and better fasting glucose levels as well as reduced obesity
rates, when compared to sea level residents (4, 5). There is also
evidence supporting lower blood pressure in subjects who reside
at altitude, although results are inconclusive (4). In addition,
epidemiological studies have reported lower obesity prevalence
(6, 7) and incidence (8, 9), as well as lower diabetes (10) and
hypertension rates (11). Moreover, a recent study published by
our group showed lower incidence of MetS independent of risk
factors and potential confounders (12). However, the results were
recorded in a Spanish cohort, living at a moderate altitude [most
of the people living below 1,500 meters (m)]. Other available
epidemiological data have revealed that living at a higher altitude
is associated with lower mortality from ischemic heart disease
and certain types of cancer, and contrastingly a higher mortality
rate from respiratory disease (13-15).

High altitude is commonly defined as living over 1,500 m
(International Society for Mountain Medicine), while above
2,500 m people display a fall in arterial oxygen saturation (16).
Living at high altitude represents a physiological challenge,
thus, permanent residents present physiological adaptations to
environmental pressure and lower oxygen availability such as
raised hemoglobin concentration, enlarged lung volume and
blunted hypoxic ventilatory response (5, 16). In this sense,
three main high-altitude regions of the world characterize the
successful human long-term adaptation to hypobaric hypoxia:

the Ethiopian Siemen Mountains, the Tibetan Plateau in the
vicinity of Himalayan valleys, and the Andean Altiplano (17).
However, there is no common pattern of response to hypobaric
hypoxia. Thus, the effects of altitude on the physiology of
each population should be further investigated. In this context,
the aim of this study was to determine whether geographical
elevation is inversely associated with MetS and its individual
components after adjustment for potential confounders in an
Ecuadoran population. To our knowledge, this is the first
study comparing an Andean population to those at sea level,
with the objective to assess the association between altitude
and MetS.

MATERIALS AND METHODS

Participants

The current study included a total of 260 Ecuadoran participants
from Guayaquil and Triunfo at the coast region (sea level) and
Riobamba at the Andean Altiplano (high altitude), where men
and women (over 20 years of age) with a university degree
were recruited from professionals of the National Police (District
Triunfo-Bucay), the Ecuadoran Christian Center of Integral
Theotherapy (Guayaquil and Riobamba) and teachers from the
Middle School Chiriboga (Riobamba).

Participants were excluded if they were pregnant, had a body
mass index (BMI) over 40 kg/m? (morbid obesity), or suffered
from cancer or cardiovascular disease. The study was conducted
according to the guidelines laid down in the Declaration of
Helsinki and it was approved by the Human Research Ethical
Committee of the University of Navarra (code: 2018.011).

Lifestyles and Habits

Questionnaire data were collected by a dietitian-nutritionist,
including information on each participant’s characteristics and
lifestyles (sex, age, smoking habit, alcohol consumption, exercise
practice), as well as their anthropometric measurements (weight,
height, waist circumference). A Harpenden anthropometric
commercial tape was used to measure waist circumference
(Holtain Limited, Crosswell, UK). Total energy consumption was
calculated by 24-h dietary recall, of a representative day of the
week, using dietary analysis software (Easy-Diet, Bicentury). The
questionnaire included the postcode of each participant and the
duration of their residence. Altitude of residence was imputed
with the postal code according to the Ecuadoran Geophysical
Institute of the National Polytechnic School.
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Assessment of Metabolic Syndrome and

Its Components

Participants’ BMI was recorded using self-reported weight in
kilograms divided by the square of height in meters. Central
adiposity was defined by a high waist circumference according to
the Central and South American cut-off points 90 cm for men and
80 cm for women (3) or having overweight or obesity (BMI >25
kg/m?). MetS was defined according to the International Diabetes
Federation and American Heart Association/National Heart,
Lung and Blood Institute (IDF-AHA/NHLBI) harmonizing
definition (1-3) which requires the diagnosis of three or
more of the following five criteria (including central adiposity,
aforementioned): Hypercholesterolemia (total cholesterol >240
mg/dl), hypertension (blood pressure: systolic >130and/or
diastolic >85 mmHg), hyperglycemia (blood glucose >100
mg/dl) and low values of high-density lipoprotein cholesterol
(HDL-c: men <40 mg/dl and women <50 mg/dl).

Statistical Analyses

Differences in characteristics of participants according to altitude
level were evaluated with Pearson’s x> test of linear trend for
categorical variables or unpaired Student’s ¢-test for continuous
data. Logistic regression models were fitted to assess the
relationship between altitude level and the prevalence of MetS
and its individual components, categorized (yes/no) for the
presence or absence of each risk factor. Odds ratio (OR) and
95% confidence intervals (95% CI) were estimated using as
the reference category those participants who reside in the
coast (Sea level). An initial model was analyzed including
no covariates (crude). Following this, a model was fitted for
sex and age only. The first multivariate model (Model 1)
was fitted for potential confounding factors, including: age,
sex, self-reported energy intake and duration of residence.
A second multivariate model (Model 2) was additionally
adjusted for: BMI, physical activity, smoking habit and alcohol
consumption.

For internal validity, the risk of developing MetS living at
high altitude was tested through re-sampling techniques (1,000
bootstrap samples) to derive adjusted OR and 95% CI. A
multivariate linear regression model (Model 1) was used to
assess the association between the altitude of residence and
the summation of MetS components (MetS score: 0-5 points),
where B-regression coeflicients and their 95% CI were estimated
using the sea level as the reference group. The differences
between self-reported energy intake and altitude level were
tested through analysis of covariance or ANCOVA (multiple
adjustment with Model 1) to assess the influence of altitude on
appetite after adjusting for potential confounding factors. The
Stata 12.0 software (Stata, College Station, TX, USA) was used
for all statistical analyses. Values of p < 0.05 were considered
statistically significant.

RESULTS

Subject Characteristics
Two hundred and sixty participants were included in the study.
Of these, 152 lived at sea level and 108 at high altitude. When

comparing both altitude groups, those at high altitude were
older, included a greater proportion of women, had lower self-
reported energy intake and higher residence time (Table 1).
BMI, physical activity, smoking habit and alcohol consumption
were not significantly different between groups. The variables
that were significantly different between groups were used in
Model 1 as covariates, the rest of the variables were included in
multivariate Model 2.

Metabolic Syndrome and Associated

Components

Living at a higher altitude, both in the crude model and when
considering confounding factors, was associated to a lower
prevalence of metabolic syndrome and some of its associated
components (Table 2). The unadjusted model (crude) displayed
lower prevalence of hypercholesterolemia (OR = 0.24; p < 0.001),
hyperglycemia (OR = 0.24; p < 0.01) and MetS (OR = 0.27;
p < 0.05); and a higher prevalence of hypertension (OR = 5.20;
p < 0.05). When adjusting for age and sex, a significantly
lower prevalence of central obesity (OR = 0.40; p < 0.05),
hypercholesterolemia (OR = 0.18; p < 0.001), hyperglycemia
(OR=0.20; p < 0.01) and MetS (OR = 0.16; p < 0.01) were found
at high altitude. The first multivariate model (Model 1), adjusted
for age, sex, self-reported energy intake and residence time
showed that participants living at high altitude had a significantly
lower prevalence of hypercholesterolemia (OR = 0.22; p < 0.001),
hyperglycemia (OR = 0.30; p < 0.001) and MetS (OR = 0.28;
p < 0.05). The second multivariate model (Model 2) fitted for age,

TABLE 1 | Characteristics of subjects according to their altitude of residence.

Elevation Sea level High altitude p-value
Range (m) 4-6 2,758-2,787

Participants (n) 162 108

Age (y) 33.5 (6.6) 38.2(9.9) 0.001
Sex (%) 0.001
Men 78.3 54.6

Women 21.7 45.4

BMI (Kg/m?2) 27.0 (2.6) 26.4 (3.2) 0.119
Physical activity (%) 0.384
Never 25.0 18.5

1-3 day/week 45.4 52.8

4-7 day/week 29.6 28.7

Energy intake (Kcal/day) 2631 (346) 2430 (351) 0.001
Residence time (y) 25.2(10.9) 31.9(12.7) 0.001
Smoking Habit (%) 0.506
Never 93.4 95.4

Smokers 6.6 4.6

Alcohol Consumption (%) 0.088
Never 82.2 89.8

1-5 day/week 17.8 10.2

Values are presented as mean (SD), except for categorical variables represented in
percentage (%). M, meters; n, number of subjects; y, years, Probability p-values from
Students’ t-test for continuous variables or x? test of linear trend for categorical variables.
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TABLE 2 | Associations between altitude and prevalence of MetS.

Elevation Sea level High altitude
Range (m) 4-6 2,758-2,787
Participants (n) 152 108
CENTRAL OBESITY

Prevalence 135 88

Crude 1.00 Ref. 0.55 (0.28-1.12)
Age and sex 1.00 Ref. 0.40(0.18-0.87) *
Model 1 1.00 Ref. 1.10 (0.39-3.06)
Model 2 1.00 Ref. 1.32 (0.44-3.98)
HYPERCHOLESTEROLEMIA

Prevalence 69 18

Crude 1.00 Ref. 0.24 (0.13-0.44)**
Age and sex 1.00 Ref. 0.18 (0.09-0.36)**
Model 1 1.00 Ref. 0.22 (0.11-0.45)**
Model 2 1.00 Ref. 0.24 (0.12-0.49)**
HYPERTENSION

Prevalence 2 7

Crude 1.00 Ref. 5.20 (1.06-25.53)
Age and sex 1.00 Ref. 2.11(0.36-12.38)
Model 1 1.00 Ref. 2.56 (0.40-16.43)
Model 2 1.00 Ref. 3.60 (0.49-26.35)
HYPERGLYCEMIA

Prevalence 26 5

Crude 1.00 Ref. 0.24 (0.09-0.63)**
Age and sex 1.00 Ref. 0.20 (0.07-0.60)**
Model 1 1.00 Ref. 0.30 (0.10-0.92)**
Model 2 1.00 Ref. 0.25 (0.07-0.88)"
MetS

Prevalence 23 5

Crude 1.00 Ref. 0.27 (0.10-0.74)*
Age and sex 1.00 Ref. 0.16 (0.05-0.55)**
Model 1 1.00 Ref. 0.28 (0.08-0.95)
Model 2 1.00 Ref. 0.24 (0.07-0.91)*

MetS harmonizing definition (IDF-AHA/NHLBI). Multivariate Model 1 adjusted for: age, sex,
self-reported energy intake and residence time. Multivariate Model 2 additionally adjusted
for: BMI, physical activity, smoking habit and alcohol consumption; m, meters; n, number
of subjects; Ref, category of reference; MetS, metabolic syndrome. Odds Ratios and 95%
Cl."p <0.05,"p <0.01; "p < 0.001.

sex, self-reported energy intake, residence time, BMI, physical
activity, smoking habit and alcohol consumption showed that
living at high altitude was significantly associated with less
hypercholesterolemia (OR = 0.24; p < 0.001), hyperglycemia
(OR = 0.25; p < 0.05) and MetS (OR = 0.24; p < 0.05).

To assess the internal validity of the results, the OR
of each condition and the overall MetS were compared to
those obtained by the bootstrapping re-sampling method, after
adjusting for potential confounding factors as in multivariate
Model 1. The analyses showed a similar pattern in the
prevalence of MetS and its components, and the variability was
reduced in the bootstrapped logistic regression model. At high
altitude the bootstrapped analyses showed lower prevalence of
hypercholesterolemia (OR = 0.30; p < 0.05), hyperglycemia

Criteria

SEA LEVEL
Reference [

HIGH ALTITUDE
Central adiposity —t—
Hypercholesterolemia
Hypertension
Hyperglycemia
Metabolic Syndrome

BS HIGH ALTITUDE
Central adiposity
Hypercholesterolemia
Hypertension —t——
Hyperglycemia
Metabolic Syndrome

.06 .25 1 4 16

FIGURE 1 | Validity analysis. Risk of developing each component of MetS
according to the altitude level assessed with logistic regression and
bootstrapped (BS) logistic regression (1,000 random samples). MetS
harmonizing definition (IDF-AHA/NHLBI). Multivariate Model 1 adjusted for:
age, sex, self-reported energy intake and residence time. Ref. category of
reference.

(OR = 0.22; p < 0.001) and MetS (OR = 0.28; p < 0.05)
(Figure 1). In contrast, no association was detected between
altitude and the prevalence of central adiposity or hypertension.

To determine the distribution of MetS components in both
altitude levels, a summation of them in a MetS score (0-5 points)
was performed. The MetS score showed a reduction in the
number of MetS components at high altitude compared to sea
level (B = —0.34; p = 0.002) (Figure 2).

Altitude and Energy Intake

The differences observed in self-reported energy intake between
the two altitude groups made it not only necessary for the
inclusion of this variable in the models, but also pointed to the
need of a more exhaustive study, to test whether the appetite was
different between those living at high altitude when compared
to those living at sea level. A significantly lower self-reported
energy intake was found in high altitude compared to sea level,
tested through ANCOVA (Figure 3), fitted for age, sex and
residence time as Model 1 (p < 0.001). To further verify the
independent effect of altitude on self-reported energy intake,
it was adjusted with the multivariate Model 2 (fitted for: age,
sex, self-reported energy intake, residence time, BMI, physical
activity, smoking habit and alcohol consumption). This returned
a comparable outcome (p < 0.001; data not shown), indicating
a lower calorie intake at high altitude in both multivariate
models.
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80
)

High alti 5 20
B=-0.34; p= 0.002 igh altitude

N Sea level

60
1

Participants (number of observations)
20 40
| |

MetS score

FIGURE 2 | Observed density of people by altitude for the summation of MetS
components (MetS score). The high altitude is represented by the area under
the green dashed line, and sea level area is displayed under the blue solid line.
Model 1 adjusted for: age, sex, self-reported energy intake and residence
time. B, Beta regression coefficient; p, p-value.

DISCUSSION

The present study conducted in a small Ecuadoran population
composed of highly educated adults shows that adults
living at high altitude (2,758-2,787m) had lower odds of
hypercholesterolemia, hyperglycemia and MetS than those who
lived at sea level, adjusting for potential confounders. A similar
association was found with the MetS score (summation of each
component of MetS), suggesting a reduction in the number of
MetS components at high altitude compared to sea level.

To our knowledge, there is only one study on the incidence
of MetS at high altitude (12). However, the result was recorded
at a moderately high altitude (mean of 635m), in a Spanish
cohort. Moreover, another study relating MetS prevalence at
high altitude found no differences between sea level and high
altitude, in a population from Peru (18). Despite this, the
inverse association between high altitude and the components
of MetS was found in previous studies. For example, a study
on diabetes and altitude performed on a large dataset, of nearly
three hundred thousand adults from the United States, showed
lower prevalence of diabetes when living above 1,500m (10).
Categorizing by sex, this study reported that the effect was only
statistically significant among men. Moreover, Woolcott et al. (6)
also reported that women had lower odds of having obesity and
diabetes, as compared with men, regardless of altitude. In our
sample, although non-significant interaction (p = 0.421) women
had 86% lower prevalence of MetS at high altitude compared
to men at sea level (OR: 0.14; 95% CI:0.02-0.86), while men
at high altitude had 80% lower prevalence to those at sea level
(OR: 0.20; 95% CI: 0.04-0.92). Finally, we found that women
at sea level had lower prevalence of MetS (OR: 0.26; 95% CI:
0.06-1.23) compared to men at the same altitude (reference)
albeit not statistically significant, following a similar trend to
that found in Voss et al. (7), where a lower prevalence of

=]
o |
o]
3
= Model 1: p < 0.001
T o
T e
éﬁ o
4 2,645
5 S
£ &
>
>
)
2 o
U
g
£~
2
o 8. 2,409
o I
T N
]
o
=
a
N " Sealevel High altitude
FIGURE 3 | Self-reported energy intake according to the altitude of residence.
ANCOVA multivariate Model 1 adjusted for: age, sex and residence time.

obesity was found among women compared to men at lower
altitudes. These results suggest that women could be less prone
to MetS, as discussed in the aforementioned article (7). Previous
studies evidenced lower fasting glycemia (19, 20) and better
glucose tolerance (21) at high altitude. Hypercholesterolemia
prevalence and hypertension were lower in the high altitude
group in Peru (18). The prevalence of central obesity was not
associated with altitude in our study. However, another study
performed in Andean population reported lower prevalence at
high altitude (6). Our results may differ from the aforementioned
study in the sample size, as they had a larger cohort, which
could increase the power of the study, thus allowing detection
of even slight differences. Moreover, other studies carried out
in different populations reported lower prevalence (7, 22) and
incidence (8, 9) of overweight or obesity at high altitude. On
the other hand, a previous study published by our group did
not found an association between individual MetS components
and altitude (12), suggesting that the association between altitude
and chronic diseases is still unclear, and more studies are
needed. Some causes of mortality were also associated to altitude,
specifically living at high altitude was associated with lower
mortality rate from coronary heart disease (23) and ischemia
(14), and higher mortality from chronic obstructive pulmonary
disease (14). Bootstrapped re-sampling method was used to test
the internal validity of logistic regression, as it provides evidence
of the consistency of the estimated OR. In general terms, 1,000
or more re-sampled datasets would be enough to calculate CIs
with a lower variability (inversely related to the number of re-
sampled datasets). In addition to this, the score performed with
the summation of MetS components revealed greater degree of
comorbidities in those participants living at sea level compared
to high altitude subjects.

The inverse association between altitude and self-reported
energy intake, while adjusting for covariates, suggested a
regulatory role of appetite in MetS reduction even in acclimatized
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participants living permanently at the same altitude for a median
of 29 years. Nevertheless, our results are independent of energy
intake as it was used as a potential confounding factor in the
multivariate models. Previous studies reported lower appetite
at high altitude (hypoxic environment) however most of them
have been performed in a short-term time of residence, with
subjects from the sea level relocated to high altitude for the
purpose of the studies (5). On the other hand, the direct effect
of prolonged altitude exposure on appetite remains unknown,
therefore, it would be interesting to further investigate the
reason. Basal metabolic rate and sympathetic activation does
not appear to be higher among highlanders as compared with
coast living subjects, even if normalized to fat-free mass (6).
Leptin and norepinephrine could be influencing the changes
in energy expenditure and food intake at high altitude, by
increasing the sympathetic nerve activity and contributing to
enhance energy expenditure, remaining even in acclimatized
subjects (5, 7, 24). In addition, leptin levels are increased
in weight loss at high altitude compared to those at sea
level (24).

At sea level the partial pressure of oxygen is approximately
160 mmHg, which corresponds to 21% oxygen respired. The
ascent of approximately 300m of altitude results in a 1%
reduction of oxygen concentration (25), but only up to 4,500 m
(26). In our study, the subjects lived in their residence for
a median time of 29 years (28 years the group at sea level
and 30 years those at high altitude). Participants living over
2,700m have a 27% lower oxygen availability than those at
sea level, that means a total partial pressure of oxygen (pO;)
of 15% in an inhaled gas mixture. The arterial pO, is 13.1
kPa in the group at sea level, and 7.7 kPa at high altitude,
which means a 97.3 and 89.6% oxygen saturation in blood,
respectively. A reduction in arterial pO, by more than 1
kPa and/or an oxygen saturation below 95% is considered
hypoxemia (27); therefore, we could consider participants
of the high altitude group (2,758-2,787m), with a median
residence of 30 years, under a chronic hypobaric (low-pressure)
hypoxia.

At high altitude there is lower pressure, temperature and
humidity (26), therefore other possible explanations apart
from reduced oxygen availability cannot be dismissed. In this
sense, some studies have found a positive association between
temperature and obesity prevalence (28, 29). Moreover, factors
such as polymorphisms for high altitude adaptation could be
involved in the lower prevalence of MetS and its components
at high altitude (16, 17, 30). Some of the genetic variants
highly present in high altitude residents are related to hypoxic
adaptation (30), while others are related to the antioxidant system
and lung function (17).

Our study has several strengths. Firstly, the analyses are
adjusted for lifestyle factors to avoid bias. Secondly, all data
were collected by a Dietitian-Nutritionist, including waist
circumference, allowing central obesity to be diagnosed, reducing
data inaccuracy and preventing recall and response biases.
Moreover, participants’ educational level helped to provide a
high quality of self-reported data and adds homogeneity to the
cohort regarding socio-demographic factors. Finally, the time

of residence (median time of 29 years in our sample) was used
for adjustments, which could help avoiding the effect of moving
between different altitude levels.

This study should be analyzed in the context of several
limitations. Although we have adjusted for potential
confounders, we cannot rule out the existence of residual
confounding. One should consider reverse causality due to
cross-sectional study design. In addition, both the altitude
exposure and the outcome are categorized in low/high and
presence/absence respectively, but continuous variables would
give a more representative outcome. Furthermore, the availability
of numerical values could help to identify the exact cut-oft point
where altitude exerts a favorable association. Bootstrapping
method was used to test the internal validity, however it is
limited because the sample must be representative of the
population from which it was sampled; thus, the smaller
the original sample, the less representative to the population
(31). This study is focused on population with a university
degree; therefore, they might not be representative of the whole
population. Finally, Type II error cannot be discarded in cross-
sectional studies with targeted subjects. Despite the proximity
to the upper limit of the CI to the null value, our results are
statistically significant and were in the same line of previous
studies.

CONCLUSION

The present study concerning a small, Ecuadoran population,
composed of highly educated adults living at the coast and
the Andean Altiplano with a university degree, revealed that
residence at high altitude (2,758-2,787m) was associated
with a lower prevalence of MetS, hypercholesterolemia and
hyperglycemia, compared to the participants at sea level (4-
6m). This association was tested with bootstrapping method,
which validated our results re-sampling the dataset (1,000
bootstraps). A MetS score calculated with the summation
of MetS individual components showed a reduction in the
number of MetS components at high altitude compared to sea
level, supporting our hypothesis. Finally, an inverse association
between altitude and self-reported energy intake was found
after adjusting for covariates, suggesting a physiological role
of appetite at high altitude even in acclimatized subjects.
Nevertheless, future studies with a longitudinal design and
larger sample size are needed. The mechanisms involved in the
lower prevalence of metabolic disorders should be addressed
in a physiological context to clarify the underlying factors of
these associations. These findings suggest that altitude may be
related not only to MetS but also to some of the individual
components.
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