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Abstract

Objective.To describe the frequency of anemia, iron, vitamin
B12, folate, retinol and predictors of anemia among Mexican
children from Ensanut 2012. Materials and methods.
Hemoglobin, ferritin, CRP, vitamin B2, retinol and folate
concentrations were measured in 2 678 children aged |4y
and 4 275 children aged 5-11 y.Adjusted logistic regression
models were constructed to assess the risk for anemia and
micronutrient deficiencies. Results. In preschoolers and
scholars, the overall prevalence of anemia was 20.4 and 9.7%,
iron deficiency 14 and 9.3%, low vitamin B12 (LB12S) 1.9 and
2.6%; Folate 0.30 and 0%, and retinol depletion (VADp) 15.7
and 2.3%, respectively. ID and VADp were negatively associ-
ated with Hb (coefficient: -0.38 and -0.45, p<0.05); a higher
log-CRP was associated with higher risk for anemia andVADp
(OR=1.13 and OR=2.1,p<0.05, respectively). Conclusions.
Iron deficiency, anemia and VADp are some of the main nu-
tritional problems among Mexican infants.
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Resumen

Objetivo. Describir la frecuencia de anemia, deficiencia
de hierro, vitamina B2, folato, retinol y predictores de la
anemia en nifios mexicanos de la Ensanut 2012. Material y
métodos. Se midieron las concentraciones de hemoglobina,
ferritina, PCR, vitamina B12, retinol y folato en 2 678 ninos de
I-4 anos y 4 275 nifios de 5-1 | afios.Se construyeron modelos
de regresion logistica para evaluar el riesgo de anemia y defi-
ciencias de micronutrientes. Resultados. La prevalencia de
anemia en preescolares y escolares fue 20.4 y 9.7%; deficiencia
de hierro (DH) 14y 9.3%; baja concentracion de vitamina B12
(BCBI12) 1.9y 2.6%;folato 0.30 y 0%,y deplecion de vitamina
A (DpVA), 15.7 y 2.3%, respectivamente. La DH y DpVA se
asociaron negativamente con la Hb (coeficiente:-0.38 y -0.45,
p<0.05); a mayor log-PCR, mayor riesgo de anemia y DpVA
(OR=1.13 y OR=2.1, p<0.05, respectivamente). Conclu-
siones. DH, anemia y DpVA son algunos de los principales
problemas de nutricion en nifos mexicanos.
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Micronutrient deficiencies in early infancy have
negative consequences on growth, development,
neuronal and cognitive function in later life. Iron and
vitamin A deficiency affects the immune system, mak-
ing children susceptible to recurrent infections, and
insufficient erythropoiesis that negatively affects the
transport of oxygen in the blood.! Folate and vitamin B12
deficiencies have detrimental effects on neural develop-
ment and cause megaloblastic anemia.” It is a priority,
thus, in public health to identify the magnitude of those
deficiencies in order to reformulate strategies aiming to
reduce the burden of micronutrient deficiencies.

In recent years, Mexico has experienced chal-
lenges in the nutritional status of their population,
where although acute malnutrition has reduced, the
overload of overweight and obesity is the new chal-
lenge.? One of the main aims in the Ministry of Health
is to reduce the burden of nutritional deficiencies in
children through nutritional intervention from social
programs.4 Anemia, iron, zinc, vitamin A and D, as
well as other micronutrient deficiencies, have been
the main nutritional problems in Mexican infants and
scholar children.® These children are facing the double
burden of disease (overweight/ obesity and micronutri-
ent deficiencies) as part of the nutritional transition of
a developing country.

Data from ENN-99° and ENSANUT 2006® have
shown an important decrease in the prevalence of most
vitamin and mineral deficiencies. Nutritional interven-
tions included in social programs have contributed for
such reduction.” Liconsa distributes fortified milk for
children 1-12 years of age and Oportunidades is a cash
transfer program that distributes fortified baby food
for children 2 y or less and a drink for pregnant and
lactating mothers containing bioavailable iron, and one
recommended dietary allowance of several deficient mi-
cronutrients. Nevertheless, anemia and iron deficiency
are still highly prevalent in infants.

This paper describes the frequency and distribution
of anemia, iron, vitamin B12, folate and retinol defi-
ciencies among Mexican children, and their associated
risk factors, aiming to identify opportunities for future
nutritional interventions.

Materials and methods

Study population. Information for the present analysis
was extracted from the dataset of the Mexican National
Health and Nutrition Survey of 2012 (Ensanut 2012).
The latter is a probabilistic survey, representative at
the national, regional, urban and rural levels. Data cor-
responding to 30% of the overall sample, from children
aged 1-11 y were extracted from the Ensanut 2012. For
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the present analysis 2 712 children aged 1-4.9 years and
4 395 children aged 5-11.9 years old with complete set
of hemoglobin, serum ferritin, folate, vitamin B12 and
retinol determinations were included.

A detailed description of the design and sampling
procedures was published elsewhere.!” Demographic
and socioeconomic information was collected using
ad hoc questionnaires based on the characteristics and
possessions of households.

Laboratory methods
Hemogloblin

Capillary hemoglobin was measured using a portable
photometer HemoCue (HemoCue, Angelholm, Sweden).

Methods for vitamin concentrations
and C reactive protein (CRP).

Fasting venous blood samples were drawn and cen-
trifuged at 3000 g, in situ. Serum was separated and
stored in coded cryovials, preserved at -70°C in liquid
nitrogen until delivery to the central laboratory (Nutri-
tion Biochemistry Laboratory) in Cuernavaca, Mexico.

Serum samples for ferritin, CRP, vitamin B12 and
folates were measured in an automatic immunoana-
lyzer Architect CI8200 (Abbott diagnostics, Wiesbaden,
Germany). All four were measured by commercial kits
with the following interassay variability: ferritin 3.18%,
CRP 5.06% vitamin B12 6.84 % and folate 4.95%. Serum
Retinol was measured in an HPLC HP1110 LCDAD
(Agilent Technology Waldbronn, Germany), using the
column Waters, NovaPack C18 4um 3.9 x 150 mm with
a flux of 1.5 mL/min and mobile phase of methanol,
after extraction with 99% ethanol.

Definition of variables

Anemia was defined if hemoglobin concentration (Hb)
adjusted by altitude above sea level was <110 g/L
for children 1-4 y or <115g/L for children 5-11 y old."
Severity of anemia was classified according to WHO
criteria as: mild, moderate and severe.!* Iron deficiency
anemia and folate and vitamin B12 deficiency anemia
was defined if abnormal Hb value coexisted with low
s-ferritin, low folate or LB12S. Iron deficiency (ID) was
defined if serum concentrations of ferritin were <12
ug/L in children 1-4 y and <15 ug/L in children 5-11
y of age;"® low Vitamin B12 status (LB12S) if <200 pg/
mL”™ and folate deficiency (FD) if <4 ng/mL.? Serum
ferritin values were considered as outliers if >200 ug/L
and vitamin B12 if >1500 pg/mL and excluded from
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statistical analysis. Serum ferritin values were adjusted
using CRP concentrations, as proposed by Thurnham et
al. as indicative of inflammation.”®

Vitamin A deficiency was considered if serum retinol
was <10 ug/dL, and depletion (VADp) if <20 ug/dL.1®

Sociodemographic characteristics

Ethnicity. A person was classified as indigenous if an
indigenous language was spoken by a member of the
household. Localities with less than 2 500 inhabitants
were considered as rural, otherwise urban. A household
wealth index (HWI), as a proxy of socioeconomic status,
was constructed based on the household characteristics
and family assets by a principal component analysis;
the index was divided into tertiles to indicate low,
medium and high HWLY The country was divided in
four geographic regions: Northern, Center, Mexico City
and Southern. Anthropometric variables weight and
height were measured using validated and standardized
methods.'®!” BMI was computed based on height and
weight according the WHO standards.?

Children participating in social programs were clas-
sified as beneficiaries of Prospera or Liconsa. The Prospera
program attends families suffering extreme poverty
by increasing the capacities of their members, educa-
tion, health care and food options. Children <2 y and
pregnant women, receive a food supplement contain-
ing one RDA of critical micronutrients to improve their
nutritional status.**! The Liconsa program distributes
low-cost milk to low-income children aged 1-11 years
fortified with iron, zinc, and other critical vitamins.?

Statistical analysis

Characteristics of the sample, distribution and preva-
lence of micronutrients deficiencies are described as
frequencies and 95% confidence intervals, stratified by
age. To explore the characteristics of children explaining
the variability of Hb concentrations, we performed a
multiple linear regression analysis. Logistic regression
models were constructed to test the risks for anemia,
low tissue iron, vitamin B12 and vitamin A depletion.
Data were adjusted by age, HWI, BMI, CRP, dwelling,
geographical regions, ethnicity, and being beneficiaries
of Prospera and Liconsa.

Data of continuous variables with biased distribu-
tions are presented as medians and 95%Cl.

Statistical significance was set at a=0.05. All analy-
ses were adjusted for the sampling design of the survey,
using STATA SE V13 SVY module for complex samples
(College Station, USA).
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Ethical aspects

The survey was approved by the Research, Ethics, and
Biosecurity Committees of Instituto Nacional de Salud
Piiblica (Mexico’s National Institute of Public Health).
Individual assents and informed consent letters were ob-
tained from the parents of all participants after carefully
describing the nature, goals and methods of the Survey.

Results

Descriptive characteristics

Descriptive characteristics of the preschool and scholar
children are present in table I.

Nutritional causes and severity of anemia
Preschoolers

The overall prevalence of anemia was 20.4% (95%CI
17.5-23.6) which represents 1 656 153 children, aged
1-4 y; 14.8% had mild anemia, 5.5% had moderate and
0.1% had severe anemia. The main cause of anemia
in this population was associated with ID in 16% of
cases and in a small proportion (3%) it was associated
with LB12 or FD combined to ID (table II). The overall
prevalence of iron deficiency anemia (IDA) in preschool-
ers was 3.4% (95%CI 2.4-4.9); the 1 year old group had
the highest prevalence of IDA (10.8%; 95%CI 6.5-17.5),
compared with children >2-4 years old (table II). We
found no differences in the prevalence of anemia by
sex, ethnicity, dwelling, geographic region, BMI and
being beneficiaries of Liconsa or Prospera. The 1 year
old group children had the highest prevalence (36.3 vs
16.6%, p=0.004) compared with children >2-4 years old,
as have been previously documented in these children.”
Mean serum concentration of Hb was 121g /L (95%CI
119.8-122) with no differences by sex. In a linear regression
model, children with ID and vitamin A depletion were
negatively associated to Hb concentration (coefficient:
-0.38 and -0.45, p<0.05). As age increased, an increment of
0.26 g/dL (p<0.001) in Hb was observed (table III, model
1).In alogistic regression model, age was a protection fac-
tor for anemia (OR=0.7) while a higher log- CRP concen-
tration was associated with higher risk (OR=1.13, 95%CI
1.01-1.3) for anemia (table III, model 2, preschoolers).

Scholars

The overall prevalence of anemia in scholars was 9.7%
(95%CI 8.1-11.7), which represents 1 419 682 children
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Table |
DESCRIPTIVE CHARACTERISTICS OF CHILDREN | =11 YEARS
OF AGE IN THE SAMPLE. MExico, ENsaNuUT 2012%

Preschoolers (1-4 years) Scholars (5-11 years)
n sample Expantion n sample Expansion
N thousands % 95%Cl N thousands % 95%Cl
Sex
Males | 346 4509.8 508  (47.7-53.9) 2205 82018 506  (48.2-53.1)
Females | 334 4366.2 49.2  (46.1-52.3) 2115 79948 494  (46.9-51.8)
Dwelling
Urban | 502 6 420.4 723 (69.2-75.3) 2492 I'18237 73 (71.1-74.8)
Rural I178 2455.6 27.7  (24.7-30.8) | 828 43729 27 (25.2-28.9)
Indigenous
No | 398 4346.1 957  (94.3-96.8) 3964 15 356.6 948  (93.6-95.8)
Yes I 1933 43 (3.2-5.7) 356 840.0 52 (4.2-6.4)
Geographic region
Northern 471 | 7422 196 (17.3-222) 855.0 31341 194 (17.7-21.1)
Centre and Mexico city lolo 4205.9 474 (43.5-513) | 662.0 76488 472 (44.8-49.6)
Southern 1199 29279 33 (30.0-36.1) | 803.0 54137 334 (31.4-355)
Tertile of socioeconomic status
| I 215 33218 374 (33.9-4L.1) | 835 53278 329 (30.6-35.3)
2 933 31380 354 (32.2-38¢) | 489 56134 347 (32.3-37.0)
3 532 2416.2 272 (238-31.0) 996 52553 324 (29.7-353)
Body Mass Index (WHO)
Thinness 6l 18.0 0.7 (0.4-1.3) 231 58.0 1.4 (1.0-2.1)
Normal 79085 2367.0 912 (89.3-923) 10011 27920 628  (60.3-65.2)
Overweight 701.9 230.01 8.l (6.6-9.9) 3522 851.0 22.1 (20.0-24.3)
Obesity - - - - 2183 570.0 137 (12.0-155)
Inflammation (CRP=5 mg/L)
No 2325 7 582.60 885  (85.9-90.6) 3890 14 662.50 913 (89.8-92.6)
Yes 268 987.2 .5 (9:4-14.1) 385 1 3984 87 (7.4-10.2)
Beneficiaries of:
Liconsa
No 2197 7086.5 856  (82.3-884) 3635 12 886.3 86 (83.8-88.0)
Yes 299 1 188.9 144 (11.6-17.7) 409 2089.6 14 (12.0-16.2)
Prospera
No | 665 6 4284 778  (74.5-80.8) 2514 I1179.1 747 (726-76.7)
Yes 822 1 830.8 222 (19.2-255) 1 525 3789.1 253 (233-274)
* Data are adjusted by the survey design
WHO=World Health Organization
CRP= C reactive protein
salud piiblica de méxico [ vol. 57, no. 5, septiembre-octubre de 2015 375
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Table Il
PREVALENCE OF ANEMIA, SEVERITY OF ANEMIA AND NUTRITIONAL CAUSES OF ANEMIA
IN MEXICAN cHILDREN. MExico, ENsaNuUT 2012%

Preschoolers Scholars
n sample Expansion n sample Expansion
N thousands % Cl195% N thousands % Cl195%
Anemia 2352 81184 204 (175-236) 3-774 14 635.9 9.7 (8.1-11.7)
Severity of anemia
Mild - - 148 (12.1-17.9) - - 86  (7.0-104)
Moderate - - 5.5 (4.0-7.3) - - 1.2 (0.6-2.3)
Severe - - 0.1 (0.0-0.6) - - - -
Causes of anemia 400 | 525.8 100 368 | 410.1 100
Iron deficiency 72 243.7 16 (10.7-23.2) 44 203.9 14.5 (8.8-22.9)
ID + FD 6 LBI2S 10 317 2.1 (0.8-5.6) 3 52 0.4 (0.1-1.4)
FD or LBI2S no ID 7 15.1 | (0.4-2.4) 5 10.5 0.7 (0.3-22)
Others 311 12353 8l (73.7-86.6) 316 I 190.5 844  (76.1-90.2)
Iron deficiency anemia
Preschoolers (age, years)
| 439 | 598.3 10.8 (6.5-17.5) - - - -
2 556 23009 3 (1.6-5.7) - - - -
3 656 | 852.7 0.7 (0.3-1.5) - - - -
4 668 22384 0.9 (0.2-34) - - - -
1-4 years old 2319 79903 34 (2.4-4.9) - - - -
Scholars (age, years)
5 - - - - 440 | 826.5 1.3 (05-3.2)
6 - - - - 500 1 960.9 1.6 (0.8-3.4)
7 - - - - 592 22514 2.3 (0.5-9.4)
8 - - - - 565 22485 0.3 (0.1-1.4)
9 - - - - 590 26362 1.5 (0.6-3.3)
10 - - - - 525 | 746.1 0.9 (0.3-2.6)
I - - - - 558 | 949.9 2.1 (0.6-7.5)
5-11 years old - - - - 3770 14619.5 1.4 (0.9-2.3)

* Prevalences are adjusted by the survey design

ID= Iron deficiency
FD= Folate deficiency
LB12S= Low vitamin B|2 status

aged 5-11 y. Children were classified as mild 8.5% and
moderate anemia 1.2%. Anemia coexisted in 14.5%
(95%CI 8.8-22.9) with ID (table II). The prevalence of
IDA in this population was 1.4% (95%CI 0.8-2.3), with
no significant differences by age.

There were no differences in the prevalence of ane-
mia by sex, ethnicity, dwelling, geographic region, BMI

376

or been beneficiary of Liconsa or Prospera. The youngest
children had the highest prevalence of anemia in com-
parison with the eldest (19.1 vs 7%, p=0.003).

Mean concentration of Hb was 137 g/L (95%CI
13.6-13.8), with no differences by sex. In a linear multiple
regression model, ID children (coefficient: -0.33 g/dL,
p=0.012), those living in the Southern region (coefficient:
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DEFICIENCIES IN MEXICAN CHILDREN, BY GROUP OF AGE. MEXico, ENsaANUT 2012%*

Table Il
LINEAR AND LOGISTIC MULTIPLE REGRESSION MODELS FOR PREDICTORS OF ANEMIA AND MICRONUTRIENT

Model | Model 2 Model 3 Model 4 Model 5
Adjusted* hemoglobin Anemia Iron deficiency Vitamin B2 Vitamin A depletion
Coef (95%Cl) OR (95%Cl) OR (95%Cl) OR (95%Cl) OR (95%Cl)
Preschoolers

n (sample) 116 116 | 246 830 | 258
n (thousands) 33758 33758 3656.7 | 862.7 3708.0
Iron deficiency (yes) -0.32 (-0.58--0.06)  1.44 (0.87-2.37) - 1.75 (0.44-7.0)  3.12 (1.06-9.17)
Vitamin B12 deficiency (yes) -0.13 (-0.78-0.52)  0.81 (0.32-2.03)  1.38 (0.3-6.34) - -
Vitamina A depletion (yes) -0.45 (-0.76--0.14)  1.42 (0.76-2.67)  2.57 (0.81-8.15) - -
Age (years) 0.26 (0.15-0.37) 0.7 (0.54-0.9)  1.33(0.67-2.64) | (0.28-3.52) 1.67 (0.96-2.91)
Sex (females) 0.15(-0.1-04)  0.74(0.47-1.18) 1.15(0.52-2.56)  0.24 (0.04-1.34)  0.71 (0.4-1.27)
Dwelling (rural) -0.19 (-0.4-0.01) 0.8 (0.55-1.17)  1.67 (0.94-2.95)  0.62 (0.12-3.13)  1.35(0.81-2.24)
Geographic region (centre is the reference)

Northern -0.21 (-0.45-0.03) | (0.61-1.67) 1.04 (0.39-2.75) - I.1 (0.51-2.34)

Southern -0.05 (-0.28-0.17) ~ 0.94 (0.6-1.48)  0.55(0.27-1.13) ~ 0.22 (0.05-0.95) 1.4 (0.79-2.49)

Tertil of socioeconomic status (fisrt is the reference)

2 0.07 (-0.18-0.31)  0.84 (0.53-1.32)  1.38 (0.72-2.65)  0.07 (0.01-0.58)  1.39 (0.74-2.63)
3 -0.02 (-0.34-0.3)  1.24(0.72-2.12)  1.01 (0.42-2.43) - 0.45 (0.22-0.93)
Indigenous (yes) 1.13(0.38-3.34)  87(3.2-23.62) 1.24 (0.5-3.11)
Body Mass Index WHO (normal is the reference)
Overweight 0.26 (-0.32-0.84)  1.02 (0.48-2.18)  0.54 (0.16-1.8)  0.46 (0.06-3.8)  1.02 (0.41-2.58)
C-Reactive protein (mg/dL) -0.05 (-0.12-0.03)  1.13(1.01-1.27)  0.87 (0.74-1.03)  0.76 (0.55-1.04)  2.06 (1.72-2.47)
Beneficiary of Prospera -0.15(-0.4-0.09)  1.24(0.81-1.9)  1.36 (0.68-2.7)  0.61 (0.24-1.57) 0.6 (0.33-1.09)
Beneficiary of Liconsa 0.09 (-0.27-045)  0.93 (0.5-1.72)  2.56 (1.03-6.33)  I.1 (0.13-9.33)  1.06 (0.48-2.33)
Intercept 11.38 (10.9-11.85)  0.91 (0.39-2.1) 0.0l (0-0.34)  0.46 (0.01-20.62)  0.04 (0-0.37)
Scholars
n (sample) 2536 2536 2868 3948 288l
n (thousands) 99712 99712 10 866.2 14 685.8 10892.2
Iron deficiency (yes) -0.22 (-0.53-0.09)  1.36 (0.7-2.65) - 3.03 (1.35-6.79) 3.9 (1.49-10.19)
Low vitamin B12 (yes) 0.29 (-0.25-0.83)  0.32 (0.11-0.95)  2.86 (1.1-7.43) - -
Vitamina A depletion (yes) -0.23 (-1.04-0.58)  3.48 (1.66-7.29) 3.3 (1.27-8.57) - -
Age (years) 0.15(0.1-0.2) 0.85(0.75-0.98)  1.01 (0.9-1.13)  1.33(I.11-1.61)  0.89 (0.78-1.03)
Sex (females) 0.0l (-0.18-0.2)  0.88 (0.56-1.37) 1.29 (0.81-2.07)  0.75 (0.41-1.39)  0.99 (0.52-1.87)
Dwelling (rural) -0.14 (-0.41-0.12)  0.89 (0.48-1.63) 0.86 (0.54-1.39)  1.36 (0.57-3.21)  1.62 (0.83-3.19)
Geographic region (centre is the reference)
Northern -0.33 (-0.56--0.1)  1.61 (0.92-2.8)  0.59 (0.33-1.06)  0.46 (0.12-1.73)  1.95 (0.72-5.27)
Southern -0.44 (-0.69--0.2)  1.3(0.73-2.32)  0.54 (0.34-0.88)  0.79 (0.37-1.66)  0.83 (0.37-1.88)
Tertil of socioeconomic status (first is the reference)
2 -0.2 (-0.5-0.09) 1.5(0.77-2.92) 092 (0.59-1.44)  0.27 (0.1-0.72)  0.78 (0.37-1.64)
3 -0.14 (-0.4-0.13)  1.24 (0.62-2.49) 0.58 (0.31-1.07) ~ 0.21 (0.06-0.69)  0.23 (0.09-0.57)
Indigenous (yes) - 1.16 (0.51-2.65) 2.7 (1.3-5.59) 0.48 (0.13-1.82)
Body Mass Index WHO (normal is the reference)
Overweight -0.03 (-0.28-0.21)  1.05 (0.57-1.94)  1.68 (0.98-2.87)  1.17 (0.52-2.66)  0.39 (0.11-1.38)
Obesity 0.3 (0.05-0.55)  0.48 (0.26-0.89)  I.11 (0.4-3.04)  1.89(0.54-6.68)  0.09 (0.01-0.67)
Log C-Reactive protein (mg/dL) 0.0 (-0.06-0.07)  0.98 (0.85-1.14)  0.63 (0.53-0.75) 0.7 (0.52-0.96)  2.13 (1.74-2.62)
Beneficiary of Prospera -0.37 (-0.64--0.11)  1.87(1.08-3.25)  0.76 (0.48-1.2)  1.23 (0.49-3.06)  0.72 (0.34-1.53)
Beneficiary of Liconsa 0.16 (-0.12-044)  1.19(0.59-2.39)  1.8(0.89-3.63) 0.1 (0.03-0.38)  0.22 (0.04-1.12)
Intercept 1245 (11.9-13)  0.24 (0.06-0.98)  0.06 (0.02-0.19) 0(0-0.03) 0.09 (0.02-0.49)
* Data are adjusted by the survey design
# Hemoglobin adjusted by altitude above sea level using Cohen & Hass equation''
WHO=World Health Organization
salud piiblica de méxico [ vol. 57, no. 5, septiembre-octubre de 2015 377
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(-0.44 g/ dL, p=0.015), in the northern region (coefficient=
(-0.33 g/dL, p<0.001) and the beneficiaries of Prospera
(coefficient: -0.36 g/dL, p=0.001) were negatively as-
sociated to Hb concentration. As age increased, there
was an increment of 0.15 g/dL of Hb concentration
(p<0.001). Children classified as obese (coefficient: 0.3
g/dL, p=0.002) had higher Hb concentration in compari-
son with normal BMI (table III, model 1). In a logistic
regression model, children with VAD (OR=3.5, 95%CI
1.7-7.3), or been beneficiary of Prospera (OR=1.69, 95%CI
1.1-2.61) were associated to higher risk of anemia; while
older age (OR=0.86, 95%CI0.77-0.95), and obese children
(OR=0.4,95%(C10.23-0.67) had the lowest risk of anemia
compared with normal BMI, and LB12S (table III, model
2, scholars).

Nutritional status of iron, vitamin B12,
folate and vitamin A

Iron deficiency
Preschoolers

Overall prevalence of iron deficiency was present in
13.9% (95%CI 11.7-16.5) of children aged 1-4 y. Median
ferritin concentration was 22.5ng/dL (95%C122.2-22.7).
Children 12-23 months of age had the highest prevalence
of ID (24.9%; 95%CI 19.0-32.0) compared with children
of 48-59 mo (9.1%; 95%CI 5.6-14.3). No statistical dif-
ferences were observed in the prevalence of ID by sex,
dwelling, tertile of HWI, geographic region and being
beneficiary of Prospera or Liconsa (table IV).

In a regression model, preschoolers beneficiaries of
Liconsa (OR=2.56, 95%CI 1.03-6.3) had the highest risk
of ID. No significant associations were found with the
rest of covariables (table III, model 3, preschoolers).

Scholars

In scholars, overall prevalence of ID was 9.3% (95%CI
7.7-11.2); with no statistical differences by age, sex, eth-
nicity, dwelling or being beneficiary of Prospera. Median
ferritin concentration was 29.6 ng/mL (95%C129.4-29.9)
(table IV). In a logistic regression model, children from
the Southern (OR=0.54; 95%C1 0.4-0.9), or from the third
tertile of HWI (OR= 0.56; 95%CI 0.33-0.94) had the low-
est risk of ID compared with the first tertile and children
with higher CRP concentration (OR=0.6; 95%CI0.5-0.8)
(table ITI, model 3, scholars); while children with LB12
and VADp had a higher risk (OR=3.08 and OR=3.3,
p<0.05, respectively).
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Low vitamin B12 status
Preschoolers

Overall prevalence of LB12S was 1.9% (1.3, 2.7), with a
median of 526 pg/mL (95%CI 520.1-531). Children 12-
23 months old had a higher prevalence compared with
children 48-59 months (4 vs 1.3%), as well as indigenous
(11.2%), rural (3%), individuals from the first tertile of
HWI (3.7%) and living in the Southern region (3.5%)
compared with their counterparts. No statistical differ-
ences were observed in the prevalence of LB12S by sex,
BMI, and being beneficiary of Liconsa or Prospera (table
IV). In a logistic regression model, indigenous children
(OR=8.7, 95%CI 3.2-23) had the highest risk for B12 de-
ficiency. Living in the southern region (OR=0.22; 95%CI
0.05-0.95) or belonging to the second tertile of HWI (OR=
0.07; 95%CI 0.01-0.58) were protector for LB12S (table
11T, model 4, preschoolers).

Scholars

In scholars, the overall prevalence of LB12S was 2.6%
(95%CI 1.9-3.4), with a geometric mean of 454 pg/
dL (95%CI 450.4-457.6). Indigenous children (12.4%),
children from rural areas (5.4%), belonging to the first
tertile of HWI (5.8%) or beneficiaries of Prospera (5.6%)
showed higher prevalence of LB12S compare to their
counterparts (table IV). In a logistic regression model,
the risk factors for LB12S were age (OR=1.13; 95%CI
1.1-1.6), ID (OR=3; 95%ClI 1.35-6.8), and indigenous
children (OR=2.7, 95%CI 1.3-5.6). On the contrary, the
second and third tertiles of HWI, beneficiaries of Liconsa
and a higher CRP concentration were protection factors
to LB12S (table III, model 4, scholars).

Folate deficiency

In preschoolers, overall prevalence of FD was 0.3%
(95%CI 0.1-0.9). In scholars, the prevalence of FD was
cero. In both cases, the median of serum folates was 15.8
ng/mL. Due to low proportion of children with FD, a
regression model was not performed.

Vitamin A depletion

Preschoolers

The 0.6% (95%CI 0.3-1.1) of preschoolers had values of

s-retinol below 10ug/dL (data not shown). The 15.7%
of children had values of s-retinol below 20ug/dL. The
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median of s-retinol concentration was 27ug / dL (95%CI
26.8-27.2). The higher prevalences of vitamin A deple-
tion were observed in preschoolers from the southern
region (20.3%), from the first HWI (18.6%) and with
inflammation (CRP>5 mg/dl, 51%) in comparison with
their counterparts (table IV). After adjusting a logistic
regression model, children with ID (OR=3.1) and higher
CRP (OR=2.1) were negatively associated to higher risk
of VADp (p<0.05). On the contrary, children from the
third tertile of HWI, had lower risk to VADp (OR=0.45,
p=0.032) (table III, model 5, preschoolers).

Scholars

A2.3% of children had values of s-retinol below 20 ug/
dL. The median of s-retinol concentration was 33 ug/
dL (95%CI 33-34). The higher prevalences of vitamin
A depletion were observed in scholars with inflamma-
tion (CRP>5 mg/dl, 10%), from the Northern region
(3.5%), or the first tertile of HWI (3.3%), in comparison
with their counterparts (table IV). In a logistic regres-
sion model, children with ID (OR=3.9) and higher CRP
(OR=2.13) were negatively associated to a higher risk
of VADp (p<0.05). On the contrary, children from the
second tertile of HWI and with obesity, had lower risk
for VADp (OR=0.23 and OR=0.09, respectively, p<0.05)
(table III, model 5, scholars).

Discussion

The results of this study show that anemia and iron
deficiency were highly prevalent in infants in compari-
son with children of older ages. The contribution of ID
to anemia was low in both groups of age, and could be
underestimated since serum ferritin was the indicator of
body iron status and it is susceptible to fluctuate with in-
flammation, despite the partial adjustment using CRP.3
The contribution of LB12S and folate deficiency was not
significant as a nutritional cause of anemia since their
prevalence was very low. The high rate of unexplained
anemia found in this study could be in part explained
by a high rate of low grade inflammation. However,
we did not have the complete set of biomarkers (acid
alpha glycoprotein 1 plus serum iron and hepcidin) to
classify these children in this category. In addition, since
erythropoiesis rate is expected to change over a 3 month
period, correlation between micronutrient deficiencies
and hemoglobin are not perfect.*

The prevalence of ID and IDA in Mexican children
is higher than results reported from USA and Canada.
Data from NHANES 2003-2006 showed a prevalence of
ID (measured by ferritin) of 4.5% in preschoolers.” In
2008, the prevalence of anemia and IDA in American

382

preschoolers was 9% and 2%, respectively.® It was
estimated that ID and IDA in infants and toddlers in
USA has decreased in the latter years.”” In Canadian
children aged 3-5 y, the prevalence of ID (by ferritin)
was 3.2% and anemia 2.2%.28 In Colombia,?® Ecuador®
and Nicaragua,® ID was 10.6, 9.9 and 18.7% in preschool
children, respectively.

In our study, the ID affects 1 out of 7 children <5
y old, with a higher prevalence in the 12 to 23 mo old,
affecting 1 out of 4 preschoolers. In scholars, ID affects
1 out of 11 children. ID and IDA are known to have
negative long-term effects on motor and socioemotional
development, cognition and behavior and immune dys-
function in children; therefore, it is important to focus
strategies to prevent early ID by introducing early iron
supplements or iron-rich complementary foods® and
continue with the interventions of nutritional programs
(Prospera or Liconsa) in infants younger than 2y at higher
risk due to poverty;’® aiming at reducing the burden
of early ID and its consequences.

ID and IDA in Mexico has diminished gradually;*
however, the magnitude of this change is imprecise,
because the ID of the 2006 sample was overestimated
due to a biased selection of the poorest population; de-
spite the efforts made to adjust the original expansion
factors.”

Anemia in Mexican children was mostly mild, and
in a lower proportion moderate. Mexican preschool
children had a higher prevalence of anemia compared
with Nicaraguan (10.9%)* and Colombian (15.9%)%
counterparts, and very similar to Ecuadorian (25.7%)
children.* This prevalence is one of the lowest reported
in Latin American population.®

The CRP was negatively associated with Hb, a
strong predictor for anemia, consistent with similar
populations. In indigenous infants,*® CRP was nega-
tively associated to Hb (coefficient: -0.18, p<0.001), after
considering the adjustment of s-ferritin. We speculate
that acute recurrent infections could affect the rate of
erythropoiesis having as a consequence long stage in-
flammation;*’ these seems to be supported by the preva-
lence of anemia in children with CRP=5mg/L (29%),
compared with 18% in children with CRP<5mg/L. This
association was not observed in scholars.

Vitamin A plays an important role in immune
function, iron metabolism and erythropoiesis.®® In the
model of VADp predictors in our study, a higher CRP
concentration and ID was a clear risk factor. This as-
sociation suggest that vitamin A depletion may cause
a depressed immunity, as well as iron deficiency does,
and a higher risk to develop anemia (anemia of inflam-
mation).*® Nutritional deficiencies are often in combi-
nation; main retinol food sources are similar for heme
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iron; so, the association of iron deficiency to VAD could
be partially explained trough the scarce consumption
of these food sources.

The results in the literature are contradictory as
to whether vitamin A supplementation modulates
cytokine production that have a negative effect on
erythropoiesis.*” VAD affect the normal erythropoiesis
by the down-regulation of renal erythropoietin expres-
sion in the kidney! and by stimulation of apoptosis and
programmed death cell in erythropoietic progenitor cells
in bone marrow.*” VAD upregulate liver hepcidin and
ferritin mRNA levels affecting iron mobilization from
reticuloendothelial iron stores and iron homeostasis.*!

Between the NNS-99*2 to ENSANUT-2006, VADp
had showed a reduction of 10 pp in preschool children;
this reduction could be due to a national campaign
delivering megadoses of vitamin A supplementation to
children 0.5-4 years old (doses: 100 000 IU for children
aged 6 and 12 months and 200 000 IU for children aged
12 and 36 months old).*34

Scholars with obesity had higher Hb concentration
and a lower risk for anemia than children with normal
BMI, but we did not observe significant associations
between ID and Hb. The prevalence of anemia was
always lower in overweight children,” a similar trend
was observed in overweight children in Brazil.*

Vitamin B12 and folates are metabolically linked
and both participate in common pathways through the
synthesis of S-adenosyl methionine to generate tetrahy-
drofolate. Deficiency of any of these vitamins results in a
disruption of DNA synthesis and megaloblastic anemia.
However, normal concentrations of the vitamins do not
necessary reflect a normal nutritional status;? In our
study the prevalence of LB12S was higher in children
<2 years old; and the highest prevalence of LB12S was
found in indigenous children; this association could
be explained by the poor access to foods from animal
sources that are expensive to buy. Scholar beneficiaries
of Liconsa had a protective effect for the risk of LB12S,
but no effects were observed in preschoolers. The preva-
lence of LB12S in 2012 diminished 3 pp over the last 6
years.® The higher risk of LB12S observed in indigenous
children, from low HWI and the protection for beneficia-
ries of Liconsa were consistent with the Ensanut 2006;
supporting the contribution of this social program to
control the micronutrient deficiencies in children.

Plasma folate is a reliable indicator of recent folate
intake and provides a suitable assessment of general fo-
late status of a population and does not necessarily reflect
the chronic deficiency. It is evident that FD is no longer a
priority in public health in Mexican children; it dropped
5pp in the last 6 years® reaching 0% of FD in 2012. This
was similar in Ecuadorian preschool children.®
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In Mexico, a wide variety of micronutrient supple-
mentations have been implemented (Fortified milk from
Liconsa, fortified baby food and drinks from Prospera,
fortified corn and wheat flour). It seems that these mas-
sive micronutrient fortification may have had an impact
in the results herein presented.

Conclusion

Iron deficiency, anemia and vitamin A depletion con-
tinue to be some of the main nutritional public health
problems among Mexican infants. The low frequency
of children with low vitamin B12 status and folate
deficiency suggest that these vitamins are no longer a
priority issue in Mexican children since their prevalence
has diminished seriously during the last years.
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