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Abstract

Objective. To describe the prevalence of anemia and con-
sumption of iron rich groups among Mexican children and
adolescents who participated in the Halfway National Health
and Nutrition Survey,2016. Materials and methods. Our
study sample included children and adolescents who provided
full capillary hemoglobin data. Anemia was defined accord-
ing to WHO criteria. Logistic regression models were used
to explore the association among consumption of iron-rich
food groups, sociodemographic characteristics and anemia.
Results. In 2016, the prevalence of anemia was 26.9% in
children aged | to 4 years old, 12.5% in those aged 5 to |1,
and 9.6% in adolescents aged 12 to |9 years. Rates were the
highest among females who lived in the southern and central
parts of Mexico, belonged to an indigenous ethnic group and
fell within the first tercile of the Household Wealth Index.
Consumption of beef by preschoolers and viscera by ado-
lescents was associated with lower risk for anemia; higher
risk was associated with consumption of Liconsa milk and
non-heme iron by preschoolers. Conclusions. Anemia is
highly prevalent in Mexican children and adolescents, affect-
ing mainly the poorest and youngest populations. Sources of
heme iron are the principal dietary factor associated with
low risk for anemia.
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Resumen

Objetivo. Describir la prevalencia de anemia y el consu-
mo de alimentos fuente de hierro en ninos y adolescentes
mexicanos participantes en la Encuesta Nacional de Salud y
Nutricion de Medio Camino 2016. Material y métodos.
Se analizé la informacion de hemoglobina capilar de ninos
y adolescentes. La anemia se definié con base en el criterio
de la OMS. Se usaron modelos de regresion logistica para
identificar los grupos de alimentos y caracteristicas de los
individuos asociados con anemia. Resultados. La preva-
lencia de anemia fue de 26.9% en ninos de | a 4 afos; 12.5%
en el grupode 5a |l y9.6% parael de 12 a |9. La mayor
prevalencia de anemia se dio entre las mujeres habitantes
de la region Sur y Centro, indigenas y en el primer tercil de
condicion de bienestar. El consumo de carne de res en prees-
colares y de visceras en adolescentes se asocié con menor
riesgo de anemia. El consumo de leche Liconsa y el hierro no
hemo en preescolares se asocié con mayor riesgo de anemia.
Conclusiones. La anemia es altamente prevalente en nifos
y adolescentes mexicanos, afectando principalmente a la
poblacion pobre y a los mas jovenes. Las fuentes dietéticas
de hierro hemo permanecen como los principales factores
dietéticos asociados con menor riesgo de anemia.
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Anemia persists as the main nutritional problem
in the world, affecting 42.6% (95%CI 37-47) of
preschool children (273 million).! According to the
Global Burden of Disease Study 2013, the burden of
anemia in developing countries accounts for 89% of
all anemia-related disability.? Prevalence of anemia is
trending downward, however, as a result of improved
health systems, lower mortality, and broader access
to health services, among other causes.? Nonetheless,
despite the decline registered by Mexican surveys,
prevalence remains high among the poorest and most
vulnerable populations.®*

In children under 5 y,? anemia can have irrevers-
ible negative consequences for the higher intellectual
functions of the brain if timely action is not taken.®
As for female adolescents, menstrual blood loss and
increased iron requirements for growth at that age call
for adequate iron-rich nutrition. Overall, anemia has
been associated with increased morbidity and mortality
among the most vulnerable populations.®

Data collected by surveys on anemia have proved
insufficient to adequately analyze its principal causes
and, hence, to prevent or correct its effects.? For instance,
the National Health and Nutrition Surveys (in Spanish,
Encuesta Nacional de Salud y Nutricién, Ensanut) have
clearly highlighted the role of iron deficiency (ID) as
an important nutritional cause of anemia in Mexican
children; however, the specific contribution of this
deficiency to anemia cannot be pinpointed: among the
few related biomarkers available for analysis, those that
reflect ID can be underestimated due to the presence of
inflammatory processes among other factors.”

The Mexican diet contains numerous dietary
antagonists of iron absorption, such as phytates and
polyphenols, owing to the high intake of corn tortillas
among the population. Reports have suggested that
iron intake among Mexican children and adolescents is
insufficient to cover their daily requirements.® Diet can
thus be considered a risk factor for ID and anemia. It is
noteworthy, then, that no studies have explored sources
of iron by specific food groups, making it difficult to
draw firm or reliable inferences for dietary policy and
practice.

The aim of our study was twofold: to update exist-
ing information and provide new knowledge regarding
prevalence of anemia among the Mexican children and
adolescents who participated in the Halfway National
Health and Nutrition Survey, 2016 (in Spanish, Encuesta
Nacional de Salud y Nutricion de Medio Camino, Ensanut
MC 2016), and to link our findings to the consumption
of iron-rich food groups associated with anemia with
a view to identifying opportunities for intervention.
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Materials and methods

Study population. Our sample was drawn from the Ensa-
nut MC 2016, a probabilistic, nationally representative
survey with data disaggregated by regions and urban/
rural strata. Analysis considered hemoglobin (Hb) data
from 1639 children aged 1t04.9y;3 181 aged 5t0 11.9y;
and 2 554 adolescents aged 12 to 19 y. Demographic and
socioeconomic information was collected using ad hoc
questionnaires. A detailed description of design and
sampling procedures has been published elsewhere.’

Definition of variables

Anemia. Capillary Hb was measured using a portable
HemoCue Hb photometer (HemoCue, Angelholm,
Sweden). Anemia was determined when Hb concen-
tration adjusted by altitude was <110 g/L for toddlers
aged 1to4y, <115g/Lfor children 5 to 11y, Hb<12 g /L
for females aged =12 y and male children aged 12 to 14
y; and Hb<12g/L for males aged = 15 y.1?

Indigenous ethnicity was defined by whether an
indigenous language was spoken at home. Localities
with less than 2 500 inhabitants were considered rural,
and otherwise classified as urban. A Household Wealth
Index (HWI) was constructed based on household char-
acteristics and family assets estimated through principal
components analysis; the Index was divided into terciles
being one as the lowest HWI score. Mexico was divided
into four geographic regions: Northern, Southern, Cen-
tral, and Mexico City, as in previous surveys.’ Anthro-
pometric data (weight and height) were collected using
validated and standardized methods." Body mass index
(BMI) and nutritional status (underweight, wasting and
stunting) were computed for preschoolers according to
WHO standards.!>1®

Children and adolescents participating in social
programs were classified as Prospera and Liconsa
beneficiaries.

Dietary information

Trained and standardized personnel administered a
7-day semi-quantitative food-frequency questionnaire
(SFFQ) to participants, and entered the dietary data
using computers in the field."* Mothers reported the
foods consumed by children in the seven days prior
to the survey; adolescents responded to the question-
naire themselves in the presence of their mothers. Food
consumption was calculated in grams (g) and milliliters
per day. Total iron (heme and non-heme), fiber, calcium
and energy were estimated using the food composi-
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tion tables compiled by the National Institute of Public
Health (INSP by its Spanish initials).** For the purpose
of analysis, the principal iron-rich food groups were
beef, pork and chicken; viscera; Liconsa milk; and beans.
Corn tortillas were also taken as a relevant food group
because their consumption can interfere with iron bio-
availability. Respondents who reported consuming one
or more food items above the 99t percentile (in grams)
were excluded from analysis.

Statistical analysis

Sample characteristics and prevalence of anemia, esti-
mated by frequency and 95% confidence intervals, were
stratified by age group. Logistic regression models were
constructed to test the variables associated with anemia:
sex, age, BMI, HWI, nutritional status, ethnicity, rural-
ity, geographical region, Prospera/Liconsa program
affiliation, and consumption of iron-rich food groups.

All analyses were adjusted for the survey sampling
design using the STATA SE v14 SVY module for complex
samples (College Station, USA). Statistical significance
was set at 0=0.05.

The INSP Research, Ethics, and Biosecurity Com-
mittees approved the survey protocol. Prior informed
consent was obtained individually from the parents of
all participants.

Results

Table I illustrates the descriptive characteristics of the
sample by age group.

Preschoolers

In preschoolers, the national prevalence of anemia
amounted to 26.9% (95%CI 23.3, 30.9), representing an
expanded population of 2.44 million anemic children.
The 12 to 23-month age group yielded higher preva-
lence (37.9%; 95%C129.9, 46.7) than the 48 to 59-month
age group (16%; 95%CI 11.7, 21.4), and females were
affected more frequently than males (p=0.07). Preva-
lence of anemia was lower in children with overweight
(OW) than in those with a normal BMI: 19.8 and 28.4%,
respectively. No differences emerged between children
benefiting from the Prospera/Liconsa programs and
their counterparts, nor by HWI quintile, geographic

* National Institute of Public Health (INSP by its Spanish initials).
Databases on the nutritional values of food compiled by INSP
(unpublished), 2013.
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area and ethnicity (table II). Prevalence of anemia in
children under five years was not statistically differ-
ent from that reported by the Ensanut 2012 (p=0.08)
(figure 1).

Consumption of iron-rich food groups

The proportion of preschool children who consumed
beef and beans was higher in the non-anemic (38.2 and
82.5%, respectively) than in the anemic (26.9 and 73.2%,
respectively, p<0.05) group (table III).

In the adjusted model, females (OR=1.5) living in
the Central (OR=1.9) and Southern (OR=2.3) regions
of Mexico, as well as underweight children (OR=4.0)
were associated with higher odds of anemia (p<0.05).
In contrast, older (OR=0.6) and OW (OR=0.9) children
presented lower odds (p<0.05) for anemia (table IV).
Children consuming beef (OR=0.6) and higher levels of
calcium (OR=0.99) were associated with lower risk for
anemia (p<0.05). However, those consuming non-heme
iron (OR=1.8) and Liconsa milk (OR=2.1) were associ-
ated with higher risk (p<0.05) por anemia (table IV).
Beans, tortillas and fresh fish were scarcely associated
with anemia.

School-aged children

National prevalence of anemia in school-aged chil-
dren was 12.5% (95%CI 10.8, 14.5), representing an
expanded population of two million anemic children.
Higher prevalence of anemia occurred in the five year
old group (18%) compared with the 11 y group (7.5%,
p<0.001). Children living in rural areas (15.7%) and
in the South region (14.6%) yielded higher rates than
their urban (11.3%) and Northern (14.6%) counterparts
(p<0.05). Children with obesity (OB) (5%) suffered less
frequently from anemia than those with a normal BMI
(13.8%, p<0.01). Prevalence trended downward from
the highest HWI quintil (p trend=0.007). No differences
were observed by sex, ethnicity, or Prospera/Liconsa
affiliation (table II). Prevalence in school-aged children
found in our study was higher than that reported by the
Ensanut 2012 (p=0.016) (figure 1).

Consumption of iron-rich food groups

Regarding the proportion of children who consumed
iron-rich food groups, no significant differences
emerged between the anemic and non-anemic groups
(table III).

In the adjusted model, children who were older
(OR=0.87), obese (OR=0.5), Prospera beneficiaries
(OR=0.6), and in the third HWI tercile (OR=0.6) indi-
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Table |
DESCRIPTIVE CHARACTERISTICS OF MEXICAN CHILDREN AND ADOLESCENTS. MExico, ENsaNnuT MC 2016

Preschoolers Schoolers Adolescents
n (sample) I 639 3181 2554
N (thousands) 9093.9 15 993.1 18 570.7
Expansion Expansion Expansion
N (thousands) % (1C95%) N (thousands) % (1C95%) N (thousands) % (1C95%)
Sex (female) 44525 49 (44.8-53.1) 7901.8 49.4 (46.5-52.3) 91173 49.1  (46.1-52.1)
Nutritional status
Underweight (yes) 340.2 3.7 (2848 -
Wasting (yes) 136.0 1.5 (0.8-26) -
Stunting (yes) 989.2 87 (7.6-10.1) -

Body mass index (WHO)

Normal 67084 752 (71.4-78.7) 10 500.1 66.7 (62.5-70.5) 11719.0 63.8 (59.9-67.5)

Overweight 22072 248  (21.3-286) 2 850.7 18.1 (15.3-21.3) 41215 224 (19.5-25.7)

Obesity - - - 2401.6 152 (12.3-18.7) 25386 138 (11.3-16.8)
Area

Urban 6691.8 73.6  (69.7-77.1) 11 554.4 722 (68.1-76.0) 13 894.5 748 (71.1-78.2)

Rural 2 402.1 264 (22.9-30.3) 4438.8 278 (24.0-31.9) 4676.2 252 (21.8-289)

Geographic region

Northern 1811.9 199 (16.4-24.0 3436.6 21.5 (16.9-26.9) 3476.5 187 (14.7-23.5)
Centre 32163 354  (30.6-40.4) 5226.1 327 (284-372) 65168 35.1  (30.8-39.7)
Mexico City 12825 4.1 (10.3-19.1) 2351.6 147 (10.4-20.4) 2790.0 I5  (104-213)
Southern 27832 30.6  (25.8-35.9) 49788 311 (26.6-36.0) 57874 312 (26.5-36.3)
Indigenous (yes) 128.9 14 (08-25) 644.9 4 (2.6-6.2) 787.0 42 (2.8-6.4)

Beneficiary of social program

Prospera 1941.2 213 (18.1-25.0) 4939.6 309 (27.2-34.9) 6810.7 36.7 (32.5-41.0
Liconsa 1 068.0 1.9  (9.6-14.8) 21117 134 (10.6-16.8) 21147 1.6 (9.0-14.8)
Quintile of Household Wealth Index
Ql 1336.3 147 (12.2-17.6) 22827 143 (11.8-17.2) 2 064.7 1.1 (89-13.9)
Q2 |1 675.4 184 (15.1-22.2) 26522 16.6 (14.3-19.2) 31889 172 (14.6-20.1)
Q3 | 656.6 182 (15.0-22.0) 2939.1 184 (16.0-21.1) 35525 19.1 (164-22.3)
Q4 2207.1 243 (20.6-28.4) 3803.1 23.8 (19.7-284) 42113 22.7 (19.0-26.8)
Q5 22186 244 (19.5-30.1) 4316.0 27 (22.3-322) 5553.2 299 (25.7-34.5)

Ensanut MC: Encuesta Nacional de Salud y Nutricion de Medio Camino (in English, Halfway National Health and Nutrition Survey)

cated lower risk for anemia (p<0.05) (table I). No food-
group intake was associated with anemia (table IV).

Adolescents

National prevalence of anemia in adolescents was 9.6%
(95%C17.8,11.8), representing an expanded population
of 1.78 million anemic adolescents. Higher rates were
observed among indigenous (17.6%) and female (12%)
vs. non-indigenous (9.3%) and male (7.3%) adolescents
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(p=0.016). Those residing in rural (12.4%) and Southern
(13.0%) localities were affected more frequently than
their urban (8.7%, p=0.06) and Northern (6.9%, p<0.05)
counterparts. And those with obesity (5%) registered
lower prevalence than those with a normal BMI (10.5%,
p=0.006). Prevalence trended downward in the two
highest as opposed to the three lowest HWI quintiles
(p trend<0.001). No differences were observed by age
or Prospera/Liconsa affiliation (table II). Compared
with previous surveys, current prevalence of anemia
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Table 11
PREVALENCE OF ANEMIA IN MEXICAN CHILDREN AND ADOLESCENTS
BY SOCIODEMOGRAPHIC CHARACTERIsTICS. MExico, ENsanuT MC 2016

Preschoolers Schoolers Adolescents
n (sample) 1639 3181 2554
N (thousands) 9093.9 15993.1 18 570.7
Expansion Expansion Expansion
N (thousands) % (95%Cl) N (thousands) % (95%Cl) N (thousands) % (95%Cl)
National 24478 269 (23.3-30.9) 20022 125 (10.8-14.5) 17885 96 (78-11.8)
Sex
Male 1090.0 235 (189-288) 1 060.3 13.1 (107-159) 691.7 73 (5.0-106)
Female 13577 305  (25.0-36.6) 941.9 1.9 (9.7-14.6) 1096.9 12 (9.6-15.0)
Age group (months) Age group (years) Age group (years)
12-23 825.6 379 (29.9-46.7) 5 411.8 183 (137242 12 250.2 109  (74-158)
24 - 35 7284 31,5  (24.1-40.0) 6 350.6 162 (12.0-21.3) 13 165.2 76 (47-120)
36 -47 525.0 228 (17.0-29.9) 7 271.5 119 (79-17.5) 14 145.4 54 (3.0:94)
48-59 368.8 16 (117214 8 366.5 145 (10.0-20.5) 15 259.6 119  (77-180)
9 2714 1.5  (7.6-169) 16 297.7 126  (8.0-19.3)
10 162.8 75 (45-1210) 17 205.0 9.5 (6.0-14.6)
Il 161.6 75 (43-126) 18-19 465.4 9.9  (5.9-16.0)
Underweight
No 22013 254 (21.7-29.5) - - - - - -
Yes 180.4 53 (35.1-70.2) - - - - - -
Wasting
No 2289.0 26.1  (22.4-30.1) - - - - - -
Yes 55.0 405 (16.3-70.3) - - - - - -
Stunting
No 2049.6 258 (21.8-303) - - - - - -
Yes 3024 306 (22.3-40.3) - - - - - -
Body mass index (WHO)
Normal 1906.3 284 (24.1-33.2) 1451.9 138 (11.6-16.4) 1 228.5 105 (8.0-13.6)
Overweight 437.6 198  (15.0-25.8) 364.1 128 (88-18.1) 402.5 9.8 (6.8-138)
Obesity - - - 1334 56 (3.1:9.8) 125.9 5 (3.0-8.0)
Area
Urban 1717.0 257 (21.1-30.8) 1 306.9 113 (9.3-13.6) 1207.0 87 (66-114)
Rural 730.8 304 (25.5-35.9) 695.3 157 (12.8-19.0) 581.6 124 (9.6-159)
Geographic region
Northern 3237 179 (12.2-253) 348.5 10.1  (7.2-142) 2383 69 (44-105)
Centre 880.3 274 (21.0-349) 710.1 136 (107-17.1) 683.0 105  (72-15.0)
Mexico City 302.3 236  (13.6-37.6) 216.0 92  (5.1-16.1) 113.8 4.1 (1.9-84)
Southern 941.5 338  (284-39.7) 727.7 146 (12.0-17.7) 7534 13 (9.7-17.3)
Indigenous
No 2404.7 268 (23.1-30.9) 1 904.0 124 (10.7-144) 1 648.1 93  (74-11.6)
Yes 43.0 334 (19.5-50.9) 98.2 152 (104-21.8) 1384 176 (11.2-26.6)
Prospera beneficiary
No | 846.6 258  (21.6-30.6) 1401.0 127 (105-152) 10814 92 (68-123)
Yes 601.2 31 (24.5-38.2) 601.2 122 (9.6-15.3) 707.1 104 (8.0-134)
Liconsa beneficiary
No 22286 283 (244-326) 16973 124 (10.6-14.5) | 628.6 10.I  (8.1-125)
Yes 215.0 20.1 (13.1-29.7) 297.0 14.1 (9.4-20.6) 157.9 75 (43-127)
Quintile of Household Wealth Index
Ql 352.7 264 (21.0-32.6) 437.2 192 (14.8-245) 267.7 13 (9.2-18.0)
Q2 471.5 285 (21.1-37.2) 338.9 128  (9.5-17.0) 395.6 124 (8.0-188)
Q3 469.7 284 (20.9-37.2) 4189 143 (10.6-18.9) 4937 139 (9.0-20.8)
Q4 614.4 278 (20.1-37.2) 419.8 1.0 (7.7-15.6) 292.5 69 (45-10.6)
Q5 533.6 241 (16.3-34.0) 387.5 9.0 (6.0-13.2) 339.0 6.1 (4.1-9.1)

Ensanut MC: Encuesta Nacional de Salud y Nutricion de Medio Camino (in English, Halfway National Health and Nutrition Survey)
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Ensanut: Encuesta Nacional de Salud y Nutricién (in English, National Health and Nutrition Survey)
Ensanut MC: Encuesta Nacional de Salud y Nutricion de Medio Camino (in English, Halfway National Health and Nutrition Survey)

FIGURE |. PREVALENCE RATES OF ANEMIA IN MEXICAN CHILDREN AND ADOLESCENTS FROM 1999 1o 2016.
MExico, ENsaNnuT MC 2016

FREQUENCY OF CONSUMERS BY IRON=RICH FOOD GROUPS, AMONG NON=ANEMIC

Table Il

AND ANEMIC POPULATION. MExico, ENsanuT MC 2016

Preschoolers Schoolers Adolescents
Non anemic Anemic Non anemic Anemic Non anemic Anemic
% (95%Cl) % (95%Cl) % (95%Cl) % (95%Cl) % (95%Cl) % (95%Cl)
Food group

Beef meat 382 (334-433) 269 (18.7-37.0)* 364  (31.8-414) 364 (29.5-43.8) 394  (34.9-440) 273 (194-37.0)*
Pork meat 303 (254-35.6)  25.1 (183-334) 385 (34.0-43.1) 358 (29.2-43.0) 386 (34.5-42.8) 398 (30.7-49.6)
Chicken 634 (58.3-682) 66.1 (58.1-73.2) 63.5 (59.1-67.7) 642 (57.2-70.6) 61.7 (56.6-66.5) 675 (57.0-75.9)
Viscera 62  (4.0-9.7) 75 (47-120) 30 (2240 30 (1.5-5.9) 200 (1.3-3.0) 0.6 (0.2-1.6)*
Fresh fish 15 (11.4-19.6)  19.1 (11.4-30.3) 154 (12.4-19.0) 185 (13.4-25.0) 149 (12.2-18.0) 188 (12.5-274)
Liconsa milk 159 (12.1-20.6) 146 (10.0-21.0) 114 (94-13.9) 123 (8.2-18.1) 1.7 (8.7-15.5) 8.1 (47-13.6)
Beans 82.8 (79.1-86.0) 732 (64.2-80.6)* 872 (84.1-89.8) 903 (85.3-93.7) 874 (85.0-89.6) 833 (69.9-91.4)
Tortilla 80.7 (75.4-85.1) 87 (81.8-90.8) NA NA 886 (85.5-91.1) 922 (87.2-954)

* Statistically different from non-anemic population, p<0.05

Ensanut MC: Encuesta Nacional de Salud y Nutricion de Medio Camino (in English, Halfway National Health and Nutrition Survey)

in adolescents, by sex, did not differ from Ensanut 2006
results (p=0.8), but exceeded those of the Ensanut 2012
(p<0.001) (figure 1).

Consumption of iron-rich food groups

The proportion of adolescents consuming beef and
viscera was higher in the non-anemic (39.4% and 2%,
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respectively) than in the anemic group (27.3 and
0.6%, respectively, p<0.05) (table III).

In the adjusted model, female adolescents (OR=
1.7, p=0.029) ranked a higher risk for anemia. Those
who were obese (OR=0.5) and fell within the third
HWI tercile (OR=0.5) were associated with a lower
risk (p<0.05). Intake of viscera (OR=0.2, p=0.011) was
also linked to a lower risk. The association of anemia
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Table IV
LoGISTIC REGRESSION MODEL FOR ANEMIA IN MEXICAN CHILDREN AND ADOLESCENTS.
MExico, ENsanuT MC 2016

Preeschoolers Schoolers Adolescents
OR (95%Cl) p OR (95%Cl) p OR (95%Cl) p

Age (years) 062  (0.51-0.75) <0.001 0.87 (0.8-0.95) 0.001 .03 (0.95-1.11) 0487
Sex (female) I.56  (1.08-2.26)  0.019 0.84 (0.6-1.16) 0.278 1.7 (1.06-2.75)  0.029
Rural area 1.09  (0.74-1.58)  0.671 127 (091-1.78)  0.162 1.0l (0.62-1.67)  0.955
Geographic region (northern is the reference)

Centre 1.98 (1.06-3.7) 0.032 127  (0.78-2.07) 0335 41 (0.74-2.71) 0298

Mexico City and State of Mexico 1.84 (0.72-4.69)  0.201 0.8l (0.39-1.7) 0.582 0.64 (0.26-1.6) 0.34

Southern 2.27 (1.21-425)  0.011 1.29 (0.8-2.08) 0.288 .53 (0.77-3.03) 0222

Indigenous (yes) 1.53 (0.59-3.99)  0.383 Il (0.65-1.87) 0728 .85  (0.93-3.66)  0.078
Tertile of Household Wealth Index (the number | is the reference)

2 1.07 (0.70-1.62) 0757 0.9 (0.6-1.34) 0.594 .19 (0.70-2.02) 0.5l

3 1.03 (0.59-1.79) 0925 0.57  (0.34-0.95)  0.032 048  (0.25-092)  0.027

Underweight (yes) 4.06 (1.41-11.66)  0.009 - -

Stunting (yes) 1.07 (0.62-184) 0819 - -

Wasting (yes) 0.36 (0.06-2.30) 0.28 - -
Body mass index (normal is the reference)

Overweight 0.89 (0.8-0.98) 0.022 | (0.63-1.61)  0.989 083  (0.54-1.29)  04I5

Obesity - 0.46 (0.24-0.9) 0.024 0.5 (0.28-089)  0.019

Prospera beneficiary 1.24 (0.76-2.02) 0379 0.65  (0.45-0.95)  0.024 064  (036-1.12)  0.117
Dietary food group consumption

Beef 0.58 (0.39-088) 0.0 109  (0.76-1.54)  0.645 065 (0.39-1.09)  0.09

Pork meat 0.94 (0.57-1.55) 0797 092  (0.64-132)  0.655 I.I5  (0.75-1.75) 052

Chiken 1.2 (0.81-1.77)  0.365 1.28 (0.9-1.81) 0.164 139  (0.86-2.24)  0.183

Viscera 0.76 (0.35-1.67) 0496 063  (0.25-1.59) 0331 024 (0.08-0.72)  0.0IlI

Fresh fish 1.58 (0.94-2.66)  0.083 .31 (0.83-2.06) 0244 125 (0.73-2.15)  0.409

Liconsa milk 2.1 (1.01-441)  0.049 142 (0.64-3.17) 0391 057  (0.23-141)  0.224

Beans 0.6l (0.37-1.02)  0.06l 123 (0.73-2.09) 0435 078  (0.37-1.61)  0.492

Tortilla 1.61 (0.93-281)  0.09 NA 13 (0.63-2.70) 0.8l

No heme iron (mg/d) 1.86 (1.26-2.77)  0.002 46  (0.89-242)  0.136 .02 (0.81-1.30) 0837

Fiber (g/d) 0.97 (0.91-1.04) 0399 003 (0.01-872) 0216 099  (0.96-1.03)  0.652

Calcium (mg/d) 0.99 (0.99-1) <0.00I 099  (0.99-1.00) 0.114 1.00 (1.0-1.01) 0.54

Energy (kcals/1000/day) 1.07 (0.68-1.69)  0.767 085 (0.68-1.07) 0.l6 092  (0.72-1.17)  0.494

Intercept 0.25 (0.08-0.77)  0.015 055  (0.23-1.35)  0.191 0.03  (0.01-0.16) <0.001

with ethnicity and beef consumption was scarcely
significant (table IV).

Discussion

In Mexico, anemia affects one out of every four pre-
school children, one out of every seven school-aged
children and one out of every 10 adolescents. Across
all age groups, the prevalence trends estimated in our
study matched those of the Ensanut 2006 but exceeded
those of the Ensanut 2012.3
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Anemia continues to afflict to the most vulnerable
sectors, that is, the indigenous, poorest and youngest
populations, as well as children suffering from wast-
ing. Despite federal initiatives including Prospera'® and
Liconsa'® programs-which distribute iron supplements
and iron-fortified foods, respectively, to the poorest
populations-anemia remains the most severe nutritional
problem across all population sectors in Mexico.*

According to the Global Burden of Disease Study
2013, the burden of anemia showed regional differences
in prevalence owing to specific and widely varying
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causes. Factors as diverse as hemoglobinopathies, infec-
tious diseases and iron-deficient diets have been found
to cause anemia. In children under 5 years old, anemia is
mostly due to iron-deficiency anemia (IDA).? Data from
the National Health and Nutrition Examination Survey
2010 (NHANES-2010) indicated a 3.9% prevalence of
anemia among children 1 to 5 years (95%CI 2.5, 5.3), ID
in7.1% (5.5,8.7) and 1.1% (0.6, 1.7) in IDA."” In Mexican
children, previous surveys have highlighted nutritional
deficiencies as one of its major causes.'® Our study was
limited by the lack of biomarker measurements for
identifying total body iron, Vitamin-B12, folate, CRP and
hepcidin. Such data would have allowed us to pinpoint
the proportion of deficiencies in iron, vitamins and other
minerals, as well as the presence of inflammation, as
causes of anemia. In turn, this would have served to
determine their contributions to the high prevalence
rates reported by the Ensanut MC 2016.

Contrary to expectations, our findings indicated
lower risk for anemia in preschoolers with OW, as well
as in children and adolescents with obesity (OB). It
has been documented that OW-OB are emerging risk
factors for ID given their pro-inflammatory role in pro-
moting increased hepcidin synthesis and restricted iron
export activity in cells.”?*? While ID resulting from an
inflammatory process (commonly promoted by OB) can
lead to anemia of inflammation, cross-sectional studies
of Mexican children have consistently demonstrated
that a high BMI is inversely associated with anemia.>?!
Garcfa and colleagues found no association between
low-iron status and OW /OB in a sample of Mexican
children.? In contrast, Cepeda-Lépez and colleagues
documented that OB was a predictor for low-iron
status among Mexican children.?’ Divergent results
can be explained by the use of different biomarkers in
defining ID. In Mexico, it is noteworthy that no studies
have analyzed the association between BMI and ane-
mia. Because cross-sectional designs allow for limited
understanding as to how BMI trajectories influence Hb
concentration over time, it is recommended that future
studies explore such an association using a cohort
design. Given the double burden of nutrition and the
epidemiological transition Mexico has been facing, the
dietary patterns of subjects with OW may be marked
by greater vitamin and mineral density coupled with
higher energy intake. In turn, this could be leading
to higher Hb concentrations and lower prevalence
of anemia in comparison with normal BMI subjects.
Additional factors including a higher socioeconomic
status (SES) in subjects with OW may also explain such
an association. We did not explore SES data by statisti-
cal interaction; further analysis should be undertaken,
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stratifying by BMI, in order to better understand the
ways in which SES, dietary iron absorption, adiposity
and inflammation influence anemia among Mexican
children and adolescents.

While dietary analysis under the Ensanut 2012
showed that iron inadequacy was highly prevalent
among Mexican children and adolescents,® it did not
clarify whether this condition was associated with ane-
mia. Given the dearth of studies using food groups to
investigate such an association in Mexico, we decided
to analyze the food groups richest in iron in an effort
to elucidate the relationship between iron inadequacy
and anemia. Our results indicated that beef and viscera,
well-known sources of bioavailable heme iron, were
associated with lower risk for anemia. Preschoolers
exhibited the lowest risk, followed by adolescents. The
highest association, found in adolescent consumers of
viscera, indicated 77% lower odds of anemia compared
to non-consumers. Intake of these foods has been widely
recognized to improve Hb concentrations; however,
only a small proportion of Mexican children and adoles-
cents consume beef. This suggests that certain popula-
tion groups (from non-indigenous, urban and higher
SES sectors - data not shown) enjoy access to animal
foods while others (from indigenous and poverty-ridden
contexts) do not, with the latter living in conditions of
high food insecurity.” Chicken was the most frequently
consumed meat across all age groups. Although proven
to be an abundant source of iron,?* it was not associated
with anemia. More comprehensive studies are required
in order to gain a better understanding of results ob-
tained thus far. Analysis should consider the amounts,
types and frequency of meat consumed, use a 24-hour
recall method, and establish a clear contrast between
anemic and non-anemic populations. Our study aimed
at identifying the association of iron-rich food groups
with anemia.

According to our findings, food groups rich in non-
heme iron such as beans and legumes were consumed
extensively throughout the population, with intake
declining, however, among anemic preschoolers: Preva-
lence of anemia among preschool consumers of beans
was eight percentage points higher (33%) than among
non-consumers in the same age group (25%, p=0.027)
(data not shown). Intake was not different in other age
groups; however, school-aged children yielded the
highest proportion of bean consumers. This suggests
thatbeans combined with other foods that facilitate iron
absorption may be an effective dietary source of iron for
preventing anemia.

Although other non-heme iron food groups were
not evaluated in our study, we were able to identify that
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total dietary non-heme iron was associated with higher
risk for anemia among preschoolers.

The iron-rich food groups associated with anemia in
this study are also sources of other micronutrients that
contribute to Hb synthesis such as Vitamin A, Vitamin
B12, and zinc. The food-synergy approach may therefore
be useful for understanding the interaction of diet with
risk for anemia.>?

The present study is subject to several limitations.
First, a cross-sectional design rendered reverse causal-
ity an alternative explanation as regards the association
of food groups with anemia, despite adjustment for
confounders. Second, misclassification of food groups,
under- and over-reporting of food consumption (specifi-
cally by subjects with OB and low body weight), and
use of a food frequency questionnaire may have under-
mined accuracy in estimating the association between
food group consumption and anemia. Third, changes in
population-level determinants of anemia, particularly
dietary intake, can influence trends. The upswing in
prevalence over the past three years was unexpected.
Although the three Ensanut consulted used the same
method for measuring Hb and classifying anemia, and
population characteristics remained unchanged during
the period analyzed, we were unable to identify the
underlying factors of increased prevalence. Method-
ological issues concerning Ensanut MC 2016 include
seasonality for data collection.

The major strength of our study resides in its nation-
ally representative samples of children and adolescents.
Additionally, in a random subsample of this population,
capillary Hb and venous Hb measured by means of a
hematology analyzer yielded results that were consis-
tently reliable, ruling out potential measurement bias.
Our results provide updated evidence of the prevalence
of anemia for policy makers, thus improving opportuni-
ties for interventions.

All of these findings pinpoint anemia as a serious
challenge for public health nutrition, despite a number
of efforts by the government to prevent it, especially
in the vulnerable populations. The current nutrition
policy relying on social programs such as Prospera and
Liconsa should reinforce micronutrient supplementa-
tion and education for mothers of childbearing age.
Studies that address the main causes of anemia more
comprehensively in Mexican children are required as a
basis for more targeted public health policies.

In conclusion, anemia is highly prevalent among
Mexican children and adolescents, affecting mainly
indigenous peoples as well as the youngest and poor-
est populations. Dietary sources of bioavailable iron
remain as the main dietary factor associated with lower
risk for anemia. Further analyses taking the whole
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diet as well as other demographic characteristics into
account are necessary for improving dietary recom-
mendations designed specifically for the vulnerable
populations.
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