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Original article
Coexistence of obesity and anemia in children between 2 and 18 years of
age in Mexico
Pompilio Torres Ornelas,1 Juan José Evangelista Salazar,2 Homero Martínez-Salgado3,4

ABSTRACT
Background. According to the most recent national nutrition survey (ENSANUT 2006) in Mexico, 18.4% of the population aged 5 years
or older was obese, and 19.6% of those children aged 1 year or older were anemic. Although these are two of the most highly prevalent
conditions, coexistence of both conditions has not been previously described at the national level.
Methods. We carried out a secondary data analysis to determine the frequency of anemia in different categories of body mass index (BMI)
and the frequency in which obesity and anemia co-occurred in children between 2 and 18 years of age. We included data from 29,893
children <18 years of age.
Results. The highest prevalence of anemia was found among children with low BMI (13.1%), whereas in obese children the corresponding
prevalence was 9.6%. Only 1.3% of children presented obesity and anemia, and its coexistence was observed mainly in children <5 years
of age (p = 0.001). Being female and being <9 years of age were the two factors significantly associated with the phenomenon under study.
Conclusions. The risk for coexistence of obesity and anemia varied according to the gender and age of the children. Integral nutrition
education programs are required to simultaneously address both of these issues.
Key words: coexistence, obesity, anemia, children.

INTRODUCTION
In recent years there has been a relatively new phenomenon described in countries undergoing the nutrition
transition; this phenomenon is related to the combination
of undernourished children and overweight adults.1 This
situation has been found to coexist frequently in the same
family and generates a “double burden” of malnutrition
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at the household level.2 Both in Asia and Latin America,
it is not uncommon to find overweight or obese women
who are the mothers of undernourished children. Mexico
does not escape this unhealthy situation.3,4 These women,
although obese, often also present with different micronutrient deficiencies as a result of unbalanced diets that
are rich in calorie-dense foods but deficient in essential
nutrients.4,5 Actually, in several countries the co-occurrence
of anemia and obesity has been described as a paradox
of the nutrition transition. The paradox is that an improvement in the economic and social environment with the
consequent increase in access to a larger variety of food
and health services is not necessarily accompanied by
an improvement in the health status of the population.3-6
Overweight/obesity and iron deficiency are two of
the most common health problems worldwide. Both are
more prevalent among persons from lower socioeconomic
groups who consume low-cost, calorie-dense foods, rich
in refined sugar, fat, and preservatives, but low in essential micronutrients.7 In Mexico, the most recent national
nutrition survey has shown that children >5 years of age
have a prevalence of obesity of 18.4%. This prevalence
increases with age, is different according to gender, and
shows differences related to the locality of residence (ur-
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ban/rural).6 Anemia affects 19.6% of children >1 year old
and as is the case with obesity, the prevalence is affected
by gender and by place of residence. Anemia prevalence is
higher between 1 and 2 years of age,8 during adolescence,9
and in pregnant women;9 in older ages, it shows trends
toward increments similar to those found with obesity.7
Even when obesity and anemia affect important segments of the population with prevalence high enough to
be considered public health problems,7,10,11 coexistence of
these two conditions has not previously been described in
Mexico at the national level. The objective of the present
study was to determine the prevalence of anemia in children between the ages of 2 and 18 years old in Mexico
according to categories of body mass index (BMI).
METHODS
We conducted a secondary analysis of data collected by
the National Institute of Public Health (INSP) for the
National Health and Nutrition Survey 2006 (ENSANUT).
A full description about the methods used, sampling
framework, sample size, and field procedures may be
found in the original description of the study.7 In brief,
the survey was designed following a cluster randomized
selection of households based on information provided by
the National Institute of Statistics, Geography and Informatics (INEGI) to provide a representative sample of the
country. To access the database, the authors followed the
established procedure to request access to the data from
INSP, which provided information on 71,469 participants
of both genders and all ages.
For the present analysis, we included males and females
between 2 and 18 years of age who had complete information for our analyses. We excluded BMI data from males or
females between 2 and 11 years of age when values were
<10 kg/m2 or >38 kg/m2, females declared to be pregnant,
and adolescent males or females whose BMI was <10 kg/
m2 or >58 kg/m2. We also excluded data, regardless of age
or gender, when hemoglobin values were <40 g/l, males
<12 years old or females between 12 and 18 years of age
with hemoglobin values >185 g/l and males >12 years old
with hemoglobin values >200 g/l.
Study variables included the following:
•
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Age—we defined four categories: children <5 years
of age, children between 5 and 9 years of age, chil-

dren between 10 and 14 years of age and children
between 15 and 18 years of age.
• Gender
• Body mass index (BMI) categories—BMI results
from dividing body weight (in kg) by the square of
height in meters (kg/m2) and classified by age and
gender according to the recommendations by the
World Health Organization.12,13 According to BMI,
the child’s nutritional status was classified as low
when it was <-2 standard deviations (SD), normal
when it was between -2 and +1 SD, overweight
when it was between +1 and +2 SD, and obese when
it was >2 SD.
• Hemoglobin value to identify anemia—cut-off value
for hemoglobin was adjusted according to altitude
above sea level of the child’s place of residence.
When altitude was >1000 m above sea level, we
used the equation recommended by Ruiz-Argüelles
and Llorente-Peters14 except for females 12 years of
age or older, in which case we used that recommended by Cohen and Haas.15 Altitude above sea level
was defined from the catalogue for states, municipalities, and locales published by INEGI.16 Anemia
was thus defined at the individual level when the
altitude-adjusted cut-off value was below the threshold, adjusting for child’s age and gender.
• Socioeconomic status—categorized in four strata
according to the number of monthly minimum wages of the household. Stratum I included households
with monthly income ≤2 minimum wages, stratum II
were households with >2 and ≤4 minimum wages,
stratum III were households with >4 and up to ≤7
minimum wages, and stratum IV were households
with >7 minimum wages.
• Place of residence—urban or rural according to the
size of the locality, over or under 2,500 inhabitants,
respectively
• Coexistence of obesity and anemia
We carried out data analyses using the statistical package SPSS v.17.0. Descriptive statistics included frequency
of distribution and percentages. Bivariate analyses were
carried out by means of a χ2 statistic with 95% confidence intervals. Multivariate analyses were carried out
resorting to dichotomous logistic regression with a model
that included gender, age group, socioeconomic stratum,
and rural/urban locality as independent variables, and
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the coexistence of overweight/obesity and anemia as the
dependent variable.
RESULTS
We analyzed data from 29,893 individuals located in the
31 states of Mexico and the Federal District. Of these individuals, 14,822 (49.6%) were female and 15,071 (50.4%)
were male. When analyzing according to age groups, 4,736
(15.8%) were between 2 and 5 years old, 9,727 (32.5%)
were between 5 and 9 years old, 10,470 (35.0%) were between 10 and 14 years old, and 4,960 (16.6%) were between
15 and 18 years old. Considering a household’s monthly
income, 15,854 belonged to stratum I (53%), 6,407 to stratum II (21.4%), 6,095 to stratum III (20.4%), and 1,537 to
stratum IV (5.1%). Regarding place of residence, 18,399
subjects resided in urban areas (61.5%) and 11,494 resided
in rural areas (38.5%). For BMI, 536 cases (1.8%) were
low; 19,179 (64.2%) were normal; 6,218 cases (20.8%)
were overweight; and 3,960 cases (13.2%) were classified
as obese. The lowest prevalence of obesity (10.0%) was
found in children <5 years of age, whereas the highest prevalence of obesity (15.4%) was found in the age group of
10-14 years old (χ2 = 159.27, p <0.001, Table 1). In relation
to the altitude of the locality of residence, 16,178 cases
(54.1%) lived at >1000 m above sea level and, applying
the correction to the hemoglobin cut-off value, 3,358 cases
(11.2%) were found to be anemic.
Anemia varied by age group, with the highest prevalence (18.3%) found in children <5 years of age (χ2 = 407.80,
p <0.001, Table 2). Anemia also varied by BMI status,
with the highest prevalence (13.1%) among those with low
BMI and the lowest prevalence (9.6%) among those with

obesity (χ2 = 15.43, p =0.001, Table 3). When overweight
and obese children were grouped, the prevalence of anemia
was 10.4%. Obesity and anemia co-occurred in only 380
cases, corresponding to 1.3% of the overall sample. The
highest prevalence (1.7%) was found among children <5
years of age, whereas the lowest prevalence (0.9%) was
found among those between 15 and 18 years of age (χ2 =
15.43, p = 0.001, Table 4).
Logistic regression analysis showed gender (female)
and age group (<5 years of age, between 5 and 9 years of
age) to be significant risk factors for the co-occurrence of
obesity and anemia, whereas belonging to the two lower
socioeconomic strata, corresponding to less than two minimum wages and between two and four minimum wages,
lowered this risk (Table 5).
DISCUSSION
The evidence published so far about the association between obesity and anemia has been inconsistent. Even with
few published studies, their findings may be classified in
three groups: (1) those that found no relationship between
hematologic variables when comparing obese and nonobese individuals;17,18 (2) those that found differences,
which may be subdivided according to the following: a)
those that compare mean values of hemoglobin, hematocrit,
and serum ferritin to conclude that obese individuals have
higher values as compared to non-obese individuals,4,19-21
b) those that, comparing prevalence of anemia in different
BMI groups, conclude that obese individuals have a higher risk of anemia than non-obese individuals;4,5,22-24 and
(3) those that, without making comparisons, describe the
frequency of anemia in individuals with obesity.4,22,23,25-27

Table 1. Distribution of the study population according to body mass index (BMI) categories and age group
Age group

Low

Normal

<5 years (n)

68
(1.4%)
174
(1.8%)
201
(1.9%)
93
(1.9%)
536
(1.8%)

3,200
(67.6%)
6,339
(65.2%)
6,375
(60.9%)
3,265
(65.8%)
19,179
(64.2%)

5−9 years (n)
10−14 years (n)
≥15 years (n)
Total (n)
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BMI category
Overweight
996
(21.0%)
1,864
(19.2%)
2,280
(21.8%)
1,078
(21.7%)
6218
(20.8%)

Obesity

Total
n (%)

472
(10.0%)
1,350
(13.9%)
1,614
(15.4%)
524
(10.6%)
3,960
(13.2%)

4,736
(100%)
9,727
(100%)
10,470
(100%)
4,960
(100%)
29,893
(100%)
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Table 2. Prevalence of anemia among the study population according to age group
Age group
<5 years (n)
%
5−9 years (n)
%
10−14 years (n)
%
≥15 years (n)
%
Total (n)
%

Anemia*
Absent
Present

Total

3,870
81.7%
8,510
87.5%
9,685
92.5%
4,470
90.1%
26,535

866
18.3%
1,217
12.5%
785
7.5%
490
9.9%
3,358

4,736
100%
9,727
100%
10,470
100%
4,960
100%
29,893

88.8%

11.2%

100%

*Hemoglobin cut-off adjusted by altitude above sea level.

Table 3. Prevalence of anemia by body mass index (BMI) category
Anemia

Total

BMI category

Absent

Present

Low (n)
%

466
86.9%
16,954
88.4%
5,535
89.0%
3,580
90.4%
26,535

70
13.1%
2,225
11.6%
683
11.0%
380
9.6%
3,358

536
100%
19,179
100%
6,218
100%
3,960
100%
29,893

88.8%

11.2%

100%

Normal (n)
%
Overweight (n)
%
Obesity (n)
%
Total (n)
%

Table 4. Co-occurence of overweight/obesity and anemia by age
group
Co-occurence of a
nemia and obesity
BMI category

Absent

Present

Total

Low (n)
%

4,657
98.3%
9,593
98.6%
10,347
98.8%
4,916
99.1%
29,513

79
1.7%
134
1.4%
123
1.2%
44
0.9%
380

4,736
100%
9,727
100%
10,470
100%
4,960
100%
29,893

98.7%

1.3%

100%

Normal (n)
%
Overweight (n)
%
Obesity (n)
%
Total (n)
%
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Such variability in results, with findings that seemingly
contradict one another, may be due to lack of a biological
explanation regarding this relationship, which could be a
result of a complex set of environmental and individual
variables including differences in economic, social, cultural, and health variables.23,25-27 Therefore, there may be
differences between study results because of methodological differences as well as contextual variables, including
time and place. Thus, Fricker et al. conducted their study
in 1990;20 King et al. carried out their study in Guatemala
in 1997;21 Ávila-Curiel et al. studied their population in
Mexico in 2002;25 Pinhas-Hamiel et al. carried out their
study in Israel in 2003;24 Nead et al. carried out their study
in the U.S. in 2004;28 Al-Hashem, in Arabia in 2007;19 and
Ernst et al. in Switzerland in 2008.22
In our own study there were several relevant findings.
First, the highest prevalence of anemia was found among
children with low BMI, and this combined with the finding
that the highest prevalence of anemia coexisting with
obesity was found in children <5 years of age. Next, there
was an increased risk for the coexistence of anemia and
obesity associated with gender. Females <5 years of age
and those between 5 and 9 years of age were more vulnerable to this condition despite the fact that the prevalence
of obesity among these age groups was not the largest in
the study sample.
These three findings are particularly relevant when
considering the likely causes for our findings as well as
potential interventions. We believe that both overweight/
obesity and anemia share nutrition as a common origin.
Anemias from nutritional origin are the most common
type of anemias found worldwide and can be due to a
deficiency of one or more micronutrients in the diet. Iron
deficiency has often been invoked as the most common one
in nutritional anemia and results from inadequate intake
and/or low bioavailability of iron in food. Other micronutrient deficiencies may also cause nutritional anemia,
including insufficient folic acid, vitamin B12, and zinc.11,2931
Likewise, the most common cause of overweight and
obesity is excessive caloric intake in relation to food
consumption; this is usually associated with a lack of
physical activity.10,32
As shown in other studies, an increase in food consumption does not necessarily lead to better dietary quality.33
This is precisely what leads to a double burden of malnutrition, manifested on the one hand as overweight/obesity and
Bol Med Hosp Infant Mex
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Table 5. Factors associated with the co-occurrence of overweight/obesity and anemia
B

Gender (female)
Age group (years)
<5
5–9
10–14
15–18
BMI
Low
Normal
Overweight
Obesity
Economic stratum
I
II
III
IV
Residence (rural)
Constant

SE

Wald

df

p

OR

95% CI
Lower

Higher

0.04

0.110

0.102

1

0.75

1.03

0.83

1.29

0.78
0.17
−0.12

0.201
0.182
0.184

14.98
0.88
0.46
35.02

1
1
1
3

0.00
0.35
0.50
0.00

2.18
1.19
0.88
Ref.

1.47
0.83
0.62

3.23
1.70
1.27

−18.98
−19.02
−19.00

1,725.46
288.28
506.23

0.00
0.004
0.001
0.006

1
1
1
3

0.99
0.95
0.97
1.00

0.00
0.00
0.00
Ref.

0.00
0.00
0.00

.
1.34
1. 24

−0.25
−0.51
−0.31

0.21
0.22
0.21

0.22
0.02
0.14
0.12
0.35
0.00

0.78
0.60
0.73
Ref.
1.11
0.12

1.17
0.93
1.11

0.115
0.249

1
1
1
3
1
1

0.52
0.39
0.48

0.11
−2.16

1.48
5.14
2.16
5.76
0.880
75.24

0.89

1.40

B, regression coefficient.
Estimated parameter. SE, standard error; Wald, Wald statistics; d.f., degrees of freedom; p, value for Wald’s test. OR, odds ratio; 95%
CI, 95% confidence interval for OR; Ref., reference category.

on the other by a deficiency in one or more micronutrients,
which lead to limitations in physical growth and functional
performance.2,22,28,34 Actually, micronutrient deficiencies
have been referred to by some authors as the “hidden
hunger”33 because the person whose diet is deficient in
specific micronutrients does not feel the need to ingest that
micronutrient. This is markedly different from the feeling
of hunger triggered by hypoglycemia, which motivates the
individual to search for calorie-rich foods. On the other
hand, obesity has been referred by some authors as “the
most widely extended form of malnutrition.” It affects
developing countries disproportionally, particularly those
segments of the population with more constraints in the
elasticity of their expenditures, which does not allow them
to select and consume a varied and well-balanced diet.1-4,6,35
Looking at our other main findings, we should highlight
the presence of anemia in children with low BMI. This may
be the result of an overall deficient diet, limited in macroand micronutrients, a situation commonly found among
segments of the population with limited resources and
limited information about how to balance their diet based
Vol. 68, Noviembre-Diciembre 2011

on foods that are available and affordable. In our analyses,
we found a reduced risk (“protective effect”) for the cooccurrence of obesity and anemia among the population
in the two lower economic strata. It is also important to
highlight that in this study, as in many other studies looking
at health and nutrition in developing countries, we found
that gender and age are two important and significant risk
factors related to health inequalities. In our case, females
and children <9 years of age were more vulnerable for the
double burden of malnutrition addressed in this article.
For purposes of comparison of our results and those
from other studies, we want to stress the need to correct
hemoglobin values by altitude over sea level in order
to define the cut-off for anemia. Although this has been
noted by other authors,36 this correction is not done systematically. We also want to highlight the use of the most
recent growth curves published by WHO for children and
adolescents to classify BMI satus.12,13
In our view, the topic under study is far from being
exhausted. There is still much to be done to understand
whether the health risks posed for the individual by
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overweight/obesity and anemia are combined or synergized when both conditions co-occur. From a clinical point
of view, nutrition education programs must be reevaluated
and better focused to improve knowledge that will lead to
better food consumption based on a complete and wellbalanced diet that may support a good nutritional status,
ideally associated with healthy lifestyle practices.
As a general recommendation for screening programs
for anemia, we highlight the need to include individuals
who are overweight or obese because these conditions
neither represent “overnutrition” nor do they eliminate
the risk of finding one or more nutritional deficiencies
traditionally associated with undernutrition. Based on
our findings, females and children <9 years of age should
receive special attention because these proved to be the
most significant risk factors for the co-occurrence of the
two conditions under study. In cases where anemia and
overweight/obesity co-occur, it is necessary to install an
integral treatment, including a solid component of nutrition education, which may improve dietary intake while
simultaneously fostering behavior changes that can be
sustained in the long term to address these two common
public health problems.
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