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Abstract

Objective. To describe the prevalence of serum iron and
zinc deficiencies and low serum concentrations (LSC) of
copper and magnesium in Mexican adults. Materials and
methods. Blood samples from subjects (=20 years, both
genders) participating in the 2006 National Health and
Nutrition Survey were used to measure the serum concen-
trations of s-ferritin, soluble-transferrin-receptor (s-TfR),
zinc, copper, and magnesium. Results. The prevalence of
s-ferritin<|2ug/L was 18.1 and 3.6% while s-TfR>6mg/L
was 9.5 and 4.4%, for females and males, respectively. The
prevalence of zinc deficiency was 33.8% females and 42.6%
males; LSC of copper were 16.8 and 18.2%, and 36.3 and
31.0% for magnesium, for females and males, respectively.
Conclusions. The prevalence of deficiencies in iron (in
females), and zinc are still high in the adult population. LSC
of copper and magnesium are published for the first time
and show significant prevalence of deficiencies. Corrective
actions are necessary in order to diminish these nutritional
deficits in the Mexican population.
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Resumen

Objetivo. Describir la prevalencia de deficiencias de hierro
y zinc y valores bajos (VB) de cobre y magnesio en adultos
mexicanos. Material y métodos. Se utilizaron muestras de
sangre de individuos (=20 afios, ambos sexos) de la Encuesta
Nacional de Salud y Nutricién 2006 para medir concentra-
ciones séricas de s-ferritina, receptor soluble de transferrina
(s-TfR), zinc, cobre y magnesio. Resultados. La prevalencia
de s-ferritina<|2ug/L fue de 18.1 y 3.6%, s-TfR>6mg/L de
9.5 y 4.4% para mujeres y hombres, respectivamente. Para
zinc fue de 33.8% mujeres y 42.6% hombres. Para VB de
cobre fue 16.8'y 18.2%; y magnesio 36.3 y 31.0% en mujeres
y hombres, respectivamente. Conclusiones. Las prevalen-
cias de deficiencia de hierro (mujeres) y zinc alin son altas
en la poblacién adulta. VB de cobre y magnesio se publican
por primera vez en una muestra representativa de adultos y
muestran prevalencias importantes. Son necesarias medidas
correctivas para combatir estos problemas en la poblacién
mexicana.
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Deficiency of micronutrients such as iron, iodine,
and vitamin A, are globally the most frequent.
Some reports estimate that more than two thousand
million persons suffer from these nutritional deficien-
cies worldwide.!*?

Iron deficiency during pregnancy is linked to in-
creased maternal morbidity and mortality.* Women of
childbearing age from middle- and low-income coun-
tries are prone to iron deficiency anemia.’ Low serum
concentrations (LSC) of copper are linked to a decreased
activity of some metalloenzymes® reducing iron ions to
facilitate its absorption and transport.”It has also been
associated with a decreased immune response,® osteopo-
rosis, hypercholesterolemia, and glucose intolerance.”!!
In adult males, a zinc to copper ratio >1 is associated
with decreased immune response and higher mortal-
ity in HIV positive individuals.'”* LSC of magnesium is
less common, but it produces hypokalemia; a condition
affecting the electrolyte equilibrium of the body."*>
In developing countries, micronutrient deficiencies
frequently coexist with inflammation and infection,
impeding the interpretation of iron and zinc deficiencies.
C-reactive protein or alpha 1-acid glycoprotein should
be measured simultaneously to avoid confounding ef-
fects of inflammation.'®!”

In Mexico, information about mineral deficiencies
in adults from probabilistic surveys is limited to the
prevalence of iron and zinc deficiencies in women of
childbearing age, reported in the 1999 Mexican National
Nutrition Survey (ENN 99)!® which found a prevalence
of iron and zinc deficiencies, of 40 and 30% respec-
tively.!” Reports from other countries found a LSC of
copper of 17 and 8.6% in Iranian females and males,
respectively, and 5.9% in Chilean females.?

Information on the national prevalence of these
deficiencies is required in order to consider redesign of
ongoing or new interventions to accelerate the reduction
of micronutrient deficiencies. The aim of this study is
to describe the magnitude and distribution of iron and
zinc deficiencies, and LSC of copper and magnesium
and the inflammation status using protein C reactive
(PCR) in Mexican adults.

Materials and methods

Population and methods

Data for the present analysis were from a sample of
30% of male and female adults who were older than
20 years, participating in the 2006 Mexican National
Health and Nutrition Survey (ENSANUT 2006); with
available measurements of the serum concentrations
of s-ferritin, soluble transferrin receptor (s-TfR), zinc,
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copper, magnesium and C reactive protein (PCR). The
power of the subsample allowed for distinctions at the
national and regional level. Pregnant women and those
with no biochemical determinations were excluded from
the analysis. The final number of subjects was 3 421
female and 1 989 males.

Survey design

ENSANUT 2006 is a Mexican nationwide survey rep-
resentative of both rural and urban areas from four
regions of the country. The study used a stratified cluster
sample design.”!

Blood sample collection, preparation
and storage

Fasting blood samples were drawn from an antecubital
vein and centrifuged; serum was separated, stored in
cryovials kept in liquid nitrogen, and transported to the
nutrition laboratory at INSP in Cuernavaca, Mexico.?

Methods for determination
of micronutrients

S-Ferritin, soluble transferrin receptor, and C-reactive
protein

Iron levels were approximated using measures of s-
ferritin and soluble transferrin receptor (s-TfR). The
deficiency of body iron stores was defined as s-ferritin
<12ug/L and tissue iron deficiency as by s-TfR concen-
trations >6mg/L.? Serum concentrations of C-reactive
protein (PCR) were measured by nephelometry using
an ultrasensitive, monoclonal antibody and the manu-
facturer protocol was followed.

Determinations of serum iron, zinc, coppet, and magne-
sium concentrations

Measurements of serum iron, zinc, copper, and mag-
nesium concentrations were measured using an induc-
tively coupled plasma optical emission spectrometer,
following the procedure described by Tietz et al.** Zinc
deficiency was defined as serum zinc <70ug/dL in fe-
males and < 74ug/dL in males,” LSC of serum copper
<70ug/dL in men and <80ug/dL in women,? and LSC
of serum magnesium <1.823mg/dL (<0.75 mmol /L).?
The controls for measurements are expressed as fol-
lows: mean+SD (coefficient of variation=%). S-ferritin
74.613.67ug/L, (c.v.=4.4%); s-TfR 2.32£0.13mg/L,
(c.v.=5.6%); PCR 1.2£0.05mg/dL, (c.v.=2.2%); zinc
76.1£1.3ug/dL, (c.v=11.5%); copper 99.3+27.7ug/
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dL, (c.v.=5.6%) and magnesium 1564+27.2mg/dL
(c.v.=11.7%).

Anemia

Anemia was defined as hemoglobin concentration <120
g/L in non-pregnant women and <130 g/L in men?®,
adjusting for altitude above sea level, as by Cohen and
Haas.” Iron deficiency anemia (IDA) was defined when
an abnormal Hb value coexisted with at least one iron
status indicator below the cut-off values, s-ferritin < 12
ug/L or s-TfR >6 mg/L.?® Both venous and capillary
blood was obtained from each subject.

Dietary intake of micronutrients

Dietary intakes data collection have been described
in detail elsewhere.” Inadequate intake was defined
when it was below the cutoff of Estimated Average
Requirement (EAR). For iron intake was <16 mg/day
and copper <0.7mg/ day; zinc <11mg/ day (females) and
<12mg/day (males) and magnesium <280mg/ day (fe-
males) and <215mg/ day (males).* We did not consider
bioavailability in the assessment of mineral intake.

Definition of variables

Demographic and socioeconomic information was col-
lected using ad hoc questionnaires.'® Selected variables
including age, sex, body mass index (BMI),* indigenous
status (any member spoke an indigenous language),
socioeconomic status (SES, index was constructed using
a principal components analysis),*” area and region of
residence, and affiliation to food assistance programs
such as Oportunidades and the milk distribution pro-
gram Liconsa.

Statistical analysis

Distribution of variables was described using means,
medians, frequencies or proportions stratified by sex.
Prevalence of mineral deficiencies or LSC and 95%
confidence intervals were calculated.® Multiple logistic
regression models were constructed to test whether
prevalence of iron deficiency anemia, IDA or prevalence
of zinc deficiency changed with inflammation (PCR>6
mg/L), adjusting for age group, sex and interaction
sex-age group. Other logistic regression models were
constructed to estimate predictors of the prevalence
of the following micronutrient deficiencies or LSCs (in
females): iron, zinc, copper and magnesium, adjusting
for affiliation to food assistance programs, age, SES,
micronutrient dietary intake, enhancers and inhibitors
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of mineral bioavailability, and excluding cases with PCR
concentration >6 mg/L.

All analyses were adjusted for the study design,
considering the Primary Sample Unit (PSU), the strata
defined for the survey, and their corresponding cali-
brated weights. Analyses were done using Stata Versién
12 (StataCorp. 2011 Stata Statistical Software: Release 12.
College Station, Tx: Stata Corp LP).

Ethical aspects

The study protocol was approved by the Ethics, Biosecu-
rity, and Research Boards of the National Institute of Pub-
lic Health (INSP), Cuernavaca, Mexico. Anthropometric
measurements and blood samples were obtained after
participants had signed an informed consent letter.

Results

This analysis included 3 421 non-pregnant females
and 1 989 males who represented about 59 million
people older than 20 years. About 70% of the sample
(sexes combined) was overweight or obese. Females
(44.8%) and males (37.6%) had 6 years and (15.8 and
28.3%) had more than 12 years of schooling. Only 8.8%
of females and 6% of males (6%) spoke an indigenous
language, while 26.2 and 20.6% lived in rural areas
(table I).

In table IT are shown the medians and interquartile
ranges (p25, p75) for serum concentrations of s-ferritin,
s-TfR, iron, zinc, copper, and magnesium.

Iron nutritional status

The prevalence of iron deficiency (table III) based on
s-ferritin was lower in males (2-7%) than in females in
all age groups. It was higher in females aged 20 to 50
years (19.3-26.9%) and decreased to a half in older than
50 years (8.0-9.4%). The prevalence was 2-fold higher
in the South region (21.6%) compared with Mexico City
(12.1%), (table III). The prevalence of tissue iron defi-
ciency as determined by high concentrations of s-TfR
was higher in female aged 20-49 years (9.6-13.5%) than
in those older than 50 years (4.8-5.1%). It was higher
in the Center region (11.4%) compared with Mexico
City (9.6%), (table III). The prevalence of tissue iron
deficiency were similar in males by age group and by
urban or rural area of residence, although it was higher
in Mexico City (12.2%) compared with other regions
(1.3-2.8%). No differences were found when control-
ling for PCR.

The total prevalence of anemia by Hb values was
13.6% in females and 6% in males. No differences were
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Table |
CHARACTERISTICS OF THE POPULATION. MExico, ENSANUT 2006
Females Males
g Estimated Estimated
Characteristis N mean (95% Cl) N mean (95% Cl)
(thousands) (thousands)
Weight (kg) 341518 66.1 (65.1-66.8) 235732 753 (74.0-76.7)
Height (cm) 337635 151.9 (151.5-152.4) 23 470.8 165.9 (165.1-166.7)
PCR (mg/L) 33976.4 48 (4.5-5.1) 234152 34 (3.0-3.8)
Vitamin C (dietary, mg) 334965 102.1 (96.3-108.1) 23261.5 1003 (92.2-108.4)
Expanded Expanded
n i n i
e e

Age (years)

20to 29 722 79347 232 398 5296.7 225

30to 39 1 062 8911.0 26.1 472 54304 23.0

40 to 49 737 73948 217 401 44658 18.9

50 to 64 538 5741.1 16.8 430 51157 21.7

>65 362 4170.2 122 288 3264.6 13.9
PCR

<6 mg/L 2511 256714 75.6 1 691 20 307.3 86.8

=6 mg/L 889 8309.4 244 285 3095.0 132
BMI (kg/m?)

<185 36 457.1 1.4 29 251.1 Il

18.5-24.9 857 8587.7 255 619 7 664.3 328

25-29.9 1 240 129224 383 854 10276.7 44.0

>30 1 251 117377 348 472 5178.0 222
Socioeconomic status

Low | 469 122287 35.6 857 76772 326

Middle 1231 117143 345 631 72265 30.7

High 709 10 063.6 29.6 497 86333 36.7
Schooling (years)

None 431 4936.6 14.5 224 21645 9.2

6 | 668 152587 448 866 8827.6 376

9 898 8528.6 25.0 455 58l1.6 248

12 263 30183 8.9 235 28458 12.1

> 16 154 23334 6.9 201 3802.0 16.2
Literacy

Literate 2958 29 280.2 86.0 1773 21 490.5 91.5

llliterate 458 47706 14.0 214 2005.9 85
Indigenous status

Indigenous 378 2987.7 8.8 185 14232 6.0

Non-indigenous 3041 31 1485 913 | 803 22 148.7 94.0
Area

Urban 2276 25 198.6 738 1 390 18718.0 794

Rural I 145 89532 26.2 599 48553 20.6
Region

North 576 56308 16.4 409 4300.2 18.2

Center | 430 10 500.4 30.7 670 58243 247

Mexico City 126 5841.2 17.1 9l 47272 20.1

South 1289 121793 35.7 819 8721.6 37.0
Food assistance program

Oportunidades 1390 9803.7 28.7 61 2784 1.2

Liconsa 184 30483 9.0 95 1 947.9 83
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Table Il
MEDIAN AND INTERQUARTILE RANGE OF S-FERRITIN, (S-TFR), IRON, ZINC,
COPPER AND MAGNESIUM. Mexico, ENSANUT 2006

s-ferritin s-TfR Serum iron Zinc Copper Magnesium
(ugll) (mglL) (ugldL) (ugldL) (ugldL) (mgldL)
Median Median Median Median Median Median
(b 25,p75) (b 25,p 75) (b 25,p 75) (b 25,p 75) (b 25,p75) (b 25,p75)
Females
Age (years)
20to 29 27.4 (10.5-49.7) 3.7 (2747) 93.1 (68.1-133.8)  89.1 (73.3-111.8)  90.4 (80.9-110.0) 1.8 (1.7-2.1)
30to 39 30.5 (14.5-60.7) 3.5(2.745) 90.9 (66.0-132.0)  89.4 (66.0-115.5)  94.4 (81.5-114.8) 1.9 (1.7-2.1)
40 to 49 37.8 (15.7-85.7) 3.4 (2.7-4.6) 90.3 (69.5-116.7) 855 (61.2-114.3)  100.9 (89.4-121.2) 1.9 (1.8-2.2)
50 to 64 82.7 (43.9-130.8) 3.3(2842) 82.6 (65.4-1182)  77.1 (56.7-112.3)  101.3 (90.4-123.8) 2.0 (1.8-22)
>65 72.8 (34.4-140.0) 3.5(2.9-43) 91.3 (66.3-115.2)  66.7 (53.3-106.0)  103.6 (84.4-120.3) 2.1 (1.8-2.2)
Area
Urban 41.0 (17.8-87.9) 3.5(2.7-44) 89.6 (67.3-122.1)  82.5(61.1-113.4)  99.4 (84.4-116.9) 1.9 (1.7-2.2)
Rural 41.1 (18.1-80.6) 3.5(2.7-4.6) 92.6 (62.9-120.6)  85.6 (68.5-108.6) 101.6 (83.8-121.2) 2.0(1.8-2.2)
Region
North 51.9 (22.4-101.4) 3.3 (25-44) 92.4 (75.6-113.1)  90.0 (62.6-125.3)  97.0 (81.8-115.2) 1.8 (1.7-2.0)
Center 39.3 (16.4-77.3) 3.5(28-47) 91.0 (66.1-122.4)  82.4 (65.2-104.0)  102.6 (85.0-123.6) 1.9 (1.8-2.2)
Mexico City 52.3 (22.7-93.4) 3.9 (3.1-4.6) 75.5 (56.9-112.5) 784 (57.8-109.5)  95.2 (83.3-108.0) 1.9 (1.7-2.1)
South 34.0 (14.4-79.0) 3.3 (26-42) 104.8 (78.8-140.0)  86.6 (64.9-137.5)  107.4 (93.9-128.2) 22 (2.0-23)
National 41.1 (17.9-86.5) 3.5(2.7-45) 90.2 (66.8-121.7)  82.7 (62.5-112.3)  99.6 (83.9-117.1) 1.9 (1.7-2.2)
Males
Age (years)
20 to 29 106.1 (59.1-166.7) 3.1 (27-39) 93.0 (70.3-116.6)  89.0 (62.2-110.1)  79.8 (68.0-100.0) 1.9 (1.8-2.1)
30to 39 119.5(72.7-178.7) 3.2 (2.7-4.0) 101.1 (77.6-130.9)  99.6 (68.3-163.0)  85.2 (77.9-99.0) 1.9 (1.7-2.1)
40 to 49 118.6 (69.2-204.1) 32 (26-42) 108.8 (82.3-142.5) 83.9 (62.9-111.1)  83.4(71.7-100.1) 2.0(1.8-22)
50 to 64 141.8 (83.7-210.3) 3.0 (2.6-3.8) 97.7 (70.7-133.6) 723 (58.4-95.5)  90.3 (76.5-106.3) 2.1 (1.8-23)
>65 104.4 (57.9-194.1) 34(27-42) 95.2 (67.9-135.1) 843 (60.7-111.1)  91.5(78.3-109.5) 2.0(1.7-22)
Area
Urban 123.4 (73.8-196.7) 32 (27-4.1) 99.4 (71.3-126.8)  85.0 (63.1-115.5)  84.3 (74.4-102.8) 1.9 (1.7-2.2)
Rural 98.1 (60.3-168.1) 3.1 (26-3.7) 108.5 (85.0-142.9) 82.5(61.2-1142) 91.5(77.2-117.4) 2.1 (1.9-24)
Region
North 137.9 (84.4-202.6) 3.1 (25-39) 982 (78.9-118.1)  87.3(65.3-139.3)  82.2(71.0-97.4) 1.9 (1.7-2.2)
Center 127.6 (70.3-192.1) 3.0 (2.6-3.6) 103.1 (78.6-142.5)  79.5 (60.7-117.8)  92.6 (78.2-117.0) 2.1 (1.9-24)
Mexico City 136.4 (87.1-207.7) 3.6 (3.1-5.2) 78.0 (63.9-108.7)  73.8 (60.6-111.1)  80.4 (74.4-91.6) 1.9 (1.7-2.0)
South 96.6 (57.1-161.9) 3.1 (26-3.9) 134.7 (99.4-159.1)  90.6 (71.3-115.3)  99.0 (81.8-116.9) 22 (2.1-24)
National 118.2 (69.2-189.4) 3.2 (27-4.0) 99.8 (72.1-128.3)  85.0 (62.3-115.3)  85.2 (74.5-103.8) 2.0(1.8-22)

found when controlling for PCR in both males and
females, although the prevalence was 12.8% without
inflammation and 13.8% with inflammation in females;
in males was 8.2% without inflammation and 5.7% with
inflammation (data not shown).

The total prevalence of IDA was 28.5% in females
and 10% in males. No differences were found when
controlling for PCR in both males and females. IDA after
adjusting by PCR, the prevalence was 26.8% without
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inflammation and 29.2% with inflammation in females;
in males was 8.3% without inflammation and 10.4% with
inflammation. The prevalence of IDA remained constant
in female of all age groups. As for males, the prevalence
was 1.5% at 20 to 29, 7.2% at 30 to 39, 8.5% at 40 to 49,
10.6% at 50 to 64.9 years of age, and 19.9% in older than
65 years of age (data not shown). Daily dietary intake
of iron was approximately 9 mg/day for females and
10 mg/day for males. Prevalence inadequate intake of
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iron below the EAR was 88.2% for females and 76.6%
for males (data not shown).

In a multiple logistic regression model, high socio-
economic status (OR=0.64, 95%CI: 0.42-0.97; p<0.05),
older age (OR = 0.97, 95%CI: 0.96-0.99; p< 0.001), meat
intake (OR=0.0997, 95CI%: 0.995-0.999; p<0.05) and
the food assistance program Oportunidades (OR=0.73;
95CI%: 0.53-1.02; p=0.063) had a protective effect for
the risk of iron deficiency by s-ferritin; no association
was found with dietary iron, zinc, PCR, vitamin C, or
phytates (data not shown).

Zinc nutritional status

The prevalence of zinc deficiency was higher in females
>65 (51.7%) relative to the age group 20-29 years (19.3%).
The prevalence was higher in urban females (36.1%)
compared with their rural counterparts (26.9%), and in
those living in Mexico City (41.3%) compared with the
ones who lived in the Center region (30.5%), (table I1I). In
males, the prevalence of zinc deficiency varied inconsis-
tently by age group (31.8 to 52.2%). The prevalence was
similar in rural (42.2%) and in urban (42.7%) males. The
highest prevalence was seen in the Mexico City region
(51.1) and the lowest in the South region (29.0%), (table
IIT). The prevalence of zinc deficiency did not change
with PCR concentrations (p=0.551).

The median of the daily intake of zinc was below
the EAR and the prevalence of inadequate consump-
tion was 90.3% for females and 83.5% for males (data
not shown). In a multiple logistic regression model age
(OR=1.03, 95%CI 1.01-1.04; p<0.001), males (OR=1.43,
95%CI 0.99-2.07; p=0.059), and dietary fiber (OR= 1.03,
95%CI 0.999-1.000; p=0.053) increased the risk for zinc
deficiency. No association was found with PCR con-
centrations, dietary iron, zinc, vitamin C, phytates, or
affiliation with Oportunidades or Liconsa food assistance
programs (data not shown).

Copper and magnesium nutritional status

The prevalence of LSC of copper were lower in females
(8.4-23.4%) compared with males (7.7-33.9%); the preva-
lence for magnesium was higher in females (31.2-40.2%)
than in males (23.9-39.7%). The prevalence of LSC of
these two minerals was higher in urban compared with
rural areas in both males and females. The highest preva-
lence was seen in the North and Mexico City regions and
the lowest in the South region (table III).

In a multiple logistic regression model with LSC of
magnesium as dependent variable there were no signifi-
cant predictors. In contrast, in the model having LSC of
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copper as dependent variable, only copper intake was
protective (OR=0.15, 95%CI 0.03-0.80, p=0.03), data not
shown. The median of copper dietary intake was 0.9-0.97
mg/day in both genders. The median of magnesium
intake in female was 91-106 mg/day and in male 109-
128 mg/day (table IV). Prevalence for daily intake of
copper below the EAR was 28.6% for female and 15.9%
for males. For magnesium the prevalence was 64.2% for
female and 25.2% for males (data not shown).

Discussion

The present study demonstrates that younger women
have a higher prevalence of iron deficiency than older
women and adults, as indicated by low s-ferritin and by
high serum s-TfR concentrations. This finding suggests
that iron requirements are not met by young women,
likely secondary to iron losses from menstruation and
reproductive cycles resulting in a high prevalence of
iron deficiency. This hypothesis is also supported by
the low prevalence of iron deficiency found in men in
the same age groups.

In the ENN 99,°*% iron status was evaluated by a
different method, the percentage of transferrin satura-
tion (PST)," whereas in the ENSANUT 2006 it was
estimated by s-ferritin and s-TfR concentrations, thus
comparisons are not possible.

In our study, we found a protective association
between participation in the Oportunidades or Liconsa
programs and the risk for iron deficiency. This evidence
suggests that the fortified foods distributed by both
programs are playing a role in reducing anemia.®
Nevertheless, the program Oportunidades offers other
benefits that may contribute to reduce iron deficiency,
as is the case of cash transfer which play a role in the
increase in the familiar income that allows greater food
availability with high nutritional content in the Oportu-
nidades homes.

The prevalence of zinc deficiency in Mexican popu-
lation represents a high public health risk according to
the 1ZiCG (220%).> The prevalence of zinc deficiency
in women 12-49 years of age (27.8%) was lower than
reported in ENN 99 (30.9%)," the difference is so small.
We were unable to find associations between being ben-
eficiary of Oportunidades or Liconsa and the prevalence
of zinc deficiency, given the apparent lack of associa-
tion among beneficiaries, it will be necessary to further
examine the effectiveness of the current strategies for
zinc fortification of foods and supplements distributed
by both programs. Among other causes of zinc deficien-
cies, it is possible that phytate and total fiber may play
a role, because the molar ratio phytate/zinc is (6:1) in
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Table IV
DAILY DIETARY INTAKE* OF IRON, ZINC, COPPER, AND MAGNESIUM IN ADULT MEN AND WOMEN. Mexico, ENSANUT 2006

Iron (mgld) Zinc (mgld) Copper (mgld) Magnesium (mgld)
Characteristics Females Males Females Males Females Males Females Males
Median Median Median Median Median Median Median Median
(p25p75 (b25p75 (p25p75 (p25p75 (p25p75 (p25p75) (p25p75 (p25p75)
Age (years)
20 to 29 9.6 (7.2-13.0) 12.2(9.6-16.3) 6.8 (4.8-85) 85 ( ) 0.90 (0.65-1.20) 1.13 (0.82-1.46) 97.9 (74.2-132.6) 128.2 (92.3-171.4)
30to 39 104 (7.4-13.7) 11.4(86-16.1) 7.2(5.1-9.1) 8.1 ( ) 0.97(0.71-1.29) 1.09 (0.86-1.46) 109.6 (80.4-145.5) 117.7 (87.7-166.4)
40 to 49 9.8(7.2-13.1) 11.5(84-17.1) 6.8(4.8-89) 84( ) 0.94(0.70-1.22) .11 (0.81-1.51) 106.6 (78.9-138.8) 128.5 (96.3-167.0)
50 to 64 92 (6.5-12.3) 10.8 (8.0-14.4) 6.3 (4.5-86) 7.4( ) 0.91 (0.69-1.21) 1.07 (0.78-1.46) 105.5 (76.3-136.5) 128.4 (98.2-159.9)
>65 80 (5.2-10.7) 10.0(7.6-12.8) 58(3.8-72) 7.3(4.9-84) 0.77 (0.54-1.00) 0.97 (0.69-1.16) 91.0 (62.1-124.7) 109.1 (80.8-136.8)
BMI (kg/m?)
<185 142 (10.8-15.0) 10.2 (6.7-17.7) 9.1 (6.6-10.2) 8.1 ( ) 1.02(0.78-1.23) 1.01 (0.62-1.52) 86.7 (73.1-139.7) 111.5(62.3-198.1)
18.5-24.9 10.0 (6.8-13.0) 11.5(8.6-16.0) 6.6 (4.9-8.7) 8.0 ( ) 0.92(0.64-1.25) 1.09 (0.81-1.46) 101.6 (73.6-139.8) 124.6 (88.3-167.9)
25-29.9 9.7 (7.1-13.0) 11.3(83-154) 6.5(4.7-88) 7.7 ( ) 0.91(0.69-1.23) 1.08 (0.78-1.41) 105.7 (78.3-141.8) 127.2 (94.0-162.5)
>30 92 (6.7-122) 10.5(82-15.6) 6.6 (4.7-84) 7.9 ( ) 0.91 (0.65-1.15) 1.06 (0.82-1.48) 101.0 (73.8-128.4) 116.0 (95.1-154.9)
Socioeconomic status
Low 94 (6.5-13.1) 11.6 (8.0-154) 6.1 (4.1-83) 7.2(52-94) 088 (0.61-1.19) 1.02 (0.76-1.34) 108.2 (73.1-140.3) 124.6 (93.9-169.2)
Middle 9.3 (7.2-12.7) 11.3(82-15.5) 6.6 (4.7-8.6) 7.8(5.9-10.4) 0.94 (0.67-1.23) 1.06 (0.78-1.42) 103.2 (76.8-137.2) 120.2 (91.3-158.6)
High 10.0 (7.1-12.5) 11.0 (8.6-15.7) 7.3 (5.3-9.1) 8.6 (6.5-11.5) 0.92(0.71-1.23) 1.13 (0.86-1.50) 101.9 (74.5-131.9) 122.8 (89.3-161.3)

Indigenous status

Indigenous

1.0 (7.1-150) 11.9(83-162) 68 (4492) 656 (53-93)

0.94 (0.65-1.32) 0.98 (0.80-1.28) 1135 (79.2-160.2) 1223 (96.4-164.4)

Non-indigenous

94(69-126) 113 (84-155) 6.6 (48-86) 7.9(59-10.6) 091 (0.66-1.21) 1.08 (0.80-145) 1029 (74.7-135.3) 122.8 (91.5-163.0)

Area
Urban 9.6 (7.0-12.6) 1.1 (84-152) 6.8(5.0-87) 80 (6.0-10.6) 0.92(0.68-1.22) 1.08 (0.81-1.46) 101.9 (74.6-133.9) 120.6 (90.4-157.9)
Rural 9.8 (6.6-13.5) 12.1 (84-16.6) 6.1 (3.8-84) 7.4(5.2-10.1) 0.88(0.62-1.20) 1.07 (0.76-1.37) 108.97 (76.3-148.4) 131.3 (98.4-178.2)
Region
North 103 (7.0-13.1) 12.1 (8.6-17.5) 6.8(5.0-9.9) 84 (6.1-11.4) 0.1 (0.65-1.20) 1.08 (0.79-1.47) 101.1 (74.9-134.2) 1149 (91.3-156.9)
Center 9.4 (6.6-12.7) 132(8.7-17.3) 65(4.5-84) 88(6.5-11.8) 0.87 (0.64-1.16) 1.20 (0.81-1.54) 104.3 (73.6-142.0) 133.3 (103.0-179.4)
Mexico City 9.3(7.0-11.9) 105(8.6-128) 6.6 (4.9-85 7.7(5.7-94) 0.94(0.70-1.25) 1.02(0.82-1.37) 99.7 (74.2-126.7) 112.8 (81.9-147.7)
South 9.6 (70-132) 11.0(7.9-152) 65(47-87) 74(53-98) 0.93(0.66-1.23) 1.04(0.78-1.37) 106.9 (76.5-139.3) 122.6 (93.6-162.5)

* Semi-quantitative Food Frequency Questionnaire
Iron Estimated Average Requirement (EAR)=16 mg/d
Zinc EAR= women | Img/d, men 12mg/d

Copper EAR= 0.7mg/d

UL=8.0mg/d

Magnesium EAR= women 280mg/d, men 215mg/d

the Mexican diet,” in our study total fiber resulted a
risk factor. Other cause may be the low dietary intake
of zinc, because the intake was only half of the EAR for
females (6.8 mg/d) and about % of the EAR for males
(8.1 mg/d).

Our analysis presents for the first time LSC of
copper and magnesium in Mexican adult population.
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Although the prevalence was high, the scarce avail-
ability of population-based investigations precludes
comparisons between studies. In focal studies, LSC
copper was 17% in Iran'! and 5.9-8.6% in Chile.’ A
contradiction in our study was that the median copper
intake exceeded the EAR,* and cannot explain the high
prevalence of copper LSC, itis possible that a high intake
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of antagonists, such as phytate and fiber, could reduce
copper bioavailability.

The prevalence of LSC of magnesium in this sur-
vey is almost twice the prevalences reported in other
countries (14.5%).3 LSC of magnesium was associated
with an insufficient dietary intake, although we did not
consider bioavailability of this mineral.?® Both factors
may contribute to the high prevalence of LSC of mag-
nesium in Mexico. A study in South Mexico City found
a magnesium intake three fold above ours; however its
focal nature may explain the difference.*” Ames et al,*’
suggest that in humans, LSC of magnesium has been as-
sociated with colorectal and other cancers, hypertension,
osteoporosis, diabetes, and the metabolic syndrome.

Dietary copper deficiency may play a role in the
genesis of iron deficiency,* however, in this case the
association was not significant between dietary copper
and iron deficiency by s-ferritin (p=0.63). High dietary
intake of phytates*>* negatively affects iron, zinc, and
copper absorption. Likewise, a high intake of tannins
reduces iron absorption up to 50%. However, in our
study, phytate was not associated with a risk for iron
and zinc deficiencies and LSC of copper; but this may
explain the lack of improvement of the prevalence of
zinc deficiency.

An inconsistency in our study was that no differ-
ences were found in IDA when controlling for PCR in
males and females, because values of PCR and ferritin
increased in these circumstances and may not reflect
actual state of iron deficiency. So the prevalence of IDA
was overestimated in people without inflammation in
total prevalence of IDA.1617

The lack of association between dietary intakes of
iron, zinc, copper and magnesium on the deficiencies or
LSC of these minerals may be due to a lack of precision
of a semi-quantitative food frequency questionnaire.?®
Abetter estimation of LSC of magnesium is erythrocyte
magnesium, as serum magnesium reflects the recent
intake of this mineral. Likewise, Milne* recommends
the use of more sensitive indicators than serum copper
concentrations for measuring copper deficiency (eryth-
rocyte superoxide dismutase and platelet cytochrome-c
oxidase). However, some of them are not feasible for
large epidemiological studies as is the case of ENSA-
NUT 2006.

Our study confirms a high prevalence of iron defi-
ciency in female and zinc deficiency in both sexes. Data on
LSC of copper and magnesium in Mexico are published
here for the first time, reporting a high prevalence. We
conclude that it is necessary to reexamine the nutritional
interventions aimed at decreasing the prevalence of zinc
deficiency because apparently there is no change in the
prevalence in women 12-49 years of age. Likewise, LSC
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of copper and magnesium should be examined their ad-
verse effects and to decide about the pertinence to include
them as part of the strategies to reduce the prevalence of
micronutrient deficiencies in Mexico.

Declaracién de conflicto de intereses: Los autores declararon no tener conflicto
de intereses.
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