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Abstract

Objective: To assess the nutritional status of the Andean population of Puna and
Quebrada of Humahuaca, Jujuy, using anthropometric measurements.
Design and subjects: A cross-sectional nutritional survey was carried out in a
representative sample (n 5 1236) of individuals from these regions. Children aged
2–9 years, adolescents (10–17 years) and adults ($18 years; pregnant and lac-
tating women excluded) were considered. Height-for-age, weight-for-height and
body mass index (BMI) were calculated in children and adolescents and com-
pared with World Health Organization/National Center for Health Statistics/
Centers for Disease Control and Prevention reference standards using Z-scores or
percentiles, in order to assess the prevalence of stunting, wasting/thinness and
excess weight. In adults, BMI, waist circumference (WC) and waist-to-hip (WHR)
ratio were used to identify obesity and central adiposity.
Results: Stunting (height-for-age Z-score ,–2 standard deviations) and obesity
(BMI $ 95th percentile) were found to be major nutritional problems in children
and adolescents. Stunting was prevalent in 10.7% of children and 12.4% of
adolescents; 8.2% of children and 3.5% of adolescents were obese. Adults were
short (mean: 155.8 cm) and values of overweight (32.3%), obesity (18.3%) and
central adiposity (mean WC: 86.5 cm) were high. Older adults and those with
higher economic development showed higher prevalence of obesity and central
adiposity.
Conclusions: The present population may be at the early stages of nutritional
transition as symptoms of undernutrition and overnutrition coexist at the popu-
lation level. These results suggest that rates of growth retardation may be
decreasing owing to improved nutritional conditions; however, this could be
accompanied by a sharp increase in the prevalence of other diet-related chronic
diseases.
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Puna and Quebrada of Humahuaca are two regions

located in the Andean zone of the province of Jujuy

(north-western Argentina) at the intersection of Chile,

Bolivia and Argentina. The current population of Puna

and Quebrada are descendants of different indigenous

ethnic groups living in north-western Argentina and

Bolivia (Diaguitas, Cochinhucas, Omaguacas, Atacamas,

Quechua and Aimara). Quebrada of Humahuaca is a

narrow and fertile mountain valley about 155 km long,

oriented north–south. The region has always been a

crossroad for economic, social and cultural communica-

tion. It can be divided into three climatic regions, a humid

one with subtropical vegetation at around 1500 m above

sea level and two arid regions up to 3300 m above sea

level. The main economic activities are agriculture, graz-

ing, tourism and a few extractive industries. Puna is an

arid highland region shared by Argentina and Bolivia

located at 3500 m above sea level on average. It is a cold

high plain with several ranges that form closed basins

where the rivers end in small lakes and salt deposits. The

vegetation is sparse and the climate is dry and harsh, with

high daily thermal oscillations. Grazing of sheep, goats

and llamas are major economic activities. Agriculture is

limited to family subsistence crops1.

Despite the adverse climatic conditions of the area, it

has been inhabited for more than 10 000 years and

ancient dwellers developed advanced production and

subsistence systems of agriculture, grazing and exchange.

These permitted optimal use of the available foods and

adequate physical and psychological development of

the pre-columbine Andean population2. Nowadays,

the ancient ability to cope with adverse environmental
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conditions and to grow and preserve foods seems to be

disappearing. Urbanisation and globalisation in combi-

nation with low incomes are leading to the replacement

of local foods by cheap, energy-dense, nutrient-poor

foods such as refined grains, processed foods and foods

rich in fat, sugar and salt (most times subsidised by

national food and nutrition policies). Also, women fre-

quently join the labour force and become less available to

care for food security at home.

This phenomenon of modification of individual feed-

ing practices as a consequence of change in economic,

social, demographic and health structures has been

reported in many lower- and middle-income countries

and has been termed the ‘nutrition transition’. The main

consequence of the nutrition transition is a shift from a

high prevalence of undernutrition to a predominance of

diet-related chronic diseases3.

The nutritional situation of a country undergoing the

nutrition transition depends on its economic develop-

ment and transitional stage. Accordingly, different situa-

tions have been reported in Latin American countries:

some countries show no increase in excess weight pre-

valence but high rates of growth retardation such as in

Honduras; other countries show an increase in the pre-

valence of excess weight whereas malnutrition problems

have almost disappeared (the case of Chile); in countries

such as Peru, Bolivia, Nicaragua and Guatemala, there is a

trend towards an increase in the rate of excess weight in

adults but not so much in children while maintaining the

high levels of undernutrition and growth retardation in

the youngest population3–5. This last situation reflects

rapid nutritional transition and symptoms of under- and

overnutrition coexist not only at the population level

(double burden of disease) but also in the same house-

hold (double-burden household)3,6.

Changes in food habits and physical activity patterns

explain in part these dual-burden phenomena. The

quality of new foods introduced in the diet, most times

rich in energy but poor in nutrients, may adversely affect

the growth of a child but provide sufficient calories for an

adult to gain excess weight7. Also, nutritional interven-

tions aimed to address the problem of malnutrition of one

member of the household by increasing food availability

may put the rest of the family at risk of excess weight6,8.

Moreover, other biological factors unique in developing

countries might exacerbate the effects of these ecological

factors9. The possible explanation for why so many

people become obese under such circumstances might

have its origin in evolutionary roots. The ‘thrifty geno-

type’ hypothesis proposes that individuals adapted to

chronic famine might increase their susceptibility to

hoard calories as fat in times of abundance and develop

obesity4,5,10. Other theories link low birth weight with a

higher predisposition to becoming obese (together with a

higher risk of abdominal obesity, insulin resistance, glu-

cose intolerance, dyslipidaemia and hypertension)4,10,11.

Childhood stunting may represent another pathway

that predisposes children of developing countries to

subsequent obesity4,10–14.

The objective of the present study was to investigate

the nutritional status of the Andean population of Jujuy by

performing anthropometric measurements in children,

adolescents and adults, in order to test the hypothesis of

the coexistence of undernutrition and obesity in this

population facing the nutrition transition.

Material and methods

The present study is a population-based, cross-sectional

nutritional survey carried out in the Andean regions of

Puna and Quebrada of Humahuaca, in the province of

Jujuy, Argentina. The fieldwork was carried out from May

to December of 2005.

Population

The target population consisted of all inhabitants living in

Puna and Quebrada regions (82 922 individuals according

to the national census, 2000)15. The theoretical sample

size was set at 500 families comprising 1500 individuals

(it was planned to interview roughly three individuals in

each family) in order to provide a specific relative pre-

cision of 5% (type I error 5 0.05; type II error 5 0.10),

a design effect of 2 to account for the cluster sampling

procedure and taking into account an anticipated 70%

participation rate. All interviewed individuals within a

family had to belong to different sex (male or female) and

age group (children, adolescents, adults); if there were

two or more individuals from the same sex and age group

within a house, one of them was randomly selected for

data collection. The selection of the sample was done by

stratified random cluster sampling procedures.

Questionnaire

A questionnaire divided into two parts was designed for

the present study. The first questionnaire was intended to

gather general information on the whole family and

comprised questions related to household status, socio-

economic level of the family, educational level of the

head of the household, food supply and security, and

access to health-care systems. This first questionnaire was

answered by an adult member of each household. The

second part was specific for each member of the house-

hold participating in the study. This included questions

related to individual educational level, health status,

dietary habits, physical activity pattern and a nutritional

survey (one 24-hour recall and a short food-frequency

questionnaire). Also, specific questions for children

,5 years of age and pregnant women were included in

the questionnaire. These questionnaires were tested for

reliability and suitability in two populations of Puna and
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Quebrada (95 individuals) before the beginning of the

study. A group of well-trained interviewers carried out the

fieldwork.

Anthropometric measurements

Anthropometric measures were taken of children of

2–9 years old, adolescents (10–17 years old) and adults

(18 years old and above). The anthropometric measures

used in this study were: height, weight, mid-upper-arm

circumference (MUAC), waist circumference (WC), hip

circumference (HC) and blood pressure (BP). Height,

weight and MUAC were taken of children, adolescents

and adults. WC, HC and BP were measured only in adults.

Height was determined using a mobile anthropometer

(Kawe 44444) to the nearest mm, with the subject’s head

in the Frankfurt plane. Body weight was determined to

the nearest 100 g using a digital scale (Tefal charm, sc

2504). The subjects were weighed after taking off shoes

and heavy clothes (the rest of the clothes were accounted

for by subtracting 200 g in children and 400 g in adults

from the measured weight). MUAC, WC and HC were

measured using a non-stretchable measuring tape (Kawe

43972). MUAC (midpoint between acrimial and olecranon

processes) was measured to the nearest 0.1 cm with the

examinee’s left arm relaxed. WC was measured at the

navel in men, and midway between the bottom of the ribs

and the top of the hip bone in women. HC was measured

at the tip of the hip bone in men, and at the widest point

between the hips and the buttocks in women. BP was

measured using automated blood pressure machines

(Omron No. RX3 Plus).

Anthropometric measurements were carried out

according to Frisancho’s recommendations16.

Nutritional status assessment

Stunted children and adolescents were identified as those

with a height-for-age Z-score ,–2 standard deviations

(SD) of the World Health Organization/National Center

for Health Statistics/Centers for Disease Control and Pre-

vention (WHO/NCHS/CDC) reference standards. Wasting

in children was defined as weight-for-height Z-score

,–2SD of the WHO/NCHS/CDC reference standards. In

adolescents, thinness was defined as a body mass index

(BMI; kg m22) for age ,5th percentile of the WHO/

NCHS/CDC reference standards. Overweight in children

was defined as a weight-for-height Z-score .1–2SD and

obesity as weight-for-height Z-score .2SD of the WHO/

NCHS/CDC reference standards, whereas in adolescents

BMI-for-age between the 85th and 95th percentiles indi-

cated overweight and BMI-for-age $95th percentile

indicated obesity. Also, the weight-for-height status of

children was assessed according to BMI-for-age as it was

done with adolescents (BMI cut-off points: ,5th per-

centile indicating thinness; 85th–95th percentile indicat-

ing overweight; $95th percentile indicating obesity)17–19.

The nutritional status of adults was determined

according to BMI using the WHO classification20

(underweight defined as BMI , 18.5 kg m22; normal

weight as BMI between 18.5 and 24.9 kg m22; overweight

as BMI between 25.0 and 29.9 kg m22; obesity as BMI

.30 kg m22). WC and waist-to-hip ratio (WHR) cut-off

limits for men and women, described elsewhere21,22,

were also considered to assess central fat deposition.

Hypertension was identified when diastolic/systolic

blood pressure was above 90/140 mmHg.

Sociodemographic characteristics

The sociodemographic variables considered in the pre-

sent study as possible determinants of the nutritional

status were: gender, age, area (urban, suburban and

rural), socio-economic status, food supply and security,

and household status.

Socio-economic status was assessed according to the

following variables: occupational level of the head of the

household codified as low, medium or high according to

the methodology described by the National Institute of

Statistics and Censuses15; educational level of the head of

the household classified as low (none or primary school

incomplete), medium (primary school complete or sec-

ondary school incomplete) or high (secondary school

complete or university degree); and level of poverty

according to estimated US$ per person per day (extreme

poverty – less than US$1 per person per day; poverty –

less than US$2 per person per day; above poverty

threshold – more than US$2 per person per day). Gross

US$ per person per day was estimated by dividing the

total monthly income of the household by the number of

family members and by 30.

The questions related to food supply and security

considered in the present study were: receiving food aids

from government (yes/no); production of food in the

household (yes/no); and use of food preservation tech-

niques (yes/no).

Household status was assessed according to seven

variables about the sanitation and hygienic conditions of

the household (type of floor; number of rooms; elec-

tricity; toilets; waste pipe; separate kitchen; and drinkable

water). A household status score (HSS) was constructed

in order to facilitate the analysis. Each category of these

seven variables received points to construct the compo-

site HSS (score range 0–7). Information about the scoring

system is illustrated in Table 1.

Statistical analysis

Nutritional data of subjects aged 2–17 years were ana-

lysed using Epi-Info (CDC), which is based on age,

gender, height and weight and provides the height-for-

age, weight-for-height, and BMI-for-age indices, both in

percentiles and Z-scores.
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The rest of the analyses were performed with SPSS

version 13.0 (SPSS Inc.). The study was carried out

separately in children, adolescents and adults. Significant

differences in percentages between groups were calcu-

lated by means of the x2 test. Multiple logistic regression

models, with calculation of corresponding adjusted odds

ratios and 95% confidence intervals, were used to exam-

ine the sociodemographic determinants of major nutri-

tional problems observed in children, adolescents and

adults. Differences were regarded as significant when the

P-value was ,0.05.

Results

The final sample comprised 1236 individuals aged

0–86 years (359 families; response rate of 72%). Non-

participation rates included potential subjects declining

to be interviewed as well as involuntary non-participa-

tion due to census error caused by address changes,

missing persons or unavoidable impediments to survey

collaboration.

For the present study only children aged 2–9 years

(n 5 369), adolescents aged 10–17 years (n 5 210) and

Table 1 Sociodemographic characteristics of the whole sample from the Andean region of Jujuy, and separately by region (Quebrada and
Puna)

All (n 5 1236)
%

Quebrada (n 5 587)
%

Puna (n 5 649)
% P-value*

Area
Urban 53.2 52.7 53.6 0.538
Suburban 18.0 19.2 16.8
Rural 28.9 28.1 29.6

Occupation level of household head
Low 70.0 72.9 67.4 0.018
Medium 26.3 22.6 29.5
High 3.7 4.6 3.0

Education level of household head
Low 27.6 29.9 25.5 0.085
Medium 58.3 57.9 58.6
High 14.2 12.2 16.0

Level of poverty
Extreme poverty (,US$1 per person per day) 81.7 83.2 80.4 0.461
Poverty (,US$2 per person per day) 12.8 11.6 13.8
Above poverty 5.5 5.2 5.8

Receive food aids from government
No 32.0 37.4 27.0 0.000
Yes 68.0 62.6 73.0

Produce food in the household
No 49.3 41.9 56.1 0.000
Yes 50.7 58.1 43.9

Use food preservation techniques
No 45.2 41.4 48.8 0.012
Yes 54.8 58.6 51.2

Type of floor-
No – soil (50) 37.3 46.5 29.0 0.000
Yes – cement, wood, etc. (51) 62.7 53.5 71.0

Number of rooms-
1 (50) 26.5 23.3 29.4 0.053
2–3 (50.5) 49.7 50.9 48.7
.3 (51) 23.8 25.8 22.0

Electricity-
No (50) 15.8 22.6 9.7 0.000
Solar energy (50.5) 2.1 3.5 0.8
Yes (51) 82.1 73.9 89.5

Toilets-
No (50) 6.9 4.8 8.8 0.017
Latrine (50.5) 48.7 51.2 46.4
Yes (51) 44.4 44.0 44.8

Waste pipe-
No (50) 55.4 55.0 55.7 0.002
Septic tank (50.5) 21.3 17.8 24.5
Yes (51) 23.3 27.1 19.8

Separate kitchen-
No (50) 18.0 17.1 18.9 0.435
Yes (51) 82.0 82.9 81.1

Drinkable water-
No (50) 13.4 26.6 5.8 0.000
Yes (51) 86.6 73.4 94.2

*Level of significance of the observed differences between Puna and the Quebrada by means of the x2 test.
-Variables used to construct the household status score (HSS). The points given to each category is shown in brackets. The total score range is 0–7.
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adults ($18 years old) excluding pregnant and lactating

women (n 5 478) were included. The sampling technique

permitted us to obtain a representative sample of each

region (Puna and Quebrada) proportionally distributed

over the three areas (urban, suburban and rural).

Table 1 shows the sociodemographic characteristics of

the whole sample and separately by region. Overall

socio-economic status was very low and most of the

sample had to receive food aids from government. Some

differences in sociodemographic characteristics were

observed between Puna and Quebrada. The occupational

level of the head of the household was lower in Queb-

rada compared with Puna, although no differences were

observed in the educational level and income. Individuals

from Puna relied more on food aids from government

than individuals from Quebrada, whereas individuals

from Quebrada were more likely to produce and preserve

foods. Also some differences were observed in household

status characteristics. Overall, the HSS was slightly greater

in Puna (mean 4.81; SD 1.37) than in Quebrada (mean

4.52; SD 1.72) (P 5 0.04; data not shown).

Table 2 shows mean values of anthropometric mea-

surements in children and adolescents by sex. Also

shown are prevalences of stunting, wasting, overweight

and obesity according to different indices. Stunting was

observed in 10.7% of children. Wasting (weight-for-height

,–2SD) was observed in 3.2% of the sample. Some 5.9%

of children showed a BMI-for-age ,5th percentile. The

prevalence of overweight and obesity in children differed

according to the criteria used to define them. Prevalence

of overweight defined as weight-for-height .1–2SD was

observed in 19.7% of the sample, whereas the prevalence

of children with a BMI-for-age between the 85th and 95th

percentile was 13.8%. Obesity as weight-for-height .2SD

was observed in 3.2% of children; on the other hand,

obesity as BMI-for-age $95th percentile was observed in

8.2% of the sample. Of adolescents, 12.4% were stunted;

according to BMI-for-age, 6.9% were thin (,5th percen-

tile), 10.9% were overweight (85th to ,95th percentile)

and 3.5% were obese ($95th percentile).

The sociodemographic determinants of stunting in

children and adolescents are shown in Table 3. Multiple

logistic regression models considering the simultaneous

effect of all variables were used for the present analysis.

Age was a strong determinant of stunting in both children

and adolescents: the older the individual, the higher the

odds of being stunted. Children from Puna also showed

higher odds of being stunted, but this trend was not

observed in adolescents. The same type of analysis was

performed to ascertain the sociodemographic determi-

nants of wasting, overweight and obesity in both children

and adolescents, but no statistically significant associa-

tions were found (data not shown).

Table 4 shows the average values of anthropometric

measurements and indices applied to the adult popula-

tion. Mean BMI was 25.9 (SD 5.4) kg m22 and average

prevalence of overweight and obesity was 32.3% and

18.3%, respectively. A higher percentage of males (37.2%)

than females (29.4%) were overweight but females

showed greater prevalence of obesity (22.6%) compared

with males (10.9%). Only 1.0% of the sample was

undernourished according to BMI (,18.5 kg m22).

Hypertension was observed in 12.9% of males and 6.5%

of females. Females showed significantly higher central

fat deposition according to both WC (39.9% of females)

and WHR (25.8% of females) than males (8.9% and 6.0%

of males showed WC and WHR values above the cut-off

point).

Table 5 shows the sociodemographic determinants of

obesity and central adiposity (according to WC). Age was

a strong determinant of these three conditions. Central

adiposity was strongly associated with female sex. The

Table 2 Anthropometric measurements and nutritional status of children and adolescents from Puna and Quebrada

Children (2–9 years) Adolescents (10–17 years)

All
(n 5 369)

Males
(n 5 188)

Females
(n 5 181)

All
(n 5 210)

Males
(n 5 94)

Females
(n 5 116)

Age (years)* 5.1 6 2.2 5.1 6 2.2 5.2 6 2.2 12.7 6 2.3 12.4 6 2.1 12.9 6 2.3
Weight (kg)* 18.8 6 5.8 19.1 6 5.7 18.6 6 5.8 41.6 6 11.1 40.7 6 10.7 42.3 6 11.3
Height (cm)* 107.3 6 15.6 107.2 6 15.2 107.4 6 16.0 146.5 6 12.5 147.4 6 12.4 145.8 6 12.5
MUAC (cm)* 16.2 6 1.9 16.3 6 1.8 16.1 6 2.0 21.1 6 3.1 20.8 6 2.7 21.3 6 3.4
Height-for-age-

,–2SD (stunting) 10.7 10.1 11.4 12.4 14.3 10.9
Weight-for-height-

,–2SD (wasting) 3.2 1.4 4.9
.1–2SD (overweight) 19.7 15.6 23.8
.2SD (obesity) 3.2 2.1 4.2

BMI-for-age-
,5th percentile (thinness) 5.9 6.0 5.8 6.9 7.6 6.4
85th–,95th percentile (overweight) 13.8 16.3 11.1 10.9 10.9 10.9
$95th percentile (obesity) 8.2 7.1 9.4 3.5 1.1 5.5

MAUC – mid upper-arm circumference; SD – standard deviation; BMI – body mass index.
*Values shown are mean 6 SD.
-Values shown are %.
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Table 3 Sociodemographic determinants of stunting in children (2–9 years) and adolescents (10–17 years) from Puna and Quebrada

Children Adolescents

Adjusted OR (95% CI) P-value Adjusted OR (95% CI) P-value

Gender
Male 0.49 (0.21–1.15) 0.102 2.35 (0.75–7.32) 0.141
Female 1.00 (referent) 1.00 (referent)

Age (continuous)
(1-year increase) 1.21 (1.00–1.46) 0.045 1.38 (1.06–1.80) 0.016

Area
Urban 0.37 (0.13–1.04) 0.059 1.06 (0.25–4.51) 0.939
Suburban 0.08 (0.01–0.79) 0.031 0.63 (0.06–7.13) 0.706
Rural 1.00 (referent) 1.00 (referent)

Region
Quebrada 0.21 (0.07–0.63) 0.005 0.44 (0.11–1.73) 0.243
Puna 1.00 (referent) 1.00 (referent)

HSS (continuous)
(1-point increase) 1.09 (0.79–1.51) 0.587 1.28 (0.84–1.94) 0.253

Occupation level of household head
Low 1.08 (0.42–2.80) 0.877 4.21 (0.82–21.8) 0.086
Medium/high 1.00 (referent) 1.00 (referent)

Education level of household head
Low 3.53 (0.58–21.3) 0.169 1.04 (0.14–7.51) 0.967
Medium 3.29 (0.62–17.5) 0.164 0.78 (0.13–4.86) 0.791
High 1.00 (referent) 1.00 (referent)

Income (continuous)
(US$1 per person per day increase) 0.40 (0.10–1.63) 0.202 0.16 (0.02–1.28) 0.084

Receive food aids from government
No 2.46 (0.92–6.58) 0.074 1.07 (0.25–4.48) 0.926
Yes 1.00 (referent) 1.00 (referent)

Produce food in the household
No 2.65 (1.01–6.93) 0.048 1.09 (0.31–3.89) 0.896
Yes 1.00 (referent) 1.00 (referent)

Use food preservation techniques
No 1.64 (0.64–4.18) 0.302 0.21 (0.06–0.78) 0.019
Yes 1.00 (referent) 1.00 (referent)

OR – odds ratio; CI – confidence interval; HSS – household status score.
Multiple logistic regression analyses considering the simultaneous effect of all sociodemographic variables on the probability of being stunted in children and
adolescents.

Table 4 Anthropometric measurements and nutritional status of adults ($18 years old) from Puna and Quebrada, by gender

All (n 5 478) Males (n 5 184) Females (n 5 294)

Age (years)* 40.1 6 15.6 39.0 6 15.5 40.8 6 15.7
Weight (kg)* 62.5 6 12.9 66.9 6 12.5 59.8 6 12.4
Height (cm)* 155.8 6 10.8 162.3 6 13.8 151.8 6 5.4
BMI (kg m–2)* 25.9 6 5.4 25.2 6 4.0 26.3 6 6.0
WC (cm)* 86.5 6 11.8 87.6 6 11.2 85.8 6 12.1
HC (cm)* 98.1 6 10.4 96.3 6 8.7 99.2 6 11.1
WHR* 0.9 6 0.2 0.9 6 0.2 0.9 6 0.1
MUAC (cm)* 26.7 6 3.7 27.0 6 2.7 26.4 6 4.1
Diastolic BP (mmHg)* 77.8 6 12.3 80.9 6 11.3 75.9 6 12.6
Systolic BP (mmHg)* 124.0 6 20.5 128.5 6 18.1 121.2 6 21.4
Low weight--

-

1.0 0.6 1.1
Overweight--

-

32.3 37.2 29.4
Obesity--

-

18.3 10.9 22.6
Central adiposity (WC)-y 28.1 8.9 39.9
Central adiposity (WHR)-z 18.2 6.0 25.8
Hypertension-J 8.9 12.9 6.5

BMI – body mass index; WC – waist circumference; HC – hip circumference; WHR – waist-to-hip ratio; MAUC – mid upper-arm circumference; BP – blood
pressure.
*Values shown are mean6standard deviation.
-Values shown are %.
-

-

BMI cut-off points were used to classify individuals as undernourished (low weight, ,18.5 kg m22 ), overweight (25.0–29.9 kg m22 ) and obese (.30 kg m22 ).
yCut-off limits of central adiposity: WC . 102 cm in men, WC . 88 cm in women21, 22.
zCut-off limits of central adiposity: WHR . 1.00 in men, WHR . 0.90 in women21, 22.
JHypertension was defined as diastolic BP . 90 mmHg and systolic BP . 140 mmHg.
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higher the HSS, the higher was the odds of showing

obesity and central adiposity. Similar analyses were car-

ried out to elucidate the determinants of overweight and

central fat deposition according to WHR. Overweight was

significantly associated only with age, whereas central

adiposity was associated with female sex (data not

shown).

Discussion

This cross-sectional study describes the nutritional status

of a representative sample of inhabitants of the Andean

regions of Jujuy, Argentina. Most of the population were

indigenous and lived at high altitudes. Their socio-eco-

nomic and educational statuses were low, and reported

family income revealed that most of the sample lived

under the poverty line. Production and preservation of

foods in the household was more common in the region

of Quebrada than in Puna, possibly because of the most

propitious climatic conditions in the former region.

Individuals from Puna were more likely to rely on food

aids supplied by the government. The adverse climate

together with the isolation conditions of many areas in

Puna might explain these findings.

Compared with other studies that identified childhood

overweight and obesity using weight-for-height Z-score

cut-off points, the prevalence of overweight and obesity

in children from this population is low in relation to other

developing and developed countries and similar to that

observed in less developed countries in Latin Amer-

ica4,23–25. One study conducted in Argentina reported an

obesity prevalence in children aged 24–72 months of

7.03%, ranging from 2.3% to 17.0%. The lowest pre-

valence of obesity, similar that observed in our study in

the same age group, was found in Salta (a province

bordering Jujuy)4,26.

Previous studies have reported that children and ado-

lescents from Jujuy are among the shortest in Argentina.

One study conducted in 6–7-year-old children from 12

provinces of Argentina (1991–1994) showed a prevalence

of chronic malnutrition (height-for-age ,–2SD) of 11.8%

in the province of Jujuy, the highest in the whole

country26. Similar values were observed in our sample.

However, in relation to results obtained in other Latin

American countries, the prevalence of stunting in our

Table 5 Sociodemographic determinants of obesity and central adiposity in adults ($18 years old) from Puna and Quebrada

Obesity Central adiposity (WC)

Adjusted OR (95% CI) P-value Adjusted OR (95% CI) P-value

Gender
Male 0.57 (0.27–1.18) 0.129 0.17 (0.08–0.33) 0.000
Female 1.00 (referent) 1.00 (referent)

Age (continuous)
(1-year increase) 1.04 (1.01–1.06) 0.006 1.03 (1.01–1.05) 0.008

Area
Urban 2.56 (0.94–6.94) 0.066 1.70 (0.77–3.77) 0.190
Suburban 1.55 (0.46–5.24) 0.478 1.61 (0.61–4.26) 0.340
Rural 1.00 (referent) 1.00 (referent)

Region
Quebrada 0.99 (0.48–2.04) 0.988 1.25 (0.69–2.26) 0.459
Puna 1.00 (referent) 1.00 (referent)

HSS (continuous)
(1-point increase) 1.67 (1.23–2.27) 0.001 1.53 (1.19–1.96) 0.001

Occupation level of household head
Low 1.81 (0.84–3.89) 0.129 1.46 (0.77–2.76) 0.249
Medium/high 1.00 (referent) 1.00 (referent)

Education level of household head
Low 1.38 (0.44–4.34) 0.581 1.94 (0.77–4.93) 0.162
Medium 0.76 (0.27–2.14) 0.606 0.96 (0.42–2.20) 0.921
High 1.00 (referent) 1.00 (referent)

Income (continuous)
(US$1 per person per day increase) 0.76 (0.43–1.34) 0.336 0.78 (0.51–1.20) 0.264

Receive food aids from government
No 1.17 (0.55–2.47) 0.691 1.23 (0.65–2.32) 0.534
Yes 1.00 (referent) 1.00 (referent)

Produce food in the household
No 0.85 (0.40–1.82) 0.682 0.91 (0.49–1.72) 0.779
Yes 1.00 (referent) 1.00 (referent)

Use food preservation techniques
No 0.97 (0.49–1.95) 0.943 1.14 (0.64–2.01) 0.665
Yes 1.00 (referent) 1.00 (referent)

WC – waist circumference; OR – odds ratio; CI – confidence interval; HSS – household status score.
Multiple logistic regression analyses considering the simultaneous effect of all sociodemographic variables on the probability of obesity and central adiposity
(according to WC cut-off points).
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sample is low. The prevalence of stunting ranges from

45.5% in Guatemala to 8.9% in Dominican Republic, with

values of 27.0% in Bolivia, 24.4% in Peru, 12.6% in

Colombia and 9.5% in Brazil8. The proportion of stunting

in the present sample is also low compared with results

observed in studies conducted in other Andean

areas (one study conducted in Ecuadorian Andes

reported that more than 50% of children and adolescents

were stunted27).

When the weight status of children and adolescents

was compared (according to BMI-for-age) we observed

that, on average, a much greater proportion of children

were overweight and/or obese compared with adoles-

cents. The 3–5-year age group was the one that showed

the highest BMI-for-age values (obesity prevalence

13.3%). In late childhood and early adolescence BMI-

for-age values tended to be lower (the lowest obesity

prevalence, 1.7%, was observed in the 12–14-year age

group); the oldest age group of adolescents (16–18 years)

showed again relatively high obesity prevalence (10.3%)

compared with other age groups. Stunting is likely to

increase with age in children and adolescents. Adoles-

cents from the oldest age group (16–18 years) were those

who showed the highest prevalence of stunting (28.6%).

This association might be biased by the cross-sectional

design of the study. Since stunting in adolescents reflects

chronic undernutrition in the early years, it is possible

that the nutritional situation of the population has

improved over the years. Current feeding programmes

targeting children, such as attendance to school canteens

or the bag of foods given to malnourished children ,5 years

of age, might account for this improved situation. On

the other hand, the observed situation in the group of

16–18-year-olds (high prevalence of both stunting and

obesity) might reflect the double burden of malnutrition

at the individual level.

Mean adult height in this population (155 cm) was

slightly lower than the height of other Andean popula-

tions (Peruvian Quechua 158 cm; Bolivian Aymara

161 cm; Chilean Aymara 163 cm)28. Mean adult weight in

the present population (62.5 kg) was higher than in other

Andean populations (Peruvian Quechua 60.3 kg; Bolivian

Aymara 57.1 kg; Chilean Aymara 61.1 kg), resulting in a

higher BMI in our study sample (25.9 kg m–2) than in

other Andean populations (e.g. 24.2 kg m–2 in Peruvian

Quechua). Prevalence of overweight (32.3%) and obesity

(18.3%) in the adult population was high and similar to

that observed in other Latin American countries. Data

from previous studies showed a prevalence of overweight

of 34.1% in Argentina, 28.6% in Brazil, 40.3% in Mexico,

38.8% in Paraguay and 41.3% in Peru. Obesity prevalence

was 26.9% in Argentina, 19.7% in Chile, 20.0% in Mexico

and 29.3% in Paraguay4. One study carried out with South

American Indian groups, that defined obesity as BMI

.27 kg m–2, showed an obesity prevalence in rural adult

Aymaras living in north Chile (geographically closer to the

studied population) of 33%. When the same cut-off was

applied to the present adult population, the prevalence of

obesity was 31.9% (data not shown)4,5.

A link between socio-economic status, level of urbani-

sation and obesity has been found in countries emerging

from poverty3,8,11,29, although this association tends to

reverse as the country level of development improves5,24.

In the present population household status was directly

associated with obesity prevalence and central adiposity

according to WC. No other indicator of socio-economic

status was significantly associated with excess weight and

central obesity. It is possible that in the present population

the status of the household was the variable that better

reflected the socio-economic condition of the family and

level of development, given the overall low levels of edu-

cation, occupation and income. Individuals from urban and

suburban areas were at significantly higher risk of being

obese compared with individuals from rural areas in the

univariate analysis (data not shown), but this effect was no

longer significant when the continuous variable HSS was

introduced in the multiple logistic regression model. This

was due to an interaction between the effect of HSS and

area on the probability of being obese. There was a direct

association between prevalence of obesity and area, but

within each area level (rural, suburban and urban) the

proportion of individuals with obesity was twofold greater

when their HSS was above the median vs. those with HSS

below the median (data not shown). These results suggest

that factors leading to the nutrition transition associated with

economic development are apparent in rural as well as

urban areas, and so the distinction becomes not that

between urban and rural but between more and less

developed. Similar findings have been reported previously8.

Ecological and biological factors have been proposed

as explanatory causes of the high rate of obesity observed

in developing countries. However, it should be pointed

out that weight-for-height may not reflect fatness in this

population. Most validation studies using BMI as an

indicator of fatness have been made in developed

countries, and less attention has been paid to the use of

BMI as an indicator of fatness in populations of devel-

oping countries4,10. Studies carried out to assess body

size, structure and composition in Andean communities

revealed that subjects tend to be shorter in relation to

body weight; BMI values are near the median of the

NHANES II (Second National Health and Nutrition

Examination Survey) reference, but stature is near the 5th

percentile. They show a long trunk relative to the lower

extremities; values of subcutaneous adiposity are low,

whereas arm circumference values are high28. Then, BMI

might not be a good index of obesity in these popula-

tions. Also, possible selective increases in abdominal

obesity in young stunted men and women must be con-

sidered4,10. In the present study central adiposity and

central fat deposition were high, mostly in women and

older adults.
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Conclusions

Although no temporal trends can be ascertained and the

determinants of nutritional status can only be hypothe-

sised, this descriptive, cross-sectional study has permitted

us to draw a picture of the current nutritional status of the

Andean population of Puna and Quebrada of Huma-

huaca. These results demonstrate the presence of the

double burden of malnutrition at the population level in

this community. Chronic malnutrition and deprivation at

the household level seemed to be major nutritional pro-

blems; they were reflected in the low values of height in

children, adolescents and adults. On the other hand,

obesity prevalence among certain groups of individuals

(young children, old adolescents and adults) was also

very high. The higher prevalence of stunting in adoles-

cents than children might reflect improved nutritional

conditions over the years in the region. Rates of both

obesity and central adiposity in adults increased with

level of development within the household, a typical trait

of the nutrition transition in countries emerging from

poverty. Ecological and biological factors might explain

the observed nutritional status of this population. Sus-

tainable intervention based on recuperation of ancient

techniques of local food production and preservation,

nutritional programmes targeting not only the under-5s

but also adolescents, and nutritional education for the

adult population aimed at preventing and solving major

nutritional problems according to their level of develop-

ment, should be considered.
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Historica MH-7. La Paz: Hisbol, 1992.

3 Rivera JA, Barquera S, González-Cossı́o T, Olaiz G,
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