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Abstract

Objective. To compare the prevalence of anemia and iron
deficiency, at state level in non-pregnant women between
20 and 49 years of age from the Encuesta Nacional de Salud
y Nutricion (Ensanut, in Spanish) 2006, 2012 and 2018-19.
Materials and methods. The Ensanut 2006, 2012 and
2018-19 have a probabilistic design. Hb in capillary blood was
measured by HemoCue Hb201 and ferritin by venous sample.
Anemia was diagnosed with Hb<120g/L and iron deficiency
with Ferritin<|5ng/mL. Results. At the national level,anemia
increased 6.1 (p<0.05) percentage points (pp) from 2006 to
2018-19. Baja California Norte, Campeche, Colima, Chiapas,
Quintana Roo, Sinaloa and Sonora, went from low prevalence
(5 to 19.9%) to moderate (20 to 39.9%); in Yucatan and
Tamaulipas it went from low to severe (>40). In Guanajuato,
State of Mexico and Querétaro it was reduced from 2006
to 2018-19 (p<0.05). Conclusions. Anemia continues to
be a public health problem that requires actions at the state
level, considering level of wellbeing index, food programs and
affiliation to medical Services insurance.
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Resumen

Objetivo. Comparar la prevalencia de anemia y deficiencia
de hierro a nivel estatal, en mujeres no embarazadas entre
20 y 49 anos de la Encuesta Nacional de Salud y Nutricion
(Ensanut) 2006, 2012 y 2018-19. Material y métodos.
La Ensanut 2006,2012 y 2018-19 tiene diseno probabilistico.
La Hb en sangre capilar se midi6 por HemoCue Hb20! y
la ferritina por muestra venosa. Se diagnosticé anemia con
Hb<120g/L y deficiencia de hierro con Ferritina<|5ng/
mL. Resultados. A nivel nacional, la anemia aumento 6.1
(p<0.05) puntos porcentuales (pp) de 2006 a 2018-19. Baja
California Norte, Campeche, Colima, Chiapas, Quintana Roo,
Sinaloa y Sonora, pasaron de prevalencia baja (5 a2 19.9%) a
moderada (20 a 39.9%); en Yucatan y Tamaulipas pasé de
baja a severa (>40). En Guanajuato, Estado de México y
Querétaro se redujo de 2006 a 2018-19 (p<0.05). Con-
clusiones. La anemia sigue siendo un problema de salud
pUblica que requiere acciones a nivel estatal, considerando
nivel de bienestar, programas de ayuda alimentaria y afiliacion
a servicios de salud.

Palabras clave: anemia; mujeres; encuesta nacional; México

nemia is caused by a low concentration of Hb and
most frequently is due to iron deficiency.! The iron
deficiency anemia is a global health problem, most af-
fected are small children and women at reproductive
age, especially if pregnant in this case is associated with

20% perinatal mortality and 10% of maternal mortality
inlow income countries.** Iron deficiency anemia is also
associated with a larger risk of spontaneous abortion, fetal
mortality, prematurity and low birth weight and negative
effects on the physical and mental development.>®
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A reduction in the prevalence of anemia in non-
pregnant women from 20 to 49 year of age from 2006
(16.4%) through 2012 (11.6%), in Mexico, with an
unexplainable increase in Encuesta Nacional de Salud
y Nutricién (Ensanut, by its acronym in Spanish) 2016
(18.3%).” The prevalence of anemia has been higher in
the south in comparison to the north of the country,
thus, the governmental interventions have been di-
rected mostly towards the south zone.® Nevertheless,
the prevalence of anemia increased in the Ensanut
2018-19 in the north of the country to 27.2% in 20-34
and to 35.4% in 35-49 years old non-pregnant women,
while in the south zone increased to 18.4% in 20-34 and
t0 26.8% in 35-49 year old non-pregnant women. Due
this unexpected increase in the north region, is neces-
sary to better scrutinize the differential increase of the
prevalence of anemia among the States belonging to
each region and some factors that may contribute to
the differential increase among the States of both region
of the country.”” Mainly because anemia significantly
decreases productivity and quality of life, which results
in economic losses for nations.*

Thus, the objective of this study is to compare the
prevalence of anemia and iron, depletion at State level
in non-pregnant from the Ensanut 2012 and 2018-19.

Materials and methods
Study design and participants

The information herein analyzed come from the
Ensanuts 2006, 2012 and 2018-19 that are National
Survey with cross-sectional design, representative at
National level, at urban and rural dwelling and four
geographical regions of the country: North, Center,
Mexico City and South. Further details are docu-
mented elsewhere.!*12 Capillary blood samples were
obtained from 20 480 non-pregnant women 20 to 49
years old in 2006; 17 116 in 2012 and 13 154 in 2018.%°
Venous blood samples were collected in 30% of total
participants within each of the three surveys. The
serum ferritin was measured in an Architect chemilu-
minescence microparticle immunoassay autoanalyzer
(Architect 1200 Abbott Lab, Michigan, III USA). The
quality control of the measurements was performed
using the Reference Standard Serum NIST 968E of
the National Institute of Standards and Technology.
Intra- and inter-assay CVs for ferritin were 3.18, 3.98
and 4%, respectively.'*

Hemoglobin concentration in capillary blood
was measured with a portable photometer Hemo-Cué
(HemoCue Hb301, Angelholm, Sweden to 2006; Hemo
Cue Hb201, Angelholm, Sweden to 2012 and 2018-19)
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using the second drop of blood obtained from a middle
finger puncture.”® Hb concentrations <4.5g/dL and
>18.5 g/ dL were considered implausible and excluded
from calculations.

Anemia (variable dependent) was defined as hemo-
globin concentration (Hb) of <12g /L for non-pregnant
women, adjusted by altitude.’>!® Iron deficiency (ID,
variable dependent) was defined as levels of serum fer-
ritin adjusted by CRP of <12 pg/L in women."”

Covariates
Wellbeing index

A wellbeing index was generated by a principal
components analysis based on the characteristics
and possessions of households, number of rooms
availability of running water and sewerage, having
an automobile, fridge, stove, washing machine, mi-
crowave equipment, TV set, cable, phone and radio
set. The first component was selected, it accumulated
a total variability of 51% with a lambda value of 4.08;
it was divided into tertiles, representing tertile one
the group with higher shortages and tertile three
with the lesser shortages.'® This index has been used
throughout the Ensanut series."

Programs furnishing food aid

Beneficiaries was considered if any member of the
family was beneficiary of the cash transfer program
named Prospera or received fortified milk Liconsa dur-
ing previous year.

Affiliation to medical services insurance

Medical services as referred by the family head were
grouped into five categories: a) Instituto Mexicano del
Seguro Social (IMSS); b) Instituto de Sequridad y Servicios
Sociales de los Trabajadores del Estado (ISSSTE); c) Seguro
Popular; d) IMSS Prospera; e) Private services and oth-
ers: Medical Services for the Mexican Oil Company (Pe-
mex), Medical Services for the Army Ministry (Sedena),
for the Marine Ministry; and e) Without any affiliation.

Ethical aspects

The non-pregnant women participating in the surveys
signed an informed consent form, following a detailed
explanation of the procedures, risks and benefits of the
survey. The Research, Ethics and Biosecurity Commit-
tees of Instituto Nacional de Salud Piiblica approved the
protocol of the Surveys.
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Statistical analysis

The percentage distribution of the characteristics of
non-pregnant women aged 20 to 49 years and preva-
lence were calculated considering surveys design. Us-
ing a logistic regression model the effects of time were
evaluated using an interaction with the years in which
each survey was carried out by each of the 32 States of
the Country and adjusted by covariables (wellbeing
index, programs furnishing food aid and affiliation to
medical services insurance) and adjusted for multiple
comparisons using Bonferroni’s method.

Table |

Results

In table I are depicted the sociodemographic charac-
teristics of non-pregnant women of 20-49 years of age
by national and regional division. The distribution of
food aid programs was not different at national level in
the three Surveys. However, the proportion of women
affiliated to Popular Insurance in 2018-19 was higher
(43.5%, 1C 41.3, 45.7); in the zone South (56.4%, IC 52.7,
59.9) the prevalence was higher in the Center zone
(43.6%, IC 40, 47.2). In this same sense, the number of
unaffiliated in the same regions was reduced.

PERCENTAGE DISTRIBUTION OF THE CHARACTERISTICS OF NON=PREGNANT WOMEN AGED 20 To 49 YEARS, AT
THE NATIONAL LEVEL AND BY REGION. MExico, ENsanuT 2006, 2012, 2018

Survey

2006
n(sample)= 13 495
N(Expanded)= 23 747 901

2012 2018-19
n(sample)= 12 261 n(sample)=5 649
N(Expanded)= 24 583 929 N(Expanded)= 27 727 972

% (C195%) % (C195%) % (C195%)
National
Wellness condition
Low 31.0 (29.1,32.9) 25.3(23.7,26.8) 30.2 (28.2,32.3)
Middle 33.7 (32.0,35.3) 33.3(31.8,34.9) 345 (32.3,36.7)
High 35.3(33.1,374) 41.4(39.4,433) 35.2(32.8,37.6)
Prospera 25.6 (23.7,27.5) 18.3 (16.0,20.8) 25.3(234,272)
Liconsa 9.0 (7.5,10.7) 9.9 (8.0, 12.1) 83(7.1,9.7)
Affiliation to medical service
IMSS 28.4 (26.7,30.2) 29.3 (27.7,30.9) 35.0 (32.7,37.4)
ISSSTE 5.0 (4.2,5.8) 5.1 (4.5,5.6) 5.3 (4.2,6.5)
Seguro Popular 10.8 (9.5, 12.1) 40.8 (39.1,42.4) 43.5 (41.3,45.7)
Private or other 3.7 (3.0,43) 1.6 (1.2,2.0) 1.7 (1.1,2.4)
No afiliated 52.1 (50.1,54.0) 23.3(21.8,24.7) 145 (129, 16.1)
Northern
Wellness condition
Low 18.0 (15.3,20.9) 15.1 (13.3,17.0) 16.8 (14.2,19.5)
Middle 39.7 (36.4,43.1) 34.1 (31.5,36.7) 38.4 (34.3,424)
High 42.3 (38.0,46.5) 50.8 (47.8,53.7) 44.9 (40.6,49.1)
Prospera 10.3(7.9,13.3) 84 (6.2,11.0) 13.6 (11.3,16.2)
Liconsa 2.0(1.2,3.0) 5.9(38,88) 32(2.1,45)
Affiliation to medical service
IMSS 43.6 (40.0,47.2) 44.0 (40.9,47.0) 52.1 (47.9,56.2)
ISSSTE 55(3.9,7.6) 4.6 (3.7,5.6) 55(38,7.7)
Seguro Popular 85 (6.4, 11.1) 28.3 (25.8,30.8) 26.7 (23.2,30.5)
Private or other 3.0 2.1,4.1) 2.1 (14,29) 2.1 (1.0,4.0)
No afiliated 39.3 (36.1,42.5) 21.0 (18.9,23.1) 13.5(10.6,17.1)
(continues...)
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(continuation)

Center

Wellness condition

Low 28.6 (254,31.9) 203 (18.1,22.5) 252 (21.9,28.8)
Middle 353 (32.8,37.8) 36.8 (34.4,39.3) 36.0 (32.9,39.2)
High 36.1 (32.3,40.0) 429 (39.9,45.8) 388 (35.0,42.6)
Prospera 319 (27.7,36.4) 18.0 (144,22.2) 245 (21.4,27.8)
Liconsa 6.1 (4.8,7.6) 8.6 (6.0, 12.1) 10.1 (8.0, 12.6)
Affiliation to medical service
IMSS 27.5 (24.5,30.5) 314 (28.9,34.0) 36.1 (324,39.8)
ISSSTE 34 (2.5,4.5) 49 (3.9,6.0) 5.1 (34,74)
Seguro Popular 147 (12.0,17.7) 41.7 (38.8,44.5) 43.6 (40.0,47.2)
Private or other 24 (1.7,32) 1.0 (0.5, 1.6) 1.7 (0.9,3.0)
No afiliated 52.0 (48.5,55.4) 21.1 (19.2,23.0) 13.5 (11.3,16.0)
Mexico City
Wellness condition
Low 137 (10.0,18.3) 147 (11.3,188) 13.7 (9.3,19.5)
Middle 333 (28.0,39.0) 30.0 (25.0,35.4) 375 (29.7,45.9)
High 53.0 (46.8,59.0) 55.2 (48.6,61.6) 48.8 (39.9,57.7)
Prospera 1.9 (0.8,4.3) 5.0 (1.9,12.2) 8.4 (4.3,15.6)
Liconsa 29.2 (23.6,35.3) 21.7 (14.8,30.5) 12.6 (8.1,19.0)
Affiliation to medical service
IMSS 31.0 (25.5,37.0) 293 (24.4,34.7) 38.1 (29.6,47.3)
ISSSTE 6.9 (4.6,10.2) 6.5 (4.9,84) 5.0 (2.4,10.0)
Seguro Popular 2.7 (1.2,5.6) 30.3 (25.9,35.0) 372 (29.5,45.7)
Private or other 5.1 (3.0,83) 2.5 (1.4,43) 2.5 (0.7,7.6)
No afiliated 542 (48.1,60.1) 314 (26.4,36.6) 17.1 (11.4,24.8)
Southern
Wellness condition
Low 532 (49.5,56.8) 42.8 (39.4,46.1) 51.1 (47.2,54.9)
Middle 284 (26.1,30.8) 316 (29.2,34.0) 294 (25.8,33.1)
High 18.4 (16.0,21.0) 25.6 (22.4,29.0) 19.5 (16.2,23.3)
Prospera 44.5 (40.1,48.8) 320 (27.4,36.9) 41.4 (38.0,44.8)
Liconsa 33 (2.6,4.0) 6.0 (4.1,85) 75 (5.7,9.6)
Affiliation to medical service
IMSS 18.0 (16.2,19.9) 18.1 (16.0,20.3) 22.6 (19.4,26.0)
ISSSTE 5.0 (3.9,6.1) 4.7 (3.7,5.7) 5.5 (3.8,7.6)
Seguro Popular 13.7 (11.3,16.3) 542 (51.5,56.8) 56.4 (52.7,59.9)
Private or other 44 (34,54) 1.3 0.7,1.9) 0.9 (0.5, 1.5)
No afiliated 59.0 (56.2,61.7) 21.8 (19.7,24.0) 14.6 (12.5,16.9)

ClI: Confidence Interval; Ensanut: Encuesta Nacional de Salud y Nutricion.
IMSS: Instituto Mexicano del Seguro Social; ISSSTE: Instituto de Seguridad y Servicios Sociales de los Trabajadores del Estado; Prospera: cash transfer program (social
inclusion program); Liconsa: fortified milk (parastatal company of the Mexican government).
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The prevalence of anemia is presented in table II.
At national level the prevalence increased significantly
(p<0.05) by 6.1 percentage points (pp) from 2006 to 2018-
19. By federal entity, a regional pattern is not shown.
By State, Baja California North, Campeche, Colima,
Chiapas, Quintana Roo, Sinaloa and Sonora, moved

(p<0.05) from a lower prevalence (5 to 19.9%) to a mod-
erate prevalence (20 a 39.9%); in the States of Yucatdn
and Tamaulipas passed (p<0.05) from a low to a severe
prevalence (>40). In Zacatecas, increased significantly
(p<0.05) by only 2 pp. In the States of Aguascalientes,
Baja California South, Coahuila, Chihuahua, Ciudad

Table Il
PREVALENCE OF ANEMIA (HB<12G/DL) IN NON-PREGNANT WOMEN AGED 20 To 49 YEARS BY STATE AND
SURVEY YEAR. MExico, ENsaNuT 2006, 2012, 2018

Survey

2006
n(sample)= 13 495
N(Expanded)=23 747 901

2012 2018-19
n(sample)= 12 261 n(sample)= 5 649
N(Expanded)=24 583 929 N(Expanded)=27 727 972

% (C195%) % (C195%) % (C195%)
National 18.2 (17.1,19.3) 13.1 (12.1,13.9) 19.2 (17.6,20.8)
Aguascalientes 14.3 (10.5, 19.1) 8.9 (6.0,12.8) 10.2 (6.5, 15.5)
Baja California Norte®* 3(5.3,15.7) 12.2 (94, 15.6) 37.8 (25.5,51.7)
Baja California Sur 23.7 (17.6,30.9) 11.8 (84, 1622) 24.1 (17.5,32.2)
Campeches 17.0 (13.1,21.7) 24.1 (19.7,29.0) 36.3 (27.7,45.7)
Coahuila 29.0 (23.6,35.0) 9.8 (66, 14.4) 234 (15.8,33.1)
Colima*#§ 23.1 (185,28.2) 129 (92, 17.7) 340 (25.9,43.1)
Chiapas* 163 (12.1,213) 155 (11.2,209) 25.8 (189,34.0)
Chihuahua 17.2 (12.8,22.5) 7.1 (44,11.3) 24.9 (15.6,37.2)
Ciudad de México 14.8 (11.5,18.6) 13.9 (10.1,18.7) 14.8 (8.2,25.2)
Durango 194 (16.0,23.4) 12,0 (87, 16.1) 17.3 (11.6,25.0)
Guanajuato®s 24.1 (19.7,29.1) 10.1 (7.0, 14.1) 89 (5.8,133)
Guerrero 17.8 (14.8,21.1) 14.3 (10.9, 18.5) 13.3(7.9,21.4)
Hidalgo 169 (12.8,22.0) 5.7 (10.8,22.3) 14.3 (10.0, 19.8)
Jalisco 169 (12.3,22.5) 10.5 (68, 15.5) 9.1 (54, 14.6)
Estado de México* 262 (18:4,35.6) 137 (107, 17.3) 9.1 (56, 143)
Michoacan 20.3 (16.2,25.0) 5.0 (9.8,22.0) 12.3 (7.9, 18.4)
Morelos 162 (11.7,21.9) 12.7 (9.4, 16.9) 10.0 (5.5, 17.3)
Nayarit 142 (106, 186) 82 (54, 12.0) 29.1 (22.5,36.6)
Nuevo Leén 17.0 (13.1,21.7) 12.9 (9.4, 17.4) 24.3 (16.1,348)
Oaxaca 144 (120, 17.1) 148 (117, 18.4) 204 (14.9,27.1)
Puebla 17.8 (13.5,23.0) 14.3 (10.1, 19.6) 1.5 (6.0,20.6)
Querétaro* 18.6 (14.3,23.8) 12,0 (9.0, 15.8) 4(35,11.0)
Quintana Roo* 22.0 (17.2,27.4) 16.6 (13.2,20.7) 35.8 (26.1,46.7)
San Luis Potosi 168 (12.8,21.5) 10.0 (6.8, 14.3) 19.6 (11.8,30.7)
Sinaloats 18.3 (14.0,23.4) 4(63,13.6) 249 (188,32.1)
Sonorat 283 (22.8,345) 155 (11.1,21.2) 37.6 (29.6,46.3)
Tabasco 19.6 (16.4,23.2) 23.0 (18.2,28.5) 21.7 (17.6,26.3)
Tamaulipas® 17.3 (12.8,22.7) 13.3 (10.0, 17.4) 50.1 (41.4,58.8)
Tlaxcala 20.1 (165,243) 17.1 (12.7,22.4) 13.3 (9.0, 19.0)
Veracruz 22.1 (18.0,26.7) 11.9 (89, 15.6) 27.4 (19.5,37.0)
(continues...)
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Yucatan®# 16.6 (12.5,21.6)

16.6 (12.9,20.8) 444 (36.7,52.4)

Zacatecas* 20.1 (15.7,25.2)

8.1 (54,11.8) 105 (6.7, 15.8)

Differences by logistic regression model adjusted by survey design, wellness condition, Prospera (cash transfer program [social inclusion program]), Liconsa

(fortified milk [parastatal company of the Mexican government]), medical services.

* Significative differences (p<0.05),2006 vs.2018-19

* Significative differences (p<0.05),2018 vs.2012

§ Significative differences (p<0.05), 2006 vs. 2012

Cl: confidence interval; Ensanut: Encuesta Nacional de Salud y Nutricién

de México, Durango, Nayarit, Nuevo Leén, Oaxaca,
San Luis Potosi and Veracruz, had increased but non-
significant. In Guanajuato, State of México and Queré-
taro, there was a significant reduction in the prevalence
of anemia from 2006 to 2018-19 (p<0.05). In the States of
Guerrero, Hidalgo, Jalisco, Michoacdn, Morelos, Puebla,
Tabasco y Tlaxcala non-significant fall in the prevalence
were observed.

In table III is shown the prevalence of anemia by
urban and rural dwelling, at State level. The small sample
size in some States did not allow for comparison when
adjusting by covariables. A significant increase, at na-
tional level, was observed from year 2006 to 2012 (p<0.05),
in rural areas and in urban areas from 2012 to 2018-19.

The distribution of the prevalence of iron defi-
ciency, measured as serum ferritin concentrations is
shown in table IV. A significant increase in the preva-
lence of ferritin deficiency occurred in the States of Baja
California South from 2006 through 2018-19. While
in Tamaulipas and Tlaxcala a significant fall in the
prevalence of ferritin deficiency was seen from 2006
through 2018-19 (p<0.05).

Discussion

Anemia in women of childbearing age is a public health
problem in Mexico that has shown significant increases
in recent years, even though multiple efforts have been
made to reduce it. Our results adjusted by covariables
(wellbeing index, programs furnishing food aid and
affiliation to medical Services insurance) show that in
the analysis by federal entity, there is an increment in
the prevalence of anemia, of mild intensity for public
health interests (20 to 39.9%) to Baja California North,
Campeche, Colima, Chiapas, Quintana Roo, Sinaloa and
Sonora; the State of Zacatecas had a significant (p<0.05)
increase of 2 pp of anemia; the States passing from mild
to severe were Yucatdn and Tamaulipas (>40%). Nev-
ertheless, the iron deficiency, as by ferritin, increased
significantly in South Baja California and reduced its
prevalence in Tamaulipas and Tlaxcala.
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In other analyses, it has been shown at the national
level and in a general way that the prevalence of anemia
in non-pregnant women 20-49 years old age increased
significantly by 6.1 pp, demonstrating which States
contributed the most to this national increment, with
the aim of focusing the health and nutrition public inter-
ventions aimed at this specific group of the population,
because women of childbearing age are responsible for
the optimal development of future generations.**

The most frequent cause of anemia is iron defi-
ciency, as by our results only one State Baja California
South increased its prevalence of iron deficiency, this
may be explained because anemia, is also produced by
folate, vitamin B12, vitamin A deficiencies and other
chronic non transmissible diseases.?! Unfortunately, only
in Ensanut 2012 were measured folate, vitamin B12, but
in Ensanut 2006 and 2018-19 were not measured.!"12

To our knowledge this the first article presenting the
prevalence of anemia and iron deficiency at State level
in Mexico, with the intention that anemia is addressed
at the state level in different contexts. For this reason,
is no possible to do comparison.

The reduction in the prevalence of anemia in
some states was probably because food aid programs
were active. The food aid programs as such Prospera
(attending a large population of pregnant and lactat-
ing women from 1997 to 2018) and the fortified milk
program Liconsa both, carrying out large programs
directed to reduce poverty and with it reducing the
prevalence of anemia.”*” Liconsa in 2014 had a total of
1095 860 beneficiaries and by 2017 it increased to 5 005
820 beneficiaries, nevertheless, its program continues its
actions today.?"® Unfortunately, Prospera ceased in 2018.

According to Consejo Nacional de Evaluacién de la
Politica de Desarrollo Social (Coneval),?? from 1998 there
was an increase in the number of people in poverty and
85% of the target population was served in 2016 and
the program Prospera focused on those with the largest
number of people in extreme multidimensional poverty,
such as Chiapas, State of Mexico, Veracruz, Puebla,
Guerrero and Oaxaca. This is not consistent with the
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Table 11l
PREVALENCE OF ANEMIA (HB<12G/DL) IN NON=-PREGNANT WOMEN AGED 20 To 49 YEARS BY STATE,
SURVEY YEAR AND URBAN AND RURAL LOCALITIES. MEXico, ENsanuT 2006, 2012, 2018

Urban Rural
2006 2012%8 2018-19+8 2006%% 2012%* 2018-19%*
n (sample)=14 411 n (sample)=11 827  n(sample)=5 356 n(sample)=6 065 n(sample)=6 273 n(sample)=2 672
N(Expanded)= N(Expanded)= N(Expanded)= N(Expanded)= N(Expanded)= N(Expanded)=
25429 837 26 006 139 30134958 7378072 7493 940 8597577
% (CI95%) % (CI95%) % (CI95%) % (CI95%) % (CI95%) % (CI95%)
National*$ 17.9 (16.6,19.3) 12.8 (11.7,13.9) 192 (17.3,21.1) 19.3 (17.4,21.3) 14.0 (12.5,15.6) 19.3 (16.8,22.0)
Aguascalientes” 14.4(10.0,20.3) 7.8 (4.7,124) .7 (58,15.7) 14.0 (9.5, 19.8) 13.5(8.7,20.1) 12.5(5.1,27.2)
Baja California Norte™ .3 (5.2, 16.1) I1.4(84,15.1) 36.9 (24.1,51.7) 9.3 (1.6,387) 20.6 (14.5,28.2) 522(31.2,723)
Baja California Sur® 222 (17.1,283) 11.9(82,1638) 22.8 (15.9,31.5) 31.5(10.9,63.2) 11.2 (4.6,24.8) 34.6 (18.8,54.6)
Campeche” 19.2 (14.7,24.6) 249 (19.5,31.1) 36.9 (26.9,47.9) 104 (5.6, 18.3) 21.5(15.3,29.1) 34.0(19.8,51.8)
Coahuila® 282 (22.6,34.4) 9.8 (6.3,14.7) 23.0 (14.7,34.0) 36.4(19.9,56.6) 10.8 (6.2, 18.0) 262 (16.9,382)
Colima” 23.0(18.0,28.7) 12.1 (85,16.9) 327 (23.8,429) 24.0(17.8,31.3) 19.6 (7.6,41.8) 439 (31.2,57.3)
Chiapas® 132 (85,19.9) 14.6 (8.7,23.2) 29.0 (18.8,41.7) 19.8 (13.7,27.6) 16.7 (11.5,23.6) 224 (14.3,33.1)
Chihuahua® 16.2 (11.7,22.0) 74 (44,12.1) 26.9 (16.3,40.9) 23.5(12.5,39.7) 52 (1.6,15.1) 12.2 (5.7,238)
Ciudad de México” 14.8 (11.5,18.6) 13.9 (10.1,18.7) 14.9 (8.2,25.3) 0.0 0.0 0.0
Durango” 19.7 (15.3,24.9) 1.7 (7.8,17.1) 17.2(10.3,27.2) 19.0 (14.0,25.0) 12,6 (8.2,18.9) 17.7 (9.5,30.3)
Guanajuato® 25.2 (20.6,30.3) 82(4.9,133) 6.5 (3.4,12.1) 21.7 (12.9,34.0) 13.5(8.6,20.4) 14.1 (8.6,22.2)
Guerrero” 19.2 (15.5,23.6) 14.0 (9.3,20.3) 14.6 (7.4,26.6) 15.0 (11.2,19.6) 14.9 (10.6,20.4) 1.1 (5.1,22.2)
Hidalgo™ 16.8 (10.9,24.9) 20.5(13.2,30.2) 12.5(8.0,187) 17.2 (12.8,22.4) 10.2 (4.9,19.8) 16.6 (9.7,26.7)
Jalisco™ 17.2 (12.3,23.5) 9.8 (5.9,15.7) 9.4 (5.4,15.6) 134 (8.6,20.1) 14.3(7.9,243) .3(42,9.2)
Estado de México” 28.8 (15.0,47.9) 13.1(9.8,172) 82 (4.7,13.6) 24.0 (17.5,31.9) 17.8 (134,23.2) 17.8 (6.0,41.8)
Michoacan® 21.2(16.2,27.2) 15.8 (9.7,24.7) 14.8 (8.8,23.6) 17.8 (12.3,24.9) 122 (5.8,23.7) 7.3 (3.1,15.8)
Morelos” 15.3(10.5,21.8) 13.1(94,17.9) .0(47,16.3) 22.6 (14.8,32.9) 10.2 (5.5,17.7) 15.6 (3.4,48.6)
Nayarit” 132 (9.1,18.6) 7.3 (4.1,127) 252 (17.9,34.1) 16.5 (10.6,24.6) 10.3 (6.5,15.7) 40.5 (27.7,54.7)
Nuevo Leon”™ 16.8 (12.7,21.8) 13.3 (9.6,18.0) 247 (16.1,35.9) 19.8 (11.9,30.9) 7.8(2.3,227) 17.8 (6.9,38.8)
Oaxaca” 142 (114,17.5) 15.2 (11.0,20.5) 20.1 (12.6,30.6) 14.8 (10.8,19.9) 14.3(9.9,20.1) 20.7 (13.8,29.7)
Puebla® 18.6 (13.6,24.8) 13.1'(82,19.9) 13.4 (6.7,25.0) 15.7 (9.0,25.7) 17.9 (11.7,26.3) 9 (1.3,10.7)
Querétaro” 17.3 (12.0,24.1) 124 (8.5,17.6) 53(221,119) 22.1 (16.0,29.7) 11.2(7.3,16.7) 3 (49,16.7)
Quintana Roo” 19.7 (14.9,25.5) 17.2 (13.6,21.6) 342 (24.0,46.0) 33.6 (24.8,43.6) 11.3(4.9,23.5) 52.5(31.3,728)
San Luis Potosi® 16.6 (11.8,22.7) 10.3 (6.6,15.7) 20.7 (10.8,35.8) 17.0 (11.1,25.1) 9.0 (43,17.8) 16.6 (10.5,25.1)
Sinaloa” 18.3 (12.9,25.1) 74(45,11.7) 21.3 (14.2,30.6) 18.4 (12.6,25.8) 14.6 (7.9,25.2) 35.5(27.1,44.8)
Sonora”® 30.3(24.2,37.1) 16.1 (11.3,22.2) 39.3(30.2,49.0) 16.2 (7.7,30.8) 102 (3.7,25.2) 27.7 (17.5,40.9)
Tabasco® 20.6 (16.3,25.6) 22.5(16.8,29.3) 232 (17.4,30.0) 18.1(13.8,23.2) 23.8(15.9,33.8) 19.5(14.7,25.2)
Tamaulipas®™ 16.8 (12.1,22.7) 13.8 (10.2, 18.4) 523 (42.7,61.6) 20.3 (10.6,35.1) 9.7 (5.0,17.6) 30.0 (19.0,43.9)
Tlaxcala® 20.3 (16.1,25.2) 18.0 (13.2,24.0) 12.0 (7.6,18.2) 19.3 (13.9,26.1) 13.1 (5.7,26.9) 19.2 (9.1,35.8)
Veracruz® 219 (17.1,27.5) 11.2(7.92,15.5) 27.6 (17.1,41.2) 225 (15.5,31.3) 13.2(7.8,21.4) 27.1(17.2,39.8)
Yucatan® 17.3 (12.8,22.7) 17.3(13.2,223) 44.0 (35.1,53.3) 11.6 (4.8,25.4) 12.3(7.8,188) 46.4 (34.3,58.8)
Zacatecas” 21.6 (15.9,28.5) 9.2(54,153) 13.2(7.8,21.5) 18.2 (12.1,26.3) 6.5(3.8,107) 6.7 (3.2,133)

Differences by logistic regression model adjusted by survey design, wellness condition, Prospera (cash transfer program [social inclusion program]), Liconsa
(fortified milk [parastatal company of the Mexican government]), affiliation to medical services.

* Significative differences (p<0.05), urban 2006 vs. urban 2012;# Significative differences (p<0.05), urban 2006 vs. urban 2018-19;

§ Significative differences (p<0.05), urban 2018-19 vs. urban 2012;* Significative differences (p<0.05), rural 2006 vs. rural 2012;

& Significative differences (p<0.05), rural 2006 vs. rural 2018-19; * Significative differences (p<0.05), rural 2018-19 vs. rural 2012;

“ Not estimable, insufficient sample

Cl: Confidence Interval; Ensanut: Encuesta Nacional de Salud y Nutricién
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PREVALENCE OF FERRITIN DEFICIENCY (FERRITIN<|5UG/DL) IN NON=PREGNANT WOMEN AGED 20 TO 49

National

Table IV

YEARS BY STATE AND SURVEY YEAR. ENsaNnuT 2006, 2012, 2018

Survey
2006 2012 2018-19
n=2 449 n=3 649 n=1 414
N(Expanded) N(Expanded) N(Expanded)
=23 664 884 =22433794 =26 989 054
% (C195%) % (C195%) % (C195%)

29.0 (25.9,322)

29.6 (26.6,32.7)

257 (215,302)

Aguascalientes

27.3 (20.1,35.7)

35.4 (26.5,45.4)

290 (17.7,43.7)

Baja California Norte 142 (6.7,27.2) 17.6 (8.6,32.3) 3.0 (04,17.7)

Baja California Sur** 19.4 (10.9,31.8) 13.1 (6.2,25.5) 28.7 (15.3,47.1)
Campeche 16.8 (11.1,24.6) 322 (20.6,46.4) 6.0 (2.1, 15.1)

Coahuila 55.2(21.9,84.3) 14.5 (6.2,30.2) 34.0 (14.5,61.0)
Colima 264 (17.5,37.6) 294 (19.7,41.2) 18.5(8.1,36.7)
Chiapas 22.7 (14.6,33.5) 143 (8.1,23.9) 189 (11.3,29.7)
Chihuahua 0.0 (0,0) 329 (21.3,46.9) 24.4 (6.2,60.9)
Ciudad de México 239 (15.4,35.1) 29.2 (16.6,45.9) 42.8 (23.2,64.9)
Durango 20.1 (2.2,73.3) 294 (19.7,41.4) 25.5 (12.0,46.0)
Guanajuato 65.3 (13.6,95.7) 39.4 (29.5,50.2) 29.1 (19.2,41.4)
Guerrero 24.4 (3.2,75.5) 30.7 (23.3,39.1) 35.1 (20.6,52.8)
Hidalgo 64.5 (13.6,95.3) 48.0 (36.1,60.1) 284 (15.4,46.0)
Jalisco 30.6 (19.0,45.1) 19.9 (12.2,30.6) 17.9 (8.5,33.6)
Estado de México 21.6 (11.5,36.7) 324 (20.2,47.5) 23.5(9.9,45.8)
Michoacin 23.5 (4.6,65.9) 31.3(22.9,41.1) 39.1 (22.5,58.7)
Morelos 39.0 (7.74,83.0) 41.9 (31.4,53.1) 253 (11.5,46.6)
Nayarit 27.5 (19.6,37.0) 31.2(21.0,43.4) 13.0 (6.3,24.9)
Nuevo Leén 284 (18.1,41.4) 16.6 (9.3,27.8) 36.4(18.9,58.3)
Oaxaca 0.0 (0,0) 342 (24.5,45.3) 18.7 (10.8,30.1)
Puebla 374 (27.1,48.8) 45.2 (33.9,57.0) 17.6 (7.4,36.2)
Queretaro 343 (24.4,45.7) 23.7 (14.5,36.0) 442 (21.2,69.9)
Quintana Roo 28.0 (18.9,39.4) 203 (12.2,31.7) 21.5(11.0,37.7)
San Luis Potosi 25.8(19.5,33.2) 24.1 (14.0,38.1) 14.7 (5.7,32.6)
Sinaloa 343 (24.1,46.1) 332 (24.0,43.8) 20.5 (10.1,37.1)
Sonora 0.0 (0,0) 332 (21.7,46.9) 12.8 (4.8,29.8)
Tabasco 0.0 (0,0) 26.1 (14.0,43.2) 145 (8.2,24.2)
Tamaulipas* 29.0 (18.9,41.5) 26.9 (18.6,37.1) 23.1 (6.94,54.8)
Tlaxcala®$ 47.2 (39.4,55.0) 55.0 (44.3,65.1) 20.8(11.0,35.7)
Veracruz 41.8 (33.5,50.6) 32.8(24.8,41.8) 33.5(14.2,604)
Yucatan 28.8 (18.6,41.6) 25.9 (16.7,37.6) 19.3(10.0,33.7)
Zacatecas 245 (8.9,51.6) 232 (14.9,34.1) 35.6 (17.8,58.3)

Logistic regression model adjusted by survey design, wellness condition, Prospera, Liconsa, affiliation to medical services.
* Significative differences (p<0.05),2006 vs.2012

* Significative differences (p<0.05),2018-19 vs.2012
§ Significative differences (p<0.05), 2006 vs.2018-19

Cl: Confidence Interval, Ensanut: Encuesta Nacional de Salud y Nutricion
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increases in the prevalence of anemia in 2018 from Baja
California North, Campeche, Colima, Chiapas, Quintana
Roo, Sinaloa, Sonora Yucatdn and Tamaulipas.

On the other hand, the average monthly consulta-
tions, pregnant and lactating women in control, and
children under five years of age in nutritional control,
had an increase from 1998 (1.360 million) to 2011 (3.469
million), however for 2017 there was an average of 2.7
million monthly consultations.?? In this sense, the program
Prosperahad animpactin the reduction of the prevalence of
anemia in women in childbearing age.”>** In the context of
medical services to Prospera beneficiaries, were evidenced
the deficiencies in medical service they receive. % In the
current context to general population, the situation has
not improved in health services at national level, which
represents a problem in the fight against anemia.”

In economical context, Leon-Bon and colleagues,*
showed that there was a 71% increase in the low eco-
nomic well-being in the population from 2008 to 2019
and although it is known that the poverty rate is much
higher in rural areas, the food basket (same products)
in urban areas tends to be more expensive than in
rural areas, on the other hand, the population living
in poverty in Mexico is largely concentrated in urban
municipalities, while the application of social programs
is frequently more focused on rural areas. However, in
2004 it reached five million Prospera beneficiary house-
holds, including semi-urban and urban locations.*

In addition, the presence of the pandemic of Covid
probably brought an increase of the prevalence of ane-
mia in the poorer states, nevertheless not all states with
high prevalence in our study fall into this category.’!

In the post-Covid stage, anemia and other micronu-
trients deficiencies should be placed in one of the first
places of the public health agenda.*! Some studies have
demonstrated that anemia and micronutrients deficien-
cies have aggravated the course and consequences of
several infections and the micronutrient supplementa-
tion may have antiviral effect.?34

Intersectoral and long-term actions are required
that contribute to reduction of anemia and effective
access to health services, availability of nutritious food
and quality education, a home and community with
minimal infrastructure and employment opportuni-
ties, better wages and therefore greater well-being for
the families.

Given the cross-sectional nature of this study, in-
depth studies within each state of Mexico are required
to understand the causes of anemia, principally from
Baja California North, Campeche, Colima, Chiapas,
Quintana Roo, Sinaloa, Sonora Yucatdn and Tamau-
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lipas, to channel public health efforts and reduce the
burden of disease associated with anemia adapted to the
specificities of certain contexts (rural, urban or regional)
or specific population groups (indigenous). It is also
essential to increase at local level the availability and
access to healthy foods rich in iron, integrate actions to
improve the quality and diversity of the diet, as well as
monitor food fortification programs.2*3+

An unexpected finding was that the States in the
Northern of Mexico: North Baja California, Sinaloa,
Tamaulipas and Sonora; considered the zone with
the better-off situation, had the highest prevalence of
anemia up the mild status as public health problem.!
Another possibility for the increase of anemia is the
change of methodology for measuring Hb, in 2006 was
used the HemoCue 301+ equipment and it was changed
in 2012 and 2018 to the model 201+.%% At the same time
the prevalence of iron deficiency did not change or di-
minished. Several relevant variables for the prevalence
of anemia, as parity, tobacco smoking, intake of foods
that facilitate or inhibit iron absorption such as fitate,
vitamins C, A, B12, folate and cooper were not available
to be included in the analysis.*

This analysis urges the importance of further study
of the origin of anemia, from dietary causes including
economic (poverty), biological, social, demographic (ur-
banization) factors at the local level and the likelihood
of climatic conditions such as heat and how humidity
affecting Hb measurements in the northern and south-
ern states (adjacent to the sea) that showed greater and
significant changes (p<0.05).

Nevertheless, caution in the interpretation of this
increase is recommended since we cannot discard mea-
surement errors in Hb capillary determination.*’

The fortitudes of the Ensanut are among other to be
population studies representative at the declared level,
using the same methodology, cutoff points for Hb and
ferritin and the sample collection were made by highly
qualified personnel with large experience in executing
population surveys.

In conclusion, anemia in women between 20 and 49
years of age continues to be a public health problem of
great magnitude that is increasing. Comprehensive ac-
tions at state level are required for its control and eradi-
cation, evaluating, if it is necessary to supplement and
supplement nutrients, food and nutritional education
for the population at risk, deworming, among others.
Therefore, identifying the main causes of anemia in this
population is mandatory for timely intervention either
through diet, fortified food, or micronutrient supple-
mentation in those women at higher risk.

salud piiblica de méxico [ vol. 65, no. 3, mayo-junio de 2023



State-level prevalence of anemia in women of reproductive age

ARTICULO ORIGINAL

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

References

|.World Health Organization. Haemoglobin concentrations for the
diagnosis of anemia and assessment of severity. Geneva:WHO, 201 |
[cited March 1,2019]. Available from: https://apps.who.int/iris/han-
dle/10665/85839

2. McLean E, Cogswell M, Egli |, Wojdyla D, de Benoist B.Worldwide
prevalence of anaemia, WHO Vitamin and Mineral Nutrition Informa-
tion System, 1993-2005. Public Health Nutr. 2009;12:444-54. https://doi.
org/10.1017/5136898000800240 |

3.World Health Organization. The global prevalence of anae-

mia in 201 1. Geneva:World Health Organization, 2015 [cited May
21,2019].Available from: https://apps.who.int/iris/bitstream/han-
dle/10665/177094/9789241564960_eng.pdflsequence= | &isAllowed=y
4.World Health Organization.The World Health Report 2002: Reducing
Risks, Promoting Healthy Life. Geneva:WHO, 2002 [cited March 8,2019].
Available from: https://apps.who.int/iris/bitstream/handle/ | 0665/42510/
WHR_2002.pdf!sequence=1

5.World Health Organization. Global Nutrition Targets 2025: Anemia
Policy Brief. Geneva:WHO, 2014 [cited March 10,2019]. Available from:
https://apps.who.int/iris/bitstream/handle/ 10665/148556/WHO_NMH_
NHD_14.4_eng.pdflua=|

6. Gautam S, Min H, Kim H, Jeong H-S. Determining factors for the preva-
lence of anemia in women of reproductive age in Nepal: Evidence from
recent national survey data. PLoS ONE.2019; 14(6): €0218288. https://doi.
org/10.137/journal.pone.0218288

7.Shamah-Levy T, Mejia-Rodriguez F, Méndez Gomez-Humaran |, de la
Cruz-GongoraV, Mundo-Rosas V,Villalpando-Hernandez S.Tendencia en
la prevalencia de anemia entre mujeres mexicanas en edad reproductiva
2006-2016. Ensanut MC 2016. Salud Publica Mex. 2018;60:301-8. https:/
doi.org/10.21149/8820

8. Garcia-Guerra A, Neufeld LM, Arenas AB, Fernandez-Gaxiola AC, Mejia-
Rodriguez F, Garcia-Feregrino R, et al. 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;149:22815-2289S. https://doi.org/10.1093/jn/nxz169

9. Shamah-Levy T, Mejia-Rodriguez F, Garcia-Guerra A,Vizuet-Vega |,
Méndez Gomez-Humaran |, Martinez-Dominguez ), De la Cruz-Gongora
V. Comportamiento y factores asociados con la anemia en mujeres mexi-
canas en edad fértil. Ensanut 2018-19. Salud Publica Mex. 2020;62:767-76.
https://doi.org/10.21149/11866

10. Romero-Martinez M, Shamah-Levy T,Vielma-Orozco E, Heredia-
Hernandez O, Mojica-Cuevas J, Cuevas-Nasu L, Rivera-Dommarco

J, Grupo de trabajo Ensanut 2018-19. 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

I'I.Romero-Martinez M, Shamah-Levy T, Franco-Nuiez A, Villalpando S,
Cuevas-Nasu L, Gutiérrez JP, et al. Encuesta Nacional de Salud y Nutricion
2012: disefio y cobertura. Salud Publica Mex. 2013;55:5332-40 [cited
September 22, 2022]. Available from: https://www.scielo.org.mx/pdf/spm/
v5552/v5552a33.pdf

12. Palma O, Shamah Levy T, Franco A, Olaiz G, Méndez-Ramirez I.
Metodologia. En: Encuesta Nacional de Salud y Nutricion (Ensanut-2006).
Cuernavaca: Instituto Nacional de Salud Publica, 2006:19-33 [cited
September 22, 2022]. Available from: https://ensanut.insp.mx/encuestas/
ensanut2006/doctos/informes/ensanut2006.pdf

13.Villalpando S, Gaytan MA, Gonzalez-Herrera O, Morales-Ruan MC,
Gomez-Acosta LM, Garcia-Guerra A.Toma de muestras sanguineas. En:

salud piiblica de méxico [ vol. 65, no. 3, mayo-junio de 2023

Shamah- Levy T,Villalpando- Hernandez S, Rivera-Dommarco J. Manual
de Procedimientos para Proyectos de Nutricion. Cuernavaca: Instituto
Nacional de Salud Publica, 2006:109-48 [cited September 22, 2022]. Avail-
able from: https://docplayer.es/4468298-Manual-de-procedimientos-para-
proyectos-de-nutricion.html

14.Tietz NW. Clinical Guide to Laboratory Tests. Philadephia:W. B.
Saunders, 1995.

I5.World Health Organization. Haemoglobin concentrations for the di-
agnosis of anaemia and assessment of severity.Vitamin and Mineral Nutri-
tion Information System. Geneva:WHO, 201 | [cited September 22,2022].
Available from: https://apps.who.int/iris/bitstream/handle/ | 0665/85839/
WHO_NMH_NHD_MNM_I1.1_eng.pdf

16. 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):392-99
[cited September 22,2022]. Available from: http://www.scielosp.org/scielo.
php?script=sci_arttext&pid=S1020-49891999001 100004&Ing=pt&nrm=iso
|7.Thurnham DI, Mccabe LD, Haldar S,Wieringa FT, Northrop-Clewes
CA, Mccabe GP.Adjusting plasma ferritin concentrations to remove the
effects of subclinical inflammation in the assessment of iron deficiency:a
meta-analysis.Am ] Clin Nutr. 2010;92(9):546-55. https://doi.org/10.3945/
2jcn.2010.29284

18. Kolenikov S,Angeles G.The use of discrete data in principal com-
ponent analysis: theory, simulations, and applications to socio-economic
indices. Carolina: MEASURE Evaluation, 2004 [cited September 22,2022].
Available from: https://www.measureevaluation.org/resources/publica-
tions/wp-04-85.html

19. Romero-Martinez M, Barrientos-Gutiérrez T, Cuevas-Nasu L, Bautista-
Arredondo S, Colchero MA, Gaona-Pineda EB, et al. Metodologia de

la Encuesta Nacional de Salud y Nutricién 2021. Salud Publica Mex.
2021;63:813-8. https://doi.org/10.21149/13348

20. Herrera-Cuenca M. Estudio Venezolano de Nutricion y Salud: Disefio
y metodologia. Grupo del Estudio Latinoamericano de Nutricion y Salud.
Anales Venezolanos de Nutricion. 2017;30(1):1-15 [cited September
22,2022]. Available from: https://www.analesdenutricion.org.ve/edicio-
nes/2017/1/art-2/

21. Kassebaum NJ. GBD 2013 Anemia Collaborators.The Global Burden
of Anemia. Hematol Oncol Clin North Am. 2016;30(2):247-308. https:/
doi.org/10.1016/j.hoc.2015.11.002

22. Hernandez-Licona G, De la Garza T, Zamudio J, Yaschine I. El Progresa-
Oportunidades-Prospera, a 20 afios de su creacion. Ciudad de México:
Coneval [cited October 12,2022];1450(1):147-71. Available from: https:/
www.coneval.org.mx/Evaluacion/I[EPSM/Documents/Libro_POP_20.pdf
23. Shamah-Levy T,Villalpando-Hernandez S, Rivera-Dommarco JA,
Cuevas-Nasu L. Impacto de oportunidades en el estado de nutricion y
anemia de nifios y mujeres en edad fértil: componente rural. En: Gonzalez
de Cossio T, Rivera-Dommarco J, Lopez-Acevedo G, Rubio-Soto GM.
Nutricion y Pobreza: politica piblica basada en evidencia. México: Banco
Mundial de la Salud/Sedesol, 2008 [cited September 22,2022]. Avail-

able from: http://www.scielo.org.mx/scielo.php’script=sci_arttext&pid
=50036-36342009001000023

24. Neufeld LM, Garcia-Guerra A, Quezada AD, Théodore F, Bonvecchio-
Arenas A, Islas CD, et al.A Fortified food can be replaced by micronutri-
ent supplements for distribution in a Mexican social protection program
based on results of a cluster-randomized trial and costing analysis. | Nutr.
2019;149(suppl 1):2302S-9. https://doi.org/10.1093/jn/nxz176

25. Shamah-Levy T,Villalpando S, MundoV, Cuevas L, Rivera J. Lecciones
aprendidas en la evaluacion de Liconsa. Salud Publica Mex. 2007;49 [cited
September 22, 2022]. Available from: https://www.redalyc.org/articulo.
0alid=10649093

26. Gutiérrez )P, Leroy ), Lopez Ridaura R, DeMaria L, Walker D, Cam-
puzano JC, et al. Evaluacion de la calidad de los servicios de atencion

a la salud asignados a la poblacion beneficiaria de Oportunidades. En:
Evaluacion externa del Programa Oportunidades 2008.A diez afios de

217


https://apps.who.int/iris/handle/10665/85839
https://apps.who.int/iris/handle/10665/85839
https://doi.org/10.1017/S1368980008002401
https://doi.org/10.1017/S1368980008002401
https://apps.who.int/iris/bitstream/handle/10665/177094/9789241564960_eng.pdf?sequence=1&isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/177094/9789241564960_eng.pdf?sequence=1&isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/42510/WHR_2002.pdf?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/42510/WHR_2002.pdf?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/148556/WHO_NMH_NHD_14.4_eng.pdf?ua=1
https://apps.who.int/iris/bitstream/handle/10665/148556/WHO_NMH_NHD_14.4_eng.pdf?ua=1
https://doi.org/10.1371/journal.pone.0218288
https://doi.org/10.1371/journal.pone.0218288
https://doi.org/10.21149/8820
https://doi.org/10.21149/8820
https://doi.org/10.1093/jn/nxz169
https://doi.org/10.21149/11866
https://doi.org/10.21149/11095
https://www.scielo.org.mx/pdf/spm/v55s2/v55s2a33.pdf
https://www.scielo.org.mx/pdf/spm/v55s2/v55s2a33.pdf
https://ensanut.insp.mx/encuestas/ensanut2006/doctos/informes/ensanut2006.pdf
https://ensanut.insp.mx/encuestas/ensanut2006/doctos/informes/ensanut2006.pdf
https://docplayer.es/4468298-Manual-de-procedimientos-para-proyectos-de-nutricion.html
https://docplayer.es/4468298-Manual-de-procedimientos-para-proyectos-de-nutricion.html
https://apps.who.int/iris/bitstream/handle/10665/85839/WHO_NMH_NHD_MNM_11.1_eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/85839/WHO_NMH_NHD_MNM_11.1_eng.pdf
http://www.scielosp.org/scielo.php?script=sci_arttext&pid=S1020-49891999001100004&lng=pt&nrm=iso
http://www.scielosp.org/scielo.php?script=sci_arttext&pid=S1020-49891999001100004&lng=pt&nrm=iso
https://doi.org/10.3945/ajcn.2010.29284
https://doi.org/10.3945/ajcn.2010.29284
https://www.measureevaluation.org/resources/publications/wp-04-85.html
https://www.measureevaluation.org/resources/publications/wp-04-85.html
https://doi.org/10.21149/13348
https://www.analesdenutricion.org.ve/ediciones/2017/1/art-2/
https://www.analesdenutricion.org.ve/ediciones/2017/1/art-2/
https://doi.org/10.1016/j.hoc.2015.11.002
https://doi.org/10.1016/j.hoc.2015.11.002
https://www.coneval.org.mx/Evaluacion/IEPSM/Documents/Libro_POP_20.pdf
https://www.coneval.org.mx/Evaluacion/IEPSM/Documents/Libro_POP_20.pdf
http://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S0036-36342009001000023
http://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S0036-36342009001000023
https://doi.org/10.1093/jn/nxz176
https://www.redalyc.org/articulo.oa?id=10649093
https://www.redalyc.org/articulo.oa?id=10649093

ARTICULO ORIGINAL

Mejia-Rodriguez F y col.

intervencion en zonas rurales (1997-2007). Tomo Il , El reto de la calidad
de los servicios: resultados en salud y nutricion. Ciudad de México:
Secretaria de Desarrollo Social, 2008. [cited October 18,2022]. Avail-
able from: http://lanic.utexas.edu/project/etext/oportunidades/2008/
gonzalez.pdf

27.Sanchez Lopez G. Padecer la pobreza: un anilisis de los procesos de
salud, enfermedad y atencion en hogares indigenas y rurales bajo la cobe-
rtura del Programa Oportunidades. En: Evaluacion externa del Programa
Oportunidades 2008.A diez afios de intervencion en zonas rurales (1997-
2007).Tomo I, El reto de la calidad de los servicios: resultados en salud y
nutricion. Ciudad de México: Secretaria de Desarrollo Social, 2008 [cited
October 18,2022]. Available from: http://lanic.utexas.edu/project/etext/
oportunidades/2008/sanchez.pdf

28. Consejo Nacional de Evaluacion de la Politica de Desarrollo Social.
Nota técnica sobre la carencia por acceso a los servicios de salud, 2018-
2020. Mexico City. 2021 [cited October 18,2022]. Available from: https://
www.coneval.org.mx/Medicion/MP/Documents/MMP_2018_2020/Notas_
pobreza_2020/Nota_tecnica_sobre_la_carencia_por_acceso_a_los_ser-
vicios_de_salud_2018_2020.pdf

29. Encuesta Nacional de Calidad e Impacto Gubernamental 2021.

Nivel de satisfaccion con Servicios Publicos. Mexico: INEGI, 2021 [cited
October 18,2022]. Available from: https://www.inegi.org.mx/programas/
encig/202 | /#:~:text=INEGI.- Encuesta%20Nacional%20de%20Calidad%20
€%20lmpacto%20Gubernamental%20(ENCIG).,de%200campo%20y%20
Quintana%20Roo

30. Ledn-Bon TS, Diaz-Bautista A. Impacto de la inflacion de los precios
de los alimentos en el bienestar de los hogares en situacion de pobreza
en México. 2020;30(56):1-32. [cited October 12,2022]. Available from:
https://www.scielo.org.mx/scielo.php!script=sci_arttext&pid=S2395-
91692020000200123#:~:text=Se%20introdujeron%20en%20el%20
modelo,esto%20entre%202007%20y%202019

31. Osendarp S,Akuoku JK, Black RE, Headey D, Ruel M, Scott N, et al.
The Covid-19 crisis will exacerbate maternal and child undernutrition
and child mortality in low- and middle-income countries. Nat Food.
2021;2:476-84. https://doi.org/10.1038/s43016-021-00319-4

32. Jovic TH,Ali SR, Ibrahim N, Jessop ZM, Tarassoli SP, Dobbs TD,

et al. Could vitamins help in the fight against Covid-19? Nutrients.

218

2020;12(9):2550. https://doi.org/10.3390/nu 12092550

33. Sahebnasagh A, Saghafi F, Avan R, Khoshi A, Khataminia M, Safdari

M, et al. The prophylaxis and treatment potential of supplements for
Covid-19. Eur | Pharmacol. 2020;887:173530. https://doi.org/10.1016/].
ejphar.2020.173530

34. Mejia-Rodriguez F, Quezada-Sanchez AD, Gomez-Humaran IM,
Garcia-Feregrino R, Garcia-Guerra A, Fernandez-Gaxiola AC, Neufeld
LM. Differential effects of three nutritional supplements on the
nutrient intake of pregnant women enrolled in a conditional cash
transfer program in Mexico: a cluster randomized trial. Nutrients.
2022;14(15):3003. https://doi.org/10.3390/nu 14153003

35. Moreno-Villares JM, Collado MC, Larqué E, Leis-Trabazo MR, Saenz-
de-Pipaon M, Moreno-Aznar LA. Los primeros 1000 dias: una oportunidad
para reducir la carga de las enfermedades no transmisibles. Nutr Hosp.
2019;36(1):218-32. https://doi.org/10.20960/nh.02453

36.Whitehead R, Mei Z, Mapango C, Jefferds M. Methods and analyzers for
hemoglobin measurement in clinical laboratories and field settings.Ann N
Y Acad Sci. 2019;1450(1):147-71 [cited October 12,2022]. Available from:
https://pubmed.ncbi.nlm.nih.gov/3 1162693/

37.Jain A, Chowdhury N, Jain S. Intra- and inter-model reliability of
Hemocue Hb 201+ and HemoCue Hb 301 devices.Asian | Transfus Sci.
2018;12(2):123-6. https://doi.org/10.4103/ajts. A|TS_119_17
38.Whitehead RD Jr, Zhang M, Sternberg MR, Schleicher RL, Dram-

meh B, Mapango C, et al. Effects of preanalytical factors on hemoglobin
measurement:A comparison of two HemoCue® point-of-care analyz-
ers. Clin Biochem. 2017;50(9):513-20. https://doi.org/10.1016/j.clinbio-
chem.2017.04.006

39. Orjuela MA, Mejia-Rodriguez F, Quezada AD, Sanchez-Pimienta TG,
Shamah-Levy T, Romero-Renddn J, et al. Fortification of bakery and corn
masa-based foods in Mexico and dietary intake of folic acid and folate

in Mexican national survey data.Am | Clin Nutr.2019;110(6):1434-48.
https://doi.org/10.1093/ajcn/nqz224

40. De la Cruz-Gongora V. Méndez-Gomez-Humaran |, Gaona-Pineda EB,
Shamah-Levy T, Dary O. Drops of capillary blood are not appropriate
for hemoglobin measurement with point-of-care devices: a comparative
study using drop capillary, pooled capillary, and venous blood samples.
Nutrients. 2022;14:5346. https://doi.org/10.3390/nu14245346.46

salud piiblica de méxico [ vol. 65, no. 3, mayo-junio de 2023


http://lanic.utexas.edu/project/etext/oportunidades/2008/gonzalez.pdf
http://lanic.utexas.edu/project/etext/oportunidades/2008/gonzalez.pdf
http://lanic.utexas.edu/project/etext/oportunidades/2008/sanchez.pdf
http://lanic.utexas.edu/project/etext/oportunidades/2008/sanchez.pdf
https://www.coneval.org.mx/Medicion/MP/Documents/MMP_2018_2020/Notas_pobreza_2020/Nota_tecnica_sobre_la_carencia_por_acceso_a_los_servicios_de_salud_2018_2020.pdf
https://www.coneval.org.mx/Medicion/MP/Documents/MMP_2018_2020/Notas_pobreza_2020/Nota_tecnica_sobre_la_carencia_por_acceso_a_los_servicios_de_salud_2018_2020.pdf
https://www.coneval.org.mx/Medicion/MP/Documents/MMP_2018_2020/Notas_pobreza_2020/Nota_tecnica_sobre_la_carencia_por_acceso_a_los_servicios_de_salud_2018_2020.pdf
https://www.coneval.org.mx/Medicion/MP/Documents/MMP_2018_2020/Notas_pobreza_2020/Nota_tecnica_sobre_la_carencia_por_acceso_a_los_servicios_de_salud_2018_2020.pdf
https://www.inegi.org.mx/programas/encig/2021/#:~:text=INEGI.-,Encuesta%20Nacional%20de%20Calidad%20e%20Impacto%20Gubernamental%20(ENCIG).,de%20Ocampo%20y%20Quintana%20Roo
https://www.inegi.org.mx/programas/encig/2021/#:~:text=INEGI.-,Encuesta%20Nacional%20de%20Calidad%20e%20Impacto%20Gubernamental%20(ENCIG).,de%20Ocampo%20y%20Quintana%20Roo
https://www.inegi.org.mx/programas/encig/2021/#:~:text=INEGI.-,Encuesta%20Nacional%20de%20Calidad%20e%20Impacto%20Gubernamental%20(ENCIG).,de%20Ocampo%20y%20Quintana%20Roo
https://www.inegi.org.mx/programas/encig/2021/#:~:text=INEGI.-,Encuesta%20Nacional%20de%20Calidad%20e%20Impacto%20Gubernamental%20(ENCIG).,de%20Ocampo%20y%20Quintana%20Roo
https://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S2395-91692020000200123#:~:text=Se%20introdujeron%20en%20el%20modelo,esto%20entre%202007%20y%202019
https://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S2395-91692020000200123#:~:text=Se%20introdujeron%20en%20el%20modelo,esto%20entre%202007%20y%202019
https://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S2395-91692020000200123#:~:text=Se%20introdujeron%20en%20el%20modelo,esto%20entre%202007%20y%202019
https://doi.org/10.1038/s43016-021-00319-4
https://doi.org/10.3390/nu12092550
https://doi.org/10.1016/j.ejphar.2020.173530
https://doi.org/10.1016/j.ejphar.2020.173530
https://doi.org/10.3390/nu14153003
https://doi.org/10.20960/nh.02453
https://pubmed.ncbi.nlm.nih.gov/31162693/
https://doi.org/10.4103/ajts.AJTS_119_17
https://doi.org/10.1016/j.clinbiochem.2017.04.006
https://doi.org/10.1016/j.clinbiochem.2017.04.006
https://doi.org/10.1093/ajcn/nqz224
https://doi.org/10.3390/nu14245346.46

