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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 -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 |9 years, ZD declined significantly
among preschool-age Mexican children. Child beneficiaries
of the social program CCT-POP showed the largest reduc-
tion of ZD.
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Resumen

Objetivo. Describir la tendencia de la deficiencia de zinc
(DZ) en niios preescolares y explorar si la tendencia fue
diferente entre beneficiarios del programa de transferencia
monetaria Progresa/Oportunidades/Prospera (PTM-POP).
Material y métodos. Se analizé informacion de Zn sérico
en ninos de |-4 anos participantes de la ENN 1999, Ensanut
2006 y 2018-19.Se categorizé la DZ de acuerdo con los pun-
tos de corte propuestos por el IZINCG. Se emplearon mo-
delos de regresion logistica para identificar las caracteristicas
asociadas con la tendencia en la DZ y se evalué la interaccion
con beneficiarios del PTM-POP. Resultados. La DZ dismi-
nuy6 22.3 puntos porcentuales (pp) entre la ENN 1999y la
Ensanut 2018-19,y disminuy6 58.6 pp entre beneficiarios del
PTM-POP en el mismo periodo. El sobrepeso se asoci6 con
mayor riesgo de DZ (RM=2.18, p=0.023). Conclusiones.
La DZ disminuy® significativamente en los Gltimos 19 afios
en México. Los ninos 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.! Deprivation of zinc at early ages is associ-
ated with growth retardation, altered immune function
which decreases resistance to infection,? metabolic® and
neurological disorders,* and more. Mild to moderate
zinc deficiency (ZD) is frequent, affecting one third of
the global population, mostly pregnant women and
children.®

The 1999 Mexican National Nutrition Survey
(ENN 1999) first documented ZD magnitude in Mexi-
can women and children.® Data from both the ENN
1999 and the subsequent 2006 Mexican National Health
and Nutrition Survey (Ensanut 2006)” 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.® 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).1° 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."" This higher coverage may have exhibited
challenges in promoting adequate supplement con-
sumption among beneficiary families."

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
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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), 1435 (Ensanut 2006), and 1 004 (Ensanut 2018-19).
Further details on the methodology of these surveys are
documented elsewhere 5712

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
Piiblica, 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).B For the Ensanut 2006, serum zinc was deter-
mined by inductively coupled plasma optical emission
spectrometry (Varian Vista Pro CCD Simultaneous),'
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 HWL' Indigenous ethnicity
was defined as any indigenous language spoken athome
(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;'*!” the BMI (Z-score) was then
calculated according to the criteria of the World Health
Organization (WHO)."® Stunting was defined as length/
height-for-age Z-score <-2 SD. Overweight was defined
as BMI Z-score >+1 SD.!

Anemia was defined as Hb <11 g/dL" adjusted by
altitude.

Zinc deficiency

Serum zinc cutoff values determining ZD were defined
according to the criteria of the International Zinc Nutri-
tion Consultative Group (IZiNCG).?! For Ensanut 2006
and Ensanut 2018-19, ZD was defined as serum zinc
concentrations of <65 pg/dL for girls and <57 pg /dL for
boys. Because the blood samples in the ENN 1999 were
not obtained in fasting state,® ZD was defined therein as
serum zinc <65 pg/ dl, as recommended by the IZINCG.*!

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,
BM], 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%CL. 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.

* StataCorp. Stata Statistical Software: Release 15. College Station, TX:
StataCorp LLC, 2017.
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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.” 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 HWT 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
BMLI. 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: alower prevalence than that reported
among children living in localities with <100 000 inhab-
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Table |
DESCRIPTIVE CHARACTERISTICS OF THE SUBSAMPLE OF CHILDREN AGED | =4 Y WITH SERUM ZINC DATA,
BY YEAR OF SURVEY. MExico, ENN 1999, ENsaNnuT 2006 AND ENsaNuT 2018-19

ENN 1999 Ensanut 2006 Ensanut 2018-19
Expansion Expansion Expansion
n Frequency % n Frequency % n Frequency %
N (thousands) (95%C) N (thousands) (95%C) N (thousands) (95%C)
Age group (years)
20.2 343 40.6
1-2 30 791.6 (124312) 520 24612 (31.0379) 426 23432 (35.7-45.6)
79.8 65.7 594
3-4 128 31297 (68.8-87.6) 915 4703.9 (62.1-69.0) 578 34349 (544-64.3)
Sex
36.3 47.7 47.4
Female 69 13238 (26.3-477) 674 34194 (440.51.5) 478 27364 (422-526)
BMI
. 9.7 6.9 5.9
Overweight I 3393 (45-196) 17 467.7 (5.4-88) 72 3379 (43-82)
Stunting
209 205 16.0
Yes 28 7315 (13431.1) 203 1 378.6 (167-249) 151 887.4 (122207)
Anemia
129 21.6 302
Yes 26 473.9 73218) 297 1529.3 (185-252) 299 | 742.6 (260-347)
Dwelling type
308 48.5 302
Rural 64 1 208.6 (224-408) 776 34777 (43.6:535) 422 |1 7422 (26.1-345)
Geographic region
15.1
North 46 590.8 (9.9-223) 224 973.5 13.6 (10.8-17.0) 145 1127.6 19.5 (16.4-23.1)
. 422
Central and Mexico City 57 1 656.1 (31.1-542) 679 3609.5 50.4 (44.5-56.3) 352 2705.1 46.8 (42.2-51.5)
South 55 1 6744 27 532 25821 36 (30.7-41.7) 507 1945.3 33.7 (29.5-38.1)
i (32.0-54.1) : o ) AR
CCT-POP beneficiary
Y 15 407.5 105 963 42418 59.4 (54.5-64.2 46 176.1 3
e : (5.7-18.5) : 4(545-642) : (2.1-44)
Liconsa beneficiary
Ye 12 526.4 13:4 171 13327 18.6 (14.8-23.2) 58 364.8 63
e : (5.5-29.4) : & 8823 ' (42-9.3)
Indigenous
6.0 79 4.1
Yes I 2337 29-119) 84 566.6 (5.0-122) 35 142.0 (24-69)
HWI tertile
52.1
| 80 1 992.9 (40.4-637) 843 4057.5 569 (52.3-61.3) 521 24573 42.5 (37.9-47.3)
264 36
2 53 | 008.6 (18.1-367) 427 1 9739 27.7 (242-314) 319 20793 (31.6-406)
215
3 19 820.2 (118358) 159 | 105.3 15.5 (12.2-19.5) 164 12414 21.5(17.8-25.7)

ENN: Encuesta Nacional de Nutricién

Ensanut: Encuesta Nacional de Salud y Nutricion

CCT-POP: conditional cash transfer program Progresa/Oportunidades/Prospera
HWI: household wealth index

BMI: body mass index
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LoGISTIC REGRESSION MODEL OF CHARACTERISTICS ASSOCIATED WITH ZINC DEFICIENCY IN MEXICAN CHILDREN
AGED | -4 v. Mexico, ENN 1999, ENsanuT 2006 AND ENsaNuT 2018-19

n 2018
N (thousands) 13 312.65
OR 95%Cl 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) I.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 I.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 Nutricién

Ensanut: Encuesta Nacional de Salud y Nutricion

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%).% 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),% and 36.0% in Colombia
(2015).* In children under the age of 10 in the USA, the
ZD prevalence was 3.8%.”

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 poverty® 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.® Nevertheless, program barriers have
been identified —including inappropriate use of the
supplement, and limited frequency and quantity of con-
sumption—'? 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.” Alongside the changes observed in
the magnitude of ZD, stunting decreased around 7 pp
nationally over the analysis period (1999-2018),% 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.** Breast milk is a
good dietary zinc source in the first 5-6 months of life;*
however, recent data shows that only 28% of Mexican
children are exclusively breastfed.! The dietary zinc
intake in children aged <5 years was adequate accord-
ing to DRIs criteria in Ensanut 2012.3 Although this
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* Linear regression model adjusted by all variables listed in table IV.In the ENN 1999, information regarding blood sample measurements, including time of day
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ENN: Encuesta Nacional de Nutricién
Ensanut: Encuesta Nacional de Salud y Nutricion
CCT-POP: conditional cash transfer program Progresa/Oportunidades/Prospera
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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.® 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,* obesity® and anemia.* ZD, independently
of iron deficiency, affects erythropoiesis by way of the
GATAL transcription factor involved in erythroid matu-
ration and heme synthesis, which contains two zinc fin-
ger domains.* Our data and those reported in Ensanut
100k-2018* 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.¥* In contrast, plasma zinc was not
shown to correlate with body composition in overweight
Chilean preschool-age children.** 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.*! ZIP14 is involved in the signal-
ling of the insulin pathway and glucose metabolism.>*
However, recent data shows that ZIP14 gene expression
is lower in obese individuals, compared with non-obese
controls,* which may lead to enhanced fat deposition
and reduced lean body mass.* 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.*

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 zing, since zinc homeostasis is tightly controlled.?!
Variations in serum zinc may be due to factors in-
cluding infection, hypoalbuminemia, time of day of
measurement, and recent intake.*> Unfortunately, this
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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 zinc* 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.

Declaration of conflict of interests. The authors declare that they have no
conflict of interests.

References

|. Blindauer CA.Advances in the molecular understanding of biologi-

cal zinc transport. Chem Commun. 2015;51(22):4544-63. https://doi.
org/10.1039/c4cc|0174j

2. Krebs NF, Miller LV, Michael-Hambidge K. Zinc deficiency in infants and
children:A review of its complex and synergistic interactions. Paediatr

Int Child Health.2014;34(4):279-88. https://doi.org/10.1179/20469055|
4Y.0000000151

3. Fukunaka A, Fuijitani Y. Role of zinc homeostasis in the pathogenesis of
diabetes and obesity. Int | Mol Sci. 2018;19(2):476. https://doi.org/10.3390/
ijms 19020476

4.Marger L, Schubert CR, Bertrand D. Zinc:An underappreciated modula-
tory factor of brain function. Biochem Pharmacol. 2014;91(4):426-35.
https://doi.org/10.1016/j.bcp.2014.08.002

5.Wessells KR, Brown KH. Estimating the global prevalence of zinc
deficiency: results based on zinc availability in national food supplies and

379


https://doi.org/10.1039/c4cc10174j
https://doi.org/10.1039/c4cc10174j
https://doi.org/10.1179/2046905514Y.0000000151
https://doi.org/10.1179/2046905514Y.0000000151
https://doi.org/10.3390/ijms19020476
https://doi.org/10.3390/ijms19020476
https://doi.org/10.1016/j.bcp.2014.08.002

ARTICULO ORIGINAL

De la Cruz-Géngora V' y col.

the prevalence of stunting. PLoS One.2012;7(1 1):e50568. https://doi.
org/10.137 | /journal.pone.0050568

6.Villalpando S, Garcia-Guerra A, Ramirez-Silva Cl, Mejia-Rodriguez F, Ma-
tute G, Shamah-Levy T, Rivera JA. Iron, zinc and iodide status in Mexican
children under 12 years and women 12-49 years of age.A probabilistic
national survey. Salud Publica Mex. 2003;45(supl 4):5520-9. https://doi.
org/10.1590/s0036-36342003001000008

7.Morales-Ruan MC,Villalpando S, Garcia-Guerra A, Shamah-Levy T,
Robledo-Pérez R, Avila-Arcos MC, Rivera JA. Iron, zinc, copper and
magnesium nutritional status in Mexican children aged | to |1 years.
2012;54(2):125-34.

8.Rivera JA, Sotres-Alvarez D, Habicht JP, Shamah T,Villalpando S. Impact
of the Mexican Program for Education, Health, and Nutrition (Progresa)
on Rates of Growth and Anemia in Infants and Young Children. JAMA.
2004;291(21):2563-70. https://doi.org/10.1001/jama.291.21.2563
9.Rivera JA, Shamah T,Villalpando S, Monterrubio E. Effectiveness of a
large-scale iron-fortified milk distribution program on anemia and iron
deficiency in low-income young children in Mexico.Am ] Clin Nutr.
2010;91(2):431-9. https://doi.org/10.3945/ajcn.2009.28 104

10. Garcia-Guerra A, Neufeld LM, Bonvecchio-Arenas A, Fernandez-
Gaxiola AC, Mejia-Rodriguez F, Garcia-Feregrino R, Rivera-Dommarco JA.
Closing the nutrition impact gap using program impact pathway analyses
to inform the need for program modifications in Mexico’s conditional
cash transfer program. ] Nutr. 2019;149(supl 1):2281-9. https://doi.
org/10.1093/jn/nxz |69

I'l. Consejo Nacional de Evaluacion de la Politica de Desarrollo Social. El
Programa Progresa-Oportunidades-Prospera, a 20 afios de su creacion:
México, Coneval, 2019 [cited September 28,2020]. Available from: https://
www.coneval.org.mx/Evaluacion/[EPSM/Documents/Libro_POP_20.pdf
12. Romero-Martinez M, Shamah-Levy T,Vielma-Orozco E, Heredia-
Hernandez O, Mojica-Cuevas J, Cuevas-Nasu L, Rivera-Dommarco J.
Encuesta Nacional de Salud y Nutricion (Ensanut 2018): metodologia

y perspectivas. Salud Publica Mex. 2019;61(6):917-23. https://doi.
org/10.21149/11095

13. Smith )C, Butrimovitz GP, Purdy WC. Direct measurement of zinc in
plasma by atomic absorption spectroscopy. Clin Chem. 1979;25(8):1487-
91. https://doi.org/10.1093/clinchem/25.8.1487

14. Bahramifar N,YaminiY. On-line preconcentration of some rare earth
elements in water samples using C|8-cartridge modified with I-(2-
pyridylazo) 2-naphtol (PAN) prior to simultaneous determination by
inductively coupled plasma optical emission spectrometry (ICP-OES).Ann
Chim Acta. 2005;540(2):325-32. https://doi.org/10.1016/j.aca.2005.03.058
I5.Vyas S, Kumaranayake L. Constructing socio-economic status

indices: How to use principal components analysis. Health Policy Plan.
2006;21(6):459-68. https://doi.org/10.1093/heapol/czI029

16. Lohman TG, Roche AF, Martorell R. Anthropometric Standarization
Reference Manual. Champaign: Human Kinetics Books, 1988.

17. Habicht JP. Standardization of quantitative epidemiological methods
in the field. Bol Oficina Sanit Panam. 1974;76(5):375-84 [cited August 16,
2016]. Available from: http://www.ncbi.nlm.nih.gov/pubmed/4277063

18. Members of the WHO Multicentre Growth Reference Study Group.
WHO Child Growth Standards: Length/Height-for-Age, Weight-for-Age,
Weight-for-Length, Weight-for-Height and Body Mass Index-for-Age:
Methods and Development. Geneva:WHO, 2007 [cited August 16,2016].
Available from: https://www.who.int/publications/i/item/924154693X
19.World Health Organization. Haemoglobin concentrations for the
diagnosis of anaemia and assessment of severity. Geneva:WHO, 201 I;1-6
[cited August 16,2016]. Available from: https:/apps.who.int/iris/bitstream/
handle/10665/85839/WHO_NMH_NHD_MNM_I1.1_eng.pdflua=I

20. Cohen JH, Haas JD. Hemoglobin correction factors for estimating the
prevalence of iron deficiency anemia in pregnant women residing at high
altitudes in Bolivia. Rev Panam Salud Publica. 1999;6(6):392-9. https://doi.
org/10.1590/51020-49891999001 100004

380

21. International Zinc Nutrition Consultative Group, Brown KH, Rivera JA,
Bhutta Z, Gibson RS, King JC, et dl. International Zinc Nutrition Consulta-
tive Group ( IZiINCG ) Technical Document #1.Assessment of the Risk
of Zinc Deficiency in Populations and Options for Its Control. Food Nutr
Bull. 2004;25(supl 2):99-203.

22.De la Cruz-GongoraV, Martinez-Tapia B, Cuevas-Nasu L, Rangel-Balta-
zar E, Medina-Zacarias MC, Garcia-Guerra A, et al. Anemia, deficiencias de
zinc y hierro, consumo de suplementos y morbilidad en nifios mexi-
canos de | a 4 afos: resultados de la Ensanut 100k. Salud Publica Mex.
2019;61(6):821-32. https://doi.org/10.21149/10557

23. Cediel G, Olivares M, Brito A, Cori H, Lopez-de Romania D. Zinc Defi-
ciency in Latin America and the Caribbean. Food Nutr Bull. 2015;36(supl
2):5129-38. https://doi.org/10.1177/0379572 11558578

24. Instituto Nacional de Salud. Malnutricion Oculta. Bogota: INS, 2019
[cited September 30,2020]. Available from: https://www.ins.gov.co/
Noticias/Paginas/INS-revela-qué-tan-bien-o-mal-nutridos-estan-los-
colombianos.aspx

25. Hennigar SR, Lieberman HR, Fulgoni VL, McClung JP. Serum zinc con-
centrations in the US population are related to sex, age, and time of blood
draw but not dietary or supplemental zinc. ] Nutr.2018;148(8):1341-51.
https://doi.org/10.1093/jn/nxy |05

26. Barquera S, Rivera-Dommarco ), Gasca-Garcia A. Politicas y programas
de alimentacion y nutricion en México. Salud Publica Mex. 2001;43:464-77.
https://doi.org/10.1590/s0036-3634200100050001 |

27. Fischer-Walker CL, Black RE. Functional indicators for assessing

zinc deficiency. Food Nutr Bull. 2007;28(supl 3):454-79. https://doi.
org/10.1177/15648265070283s305

28. Shamah-Levy T,Vielma-Orozco E, Heredia-Hernandez O, Romero-Mar-
tinez M, Mojica-Cuevas ), Cuevas-Nasu L, et al. Encuesta Nacional de Salud
y Nutricion 2018. Resultados nacionales. Cuernavaca: INSP, 2020.
29.Terrin G, Canani RB, Di Chiara M, Pietravalle A, AleandriV, Conte F, De
Curtis M. Zinc in early life: A key element in the fetus and preterm neo-
nate. Nutrients. 2015;7(12):10427-46. https://doi.org/10.3390/nu7 125542
30. Krebs NF. Zinc Transfer to the Breastfed Infant.] Mammary Gland Biol
Neoplasia. 1999;4(3):259-68. https://doi.org/10.1023/A:101879782935
31. Gonzalez-Castell LD, Unar-Munguia M, Quezada-Sanchez AD,
Bonvecchio-Arenas A, Rivera-Dommarco ). Situacion de las practicas de
lactancia materna y alimentacion complementaria en México: resultados
de la Ensanut 2018-19. Salud Publica Mex. 2020;62(6):704-13. https://doi.
org/10.21149/11567

32. Sanchez-Pimienta TG, Lopez-Olmedo N, Rodriguez-Ramirez S,
Garcia-Guerra A, Rivera JA, Carriquiry AL, Villalpando S. High prevalence
of inadequate calcium and iron intakes by Mexican population groups

as assessed by 24-hour recalls. ] Nutr. 2016;146(9):1874S-80. https://doi.
org/10.3945/jn.115.227074

33. Mazariegos M, Hambidge KM, Krebs N, Westcott JE, Lei S, Grunwald
GK, et al. Zinc absorption in Guatemalan schoolchildren fed normal

or low-phytate maize.Am | Clin Nutr. 2006;83(1):59-64. https://doi.
org/10.1093/ajcn/83.1.59

34. Emdin SO, Dodson GG, Cutfield |M, Cutfield SM. Role of zinc in insulin
biosynthesis. Some possible zinc-insulin interactions in the pancreatic B-
cell. Diabetologia. 1980;19(3):174-82. https://doi.org/10.1007/BF00275265
35. Houghton LA, Parnell WR, Thomson CD, Green TJ, Gibson RS. Serum
zinc is a major predictor of anemia and mediates the effect of selenium on
hemoglobin in school-aged children in a nationally representative survey
in New Zealand. | Nutr. 2016;146(9):1670-6. https://doi.org/10.3945/
jn.116.235127

36. Gutiérrez L, Caballero N, Fernandez-Calleja L, Karkoulia E,
Strouboulis J. Regulation of GATAI levels in erythropoiesis. IUBMB Life.
2020;72(1):89-105. https://doi.org/10.1002/iub.2192

37.Marreiro DDN, Fisberg M, Cozzolino SMF. Zinc nutritional status in
obese children and adolescents. Biol Trace Elem Res. 2002;86(2):107-22.
https://doi.org/10.1385/BTER:86:2:107

salud piiblica de méxico | vol. 63, no. 3, mayo-junio de 2021


https://doi.org/10.1371/journal.pone.0050568
https://doi.org/10.1371/journal.pone.0050568
https://doi.org/10.1590/s0036-36342003001000008
https://doi.org/10.1590/s0036-36342003001000008
https://doi.org/10.1001/jama.291.21.2563
https://doi.org/10.3945/ajcn.2009.28104
https://doi.org/10.1093/jn/nxz169
https://doi.org/10.1093/jn/nxz169
https://www.coneval.org.mx/Evaluacion/IEPSM/Documents/Libro_POP_20.pdf
https://www.coneval.org.mx/Evaluacion/IEPSM/Documents/Libro_POP_20.pdf
https://doi.org/10.21149/11095
https://doi.org/10.21149/11095
https://doi.org/10.1093/clinchem/25.8.1487
https://doi.org/10.1016/j.aca.2005.03.058
https://doi.org/10.1093/heapol/czl029
http://www.ncbi.nlm.nih.gov/pubmed/4277063
https://www.who.int/publications/i/item/924154693X
https://apps.who.int/iris/bitstream/handle/10665/85839/WHO_NMH_NHD_MNM_11.1_eng.pdf?ua=1
https://apps.who.int/iris/bitstream/handle/10665/85839/WHO_NMH_NHD_MNM_11.1_eng.pdf?ua=1
https://doi.org/10.1590/S1020-49891999001100004
https://doi.org/10.1590/S1020-49891999001100004
https://doi.org/10.21149/10557
https://doi.org/10.1177/0379572115585781
https://www.ins.gov.co/Noticias/Paginas/INS-revela-qué-tan-bien-o-mal-nutridos-están-los-colombianos.aspx
https://www.ins.gov.co/Noticias/Paginas/INS-revela-qué-tan-bien-o-mal-nutridos-están-los-colombianos.aspx
https://www.ins.gov.co/Noticias/Paginas/INS-revela-qué-tan-bien-o-mal-nutridos-están-los-colombianos.aspx
https://doi.org/10.1093/jn/nxy105
https://doi.org/10.1590/s0036-36342001000500011
https://doi.org/10.1177/15648265070283s305
https://doi.org/10.1177/15648265070283s305
https://doi.org/10.3390/nu7125542
https://doi.org/10.1023/A:1018797829351
https://doi.org/10.21149/11567
https://doi.org/10.21149/11567
https://doi.org/10.3945/jn.115.227074
https://doi.org/10.3945/jn.115.227074
https://doi.org/10.1093/ajcn/83.1.59
https://doi.org/10.1093/ajcn/83.1.59
https://doi.org/10.1007/BF00275265
https://doi.org/10.3945/jn.116.235127
https://doi.org/10.3945/jn.116.235127
https://doi.org/10.1002/iub.2192
https://doi.org/10.1385/BTER:86:2:107

Zinc deficiency in Mexican children

ARTICULO ORIGINAL

38. Cavan KR, Gibson RS, Grazioso CF, Isalgue AM, Ruz M, Solomons NW.
Growth and body composition of periurban Guatemalan children in rela-
tion to zinc status:A longitudinal zinc intervention trial. Am ] Clin Nutr.
1993;57(3):344-52. https://doi.org/ 10.1093/ajen/57.3.344

39. Gibson RS, Skeaff M, Williams S. Interrelationship of indices of
body composition and status in | [-yr-old New Zealand children.
Biol Trace Elem Res. 2000;75(1-3):65-77. https://doi.org/10.1385/
BTER:75:1-3:65

40.Weisstaub G, Hertrampf E, Lopez-De Romana D, Salazar G, Buguefio
C, Castillo-Duran C. Plasma zinc concentration, body composition

and physical activity in obese preschool children. Biol Trace Elem Res.
2007;118(2):167-74. https://doi.org/10.1007/s1201 1-007-0026-8
41.Tominaga K, Kagata T, JohmuraY, Hishida T, Nishizuka M, Imagawa
M.SLC39A14,a LZT protein, is induced in adipogenesis and trans-

ports zinc. FEBS J. 2005;272(7):1590-9. https://doi.org/10.1 | [ 1/j.1742-
4658.2005.04580.x

salud puiblica de méxico [ vol. 63, no. 3, mayo-junio de 2021

42. Maxel T, Smidt K, Larsen A, Bennetzen M, Cullberg K, Fieldborg K, et
al. Gene expression of the zinc transporter ZIP14 (SLC39al4) is affected
by weight loss and metabolic status and associates with PPARy in human
adipose tissue and 3T3-L| pre-adipocytes. BMC Obes. 2015;2(46). https://
doi.org/10.1186/s40608-015-0076-y

43. Garcia OP, Long KZ, Rosado JL. Impact of micronutrient deficiencies
on obesity. Nutr Rev. 2009;67(10):559-72. https://doi.org/10.1 1 1 1/j.1753-
4887.2009.00228.x

44. Gammoh NZ, Rink L. Zinc in infection and inflammation. Nutrients.
2017;9(6):624. https://doi.org/10.3390/nu9060624

45. International Zinc Nutrition Consultative Group.Assessing population
zinc status with serum zinc concentration. (2nd ed). California: IZINCG,
2012;1-15.

46.Hotz C.The potential to improve zinc status through biofortification
of staple food crops with zinc. Food Nutr Bull. 2009;30(supl 1):172-8.
https://doi.org/10.1177/156482650903015109

381


https://doi.org/10.1093/ajcn/57.3.344
https://doi.org/10.1385/BTER:75:1-3:65
https://doi.org/10.1385/BTER:75:1-3:65
https://doi.org/10.1007/s12011-007-0026-8
https://doi.org/10.1111/j.1742-4658.2005.04580.x
https://doi.org/10.1111/j.1742-4658.2005.04580.x
https://doi.org/10.1186/s40608-015-0076-y
https://doi.org/10.1186/s40608-015-0076-y
https://doi.org/10.1111/j.1753-4887.2009.00228.x
https://doi.org/10.1111/j.1753-4887.2009.00228.x
https://doi.org/10.3390/nu9060624
https://doi.org/10.1177/15648265090301s109

