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Abstract

Objective. To describe the prevalence of iron, folate, and
B12 deficiencies in Mexican women of reproductive age from
the National Health and Nutrition Survey (Ensanut) 2012.
Materials and methods. Data came from a national
probabilistic survey, representative from rural and urban areas,
and different age groups. Blood samples were obtained from
4 263,20 to 49 years old women for serum ferritin, vitamin
B2 and serum folate concentrations. The prevalence of
deficiencies, was assessed using adjusted logistic regression
models. Results.The deficiency of folate was 1.9% (95%ClI
[.3-2.8), B12 deficiency was 8.5% (95%Cl 6.7-10.1) and iron
deficiency was 29.4% (95%Cl 26.5-32.2). No differences were
found when compared with 2006, 24.8% (95%Cl 22.3-27.2).
Conclusions.The vitamin B12 deficiency is still a problem
for women of reproductive age and their offspring in Mexico,
while folate deficiency disappeared as a problem. Iron defi-
ciency needs prevention and fortification strategies.

Key words: health surveys; iron deficiency; folic acid defi-
ciency; vitamin B2 deficiency; women; Mexico

Shamah-Levy T, Villalpando S, Mejia-Rodriguez F,
Cuevas-Nasu L, Gaona-Pineda EB,

Rangel-Baltazar E, Zambrano-Mujica N.

Prevalencia de deficiencias de hierro, folato y vitamina Bl2
en mujeres de 20 a 49 afios: Ensanut 2012.

Salud Publica Mex 2015;57:385-393.

Resumen

Objetivo. Describir las prevalencias de deficiencias de hie-
rro,folato y B12 en mujeres mexicanas en edad reproductiva
de la Encuesta Nacional de Salud y Nutricion (Ensanut) 2012.
Material y métodos. Datos derivados de una encuesta
probabilistica nacional, representativa del area rural y urbana
por grupos de edad. Se obtuvo una submuestra de sangre
en 4 263 mujeres de 20 a 49 afos de edad para medir las
concentraciones séricas de ferritina, vitamina B12 y folato.
Las deficiencias fueron evaluadas mediante regresiones
logisticas multiples ajustadas. Resultados. La prevalencia
de deficiencias de folatos fue de 1.9% (IC95% 1.3-2.8) y vita-
mina B12 de 8.5% (IC95% 6.7-10.1). La deficiencia de hierro
no fue diferente a la de 2006: 29.4% (IC95% 26.5-32.2) vs
24.8% (IC95% 22.3-27.2). Conclusiones. La prevalencia
de deficiencias de hierro y vitamina B12 todavia representan
un problema en mujeres mexicanas (20-49), mientras que la
deficiencia de folato ha dejado de ser un problema de salud
publica.Alin se requieren estrategias de prevencion en México.
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icronutrient deficiencies are a common public

health problem in developing countries. These
deficiencies are due to inadequate food intake, poor
diet quality, low bioavailability and / or gastrointestinal
infections, among other factors.! 2

Within the major problems among women of repro-
ductive ages are, on the one hand, iron deficiency, with
implications in the development of anemia, low physi-
cal capacity, preterm birth, low birth weight, perinatal
mortality, immune response, cognitive and emotional
development of the offspring, among others.?* The
deficiency of iron could have a close association with
anemia, especially due to menstrual losses.” It has been
shown that iron deficiency results in increases in serum
and erythrocyte folate, because they are not used for
hemoglobin synthesis.®

On the other hand, deficiencies of folate and vi-
tamin B12 are associated with megaloblastic anemia,
and both vitamins are involved in various common
metabolic pathways.”® Folate deficiency is associated
with atherosclerosis,® stunting,’ and during pregnancy
itincreases the risk of low birth weight, and neural tube
closure defects, such as spina bifida, anencephaly and
encephalocele.>!%!! B12 deficiency is also present in
memory loss, dementia and depression,>!? cardiovas-
cular disease,’ and cerebrovascular ischemia.'

Despite the lack of information from national
surveys, it is estimated that there is a high prevalence
of deficiencies of folate and B12 in women.! In Latin
America, about 40% of adults have marginal or deficient
levels of B12, whereas low folate concentrations were
less common.'® In the National Nutrition Survey 1999
in Mexico, it was found that 5% of women showed
low levels of folate in the blood; however, these data
are difficult to interpret because they comes from the
microbiological determination of erythrocyte and serum
folate.” Similarly, in a subsample of this survey, in addi-
tion to the low prevalence of folate, prevalences of 25%
and 20% of deficiency and marginal concentrations of
B12in plasma were found.'® Because of these limitations,
this analysis involves similar methodologies that give
us the advantage of making comparisons with previous
published data.

Based on the insufficient information in Mexico
regarding the nutritional status of folate and vitamin B12
in probabilistic surveys, this analysis aims to describe
the national prevalences of iron, folate, and B12 deficien-
cies among Mexican women at reproductive age (20-49
years of age) from the National Health and Nutrition
Survey (Ensanut) 2012, and to compare the prevalence
of iron deficiency measured by ferritin in the Ensanut
2006 with the Ensanut 2012 results.
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Materials and methods
Population and study design

Ensanut had a subsample with blood samples of around
one out of three of the participants. We analyzed 4 263
women aged 20 to 49 years with ferritin, vitamin B12,
and folate serum determinations, and 900 women 20 to
49 years old with estimated intake of nutrients from the
Ensanut 2012. This is a probabilistic survey designed
to be representative at national, urban/rural, and four
regions of the country levels, visiting about 50 528
households. Further details of the sample design and
operation of the survey were published previously.!®

Collection, preparation and storage of
blood samples

Blood samples were withdrawn from the antecubital
vein with evacuated tubes.* They were spun down in
situ at 3 000 rpm on a portable centrifuge.* Serum was
stored in cryotubes covered with aluminum foil to pro-
tect them from light, and stored in liquid nitrogen until
delivered to the Nutrition Laboratory of the National
Institute of Public Health, Cuernavaca, Mexico.

Laboratory methods

Serum ferritin concentrations, folate and vitamin B12
were measured by immunoassay using chemilumi-
nescent microparticle immunoassay technology and
CRP by an immunoturbidimetric method, using latex
microparticles at an absorbance of 572 nm (CMIA) using
commercial kits® in a autoanalyzer.

C-reactive protein (CRP) was used to adjust the
values of ferritin, to correct the influence of inflamma-
tion by using the equation proposed by Thurnham."

Ferritin, folate and vitamin Bl2

Iron deficiency was defined when serum ferritin concen-
trations were below <15 ug/L."” Also when the serum
concentrations of serum vitamin B12 were lower than
200 pg/ml, they were considered to be deficient,”® and
for folate when lower than 4 ng/ml.%! Individuals were
classified as with inflammation if CRP was >5 mg/Lin

* Vacutainer, Beckton Dickinson Inc (Lakes NJ, USA).
¥ Hettich (Tuttlingen, Germany).

§ ABBOTT Co (Wisbaden, Germany).

# ARCHITECT i 2000 (Wisbaden, Germany).
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order to avoid the inflammation effect on ferritin level,
as Thurnham and cols. proposed.”

Data collection

Information collected includes sociodemographic vari-
ables, health and nutrition conditions, anthropometry,
diet, and being beneficiary of food assistance programs,
like human development program Oportunidades (today
Prospera), milk distribution program Liconsa and medical
care programs from the Health Sector.

Anthropometry

Measurements of height and weight were obtained by
trained and standardized personnel.”® The height was
measured by using a stadiometer* with a precision of 1
mm, and weight was measured with digital scales,” with
a 100 g precision. BMI was calculated using the height
and weight data (kg/m?), and women were classified,
according to WHO criteria, as*** underweight (<18.5
kg/m?), normal BMI (18.5-24.9 kg/m?), overweight
(25.0-29.9 kg/m?), and obese (=30.0 kg/m?).

Sociodemographic information

Socioeconomic and family information was obtained
through a questionnaire administered to the respondent
of the survey. An index of wellbeing (WBI) conditions
was calculated using a principal components analysis,
which included characteristics of housing construction,
housing utilities (water, sewage and electricity), and
possession of goods. Based on this information, WBI
was the first component.”® This component accounted
for 40.5% of the total variability with a lambda value of
3.24; the WBI was divided into quintiles: extremely low,
very low, low, medium, high, and very high. Information
on the number of live births from women was gathered,
building up four categories: 0 (without children), from
1to4,5to09, and more than 10.

Dietary information

In a subsample of the Ensanut 2012, dietary informa-
tion was obtained using a semi-quantitative food fre-
quency questionnaire of the last seven days (11% of the
population). The questionnaire included 102 foods and
was administered by trained and standardized staff.”
Information on food consumption was transformed
into energy and nutrient intake, using a food composi-

* SECA brand (Germany).
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tion table collected by the National Institute of Public
Health (INSP).?® Further details on the processing of
dietary data have been published previously.? Finally,
the average daily intake of iron, folate, and vitamin B12
was estimated.

Geographic and medical services

Localities with 2 500 inhabitants or less were consid-
ered as rural areas, and those with >2 500 inhabitants
were urban.

According to the sample frame of Ensanut 2012, the
Mexican states were grouped into four major geographic
regions: Northern, Center, Mexico City and Southern,
taking into account the regionalization.*’ A woman was
considered beneficiary of a food aid program when
stated that any member of the household received
benefits from the program (food or micronutrient
supplementation) provided by cash transfer program
Oportunidades (Prospera), or the milk program Liconsa,
wich distributes among the poorest population fortified
milk at subsidized prices. Information on the type of
medical services that the participants were attending fell
into Mexican Institute of Social Security (IMSS), Institute
for Security and Social Services of the State (ISSSTE), the
low cost medical insurance program (Seguro Popular),
private services or other institution (Petréleos Mexicanos
[Pemex], Army or Navy Mexican Forces), or “not affili-
ated”, because for these medical services it is mandatory
to provide vitamins and mineral supplementation to
women in reproductive age.

Households were classified as indigenous if at
least one member of the family spoke an indigenous
language.

Ethical issues

The protocol of Ensanut 2012 was approved by the
Committees for Research Ethics and Biosafety from the
INSP (Cuernavaca, Morelos, Mexico). Written informed
consent from women participating in the study was
obtained, after careful explanation of the aims and
purposes of the survey.

Statistical analyses

The information is described as frequencies with confi-
dence intervals (95%CI). The prevalence of deficiencies
of iron, folate and vitamin B12 were estimated and
stratified by location, geographic region, socioeco-
nomic status, living in an indigenous household and
program beneficiaries. National average distributions
of serum micronutrients, and logarithmically modified
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dietary intakes were reported. Diet is included in the
models as a covariate.

Comparisons of prevalence of ferritin deficiency
between 2006 and 2012 were made by means of confi-
dence intervals at 95%.

Logistic regression models were performed to
assess the effect of age, BMI category, area, region,
wellbeing, ethnicity (indigenous and non-indigenous),
and parity, beneficiaries of nutrition programs, and
affiliation to a medical service, dietary intake of iron,
folate and vitamin B12. Statistical significance was set
at a=0.05.

Sampling weights for the micronutrients sample
were computed taking into account all the sampling
probabilities of: selection of households, selection of
individuals and selection of individuals for blood
sample. Additionally, adjustment for non-response and
a calibration for age and sex was done.

The analysis was performed using Stata software
version 12.1; the adjustment for sample design was
performed by the module SVY of complex samples, and
the SPSS software version 15.0.

Results

Description of the sample

The response rate of blood samples donor was 87%.
We did not find differences between participants and
non-responders in wellbeing index. Information from
4 137 women with serum ferritin, folate and vitamin
B12 concentrations were analyzed. This sample repre-
sents 24 584 667 women 20-49 years old of the Mexican
population. The description and distribution of vari-
ables from this population are presented in table I. Most
women lived in urban areas (78.9%), one out of seven
was overweight or obese, 40% were affiliated to Seguro
Popular, 33% attended public health services, and 86%
of women did not smoke.

Table II shows the serum concentrations and the
average dietary intake of the nutrients of interest.
Serum ferritin concentrations decreased in 2012 (22.9
ug/L, 95%CI 21.6-24.3) compared to those of the 2006
survey (29.9 ug/L, 95%CI 27.9-32.0). The mean con-
centration of serum folate and vitamin B12 were 11.6
ng/mL (95%CI 11.3-11.8) and 366.4 pg/mL (95%CI
366.4-376.3), respectively.

Folate deficiency
Mexican women 20-49 years old presenting folate de-

ficiency were 1.9% (95%CI 1.3-2.8). Rural areas had a
higher prevalence compared with urban areas (3.5%,
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Table |
SAMPLE DESCRIPTION. MEXico, ENsaANUT 2012

Weighting factors
Characteristic N (Sample) N (Thousand) %

Age (years)

20-29 1217 8 58I 349

30-39 | 663 9482.1 38.6

40-49 | 257 65215 26.5
Area

Urban 2 646 19401.2 789

Rural I 491 51835 21.1
Region

North 926 49126 20.0

Center | 462 72183 29.4

Mexico City 121 4829.7 19.6

South | 628 7624.1 31.0
Socioeconomic status

Ql 866 34125 13.9

Q2 925 41974 17.1

Q3 864 4 406.1 17.9

Q4 786 66264 27.0

Q5 696 59423 242
Nutritional state (BMI-WHO classification)

Underweight 53 296.6 1.2

Overweight | 437 8208 33.9

Obesity 518 87737 363
Ethnicity

Indigenous home 540 2301.9 9.4
Parity (num. children)

None 39 220.6 Il

| to4 3038 18 328.1 90.5

5to9 443 1 668 82

>10 I5 382 0.2
Suplemments consumption

Yes 90 641.4 78
Medical service

Public | 167 8 104.6 33.0

Seguro Popular 2158 98274 40.0

Private or other institution 48 491.3 2.0

Not affiliated 764 6161.4 25.1
Smoking

Do not smoke 3 665 21 1599 86.1

Every day 166 | 834.1 7.5

Weekly 56 463 1.9

Monthly 25 203.8 0.8

Ocasionally 108 849.5 35

At least once a year I 65.7 0.3
Scholarship

No schooling 209 765.6 3.1

Primary education | 380 6802.2 27.7

Jr High school 1 498 8 640.4 35.1

High school education 650 4762.1 19.4

University 400 36144 14.7
Programs beneficiaries

Homes with Oportunidades 1 157 3880.3 16.7

Homes with Liconsa 315 2401.8 103

salud piiblica de méxico [ vol. 57, no. 5, septiembre-octubre de 2015
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Table Il
MEAN SERUM CONCENTRATIONS OF FERRITIN, FOLIC
AcID, B12 VITAMIN AND THEIR DIETARY INTAKES.
MEexico, ENsaNuT 2012

Weighting factors
n N (thousand) ~ Mean 95%Cl

Serum concentrations

Ferritin 2006 (ug/l) 3524  35219.6 299  (27.9-32.0)

Ferritin 2012 (ug/l) 4136 245829 229  (21.6-243)

Folate (ng/mL) 4029 24522 1.6 (11.3-11.8)

BI2 vitamin (pg/mL) 3 884 23069 3664 (356.7-276.3)
Dietary intake/day

Heme iron (mg) 902 8186 39 (3.8-4.0)

Non heme iron (mg) 902 8186 5.8 (5.7-6.0)

Total folate (ug) 902 818 2214 (211.4-231.8)

B2 vitamin (ug) 856 7546 1.9 (1.7-2.2)

C vitamin (mg) 1 000 8186 784  (73.2-83.7)

Total fiber (g) 902 8186 152 (14.2-16.2)

95%CI 2.2-5.7 vs 1.5%, 95%CI 0.9-2.5). The Southern
with the highest prevalence (4.6%, 95%CI 3.1-6.8) and
Central (1%, 95%CI 0.4-2.6) regions showed higher
prevalences than the Northern region (0.1%, 95%CI
0-0.6). Quintile 1 of wellbeing had a higher prevalence
than quintile 4 (3.6%, 95%CI 2.2-5.9 vs 0.4%, 95%CI
0.1-1.6). Indigenous women had a prevalence of 7.2%
(95%CI 4.3-11.6), higher compared with non-indigenous
(1.4%, 95%CI 0.8-2.3). No differences in the prevalence
of folate deficiency by beneficiaries of social or medical
care programs were found (table III).

In a multiple logistic model the Southern women
were 30.1 fold more likely to be folate deficient than
women from the Northern (95%CI 5.01-180.74); the same
happened with indigenous vs non indigenous women
(OR=3.08; 95%CI 1.31-7.24). By contrast, the beneficia-
ries of health care systems such as Pemex’s, or the Army
and Navy Forces’s (OR=0.08; 95%CI 0.01-0.98); as well
as those not affiliated’s (OR=0.19, 95%CI 0.05-0.69), had
lower prevalence of folate deficiency (table IV).

Table Il

PREVALENCE OF FoLic AciD, BI2 vITAMIN AND IRON DEFICIENCIES. MEXICO, ENSANUT 2012

Folate (2012) B2 vitamin (2012) Ferritin (2006) Ferritin (2012)
Weighting factors Weighting factors Weighting factors Weighting factors
N (Thousands) %  (95%Cl) N (Thousands) %  (95%Cl) N (Thousands) %  (95%Cl) N (Thousands) %  (95%Cl)

National 4132 24522 19 (1.3-28) 3884 23069 85 (67-10.7) 3511 35091.0 248 (223-27.2) 4136 245829 294 (26.5-32.2)
Area

Urban* 2561 19339 1.5 (0925 2414 18189 72  (5.1-99) 2334 258694 251 (22.2-280) 2645 193995 285 (25.0-32.0)

Rural 1 468 5183 35% (22-57) 1372 4880 134* (102-174) 1177 92216 238 (19.3-282) | 491 51835 325 (289-36.1)
Region

North # 879 4908 0.1 (0-0.6) 825 4647 19 (12-32) 580 56898 203 (l6.1-24.5) 925 49109 228 (18.7-26.9)

Center 1416 7209 1.0¥ (04-2.6) 1351 6922 72% (5-102) 1487 10866.5 249 (20.3-29.4) 1462 72183 30.5% (26.8-34.2)

MexicoCity 110 4781 09 (02-46) 102 4344 109% (47-233) 126 59233 173 (104-243) 121 48297 302 (18.4-42.1)

South 1 624 7624 46% (3.1-68) 1508 7155 12.6% (10-157) 1318 126114 30.2* (26.7-33.7) | 628 7624.1 31.9% (28.7-35.1)
Socioeconomic status (quintiles)

Ql# 850 3412 36 (22-59) 804 3269 167 (12.6-218) 937 76819 284 (23.8-33.0) 866 34125 305 (25.6-35.4)

Q2 908 4149 3.1 (1.6-60) 844 3712 12.0*% (8.6-164) 891 80793 256 (20.5-30.7) 925 41974 359 (30.1-41.6)

Q3 849 4402 20 (0849 799 4139 84* (45-15.1) 755 6989.6 286 (23.3-33.8) 863 44043 33.6 (264-40.9)

Q4 761 6626 04* (0.1-1.6) 720 6293 69* (3.1-147) 562 68077 21.7 (159-274) 786 66264 284 (20.9-35.9)

Q5 661 5933 18 (0.6-5.0) 619 5655 33% (2-54) 353 53857 17.8%(12.5-232) 696 59423 21.9% (17.1-26.8)
Medical service

Publict 1118 8047 14  (0.6-3) 1058 7564 60 (4187 - - - - 1167 8104.6 252 (21.0-29.4)

Seguro Popular 2 125 9823 32 (2-5) 1 995 9320 10.3* (8.1-12.8) - - - - 2158 98274 33.6% (29.2-38.0)

Priateorother 40 491 02 (0-18) 44 486 225 (4667 . - . 48 4913 338 (26-650)

Iinstitution

Not affiliated 740 6161 08 (0325 689 5699 78 (3.7-15.6) - - - - 763 6159.7 27.7 (21.2-342)
Ethnicity

Indigenous* 535 2302 72 (43-11.6) 498 2184 186 (13-259) 387 31353 243 (17.5-31.1) 540 23019 31.6 (244-389)
Non indigenous 3494 22220 1.4* (0.8-23) 3288 20885 74* (5.6-99) 3123 319426 248 (22.2-27.4) 3596 22281.0 29.I (26.1-32.2)
* Statistically different p<0.05, complex samples logistic regression
t Reference
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Table IV
ODDS RATIOS FOR FOLATE, BI2 VITAMIN AND IRON DEFICIENCIES IN WOMEN FROM |2
To 49 YEARS oLD. MExico, ENsaNuT 2012

Model 1a 2012 Model 2a 2012 Model 2a 2012 Model 3a 2012 vs. 2006
Folate ( >4 ng/mlL) B2 Vitamin (<200 pg/mL) Ferritin (< I5pg/ L) Ferritin (< I5ug/ L)
OR (95%Cl) OR (95%Cl) OR (95%Cl) OR (95%Cl)

Survey 2012 - 1.16 (0.93-1.43)
Age (years) 0.99 (0.95-1.03) 0.99 (0.95-1.04) 1.02 (0.99-1.04) 0.98 (0.97-0.99)
BMI classification

<185 1.00 1.00 1.0 1.00

18.5-24.9 0.78 (0.09-6.50) 2.14 (0.34-13.28) 0.43 (0.14-1.32) 1.39 (0.63-3.09)

25-29.9 0.37 (0.04-3.13) 2.69 (0.44-16.54) 0.28 (0.09-0.84)* 1.00 (0.46-2.20)

>30 0.51 (0.06-4.71) 4.96 (0.75-32.61) 0.18 (0.06-0.55)* 1.14 (0.52-2.52)
Area

Urban 1.00 1.00 1.00 1.00

Rural 1.13 (0.57-2.24) 1.25 (0.74-2.13) 1.02 (0.74-1.40) 0.79 (0.63-0.99)*
Region

North 1.00 1.00 1.00 1.00

Center 4.82 (0.67-34.73) 371 (1.84-7.45)% 1.44 (1.01-2.05)* 1.37 (1.05-1.78)*

Mexico City 11.02 (0.92-131.38) 7.03 (3.09-15.97) 1.73 (0.87-3.45) 1.20 (0.77-1.87)

South 30.10 (5.01-180.74) 432 (2.27-8.19) ¥ |.55 (1.09-2.20)* 1.65 (1.29-2.06) %
Socioeconomic status

Ql 1.00 1.00 1.00 1.00

Q2 246 (0.86-7.04) 0.83 (0.48-1.42) 1.62 (1.11-2.37)* 0.98 (0.76-1.28)

Q3 1.30 (0.28-5.92) 0.50 (0.24-1.06) 1.46 (0.95-2.25) 1.08 (0.82-1.42)

Q4 0.47 (0.08-2.75) 0.44 (0.15-1.27) 1.02 (0.60-1.76) 0.80 (0.58-1.10)

Q5 427 (0.78-23.36) 0.15 (0.06-0.40) # 0.93 (0.56-1.55) 0.58 (0.41-0.81)*
Ethnicity

Indigenous 1.00 1.00 1.00 1.00

Non indigenous 3.08 (1.31-7.24)* 1.58 (0.91-2.74) 0.77 (0.51-1.15) 0.87 (0.65-1.16)
Parity

0 1.00 1.00 1.00 -

1-4 0.33 (0.03-3.60) 1.97 (0.18-21.90) 0.76 (0.20-2.88) -

5-9 0.78 (0.06-10.69) 2.50 (0.20-31.17) 0.84 (0.21-3.41) -

>10 12.81 (0.47-349.72) 5.69 (0.23-140.52) 1.72 (0.21-13.98)
Medical service

Public 1.00 1.00 1.00

Seguro Popular 1.14 (0.31-4.16) 0.60 (0.33-1.11) 1.41 (0.93-2.13)

Private or other institution 0.08 (0.01-0.98)* 343 (0.66-17.85) 1.25 (0.39-4.02)

Not affiliated 0.19 (0.05-0.69)* 0.72 (0.24-2.19) 1.33 (0.79-2.24)
Programs beneficiaries

Liconsa 0.48 (0.07-3.46) 1.88 (0.63-5.58) 0.69 (0.39-1.23) 0.8l (0.55-1.19)

Oportunidades 0.78 (0.31-1.94) 1.52 (0.89-2.61) 0.80 (0.56-1.13) 0.99 (0.79-1.24)
Micronutrient deficiencies

Folate - 4.07 (1.69-9.82)% I.16 (0.50-2.70) -

BI2 vitamin - NA 2.08 (1.29-3.36)* -

Ferritin 1.27 (0.55-2.95) 1.98 (1.25-3.13) ¥ NA
Constant 0.0l (0.00-0.32) 0.0l (0.00-0.18) 0.61 (0.10-3.89) 0.61 (0.25-1.50)

Model | Model 2 Model

Dietary intakes/day odel Ib odel 25 odel 3b
Survey 2012 - - 1.19 (0.47-3.03)

Heme iron 2.64 (0.40-17.22) 0.29 (0.06-1.41 0.73 (0.17-3.18) 0.99 (0.78-1.25)

Non heme iron 0.30 (0.12-0.72)* 2.73 (1.00-7.44)* 1.02 (0.47-3.22) 0.98 (0.93-1.03)

Total folate 1.00 (0.99-1.01) 1.00 (1.00-1.01) 1.00 (1.00-1.01) 1.00 (1.00-1.00)

BI2 vitamin 2.09 (0.77-5.66) 0.80 (0.53-1.23) 0.61 (0.42-0.88)* 0.98 (0.87-1.10)

Total fiber 0.99 (0.90-1.08) 0.98 (0.91-1.06) 1.02 (0.98-1.06) 1.00 (0.98-1.01)
Constant 0.03 (0.0-2.65) 0.07 (0.01-0.94) 0.56 (0.17-1.86) 0.33 (0.19-0.59)

* p<0.05
+ p<0.001, complex samples logistic regression

NA: not applicable
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Vitamin B2 deficiency

The overall national prevalence of vitamin B12 defi-
ciency for women 20-49 years old (table III) was 8.5%
(95%C16.7-10.1). In rural areas was higher than in urban
(13.4%, 95%C110.2-17.4 vs 7.2%, 95%CI 5.1-9.9). The low-
est prevalence was found in the Northern region (1.9%,
95%CI 1.2-3.2), while the highest prevalence was in the
Southern region: 12.6% (95%CI 10.2- 17.4). The women
in the lowest quintile of the WBI had 16.7% (95%CI
12.6-21.8) of vitamin B12 deficiency, higher than in the
other quintiles.

The Seguro Popular beneficiaries had vitamin B12
deficiency in 10.3% (95%CI 8.1-12.8), higher than in
beneficiaries of other public health systems (6.0%,
95%ClI 4.1-8.7). Indigenous women had 18.6% (95%CI
13.0-25.9), greater than for non-indigenous women 7.4%
(95%CI 5.6-9.9).

Table IV shows the odd ratios from the logistic
model. The Central (OR=3.71, 95%CI 1.84-7.45), Mexico
City (OR= 7.03, 95%ClI 3.09-15.97) and Southern (OR=
4.32,95%CI12.27- 8.19) regions had a higher risk related
to the Northern region. Also, serum folate (OR= 4.07,
95%CI 1.69-9.82) and ferritin deficiencies (OR= 1.98,
95%CI 1.25-3.13) were a risk factor of vitamin B12 defi-
ciency. The quintile 5 of WBI was protective for vitamin
B12 deficiency, compared with the lower BWI quintile
(OR=0.15, 95%CI 0.06-0.40). Dietary iron was not a risk
factor for vitamin B12 deficiency.

Iron deficiency

The national prevalence of iron deficiency (ID) in women
20-49 years old was 29.4% (95%C1 26.6-32.3). The South-
ern (31.9%, 95%CI 28.8-35.2), and Central (30.5%, 95%CI
26.9-34.3) regions had higher prevalence compared to
the Northern region (22.8%, 95%C1 18.9-27.2). The preva-
lence found in quintile 1 of WBI (30.5%, 95%Cl: 25.8-35.7)
was higher than in quintile 5 (21.9% 95%CI 17.5-21.7).
The women affiliated with Seguro Popular showed a
higher prevalence compared with beneficiaries of other
Public Health Systems (33.6%, 95%C129.4-38.1 vs 25.2%,
95%CI 21.2-29.6, respectively).

The prevalence of iron deficiency found in the 2006
survey (24.8%, 95%Cl 22.3-27.2), was no different than
that of the 2012 survey (29.4%, 95%CI 26.6-32.3). In a
logistic model a protective effect (p<0.05) of age was
observed in the groups 25-29 and >30 y of age. A higher
risk showed in the Center and Southern regions: 1.37
(95%CI 1.05-1.78), 1.65 (95%CI 1.29-2.06), respectively,
compared with the Northern region (table IV), and hav-
ing a vitamin B12 deficiency (OR 2.08, 95%(CI 1.29-3.36)
was a risk for ID.
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The quintile 5 WBI (OR=0.58; 95%C1 0.41-0.81) was
protective for ID.

Discussion

The prevalence of vitamin B12 deficiency in women of
reproductive age is a problem in Mexico, primarily in
rural areas; however, folate deficiency is no longer a
problem. In the case of iron deficiency, it rose four per-
centage points (pp) nationwide between 2006 to 2012.

Based on our knowledge, the information listed in
the literature in relation to nutritional status of folate and
vitamin B12 in women of reproductive age is limited,
making it difficult to compare our results. However, the
prevalence of folate and vitamin B12 are very similar
to that reported by Allen in 2004 for Mexican women
(vitamin B12, 40%).16

For the first time, national data on vitamin B12
deficiency in women of reproductive age is presented,
showing that the rural population has a higher preva-
lence of vitamin B12 deficiency. This can be explained
because the rural areas in Mexico live on very little vi-
tamin B12 source foods, mainly of animal origin. This is
to be considered given the role that this vitamin plays in
the generation of chronic diseases,”#13143133 and because
its neurological effects.?®

The serum ferritin levels in women showed an in-
crease of 0.67 pp/ year, resulting in an increment of four
pp in the six years from the 2006 and the 2012 surveys.

Although this was not significant, there is a greater
risk in women belonging to the Central and Southern
part of the country. Belonging to the rural area results
in a protective effect, perhaps associated with the sup-
port from nutrimental supplements provided by food
aid programs, even though programs like Oportunidades
(Prospera) and Liconsa, that represent around 90% of
food aid programs, showed no significant differences.
We found no correlation between serum deficiencies
and dietary intake of folate, vitamin B12 and iron.
Among other subsidies that could contribute to reduce
iron deficiency by Prospera, it is the cash transfer which
probably allows for greater food availability with high
nutritional content in Prospera homes.36%7

Nevertheless, according to Ramirez-Silva and cols.,
the effects on dietary intake in children were caused by
the food supplement and did not coome from enhance-
ments in the home diet.3® So, in order to avoid maternal
iron deficiency and its consequences, like low birth
weight, premature delivery, and a host of perinatal
complications, especially hemorrhage, it is necessary to
monitor the prevalence in the future.* Similarly, food
consumption must be rich in meat (heme iron) and low
in tannins and phytates.*’
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One of the most relevant strengths of this manu-
scriptis its probabilistic design, that provides a sampling
that furnishes a national sample, with representativeness
of the rural and urban dwelling and geographic regions.

One of the limitations of our analysis is that we do
not have information on vitamin B12 in women from
previous surveys (Ensanut 2006 and National Nutrition
Survey [ENN] 1999) which does not allow us to analyze
the trend; however, this information is valuable to the
country because it serves as a basis for future com-
parisons. On the other hand, food consumption was
estimated by food frequency questionnaire that do not
reflect actual intakes neither correlate well with serum
nutrients. But we considered that this method provides
a reasonable estimate of micronutrients with the aim of
showing the magnitude of the problem.

In relation to folate, comparisons of folic acid de-
ficiency of ENN 1999 with Ensanut 2012 could not be
made, since those from 1999 are difficult to interpret
because they were erythrocyte folate and serum folate
performed with the microbiological assay.!” Both serum
folate and erythrocyte folate are important, as the firstis
directly related to intake, and even more when we refer
to population intake. We hypothesized that the folic acid
fortification and supplementation and the high intake
of corn tortillas and bread, despite it contains a low
amount of folate per 100 g, in Mexico have contributed
to the very low prevalence of folate deficiency.

On the other hand, serum folate is an indicator of
recent folate intake, and food supplement was no consid-
ered in the estimation of total intake of folate. So in order
to know women long-term folate status, it is necessary
to use in the future red blood cell folate concentrations.

In summary, we present here a moderate defi-
ciency of vitamin B12, almost a null deficiency of fo-
lates but a still high prevalence of iron deficiency, that
have increased in the last six years in almost four pp,
despite the efforts of the federal government to reduce
micronutrient deficiencies through two main social
programs, first Prospera, a cash transfer program that
includes a fortified beverage and a tablet containing
iron and zinc and one RDA of deficient micronutrients
for pregnant and lactating women, and second the
program Liconsa, that distributes fortified milk with
the same micronutrient composition to pregnant and
lactating women. This information is relevant for the
Mexican population as well as for other developing
countries in the Americas region.

392

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

References

|. Ramakrishnan U. Prevalence of micronutrient malnutrition worldwide.
Nutr Rev 2002;60(5 Pt 2):546-S52.

2. Investing in the future.A united call to action on vitamin and mineral
deficiencies. Global report 2009 [internet doccumen]. Canada [consulted
on February ,2015]. Available in: http://www.unitedcalltoaction.org/docu-
ments/Investing_in_the_future.pdf

3.Viteri FE, Gonzalez H.Adverse outcomes of poor micronutrient status
in childhood and adolescence. Nutr Rev 2002;60(5 Pt 2):577-583.

4. Geissler C, Singh M. Iron, meat and health. Nutrients 201 1;3(3):283-316.
5.Coad ), Conlon C.Iron deficiency in women: assessment, causes and
consequences. Curr Opin Clin Nutr Metab Care 201 1;14(6):625-634.
6.Omer A, Finlayson ND, Shearman D), Samson RR, Girdwood RH.
Plasma and erythrocyte folate in iron deficiency and folate deficiency. Blod
1970;35:821-828.

7.Alberg A, Selhub J, Shah KV,Viscidi RP, Comstock GW, Helzlsouer K].
The risk of cervical cancer in relation to serum concentrations of folate,
vitamin B12, and homocysteine. Cancer Epidemiol Biomarkers Prev
2000;9:761-764.

8.Zhang SM,Willett WC, Selhub J, Hunter D), Giovannucci EL, Holmes
MD, et al. Plasma folate, vitamin B6, vitamin B12, homocysteine, and risk of
breast cancer.] Natl Cancer Inst 2003;95(5):373-380.

9.Villalpando S, Latulippe ME, Rosas G, Irurita M}, Picciano MF, O’Connor
DL. Milk folate but not milk iron concentrations may be inadequate for
some infants in a rural farming community in San Mateo, Capulhuac,
Mexico.Am | Clin Nutr 2003;78(4):782-789.

10. Haidar ). Prevalence of anaemia, deficiencies of iron and folic acid

and their determinants in Ethiopian women. | Health Popul Nutr
2010;28(4):359-368.

I 1. OMSS. Folate and vitamin B12 deficiencies. Proceedings of a WHO
technical consultation held 18-21 October, 2005, in Geneva, Switzerland.
Food Nutr Bull 2008;29(2 Suppl):S[-S246.

12. Selhub J, Bagley LC, Miller J, Rosenberg IH. B vitamins, homo-

cysteine, and neurocognitive function in the elderly.Am | Clin Nutr
2000;71(2):6145-620S.

I3.Verhoef P, Kok FJ, Kruyssen DA, Schouten EG, Witteman JC, Grobbee
DE, et al. Plasma total homocysteine, B vitamins, and risk of coronary
atherosclerosis. Arterioscler Thromb Vasc Biol 1997;17(5):989-995.
14.Weikert C, Dierkes J, Hoffmann K, Berger K, Drogan D, Klipstein-Gro-
busch K, et al. B vitamin plasma levels and the risk of ischemic stroke and
transient ischemic attack in a German cohort. Stroke 2007;38(1 1):2912-8.
I'5. De Benoist B. Conclusions of a WHO Technical Consultation on folate
and vitamin B12 deficiencies. Food Nutr Bull 2008;29(2 Suppl):5238-5244.
|6.Allen LH. Folate and vitamin B12 status in the Americas. Nutrition
Reviews 2004;62(6):529-S33

I7. Rivera-Dommarco J, Shamah-Levy T,Villalpando-Hernandez S, Gonzalez-
de Cossio T, Hernandez-Prado B, Sepulveda ). Encuesta Nacional de
Nutricion 1999. Estado nutricio de nifios y mujeres en México. Cuernavaca,
Morelos, México: Instituto Nacional de Salud Publica, 2001:103-123.

|8. Romero-Martinez M, Shamah-Levy T, Franco-Nunez A, Villalpando

S, Cuevas-Nasu L, Gutiérrez JP, Rivera-Dommarco JA. Encuesta Nacio-

salud piiblica de méxico [ vol. 57, no. 5, septiembre-octubre de 2015



Iron and vitamins deficiencies in women

ARTICULO ORIGINAL

nal de Salud y Nutricion 2012: disefio y cobertura. Salud Publica Mex
2013;55(suppl 2):5332-5340.

19.World Health Organization. Iron deficiency anemia. Assessment, Pre-
vention and Control. A guide for Program managers. Geneva, Switzerland:
WHO, 2001.

20. Carmel R. Biomarkers of cobalamin (vitamin B-12) status in the
epidemiologic setting: a critical overview of context, applications, and per-
formance characteristics of cobalamin, methylmalonic acid, and holotrans-
cobalamin Il.Am J Clin Nutr 201 1;94(1):348S-358S.

21. De Benoist B. Conclusions of a WHO Technical Consultation on folate
and vitamin B12 deficiencies. Food Nutr Bull 2008;29(suppl 2):5238-5244.
22.Thurnham DI, McCabe LD, Haldar S,Wieringa FT, Northrop-Clewes
CA,McCabe GPAdjusting plasma ferritin concentrations to remove the
effects of subclinical inflammation in the assessment of iron deficiency: a
meta-analysis.Am ] Clin Nutr 2010;92(3):546-555.

23. Habitch, P. Estandarizacion de métodos epidemioldgicos cuantitativos
sobre el terreno (Standardization of anthropometric methods in the field).
PAHO Bull 1974;76:375-384.

24.World Health Organization. Physical status: the use and interpretation
of anthropometry. Report of a WHO Expert Committee. WHO Technical
Report Series 854. Geneva:WHO, 1995.

25.World Health Organization. Obesity: preventing and managing the
global epidemic. Report of a WHO consultation. Geneva: WHQO, 2000.

26. Hair JF, Anderson RE, Tatham RL, Back WC. Multivariate data analysis
with reading. 3rd ed. New York: MacMillan Publishing, 1992.

27.Ramirez Cl, MundoV, Rodriguez SC,Vizuet NI, Hernandez N, Jiménez
A. Encuestas dietéticas: recordatorio de 24 horas y frecuencia de
consumo de alimentos. En: Manual de procedimientos para proyectos de
nutricion. Cuernavaca, México: Instituto Nacional de Salud Publica, 2006.
28. Safdie M, Barquera S, Porcayo M, Rodriguez S, Ramirez C, Rivera J, et al.
Bases de datos del valor nutritivo de los alimentos. Compilacion del Insti-
tuto Nacional de Salud Publica. Cuernavaca, Morelos: Instituto Nacional
de Salud Publica, 2004.

29. Rodriguez-Ramirez S, Mundo-Rosas V, Jiménez-Aguilar A, Shamah-Levy
T. Methodology for the analysis of dietary data from the Mexican National
Health and Nutrition Survey 2006. Salud Publica Mex 2009;5 I (suppl
4):5540-5550.

salud piiblica de méxico [ vol. 57, no. 5, septiembre-octubre de 2015

30. Palma O, Shamah T, Franco A, Olaiz G, Méndez |. Metodologia. En: En-
cuesta Nacional de Salud y Nutricion (Ensanut) 2006. Cuernavaca, México:
Instituto Nacional de Salud Publica, 2006:19-33.

31. Kluijtmans LA, Young IS, Boreham CA, Murray L, McMaster D, McNulty
H, et al. Genetic and nutritional factors contributing to hyperhomocyste-
inemia in young adults. Blood 2003;101:2483-2488.

32. Lucock M. s folic acid the ultimate functional food component for
disease prevention! BM) 2004;328:211-214.

33. Stover PJ. Physiology of folate and vitamin B2 in health and disease.
Nutr Rev 2004;62:S3-S12.

34. Rosenberg IH, Miller JW. Nutritional factors in physical and cognitive
functions of elderly people.Am | Clin Nutr 1992;55(suppl):1237S-1243S.
35. Hutto BR. Folate and cobalamin in psychiatric illness. Compr Psychia-
try 1997;38:305-314.

36. Shamah-Levy T,Villalpando-Hernandez S, Rivera-Dommarco JA,
Cuevas-Nasu L. Impacto de Oportunidades (antes Progresa) en el estado
de nutricion y anemia de nifios y mujeres en edad fértil: componente
rural. En: Nutricion y pobreza: politica publica basada en evidencia. México:
Banco Mundial/Sedesol, 2008:57-81.

37. Neufeld L, Garcia-Guerra A, Fernandez-Gaxiola AC, Rivera-
Dommarco JA. Impacto de Oportunidades en alimentacion y nutricion
en nifios y mujeres en zonas Urbanas. En: Gonzilez-de Cossio T,
Lopez-Acevedo G, Rivera-Dommarco |, Rubio-Soto GM. Nutricion y
Pobreza: Politica Piblica Basada en evidencia. México: Banco Mundial/
Sedesol, 2008.

38. Ramirez-Silva Cl, Rivera JA, Leroy JL, Neufeld LM.The Oportuni-
dades program’s fortified food supplement, but not improvements in the
home diet, increased the intake of key micronutrients in rural Mexican
children aged 12-59 months. ] Nutr 2013;143(5):656-663. doi:10.3945/
jin.112.162792

39. Lozoff B, Smith |B, Kaciroti N, Clark KM, Guevara §, Jimenez E.
Functional significance of early-life iron deficiency: outcomes at 25 years. |
Pediatr 2013;163:1260-1266.

40. Santos T, Connolly C, Murphy R. trace element inhibition of phytase
activity. Biol Trace Elem Res 2015;163:255-265.

393



