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Original Article

Background

Different studies have found that a risk factor for meta-
bolic syndrome is exposure to high altitudes leading to 
ambient hypoxia.1,2 The partial pressure of oxygen at 
high altitudes (>2500 m above sea level) is reduced 
when compared with that at sea level, deriving in chronic 
hypoxemia in highlanders.3 Furthermore, a previous 
study performed by our group in San Antonio de los 
Cobres (SAC) found that indigenous Andean Argentinean 
children living at 3750 m had a higher prevalence of dys-
lipidemia compared with children living at sea level.4 
Also, we found that children from this community had 
low vitamin D concentrations.5 Sunlight exposure is the 

main source of vitamin D.6 However, small amounts of 
vitamin D can also be obtained from various foods such 
as fatty fish and fortified milk products.6 Vitamin D defi-
ciency could additionally be related to dark skin, reduced 
sun exposure, high altitudes, and seasonal variation.7,8 
Even though SAC has sunny weather, it is often cold and 
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Abstract
The objective of this study was to assess the association between vitamin D and cardiometabolic markers in 2 
indigenous communities from similar ethnic backgrounds, but living at different altitudes. A cross-sectional study 
compared 152 (72 females) indigenous schoolchildren from San Antonio de los Cobres (SAC), 3750 m above 
sea level, with 175 (86 females) from Chicoana (CH), 1400 m above sea level, mean age 9 years. Anthropometry, 
blood pressure, lipids, glucose, insulin, and vitamin D were assessed in spring season. The prevalence of children’s 
overweight/obesity was significantly lower in SAC, 9.2% (13), than in CH, 41.5% (71). There was a significantly 
higher prevalence of vitamin D deficiency (<20 ng/mL) in SAC (n = 103, 67.7%) than in CH (n = 62, 36.3%). SAC 
showed an inverse correlation between vitamin D and insulinemia (r = −0.17, P < .05), whereas CH showed an 
inverse correlation between vitamin D and systolic blood pressure (r = −0.19, P < .05), z-BMI (body mass index; 
r = −0.25, P < .01), triglycerides (r = −0.15, P < .05), glucose (r = −0.35, P < .05), and insulinemia (r = −0.24, 
P < .01). Multiple linear regression analysis showed that vitamin D (β = −.47; R2 = .21) was significantly associated 
with SAC location, adjusted for confounding variables. Vitamin D levels were significantly and directly associated 
with altitude and inversely with metabolic markers, suggesting that populations living at high altitudes are at higher 
risk for future cardiovascular diseases.
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windy due to its high altitudes.5 Therefore, children wear 
more layers and often play inside, leading to low vitamin 
D concentrations.5 Furthermore, the lower skin tempera-
ture due to cold weather is associated with slower con-
version rates of pro-vitamin D3 into stable vitamin D3, 
even in the presence of sufficient ultraviolet-B irradiation.6 
The likely relationship between vitamin D and metabolic 
syndrome have been explored in other studies.6,9 Children 
who were vitamin D deficient had higher risk of higher 
blood glucose level, elevated blood pressure (BP), and 
metabolic syndrome.6 Beta-cell function is influenced by 
vitamin D, which increases insulin release by regulating 
calcium flux and by calcium-independent mechanisms in 
β-cells.10 In addition, vitamin D status may alter glucose 
levels either by direct effect on insulin resistance through 
parathyroid hormone levels, or insulin receptor expres-
sion, or by an indirect effect through glucose clearance or 
uptake regulating fasting glucose levels.11 Unfortunately, 
there is little information about the association between 
vitamin D, lifestyle behaviors, metabolic markers, and 
altitude in indigenous children from similar ethnic back-
grounds, but living at different altitudes. The objective of 
this study was to assess the association between vitamin 
D and cardiometabolic markers in 2 indigenous commu-
nities from similar ethnic backgrounds, but living at dif-
ferent altitudes.

Methods

A cross-sectional study was designed to compare meta-
bolic markers between 2 indigenous communities liv-
ing at different altitudes. The study was approved by 
the Human Rights Committee of the University of 
Buenos Aires. Each parent or legal guardian gave writ-
ten informed consent after an explanation of the study 
and before its initiation.

The populations of SAC and Chicoana (CH) have 
similar ethnic backgrounds but they live at different alti-
tudes. The details of the SAC community have been 
reported previously.4 However, a brief description is 
included in this article. SAC is a village in the Andes 
mountains, 3750 m above sea level, with 4274 inhabit-
ants.12 Ninety-eight percent of the SAC population con-
sists of Diaguitas descendants. The SAC community 
was ethnically homogenous, since there were no inter-
marriages between ethnic groups. CH is a village in the 
southwest of the Lerma Valley, 170 km from SAC. It is 
1432 m above sea level and has 4202 inhabitants.12 The 
population of CH is also of Diaguita descent. Despite 
CH’s proximity to Salta, the capital of the province, 
CH’s community also has no history of mixed mar-
riages, and therefore has also maintained its ethnic 
homogeneity.

The study assessed demographic data, lifestyle 
behaviors, anthropometric measurements, BP, and bio-
chemical data. Health care professionals performed all 
measurements. Sociodemographic characteristics 
recorded included age, level of education, and the pres-
ence of a refrigerator or a dirt floor in the house. The 
absence of a refrigerator and the presence of a dirt floor 
are indicators of a very low socioeconomic level by the 
National Statistics and Censuses Institute of Argentina.12 
The same personnel and equipment were used to com-
plete validated questionnaires on lifestyle behaviors and 
measure BP and anthropometry in the 2 villages.13 A 
simple 5-level index ranked participants’ daily con-
sumption of vegetables or fresh fruits portions, glasses 
of milk, sweetened beverages, and television viewing.13 
One out of the 3 elementary schools existing in SAC 
was selected by simple randomization in November 
2014. Another elementary school of similar socioeco-
nomic status was chosen among the elementary schools 
located in CH in November 2016. All children from 
each school were invited to participate. The overall indi-
vidual response rate was 90%. Assuming that the preva-
lence of vitamin D insufficiency was 98% in SAC 
children, the sample size of 152 SAC children would 
give a power of 0.80 at a significance level of .05.5 
Furthermore, assuming that the prevalence of dyslipid-
emia was close to 30%, our sample size ensures a power 
of approximately 80% considering an effect size of 0.1 
and a significance level of .05.4

Exclusion criteria included the following: (1) missing 
anthropometric measurements, BP, or biochemical data; 
(2) the use of medication that would affect BP, lipids, 
and glucose levels; (3) children who did not fast; and (4) 
the informed consent form not being signed. Participants 
included in our study sample had no significant differ-
ence in socioeconomic level, age, body mass index 
(BMI), and waist circumference, with those who were 
excluded because of missing data.

Height and weight measurements were collected with 
subjects wearing light clothing and without shoes. BMI 
was calculated as weight in kilograms divided by height 
in meters squared. BP was recorded with the child in the 
seated position by use of a mercury sphygmomanometer, 
with the child’s right forearm horizontal on a table. The 
cuffs sizes were adjusted for differences in arm circum-
ference and height. At a period of 1 to 2 minutes, 2 mea-
sures were taken. The cuff was totally deflated between 
the 2 measures.14 Hypertension was defined as the aver-
age of the values of systolic BP and/or diastolic BP ≥95th 
percentile based on age, sex, and height percentiles.14

BMI z-score and percentiles were determined accord-
ing to Centers for Disease Control and Prevention 
norms.15 Children were classified as underweight (<5th 
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percentile), normal weight (5th to <85th percentile), 
overweight (85th to <95th percentile), or obese (≥95th 
percentile).15

Blood samples were obtained from subjects after a 
10-hour overnight fast. All samples were analyzed in the 
same laboratory. We had stored SAC and CH serum sam-
ples at −70°C and both groups were assessed together. 
Lipids were analyzed by standardized methods using the 
Architect C 16000 instrument (Toshiba, Kanagawa, 
Japan) and dedicated reagents (Abbott Laboratories, 
Chicago, IL). Inter-assay coefficients of variation were 
the following: cholesterol 0.62% and 0.95%; high-density 
lipoprotein cholesterol (HDL-C) 2.00% and 3.08%; and 
triglycerides 0.87% and 1.11%, respectively. Plasma glu-
cose was assessed using standardized techniques (Roche 
Diagnostics, Mannheim, Germany). Insulin levels were 
estimated by radioimmunoassay (Linco Laboratories, St 
Charles, MO). HOMA-IR was validated and was strongly 
correlated with insulin resistance.16 Serum 25(OH)D lev-
els were measured using a radioimmunoassay kit 
(DiaSorin, Stillwater, MN); the intra-assay coefficient of 
variation was 8.6% to 12.5%, and the inter-assay coeffi-
cient of variation was 8.2% to 11.0%. Dyslipidemia was 
defined according to the National Institute of Health’s 
Expert Panel on Integrated Guidelines for Cardiovascular 
Health and Risk Reduction in Children and Adolescents. 
Total 25(OH)D insufficiency, deficiency, and severe defi-
ciency were defined as levels 20 to <30 ng/mL, 10 to 
<20 ng/mL, and <10 ng/mL, respectively. Optimal lev-
els were defined as >30 ng/mL.17

Data Analysis

Descriptive statistics for raw variables are described as 
mean ± SD or median (quartiles I- III). Chi-squared 
tests were used to compare proportions. When more 
than 20% of the cells had expected frequencies <5, a 
Fisher’s exact test was used. The fit to a normal distribu-
tion of continuous variables was assessed using the 
Shapiro-Wilks test. When comparing 2 groups with nor-
mally distributed data, a Student t test was performed. 
Variables with a skewed distribution (triglycerides and 
insulin levels) were logarithmically transformed for 
analysis. After log transformation, the data were tested 
again to confirm the findings. When comparing vitamin 
D across deficiency groups, due to the differences in 
sample sizes, the nonparametric Kruskal-Wallis test was 
also used and results did not change. Bonferroni’s 
adjustment was carried out when many comparisons 
were performed.

To determine the correlation between 2 variables, 
Kendall or Spearman coefficients were used depending 
on the variables of each case. The main goal of the study 

was to examine the association between vitamin D and 
metabolic markers in 2 indigenous communities from 
similar ethnic backgrounds, but living at different alti-
tudes. Multiple linear regression analyses were per-
formed to analyze the association between vitamin D 
levels and metabolic markers adjusted for confounding 
variables. Multiple logistic regression analysis was per-
formed. The odds ratio and 95% confidence interval 
were used to estimate the association between altitude, 
age, sex, and BMI selected as independent variables, and 
low vitamin D levels as a dependent variable. P values of 
<.05 were considered statistically significant. Analyses 
were performed using the SPSS (IBM, Chicago, IL) sta-
tistical software package SPSS version 22.0.

Results

In the SAC community, 159 children were invited to 
participate in the study. However, 1 did not have the 
informed consent signed and 6 had missing BP data and 
were excluded. In the CH community, 189 children were 
invited to participate in the study. However, 4 did not 
have the informed consent signed, 4 had missing BP 
data, and 6 had missing biochemical data and were 
excluded from the study. A cross-sectional study com-
pared 152 (72 females) indigenous schoolchildren from 
SAC, 3750 m above sea level, with 175 (86 females) 
from CH, 1400 m above sea level. Seventy-three percent 
of SAC and 43% of CH parents had no high school edu-
cation (P < .01), and 14% of SAC and 3% of CH fami-
lies did not have a refrigerator at home (P < .01). All 
participating families came from a low socioeconomic 
class; however, SAC families belonged to a lower socio-
economic level than CH.

Lifestyle Behaviors

The reported mean daily intake of sugary beverages was 
2.8 ± 1.3 glasses/day in SAC versus 3.2 ± 4.2 glasses/
day in CH children (P > .05). In both communities, the 
sugary beverages consumed by children were juices 
made from concentrated powder diluted in water. Fruit 
and vegetable intake was significantly lower in SAC 
(2.4 ± 0.9 servings/day) than in CH (2.7 ± 1.3 servings/
day). Milk intake among children was significantly 
lower in SAC (1.7 ± 1.0 glasses/day) than in CH (2.1 ± 
1.2 glasses/day; P = .003). SAC children watched sig-
nificantly fewer hours of television (2.4 ± 1.2 h/d) than 
CH children (2.5 ± 1.2 h/d; P < .01). Approximately 
15% (n = 21) of SAC children versus 31.5% (n = 51) of 
CH children drank 3 or more glasses of milk per day 
(P < .01); 2% (n = 3) of children in SAC versus 7% 
(n = 12) in CH skipped breakfast (P > .05); 59% (n = 90) 
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of children in SAC versus 70.3% (n = 123) in CH had a 
television in their rooms (P = .02).

There was an inverse and significant association 
between vitamin D levels and television viewing for 
more than 2 h/d (r = −0.18; P < .01), as well as milk 
intake of more than 2 glasses/day (r = −0.13; P < .05).

Clinical and Metabolic Characteristics in SAC 
and CH Children

Table 1 describes clinical characteristics of the sample. 
There was no significant difference in age between SAC 
and CH children. The age range was between 4 and 13 
years in SAC and between 4 and 14 years in CH. 
However, mean weight, height, and BMI, adjusted for 
age and sex, were significantly lower in SAC than in CH 
children. In contrast, systolic and diastolic BPs adjusted 
for age, sex, and height were significantly higher in 
SAC than in CH children.

Table 2 describes metabolic characteristics of the sam-
ple. Vitamin D levels were significantly lower in SAC 
than in CH children. Glucose levels were significantly 
higher in SAC than in CH children. Regarding the lipo-
protein profile, HDL-C levels were significantly lower in 
SAC than in CH children, whereas total cholesterol, non-
HDL-C, and triglycerides were significantly higher in 
SAC than in CH. Furthermore, different lipid-related 
indexes were calculated. Interestingly, total cholesterol/

HDL-C, LDL-C/HDL-C, and triglycerides/HDL-C ratios 
were significantly higher in SAC than in CH children.

The prevalence of children’s overweight/obesity was 
significantly lower in SAC, 9.2% (13), than in CH, 
41.5% (71), children. The prevalence of hypertension 
was significantly higher in SAC, 13.2% (20), than in 
CH, 1.8% (3). The prevalence of hypertriglyceridemia 
was significantly higher in SAC, 42.3% (60), than in 
CH, 27.5% (47), children. Even though the prevalence 
of low HDL-C was higher in SAC, 26.8% (38), than in 
CH, 20.5% (35), the difference did not reach significant 
levels. There was no significant difference in the preva-
lence of dyslipidemia between genders in both commu-
nities. Five percent (7) of the SAC children had impaired 
fasting glucose levels (>100 mg/dL to <126 mg/dL). In 
contrast, none of the CH children had altered fasting 
glucose levels. None of the children from either group 
had diabetes.

There was a significantly higher prevalence of vita-
min D deficiency (<20 ng/mL) in SAC (n = 103, 
67.7%) than in CH (n = 62, 36.3%) children. The preva-
lence of vitamin D deficiency was not significantly dif-
ferent between genders in both groups. Furthermore, 3 
(2.1%) SAC children had a severe deficiency (<10 ng/
mL) versus none of the CH children. Only 5 (3.5%) 
SAC children and 11 (6.4%) CH children had optimal 
vitamin D levels (≥30 ng/mL). Figure 1 shows the vita-
min D levels in SAC and CH children.

Factors Associated With Vitamin D Levels

There was an inverse and significant univariate associa-
tion between vitamin D levels and television viewing for 
more than 2 h/d (r = −0.18, P < .01). SAC children 

Table 1.  Clinical Characteristicsa.

SAC (N = 152) CH (N = 175)

Age in years at 
screening

9.37 ± 2.11 9.02 ± 2.14

Birth weight (kg)* 3.07 ± 0.51 3.22 ± 0.63
Waist circumference 

(cm)**
60.06 ± 8.29 67.52 ± 13.05

Body weight (kg) 29.25 ± 8.81 37.52 ± 13.74
Height (cm)** 130.4 ± 12.41 137.64 ± 13.41
z-Height** −0.80 ± 0.85 0.75 ± 1.10
BMI (kg/m2)** 16.83 ± 2.69 19.27 ± 4.41
Z-BMIb,** −0.14 ± 0.99 0.68 ± 1.21
Systolic: BP (mm Hg)** 87.09 ± 13.84 69.65 ± 14.35
z-systolic: BPc,** 87.34 ± 13.65 69.39 ± 13.94
Diastolic: BP (mm Hg)** 57.75 ± 13.77 47.58 ± 10.96
z-diastolic: BPc,** 58.37 ± 13.85 47.99 ± 10.95

Abbreviations: SAC, San Antonio de los Cobres; CH, Chicoana; BMI, 
body mass index; BP, blood pressure.
aData are presented as mean ± SD. Z-score is a quantitative 
measure of the deviation of a specific variable taken from the mean 
of that population.
bCenters for Disease Control and Prevention z-BMI considers age 
and gender.
cz-BP considers age, sex, and height.
*P < .05. **P < .01.

Table 2.  Metabolic Characteristicsa.

SAC (N = 152) CH (N = 175)

Cholesterol, mg/dL** 157 ± 25 148 ± 35
HDL-C, mg/dL** 46 ± 8 48 ± 11
LDL-C, mg/dL** 90 ± 22 83.0 ± 22
Triglycerides** 104 ± 39 88 ± 41
Triglycerides/HDL-C** 2.4 ± 1.1 1.9 ± 1.2
LDL-C/HDL-C** 2.0 ± 0.6 1.8 ± 0.5
Cholesterol/HDL-C** 3.5 ± 0.7 3.1 ± 0.8
Non-HDL-C** 111.1 ± 24.6 99.7 ± 32.4
Glucose, mg/dL** 90 ± 7 80 ± 6
Insulin, IU/dL* 5.3 ± 2.8 6.7 ± 4.8
Vitamin D, ng/mL** 17.6 ± 5.2 22.0 ± 5.1

Abbreviations: SAC, San Antonio de los Cobres; CH, Chicoana; 
HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density 
lipoprotein cholesterol.
aData are presented as mean ± SD.
*P < .05. **P < .01.
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showed an inverse correlation between vitamin D and 
insulinemia (r = −0.17, P < .05), whereas CH children 
showed an inverse correlation between vitamin D and 
z-BMI (r = −0.25, P < .01), systolic BP (r = −0.19, P 
< .05), glucose (r = −0.35, P < .01), triglycerides (r = 
−0.15, P < .05), and insulinemia (r = −0.24, P < .01). 
Furthermore, multiple linear regression analyses showed 
significant and inverse associations between vitamin D 
levels and systolic BP (β = −.29; P < .01; R2 = .12), 
diastolic BP (β = −.18; P < .01; R2 = .06), triglycerides 
(β = −.20; P < .01; R2 = .10), triglycerides/HDL-C (β 
= −.20; P < .01; R2 = .08), and glucose (β = −.30; P 
< .01; R2 = .23), whereas HDL-C (β = .12; P < .01; R2 
= .05) was significantly and directly associated with 
vitamin D, adjusted for age, sex, z-BMI, and milk intake.

Multiple linear regression analyses, including loca-
tion as an independent variable, showed that SAC loca-
tion was significantly associated with vitamin D, 
adjusted for age, sex, and z-BMI (Table 3). In addition, 
multiple logistic regression analysis showed that SAC 
children had 7-fold the odds (odds ratio = 7.02; 95% 
confidence interval = 4.05-12.19) of having vitamin D 
deficiency adjusted for age, sex, and BMI.

Discussion

This cross-sectional study showed that the prevalence of 
overweight/obesity was significantly lower in SAC than 
in CH children. However, SAC children had higher BP, 
glucose, and triglycerides than CH children. Moreover, 
there was a higher prevalence of vitamin D deficiency in 

SAC children living at 3750 m than in CH children liv-
ing at 1400 m. Multiple linear regression analyses 
showed significant and inverse associations between 
vitamin D levels and BP, triglycerides, triglycerides/
HDL-C, and glucose, whereas HDL-C was significantly 
and directly associated with vitamin D, adjusted for con-
founding variables. Furthermore, SAC children had 
7-fold the odds of having vitamin D deficiency com-
pared with CH children. As far as we know, this is the 
first study to examine lifestyle behaviors, metabolic 
markers, and vitamin D concentrations in children from 
similar backgrounds living at different altitudes. Vitamin 
D levels were significantly and directly associated with 
altitude and inversely with metabolic markers, suggest-
ing that communities living at high altitudes had lower 
vitamin D levels and higher risk for future cardiometa-
bolic diseases.

The prevalence of overweight/obesity was signifi-
cantly lower in SAC than in CH indigenous children. 
Even though all children were from similar backgrounds, 
SAC children were significantly shorter than CH chil-
dren. There was a lower prevalence of unhealthy behav-
iors in SAC children than in CH, which could partly 
explain the lower prevalence of obesity in SAC. 
Accordingly, a study performed on elementary school 
children in 8 European countries demonstrated that chil-
dren were more likely to be obese if they skipped break-
fast or ate breakfast in front of the television.18 It is 
worth noting that milk intake was associated with higher 
BMI and triglycerides in indigenous children. Although 
the intake of some components of milk, such as satu-
rated fat, leads to detrimental consequences on weight 
status in children,19,20 other components, such as cal-
cium, may have beneficial effects.21,22 However, most of 
the studies about milk consumption were done in 
European populations and not in indigenous children.23 
Thus, the fact that milk intake was associated with 
higher BMI and triglycerides may be explained by the 
habit of drinking non–skimmed milk in Salta, which is 
not fortified with vitamin D and has more saturated fat.

Figure 1.  Boxplot. Median vitamin D and interquartile 
range are presented separately for children in SAC (San 
Antonio de los Cobres) and CH (Chicoana) of both sexes. 
The boxes define the 25th and 75th percentiles and enclose 
the median; the extensions define the range of values.

Table 3.  Multiple Linear Regression Analysisa.

Variable
B (Standardized 

Coefficient) t Significance R2

Age −0.165 −3.239 .001 0.21
z-BMI −0.161 −2.957 .003  
Sex −0.07 −1.382 .168  
Location 

(SAC-CH)
−0.47 8.135 <.01  

Abbreviations: BMI, body mass index; SAC, San Antonio de los 
Cobres; CH, Chicoana.
aDependent variable: vitamin D.
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Growth at high altitudes is a product of hypoxia, 
genetic and developmental factors, nutrition, physical 
activity, and other socioeconomic and environmental 
variables.24 Individuals living at high altitudes in the 
Andes have shown a decrease in height and weight in 
the first 2 years of life continuing into childhood and 
adolescence.24 This trend brings about a 1- to 2-year 
delay in height and a less marked adolescent growth 
spurt and stature remaining shorter in adulthood.24,25 
Accordingly, SAC children were significantly shorter 
than CH children.

High altitudes are also associated with high leptin 
levels, which might increase sympathetic nerve activity 
that is related to adipose tissue.26 The sympathetic sys-
tem is a main regulator of leptin production in adipose 
tissue. Higher leptin concentrations could partly explain 
the lower BMI in children who live at high altitudes, 
such as SAC children.26-28 Moreover, exposure to 
hypoxia has been shown to stimulate hypoxia inducible 
factor 1, which seems to be a main regulator for the 
leptin’s expression. Chronic exposure to high altitude 
results in increased sympathetic and decreased parasym-
pathetic activity, which leads to elevated BP.30 

Subjects living at high altitude had a lower partial 
pressure of oxygen due to hypoxic conditions.30 
Therefore, in order to avoid the reduction in arterial oxy-
gen content, cardiac output is increased through sympa-
thetic activation.30 Consistently, we found that SAC 
children had a higher prevalence of hypertension than 
children from CH probably due to chronic hypoxia 
because of high altitude.

Many communities have low vitamin D levels, even 
though they are located in sunny climates.31,32 Because 
SAC is at high altitude, the weather is often cold and 
windy so children wear layers and stay inside, resulting 
in less exposure to the sun.5 The principal source of vita-
min D is sunlight. The relationship between sedentary 
habits and lower vitamin D levels is likely due to less 
time being spent outdoors.33,34 Higher vitamin D levels 
reflect healthier lifestyles.33,34 The present study shows 
that even though both communities belong to similar 
ethnic backgrounds, SAC children, 3750 m, had a sig-
nificantly higher prevalence of vitamin D deficiency. A 
meta-analysis of 12 cross-sectional studies of interna-
tional databases also showed that vitamin D was 
inversely associated with metabolic markers such as tri-
glycerides, total cholesterol, and LDL-C and directly 
associated with HDL-C in children and adolescents.35 A 
large study in Caucasian children found that low vitamin 
D levels were related to obesity, metabolic syndrome, 
and hypertension.36 Consistently, we found significantly 
and inverse associations between vitamin D levels and 
BP, triglycerides, triglycerides/HDL-C, and glucose 

adjusted for age, sex, BMI, and milk intake in indige-
nous children. Furthermore, vitamin D was directly 
associated with HDL-C, indicating that low vitamin D 
was associated with higher risk of future cardiometa-
bolic diseases in indigenous children. Low vitamin D 
level predisposes to glucose abnormalities by disturbing 
the function of pancreatic β-cells, impairing insulin sen-
sitivity, and inducing systemic inflammation.37,38 
Potential benefits of vitamin D include suppression of 
inflammation such as the decrease of expression of mul-
tiple inflammatory cytokines, including tumor necrosis 
factor-α, interleukin (IL)-6, IL-1, and IL-8.39

Strengths

This study adds to previous research by examining 2 
similar indigenous communities living at different alti-
tudes. Furthermore, there was a high response rate of the 
children, and the data were collected through measure-
ments taken by our team rather than self-reported by 
school children. The measurements of vitamin D levels 
were performed in a single laboratory, which ensures 
low variability. Furthermore, the measurement of life-
style behaviors enhances the results of the study. Finally, 
we used regression models and simultaneous adjustment 
of confounding variables.

Limitations

First, this cross-sectional study cannot imply a causal rela-
tionship. Second, this study lacked information regarding 
family history of metabolic diseases, pubertal status, and 
physical activity that are known to have an impact on met-
abolic diseases. Third, the study of the CH sample was not 
concurrent with that of the SAC sample as both communi-
ties were evaluated in different years (SAC children in 
November 2014 and CH children in November 2016). 
Fourth, the assessment of lifestyle behaviors was made by 
a food frequency questionnaire containing only a few 
items and not by a 24-hour recall method. Last, the conclu-
sions of this study, conducted in a sample of indigenous 
SAC and CH children, might not extend to children from 
other communities without confirmation.

Conclusion

Indigenous SAC children have a higher prevalence of 
vitamin D deficiency than children from a similar back-
ground, but living at lower altitudes. Furthermore, vita-
min D levels were significantly and directly associated 
with altitude and inversely with metabolic markers, sug-
gesting that populations living at high altitudes are at 
higher risk for future cardiovascular disease. Thus, the 
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early detection of vitamin D deficiency might be impor-
tant as it can be corrected by medical intervention. 
Longitudinal studies will help discern whether vitamin 
D is causally related to metabolic risk in children living 
at high altitudes and whether vitamin D supplementation 
in this group may decrease the process.
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