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Abstract

Objective. To describe the prevalence of Vitamin D defi-
ciency (VDD) and insufficiency (VDI), and the main dietary
sources of vitamin D (VD) in a probabilistic sample of
Mexican women at reproductive age participating in Ensa-
nut 2012, stratified by sociodemographic factors and body
mass index (BMI) categories. Materials and methods.
Serum concentrations of 25-hydroxyvitamin-D(25-OH-D)
were determined using an ELISA technique in 4 162 women
participants of Ensanut 2012 and classified as VDD, VDI or
optimal VD status. Sociodemographic, anthropometric and
dietary data were also collected. The association between
VDD/VDI and sociodemographic and anthropometry factors
was assessed adjusting for potential confounders through
an estimation of a multinomial logistic regression model.
Results. The prevalence of VDD was 36.8%, and that of
VDI was 49.8%.The mean dietary intake of VD was 2.56 ug/d.
The relative risk ratio (RRR) of VDD or VDI was calculated
by a multinomial logistic regression model in 4 162 women.
The RRR of VDD or VDI were significantly higher in women
with overweight (RRR: 1.85 and |.44, p<0.05), obesity (RRR:
2.94 and 1.93, p<0.001), urban dwelling (RRR:1.68 and 1.31,
p<0.06), belonging to the 3" tertile of income (RRR:5.32 and
2.22,p<0.001), or of indigenous ethnicity (RRR:2.86 and |.70,
p<0.05), respectively. Conclusion. The high prevalence of
VDD/VDI in Mexican women calls for stronger actions from
the health authorities, strengthtening the actual policy of food
supplementation and recommending a reasonable amount
of sun exposure.

Keywords:vitamin D deficiency; 25-OH-D;women;indigenous
population; obesity
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Resumen

Objetivo. Describir la prevalencia de deficiencia (DVD)
e insuficiencia (IVD) de vitamina D (VD), y las principales
fuentes dietéticas de VD en una muestra probabilistica de
mujeres mexicanas en edad reproductiva participantes de
la Ensanut 2012, estratificando por factores sociodemo-
graficos y categorias de IMC. Material y métodos. Las
concentraciones séricas de 25-hidroxivitamina-D (25-OH-D)
se midieron utilizando la técnica ELISA en 4 162 mujeres
participantes de la Ensanut 2012, que fueron clasificadas
con DVD, IVD u optimos niveles de VD. Se recolectaron
datos sociodemograficos, antropometria y dieta, y se evalué
su asociacion con DVD/IVD por medio de un modelo de
regresion logistica multinomial. Resultados. 36.8% de las
mujeres presentaron DVD y 49.8% IVD. La media de ingesta
deVD fue 2.56 pg/d. La probabilidad de presentar DVD o IVD
fue mayor en las mujeres con sobrepeso (RRR: 1.85 y 1.44,
p<0.05), obesidad (RRR:2.94 y 1.93,p<0.001), residentes del
area urbana (RRR: 1.68 y 1.31, p<0.06), del tercil 3 de nivel
socioeconomico (RRR:5.32y 2.22,p<0.001) o indigenas (RRR:
2.86 y 1.70, p<0.05) respectivamente. Conclusiones. La
alta prevalencia de DVD/IVD en mujeres mexicanas es un
llamado a las autoridades de salud para implementar una
politica de suplementacion de alimentos mas fuerte y hacer
recomendaciones para una razonable exposicion al sol.

Palabras clave: deficiencia de vitamina D; 25-OH-D; mujeres;
indigenas; obesidad
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Vitamin D deficiency (VDD<50 nmol/L) is consid-
ered globally as a public health issue.! Vitamin D in-
sufficiency (VDI<75 nmol/L)is found in approximately
50% of the world population.** A high proportion of
adults in the American continent have VDD: Brazil
(77%), Chile (27-60%), Puerto Rico (28-32%), Argentina
(52-87%), USA (34-37%), or Guatemala (46%).*® The
reported prevalence of VDD in Europe and Australia
varies between 30 and 50%.? In México, despite the large
availability of sunlight, the National Health and Nutri-
tion Survey (Ensanut) documented that in 2012 33% of
children aged 1-11years were VD-deficient.”

Several factors have been identified in women
with VDD, as such as the lack of exposure to sunlight,
the culture, (e.g. wearing long garments), the age,
the skin pigmentation, along with a low VD dietary
intake.*!° Long lactation periods, the use of skin sun
blockers, the frequent use of umbrellas,>'"1? tobacco
smoking, obesity and renal chronic disease have been
also associated with VDD in women.>!""1¢ It is not clear
whether the VDD is produced by obesity or obesity
is a consequence of VDD, because obese individu-
als specially women,'® are susceptible to VDD due to
diminished availability of VD stored in the adipose
tissue, and on the other hand,'® some studies in obese
individuals suggest that the supplementation with VD
reduces the body fat mass.!!

Women at reproductive age are a group that can
be intervened at earlier age for VDD and its long term
complications.VDD during adulthood increases the
risk of osteopenia, osteoporosis, muscle weakness, os-
teomalasia and pathological fractures and can worsen
other chronic conditions, such as the polycystic ovary
syndrome; it also is a risk factor for cardiovascular dis-
eases, metabolic syndrome, some types of cancer and
some autoimmune diseases.!**

This study aims to describe the prevalence of VDD
and VD], and the dietary sources of VD, in a probabilistic
sample of women at reproductive age participating in
Ensanut-2012, stratified by sociodemographic factors
and BMI categories.

Materials and methods

Study population: This cross-sectional analysis was car-
ried out in women aged 20-49 years participating in the
National Health and Nutrition Survey-2012 (Ensanut
2012), a probabilistic survey designed to represent the
national population, and urban and rural dwelling.®A
detailed description of the sampling was published
previously.®
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Blood and dietary sample. Blood samples were obtained
from 30% of the whole sample, i.e. 4,162 women 20-49
yo. The collection of the samples occurred between the
winter of 2011 and the spring of 2012. The sampling oc-
curred between the latitudes 14°54" and 32°31" N. The
dietary information was obtained through an iterative
multiple steps 24-h recall questionnaire applied to 15%
of the total Ensanut-2012 sample, consisting of 869
women with dietary and serum data. More detailed
information on the multiple-pass method was published
elsewhere.”” The dietary information was gleaned in
accordance with the methodology described by Lépez
and colleagues.?*3

Those foods that were the main source of dietary
VD were identified according to their reported VD
content in the food composition tables used by Ensanut
2012.3! The first 10 foods that contributed more than 10%
of VD intake in 24 h were listed in decreasing order.
Based on the 24 h dietary recall in 869 women, we con-
structed an index to identify the main dietary sources
of VD, the frequency of eating and the VD content in
each food item.

Collection of blood samples and laboratory procedures. Blood
samples were obtained from an antecubital vein and
were spinned down “in situ” at 3000 g. The serum was
separated and stored in codified cryovials and preserved
inaliquid N tank until delivered to the Central Nutrition
laboratory at Instituto Nacional de Salud Ptiblica (INSP),
Cuernavaca, Mor, Mexico. The serum concentrations of
25-hydroxyvitamin-D (25-OH-D) in nmol/L were mea-
sured by microparticles’ chemoluminiscence technique,
using commercial kits of Abbot in an “Architect CI8200”
automatic analyzer (Abbott Lab, Michigan, III USA).
The inter- and intra-assay coefficients of variability
were 1.34 and 3.69%, respectively. The accuracy of the
determinations was checked with the NIST SRM-968E
reference material 3>

Sociodemographic information

Sociodemographic variables were captured by the Ensa-
nut 2012; including age in years, sex, region and urban
and rural dwelling and socioeconomic status (SES).
We defined three geographic regions in Mexico: North,
Center (includes Mexico City), and South. Locations
with <2 500 inhabitants were classified as rural, and
those with >2 500 inhabitants were classified as urban.3
A socioeconomic index was constructed using a factor
analysis using a principal components approach, that
included household characteristics and assets.** The
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index was computed for each respondent and then
classified into tertiles (low, medium, and high) as cutoff
points for socioeconomic status.®

Anthropometry. The body weight was measured in an
electronic balance with a precision of 100 g, Tanita
(Tokio, Japan) and the height with a stadiometer with
precision of 1 mm, Dynatop (Mexico City). Anthropom-
etry was measured by standardized personnel using the
methods proposed by Lohman® and were standardized
using Habicht's method.” Based on the body weight
and height, the body mass index (BMI) was calculated
and classified according to the WHO: BMI>18.5 and
<249 kg /m*= normal; 25-29.9 kg / m?= overweight and
BMI>30= obesity.*

Vitamin D status definitions. The definition of VD status
was based in the classification of 25-OH-D concentra-
tions by Heaney and Holick: Deficiency <50 nmol/L
(8-20 ng/ mL), insufficiency =50 and <75 nmol /L (21-30
ng/mL)and VD sufficiency =75 nmol/L (>30 ng/mL).¥

Statistical analysis

The descriptive bivariate information is presented as
means and 95%CI of the serum concentrations of 25-
OH-D. The dietary intake of VD is presented as means
and 95%CL The prevalence and 95%CI of VDD was
calculated and stratified by sociodemographic charac-
teristics and BML. The statistical comparisons between
the dependent variable (VDD or VDI) and the inde-
pendent variables (dwelling, region, BMI categories,
SES and indigenous ethnicity) were made by multiple
logistic regression models. Each model (VDD or VDI)
was adjusted by the survey design using the module
SVY of STATA SE v14 (College Station, USA, 2013). The
significance was established with an alpha value <0.05
and 95%CL. To assess the representativeness of the final
sample (n= 4 126), we compared the distribution of the
sociodemographic and anthropometric characteristics
in the whole sample of Ensanut 2012 (n= 24 500) and
found no differences.

Ethical aspects

The protocol was reviewed and approved by the Com-
mittees of Research, Biosafety and Ethics in Research
of Instituto Nacional de Salud Publica, Cuernavaca,
Mexico. Informed consent letters were signed by the
participants after a careful explanation of the aims,
advantages and discomforts of the project.
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Results

Sociodemographic and anthropometric
characteristics

4162 women aged 20-49 years representing 25 million
of women at reproductive age were studied. The over-
all prevalence was 36.8% for VDD, and 49.8% for VDI.
The VDD and VDI indices for normal BMI were 30.1
and 51.5%; 36.2 and 50.3% for overweight, and 43.0%
(p<0.05) and 47.9% for obesity, respectively. By dwelling,
VDD was higher in urban (40.2%) than in rural dwell-
ings (25.1%, p<0.05). The urban VDI (48.7%) was not
different from the rural (53.7%) (table I). In the South,
the VDD concentration was significantly lower (25.9%),
and the VDI higher (53.5%) than in the Central region,
with 46.3% (p<0.05) and 45% (p<0.05), and in the North
region (31.7%, p<0.05). VDI was significantly higher in
the North (55.6%) than in the Center (45.0%, p<0.05).

Women in tertile 1 of SES had the lowest prevalence
of VDD (22.6%), compared with tertile 2 (32.5%, p<0.05),
and tertile 3 (48.8%).VDI prevalence was not different
between tertiles of SES. There were no differences for
VDD and VDI between non-indigenous and indigenous
women (table I).

Mean serum concentrations of 25-OH-D
and dietary intake of VD

The overall mean serum concentration of 25-OH-D was
56.7 (55.7, 57.8) nmol/L. The mean concentration of
25-OH-D was higher in women with normal BMI, 60.2
(58.6, 62.4) nmol /L, than in women with overweight,
57.1 (55.5, 58.7) nmol /L, p<0.05, or obesity 53.6 (52.0,
55.2) nmol /L, p<0.05. It was higher in rural 62.2 (60.6,
63.7) than in urban dwellings 55.2 (53.9, 56.5) nmol /L,
p<0.05. The concentrations were lower in the North
57.6(56.0,59.1) nmol /L, p<0.05 and the Center 53 (51.2,
54.7) nmol/L, p<0.05 than in the South 61.9 (60.3, 63.4)
nmol/L. Tertile 1 of SES had greater concentrations
63.0 (61.4, 64.7) nmol/L than tertile 2, 58.3 (56.5, 60.2)
nmol/L, p<0.05, and tertile 3, 51.7 (50.2, 53.3) nmol /L,
p<0.05. Indigenous women had an average concentra-
tion of 56.6nmol /L and non-indigenous women, of 58.8
nmol/L of 25-OH-D, p<0.05 (table II).

The overall mean of dietary intake of VD was 2.56
(2.27,2.86) ug/d. Women with a normal BMI2.24 (1.74,
2.74), overweight 2.70 (2.15, 3.25), and obesity 2.68 (2.10,
3.25) ug/d did not show significant differences (NS).
Indigenous women ate more VD (2.59, IC95 2.28, 2.91)

salud piiblica de méxico | vol. 59, no. 5, septiembre-octubre de 2017
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Table |
PREVALENCE OF VITAMIN D DEFICIENCY AND INSUFFICIENCY IN MEXICAN WOMAN AGED 20 To 49 YEARS.
MEexico, ENsaNuT 2012

n sample 4162
(n expanded) 24210060
VDD VDI
% (95%Cl) % (95%Cl)

Total 368 (33.7,40.1) 49.8 (46.9,52.7)

Normal 30.1 (24.3,36.6) 51.5 (45.5,57.5)

BMI Overweight 36.2 (31.1,41.7) 503 (45.3,554)

Obesity 43.0% (37.8,48.3) 47.9 (42.9,52.9)

) Urban 40.2 (36.4,44.1) 48.7 (45.1,52.3)
Dwelling

Rural 25.1% (21.0,29.6) 53.74 (49.7,57.7)

North 31.7* (27.6,36.0) 55.6 (51.3,60.0)

Region Center 46.3* (40.8,51.8) 45.0° (39.8,50.2)

South 259 (22.1,30.0) 535 (49.8,57.2)

Tertile | 22.6 (19.2,26.5) 56.8 (52.8,60.7)

SES Tertile 2 32.5% (27.3,38.1) 504 (45.2,55.5)

Tertile 3 48.8* (43.5,54.0) 45.1 (40.1,50.3)

Indigenous ethnicity No 332 (26.1,41.2) 523 (44.5,59.9)

Yes 37.1 (33.8,40.4) 49.7 (46.6,52.7)

VDD:Vitamin D deficiency
VDI:Vitamin D insufficiency
SES: Socioeconomic status
BMI: Body Mass Index

Significantly different * (p<0.05) ¥ (p<0.10) of reference category; normal BMI, Rural dwelling, South region, Tertile | of SES, indigenous ethicity

than non-indigenous women (1.98, 95%CI 1.56, 2.39
ug/d, p<0.05). There were no differences in VD intake
between categories of dwelling, region, SES, or VD
serum status (table II).

Main dietary sources of vitamin D

Milk was drunk by 50.0% of the sample (231 mL/d),
representing 55.9% of the mean daily intake of VD.
Eggs were consumed by 48% of the sample (74.5 g/d),
representing 53.7% of the mean daily intake of VD. Fish
and sea food were eaten by 14.2% of the sample (60.1
g/d), representing 39.5% of the daily intake of VD. Other
sources were ready-to-eat cereals, dairy products as such
cheese, yogurts, cream and milk desserts, and other
products of animal origin as such beef, pork, chicken
meats and animal fats (table III).

The relative risk ratio (RRR) of present VDD
or VDI by SES characteristics and BMI

The RRR of VDD or VDI was calculated by a multino-
mial logistic regression model in 4 162 women (table

salud piiblica de méxico | vol. 59, no. 5, septiembre-octubre de 2017

IV). The risk ratios (RRR) of VDD or VDI were signifi-
cantly higher in women with overweight (1.85 and 1.44,
p<0.05), with obesity (2.94 and 1.93, p<0.001), living in
an urban dwelling (1.68 and 1.31, p<0.06), belonging to
tertile 3 of socioeconomic status (5.32 and 2.22, p<0.001)
or with indigenous ethnicity (2.86 and 1.70, p<0.05)
respectively (table IV).

Discussion

VDD and VDI in Mexico are very frequent in adult
women (36.8 and 49.8%, respectively). Our results
confirm that, despite the intense sunlight in Mexico,
the serum concentrations of 25-OH-D are low. The
strengths of this study are the randomization and the
national representativeness of the sample; we were able
to measure 25-OH-D and the 24 h VD intake with ap-
propriate instruments.

The NHANES III proved that VDD and VDI in
Hispanic women older than 18 years was 76.2% and
that indigenous women had a 3.3-fold probability of suf-
fering these conditions compared with white women.*
One reason is that ethnicity plays an important role in
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Table Il

MEAN SERUM CONCENTRATIONS OF 25-OH=-D, AND DIETARY INTAKE OF VITAMIN D
IN MeExicaN woMEN AGED 20 To 49 YEARs. MExico, ENsaANUT 2012

n sample 4162 869
n expansion 24210060 6751792
25-OH-D nmollL VD intake (ug)
Mean (95%Cl) Mean (95%Cl)
Total 56.7 (55.7,57.8) 2.56 (2.27,2.86)
Normal 60.2 (58.6,62.4) 224 (1.742.74)
BMI Overweight 57.1 (55.5,58.7)* 2.70 (2.15,3.25)
Obesity 53.6 (52.0,55.2)* 2.68(2.10,3.25)
Dwelling Urban 55.2 (53.9,56.5) 2.67 (2.31,3.04)
Rural 62.2 (60.6,63.7)* 2.24 (1.78,2.69)
North 57.6 (56.0,59.1)* 2.70 (2.27,3.12)
Region Center 53.0 (51.2,54.7)* 2.59 (2.09,3.09)
South 61.9 (60.3,63.4) 2.44 (2.04,2.83)
Tertile | 63.0 (61.4,64.7) 2.26 (1.88,2.64)
SES Tertile 2 58.3 (56.5,60.2)* 241 (1.99,2.83)
Tertile 3 51.7 (50.2,53.3)* 2.85(2.26,3.43)
Indigenous ethnicity No 56.6 (55.5,57.7) 2.59 (2.28,2.91)
Yes 58.8 (56.1,61.5) 1.98 (1.56,2.39)*
VDD 39.5 (38.6,40.4)* 2.50 (1.83,3.10)
VD serum status VDI 614 (608,61.9)* 258 (2.182.99)
Optimal 86.9 (85.2,88.6) 2.68 (1.86,3.50)

VDD: Vitamin D deficiency
VDI: Vitamin D insufficiency
VD: Vitamin D

SES: Socioeconomic status
BMI: Body Mass Index

Significantly different * (p<0.05) #(p<0.10) of reference category; normal BMI, Rural dwelling, South region, Tertile | of SES, indigenous ethnicity

Table Il
MAIN DIETARY SOURCES OF VITAMIN D IN MExicAN WOMEN AGED 20-49
YEARS PARTICIPATING IN ENsaNuT 2012. MExico

Food Frequency of consumption  Intake of food (g/100 g)  Content of VD in food (ug/100 g) Contribution to the total intake of VD (%)
n sample (869)
% (95%Cl) Mean (95%Cl) Mean (95%Cl) Mean (95%Cl)
n expanded (6751792)

Milk 50.0 (45.4,54.7) 231 (208.5,53.5) 1.80 (1.58,2.02) 55.9 (51.8,60.0)
Eggs 48.1 (43.5,52.7) 745  (67.0,82.1) 1.34 (1.19,1.49) 53.7 (48.6,58.7)
Fish and sea food 142 (109, 18.2) 60.1 (37.5,82.6) 3.24 (0.24,6.24) 39.5 (19.8,59.2)
Ready to eat cereals 6.6 (4.5,9.6) 488  (32.6,65.0) 276 (1.45,4.07) 46.5 (35.9,57.0)
Other dairy products 36.8 (32.0,41.8) 60.0  (38.0,82.0) 0.45 (0.31,0.58) 224 (17.9,26.9)
Beef meat 16.9 (13.8,20.6) 622  (37.9,86.5) 0.70 (0.41,0.99) 273 (20.4,34.3)
Milk based desserts 5.1 (3.3,7.8) 513 (289,737 2.08 (0.96,3.19) 282 (16.3,40.1)
Chicken meat 235 (19.3,28.3) 129.7  (101.4,158.0) 0.18 (0.15,0.22) 24.1 (19.1,29.9)
Pork meat 21.6 (17.7,26.0) 505  (38.2,62.9) 0.44 (0.33,0.55) 248 (18.6,31.0)
Fat (animal origin) 330 (28.3,38.1) 182 (152,21.2) 0.12 (0.09,0.14) 12.8 (9.2, 16.5)
VD: vitamin D

Other dairy products: cheeses: aged, cotija, grill, camembert, cheddar, chihuahua, cottage, cream, fresco, goat, gouda, manchego, parmesan, Swiss; yogurt, curdled
milk, drinkable yogurt

Fat: lard or average animal fat, butter, mayonnaise

Data from an iterative 24h dietary recall questionnaire

522 salud piiblica de méxico | vol. 59, no. 5, septiembre-octubre de 2017
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Table IV
MULTINOMIAL LOGISTIC REGRESSION MODEL
TO ASSESS THE RISK OF VITAMIN D DEFICIENCY
OR INSUFFICIENCY IN MEXicCAN WOMEN 20-49 yvo,
BY SOCIODEMOGRAPHIC CHARACTERISTICS
AND BMI. Mexico, ENsaNnuT 2012

n sample 4162
n expanded 24210060

RRR (95%Cl) p

VDD
Age .01 (0.98,1.03) 0.354
Normal Ref.
BMI Overweight 1.85  (1.20,2.83) 0.005
Obesity 294 (1.92,452) <0.001
Dwelling Rural Ref.
Urban 1.68  (1.14,2.48)  0.009
South Ref.
Region North .38 (0.91,2.10) 0.131
Center 3.19  (2.12,480) <0.001
Tertile | Ref.
SES Tertile 2 144 (0.96,2.15) 0.074
Tertile 3 532 (3.31,853) <0.001
Indigenous ethnicityNo Ref.
Yes 286  (1.53,5.32) 0.001
VDI
Age .00 (0.98,1.02) 0918
Normal Ref.
BMI Overweight 144 (1.02,2.02) 0.039
Obesity 1.93  (1.37,2.72) <0.001
Dweling Rural Ref.
Urban .31 (0.99,1.74) 0.058
South Ref.
Region North 143 (1.03,1.98) 0.035
Center .76 (1.28,2.43) 0.001
Tertile | Ref.
SES Tertile 2 095  (0.69,1.32) 0.012
Tertile 3 222 (1.46,3.39) <0.00I
Indigenous ethnicity No Ref.
Yes .70 (1.01,2.87) 0.047

Optimal VD status was the reference. RRR=relative risk ratio

the cutaneous transformation of VD.*** Previous stud-
ies suggest that the concentrations of 25-OH-D for the
optimal bone and calcium and phosphorous metabolism
differ among ethnic groups. In this study the probabil-
ity of VDD was higher in indigenous women, a group
with lower dietary intake of VD than non-indigenous
women. One limitation of the present study is that,

salud piiblica de méxico | vol. 59, no. 5, septiembre-octubre de 2017

because of its cross sectional design, it does not allow
to infer a causality, in the associations observed, of the
higher probability of VDD in indigenous women. We
hypothesized that the use of long-sleeve blouses and
skirts worn by this population interferes with the UV
radiation during work days; also, their low intake of
VD and the more intense pigmentation of their skin
make them vulnerable to VDD and VDI. Nevertheless
the probability of VDD may be due to a genetic predis-
position that is not linked to the frequently occurring
bone fractures in Caucasian population. A cohort study
found that 15% of Mexican-American women showed
a polymorphism in the gen codifying for the cellular
VD receptor; although the serum concentrations of 25-
OH-D were comparable between phenotypes, women
with polymorphism experienced bone demineralization
earlier in life than women without it.**

Another point is that the majority of studies for
defining the cut-off points for VDD and VDI and the
associated alterations have been carried out in white
persons. This has several implications: they may not be
adequate for a population with darker skin. Thus, the
available cut-off points are the best proxy available for
our population 313345

Women living in rural communities had a lower
probability of VDD than those living in urban localities,
probably because people in urban localities stay under a
roof for large periods and are therefore less exposed to
sunlight; also, they suffer higher levels of air pollution.
A limitation of this study was that it includes no mea-
surements of sun exposure or nutritional supplement
consumption, which is not common among the Mexican
population.*

Urbanization seems to be a factor preventing
sunlight exposure, as is demonstrated by the fact that
women living in the North and Center of the country
had higher prevalence of VDD than those living in the
South. The Center and North regions are more urban-
ized than the South; urbanization has been associated
with less open air activities and a higher level of air
pollution.””#8 This is supported by the comparable VD
intake in all regions. Thus the differences in 25-OH VD3
can only be accounted for by the intensity of sun-light
exposure and differences in skin pigmentation.

Milk intake was the main dietary source of VD
among the Mexican population, along with eggs, fish
and seafood. The total intake in women was very low
(2.5 ug/d) compared with the 10 ug/d recommended
by the IOM.* The fortification of foods, especially milk,
with VD and sessions of prudent exposure to sunlight,
below the time of risk for skin cancer, are recommended.
To our knowledge, there is no governmental initiative
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to prevent VDD/VD], as such food supplementation
programs and recommendations for a reasonable sun
exposure, among the Mexican population.

Another finding of our study was the greater
prevalence of VDD in obese women compared with
women with a normal BMI. Discrepancies between the
etiology of this association were postulated by Foss and
colleagues in 2008, who hypothesized that in primitive
human beings VD was a consequence of the changes
in sunlight intensity during the winter and a way to
accumulate body fat.” A meta-analysis of 21 cohorts of
adults, found that a higher BMI is associated with lower
levels of 25-OH-D and a slight increase in the BMI, with
a reduction in the concentrations of 25-OH-D, with the
resulting recommendation to reduce obesity, whereby
a reduction of VDD is expected.” Obese persons have
a larger body surface area on which to receive a larger
amount of UV irradiation and therefore have higher VD
synthesis rates. They documented that after 24 hours of
exposure to sunlight, the increase in 25-OH-D serum
concentrations was 53% less in obese than in non-obese
persons, and explained that this was due to the large
VD stores in the fat.5! In Mexico, 35.5% of adult women
are overweight, and 37.5% are obese.” Therefore, this
population is more susceptible to VDD and has a higher
risk of the pathologies associated to VDD: bone diseases,
metabolic syndrome, cardiovascular diseases, infections
and general mortality.!>?4

Conclusions

In Mexico, the prevalence of VDD and VDI is a public
health issue among women aged 20-49 years. Obesity
was associated with VDD when no other factors that
can predict it are present. The dietary intake of VD was
not associated with serum concentrations of 25-OH-D.
Women living in rural dwellings, and in the southern
region of the country, and belonging to the lowest ter-
tile of SES, had better VD status probably because of
a higher sun exposure. The high prevalence of VDD/
VDI in Mexican women calls for stronger actions from
the health authorities, such as straightening the actual
policy of food supplementation and recommending a
reasonable exposure to sunlight.

Financial support

This study was supported in part by the Kellogg Com-
pany through a non-binding grant. Kellogg’s had no
role in the planning, analysis or drafting of this article.
All authors declare that they have no conflict of interest.

TaskworksS. V.and A.C. designed the overall proj-
ect, interpreted the data and drafted the manuscript; A.

524

C. performed the statistical analysis. R.R. developed the
laboratory determination of 25-OH-D.

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

References

I. Mithal A,Wahl DA, Bonjour P, Burckhardt P, Dawson-Hughes B, Eisman
JA et al. Global vitamin D status and determinants of hypovitaminosis D.
Osteoporos Int 2009;20:1807-1820. https://doi.org/10.1007/s00198-009-
0954-6

2. Sai AJ,Walters RW, Fang X, Gallagher C. Relationship between vitamin
D, parathyroid hormone, and bone health. ] Clin Endocrinol Metab
2011;96:E436-E446. https://doi.org/10.1210/jc.2010-1886

3. Holick MF, Chen TC.Vitamin D deficiency: a worldwide problem with
health consequences. Am J Clin Nutr 2008;87(4):1080S-1086S.

4. Looker AC, Dawson-Hughes B, Calvo MS, Gunter EW, Sahyoun NR.
Serum 25- hydroxyvitamin D status of adolescents and adults in two
seasonal subpopulations from NHANES [Il. Bone 2002;30:771-777. https://
doi.org/10.1016/58756-3282(02)00692-0

5. Hyun D, Sabour S, Sagar U,Adams S,Whellan D. Prevalence of
Hypovitaminosis D in Cardiovascular Diseases (from the National
Health and Nutrition Examination Survey 2001 to 2004).Am | Cardiol
2008;102:1540-1544. https://doi.org/10.1016/j.amjcard.2008.06.067
6.Sempos CT,Vesper HW, Phinney KW, Thienpont LM, Coates PM.Vitamin
D status as an international issue: national surveys and the problem of
standardization. Scand | Clin Lab Invest Suppl 2012;243:32-34.

7.Flores A, Flores M, Hernandez-Barrera L, Rivera M, Contreras A,
Villalpando S.Vitamin D deficiency is common and is associated with
overweight in Mexican children aged I-11 years. Public Health Nutr
2017;28:1-9. https://doi.org/10.1017/S1368980017000040

8. Gaugris S, Heaney R, Boonen S, Kurth H, Bentkover |, Sen S.Vitamin D
inadequacy among post-menopausal women:A systematic review. Q | Med
2005;98:667-676. https://doi.org/10.1093/gjmed/hci096

9. Wat W, Leung J, TamS, Kung A. Prevalence and impact of vitamin D insuf-
ficiency in southern Chinese adults. Ann Nutr Metab 2007;51(1):59-64.
https://doi.org/10.1159/000100822

10. Godar D, Landry R, Lucas A. Increased UVA exposures and decreased
cutaneous vitamin D3 levels may be responsible for the increasing
incidence of melanoma. Med Hypotheses 2009;72(4):434-443. https://doi.
org/10.1016/j.mehy.2008.09.056

I'l.Lim S, Kung A, Sompongse S, Soontrapa S, Tsai K.Vitamin D inad-
equacy in postmenopausal women in Eastern Asia. Curr Med Res Opin
2008;24(1):99-106. https://doi.org/10.1185/030079908X253429

12. Norman AW. From vitamin D to hormone D: fundamentals of the
vitamin D endocrine system essential for good health. Am | Clin Nutr
2008;88(2):4915-499S.

| 3. Bischoff-Ferrari H, Giovannucci E, Willett W, Dietrich T, Dawson-
Hughes B.Estimation of optimal serum concentrations of 25-hydroxyvita-
min D for multiple health outcomes. Am | Clin Nutr 2006;84:18-28.

14. Kung A, Lee K. Knowledge of vitamin d and perceptions and attitudes
toward sunlight among Chinese middle-aged and elderly women:A popu-
lation survey in Hong Kong. BMC Public Health 2006;6:226. https://doi.
org/10.1186/1471-2458-6-226

I5. Reid IR,Avenell A. Evidence-based policy on dietary calcium and
vitamin D. Journal of bone and mineral research: the official journal of the
American Society for Bone and Mineral Research 201 1;26(3):452-454.
https://doi.org/10.1002/jbmr.327

| 6. Tuohimaa P. Vitamin D and aging. ] Steroid Biochem Mol Biol
2009;114(1-2):78-84. https://doi.org/10.1016/j.jsbmb.2008.12.020

salud piiblica de méxico | vol. 59, no. 5, septiembre-octubre de 2017


https://doi.org/10.1007/s00198-009-0954-6
https://doi.org/10.1210/jc.2010
https://doi.org/10.1016/S8756-3282(02)00692-0
https://doi.org/10.1016/S8756-3282(02)00692-0
https://doi.org/10.1016/j.amjcard.2008.06.067
https://doi.org/10.1017/S1368980017000040
https://doi.org/10.1093/qjmed/hci096
https://doi.org/10.1159/000100822
https://doi.org/10.1016/j.mehy.2008.09.056
https://doi.org/10.1016/j.mehy.2008.09.056
https://doi.org/10.1185/030079908X253429
B.Estimation
https://doi.org/10.1186/1471-2458-6-226
https://doi.org/10.1186/1471-2458-6-226
https://doi.org/10.1002/jbmr.327
https://doi.org/10.1016/j.jsbmb.2008.12.020

Vitamin D status in Mexican women

ARTICULO ORIGINAL

17. Vimaleswaran K, Berry D, Lu C,Tikkanen E, Pilz S, Hiraki LT, et al.
Causal relationship between obesity and vitamin D status: bi-direc-

tional Mendelian randomization analysis of multiple cohorts. PLoS Med
2013;10:1001383. https://doi.org/10.1371/journal.pmed.1001383

18. Ginde A, Liu M, Camargo C. Demographic differences and trends of
vitamin D insufficiency in the US population, 1988-2004. Arch Intern Med
2009;23;169(6):626-632.

19. Sergeev IN. |.25-Dihydroxyvitamin D3 induces Ca2+-mediated
apoptosis in adipocytes via activation of calpain and caspase-12. Biochem
Biophys Res Com-mun 2009;384(1):18-21. https://doi.org/10.1016/j.
bbrc.2009.04.078

20. Christakos S, Hewison M, Gardner D,Wagner C, Sergeev |, Rutten E,
et al. Vitamin D: beyond bone. Ann N'Y Acad Sci 2013;1287:45-58. https:/
doi.org/10.1111/nyas.12129

21. Salehpour A, Hosseinpanah F, Shidfar FVafa M, Razaghi M, Dehghani

S, et al. A 12-week double-blind randomized clinical trial of vitamin D3
supplementation on body fat mass in healthy over-weight and obese wom-
en.Nutr ] 2012;11:78. https://doi.org/10.1 186/1475-2891-11-78

22. Pludowski P, Holick MF, Pilz S,Wagner C, Hollis B, Grant W, et al.
Vitamin D effects on musculoskeletal health, immunity, autoimmunity,
cardiovascular disease, cancer, fertility, pregnancy, dementia and mortality
—a review of recent evidence. Autoimmun Rev 2013;12:976-989. https:/
doi.org/10.1016/j.autrev.2013.02.004

23. Wehr EPS, Schweighofer N, Giuliani A, Kopera D, Pieber T, Obermayer-
Pietsch B.Association of hypovitaminosis D with metabolic disturbances
in polycysticovary syndrome. Eur | Endocrinol 2009;161:575-582. https:/
doi.org/10.1530/EJE-09-0432

24. Holick MF. Vitamin D deficiency. N Engl | Med 2007;357:266-281.

25. Gutiérrez J, Rivera-Dommarco J, Shamah-Levy T,Villalpando-Hernandez
S, Franco A, Cuevas-Nasu L, et al. Encuesta Nacional de Salud y Nutricion
2012. Resultados Nacionales. Cuernavaca, México: Instituto Nacional de
Salud Publica (MX).2012. Available from: http://ensanut.insp.mx/informes/
ENSANUT2012ResultadosNacionales.pdf

26. Romero-Martinez M, Shamah-Levy T, Franco-Nufez 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(suppl2):S332-S340.
https://doi.org/10.1006/expr.1995.1075

27. Conway |M, Ingwersen LA,Vinyard BT, Mashfegh A|. Effectiveness

of the US department of Agriculture 5-step multiple-pass method in
assessing food intake in obese and non-obese women. Am | Clin Nutr
2003;77:1171-1178.

28. Lopez-Olmedo N, Carriquiry A, Rodriguez-Ramirez S,Ramirez-Silva

|, Espinosa-Montero J, Hernandez-Barrera L, et al. Usual Intake of Added
Sugars and Saturated Fats Is High while Dietary Fiber Is Low in the Mexi-
can Population. ] Nutr 2016;146(9):1856S-1865S. https://doi.org/10.3945/
jn.115.218214

29.Rivera ), Pedraza L,Aburto T, Batis C, Sanchez-Pimienta T, Gonzélez de
Cosio T, et al. Overview of the Dietary Intakes of the Mexican Popula-
tion: Results from the National Health and Nutrition Survey 2012. ] Nutr
2016;146(9):1851S-1855S. https://doi.org/10.3945/jn.115.221275

30. Denova-Gutiérrez E, Ramirez-Silva |, Rodriguez-Ramirez S, Jiménez-
Aguilar A, Shamah-Levy T, Rivera-Dommarco JA. Validacion de un cues-
tionario de frecuencia de alimentos para evaluar la ingesta alimentaria en
adolescentes y adultos de México. Salud Publica Mex 2016;58(6):617-628.
https://doi.org/10.21 149/spm.v58i6.7862

31. Instituto Nacional de Salud Publica. Bases de datos del valor nutritivo
de los alimentos. Compilacion del Instituto Nacional de Salud Publica.
Cuernavaca, Mexico: Instituto Nacional de Salud Publica, 2012.

32. National Institute of Standards & Technology. Certificate of Analysis.
Standard Reference Material 968e. Fat-soluble Vitamins, carotenoids, and
cholesterol in Human Serum [internet document]. Department of com-
merce USA [accessed on April 4,2017]. Available from: https://www-s.
nist.gov/m-srmors/certificates/968e.pdf

salud piiblica de méxico | vol. 59, no. 5, septiembre-octubre de 2017

33.Bedner M, Lippa K, Tai S.An Assessment of 25-Hydroxyvitamin D
Measurements in Comparability Studies Conducted by the Vitamin D Me-
tabolites Quality Assurance Program. Clin Chim Acta 2013:15;426. https://
doi.org/10.1016/j.cca.2013.08.012

34. Gutiérrez JP. Clasificacion socioecondmica de los hogares en la
Ensanut 2012. Salud Publica Mex 2013;55(suppl 2):5341-S346. https://doi.
org/10.21149/spm.v55s2.5133

35.Brofman M, Guiscafre H, CastroV, Castro R, Gutiérrez G.La medicion
de la desigualdad: una estrategia metodoldgica, analisis de las caracteristicas
socioecondmicas de la muestra. Arch Invest Med (Méx)1988;19:351-360.
36.Lohman T, Martorell R, Roche AF. Anthropometric standardization
reference manual. Champaign, IL: Human Kinetics Books, 1988.

37. Habitch JP. Estandarizacion de Métodos Epidemioldgicos Cuanti-
tativos Sobre el Terreno. Boletin de la Oficina Sanitaria Panamericana
1974;76:375-385.

38. World Health Organization. Physical status: The use and interpretation
of anthropometry. Geneva: WHO, 1995.

39. Heaney RP, Holick MF. Why the IOM recommendations for vitamin D
are deficient. JBMR 201 1;26(3):455-457. https://doi.org/10.1002/jbmr.328
40. Zadshir A, Tareen N, Pan D, Norris K, Martins D.The prevalence of
hipovitaminosis D among US adults: Data from the NHANES |lI. Ethn Dis
2005;15(4 Suppl 5):55-97-101.

41. Clifton-Bligh J, McElduff P, McElduff A. Maternal vitamin D deficiency,
ethnicity and gestational Diabetes R. Diabetic 2008;25:6. https://doi.
org/10.1111/j.1464-5491.2008.02422.x

42. Patel |V, Chackathayil J, Hughes EA,Webster C, Lip GY, Gill PS.Vitamin D
deficiency amongst minority ethnic groups in the UK:a cross sectional study.
Int ] Cardiol 2013;167:2172-2176. https://doi.org/10.1016/}.ijcard.2012.05.08 |
43. Oleson CV, Patel PH,Wuermser LA. Influence of season, ethnicity,
and chronicity on vitamin D deficiency in traumatic spinal cord injury.]
Spinal Cord Med 2010;33:202-213. https://doi.org/10.1080/10790268.2
010.11689697

44. Coleman G, Eccleshall T, Malloy PVilla M, Marcus R, Feldman D.The
presence of a polymorphism at the translation initiation site of the
vitamin D receptor gene is associated with low bone mineral den-

sity in postmenopausal Mexican-American women. ] Bone Miner Res
1996;11:1850-1855.

45. Barger-Lux M, Heaney R, Dowell S, Chen T, Holick M.Vitamin D

and its Major Metabolites: Serum Levels after Graded Oral Dosing in
Healthy Men.Osteoporosis Int1998;8:222-230. https://doi.org/10.1007/
5001980050058

46. Mejia-Rodriguez F, Camacho-Cisneros M, Garcia-Guerra A, Mon-
terrubio-Flores E, Shamah-Levy T, Villalpando S. Factors associated with
nutritional supplement consumption in Mexican women aged 12 to 49
years. Arch Latinoam Nutr 2008;58:164-173.

47. Godar DE, Landry R|, Lucas AD. Increased UVA exposures and de-
creased cutaneous vitamin D3 levels may be responsible for the increasing
incidence of melanoma. Med Hypotheses 2009;72,434-443. https://doi.
org/10.1016/j.mehy.2008.09.056

48. Zittermann A, Schleithoff SS,Koerfer R.Putting cardiovascular disease
and vitamin D insufficiency into perspective. Br [Nutr 2005;94:483-492.
https://doi.org/10.1079/BJN2005 | 544

49. Institute of Medicine (IOM). Dietary Reference Intakes for Calcium
and Vitamin D. Washington, DC: National Academies Press, 201 1.

50. Foss Y). Vitamin D deficiency is cause of common obesity. Medical
Hypothesis 2009;72:314-321. https://doi.org/10.1016/j.mehy.2008.10.005
51. Wortsman ), Matsuoka L, Chen T, Lu Z, Holick M. Decreased bioavail-
ability of vitamin D in obesity. Am ] Clin Nutr 2000;72:690-693.
52.Barquera S, Campos-Nonato |, Hernandez-Barrera L, Pedroza A,
Rivera-Dommarco J. Prevalencia de obesidad en adultos mexicanos,
2000-2012. Salud Publica Mex 2013;55 (suppl2):S151-S160. https://doi.
org/10.21149/spm.v55s2.51 1 |

525


https://doi.org/10.1371/journal.pmed.1001383
https://doi.org/10.1016/j.bbrc.2009.04.078
https://doi.org/10.1016/j.bbrc.2009.04.078
https://doi.org/10.1111/nyas.12129
https://doi.org/10.1111/nyas.12129
https://doi.org/10.1186/1475-2891-11-78
https://doi.org/10.1016/j.autrev.2013.02.004
https://doi.org/10.1016/j.autrev.2013.02.004
https://doi.org/10.1530/EJE-09-0432
https://doi.org/10.1530/EJE-09-0432
http://ensanut.insp.mx/informes/ENSANUT2012ResultadosNacionales.pdf
http://ensanut.insp.mx/informes/ENSANUT2012ResultadosNacionales.pdf
https://doi.org/10.1006/expr.1995.1075
https://doi.org/10.3945/jn.115.218214
https://doi.org/10.3945/jn.115.218214
https://doi.org/10.3945/jn.115.221275
https://doi.org/10.21149/spm.v58i6.7862
https://www-s.nist.gov/m-srmors/certificates/968e.pdf
https://www-s.nist.gov/m-srmors/certificates/968e.pdf
https://doi.org/10.1016/j.cca.2013.08.012
https://doi.org/10.1016/j.cca.2013.08.012
https://doi.org/10.21149/spm.v55s2.5133
https://doi.org/10.21149/spm.v55s2.5133
G.La
https://doi.org/10.1002/jbmr.328
https://doi.org/10.1111/j.1464-5491.2008.02422.x
https://doi.org/10.1111/j.1464-5491.2008.02422.x
PS.Vitamin
https://doi.org/10.1016/j.ijcard.2012.05.081
https://doi.org/10.1080/10790268.2010.11689697
https://doi.org/10.1080/10790268.2010.11689697
Men.Osteoporosis
https://doi.org/10.1007/s001980050058
https://doi.org/10.1007/s001980050058
https://doi.org/10.1016/j.mehy.2008.09.056
https://doi.org/10.1016/j.mehy.2008.09.056
R.Putting
https://doi.org/10.1079/BJN20051544
https://doi.org/10.1016/j.mehy.2008.10.005
https://doi.org/10.21149/spm.v55s2.5111
https://doi.org/10.21149/spm.v55s2.5111

