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Abstract

Objective—To determine the association between altitude and obesity in a nationally 

representative sample of the Peruvian adult population.

Design and Methods—This is a cross-sectional analysis of publicly available data from the 

Food and Nutrition National Center (CENAN, Peru), period 2009-2010. Prevalence ratio of 

obesity and abdominal obesity was determined as a measure of association. Obesity and 

abdominal obesity were diagnosed based on direct anthropometric measurements.

Results—The final dataset consisted of 31,549 individuals ≥20 years old. The prevalence ratio of 

obesity was as follows: 1.00 between 0–499 m (reference category), 1.00 (95% confidence interval 

0.87-1.16) between 500–1,499 m, 0.74 (0.63-0.86) between 1,500–2,999, and 0.54 (0.45-0.64) at 

≥3,000 m, adjusting for age, sex, self-reported physical activity, out-migration rate, urbanization, 

poverty, education, and geographical latitude and longitude. In the same order, the adjusted 

prevalence ratio of abdominal obesity was 1.00, 1.01 (0.94-1.07), 0.93 (0.87-0.99), and 0.89 

(0.82-0.95), respectively. We found an interaction between altitude and sex and between altitude 

and age (P<0.001, for both interactions) on the association with obesity and abdominal obesity.

Conclusions—Among Peruvian adult individuals, we found an inverse association between 

altitude and obesity, adjusting for multiple covariates. This adjusted association varied by sex and 

age.
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Introduction

Obesity is a well established risk factor for type 2 diabetes, which is associated with severe 

chronic complications including blindness, renal failure, neuropathy, and amputations (1). 

Obesity is also a risk factor for cardiovascular diseases, hypertension, and several types of 

cancer including breast cancer, colorectal cancer, endometrial cancer, and kidney cancer (2). 

Thus, abnormal weight gain is a major issue for public health. The World Health 

Organization has estimated that ∼500 million adult individuals have obesity (3). The 

alarming increase in the prevalence of obesity is not only restricted to the United States 

(US), but it is a global hazard (4), affecting also countries with smaller income economies 

such as Peru (5).

In 2010, the Centers for Disease Control and Prevention (CDC) reported that the lowest 

prevalence of adult obesity in the US was in Colorado (6), one of the states with the highest 

mean elevation counties. Even more intriguing, an inverse association between altitude and 

self-reported body mass index (BMI) has been reported among US adult individuals, 

independent of risk factors and potential confounders (7,8). Whether this adjusted inverse 

association extends to other nationally representative populations when measured body mass 

index is used remains unknown.

The aim of the present study was to determine the association between altitude and obesity 

in a nationally representative sample of the Peruvian adult population. We utilized freely 

available online data from an on-site survey conducted in a nationally representative 

population of Peru, a country with different geographic (Figure S1), socio-economic, 

cultural, and ethnic features than the US. We estimated the prevalence ratio of obesity and 

abdominal obesity by altitude bands among adult individuals, 20 years or older, adjusting for 

age, sex, self-reported physical activity, and socio-demographic covariates.

Methods and Procedures

Characteristics of the population

The present study included a nationally representative sample of adult individuals (20 years 

or older) of Peru.

This study did not require approval or exemption from the Institutional Review Board at 

Cedars-Sinai Medical Center as it involved a cross-sectional analysis of publicly available, 

deidentified data.

Data from the National Household Survey (ENAHO)

Data from ENAHO for 2009–2010 was utilized to estimate the prevalence of overweight, 

obesity, and abdominal obesity among Peruvian adults and to estimate the association 

between altitude and these clinical conditions. ENAHO 2009–2010 is the largest on-site 
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survey conducted by the Food and Nutrition National Center (CENAN) and the National 

Institute of Statistics and Informatics (INEI) to assess living conditions in Peru. ENAHO 

surveyed 21,680 homes, including 82,337 individuals, using a probabilistic, stratified, multi-

stage design, independent for each region, including all ages starting as of 2 months 

(www.inei.gob.pe/web/enaho). The administrative division of Peru is organized in 25 

regions, 196 provinces, and 1,850 districts. The survey questionnaire included, among other 

variables, information on age, sex, and self-reported physical activity. An important feature 

of this survey was the inclusion of direct anthropometric measurements such as height, body 

weight, and abdominal circumference, performed using standardized techniques and 

equipment. Abdominal circumference was measured at the level of the midway between the 

lowest rib and the top of the iliac crest. The survey did not ask for information on ethnicity, 

food intake, or smoking habits.

Data from the INEI

District-level data on altitude, latitude, longitude, poverty, and education, as well as 

province-level data on out-migration rate and urbanization were obtained from the INEI. 

Altitude of every province was estimated from the median of the altitudes of their 

corresponding districts (9). Poverty data represented the percentage of homes for which per 

capita income was below than the basic family needs (10). Data on education represented the 

percentage of the population who completed at least primary school (11). Data on out-

migration rate and urbanization were available for the periods 2002–2007 and 2007, 

respectively (12). Out-migration data represented the rate of emigration, that is, those 

moving from one province to another different destination province within a 1-year period 

relative to the population registered in local databases (in a 5-year period estimate from 2002 

to 2007). An urban area was defined as a conglomerate of 100 houses grouped contiguously. 

A town that is the capital of a district was also considered as an urban area 

(www.inei.gob.pe).

Prevalence estimates

Age-adjusted prevalence estimates of overweight and obesity were based on the relative age 

distribution for the Peruvian population reported by the INEI for 2010 (13). We excluded 

cases of self-reported pregnancy (n=464). We also excluded eight provinces with less than 

10 subjects per age group (n=153 individuals).

Overweight was defined as a BMI (weight/height2) of 25–29.9. Obesity was defined as a 

BMI of 30 or higher, and classified as follows: class I (BMI 30.0–34.9), class II (BMI 35–

39.9), and class III (BMI 40 or higher) (14). Abdominal obesity was diagnosed using criteria 

defined by the Adult Treatment Panel III, or ATP III (15) (if abdominal circumference was 

>102 cm for males or >88 cm for females) and the International Diabetes Federation (IDF) 

(16). We used the IDF criteria for South Asians (if abdominal circumference was ≥90 cm for 

males or ≥80 cm for females) as these criteria are currently recommended for the diagnosis 

of abdominal obesity among individuals of South American ethnicity (16).
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Measures of association of altitude with overweight, obesity, and abdominal obesity

Prevalence ratio was used as a measure of association, adjusting for age, sex, self-reported 

physical activity, out-migration rate, urbanization, poverty, education, latitude, and 

longitude. The initial set of adult individuals (≥20 years old) comprised 48,394 (24,825 

women). We excluded 464 cases of self-reported pregnancy, 3 subjects with a calculated 

BMI ≤10, 133 subjects with a BMI ≥60 (BMI cut-offs at which discordant measures 

between weight and height were observed), and 18 subjects with an abdominal 

circumference ≤40 cm. In fact, among those individuals with a BMI>60, 89% (n=119) had a 

height below 80 cm (range: 30.0-79.9 cm), which suggests error in data entry. There were 

11,259 cases with missing data on body weight and/or height, 4,947 cases with missing 

information on physical activity, and 21 cases with missing information on city residence.

Based on the definition of high altitude (≥1,500 m) (17) and the frequency distribution of the 

number of individuals who reside within a given altitude band, altitude was grouped in 4 

categories: 0–499 m, 500–1,499 m, 1,500–2,999 m, and ≥3,000 m. For the latter category, 

the median of the altitude was 3,397 m (interquartile range: 3,245.0–3,725.0 m). The district 

with the highest altitude surveyed by ENAHO was located at 4,660 m. Since moderate or 

vigorous physical activity for at least 150 min per week has been shown to result in a more 

sustained weight loss (18,19), we grouped the variable physical activity (total minutes per 

week of moderate and vigorous activity at work, home, and during recreation) in 4 

categories: 0–149 min, 150–299 min, 300–449 min, and ≥450 min.

Because of the unique geographic location of Peru, near to the Equator, and the Central 

Andes crossing along the country (Figure S1), we included latitude and longitude as 

covariates in our model. Latitude was grouped in 2 categories: 0–9.9° S and 10–19.9° S. 

Longitude was also grouped in 2 categories: 65.0-75.9° W and 76.0-85.0° W. Poverty, 

education, out-migration rate, and urbanization were treated as continuous variables.

Statistical analysis

Bivariate associations were determined using Spearman rank order correlation. Since obesity 

is not a rare disease in Peru, we estimated the adjusted prevalence ratio and their 95% 

confidence intervals (95% CI), rather than prevalence odds ratio (20). Unadjusted prevalence 

ratios were estimated using Poisson regression. Fully adjusted prevalence ratios were 

determined using multilevel mixed-effects Poisson regression analysis (21), allowing us to 

account for nested data (region, province, and district level) and the random effects between 

subjects (22). Since obesity prevalence may vary with age and sex (23,24), we tested for 

interaction between altitude and sex and between altitude and age. These interactions terms 

were included in separate fully adjusted Poisson regression models, and the significance was 

assessed using the Wald test. Statistical analyses were performed using Statistica 7.0 

(StatSoft Inc., Tulsa, OK) and STATA/SE 12.0 for Windows (StataCorp LP, College Station, 

TX).
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Results

The final dataset for prevalence estimates included 36,540 individuals (20,123 women) from 

185 provinces. The final dataset for regression analysis of overweight and obesity consisted 

of 31,549 individuals (17,537 women). Crude prevalences of overweight and obesity, 

respectively, were 37.0% (95% CI, 36.2–37.7%) and 11.3% (95% CI, 10.9–11.8%) among 

men and 36.5% (95% CI, 35.9–37.2%) and 20.7% (95% CI, 20.2–21.3%) among women 

(Figure 1). The estimated national age-adjusted adult median prevalences of overweight and 

obesity were 33.7% (interquartile range, 27.0–39.8%) and 10.3% (4.6–15.9%), respectively. 

In the same order, the mean age-adjusted prevalences of overweight and obesity were 33.0% 

(95% confidence interval, 31.7–34.4%) and 11.1% (95% CI, 10.0–12.2%). The age-specific 

percentage of obesity by altitude bands and sex is shown in Figure 2.

Using the ATP III criteria, the crude prevalence of abdominal obesity was estimated in 8.6% 

(95% CI, 8.2–9.0%) and 41.9% (95% CI, 41.2–42.6%) in men and women, respectively. 

Since cut-off values established by the IDF are lower than those set by the ATP III, the 

prevalence of abdominal obesity was considerably higher when IDF criteria were applied: 

42.2% (95% CI, 41.4–42.9%) and 73.5% (95% CI, 72.9–74.1%), men and women, 

respectively (Figure 1).

Prevalence of overweight and obesity in low- and high-altitude Peruvian provinces

High-altitude provinces (n=117) compared with those at lower altitudes (n=68) had lower 

age-adjusted adult prevalences of overweight [30.6% (95% CI, 28.9–32.3%) versus 37.2% 

(95% CI, 35.4–39.0%), respectively]. Likewise, age-adjusted obesity prevalence was lower 

in high-altitude provinces [8.0% (7.0–9.1%) versus 16.4% (14.7–18.2%)] (Table S1). 

Province median altitude was inversely correlated with adult prevalences of overweight and 

obesity (Figure S2).

Association of altitude with overweight, obesity, and abdominal obesity

The characteristics of the population included for regression analysis are shown in Table 1. 

Estimates for women and men combined revealed an inverse association between altitude 

and overweight that disappeared in the fully adjusted model. We found a significant 

interaction between altitude and sex (P<0.001). Men, but not women, had lower adjusted 

prevalence ratio of overweight at higher altitudes (Table 2).

In the unadjusted model, women had lower prevalence ratio of obesity at higher altitudes. 

However, this association disappeared in the adjusted model (Table 2). We found a 

significant interaction between altitude and sex and between altitude and age (P<0.001, for 

both interactions). The association between altitude and obesity by age categories is shown 

in Table 3. Overall, the inverse association between obesity (and abdominal obesity) and 

altitude was stronger among individuals in the age category 60–79 years old. We found 

lower adjusted prevalence ratio of obesity in men who live at higher altitudes as compared 

with those who live below 500 m [prevalence ratio between 1,500–2,999 m: 0.50 (95% CI, 

0.41–0.62); at ≥3,000 m: 0.31 (95% CI, 0.24–0.39)]. Among men, individuals who live 

below 500 m had two times higher adjusted prevalence ratio of obesity as compared with 
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individuals who live between 1,500–2,999 m and 3.2 times higher adjusted prevalence ratio 

of obesity as compared with individuals who live at ≥3,000 m (Table 2). Also intriguing was 

the higher adjusted prevalence ratio of obesity for women as compared with men at different 

altitude bands: 1.65 (95% CI, 1.52–1.79) between 0–499 m, 2.03 (95% CI, 1.56–2.63) 

between 500–1,499 m, 2.80 (95% CI, 2.12–3.69) between 1,500–2,999 m, and 3.48 (95% 

CI, 2.59–4.67) at ≥3,000 m. Overall, women had two times higher adjusted prevalence ratio 

of obesity as compared with men, regardless the altitude of residence. Regression models for 

obesity classes also showed an inverse association between altitude and obesity, but only 

among men (Table 2).

The adjusted prevalence ratio of abdominal obesity, regardless the diagnostic criteria, was 

lower at higher altitudes, but only among men (Table 2). Women had five times higher 

adjusted prevalence ratio of abdominal obesity as compared with men, regardless the 

altitude. We also found an interaction between altitude and sex and between altitude and age 

(P<0.001, for both interactions). The adjusted prevalence ratios of overweight and obesity 

among other covariates included in the full regression models are shown in Table S2.

The exclusion criteria applied to our data for regression analyses did not modify the 

statistical significance of the estimates of the prevalence ratios of overweight, obesity, 

obesity classes (Figure S3) or abdominal obesity (Figure S4).

Discussion

The present study conducted in a nationally representative sample of the population of Peru 

shows that adult individuals who live between 1,500–2,999 m had 26% less prevalence ratio 

of obesity than those who live between 0–500 m, adjusting for several covariates, including 

age, sex, and physical activity. A similar association has been reported among US adult 

individuals (7,8). The adjusted prevalence ratio of obesity among adults who live at ≥3,000 

m was nearly 50% less compared with subjects who live below 500 m. Moreover, among 

men, individuals who live below 500 m had 3.2 times more adjusted prevalence ratio of 

obesity as compared with individuals who live at ≥3,000 m.

The inverse association between altitude and obesity, while adjusting for several covariates, 

was found among men but not women. The reason for this finding remains unclear, and 

should be further investigated. In fact, we found a higher crude prevalence of obesity and 

abdominal obesity among Peruvian women as compared with men (Figure 1). Although this 

sex-related difference in the prevalence of obesity has not been found in the US population 

(25), a higher obesity prevalence in women has been reported among countries with smaller 

income economies around the world (24). Interestingly, the prevalence of abdominal obesity 

among Peruvian adults is higher than that among US adults (59.3% versus 54.2%) (26), if 

the IDF criteria for South Asians is applied to Peruvians (i.e., if abdominal circumference 

was ≥90 cm for males or ≥80 cm for females).

Our findings of lower crude prevalence of obesity at higher altitudes confirm those from 

previous studies conducted in small or nationally non-representative samples of the adult 

populations of Peru (27,28) and Nepal (29), using the current diagnostic criteria. Our data 
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are also consistent with the lower age-adjusted prevalence of obesity at higher altitudes in a 

nationally representative adult population of the United States (8).

We also found a lower age-adjusted prevalence ratio of abdominal obesity (IDF criteria) in 

individuals who reside at altitudes at ≥3,000 m as compared with individuals who reside 

closer to sea level. The age-adjusted prevalence ratio of abdominal obesity, an important 

predictor of type 2 diabetes (30) and overall mortality (31), was 25% and 32% less among 

men who live between 1500–2,999 m and ≥3,000 m, respectively, as compared with those 

who live below 500 m.

Our study has strengths. In contrast to the US, Peru has approximately one fourth of its 

population residing over 3,000 m, representing more than 6 million individuals (32). Thus, 

our regression analysis included a larger sample size of individuals (more than 7,000) who 

reside above 3,000 m, in contrast to those conducted in previous studies (7,8). It should also 

be noted that in the present study obesity and abdominal obesity were diagnosed based on 

direct anthropometric measurements, reducing data inaccuracy and preventing recall and 

response biases (33).

Our results should be interpreted according to the limitations of the study. First, this is a 

cross-sectional study. Thus, the inverse association between altitude and obesity does not 

prove causality. Since the ENAHO survey was designed to collect nation- and region-level 

data, there may well be some bias in the prevalence estimates at the province level. It was 

not possible to include final weights in our multilevel Poisson regression analysis to account 

for the ENAHO survey approach; thus, we cannot exclude a potential bias in our estimates. 

There is a possibility of residual confounding: 1) we adjusted for physical activity, but only 

self-reported information was available; 2) our regression model included district-level 

information on socio-economic status and education, and province-level information on out-

migration rate and urbanization. Although unlikely, we cannot totally exclude a bias due to 

reverse causality; that is, individuals with obesity might tend to migrate to lower altitudes, 

explaining the lower prevalence of obesity at higher altitudes. However, we found no 

interaction between altitude and out-migration rate on the association with obesity (data not 

shown). Another limitation is that none of the diagnostic criteria used for abdominal obesity 

have been validated for the adult Peruvian population. Finally, information on food intake or 

ethnicity was not included in the survey and information on occupation was not 

systematically collected. In the US population, the inverse association between altitude and 

obesity remained while adjusting for ethnicity and fruit and vegetable consumption (7,8).

It can be argued that differences in height among ethnic groups could explain the lower 

obesity prevalence at higher altitudes. However, individuals who live at high altitudes had 

lower BMI despite having shorter height (mean height: 154.6 cm, 95% CI: 154.4-154.7 cm 

versus 156.9 cm, 95% CI: 156.8-157.1 cm; low- and high-altitude, respectively). Whether 

there are differences in adiposity remains unknown. It should be noted that Amerindian, 

mestizo (mixed Amerindian and white), and white individuals represent 45%, 37%, and 15% 

of the Peruvian population, respectively (34). The Caucasian admixture in high-altitude 

inhabitants appears to be less frequent, particularly in Aymara individuals (35), who are 

settled in Southeastern Peru. In addition, regional diet may vary among Peruvian places 
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located at different altitudes (36). Thus, in the present study, the inverse association between 

altitude and obesity could be explained, at least in part, by possible differences in ethnic 

distribution and diet across altitude bands in the population studied.

The biological mechanisms underlying the association between altitude and obesity are little 

understood (17). Although acute suppression of appetite and weight loss in lowlanders 

exposed to high altitudes is well documented (37,38), the direct effect of prolonged altitude 

exposure on appetite remains unknown. Basal metabolic rate and sympathetic activation 

does not appear to be higher among highlanders as compared with lowlanders, even if 

normalized to fat-free mass (17). Since there is an inverse relationship between elevation and 

ambient temperature (39), cold-induced increased thermogenesis could explain the lower 

prevalence of obesity, including abdominal obesity, at higher altitudes. Alternatively, non-

exercise physical activity (e.g. sitting and standing, walking) (40), which was not accounted 

in our model, could also explain variations in body weight and abdominal circumference 

among populations residing at low- and high-altitude.

In conclusion, Peruvian individuals who live at higher altitudes have a lower prevalence ratio 

of obesity and abdominal obesity, adjusting for multiple covariates, as compared with 

individuals who live closer to sea level. This inverse association between altitude and obesity 

varied by sex and age. Our findings suggest that the adjusted inverse association between 

geographical elevation and obesity extends to different populations around the world. Future 

studies are needed to explore the source of this association and to determine whether 

simulated altitude conditions may have potential therapeutical applications for obesity and 

abdominal obesity.
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Refer to Web version on PubMed Central for supplementary material.
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What is already known about this subject?

• An inverse association between altitude and self-reported body mass index has 

been described in a nationally representative sample of the adult population of 

the United States, adjusting for several risk factors and potential confounders.

What does this study add?

• In a nationally representative sample of the adult population of Peru, individuals 

who live at higher altitudes have a lower adjusted prevalence ratio of obesity and 

abdominal obesity (based on direct anthropometric measurements) as compared 

with individuals who live closer to sea level.

• The adjusted inverse association between altitude and obesity varies by sex and 

age.
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Figure 1. Crude prevalence of overweight and obesity in Peruvian adults ≥20 years old for 
2009-2010
Obesity and abdominal obesity is almost double among women as compared with men. 

Central panel shows the prevalences of obesity and obesity classes. In the right panel, 

obesity-ATP III and Obesity-IDF indicate the prevalences of abdominal obesity diagnosed 

using the criteria established by the Adult Treatment Panel III (ATP) and the International 

Diabetes Federation (IDF), respectively. Top ends of the bars indicate means. Error bars are 

95% confidence intervals.
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Figure 2. Age-specific percentage of Peruvian adult individuals with obesity by altitude bands, 
2009–2010
Profiles are shown for women (A) and for men (B).
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