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Socio-Environmental Variables Associated with Malnutrition and Intestinal
Parasitoses in the Child Population of Misiones, Argentina
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Objectives: The aim was to analyze the socio-environmental variables associated with malnutrition and intestinal
parasitoses in children from Arist�obulo del Valle, Province of Misiones (Argentina).

Methods: A cross-sectional study was performed in 2,291 schoolchildren (age, 4–14 years). Body weight and height
were measured and body mass index was calculated. NHANES III reference was used to estimate the nutritional sta-
tus—underweight, stunting, wasting, overweight, and obesity. The parasitological analysis was performed by fecal and
anal brush samples. The socio-environmental variables were surveyed using a semi-structured questionnaire. These
variables were processed by categorical principal component analysis (cat-PCA).

Results: The two first axes defined four subgroups of schoolchildren: three of these were associated with urban char-
acteristics (high, middle, and periurban), whereas the remaining subgroup was considered rural. Stunting and para-
sitic infections occurred mainly in the periurban group, that is the group of higher socio-environmental vulnerability.
On the other hand, the highest prevalence of overweight and obesity and the lowest parasitism was observed in the
high urban group.

Conclusions: The similarity between rural and middle urban groups in stunting prevalence reveals that cities are
not healthier than rural environments. On the contrary, the fact that the rural group presents the lowest prevalence of
overweight reaffirms that poverty and malnutrition are progressively moving from rural to urban areas, and that rural
children have still more diverse and healthy diets favored by the consumption of homemade products (i.e., orchards,
animal husbandry, etc.), placing them at an earlier stage of the nutrition transition. Am. J. Hum. Biol. 26:609–616,
2014. VC 2014 Wiley Periodicals, Inc.

Most Latin American countries have undergone a con-
siderable increase of urbanization in recent years owing
to the deterioration of life quality in rural areas and the
decreasing demand for field labor, and thus giving rise to
a countryside-to-city migration (P�erez, 2003). This new
scenario has brought about a series of changes in diet,
health, and patterns of work and physical activity, among
others (Ebrahim et al., 2010; Masterson Creber et al.,
2010; Popkin, 2002). In particular, Argentina has shown
an accelerated process of urbanization in comparison with
the other Latin American countries (UNICEF, 2012;
Vel�azquez, 2004). The demographic growth of urban areas
resulted in a transitional urban–rural interface. This
interface, known as periurban or urban periphery, repre-
sents a space defined by its lack of definition: it is neither
the country side nor the city side (Barsky, 2005; Entrena
Dur�an, 2004). In Argentina, during the last 30 years, mul-
tiple neighborhoods have been consolidated in the periph-
ery of cities; they are characterized by partial or total lack
of sanitary services, low education, and income levels, the
presence of precarious housing, and high levels of critical
crowding. Consequently, urban deterioration and increas-
ing poverty aggravated health problems affecting mainly
the infantile–juvenile sector (Cesani et al., 2007; Garraza
et al., 2011; Oyhenart et al., 2007; 2013).

Some authors, namely Dufour and Piperata (2004),
have discussed the arbitrary definition of the “rural” and
“urban” categories, and the tendency to analyze these cat-
egories separately. In this sense, Oyhenart et al. (2008)
reported that these categories of urban and rural popula-
tions are not uniformly different or the urban ones are
internally homogeneous. The negative effects of environ-

ment on nutritional status in children are not restricted
only to poor periurban and rural areas though these two
regions are still poor environments for human growth.

In this context, intestinal parasitoses constitute a seri-
ous public health problem and are considered an indicator
of poverty; these parasitoses are the most difficult to con-
trol owing to the different means of transmission of causal
agents among the population (Ju�arez and Rajal, 2013;
Korkes et al., 2009). Parasitic diseases occur mainly in
children, especially in schoolchildren who present greater
rates of infection owing to soil-transmitted helminths—
geohelminths (WHO, 2005). In addition, these infectious
agents may affect the nutritional condition and intellec-
tual capacity of the children infected by them, and also
cause malabsorption and intolerance to sugars and vita-
mins (Crompton, 2000; Moffat, 2003; Quihui-Cota et al.,
2004; Rai et al., 2002; Stephenson et al., 2000).

These infections are more prevalent and endemic in
developing countries, being significant markers of sanitary
and ecological conditions of their hosts’ environment
(Thompson, 2001). In Argentina, several studies have
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demonstrated that the prevalence of enteroparasites is het-
erogeneous, with considerable variation in their distribu-
tion (i.e., 28–96%) (Gamboa et al., 2011; Navone et al.,
2006; Soriano et al., 2005; Taranto et al., 2003; Zonta et al.,
2010, 2013). In addition, soil contamination by human and/
or animal feces may represent a potential environmental
sanitary risk (Alves Lima et al., 2007; Tiyo et al., 2008).

The previous studies that have been carried out in Aris-
t�obulo del Valle (Misiones), without discrimination of resi-
dence type (urban, periurban, or rural), allowed
establishing that in the cosmopolitan population, 80% of
children were infected by enteroparasites. Blastocystis
hominis, Enterobius vermicularis, and Giardia lamblia
were the most prevalent and pathogenic species (Zonta,
2011; Zonta et al., 2011a,b). In addition, these studies
showed that 22% of the children showed malnutrition;
being overweight was more prevalent than under nutri-
tion. Based on these results, we became interested in per-
forming an in-depth analysis of the nutritional status and
the distribution of parasitoses, applying a categorical
principal component analysis (cat-PCA) model.

The aim of this article is to analyze the socio-
environmental variables associated with malnutrition
and intestinal parasitoses in children from Arist�obulo del
Valle, Province of Misiones (Argentina).

METHODS

Study area

The town of Arist�obulo del Valle (27�080 S, 54�540 W) in
the Caingu�as Department is located in the center of the
Province of Misiones in the morphological district known
as “central longitudinal strip or Sierras Centrales” (Fig. 1).

The history of the town began with its foundation as a
colony in 1921, on the basis of a second colonization pro-
cess that involved families from diverse areas of the prov-
ince, Brazil, and Paraguay. Taking into consideration the

total population (inhabitants, 20,683), this town is ranked
as number 12 in the province (CNPyV, 2001). According to
the 2004–2005 census, the urban population included
13,171 inhabitants with an average family size of 4.15
inhabitants, whereas no equivalent census data exist for
the population located in the rural areas (Plan Estrat�egico
de la ciudad de Arist�obulo del Valle, 2006).

The main activities of the inhabitants involve gathering
of agricultural products, especially tobacco and tung oil,
as well as tourism and trade at a smaller scale. A large
proportion of the colonos (tenant farmers) who live in the
rural zone work on small-scale farming. The crops are
used for personal consumption and in some cases are also
traded in the local fairs. Since the middle of 1951, the pro-
duction of tea has become an interesting alternative activ-
ity for this population (Pochettino et al., 2002).

The weather is subtropical without a marked dry sea-
son, warm, with substantial temperature, and rainfall
changes owing to variations in altitude, and therefore giv-
ing it a marked continental character. The average
annual temperature is 21.1�C and precipitations range
from 1,600 to 2,000 mm.

Sample

A cross-sectional study was performed in 2,291 children
(49.7% boys and 50.3% girls), aged from 4 to 14 years,
attending schools of Arist�obulo del Valle, Province of Mis-
iones. Data were collected from 16 public educational
institutions (kindergarten and elementary schools), repre-
senting 53.3% of the total schools of the district. The sam-
ple selection was nonprobabilistic and was largely
determined by voluntary participation in the study. Chil-
dren participated in the anthropometric study only after
the respective parents or legal guardian gave written con-
sent. No cases of chronic diseases or pathological condi-
tions were present among the individuals surveyed.

Research protocols followed the principles outlined in
the Helsinki Declaration and its subsequent modifications
as well as those dictated by Argentine National Law
N�25.326 on the privacy of personal data.

Socio-environmental analysis

We used a structured questionnaire filled out by the
parents to evaluate several socio-environmental charac-
teristics, and to measure housing variables with informa-
tion regarding structural and physical amenities. These
characteristics provided information about indoor and
outdoor housing conditions.

We asked about: building materials (type of materials
used in their construction: low-quality prefab, fired-brick
masonry, makeshift materials, and so forth); dirt floor in
at least one room of the house; source of drinking water
(piped water system, protected well, rain-tank storage, or
unprotected well [natural source], and public faucet);
wastewater disposal (open-air defecation, sewage system,
septic tanks [cesspool], or latrines); solid waste disposal
(open-air pits, incineration, nonsanitary burial, or public
waste collection and removal system), and overcrowding
(more than three persons per room).

Lodging status. Among the socioeconomic status vari-
ables, we considered the mode of lodging or housing-
tenure status (house owner, lease holder, or free lodging).

Parental characteristics. These comprised education
level and work. The former was evaluated in terms of

Fig. 1. Geographical location of Arist�obulo del Valle in Misiones,
Argentina.
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formal education level (unschooled, primary, secondary,
tertiary, and university). The latter was divided into five
categories: employed (formal worker), unskilled worker
(unqualified worker who performs mostly temporary
jobs), informal worker (without work contract), autono-
mous worker (freelance jobs), and unemployed (father) or
housewife (mother).

Health insurance. Whether medical insurance was
paid by the employer or by the person (fee-for-service
health insurance plans); measured as the presence or
absence.

Public assistance. Referring to national or local pro-
grams (from governmental agencies, NGOs, or other enti-
ties) that benefit poor families by supplementing their
food budget (nutritional support) and/or by providing cash
relief to the heads of households (monetary support);
measured by the presence or absence.

Farming practices. Additional activities possibly con-
tributing to household income, such as animal husbandry,
orchard; measured by the presence or absence.

Other aspects. Contact with animals: dogs, cats, farm
animals; measured by the presence or absence.

Anthropometric analysis

The anthropometric study was carried out by following
standardized protocols (Lohman et al., 1988).

The following variables were recorded: age: obtained
from identification cards or from school records; body
weight (W) (kg): measured on a digital scale (accuracy,
100 g) with the subjects lightly dressed (subtracting the
weight of clothes); height (H) (cm): using a portable verti-
cal anthropometer (accuracy, 1 mm). Body mass index
(BMI) was calculated as weight (kg) divided by squared
height (m2).

To estimate nutritional status, the NHANES III refer-
ence was used. The cut-off value was 5th percentile to
determine low weight-for-age (underweight), low height-
for-age (stunting), and low weight-for-height (wasting).
Individuals were classified as overweight or obese when
their BMI was in the 85–95th percentile or above the 95th
percentile, respectively (Frisancho, 2008).

Parasitological analysis

Informational workshops were carried out at the public
schools of the area with the aim of interacting with
parents, tutors, and school authorities. The use of a work-
shop methodology enabled the interchange among partici-
pants of knowledge and an understanding of the biology
and transmission modes of the most frequent parasitoses
within the area.

The life cycles of the most common parasites were ana-
lyzed and the participants observed representative speci-
mens under a stereoscopic and a light microscope. Then,
parasitological tests were offered to be performed on the
children belonging to the participating families. Each con-
senting family was provided with two vials for each child
containing 10% v/v of aqueous formaldehyde for simple
serial deposits of fecal material and anal swabs. The cop-
roparasitological samples were processed using the tech-
niques of concentration by sedimentation (Ritchie) and by
flotation (Willis) (Becerril Flores and Romero Cabello,
2004), whereas the formaldehyde from anal-swab samples
was sedimented by centrifugation for 3 min at 1,600g. The
samples were observed under a light microscope at magni-

fications of 100 and 4003 to screen for parasitic forms
(eggs, cysts, oocysts, and larvae). We used both temporary
(Lugol) and permanent (Ziehl–Neelsen) staining when
necessary. Total prevalences of infection and individual
parasite species were calculated (Bush et al., 1997). Per-
centages of mono, bi, and polyparasitism (more than three
species) were determined.

Data analysis

The prevalence of each indicator of nutritional status
and of parasitic infections was calculated in the whole
sample.

The cat-PCA was employed for the analysis of the socio-
environmental variables. It simultaneously quantifies cat-
egorical variables while reducing the dimensionality of
the data variables. The objective is to reduce an original
set of variables to a smaller uncorrelated component that
represents most of the information found in the original
variable set. Also, it is the most useful technique when a
large number of variables hinder effective interpretation
of relationships. Therefore, a small number of components
are interpreted instead of a large number of variables.
The cat-PCA analysis allows the implementation of the
standard analysis of principal components in any mixture
of nominal, ordinal, and numerical variables.

We used the results of cat-PCA to define the groups of
observations, compared socio-environmental variables
among groups, and then tested the differences using chi-
square test (v2) (Oyhenart et al., 2008).

The prevalence of parasitic infections in the children
grouped according to their nutritional status was ana-
lyzed by means of a generalized linear model with “link”
logit. However, such analysis could not be applied to
underweight and wasting cases owing to the low fre-
quency in the population (N 5 3). The analysis was limited
to stunting. When there were significant differences
between groups regarding the probability of parasite or
stunting occurrence, we performed v2 tests at a signifi-
cance level of P< 0.05.

All the statistical procedures were carried out using the
SPSS 15.0 statistical program.

RESULTS

The first two dimensions of the cat-PCA summarized
30.19% of the total variance with Cronbach’s Alpha values
of 0.84 and 0.66 for the first and second axis, respectively.

Table 1 lists the eigenvectors for these first two dimen-
sions. The variables that contributed most to the analysis
were as follows: mother and father education, wastewater
disposal, health insurance, animal husbandry, and some
physical amenities. Nutritional support, lodging status,
and dirt floor had the lowest eigenvectors.

From the order established by the mean values of the
two first principal components, we defined four subgroups
of schoolchildren who coincided with the four corners
obtained from cat-PCA. Figure 2 shows the magnitude
and orientation of the eigenvectors and Figure 3 shows
the centroids of multiple nominal variables.

Group I (dimension 1 positive, dimension 2 positive):
families that lived mostly in brick/masonry houses, with
access to public services. Regarding education level, most
parents had completed primary and secondary school, and
in some cases also higher levels (tertiary and university).
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Most were employees or worked autonomously, and had
health insurance.

Group II (dimension 1 positive, dimension 2 negative):
families that inhabited houses made of wood and metal
sheet, or in some cases prefabricated homes, with access
to public services such as piped water system, solid waste
collection, and removal system. The parents had mostly
completed the primary education level. As regards work
conditions, in most cases father was an employee or, to a
lesser extent, did temporary small jobs, whereas mother
was mainly housewife, and to a lesser extent, formal
worker. Some of these families received some type of mon-
etary support from government plans.

Group III (dimension 1 negative, dimension 2 nega-
tive): families that occupied mostly wood and metal sheet

houses, with dirt floor in at least some room and over-
crowding in many cases. Water for consumption was
obtained from a public faucet. They used latrines for
wastewater disposal, and incinerated solid domestic
wastes. The parents had started the primary school level,
but many of them had withdrawn. The most frequent
parents’ employment was informal work (father) and
housewife (mother). In many cases, they received nutri-
tional support from the municipality or from the schools
that their children attended.

Group IV (dimension 1 negative, dimension 2 positive):
families that occupied mostly houses made of wood and
sheet metal. Water for consumption was obtained by pro-
tected or unprotected well; they used latrines for waste-
water disposal, and incinerated their solid domestic
wastes. Parents had completed the primary school level,
they worked as temporary workers, or were autonomous
or other type of laborers, and mothers were housewives.
Many of the families practiced horticulture, had contact
with animals, and bred some animals for their own perso-
nal consumption.

Table 2 lists the frequency of each socio-environmental
variable by group (expressed as percentage). All the dif-
ferences were statistically significant.

The prevalence analysis of nutritional indicators in the
total population showed the highest values for overweight
(10.4%), stunting (6.5%), and obesity (5.5%) and the low-
est for underweight and wasting (0.1%).

The prevalence of nutritional indicators regarding each
group indicated that stunting was highest in Group III
and lowest in Group I. In contrast, overweight and obesity
were highest in Group I and lower in Groups IV and III,
respectively (Table 3).

The greatest prevalence of parasitized children was
observed in Group III (94.4%), followed by Groups IV, II,
and I (86.5, 83.5, and 48.1, respectively), with statistically

Fig. 2. Eigenvectors corresponding to socio-environmental charac-
teristics. Group I (top right), Group II (lower right), Group III (lower
left), and Group IV (top left). Building materials (BM), father’s, and
mother’s work (FW, MW) were excluded because they are multiple
nominal variables (nonlinear).

TABLE 1. Eigenvectors from cat-PCA of socio-environmental
variables

Variable Abbreviation

Dimension

1 2

Mother’s education ME 0.661 0.319
Father’s education FE 0.624 0.273
Wastewater disposal WD 0.676 0.236
Health insurance HI 0.143 0.407
Piped water system PWS 0.789 20.123
Solid waste disposal SWD 0.759 20.158
Monetary support MS 0.089 20.165
Animal husbandry AH 20.535 0.344
Contact with farm animals CFA 20.527 0.484
Unprotected well (natural source) UW 20.465 0.184
Contact with cats CC 20.432 0.264
Protected well PW 20.362 0.480
Orchard O 20.337 0.379
Contact with dogs CD 20.282 0.421
Rain-tank storage RTS 20.260 0.228
Overcrowding OC 20.393 20.440
Public faucet PF 20.193 20.462
Dirt floor DT 20.115 20.039
Lodging status LS 20.086 20.099
Nutritional support NS 20.068 20.313

Fig. 3. Centroids of multiple nominal variables. References: Build-
ing materials: 1 (prefab); 2 (fired-brick masonry); 3 (makeshift materi-
als); and 4 (other). Father’s work: 1 (formal worker); 2 (unskilled
worker); 3 (informal worker); 4 (autonomous worker); and 5 (unem-
ployed). Mother’s work: 1 (formal worker); 2 (unskilled worker); 3
(informal worker); 4 (autonomous worker); and 5 (housewife).
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significant differences between Group I and the remain-
ing ones, and between Groups III and IV (P< 0.01).

Table 4 summarizes the prevalence of pathogenic
parasitic species in each group; the highest percentage
was found in Group III and the lowest species richness

and prevalences in Group I, compared to the other
groups.

Finally, the percentage of monoparasitism was highest
in Group II (33.1%), whereas biparasitism prevailed in
Group IV (30.3%) and polyparasitism in Group III

TABLE 2. Socio-environmental characteristics of the group

Percentage by Group

Characteristics Abbreviation I II III IV v2 P-value

Structural qualities and amenities
Building materials BM 516.66 <0.01

Low-quality prefab 6.8 10.6 1.5 5.4
Fired-brick masonry 76.5 27.9 6.6 17.7
Makeshift materials 16.0 58.8 91.1 76.8
Others 0.7 2.7 0.8 0.0

Dirt floor DF 0.0 2.4 3 3.8 11.14 <0.01
Overcrowding OC 13.4 61.7 88.0 48.8 292.95 <0.01
Drinking water (main source)

Piped water system PWS 83.3 87.6 9.5 2.8 945.78 <0.01
Protected well PW 12.0 0.9 10.8 62.2 504.68 <0.01
Rain-tank storage RTS 2.0 2.4 9.8 25.3 140.12 <0.01
Unprotected well (natural source) UW 2.0 0.0 28.6 39.0 264.03 <0.01
Public faucet PF 2.3 8.3 46.1 1.2 408.62 <0.01

Wastewater disposal WD 675.22 <0.01
Open-air defecation 0.0 1.7 6.8 2.3
Sewage system 0.0 0.0 0.0 0.0
Septic tank 97.1 61.9 6.2 20.7
Latrine 2.9 36.4 87.0 77.0

Solid waste disposal SWD 837.13 <0.01
Open-air pits 0.0 0.0 10.2 14.3
Incineration 14.5 12.8 68.0 72.8
Nonsanitary burial 2.7 0.0 5.7 9.1
Public waste collection and removal 82.8 87.2 16.1 3.8

Socio-economic status
Lodging status LS 60.95 <0.01

House owner 87.0 76.3 80.3 81.1
Lease holder 7.5 10.6 1.2 2.3
Free lodging 5.5 13.1 18.5 16.6

Father’s education FE 542.17 <0.01
Unschooled 0.0 8.3 11.2 3.6
Primary 42.3 75.0 86.2 91.6
Secondary 33.7 14.6 2.6 4.1
Tertiary 13.4 10.0 0.0 0.8
University 10.7 1.0 0.0 0.0

Mother’s education ME 616.67 <0.01
Unschooled 0.7 6.1 9.9 3.5
Primary 30.7 71.2 87.8 87.7
Secondary 22.3 17.2 2.3 7.4
Tertiary 32.3 4.5 0.0 1.0
University 14.0 0.9 0.0 0.5

Father’s work FW 640.66 <0.01
Formal worker 42.6 40.4 9.2 17.4
Unskilled worker 4.8 14.0 6.9 24.6
Informal worker 4.1 26.7 75.8 29.1
Autonomous worker 47.4 9.6 1.4 28.1
Unemployed 1.0 9.2 6.6 0.8

Mother’s work MW 548.95 <0.01
Formal worker 48.6 27.7 3.7 4.9
Unskilled worker 0.0 1.7 3.4 11.2
Informal worker 2.1 6.6 24.9 17.8
Autonomous worker 28.8 2.8 0.9 19.5
Housewife 20.5 61.2 67.1 46.6

Health insurance HI 84.8 42.6 23.4 73.5 261.53 <0.01
Public assistance

Monetary support MS 45.2 52.1 34.7 20.1 69.15 <0.01
Nutritional support NS 0.0 12.8 18.5 0.0 89.36 <0.01

Farming practices
Orchard O 48.9 18.5 31.3 73.5 195.82 <0.01
Animal husbandry AH 22.2 7.1 44.5 80.2 329.97 <0.01

Other aspects
Contact with dogs CD 83.0 49.9 76.2 98.8 268.73 <0.01
Contact with cats CC 30.0 27.4 49.9 76.8 237.61 <0.01
Contact with farm animals CFA 27.7 9.1 36.3 87.7 539.09 <0.01
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(45.0%). This pattern of distribution of the parasitoses
showed significant differences (v2 5 174.9; P< 0.01).

DISCUSSION

The population of Arist�obulo del Valle exhibited high
socio-environmental differentiation in agreement with the
results previously obtained by Oyhenart et al. (2008) for
another city in Argentina. Thus, the children included in
Group I belonged to the families with good educational lev-
els, living in homes built using good-quality materials, and
with access to public services. These children had low prev-
alence of stunting, but high overweight and obesity. Simi-
lar results, but with higher prevalence of stunting and
lower overweight, were obtained for Group II formed by
children whose families also had similar access to public
services, as observed in Group I. The better sanitary condi-
tions of both groups may well be a strong factor influencing
the low prevalence of parasitized children and of each para-
sitic species, and even more influential on the fewer num-
ber of parasitic species found in comparison with the rest of
the groups. According to the traditionally parameters that
are used for urban–rural differentiation, both groups
would be associated with what is categorized “urban,” and
redefined herein into “high urban” (Group I) and “middle
urban” (Group II). Regarding this issue, Ruel (2000) stated
that an important consideration, when comparing urban
and rural indicators of poverty and malnutrition, is the
fact that urban areas are highly heterogeneous and thus
“city” averages mask enormous differences within such
areas. In agreement, the heterogeneity of both urban
groups was not only reflected in the lower quality of build-
ing materials but also in the education level and the
parents’ type of employment, mainly associated with the
high prevalence of obesity found in the “high urban” group.
In urban areas, women are usually more educated, which
increases their likelihood of working and their ability to
get better-paid jobs, and hence increasing the opportunity
to optimize their time. Nevertheless, maternal time con-
straints usually result in shifts in dietary patterns; with
more money and less time available, mothers tend to buy
more processed and ready-to-eat foods, as opposed to the
traditional complementary foods, which often require lon-
ger processing and cooking times (Ruel, 2000). Similarly,
Tacoli and Satterthwaite (2013) reported that although
urban women are a highly diverse group, the constraints
faced by poorer women are very different from those that
affect higher-income women, who are likely to have greater
access to education and better incomes that enable them to
hire domestic workers.

In 2005, UNICEF declared that poverty was the main
cause of high childhood morbility and mortality rates. A

thousand million children in developing countries lack
access to at least one of the basic goods or services that
would allow them to survive, develop, and thrive; more
than 16% of the children below 5 years do not receive
adequate nutrition and suffer severe malnourishment
(UNICEF, 2005). In particular, in Argentina and start-
ing with the social-economic crisis of 2001–2002, the lev-
els of poverty and social inequality rose, and the
situation in northern Argentina became relevant in the
news, highlighting the cases of acute malnourishment
as the visible manifestation of the problem. The
National Institute of Statistics and Censuses (Instituto
Nacional de Estad�ısticas y Censos, INDEC) indicated
that in 2002, 60% of the population in the northern prov-
inces was below the poverty line, and in some cases, as
in the provinces of Misiones and Corrientes, these val-
ues were more than 70% (Bolz�an et al., 2005). This situa-
tion of poverty could be clearly observed in the children
of the Group III, which was also located in an environ-
ment with similar characteristics that the “periurban.”
In this group formed by low-income families, living in
slums with high overcrowding, whose parents had only
completed the primary level of education and presented
the highest unemployment rate, the children were fre-
quently stunted although the values for overweight and
obesity were similar to those of “middle urban.” This
might be explained, according to Pe~na and Bacallao
(2000), by the diet of low-income urban sectors in which
the proportion of fats in the daily intake increased con-
siderably in the last 25 years, leading to growing values
of overweight and obesity. Grains, added sugars, and
added fats are inexpensive, good-tasting, and convenient
and their consumption has been linked to lower quality
diets, lower diet costs, and lower socioeconomic status
(Drewnowski, 2012). Also, this type of diet shows defi-
cient intake of essential nutrients, especially proteins
increasing the risk of developing infectious and non-
transmissible chronic diseases (; Bingham et al., 2013;
Eyles et al., 2012; Ezzati and Elio Riboli, 2013; Ferrante
et al., 2011; Pedraza, 2009). According to Bogin et al.
(2007), under adverse conditions, trade-offs result in
reduced survival and poor growth.

Similarly, this “periurban” group showed the greatest
prevalences of parasitized children and the highest num-
ber of pathogenic parasitic species. The deficient environ-
mental sanitary conditions (i.e., use of public faucets and

TABLE 3. Prevalences (%) in indicators of nutritional status by group

Group

Indicator I II III IV Comparison P-value

Stunting 1.7 5.9 9.5 6.1 III–I 0.01
Overweight 13.3 11.8 11.7 8.0 I–IV 0.05

II–IV 0.03
Obesity 12.3 4.7 3.2 3.3 I–II 0.01

I–III 0.01
I–IV 0.01

TABLE 4. Prevalence (%) of parasitic species by group

Group

Species I II III IV Comparison P-value

G. lamblia 8.7 22.3 25.1 15.0 III–I 0.01
III–IV 0.02

B. hominis 34.6 62.6 69.3 63.7 III–I 0.01
H. nana 0.0 4.3 10.8 1.9 III–II 0.05

III–IV 0.01
A. lumbricoides 1.0 0.7 7.8 0.7 All NS
S. stercoralis 0.0 10.8 26.8 3.0 III–II 0.01

III–IV 0.01
Ancylostomids 1.9 8.6 26.4 18.4 III–I 0.01

IV–I 0.01
III–II 0.01
IV–II 0.03

NS: Nonsignificant.
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latrines, incineration) combined with higher overcrowd-
ing could worsen this situation. In agreement, Marcos
et al. (2003) have reported, for other child populations liv-
ing in similar environments, the coexistence of different
species of pathogenic enteroparasites in a single individ-
ual as bi- or polyparasitism. The intensity of the parasitic
infection will depend on the pathogenic role of the species
involved, the immunological status of the patient, and the
number of species parasitizing (Nematian et al., 2004).
Similar results were reported by Gamboa et al. (2003,
2009), who observed in three areas of La Plata city (Bue-
nos Aires, and Argentina) an increasing gradient in the
prevalences of parasitoses from the urban to the marginal
area according to a decrease in the socio-environmental
conditions.

Finally, the children included in Group IV, with similar
structural qualities and amenities to those referred tradi-
tionally as “rural,” also showed distinctive features: the
prevalence of stunting and parasitoses was higher than
the “high urban,” similar to “middle urban” and lower
than “periurban.” The similarity between “rural” and
“middle urban” indicates that cities are not uniformly
healthier than rural environments, and also supports Fot-
so’s (2007) observation that poverty and malnourishment
are gradually moving from rural to urban settings.

The increasing gradient—high urban, middle urban,
rural, and periurban—observed for the prevalence of
undernourishment was not found in the analysis of over-
weight and obesity. The “high urban” group presented the
highest prevalences of overweight and obesity, whereas
the “rural” group showed the lowest values. These results
agree with those reported by Popkin (1999), who proposed
that urban areas had more obesity than rural ones. Simi-
larly, the “rural” population of Arist�obulo del Valle would
be in a less advanced stage of the nutritional transition
process, because it is composed mostly by families of
“colonos” which, according to that reported by Martinez
et al. (2003), maintain agricultural-farming activities for
small-scale trade and for their own consumption, suggest-
ing a more diversified and healthy diet.

CONCLUSIONS

Stunting and parasitic infections occur mainly in the
“periurban” group, that is the group of higher socio-
environmental vulnerability. On the other hand, the high-
est prevalence of overweight and obesity and the lowest
parasitism is observed in the “high urban” group. The
similarity between “rural” and “middle urban” groups in
stunting prevalence reveals that cities are not healthier
than rural environments. On the contrary, the fact that
the “rural” group presents the lowest prevalence of over-
weight reaffirms that poverty and malnutrition are pro-
gressively moving from rural to urban areas, and that
rural children have still more diverse and healthy diets
favored by the consumption of homemade products (i.e.,
orchards, animal husbandry, etc.), placing them at an ear-
lier stage of the nutrition transition.
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