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Background: Elevation and health-related lifestyles have been associated with the devel-

opment of metabolic syndrome (MetS). However, such associations have not been investi-

gated extensively in a global context. The present study aimed to determine the associations

among elevation of residence, health-related lifestyles, and the risk of MetS in an Ecuadorian

adult population.

Subjects and Methods: This cross-sectional study was conducted utilizing secondary data

from the 2012 Ecuador National Health and Nutrition Survey (ENSANUT-ECU). A total of

6024 adults (1964 men and 4060 women) 20 to 60 years old were included in the study.

Elevation was obtained by georeferencing techniques and categorized into low (0–2000

masl) and high (>2001 masl). Dietary intake was measured using a 24-hour recall and health-

related lifestyle via risk and physical activity standardized questionnaire. MetS was defined

on the basis of the National Cholesterol Education Program Adult Treatment Panel III and

the Latin American Diabetes Association criteria. Multiple logistic regression analyses were

used to examine whether elevation of residence and health-related lifestyles can increase the

risk of MetS.

Results: Residing at low elevation increased prevalence of MetS in men (1.37; 95% CI,

1.05–1.76) and elevated fasting glucose in both men (1.80; 95% CI, 1.32–2.46) and women

(1.55; 95% CI, 1.24–1.93) after adjusting for confounders. Additionally, a lack of physical

activity was identified as an important factor that raises the risk of increased waist circum-

ference in both men (2.05; 95% CI, 1.22–3.45) and women (1.38; 95% CI, 1.05–1.83) living

at low elevation.

Conclusion: Our findings suggest that low elevation of residence and physical inactivity are

associated with a higher prevalence of MetS in Ecuadorian adults.
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Introduction
Metabolic syndrome (MetS) is a multidimensional, progressive, and complex

disorder characterized by the sum of elevated fasting glucose, hypertension, ele-

vated serum triglycerides and low serum high-density lipoprotein (HDL) levels,

and abdominal obesity.1 The worldwide prevalence of MetS is estimated to be

between 10% and 84% depending on the age, gender, and ethnicity of the

population.2 Additionally, 20% of adults in the Western world were found to
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have MetS.3 Latin America exhibits a high prevalence of

abdominal obesity and MetS, similar to or even higher

than developed countries.4 MetS culminates in adverse

outcomes, including cardiovascular disease (CVD) and

type 2 diabetes mellitus (DM2).5 The specific causes that

trigger MetS are still unknown, although genetics, life-

style, and environmental factors have been identified.6,7 In

Ecuador, Ecuador National Health and Nutrition Survey

(ENSANUT-ECU) presented data on cardiometabolic risk

factors nationwide for 2012, reporting a 27% prevalence

of MetS nationally, which was higher in women than in

men (29.2% and 25.2%, respectively).8 For 2013, DM2

was the first cause of mortality, corresponding to 4695

deaths (7.44% of the annual total).9

Several biological and behavioral factors, including

age (ie, >40 yr), sex (female), smoking, unhealthy dietary

habits, and sedentary behaviors have been recognized to

contribute to the development of MetS. Moreover, the

environment has been suggested to potentially influence

the development of metabolic diseases.10,11 All of these

factors have contributed to the design of health policies in

urban environments.12 As such, elevation, defined as the

distance above sea level, has been proposed to increase

pulmonary and cardiovascular functions.13,14 Many studies

have reported that populations living at high elevation

have lower serum low-density lipoprotein (LDL) choles-

terol, higher HDL cholesterol, and lower fasting glucose

levels as well as reduced obesity rates.11,15 It is also

reported to increase glucose uptake and its tolerance,

which reduces blood glucose levels.16–18 Furthermore, liv-

ing at high elevation is associated with severe hypoxia and

a reduction in peripheral oxygen saturation leading to

a decrease in insulin sensitivity, whereas mild hypoxia

may improve insulin sensitivity.17,19,20 Some studies have

described an inverse association between elevation and

lower obesity prevalence and incidence,21–24 as well as

lower diabetes3,25 and hypertension proportions.14,26 One

Spanish study utilizing a university student cohort found

that living at a high elevation was associated with a lower

risk of MetS than living at a low elevation after a median

follow-up period of 10 years.27 Another Ecuadorian study

also reported that residence at high elevation (2758–2787

meters above sea level (masl)) was associated with a lower

prevalence of MetS, hypercholesterolemia, and hypergly-

cemia than residence at sea level (4–6 masl).28

However, the association between elevation of resi-

dence and MetS development has not been extensively

investigated. Furthermore, socioeconomic characteristics,

dietary patterns, smoking, alcohol consumption, and phy-

sical activity patterns may also explain these

associations.2,27 Therefore, effects of elevation of resi-

dence and lifestyle on populations living in the highest

regions of the world should be further investigated. In this

context, we examined the associations among elevation of

residence, health-related lifestyles, and prevalence of MetS

in the Ecuadorian population using national survey data

from the Ecuadorian National Health and Nutrition Survey

(ENSANUT-ECU).

Subjects and Methods
Study Design and Subjects
This study used data from the 2012 ENSANUT-ECU,

which is a cross-sectional study with a complex, multi-

stage, probability sampling design. The survey was con-

ducted by the Ministry of Public Health of Ecuador

(MSP). Detailed explanations of the ENSANUT-ECU are

available elsewhere.8

The initial samples were 20 years old or older with

complete 24-hour dietary recall, anthropometric data, and

biochemical variables related to metabolic syndrome; the

initial data consisted of 11,044 participants. Among the

eligible participants, we excluded those with missing phy-

sical activity information (n = 4166, rural residents),

incomplete risk factor data (n = 493), and participants

taking medication for hypertension (n = 361). Therefore,

the final sample consisted of 6024 Ecuadorians (1964 men

and 4060 women) over 20 years old. The study was

approved by the MSP and the Institutional Review Board

of Seoul National University (code: SNU 19–04-003).

Written informed consent was obtained from all

participants.

Measurement and Definition of Metabolic

Syndrome
Anthropometric data including height, weight, and waist

circumference were measured at people’s houses by

trained health technicians using calibrated equipment.

Body mass index (BMI) was calculated from weight and

height data (kg/m2). Blood pressure was measured at three

consecutive times according to standardized procedures of

anthropometry and a determination of blood pressure

manual;29 the mean of the readings was used in this

study. For measurement of levels of fasting blood glucose,

serum total cholesterol, HDL cholesterol, and triglycer-

ides, blood samples were collected from participants who
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fasted for at least 8 hours and stored at −80°C until

analysis. An enzymatic colorimetric method was utilized

to measure the concentrations of glucose, total cholesterol,

HDL-C, and triglycerides using an automated auto-

analyzer (Modular Evo-800, Roche Diagnostics,

Mannheim, Germany). Details of laboratory procedures

have been described in the ENSANUT-ECU 2012

report.29 LDL-cholesterol was calculated according to

Friedewald’s formula: [LDL-cholesterol] = [total choles-

terol] – [triglycerides/5]. However, this calculation was

valid when the triglycerides level was ≤400 mg/dL.30

The definition of metabolic syndrome was based on the

National Cholesterol Education Program Adult Treatment

Panel III (NCEP-ATP III) criteria for Latin America and

the Metabolic Syndrome Diagnosis Criteria established by

the Latin America Association of Diabetes. MetS was

diagnosed when three or more of the following compo-

nents existed: waist circumference ≥94 cm for men and

≥88 cm for women, systolic blood pressure ≥130 mmHg

or diastolic blood pressure ≥85 mmHg, HDL cholesterol

<40 mg/dL for men and <50 mg/dL for women, triglycer-

ides ≥150 mg/dL, and fasting blood glucose ≥100 mg/dL.

Measurement of Sociodemographic

Variables and Health-Related Lifestyles
General- and socio-demographic variables including age,

ethnicity, family economic status, and education level

were collected. Data for ethnicity were obtained from the

housing information standardized questionnaire; according

to ENSANUT-ECU, the five main ethnic groups were

categorized as mestizo and the rest of population (indigen-

ous, montubio, afro-descendent and white). For family

economic status, the population was divided into quintiles

based on the Wealth Index Q1 (poor), Q2, Q3 (intermedi-

ate), Q4 and Q5 (rich). Education level was categorized

into primary school (≤7th grade), secondary school (>8th

grade <12th grade), and college or higher (college or

associates degree or college graduate or above).

Additionally, the questionnaire included the elevation of

residence, which was obtained through georeferencing

methods; elevation was classified as high elevation if the

participant’s residence was located over 2001 masl and

low elevation if the participant’s residence was under

2000 masl.31,32

Health-related lifestyles included current alcohol con-

sumption, current smoking, and physical activity; data

were obtained using risks and physical activity

standardized questionnaires.33,34 Current alcohol con-

sumption was defined by the number of alcoholic bev-

erages consumed per day in the past 30 days and

categorized as “Yes” or “No” according to the United

States National Survey on Drug Use and Health

(NSDUH). Current smoking status was defined as current

tobacco consumption (“Yes” or “No”) for those who had

smoked in the last 30 days according to the WHO-

Ecuador, 2007 and based on the NSDUH.33

Physical activity was defined according to the U.S.

Department of Health and Human Services as “Yes” for

those who participated in vigorous-intensity activities for at

least 75 min, moderate-intensity activity for at least 150 min,

or an equivalent combination of moderate and vigorous-

intensity activity during the last 7 days and “No” for activ-

ities performed in less than 75 min in the past seven days.34

Assessment of Dietary Intake
Dietary intake was measured by a single 24-hour dietary

recall method administered by a trained technician at each

participant’s residence. The recall data included all kinds

of food and beverages consumed by subjects within a 24-

hour period. Energy intake was estimated with dietary

intakes and the food composition table in the Ecuadorian

Food Dietary Guideline (GABA).35 To evaluate the ade-

quacy of energy intake, percentage (%) of estimated

energy requirements (EER), based on the age-, sex-, and

physical activity level-specific equations published in

Dietary Reference Intakes, was calculated.36,37

Statistical Analyses
All statistical analyses were performed using SAS version

9.4 software.38 The complex sampling design parameters

including strata, cluster, and weight were applied to PROC

SURVEYprocedures. All p-values were two-sided (α=0.05).
All analyses were stratified by sex and geographical

elevation. All variables are expressed as means ± standard

error for continuous variables and as percentages (%) for

categorical variables. For continuous variables, p-values

were obtained from t-tests and χ2-tests for categorical

variables to test the difference between sex and elevation;

if more than 50% of the cells had expected counts less

than 5, the T Fisher Exact Test was used.

Geographical elevation was categorized into two groups,

including low elevation (0–2000 masl) and high elevation

(above 2001 masl). Multiple logistic regression analysis was

used to estimate odds ratios (ORs) and 95% confidence

intervals (CIs) for MetS across the elevation groups. In the
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multiple logistic regression model, the confounders of eth-

nicity, socio-economic status, education level, BMI (except

for the model of waist circumference), physical activity,

current alcohol consumption, current smoking, and total

energy intake were adjusted when comparing both groups.

Results
Six thousand twenty-four participants (4060 females and

1964 males) were included in the study. The general char-

acteristics of the study participants by sex and elevation are

shown in Table 1. The mean age of the Ecuadorian partici-

pants was 34.7 ± 0.46 (SE) years old at low elevation and

34.4 ± 0.54 at high elevation for men and 35.1 ± 0.35 years

old at low elevation and 35.3 ± 0.35- at high elevation for

women. Ethnicity, family economic status, physical activity,

and current smoking of study subjects were significantly

different between living at high and low elevation in both

sexes (p < 0.05). However, education level and alcohol con-

sumption were significantly different between high and low

elevation in men only (p = 0.0151, p = 0.0387, respectively).

Table 2 shows the anthropometric and biochemical mea-

surements of the MetS components and energy intake of the

study participants. While blood pressure, total cholesterol

level, triglyceride level, and energy intake were higher in

men than women, BMI and EER (%) were higher in

women than in men. A higher BMI was observed in both

women and men living at low elevation than that in residents

living at high elevation; however, a significant difference was

only observed in women living at low elevation (p = 0.044).

Fasting glucose levels of both men and women living at low

elevation were significantly higher than those of residents

living at high elevation (p = 0.0002 for men, p < 0.0001 for

women). Both energy intake and EER (%) increased signifi-

cantly as elevation decreased for both sexes (p < 0.0001).

The prevalence and ORs for MetS in Ecuadorian adults

according to elevation are shown in Table 3. Living at low

elevation significantly increased ORs of MetS in men (1.37;

95%CI, 1.05–1.76) and elevated fasting glucose levels in both

men (1.80; 95% CI, 1.32–2.46) and women (OR=1.55; 95%

CI,1.24–1.93) after adjusting for ethnicity, family economic

Table 1 Demographic and Health-Related Lifestyle Characteristics of Study Subjects According to Their Elevation of Residence

Men (%) Women (%)

High Elevation

(n=783)

Low Elevation

(n=1181)

p-value a High Elevation

(n=1469)

Low Elevation

(n=2591)

p-value a

Age (years) 0.0946 0.5917

20–29 39.4 38.1 36.1 35.5

30–39 26.8 31.0 28.7 31.1

40–49 23.7 18.2 23.7 23.8

50–59 10.1 12.7 11.5 9.6

Ethnicity 0.0011 0.0450

Mestizo 93.0 85.6 92.7 85.8

Others 7.0 14.4 7.3 14.2

Family economic status b <0.0001 <0.0001

Low 16.6 34.1 16.7 33.5

Middle 42.5 50.8 37.8 48.0

High 40.9 15.1 45.5 23.5

Education level 0.0151 0.2165

Primary school 24.1 26.9 25.2 29.4

Secondary school 43.8 52.6 43.4 49.1

College or higher 32.1 20.5 31.4 21.5

Current alcohol consumption c (yes) 53.0 58.8 0.0387 25.5 26.6 0.6248

Current smoking d (yes) 40.5 28.5 <0.0001 7.5 4.7 0.0009

Physical activity e (yes) 52.7 37.0 <0.0001 20.3 14.6 <0.0001

Notes: Bold values indicate the statistical significance: aAll continuous variables were tested using a t-test and all categorical variables were tested using χ2-test, when >50%

of the cells had expected counts less than 5, the T Fisher Exact Test was used: bFor family economic status, the Wealth Index was used: Low (Q1 and Q2), Middle (Q3 and

Q4) and High (Q5): cAlcohol consumption was defined as “yes” when participants drank alcoholic beverages in the past 30 days: dCurrent smoking was defined as “yes”

when participants smoked cigarettes in the past 30 days: ePhysical activity was defined as “yes” when participants performed vigorous-intensity activities for at least 75 min,

or moderate-intensity activities for at least 150 min, or an equivalent combination of moderate- and vigorous-intensity activity during the past seven days.
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Table 2 Anthropometric and Biochemical Measurements of MetS and Macronutrient Intake Among Study Subjects According to Their

Elevation of Residence

Men (mean ± SE) Women (mean ± SE)

High Elevation

(n=783)

Low Elevation

(n=1181)

p-valuea High Elevation

(n=1469)

Low Elevation

(n=2591)

p-valuea

Anthropometric and biochemical variable

BMI (kg/m2) 26.3 ± 0.3 26.8 ± 0.2 0.2410 27.1 ± 0.2 27.5 ± 0.2 0.0440

Waist circumference (cm) 94.6 ± 3.4 95.2 ± 1.7 0.8690 101.8 ± 5.5 91.9 ± 1.54 0.0840

SBP (mmHg) 125.3 ± 3.2 124.2 ± 1.3 0.7430 116.4 ± 1.4 115.7 ± 1.1 0.7470

DBP (mmHg) 81.3 ± 3.4 78.5 ± 1.3 0.4490 73.4 ± 1.5 72.9 ± 1.1 0.8324

Fasting glucose (mg/dL) 90.3 ± 0.9 96.9 ± 1.5 0.0002 89.5 ± 0.7 95.1 ± 1 <0.0001

Total cholesterol (mg/dL) 187.6 ± 2.0 185.1 ± 1.7 0.3419 180.5 ± 1.4 180.1 ± 1.3 0.8611

HDL cholesterol (mg/dL) 40.6 ± 0.5 41.5 ± 0.5 0.2205 46.4 ± 0.5 46.4 ± 0.4 0.9958

LDL cholesterol (mg/dL) 112.9 ± 1.6 110.7 ± 1.4 0.2936 108.5 ± 1.2 109.2 ± 1.1 0.6952

Triglyceride (mg/dL) 178.5 ± 6.4 174.1 ± 5.7 0.6061 128.7 ± 3.2 125.8 ± 2.9 0.5111

Macronutrient intake

Energy (kcal) 2003.3± 20.1 2250.7 ± 20.1 <0.0001 1721.7 ± 16.5 1922.7 ± 13.8 <0.0001

EER (%) 75.6 ±1.0 88.0 ± 1.0 <0.0001 90.4 ± 0.9 103.2 ± 0.9 <0.0001

Notes: Bold values indicate the statistical significance: aAll continuous variables were tested using a t-test and all categorical variables were tested using χ2-test.
Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein; SBP, systolic blood pressure; EER,

estimated energy requirement.

Table 3 Prevalence and Odds Ratio for MetS Among Study Subjects According to Their Elevation of Residence

Men Women

High Elevation

(n=783)

Low Elevation

(n=1181)

High Elevation

(n=1469)

Low Elevation

(n=2591)

Increased waist circumference

Prevalence (%) 18.22 34.95 25.50 41.20

OR (95% CI) 1.00 (reference) 1.00 (0.85–1.51) 1.00 1.12 (0.94–1.34)

Elevated blood pressure

Prevalence (%) 10.66 17.83 5.50 8.70

OR (95% CI) 1.00 0.94 (0.74–1.20) 1.00 0.89 (0.71–1.18)

Reduced HDL cholesterol

Prevalence (%) 19.80 29.90 24.71 39.60

OR (95% CI) 1.00 1.10 (0.88–1.36) 1.00 1.15 (0.99–1.34)

Elevated triglycerides

Prevalence (%) 18.50 26.70 10.70 15.70

OR (95% CI) 1.00 1.05 (0.85–1.31) 1.00 0.94 (0.80–1.10)

Elevated fasting glucose

Prevalence (%) 3.20 13.20 3.80 11.30

OR (95% CI) 1.00 1.80 (1.32–2.46) 1.00 1.55 (1.24–1.93)

Metabolic syndrome

Prevalence (%) 12.80 23.73 10.40 19.00

OR (95% CI) 1.00 1.37 (1.05–1.76) 1.00 1.10 (0.93–1.30)

Notes: Bold values indicate the statistical significance: All values accounted for the complex sampling design effect of the national surveys using PROC SURVEY procedure:

A multiple logistic regression analysis was performed after adjusting for ethnicity, family economic status, education level, BMI (except for the model of waist circumference),

physical activity, current alcohol consumption, current smoking and total energy intake.

Abbreviations: OR, odd ratio; CI, confidence interval; HDL, high-density lipoprotein.
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status, education level, BMI, physical activity, current alcohol

and smoking status, and total energy intake. We further ana-

lyzed the data according to quartiles of residential elevation,

and found that ORs of MetS in men and ORs in elevated

fasting glucose levels in both sexes were negatively elevation-

dependent (Data not shown; ptrend < 0.0001 for all).

As shown in Supplementary Table 1, health-related

lifestyle factors including current alcohol consumption,

current smoking status, and physical activity individually

increased ORs of MetS and/or elevated fasting glucose

levels in residents at lower elevation over that in those

living at high elevation; these are concordant to results

shown in Table 3. However, interestingly, non-smoking or

non-alcohol drinking women living at low elevation

showed higher ORs of increased waist circumference,

and men with low energy intake and living at low eleva-

tion had higher ORs of elevated fasting glucose levels.

Furthermore, a lack of physical activity was also signifi-

cantly associated with elevated fasting glucose levels in

men (2.05; 95% CI,1.22–3.45) and women (1.38; 95%

CI,1.05–1.83) living at low elevation, in addition to

MetS and elevated fasting glucose levels (Figure 1). The

obtained data suggest that low elevation of residence and

physical inactivity may play important roles in the devel-

opment of MetS.

Discussion
Nationally representative data from the ENSANUT-ECU

were utilized to determine whether living at low elevation

(0–2000 masl) is associated with development of MetS in

adult men and women. In our study, elevation over 2000

masl is classified as high elevation since it has shown to be

associated with physiological changes at rest and marked

changes in exercise. Opposed to it, living at low elevation

(1–2000 masl) has no physiological effects at rest and

presents a decrease in physical performance.31,32 Our

study showed a higher prevalence of MetS in men and

elevated fasting glucose levels in both men and women

living at a lower elevation than in those living at a higher

elevation. To our knowledge, this is the first study to report

an association between residing elevation and prevalence

of MetS utilizing a large number of Ecuadorian adults.

Figure 1 Odds ratios for MetS among low elevation residents according to physical activity. (A) Physically active and (B) physically inactive subjects. ORs were calculated

based on high elevation residents (reference). All values were obtained from a multivariable logistic regression model applying appropriate sampling weight after adjusting for

ethnicity, family economic status, education level, BMI (except for the model of waist circumference), current alcohol consumption, current smoking and total energy intake.

*p < 0.05.
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Two studies using a university student cohort reported

that young adults living at high elevation show a lower pre-

valence of MetS.27,28 Several studies have also shown an

inverse association between high elevation and MetS devel-

opment. One study including 285,196 adults from the United

States showed a lower prevalence of diabetes in men living

above 1500 masl.39 A Peruvian study also reported lower

serum triglycerides and blood pressure in people living at

higher elevation, while no significant differences in preva-

lence of MetS were observed between those living at sea

level and those living at a higher elevation.40 Another study

performed in an Andean population reported a lower waist

circumference at a higher elevation; an adjusted inverse

association between geographical elevation and obesity that

varied by sex was also found.21 Furthermore, lower fasting

glucose and better glucose tolerance were associated with

a high elevation,33,41–43 and lower prevalence22,44 and

incidence23,24,45 of overweight or obesity were also found

in residents at high elevation.

Some causes of mortality were also associated with

elevation; specifically, living at high elevation was asso-

ciated with a lower mortality rate from coronary heart

disease and ischemia, whereas a higher mortality from

chronic obstructive pulmonary disease was observed.14

People living at high elevation, above 2500 masl, display

a fall in arterial oxygen saturation and present physiologi-

cal adaptations to this environmental pressure.16,31 These

two responses produce an increase in hemoglobin concen-

trations, enlarged lung volume and increased ventilatory

response.15,33 In this case, the highest regions of the world

demonstrate the biological human adaptation to low oxy-

gen concentrations (hypoxia), including the Ethiopian

Siemen Mountains, the Tibetan Himalayan valleys, and

the Andean Altiplano in South America.13 Genetic and

physiological adaptations, principally to hypoxia, that

affect glucose metabolism and trigger appetite suppression

and reduced caloric consumption34 might explain the

inverse association between elevation, diabetes, and cardi-

ovascular diseases.

Furthermore, at sea level, the partial pressure of oxy-

gen is approximately 160 mmHg, which represents 21%

oxygen respired compared to 15% O2 at ~3000 masl at

high-elevation. This fact leads to a condition of moderate

hypoxia for ten sequential nights, which increases whole-

body insulin sensitivity in obese men.46,47 Even though

evidence suggests that exposure to lower levels of oxygen

may enhance body metabolic homeostasis, intervention

studies in humans are needed for further research.

In this study, we analyzed sex and elevation separately

and found that men had a higher prevalence of MetS when

living at low elevation than at high elevation; currently

available data suggest that sex-specific pathophysiological

differences in MetS may be associated with different

effects of sex hormones on adipose tissue, genetic factors

between men and women, or a combination of all.48–50

Diagnostic criteria for MetS vary for the cutoff points and

definition of its components in a gender-specific manner.

Glucose and lipid metabolism are directly modulated by

estrogen and testosterone, with a lack of estrogen or

a relative increase in testosterone inducing insulin resis-

tance and an increase in the lipid profile.

Health-related lifestyle factors, physical activity pat-

terns in particular, are inversely associated with develop-

ment of MetS.51 Our results are also consistent with those

from other studies. Moderate exercise has been shown to

have a positive impact on lipid profile (cholesterol and

triglycerides), while a lack of physical activity has been

associated with increased abdominal circumference.51,52 In

addition, physical inactivity has been associated with

a higher risk of type 2 diabetes, regardless of age, sex,

ethnicity, or BMI.53 Evidence shows that the prevalence of

MetS, diabetes and dyslipidemias is higher in obese, over-

weight, and physically inactive individuals, and physical

inactivity is independently related to an increased risk of

each of these diseases.54 Although an extensive literature

exists on physical-related health benefits, measuring phy-

sical activity at a population level is difficult because of

the existence of a variety of measurement methods. In the

present study, the participants’ oxygen consumption levels

were not available, which may have resulted in an over-

estimation of physical activity level for some individuals

from a physiological perspective; thus, this should be

considered when interpreting our result and merits caution.

Other health-related lifestyle factors, including alcohol

consumption and current smoking, were related to MetS

and/or elevated fasting glucose levels in men living at

a low elevation. These findings agree with previous studies

where heavy alcohol consumption was associated with

increased risk of MetS, while very light alcohol consump-

tion had an inverse association.55 Another study showed

that several alcohol-drinking patterns were positively cor-

related with the prevalence of MetS in men.56 Moreover,

our study showed that men in the “No” current alcohol

consumption group had a lower risk of elevated fasting

glucose levels in comparison to the “Yes” group; these

findings agree with some studies where drinking alcohol
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showed a less favorable alteration on glucose metabolism,

blood pressure, hypertriglyceridemia, and central

obesity.57,58 In addition, adult smokers have lower levels

of plasma apolipoprotein A1, the main protein component

of HDL, which is related to an increased risk of MetS and

DM2.59–62 One hypothesis is that nicotine itself may lead

to fat accumulation, attributable to its effect on insulin

resistance.63,64 A meta-analysis of 13 prospective studies

using long-term observation of the development of MetS

revealed smoking to be a contributing factor for MetS

depending on the amount of nicotine accumulation in the

body,65 which may explain our finding of a high risk of

MetS in men. Interestingly, our data also showed that non-

smoking or non-alcohol drinking women living at low

elevation had a higher risk of increased waist circumfer-

ence. Thus, elevation may influence waist circumference

or obesity more than health-related lifestyles in women;

however, further investigations are needed to confirm

these associations.

Self-reported energy intake significantly differed by ele-

vation in men and women (p < 0.0001); this inverse-

adjusted association suggested a regulatory role for appetite

in contracting MetS. However, our results are independent

of energy intake, which was used as a confounder in the

multiple logistic regression analysis. Previous studies

reported that exposure to hypoxia under resting conditions

increases energy expenditure and lipid metabolism and

reduces appetite and food intake.6 Acute exposure to

hypoxia tends to stimulate the neuroendocrine system, trig-

gering a strong endocrine response that improves oxygen

delivery via cardiorespiratory and hemopoietic

adaptations.33 In this context, leptin and norepinephrine

could increase sympathetic nerve activity, causing changes

in energy expenditure and food intake at high elevation.67 It

is notable that high EER was associated with elevated

fasting glucose in women at low elevation; in contrast,

men with a low EER showed increased fasting glucose.

This result suggests that EER influences insulin sensitivity.

Several physiologic mechanisms may help to explain this

finding.68,69 Our study has several limitations. Among

initial participants (n = 11,044), physical activity data

from a rural population were not collected for the

ENSANUT-ECU; thus, we analyzed only 6024 participants

residing in urban areas after excluding rural residents (n

=4166) and others (n = 854). Consequently, we cannot

exclude the possibility of residual bias, and our results

should be interpreted with caution. One should consider

reverse causality, attributable to a cross-sectional study

design. Also, energy intake data from a single 24-hour

recall method, which were used in this study due to data

availability, could not represent individual’s usual energy

intake. In addition, both the elevation exposure and the

outcome are categorized as low or high and presence or

absence, respectively; however, continuous variables would

give more information regarding dose–response association.

Despite these limitations, our study has some strengths.

This is the first study on the association of residential

elevation with MetS, which includes a large number of

Ecuadorians selected from a nationally representative popu-

lation. The analyses are adjusted for socio-economic and

lifestyle factors to avoid any potential bias. Additionally, all

data were collected by trained technicians, reducing data

inaccuracy and preventing recall and response biases.

Conclusions
In conclusion, living at low elevation (0–2000 masl) is

associated with a higher prevalence of MetS in men and an

elevated fasting glucose level in both sexes. Additionally,

a lack of physical activity was identified as an important

factor that increases ORs of increased waist circumference

in both men and women living at low elevation. Our

findings suggest that low elevation of residence and phy-

sical inactivity may play important roles in development of

MetS in Ecuadorian adults.
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