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Abstract
Objective. To describe trends in zinc deficiency (ZD) 
prevalence among preschool-age Mexican children, and 
explore differences in this trend among beneficiaries of the 
conditional cash transfer program Progresa/Oportunidades/
Prospera (CCT-POP). Materials and methods. The serum 
zinc information of children aged 1-4 who participated in the 
ENN 1999, Ensanut 2006 and Ensanut 2018-19 was analyzed. 
ZD was categorized according to IZiNCG cutoff values. 
Logistic regression models were used to identify personal 
participant characteristics associated with ZD trends, and 
tests for interactions between survey CCT-POP beneficiaries 
were applied. Results. ZD decreased by 22.3 percentage 
points (pp) between ENN 1999 and Ensanut 2018-19; among 
CCT-POP beneficiaries, the decrease was 58.6 pp. Overweight 
was associated with higher odds of ZD (OR=2.18, p=0.023). 
Conclusions. In the last 19 years, ZD declined significantly 
among preschool-age Mexican children. Child beneficiaries 
of the social program CCT-POP showed the largest reduc-
tion of ZD. 

Keywords: zinc deficiency; children; Ensanut; Mexico

Resumen
Objetivo. Describir la tendencia de la deficiencia de zinc 
(DZ) en niños preescolares y explorar si la tendencia fue 
diferente entre beneficiarios del programa de transferencia 
monetaria Progresa/Oportunidades/Prospera (PTM-POP). 
Material y métodos. Se analizó información de Zn sérico 
en niños de 1-4 años participantes de la ENN 1999, Ensanut 
2006 y 2018-19. Se categorizó la DZ de acuerdo con los pun-
tos de corte propuestos por el IZiNCG. Se emplearon mo-
delos de regresión logística para identificar las características 
asociadas con la tendencia en la DZ y se evaluó la interacción 
con beneficiarios del PTM-POP. Resultados. La DZ dismi-
nuyó 22.3 puntos porcentuales (pp) entre la ENN 1999 y la 
Ensanut 2018-19, y disminuyó 58.6 pp entre beneficiarios del 
PTM-POP en el mismo periodo. El sobrepeso se asoció con 
mayor riesgo de DZ (RM=2.18, p=0.023). Conclusiones. 
La DZ disminuyó significativamente en los últimos 19 años 
en México. Los niños beneficiarios del PTM-POP mostraron 
las mayores reducciones en la DZ. 
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Zinc is an essential trace element present in several
enzymes, which acts as an antioxidant and is a cru-

cial component of diverse regulatory proteins involved 
in DNA transcription and innate immunity. Zinc is 
regulated by homeostatic responses and has no bodily 
reserves.1 Deprivation of zinc at early ages is associ-
ated with growth retardation, altered immune function 
which decreases resistance to infection,2 metabolic3 and 
neurological disorders,4 and more. Mild to moderate 
zinc deficiency (ZD) is frequent, affecting one third of 
the global population, mostly pregnant women and 
children.5
	 The 1999 Mexican National Nutrition Survey 
(ENN 1999) first documented ZD magnitude in Mexi-
can women and children.6 Data from both the ENN 
1999 and the subsequent 2006 Mexican National Health 
and Nutrition Survey (Ensanut 2006)7 highlighted ZD 
as a public health problem. Afterwards, no represen-
tative data on zinc status in Mexico were reported 
at national level. In order to address undernutrition 
issues, two social programs were implemented for 
low-income Mexican families which either provided 
fortified foods like milk (Liconsa) or baby food fortified 
with multiple micronutrients (Progresa). The effective-
ness of both programs on child growth and anemia 
has been previously documented.8,9 The Mexican 
conditional cash transfer program called respectively 
Progresa (1997), Oportunidades (2002), and Prospera 
(2012) –herein referred to as “CCT-POP”– targeted
the population at high risk of undernutrition. This 
program had a nutritional component which consisted 
in the distribution of baby food fortified with multiple 
micronutrients to children and a beverage for pregnant 
women containing a mixture of nutrients critical to 
optimal nutrition (iron, zinc, folic acid, and vitamins 
A, E, C, and B12).10 CCT-POP program coverage grew 
gradually, having started in 2007, and reaching ap-
proximately 6.6 million Mexican households (27 mil-
lion people, or approximately 22.7% of the population) 
by 2017.11 This higher coverage may have exhibited 
challenges in promoting adequate supplement con-
sumption among beneficiary families.10

	 Identification of the main factors associated with 
changes in the ZD trend in Mexico is of great relevance 
to public health. This study aims to document the trend 
in ZD prevalence in Mexican children from 1999 to 2018-
19, and to explore whether the program CTP-POP may 
have modified this trend.

Materials and methods
Design and sample. The data for the present analysis came 
from children aged 1-4 years who participated in one of 

three national probabilistic surveys with cross-sectional 
designs: the ENN 1999, the Ensanut 2006 and the En-
sanut 2018-19. Blood samples were collected in 30% of 
total participants within each of the three surveys. These 
subsamples were representative at the national level, 
by geographic region and by dwelling type (urban or 
rural). The numbers of final samples sizes of children 
aged 1-4 analysed in the present study were 158 (ENN 
1999), 1 435 (Ensanut 2006), and 1 004 (Ensanut 2018-19). 
Further details on the methodology of these surveys are 
documented elsewhere.6,7,12 

Blood collection 

Blood samples were collected by previous appointment 
in the home of the participants. Venous blood samples 
were taken from the antecubital vein directly into 
certified metal-free collection tubes and centrifuged in 
situ at 3 000 g. Serum samples were stored in cryovials 
and frozen in liquid nitrogen (-130°C) until delivery to 
the Biochemical Nutrition Laboratory of the National 
Institute of Public Health (Instituto Nacional de salud 
Pública, INSP) in Cuernavaca, Mexico, and stored in 
freezers at -70°C. 
	 For the ENN 1999, serum zinc concentrations were 
analysed using atomic absorption spectrometry with a 
graphite furnace (Analyst 300, Perkin-Elmer, Norwalk, 
Ct, USA).13 For the Ensanut 2006, serum zinc was deter-
mined by inductively coupled plasma optical emission 
spectrometry (Varian Vista Pro CCD Simultaneous),14 
and for Ensanut 2018-19 using atomic absorption flame 
spectrometry (GTA129 Agilent Technology, 200 AA Wald-
broon, Germany). Results were calibrated against NIST 
SRM 3131a reference material. The coefficients of variation 
were 18.5% (1999), 13.5% (2006) and 29.3% (2018).

Definition of variables

A household wealth index (HWI) was constructed as 
a proxy of socioeconomic status, based on household 
characteristics and family assets through a principal 
component analysis; it was divided into tertiles indicat-
ing low, medium or high HWI.15 Indigenous ethnicity 
was defined as any indigenous language spoken at home 
(Ensanut 2018-19) or any indigenous language spoken 
by the household matriarch (ENN 1999 and Ensanut 
2006). Geographic regions were categorized as North, 
Central and Mexico City, and South. Dwelling type was 
classified as rural for localities with <2 500 inhabitants; 
otherwise, they were classified as urban.
	 Children were classified as beneficiaries of the so-
cial programs Liconsa (low-cost milk fortified with iron, 
zinc and other critical micronutrients) or “CCT-POP” 
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(Progresa in the ENN 1999, Oportunidades in the Ensanut 
2006 or Prospera in the Ensanut 2018-19).
	 Anthropometric measures of weight (kg) and 
length (in children aged 1-2 y) or height (cm, in children 
aged 3-4 y) were obtained by trained personnel using 
standardized methods;16,17 the BMI (Z-score) was then 
calculated according to the criteria of the World Health 
Organization (WHO).18 Stunting was defined as length/
height-for-age Z-score <-2 SD. Overweight was defined 
as BMI Z-score >+1 SD.18

	 Anemia was defined as Hb <11 g/dL19 adjusted by 
altitude.20

Zinc deficiency

Serum zinc cutoff values determining ZD were defined 
according to the criteria of the International Zinc Nutri-
tion Consultative Group (IZiNCG).21 For Ensanut 20067 
and Ensanut 2018-19, ZD was defined as serum zinc 
concentrations of <65 μg/dL for girls and <57 μg/dL for 
boys. Because the blood samples in the ENN 1999 were 
not obtained in fasting state,6 ZD was defined therein as 
serum zinc <65 μg/dl, as recommended by the IZiNCG.21

Statistical analysis

Descriptive characteristics of child participants are 
described as frequencies, percentages, and confidence 
intervals (95%CI), by year of survey. 
	 A logistic regression model was used to identify 
characteristics associated with ZD, as adjusted by con-
founders: age, sex, geographical region, dwelling type, 
BMI, stunting and anemia. Statistical significance was 
set at alpha=0.05. The differential effect of CCT-POP 
over time was estimated based on the interaction term 
of “year of survey” and “CCT-POP beneficiary”, and 
significance was set at alpha=0.1 with a 95%CI. Statisti-
cal analyses were performed using the Stata SE v15 soft-
ware.* All analyses considered the original multistage 
stratified sampling design of the surveys using the SVY 
module for complex samples.

Ethics

The Research Ethics and Biosafety Committees of the 
INSP previously approved the protocols of all three 
surveys. The parents or guardians of child participants 
provided written informed consent following a thorough 
explanation of the procedures, risks and benefits of the 
study.

Results
The descriptive characteristics of the child participants 
are shown in table I. Approximately 30% of children 
resided in rural areas in 1999 and 2018-19. In 2006, a 
higher proportion of children resided in rural areas, 
were within the lowest HWI tertile, and were CCT-POP 
beneficiaries, as previously documented.7 In 2018-19, as 
compared to 1999, a lower proportion of children were 
beneficiaries of any social program: only 6.3% received 
Liconsa, and 3.1%, CCT-POP (table I).
	 ZD prevalence diminished over time, from 33.1% 
in 1999 to 10.8% in 2018-19. In 1999, higher ZD preva-
lence was observed in children with stunting (45.3%) 
within the lowest HWI tertile (40.6%), in children with 
anemia (35.8%), in CCT-POP beneficiaries (76.4%), and 
in children living in the South (50.3%) and in rural lo-
calities (51.4%). In 2018-19, higher ZD prevalence was 
registered in children within the highest HWI tertile 
(15.1%), residing in urban localities (12.6%), living in 
the North (14.4%), and who were CCT-POP beneficiaries 
(17%) (table II). 
	 Compared to 1999, ZD was 47.2% lower in 2006 
(OR=0.52, p=0.027 95%CI 0.30-0.92) and 76.8% lower 
in 2018-19 (OR=0.23, p<0.001, 95%CI 0.12-0.44), after 
considering confounders. 
	 In the adjusted model (table III), the only child 
characteristic associated with ZD was overweight 
(OR=2.3, p=0.023), compared to children with normal 
BMI. A significant decline in the probability of ZD was 
observed among CCT-POP beneficiaries in subsequent 
surveys in relation to the ENN-1999 (p for interaction 
<0.01). ZD was statistically lower in 2018-19 among 
non-beneficiaries (OR=0.36, p=0.002) compared to 2006. 
Marginal significance was observed in the association 
of anemia with lower odds of ZD (OR=.071, p=0.083)
	 Adjusted means of serum zinc concentration in the 
two latest surveys were statistically different among 
CCT-POP beneficiaries compared to 1999 (figure 1). 

Discussion
The results of this study highlight three main findings: 
1) ZD in Mexican children aged 1-4 y has declined over 
the last 19 years by 22.3 percentage points (pp), currently 
affecting 1 out of every 10 children; 2) ZD decline was 
more pronounced among beneficiaries of the CCT-POP 
program (-58.6 pp) than among non-beneficiaries, and 
finally, 3) overweight was the only personal character-
istic associated with higher probability of ZD.
	 In 2018-19, ZD affected 1 out of every 10 Mexican 
children aged 1-4 y: a lower prevalence than that reported 
among children living in localities with <100 000 inhab-*	 StataCorp. Stata Statistical Software: Release 15. College Station, TX: 

StataCorp LLC, 2017.
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Table I
Descriptive characteristics of the subsample of children aged 1-4 y with serum zinc data,

by year of survey. Mexico, ENN 1999, Ensanut 2006 and Ensanut 2018-19

ENN 1999 Ensanut 2006 Ensanut 2018-19

n 

Expansion

n 

Expansion

n 

Expansion

N (thousands)
Frequency %

(95%CI)
N (thousands)

Frequency %
(95%CI)

N (thousands)
Frequency %

(95%CI)

Age group (years)

   1-2 30 791.6
20.2

(12.4-31.2)
520 2 461.2

34.3
(31.0-37.9)

426 2 343.2
40.6

(35.7-45.6)

   3-4 128 3 129.7
79.8

(68.8-87.6)
915 4 703.9

65.7
(62.1-69.0)

578 3 434.9
59.4

(54.4-64.3)

Sex     

   Female 69 1 323.8
36.3

(26.3-47.7)
674 3 419.4

47.7
(44.0-51.5)

478 2 736.4
47.4

(42.2-52.6)

BMI     

   Overweight 11 339.3
9.7

(4.5-19.6)
117 467.7

6.9
(5.4-8.8)

72 337.9
5.9

(4.3-8.2)

Stunting     

   Yes 28 731.5
20.9

(13.4-31.1)
203 1 378.6

20.5
(16.7-24.9)

151 887.4
16.0

(12.2-20.7)

Anemia

   Yes 26 473.9
12.9

(7.3,21.8)
297 1 529.3

21.6
(18.5-25.2)

299 1 742.6
30.2

(26.0-34.7)

Dwelling type     

   Rural 64 1 208.6
30.8

(22.4-40.8)
776 3 477.7

48.5
(43.6-53.5)

422 1 742.2
30.2

(26.1-34.5)

Geographic region

   North 46 590.8
15.1

(9.9-22.3)
224 973.5 13.6 (10.8-17.0) 145 1 127.6 19.5 (16.4-23.1)

   Central and Mexico City 57 1 656.1
42.2

(31.1-54.2)
679 3 609.5 50.4 (44.5-56.3) 352 2 705.1 46.8 (42.2-51.5)

   South 55 1 674.4
42.7

(32.0-54.1)
532 2 582.1 36 (30.7-41.7) 507 1 945.3 33.7 (29.5-38.1)

CCT-POP beneficiary  

   Yes 15 407.5
10.5

(5.7-18.5)
963 4 241.8 59.4 (54.5-64.2) 46 176.1

3.1
(2.1-4.4)

Liconsa beneficiary

   Yes 12 526.4
13.4

(5.5-29.4)
171 1 332.7 18.6 (14.8-23.2) 58 364.8

6.3
(4.2-9.3)

Indigenous     

   Yes 11 233.7
6.0

(2.9-11.9)
84 566.6

7.9
(5.0-12.2)

35 142.0
4.1

(2.4-6.9)

HWI tertile     

   1 80 1 992.9
52.1

(40.4-63.7)
843 4 057.5 56.9 (52.3-61.3) 521 2 457.3 42.5 (37.9-47.3)

   2 53 1 008.6
26.4

(18.1-36.7)
427 1 973.9 27.7 (24.2-31.4) 319 2 079.3

36
(31.6-40.6)

   3 19 820.2
21.5

(11.8-35.8)
159 1 105.3 15.5 (12.2-19.5) 164 1 241.4 21.5 (17.8-25.7)

ENN: Encuesta Nacional de Nutrición
Ensanut: Encuesta Nacional de Salud y Nutrición
CCT-POP: conditional cash transfer program Progresa/Oportunidades/Prospera
HWI: household wealth index
BMI: body mass index
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Table III
Logistic regression model of characteristics associated with zinc deficiency in Mexican children 

aged 1-4 y. Mexico, ENN 1999, Ensanut 2006 and Ensanut 2018-19

n 2 018

N (thousands) 13 312.65

  OR 95%CI p-value

Survey

   ENN 1999 1.0   Reference

   Ensanut 2006 0.88 (0.47-1.65) 0.691

   Ensanut 2018-19 0.29 (0.14-0.6) 0.001

CCT-POP beneficiary (reference: non-beneficiary)

   Yes 14.97 (2.57-87.29) 0.003

Interaction      

   Ensanut 2006 and CCT-POP 0.09 (0.02-0.54) 0.008

   Ensanut 2018-19 and CCT-POP 0.14 (0.02-1.35) 0.089

Sex (reference: male)      

   Female 0.99 (0.7-1.4) 0.973

   Age (years) 1.13 (0.94-1.36) 0.187

Indigenous (reference: non-indigenous)

   Yes 0.64 (0.34-1.2) 0.164

Dwelling type (reference: urban) 

   Rural 1.07 (0.67-1.7) 0.791

Geographic region (reference: North) 

   Central and Mexico City 0.85 (0.47-1.53) 0.583

   South 1.15 (0.63-2.07) 0.649

HWI tertile (reference: tertile 1) 

   2 1.07 (0.68-1.69) 0.775

   3 0.65 (0.31-1.34) 0.242

BMI (reference: normal)      

   Overweight 2.18 (1.11-4.26) 0.023

   Anemia (reference: no anemia) 0.71 (0.48-1.05) 0.083

   Intercept 0.25 (0.48-1.05) 0.011

ENN: Encuesta Nacional de Nutrición
Ensanut: Encuesta Nacional de Salud y Nutrición
CCT-POP: conditional cash transfer program Progresa/Oportunidades/Prospera
HWI: household wealth index
BMI: body mass index
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itants in Ensanut 100k-2018, where ZD was present in 
18.6% and affected a larger proportion of one-year-old 
children (33%) and children within the lowest HWI 
(23.3%).22 Differences in ZD prevalence are mainly due 
to the personal characteristics of the child participants 
in Ensanut 100k-2018 and Ensanut 2018-19, including 
lower socioeconomic conditions, which are a main driver 
of micronutrient deficiencies among our population. In 
Latin American children under five years of age, low se-
rum zinc levels have been reported, of 28.8%  in Ecuador 
(2013), 34.9% Guatemala (2010),23 and 36.0% in Colombia 
(2015).24 In children under the age of 10 in the USA, the 
ZD prevalence was 3.8%.25

	 Serum zinc concentrations in Mexican children have 
exhibited an important improvement nationally over 
the last 19 years, partly due to social programs. When 
CCT-POP emerged, the program included a strategy to 
address undernutrition by focusing on the population 
living in poverty26 and providing a supplement con-
taining vitamins and minerals (10 mg of zinc sulphate 
monohydrate and 10 mg of microencapsulated ferrous 
sulphate). However, despite the decrease in ZD, a high 
proportion of CCT-POP beneficiaries showed higher 
rates of ZD than of non-beneficiaries across all surveys, 
though the most notable reduction in ZD among CCT-
POP beneficiaries was observed from 1999 to 2006. 
Even though CCT-POP was not designed to specifically 

address ZD, the effectiveness of the supplementation 
provided by the program showed a positive effect on 
linear growth: an outcome associated with micronutri-
ent deficiencies.8 Nevertheless, program barriers have 
been identified –including inappropriate use of the 
supplement, and limited frequency and quantity of con-
sumption–10 which may explain the differences in ZD 
between beneficiaries vs. non-beneficiaries. Despite its 
positive impact on the nutrition of the child beneficiaries 
of CCT-POP, the program was terminated in 2018 and 
remains absent from the Mexican government’s agenda.
	 A disruption to the normal linear growth pattern 
of a child may indicate zinc deprivation at early ages, 
and stunting can be an indirect indicator of the risk of 
zinc deficiency.27 Alongside the changes observed in 
the magnitude of ZD, stunting decreased around 7 pp 
nationally over the analysis period (1999-2018),28 which 
suggests that the latter may be related to zinc status. 
The higher rates of ZD observed in relatively younger 
children may have resulted from higher requirements 
and lower intake due to such factors as prematurity, 
weaning, and lack of dietary zinc.2,29 Breast milk is a 
good dietary zinc source in the first 5-6 months of life;30 
however, recent data shows that only 28% of Mexican 
children are exclusively breastfed.31 The dietary zinc 
intake in children aged <5 years was adequate accord-
ing to DRIs criteria  in Ensanut 2012.32 Although this 

* Linear regression model adjusted by all variables listed in table IV. In the ENN 1999, information regarding blood sample measurements, including time of day 
and participant’s fasting state, was unavailable; serum zinc values were not adjusted for these variables in the model.
ENN: Encuesta Nacional de Nutrición
Ensanut: Encuesta Nacional de Salud y Nutrición
CCT-POP: conditional cash transfer program Progresa/Oportunidades/Prospera

Figure 1. Adjusted mean* of serum zinc in children aged 1-4 y, beneficiaries and non-beneficiaries 
of the social program CCT-POP. Mexico, ENN 1999, Ensanut 2006 and Ensanut 2018-19 
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data was not adjusted for zinc bioavailability (including 
phytate and fiber), zinc absorption from corn intake in 
Guatemalan schoolchildren was observed not to differ 
between low vs. normal phytate content.33 Therefore, the 
high intake of dietary zinc reported in Ensanut 2012 may 
have improved serum zinc levels in Mexican children.
	 ZD secondary to low zinc intake may be a risk factor 
for diabetes,34 obesity3 and anemia.35 ZD, independently 
of iron deficiency, affects erythropoiesis by way of the 
GATA1 transcription factor involved in erythroid matu-
ration and heme synthesis, which contains two zinc fin-
ger domains.36 Our data and those reported in Ensanut 
100k-201822 have demonstrated an inverse association 
between ZD and anemia, which is difficult to explain 
using a cross-sectional study design; therefore, caution 
is recommended when interpreting this association.
	 Overweight was the only descriptive characteristic 
of child participants associated with higher probability 
of ZD. Although the potential to demonstrate causality 
within our study is limited, previous evidence shows 
that zinc metabolism affects and is affected by the excess 
of body fat. Lower zinc levels have been documented 
in obese children.37-39 In contrast, plasma zinc was not 
shown to correlate with body composition in overweight 
Chilean preschool-age children.40 Zinc is an essential 
component of several proteins involved in macronutri-
ent metabolism and energy regulation. ZIP14 is a zinc 
influx transporter expressed in multiple bodily tissues, 
particularly in adipocytes, to maintain the homeostasis 
of intracellular zinc.41 ZIP14 is involved in the signal-
ling of the insulin pathway and glucose metabolism.34 
However, recent data shows that ZIP14 gene expression 
is lower in obese individuals, compared with non-obese 
controls,42 which may lead to enhanced fat deposition 
and reduced lean body mass.43 Alongside the adipokines 
secreted by adipocytes, ZD increases the inflammatory 
response in obese individuals. Reverse causality may 
also explain the association of overweight with ZD 
reported in this study.44 

	 Our study has certain strengths and limitations. 
The methodology to determine zinc concentration 
varied between the three surveys analysed, potentially 
introducing measurement error in the variability of zinc 
levels. To allow comparison, the same NIST 3131a mate-
rial was used as external quality control, and internal 
procedural validation was performed in all surveys. 
Serum zinc is considered a useful biomarker to assess 
ZD risk in populations, but it is not a reliable indicator 
of individual-level deficiency or of nutritional status 
of zinc, since zinc homeostasis is tightly controlled.21 
Variations in serum zinc may be due to factors in-
cluding infection, hypoalbuminemia, time of day of 
measurement, and recent intake.45 Unfortunately, this 

information was not available in all the surveys. Data 
on C-reactive protein (CRP) and diarrhea episodes was 
unavailable in the ENN 1999. Additional analysis of 
CRP and micronutrient supplement consumption in the 
Ensanut 2006 and Ensanut 2018-19 were not associated 
with ZD (data not shown). Finally, information on zinc 
supplement consumption and dietary sources of zinc 
was not analysed in the present study, which could 
partially explain the ZD reduction between survey 
periods. Further analysis of the major food sources of 
zinc in the Mexican population are necessary in order 
to understand the role of diet in zinc nutritional status. 
	 Our findings have important public health im-
plications, since ZD is a reversible condition. First, 
breastfeeding should be encouraged to assure optimal 
nutrition in early ages. Second, new social programs 
targeted towards populations at higher risk of micro-
nutrient deficiencies should be implemented to tackle 
undernutrition at early ages. Finally, food fortification 
and biofortification of staple foods with zinc46 and iron 
should be promoted as a strategy to avoid mineral de-
ficiencies in the Mexican population.

Conclusions

Zinc deficiency has declined significantly in preschool-
age Mexican children during the last 19 years. Children 
who were beneficiaries of the social program CCT-POP 
exhibited the largest ZD reduction. New public health 
strategies are necessary to ensure adequate nutrition in 
children at high risk of undernutrition, either by creating 
new targeted social programs or by the fortification and 
biofortification of staple foods. 
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