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Abstract 
Objetive. To present an overview of micronutrient status 
of Mexican children in 2006. Materials and methods. Data 
on iron, zinc, folate and vitamin B12 deficiencies and low 
serum copper and magnesium were gathered and critically 
analyzed from the 2006 National Health and Nutrition Survey. 
Results. Results. Iron deficiency is still the main nutritional 
deficiency in children (13%-26%). Zinc deficiency was high in 
all age groups (≈25%) but reduced 5.6 PP in children <5 y from 
1999 to 2006. Folate deficiency was 3.2% and vitamin B12 
deficiency 7.7% in children. Low serum magnesium and cop-
per were high (22.6% and 30.6%, respectively). Conclusions. 
The prevalence of iron deficiency seems to be lowering, 
and zinc deficiency has reduced in Mexican children. A high 
prevalence of copper and magnesium deficiencies warrants 
further research on their public health implications.
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Resumen
Objetivo. Presentar un panorama del estado de micronutri-
mentos de niños mexicanos en 2006. Material y métodos. 
Los datos sobre deficiencias de hierro, zinc, folatos, vitamina 
B12 y concentraciones bajas de cobre y magnesio se anali-
zaron a partir de la Encuesta Nacional de Salud y Nutrición 
2006. Resultados. La deficiencia de hierro fue la más im-
portante en niños (13-26%). La deficiencia de zinc fue alta en 
todos los grupos de edad (≈25%) y disminuyó entre 1999 y 
2006 5.6 pp en niños. La deficiencia de folatos fue de 3.2% y 
la de vitamina B12 de 7.7%. Las concentraciones bajas de mag-
nesio y cobre fueron altas (22.6 y 30.6%, respectivamente). 
Conclusiones. La deficiencia de hierro pareció disminuir y la 
de zinc se redujo  en niños mexicanos. La alta prevalencia de 
deficiencias de cobre y magnesio merecen más investigación 
para entender sus implicaciones en salud pública. 
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Micronutrient deficiencies are still an important 
public health problem globally.1 In Mexico, the 

first comprehensive picture of the frequency and dis-
tribution of micronutrient deficiencies was presented 
by the Mexican National Nutrition Survey of 1999 
(Encuesta Nacional de Nutrición 1999, ENN99).2 In 
ENN 99 anemia and iron deficiency were the most 
frequent nutritional deficiencies, particularly in infants 
12 to 24 months of age (59 and 67%, respectively). Zinc 
deficiency was the second most common micronutri-
ent deficiency: 34% in infants <2 years of age, and 
19-24% in school-age children. Iodine deficiency was 
negligible in children.3 The ENN 99 also showed that 
vitamin A subclinical deficiency (<20 ug/dl) was pres-
ent in 25% of children. About 30% of children <2 y had 
low (<0.3 mg/dl) ascorbic acid serum concentrations. 
The prevalence of folate deficiency varied in children 
from 2.3 to 11.2%.4 
	 In 2006 a new national nutrition survey was carried 
out: the National Health and Nutrition Survey (Encuesta 
Nacional de Salud y Nutrición 2006, ENSANUT 2006).5 
Blood samples were obtained for analysis of micronu-
trient status and stored while funds were obtained for 
laboratory analyses. 
	 This paper presents an overview of the micro-
nutrient status of Mexican children and adolescents 
in 2006, addresses the determinant factors of the dif-
ferent micronutrient deficiencies presented in related 
articles in this issue of Salud Pública de México (SPM) 
and highlights the most relevant findings. It also dis-
cusses differences in the micronutrient status indicators 
measured in 1999 and 2006 which were comparable. 
The results and conclusion of the paper can be used 
as input for designing public policies and as a reliable 
source of information for the health and academic 
community.

Materials and methods
Data sources

The source of information for this analysis is the Na-
tional Health and Nutrition Survey (ENSANUT 2006).5 
Conducted by the Mexican National Institute of Public 
Health in 2006 the survey and the subsample in which 
micronutrient status was determined was representative 
at the national level and at the following geographical 
regions: North, Center, Mexico City and South as well 
as by rural (<2500 inhabitants) and urban localities (≥ 
2500 inhabitants). Detailed description of the design 
and sampling procedures for ENSANUT 2006 has been 
published elsewhere.5,6 

Data collection and analysis

Data collection methods for assessing micronutrient 
status in children 1-11 y (n=5 060) and adolescents 
12-19 y (n=2 418) are presented in detail in several ar-
ticles in this issue for microminerals7,9 and vitamins.8 
The present analysis is based on the information 
furnished by those articles. 
	 The protocol of the survey was approved by the 
Research, Ethics and Biosecurity Committees of the Na-
tional Institute of Public Health, Cuernavaca, Mexico.

Definition of micronutrient status

Table I presents the indicators of micronutrients status 
and the cut off values defining the deficiencies (or low 
serum concentrations) of individual micronutrients 
used in 2006. It also presents the methods used in 1999 
to show that methods of assessment or cut-off points 
used to determine all micronutrients status differed 
between surveys, precluding comparisons. Only anemia 

Table 1
Cut-off values for anemia and some micronutrient 

deficiencies from two Mexican national
nutrition surveys

		           ENN 1999	          ENSANUT 2006
Anemia* 	
	 1-5	 Hb <110 g/l	 Hb <110g/l (21)
	 5-11 y	 Hb <120 g/l (16)§	 Hb<115 g/l (16)
	 >12 y	 Hb <120 g/l	 Hb<120 g/l (16)

Iron deficiency		
	 All ages	 Percentage transferrin	 Ferritin <12 ug/l (16)
		  saturation: <16%	 Soluble transferrin 
                                                                             receptors >6 mg/l

Zinc deficiency		
	 All ages	 Serum zinc <65 ug/dl	 Serum zinc <65 µg/dl

Folate deficiency‡ 		
	 1- 6 y	 Hemoglobin folate <140 µg/dl	 Serum folate <4ng/ml

Magnesium		
	 All ages	 –	 Serum magnesium <0.75 mmol/l 

Copper		
	 All ages	 –	 Serum copper <65 ug/dl

Vitamin B12		
	 1- 6 y	 –	 Serum B12<203 pg/ml 

*	 Cut-off values for anemia at sea level. Hb concentrations adjusted by altitude 
using the equation proposed by Ruiz Argüelles (22)

‡	 Method: ENN 99= Dried blood spots on filter paper (27-29); ENSANUT 
2006=ELISA

§	 Cut-off value for children 6-11 y old. Cut-off value for children 5-6 y old= Hb <11 g/l
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and zinc were determined using the same method and 
cut-off values in both surveys.

Statistical analysis

Statistical analyses are described in detail in articles in 
this issue.7,8,9 Several of the analyses are presented and 
discussed in the context of geographic region and/or 
rural and urban areas (as previously described), age 
group, and SES classification. Data were analyzed with 
Stata 9.2 package.

Results
Results are presented for 5 060 children 1-11 y and 2 418 
adolescents 12-19 y.

Iron deficiency

The prevalence of iron deficiency, as assessed by serum 
concentrations of soluble transferrin receptors (sTfR >6 
mg/l), was 15.7% in children <5 y and 7.9% in children 
aged 5-11 y. No differences were noted between urban 
and rural areas. The prevalence, as assessed by serum 
ferritin <12 ug/l, was 26.0% in children <5 y and 13.0% 
in children 5-11 y. Prevalence in children 1-11 y was 
higher in rural areas (table II).

Zinc deficiency

The prevalence of zinc deficiency in 2006 as assessed by 
serum zinc <65 µg/dl10 was 27.5% in children under 5 y 
and 23.6% in 5-11 y old children (table II). 

	 The prevalence of low serum zinc levels back in the 
1999 National Nutrition Survey was 33.1% in children 
under 5 years of age.3 Reductions of 5.6 percentage 
points (PP) were observed from 1999 to 2006.

Folate deficiency

The prevalence of folate deficiency as assessed by serum 
folate<4 ng/ml was 3.2% in children 1-5 y. Determina-
tions were not made in older children. The prevalence 
was slightly higher in urban than in rural areas (table 
II).

Nutritional status of other micronutrients

This issue of SPM reports for the first time the nutri-
tional status of magnesium, copper, and vitamin B12 
in a probabilistic, population based sample in Mexican 
children and adolescents.7,9 The prevalence of low 
magnesium serum concentrations (<0.75 mmol/l) was 
22.6% in children 1-11 y and 37% in adolescents (12-19 
y). Prevalence was higher in urban areas in children 
1-11y (25.8%) compared to rural areas (18.6%) and were 
similar in adolescents. 
	 Prevalence of low copper serum concentrations 
(<65 ug/dl) was 30.6% in children 1-11 y and 14.1% in 
adolescents. Prevalences in children and adolescents 
were similar in urban and rural areas (table III). One of 
the papers in this issue analyzed the prevalence of low 
copper serum concentrations by ethnic background (in-
digenous vs. non-indigenous) in adolescents,9 finding that 
the prevalence in non-indigenous population was about 
twice the prevalence in indigenous children (table III).

Table II
National prevalence of iron, zinc and folate deficiency in children based on Mexican ENSANUT 2006

	 Low iron stores	 Tissue iron deficiency	 Serum Zinc	 Folate deficiency
	 (ferritin <12 ug/l)	 (transferrin receptors >6 mg/l)	 (<65 ug/dl)	 (<4ng/ml)*

			   %	 (95% CI)	 %	 (95% CI)	 %	 (95% CI)	 %	 (95% CI)

Overall National								      
	 <5		  26.0	 (21.3, 31.3)8	 15.7	 (12.0, 20.3)8	 27.5	 (22.3 , 33.3)8	 3.2	 (0.8, 3.9)9

	 5-11	 13.0	 (10.2, 16.5)8	 7.9	 (5.9 ,10.6)8	 23.6	 (18.9 , 23.6)8	 –	 – 
	
Dwelling
	 Rural								      
		  1-11	 19.6 	 (15.9, 24.0)8	 11.6	 (8.9 , 15.19)8	 23.6	 (19.0 , 29.0)8	 2.8	 (1.0, 4.6)9

		
	 Urban								      
		  1-11	 16.1	 (12.8, 20.0)8	 9.9	 (7.4 , 13.1)8	 26.1	 (21.0 , 31.9)8	 3.5	 (0.8, 6.2)9

		

* Prevalence in children under 6 y
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	 Prevalence of vitamin B12 deficiency (serum 
B12<203 pg/ml) was 7.7% in children 1-5 y. Prevalence 
was higher in rural compared to urban areas (table III).

Causes of anemia in children <5 y of age

The prevalence of anemia in children and adult popula-
tion in 1999 and 2006 were thoroughly analyzed in two 
recent publications,11,12 thus this section will be limited to 
the analysis of the causes of anemia in children <5 years 
of age. In 2006, the proportion of cases of anemia docu-
menting iron deficiency irrespectively of the presence 
or absence of other deficiencies was 42%. The propor-
tion of cases of anemia associated with iron deficiency 
combined with deficiencies of folate and/or vitamin B12 
was 10.3%. The proportion of cases of anemia associated 
with deficiencies of folate or vitamin B12 without iron 
deficiency was 2.0%. The proportion of cases of anemia 
of non-identified nutritional cause was 45% (table IV). 

It is important to underline that serum concentrations of 
vitamin A were not determined in the 2006 survey. 

Discussion
Iron deficiency in children seems to have diminished 
from 1999 to 2006. However, it is necessary to underline 
the lack of comparability between the two prevalences, 
because in 1999 iron deficiency was measured using 
as indicator the percent transferrin saturation, which 
has a lower sensitivity and specificity than the serum 
ferritin concentrations used in 2006.13 Nevertheless the 
magnitude of the change is so large (≈ 30 PP), that the 
notion that a significant reduction occurred is plausible. 
Factors contributing to such an improvement in groups 
at higher risk for iron deficiency are, among others, the 
social programs distributing iron fortified foods or food 
supplements to young children and pregnant and lac-
tating women (Oportunidades and Liconsa). In support 

Table III
National prevalence of copper, magnesium and vitamin B12 deficiency based on

Mexican ENSANUT 2006

	 Magnesium	 Copper	 Vitamin B12
	 (<0.75 mmol/l)	 (<90 ug/dl)	  (<203 pg/ml)*
			   %	 (95% CI)	 %	 (95% CI)	 %	 (95% CI)

Overall national						    

	 1-11	 22.6	 (17.5 , 28.6)8	 30.6	 (25.2, 36.7)8	 7.7	  (5.3 , 10.0)9

	 12-19	 37.7	 (33.6, 41.9)9	 14.1	 (12.0, 16.6)9	 -----	 -----

	

Dwelling						    

	 Rural						    

		  1-11	 18.6	 (14.2 , 24.0)8	 31.2	 (26.0 , 36.9)8	 10.2	 (7.1 , 13.3)9

		  12-19	 37.1	 (29.6, 45.2)9	 13.3	 (9.11, 17.5)9	 -----	 -----

		

	 Urban						    

		  1-11	 25.8	 (20.1 , 32.3)8	 30.2	 (24.7 , 36.5) 8	 5.9	 (2.6 , 9.2)9

		  12-19	 37.9	 (33.2, 43.0)9	 14.5	 (11.7, 17.3)9	 -----	 -----

Ethnicity						    

	 Indigenous						    

		  1-11	 -----	 -----	 -----	 -----	 14.2	 (7.2 , 21.1)9

		  12-19	 35.4	 (19.5, 55.3)9	 7.0	 (1.59, 12.4)9	 -----	 -----

	

	 Non indigenous						    

		  1-11	 -----	 -----	 -----	 -----	 -----	 -----

		  12-19	 37.8	 (33.7, 42.1)9	 14.5	 (12.1, 16.9)9	 -----	 -----

	

*Prevalence in children under 6 y
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to such a notion, Morales et al.7 and De la Cruz et al.9 
found a significant protective association between the 
affiliation to both programs and the risk to suffer iron 
deficiency in children and adolescents. In the same line, 
there was a reduction in the prevalence of anemia from 
1999 to 2006 of near 15 PP in children 12-24 months of 
age12 and 5% in non pregnant and pregnant women.11

	 A remarkable finding is the reduction (about 20%)in 
the prevalence of zinc deficiency in children <5 y from 
1999 to 2006. Public programs supplying children and 
pregnant and lactating women with fortified food and 
supplements containing zinc, among other micronutri-
ents, serve almost 5 million beneficiaries (Liconsa) and 
more than 5 million families (Oportunidades). Therefore, 
it is likely that these programs have contributed to 
improve the zinc status of those age segments. The ef-
ficacy of the supplement distributed by Oportunidades 
was tested in urban children younger than 3 years, 
finding that it was as effective as the powdered micro-
nutrients preparation known as “sprinkles” to reduce 
the prevalence of zinc deficiency (from 10 to 30 PP) after 
4 months of consumption.14 In spite of such a reduc-
tion, the prevalence of zinc deficiency persists at high 
level. This may be explained in part by the high dietary 
intake of inhibitors of intestinal absorption of dietary 
zinc, such as phytates, calcium, and fiber. The molar 
ratio phytate to zinc in the Mexican diet is about 6:1.15,16 

Therefore, it is mandatory to carry out studies focused 
on the effectiveness of the micronutrient fortified foods 
or supplements provided by the public food assistance 
programs to reduce the prevalence of zinc deficiency.
	 The prevalence of folate deficiency in children 
under 5 y falls in the category of minimal public health 
problem as by the WHO criteria.17 The role of folate as 
a cause of anemia in the ENSANUT 2006, reported in a 
companion paper,9 was quite small; supporting the no-

tion that folate deficiency is marginal as a public health 
problem in Mexico. This finding applies to children 
under 5 years and does not mean that folate supplemen-
tation or fortification around the time of conception to 
reduce the risk of congenital neural tube defects (NTDs) 
should be discontinued. NTDs risk factors include ge-
netic as well as environmental factors, particularly folic 
acid deficiency at the time of conception. There is clear 
evidence of the effectiveness of folic acid supplementa-
tion or fortification in the prevention of NTDs across a 
large range of population folate intakes.18

	 Copper and magnesium deficiencies are new play-
ers in the nutritional scene of Mexico and its meaning 
is not quite understood. The high prevalence of cop-
per deficiency was not associated with an insufficient 
intake7,8,9 allowing us to speculate that its absorption, 
as in the cases of iron and zinc, is interfered by a high 
intake of antagonists of its absorption, abundant in the 
Mexican diet.19 Copper deficiency in this study had a 
high level of association with the prevalence of iron 
deficiency anemia.9 As a constituent of ferroxidase, cop-
per deficiency may interfere with the oxidation of Fe+2 
to Fe+3, form in which iron is absorbed and captured by 
the ferritin molecule. Also, copper competes with zinc 
for the binding sites on metallothionein, which have 
more binding affinity for the former.20

	 Low serum magnesium might be very relevant for 
the epidemiological and health status of the Mexican 
population, because it has been associated with glucose 
intolerance and higher risks for atherosclerosis, hyper-
tension and myocardial infarction.21-23 More research is 
needed in order to explore the consequences of magne-
sium deficiency in the health of Mexican population.
	 Anemia in Mexican children younger than 5 y was 
associated with iron deficiency in less than half of the 
cases analyzed in the two surveys, 199924 and 2006, 
highlighting the causal importance of other micronu-
trient deficiencies. In conclusion the prevalence of iron 
deficiency, although still high, seems to be progressively 
lowering in children. The prevalence of zinc deficiency 
in children < 5 y had some improvements that may be 
associated, in part, with public and focalized nutrition 
interventions aiming to curb it. The high prevalence of 
copper and magnesium deficiencies warrant further re-
search to better understand their implications for public 
health. These results provide relevant information to 
reinforce some of the ongoing nutrition policies and to 
redesign others, particularly referring to zinc, copper 
and magnesium deficiencies.

Declaration of conflict of interests: The authors declare that they have no 
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Table IV

Causes of anemia in children <5 years

in Mexico in 2006

Micronutrient deficiency*	 %	 95%CI

Iron (with or without other deficiencies)	 42.0	 (32.2, 52.5)

FA	 0.6	 (0.1, 2.5)

Iron + FA and/or Vit B12 	 10.3	 (5.6, 18.3)

Vitamin B12	 2.0	 (0.7, 5.8)

Non-identified causes	 45.0	 (34.8, 55.7)

FA= Folates
* Micronutrient deficiencies are mutually exclusive
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