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Abstract
Background: In Mexico, despite that the fact that several social programs have been implemented, chronic
undernutrition is still a public health problem affecting 1.5 million children of <5 years. Chiapas ranks first in
underweight and stunting at national level with a stunting prevalence of 31.4 % whereas for its rural population is
44.2 %. The purpose of this paper is to determine if the nutritional status of a cohort of children living in poor rural
communities under Oportunidades has changed. We were interested in assessing the nutrition evolution of the
children who were initially diagnosed as stunted and of those who were diagnosed as normal. Oportunidades is an
anti-poverty program of the Mexican government consisting mainly in monetary transfers to the families living in
alimentary poverty.
Methods: A 9-year cohort prospective study was conducted with nutritional evaluations of 222 children.
Anthropometric indices were constructed from measurements of weight, height, and age of the children whose
nutritional status was classified following WHO standards.
Results: The results showed that although these children were Oportunidades beneficiaries for 9 years and their
families improved their living conditions, children still had a high prevalence of stunting (40.1 %) and 69.6 % had
not recovered yet. Children who were initially diagnosed with normal nutritional status and became stunted 2 years
later had a higher risk (relative risk (RR) 5.69, 2.95–10.96) of continuing stunted at school age and adolescence.
Conclusions: Oportunidades has not impacted, as expected, the nutritional status of the study population. These
findings pose the question: Why has not the nutritional status of children improved, although the living conditions
of their families have significantly improved? This might be the result of an adaptation process achieved through a
decrease of growth velocity. It is important to make efforts to watch the growth of the children during their first 3
years of age, to focus on improving the diet of women at fertile age and pay special attention to environmental
conditions to break the vicious cycle of malnutrition.
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Background
In the world, there are two billion people who have
some deficiency of micronutrients and 1400 million
are overweight, out of which 500 million are obese [1].
In spite of this, the malnutrition problems for short
height (stunting) affect almost 200 million children
under 5 years old in the world. In Latin American and
Caribbean countries, the incidence data registers
differences of up to 14 % points between the rural and
the urban areas [2]. In Mexico, stunting affects 1.5
million children under 5 years of age [3]. Nowadays,
Mexico faces the problem of malnutrition, which is
expressed, on the one hand, with a great proportion of
overweight and obese children, and on the other hand,
infantile stunting and anemia [4]. Almost half of the
children under five (27.5 %) who live in rural areas are
stunted [5]. Between 2008 and 2010, the population living in poverty increased from 48.8 million to 52 million
people (from 44.5 to 46.2 %), and ten million children
(approximately 25 %) were unable to afford reasonable
access to food, the so-called food poverty [2, 6].
The last National Health and Nutrition Survey (ENSANUT 2012) reported that the preschool and school populations of the southern region of Mexico still have a
high prevalence of stunting (19.2 %) [5]. The most affected areas are the rural localities with a prevalence of
27.5 % compared with the national average of 13.6 %.
Chiapas, Guerrero, and Oaxaca are among the less
developed Mexican states, with the highest indexes of
poverty, the poorest nutrition indicators, and the highest
stunting prevalence [7]. Chiapas, where this study was
conducted, comes first at national level in underweight
and stunting prevalence, e.g., the prevalence of stunting
among children under 5 years of age is 31.4 % at state
level and for children living in rural area is 44.2 % [7].
Different social programs to combat poverty and undernutrition in Mexico have been implemented in the
last four decades [8]. In 1997, Mexico launched a new
incentive-based poverty reduction program, initially
known as Progresa, in 2006 changed to Oportunidades,
and since 2014 renamed as Prospera. Oportunidades focuses on enhancing the human capital of those living in
extreme poverty [9]. According to the World Bank
(2010), it is the principal anti-poverty program of the
Mexican federal government and its aim is to break the
intergenerational cycle of poverty by using cash transfers, targeted to the poorest families and conditioned to
regular school attendance and family health clinic visits.
In addition, households with young children are provided with a fortified food supplement (Nutrisano), and
pregnant and breastfeeding mothers receive a fortified
food (Nutrivida) [10].
The objective of this study was to identify the changes
in the nutritional status of a prospective cohort, initiated
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in 2002, of children under 5 years from families affiliated
to Oportunidades who live in poor rural communities of
Chiapas. We were interested in assessing the nutrition
evolution of the children who were initially diagnosed as
stunted and of those who were diagnosed as normal.

Methods
Study area

Chiapas is a Mexican state, located in the south-eastern
area of the country. According to the 2010 National Population Census, Chiapas has a population of 4,796,580
inhabitants out of which 51 % live in the rural area [11].
Chiapas is divided into 15 socioeconomic and geographic
regions [12]. The results of the present research are based
on the VII region called De los Bosques.

Study population

This research was developed in four rural communities:
La Competencia, Ramos Cubilete, Rivera Domínguez,
and El Jardín. These municipalities were selected by a
purposive sampling technique according to their level
of marginalization [12], for being an indigenous area
and a priority area for the Chiapas State Ministry of
Health (SSA). The four communities were selected according to the following criteria: geographical access
(two of difficult access and two near the head of the
municipality), proportion of indigenous population, and
health system that attends them, and the other two
communities being served by the SSA and two under
the health system of the federal government for the
uninsured population operated by the Mexican Social
Security Institute (IMSS), both institutions are the ones
that operate the health component of Oportunidades.
The cohort study started with a first evaluation (baseline) conducted in 2002–2003 through a census of
children under 5 years of age living in the four communities, registering a total of 407 children. Three hundred
seventy-nine children out of the total were children from
Oportunidades families, and the other 28 were nonOportunidades children. For the second evaluation
(2004–2005), to accomplish the study objectives, only
the children under 5 years who still were receiving the
benefits of Oportunidades, such as supplementary foods
(Nutrisano), were included in the follow-up. Thus a
total of 237 children met these criteria and were
measured during the second evaluation; the other
142 children measured in the first evaluation did not
fulfill the selection criteria for the second one. During the third evaluation (2010–2011), 15 children
out of these 237 were lost (6.3 %), obtaining a total
final sample of 222 children who participated in the
three evaluations.
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Data source and study design

The data for the three evaluations were collected by
household interview surveys under a prospective cohort
design. During the baseline evaluation, three groups
were defined according to the nutritional status of the
children: stunted, normal, and high height. These three
groups were followed up and evaluated twice more
(2004–2005 and 2010–2011). The questionnaire used
was designed and validated by the research team. The
questionnaire included demographic (age of the
mothers, gender, kinship, local language spoken) and
socioeconomic (schooling, occupation, benefits from
Oportunidades, access to social security, household conditions, and assets) information and nutritional status
data. The fieldwork was done with the help of community health workers, local language speakers, who were
not members of the communities under study.
Anthropometric measures

Anthropometric measurements included weight and
height data of all children living in the household included in the sample.
The anthropometric measurements were conducted by
students (undergraduates in nutrition) and nutritionists
who were trained according to the techniques described
and recommended by the World Health Organization
[13] with the help of community health workers for
translating and interviewing. The fieldwork staff was
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trained and standardized according to conventional procedures [14, 15]. To measure the weight of children
under five, in the first two evaluations, we used standardized spring loaded Salter scale. For children weighing more than 20 kg, we used standardized scale class III
with a capacity for 150 kg. To measure the length of the
under 2-year-olds, we used an acrylic infantometer of
85 cm, with a precision up to ±0.5 cm. To measure the
height of those children older than 24 months of age, we
used wall estadiometer (DAY designs BREU) of acrylic
material with capacity of 2 m. During the third evaluation, we used the same scale and estadiometer as in the
first and second evaluation. The calibration of the equipment was done by the nutritionist responsible of the
fieldwork team. To calibrate the balances weights of 5,
10 and 20 kg were used. To calibrate the estadiometers,
rods of 0.5, 1.0, and 1.5 m were used [16, 17].
The cutoff points used for classifying the nutritional
status of the children were defined as follows: stunting
(height-for-age): <−2 standard deviations (SD) from the
reference median [18].

Ethical approvals

According to Mexican health regulations, this study
was considered as exempt from IRB review due to
the non-invasive methods used. Informed consent was
obtained verbally from all participants.

Table 1 Changes in the living conditions of the participant’s families during follow-up period
pa

Year of evaluation

2002–2003

2004–2005

2010–2011

Number of people

1093

1106

1060

Mean age in years of the children’s mothers (SD)

27.31 (6.77)

29.43 (8.05)

36.83 (7.95)

p = 0.000

Total

26.2 %

23 %

10.6 %

p = 0.000

b

Children under 5 years old, global and by sex

Men

11.7 %

11.2 %

4.8 %

p = 0.000

Women

14.5 %

11.8 %

5.8 %

p = 0.000

Illiterate population over 15 years old

35.2 %

30.7 %

22.4 %

p = 0.000

No-schooling population over 15 years old

31.7 %

27.3 %

22.5 %

p = 0.000

Number of homes visited

159

157

157

Homes with dirty floor

93.7 %

84.3 %

15.1 %

Houses with electricity

93.1 %

97.5 %

100.0 %

p = 0.001

Homes with refrigerator

9.4 %

14.5 %

40.3 %

p = 0.000

Houses with TV

32.7 %

50.9 %

66.7 %

p = 0.000

Households with piped water

78.6 %

81.8 %

97.5 %

p = 0.000

Overcrowded housings

91.2 %

92.5 %

72.3 %

p = 0.000

Families who eat red meat once a month

23.3 %

30.8 %

40.3 %

p = 0.005

Average income from Progresa-Oportunidades per person (USD)

$6.91

$8.91

$29.38

p = 0.000

a

p = 0.000

On a chi-square test for proportions and F test for averages
b
In the first, second, and third evaluation, all children were under 5 years of age. In the second evaluation, only cohort children still under 5 years of age were
included; the other children were their brothers and sisters who fulfill the criteria of being under 5 years of age. In the third evaluation, any children from the
cohort were included for being older than 5 years of age
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During the induction of the study in the study area,
permissions for conducting fieldwork activities were
obtained from the health community authorities at each
locality. Before the administration of the questionnaires,
a verbal informed consent explaining the purpose of the
interview and giving assurances of the confidential use
of the information was obtained from the head of each
of the households visited. Those cases of children with
nutritional problems were immediately referred to the
nearest health center for their medical attention.
Statistical analyses

In the data entry phase, the information was processed
in SPSS version 15.0.1, while for the anthropometry data,
according to the age of the children; we used WHO
AnthroV.3.1.0 [19] for children of 0–60 months; and
WHO AnthroPlus V.1.0.2 [20] for children between 5 to
13 years of age based on WHO tables of reference [18].
These tables were used to obtain Z values for the height/
age index. For the analysis of differences between proportions, chi-square test and F test were used. We calculated crude and stratified (age and sex) relative risk (RR)
with a 95 % confidence interval to assess the risk of
continuing stunted (cases) in the third evaluation among
the children under study by comparing stunted children
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(exposed group) vs normal and high height (non-exposed group) in the second evaluation. For this analysis,
we used Stata/SE 10.0 for Windows, (2008).

Results
Living conditions of the study population

Table 1 describes the living conditions of the children’s
families under study. We focused on analyzing changes
in demographic and socioeconomic characteristics after
9 years from the first evaluation. In general, all the living
conditions indicators have improved significantly. The
educational level improved as the number of illiterates
diminished 12.8 percentage points (from 35.2 to 22.4 %),
the number of people without schooling decreased (from
31.7 to 22.5 %), while the mean years of schooling
among people over 15 years old increased 1.45 years.
Housing conditions also improved during the study
period. For example, the number of households with
dirty floors decreased significantly and the number of
household with piped water has increased. Consumption of meats, utilized as income indicator, increased
significantly during the 9-year period, as it is shown
in Table 1.
The age distribution of the cohort of children was as
follows: 114 females of whom 56 were 0–23 months of

Table 2 Evolution of the movement of the prospective cohort of children in the different categories of nutritional status
1st evaluation
(2002)

Stunted
(79)

3rd evaluation
(2010−2011)
Stunted (55)
Normal (24)
High height (0)

Stunted
(104)

Normal
(24)

Stunted(5)
Normal (19)
High height (0)

(RR=3.48, 95%CI 1.9 −
6.1, p=0.000)*

High height
(1)

Stunted (0)
Normal (0)
High height (1)

Stunted
(38)

Stunted (20)
Normal (18)
High height (0)

Normal
(71)

Stunted (7)
Normal (63)
High height (1)

High height
(1)

Stunted (0)
Normal (1)
High height (0)

Normal
(110)

(RR=5.69, 95%CI 2.95 −
10.96, p=0.000)*
High height
(8)

2nd evaluation
(2004−2005)

Stunted
(4)
Normal
(4)

Stunted (2)
Normal (2)
Stunted (0)
Normal (4)

Stunted: <−2SD, normal: −2 to +1DS, high height: >+1 SD (WHO, 2006)
*To calculate the RRs of stunted children of each cohort, stunted children in the 2nd evaluation (2004–2005) were used as exposed group and normal + high
height as non-exposed group. Stunted children in the 3rd evaluation (2010–2011) were defined as cases and normal children + high height as non-cases
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age, 58 were 24–60 months; 108 males of whom 56 were
0–23 months of age and 52 were 24–60 months of age.
Cohort analysis of the nutritional status of the children

During the first evaluation, children were classified in
three categories according the height/age index. These
categories were as follows: stunting children, normal
children, and children with high height for their age.
Children in each category were followed up and their
nutritional status was assessed to ascertain how many of
them recovered and how many got worse.
Table 2 describes the movement between the nutritional status categories of the prospective cohort of the
children during the follow-up period. It also shows that
after 9 years of the first evaluation, the stunting problem
still persists. Within the initial group of children diagnosed as stunted (104), 76 % of these children were still
stunted in the second evaluation and 69.6 % children
were still in the same nutritional category in the third
evaluation. Likewise, 110 children who were diagnosed
as normal in the first evaluation in the second

Page 5 of 8

evaluation, 34.5 % of these children were identified as
stunted and in the third evaluation 52.6 % children (out
of 38) were still in this same condition. From the group
of children diagnosed as normal the second evaluation
(71), only 88.7 kept being diagnosed as normal during
the third evaluation.
As far as the risk analysis is concerned, we observed
that children who were stunted and did not recover
for the second evaluation had 3.4 times higher risk of
being stunted in the third evaluation, than children
who were firstly diagnosed as stunted but they recovered in the second evaluation, whereas children, who
started with a normal nutritional status and in the
second evaluation were diagnosed as stunted, had a
higher risk of 5.7 times of being stunted in the third
evaluation than children who remained with a normal nutritional status in the second evaluation. Following this analysis, the RR was stratified for sex
and age (Tables 3 and 4), finding that the statistical
significance of the pattern of risk shown in Table 4
did not disappear.

Table 3 Risk analysis of the children of the cohort according to the height for age index by sex
1st. evaluation
2002
(n=222)

Stunted
male
(56)

2nd. evaluation
2004−2005
(n=222)

3rd. evaluation
2010-2011
(n=222)

Stunted
76.8%

Stunted
74.4%
Normal
25.6%

Normal
23.2%

Stunted
75%
Stunted
female
(48)

Normal
25%

Stunted
38.5%
Normal
male
(52)

Normal
61.5%

Stunted
33.3%
Normal
female
(66)

Normal
66.7%

Stunted
15.4%
Normal
84.6%
Stunted
63.9%
Normal
36.1%
Stunted
25%
Normal
75%
Stunted
60%
Normal
40%
Stunted
6.3%
Normal
93.8%
Stunted
45.5%
Normal
11.4%
Stunted
54.5%
Normal
88.6%

RR
(95%CI)
p value

4.8
(2.1−10.9)
p=0.000

2.5
(1.2−5.7)
p=0.042

4.1
(2.1−7.8)
p=0.000

4.0
(1.7−9.6)
p=0.003

Stunted: <−2SD, normal: −2 to +1SD and >+1 SD (WHO, 2006). To calculate RR, stunted children were used as exposed group and normal children as
non-exposed group (2nd evaluation 2004–2005). Stunted children were defined as cases and normal children as non-cases (3rd evaluation 2010–2011)
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Table 4 Risk analysis of the children of the cohort according to the height for age index by age
1st. evaluation
2002
(n=222)

Stunted
0−23months
of age (35)

2nd. evaluation
2004−2005
(n=222)

3rd. evaluation
2010−2011
(n=222)

Stunted
65.7%

Stunted
69.6%
Normal
30.4%

Normal
34.3%

Stunted
81.1%
Stunted
24−60months
of age (69)

Normal
18.9%

Stunted
38.9%
Normal
0−23months
of age (77)

Normal
61.1%

Stunted
29.3%
Normal
24−60months
of age (41)

Normal
70.7%

Stunted
16.7%
Normal
83.3%
Stunted
69.6%
Normal
30.4%
Stunted
23.1%
Normal
76.9%
Stunted
53.3%
Normal
46.7%
Stunted
10.6%
Normal
89.4%
Stunted
50%
Normal
50%

RR
(95%CI)
p value

4.1
(1.6−10.9)
p=0.030

3.0
(1.5−6.1)
p=0.001

5.0
(2.3−10.9)
p=0.000

7.2
(2.1−25.1)
p=0.001

Stunted
6.9%
Normal
93.1%

Stunted: <−2SD, normal:−2 to +1SD and >+1 SD (WHO, 2006). To calculate RR, stunted children were used as exposed group and normal children as non-exposed
group (2nd evaluation 2004–2005). Stunted children were defined as cases and normal children as non-cases (3rd evaluation 2010–2011)

Discussion
The purpose of this study was to identify the changes in
the nutritional status of a cohort of children of rural
communities of Chiapas beneficiaries of Oportunidades
on a 9-year follow-up period. Specifically, we were interested in determining the risk for children to continue
with their nutritional status diagnosed at the baseline.
The main finding of this study was that children who
did not recover nutritionally before 3 years of age have a
higher risk of continuing with the problem of stunting
regardless their gender. While children who were diagnosed at the baseline evaluation as normal, but identified
as stunted between 3 and 5 years of age, were at greater
risk of continuing with this nutritional condition at
school age and adolescence, compared with those who
remained normal in the second evaluation or were
stunted at the baseline evaluation but recovered in the
second evaluation. In spite of the benefits of the Oportunidades program, the population is still at risk of
continuing with the vicious circle of the malnutrition.
The studied children who in the first evaluation were
diagnosed with stunting problems (69.6 %) continued

with this health problem after almost 10 years from
the first evaluation.
These findings leave us the question, why has not
the nutritional status of children improved? A possible
answer might be the low effectiveness of Oportunidades in improving the quality of the diet [21] together with the lack of high-quality nutritional
surveillance and orientation. As shown in another
component of our research, yet unpublished, where
we assessed the children’s diet and their families’ diet
habits, children are consuming a hypercaloric diet
(mainly carbohydrate) with an increase of the industrialized food consumption and a decrease of fruits and
vegetables consumption during the follow-up period.
Nevertheless, we recognize the limitation of not having
a group of children without the benefits of Oportunidades, due to all families in these communities being
included in the Oportunidades program.
Stunting during the first 3 years of life is a negative
promoter for a good economic situation in the adulthood; by contrast, an adequate nutrition in the first
2 years of life is essential for the formation of human
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capital [22, 23]. Chronic malnutrition that occurs in
the first years of life causes a shorter size, which explains the smaller size of individuals in developing
countries [1, 2]. Several longitudinal studies have
shown that the nutritional status of children under
3 years of age determine their adult nutritional status
[24–27]. Families of the children in this research have
lived in highly marginalized conditions for a long
time. Therefore, the short stature of children might
be associated to an intergenerational nutritional factor
[28]. The intergenerational cycle of growth failure has
been described in many developing countries, that is,
girls who were stunted in early childhood became
stunted women and are more likely to give birth to
low birth-weight children [29]. Muzzo suggests that
the height of the mother is strongly associated with
the height of their children, rather than the height of
the father is. There might have a genetic factor that
influences growth; however, the extent of the genetic
potential might be affected by the socioeconomic and
environmental conditions of the children [30].
Our results suggest that the study children might be
under the so-called “the double burden of malnutrition
transition” [31–33], which implies the coexistence of
malnourished children and adults with overweight and
obesity within the same families due to the presence of
stunting. This situation has been observed in Mexican
rural communities of the south of the country [34–36].
During the period of this research, significant changes
were observed in the living conditions of the families; it
is remarkable to note the increase in the literacy levels
and the higher number of assets and better housing
conditions of these families. For instance, these families
increased their income in $22.94 USD per person in
average during the last evaluation (from $6.9 in 2002–
2003 to $29.38 USD in 2010–2011). Although their
living conditions have significantly improved, these improvements are not reflected in a better nutritional status of their children. This might be the result of an
adaptation process achieved through a decrease of
growth velocity. The more severe and the longer the
malnutrition is, the greater the negative effects on
all body measurements are [37, 38]. The results of
this research agree with the ones presented in the
cited study.

Conclusions
From the findings of this study, we can conclude that
despite the studied population has being exposed to the
benefits of Oportunidades during a long time, the problem of stunting persists and affects mostly children who
are between 3 and 7 years of age. Therefore, it might be
expected that a great proportion of these children will
be overweight or obese in their adulthood due to their
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halted growth and a short stature, which in its turn
determines that their weight becomes greater than their
size. Thus, it is important to make efforts to watch the
growth of the children during their first 3 years of age,
to focus on improving the diet of women at fertile age
and pay special attention to environmental conditions to
break the vicious cycle of malnutrition.
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