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Resumen
Objetivo. Describir la ingesta reportada de energía y nu-
trimentos en mujeres mexicanas. Material y métodos. Se
utilizó un recordatorio de 24 horas para obtener la ingesta
de energía en una submuestra representativa de 2 630 mu-
jeres de 12 a 49 años de edad de la Encuesta Nacional de
Nutrición 1999. Las adecuaciones nutrimentales se esti-
maron utilizando las Referencias de Ingesta Dietética y fue-
ron estratificadas por región, área urbana o rural, nivel
socioeconómico y presencia de obesidad (no-obesas: IMC
<30 kg/m2, obesas: ≥30 kg/m2). Las diferencias se analizaron
utilizando modelos de regresión lineal para encuestas
complejas del logaritmo de la ingesta y la adecuación, ajus-
tando para comparaciones múltiples con la prueba de Bon-
ferroni. Resultados. La media nacional de ingesta de energía
fue de 1 471 kcal. El riesgo de inadecuación (prevalencia de
adecuación <50%) fue vitamina A: 38.3%, vitamina C: 45.5%
y folato: 34.3%. La ingesta de carbohidratos, folato, hierro y
calcio fue significativamente más alta en áreas rurales que
en las urbanas. El riesgo de inadecuación fue mayor en mu-
jeres del nivel socioeconómico más bajo para todos los
nutrimentos con excepción de carbohidratos y calcio. Las
adecuaciones de macro-nutrimentos fueron significativa-
mente mayores en mujeres no-obesas. Conclusiones. Las
diferencias entre las regiones, áreas del país y terciles de
nivel socioeconómico reflejan una disponibilidad creciente
de alimentos densamente calóricos de bajo costo en gru-
pos marginales. Sin embargo, la energía total, colesterol y la
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Abstract
Objective. To describe the reported energy and nutrient
intake and adequacies in Mexican women. Material and
Methods. A 24-hour dietary recall was used to obtain nu-
trient intake in a representative sub-sample of 2 630 women
from 12 to 49 years of age from the National Nutrition
Survey 1999. Nutrient adequacies were estimated using the
Dietary Reference Intakes and stratified according to re-
gion, area (urban or rural), socioeconomic status and obesi-
ty status (non-obese: BMI <30 kg/m2, obese: ≥30 kg/m2).
Differences were analyzed using linear regression for com-
plex surveys of log-transformed intake and adequacy, ad-
justing for multiple comparisons with the Bonferroni test.
Results. The median national energy intake was 1 471 kcal.
The Risk of Inadequacy (RI) (prevalence of adequacy <50%)
was: vitamin A:38.3%, vitamin C: 45.5%, and folate: 34.3%.
Carbohydrates, folate, iron and calcium intake was signifi-
cantly higher in rural than in urban areas. The RI was higher
in women of the lowest socioeconomic status tertile for all
nutrients with the exception of carbohydrates and calcium.
Macro-nutrient adequacies were significantly higher in non-
obese women. Conclusions. Differences within the coun-
try among regions, rural and urban areas, and socioeconomic
status tertile reflect an increasing availability of inexpensive
calorie-dense foods in marginal groups. However, total en-
ergy, cholesterol, saturated and total fat were consumed in
greater quantities by women from the higher socioeconomic
status tertile and from urban areas. These patterns could be
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D ietary studies are relevant for improving our un-
derstanding of the role of nutrition in preventing

certain diseases, for identifying causes of public health
problems and cost-effective interventions aimed at re-
ducing potential health risks. Changes in food patterns
and intake in countries such as Mexico experiencing
an epidemiological transition must be carefully ana-
lyzed. The co-existence of non-communicable chronic
diseases and nutrient deficiencies present a difficult
challenge to health planners.1-5 Diverse socioeconom-
ic, environmental and demographic factors affect die-
tary consumption. In addition, cultural perceptions and
traditions influence food intake.6,7 Finally, the grow-
ing urbanization with increased access to energy-dense
industrialized foods has an effect on dietary patterns
with potential health consequences, in particular for
marginal vulnerable populations.8-10

National consumption of energy and nutrients in
the Mexican diet has been described using data col-
lected 11 years previous to the present study.11,12 The
target group for this questionnaire were women be-
tween 12 and 49 years of age. This group has been con-
sidered a priority due to their fertility status, central
role in the household food resource allocation and fam-
ily health care.12-14 Nutritional status of women of child-
bearing age affects not only their health but also
contributes to the newborn’s health, with a potential
transgenerational impact.15-20

The objective of this analysis is to describe the re-
ported energy and nutrient intake in women 12-49
years of age, obtained from the National Nutrition Sur-
vey (NNS) 1999.

Material and Methods
The National Nutrition Survey 1999

This analysis used data obtained from the NNS II
(1999); a national probabilistic survey representative
of the country with sampling power to disaggregate
into urban (Pop≥2 500) and rural (Pop<2 500) areas or

by four country regions: a) North (Baja California, Baja
California Sur, Coahuila, Chihuahua, Durango, Nue-
vo León, Sonora, Tamaulipas); b) Center (Aguascali-
entes, Colima, Estado de México, Guanajuato, Jalisco,
Michoacán, Morelos, Nayarit, Querétaro, San Luis Po-
tosí, Sinaloa, Zacatecas); c) Mexico City, and d) South
(Campeche, Chiapas, Guerrero, Hidalgo, Oaxaca,
Puebla, Quintana Roo, Tabasco, Tlaxcala, Veracruz,
Yucatán). The objective of this survey was to charac-
terize the nutritional status as well as the food and
nutrient patterns of pre-school and school-age children,
and women of childbearing age in Mexico. A detailed
description of the sampling procedures and survey
methodology has been published elsewhere.21,22 Ap-
proximately 4 200 women of childbearing age (12 to 49
years of age) from the selected households participat-
ed in this survey.

Socioeconomic status index

The NNS 1999 collected socioeconomic information
such as household conditions (flooring material, ceil-
ing, walls, number of persons residing in the house-
hold), basic services infrastructure (i.e., water source
and disposal) and possession of domestic appliances
(i.e., radio, television and refrigerator). A principal com-
ponent analysis was constructed following a method-
ology previously reported in the first National
Nutrition Survey (1998).3 With this information a main
factor explaining 56.1% of the socioeconomic informa-
tion variability was extracted. This factor had large
loadings for household and community characteristics
such as sewer system and indoor plumbing. It was di-
vided into tertiles and used as a proxy for low, medi-
um and high socioeconomic status.

Dietary information

To estimate food consumption of women and children
in the first and second National Nutrition Surveys, a
previously validated 24-hour dietary recall (24-h DR)

a contributing factor to the rise of obesity and other non-
communicable nutrition-related chronic diseases in Mexi-
co. The English version of this paper is available at: http://
www.insp.mx/salud/index.html
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grasa saturada y total se consumieron en mayores canti-
dades por mujeres del tercil de nivel socioeconómico más
alto y áreas urbanas. Estos patrones pueden estar contribu-
yendo al incremento de la obesidad y otras enfermedades
no transmisibles en México. El texto completo en inglés de
este artículo también está disponible en: http://www.insp.mx/
salud/index.html
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was used. Nutrient intake information in a sub-sam-
ple of 2 630 women from 12 to 49 years of age was
obtained. This sub-sample was representative of the
country and its regions. It included one of every 5
households in the sample and one woman per house-
hold. A detailed description of the sampling strategy
has been published previously.21  Standardized person-
nel applied the questionnaires and converted each re-
ported preparation into grams or milliliters of
individual foods. Nutrient intake was then estimated
using a comprehensive nutrient composition database
compiled from diverse references.23-28

Nutrient adequacies were estimated using as ref-
erence the following Dietary Reference Intakes (DRIs):
Estimated Average Requirement (EAR) for vitamin A,
vitamin C, folate, iron, zinc and calcium and Adequate
Intakes (AI) for energy, protein, fat (using 30% of the
total caloric intake as the cut-off point), carbohydrates
and fiber.29-33 Aberrant reported consumptions and
adequacies were reviewed case by case and corrected
when possible. If the value was not biologically plau-
sible but information to correct it was not available,
the case was eliminated. Adequacy was then estimat-
ed as the percentage of consumption relative to the
requirement. Requirements for women with a Body
Mass Index (BMI) <19 kg/m2 (1.9%) or with missing
anthropometric information (3.5%), were estimated
based only on the corresponding adequacy for age.
The requirements for pregnant (4.9%) or lactating
(8.2%) women were considered. Only half of the ener-
gy DRI for lactating women was added when partial
breast-feeding (breast milk plus formula or foods) was
reported.34 Due to missing or aberrant information 34
cases (1.29%) were excluded from this analysis.

Data analysis

Once the nutrient intake database was cleaned of
aberrant values, nutrient intakes were calculated for
all women and stratified according to the following
factors: region (North, Center, Mexico City, South), area
(urban or rural), socioeconomic index tertiles and, for
non-pregnant and non-lactating women >18 years of
age, in body mass index group (non-obese: <30 kg/m2

and obese: BMI ≥30 kg/m2).
Nutrient consumption was expressed as nutrient

quantity and percentage of adequacy. Due to the
skewed distribution of nutrient intake consumption,
data were reported as medians with interquartile range
instead of means to avoid overestimating consump-
tion. Risk of inadequacy was evaluated calculating the
prevalence below 50% of the estimated adequacy. To
test for statistical differences across the factors of in-

terest in nutrient intakes and adequacies, we used gen-
eralized linear models for complex surveys with the
log-transformed nutrient and adequacy as independent
variable and the Bonferroni method to adjust for mul-
tiple comparisons, for the risk of inadequacy differenc-
es were established using logistic regression.35,36 The
median caloric consumption by age was analyzed com-
paring rural and urban cases and both non-obese and
obese women >18 years old (BMI ≥30 kg/m2). All sta-
tistical calculations were done applying the expansion
factors, using SPSS version 10 (SPSS Inc., Chicago IL,
USA).36 To adjust for the complex survey design ef-
fects, we used the “svy” command from STATA Statis-
tical Software, Release 7.0 (Stata Corporation College
Station, Texas, USA).37

Results
The total valid sample of women (n=2 596) represent-
ed 28 080 000 cases at the national level. From this sam-
ple, a total of 64.8% cases were between 20 and 39 years
of age, 88% were non-pregnant and non-lactating and
75.8% lived in urban areas. Additional characteristics
of the population and the diet sub-sample are shown
in Table I. Energy and nutrient intake as well as ade-
quacy relative to the DRIs is presented in Table II. Nu-
trient adequacies for all nutrients were <71% at the
national level except for protein (98.9%), iron (101.2%)
and zinc (82.8%). The median energy consumption at
the national level was 1 471 calories and 23.1% of the
women were at risk of energy inadequacy. The higher
reported median energy adequacy by region was
observed in the South (77.3%) and Center (72%) re-
gions. Energy adequacy by area was slightly higher
in rural than in urban and this difference was
statistically significant. Fiber consumption at the
national level was 17.3g with higher consumption in
the South region and in rural areas. The same occurred
for carbohydrates, folate, iron and calcium consump-
tion. Fat intake was higher in urban areas and the risk
of fat inadequacy was higher in the South and in the
rural areas of the country. Protein was the nutrient with
the lowest risk of inadequacy at the national level
with a prevalence of only 10.8% (Table II). When in-
take and adequacy were compared by SES, fiber, car-
bohydrates, folate, iron and calcium consumption were
higher in the lowest SES tertile. Energy and the remain-
der of the analyzed nutrients were higher in the high-
est SES tertile (Table III).

The estimated adequacy of energy and nutrients
compared by BMI status (non-obese: <30, or obese: ≥30
kg/m2) was higher for all macronutrients (total ener-
gy, protein, fat and carbohydrates), and zinc in non-
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obese women. Fiber, vitamin A, C, folate, iron, and
calcium intakes showed no significant differences be-
tween groups. Reported total, saturated, monounsat-
urated and polyunsaturated fat intake were higher in
non-obese women. However, only polyunsaturated fat
was statistically significant. Zinc intake was significant-
ly higher among non-obese women. Calcium intake
was significantly higher among obese women (Table
IV).

Analyzing reported energy intake by age groups
and area, urban women between the ages of 20 and 36
years reported less energy intake; younger and older
urban women reported higher intake than women

living in rural areas. Obese women reported intakes
lower than or similar to non-obese women across most
of the age groups (Figures 1a and 1b).

Discussion
The stratification of the data shows interesting patterns
related to the epidemiological and nutritional transi-
tion: the rural areas, the South region, and the lower
Socio-Economic Status (SES) index tertile showed the
highest fiber and carbohydrate intake and the lowest
saturated fat intake.5,38 Protein adequacy and intake
were significantly higher in the South region; with the
lowest saturated fat intake reflecting a relevant contri-
bution of beans and cereals to this picture. Women from
urban areas and from the higher socioeconomic status
tertile had higher protein intakes.

Since the SES index was built using household and
family characteristics, the extracted factor could reflect
access to certain conditions such as sanitation (water
quality and disposal) and information (radio and TV)
rather than a precise socio-economic status. Thus, our
indicator must be interpreted with caution as a rough
estimate. However, a previous analysis showed a
significant association between the lowest tertile of a
similar index and poor nutritional status indicators.3

The 24-h DR has been recognized as a useful meth-
od for quantifying consumption in large surveys since
it is inexpensive and relatively easy to apply. Further-
more, it is known to have good compliance.39 Never-
theless, it has been described that some frequently
reported foods in the Mexican diet (such as tortillas,
sugar and oil) tend to be underestimated.40 In addition,
a previous analysis with this information identified an
almost twofold under-reporting in obese (36%) vs. non-
obese women (20%), controlling for confounders. This
underreporting was higher in the North and Mexico
City regions compared to the Center and South regions,
but without urban-rural differences.41 These results
are in the same direction as other recent nutrition
surveys in developed and developing countries.42

Therefore, although the median energy intake was be-
low the RDA, an important percentage of energy con-
sumption is not detected with this instrument.

Energy, protein, carbohydrate and lipid intakes re-
ported in this survey were slightly lower than those re-
ported in the First NNS (1988). Energy consumption
decreased from a median of 1 586 to 1 470. The only
exception was total fat, increasing from 41.2 g to 48.6
g.12 However, these differences must be considered with
caution since obesity and overweight have increased
substantially from the first to the second national nutri-
tion survey. Thus, a higher under-reporting in the latter

Table I
CHARACTERISTICS OF THE STUDY POPULATION.

NATIONAL NUTRITION SURVEY

AND DIET SUB-SAMPLE, MEXICO, 1999

Diet sub-sample %* NNS II sample %‡

Age group

12 to 19 17.8 28.9

20 to 29 35.3 30.7

30 to 39 29.5 23.5

40 to 49 17.4 16.9

Region

North 18.7 18.5

Center 31.7 31.4

Mexico city 18.2 18.7

South 31.4 31.4

Area

Rural 24.2 24.0

Urban 75.8 76.0

Physiological State

Pregnant 4.7 3.8

Lactating 7.4 5.1

Non pregnant- non lactating 88.0 91.1

Schooling

None 7.8  7.2

Primary School 41.6 37.7

Middle School 24.0 26.6

High school or more 26.3 28.0

Don’t know/not specified 0.2 0.6

* Sample size 2 596, weighted cases: 28 080 000
‡ Sample size 23 429, weighted cases: 28 748 192
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Table III
NUTRIENT INTAKE, ADEQUACY AND PERCENT OF ADEQUACY <50% BY TERTILE OF SOCIO-ECONOMIC STATUS.*

NATIONAL NUTRITION SURVEY, MEXICO, 1999

Low‡,a Medium§,b High#,c

Median (P 25, P 75) Median (P 25, P 75) Median (P 25, P 75)

Intake
Energy (kcal) 1456c (1056, 1928) 1433c (1035, 1851) 1511a,b (1140, 1963)
Fiber (g) 22.6b,c (14.8, 33.6) 16.4a,c (11.3, 24.5) 14.8a,b (10.0, 21.3)
Protein (g) 45.0c (31.4, 61.2) 46.5c (32.5, 61.3) 50.3a,b (38.9, 70.0)
Fat (g) 37.0b,c (19.9, 61.7) 49.1a,c (29.6, 72.7) 56.4a,b (39.1, 80.3)
Cholesterol (mg) 93.5c (17.1, 227.5) 121.3c (54.6, 247.2) 139.1a,b (85.3, 283.2)
Saturated fat (g) 8.3b,c (3.5, 16.5) 14.2a,c (8.1, 22.5) 20.0a,b (12.8, 28.0)
Monounsaturated fat (g) 9.7b,c (5.0, 17.6) 13.0a,c (8.0, 21.3) 15.9a,b (10.6, 24.4)
Polyunsaturated fat (g) 6.7b,c (2.1, 13.7) 9.0a (4.2, 18.2) 10.1a (5.1, 16.3)
Carbohydrates (g) 228.3b,c (165.9, 301.8) 198.5a (142.4, 256.8) 198.6a (144.0, 258.3)
Vitamin A (mcg ER) 235.1b,c (132.6, 447.1) 312.4a,c (154.3, 652.7) 484.0a,b (272.4, 863.1)
Vitamin C (mg) 19.3b,c (7.1, 47.6) 34.3a,c (15.0, 80.5) 57.3a,b (24.9, 132.9)
Folate (mcg) 229.9 (133.8, 369.5) 223.8 (126.6, 342.6) 206.2 (138.3, 314.8)
Iron (mg) 9.2b (6.3, 12.3) 7.7a,c (5.5, 10.8) 8.1b (6.0, 11.4)
Zinc (mg) 5.9c (4.1, 7.9) 5.6c (3.8, 7.6) 6.4a,b (4.5, 8.9)
Calcium (mg) 726.2b (476.4, 984.9) 622.0a,c (418.2, 891.1) 675.9b (448.4, 987.8)

Adequacy (%)
Energy 74.4b (55.3, 99.4) 68.4a (49.2, 89.0) 70.9 (52.9, 94.1)
Fiber 87.8b,c (57.6, 131.5) 64.5a,c (44.9, 95.6) 59.0a,b (40.0, 84.0)
Protein 96.4c (66.6, 129.7) 95.3c (67.9, 129.7) 104.4a,b (80.3, 147.7)
Fat 56.9bc (33.1, 95.5) 70.2ac (43.2, 102.1) 78.4ab (54.2, 113.7)
Carbohydrates 78.1bc (56.8, 104.4) 61.9a (44.5, 82.3) 63.1a (44.8, 81.1)
Vitamin A 45.9c (24.2, 88.4) 60.1 (30.5, 130.6) 95.5a (53.8, 174.4)
Vitamin C 31.7c (11.7, 75.7) 56.1c (24.5, 135.6) 95.0a,b (40.7, 222.6)
Folate 68.6c (39.4, 108.7) 67.9 (37.0, 104.5) 63.0a (39.9, 96.3)
Iron 109.2b (73.4, 156.0) 98.7a (67.7, 141.0) 96.2 (71.8, 142.3)
Zinc 79.2c (55.8, 107.8) 78.8 (53.4, 111.3) 87.9a (65.6, 127.6)
Calcium 67.0b (45.1, 94.2) 59.2a,c (40.6, 85.0) 66.0b (43.1, 95.0)

% % %
Prevalence of adequacy < 50%

Energy 20.7b 27.9ac 20.5b

Fiber 19.7b,c 30.7a 36.9a

Protein 12.8c 13.2c 7.2a,b

Fat 43.6b,c 31.7ac 20.8ab

Carbohydrates 19.1b,c 33.9a 33.0a

Vitamin A 53.8b,c 42.2a,c 23.2a,b

Vitamin C 64.7b,c 45.2a,c 30.7a,b

Folate 35.7 33.8 34.8
Iron 10.1 13.8 9.9
Zinc 21.4c 22.0c 15.1a,b

Calcium 31.7 37.3 32.2

* Data was adjusted for the survey design (see methods)
‡ Sample size: 877, Weighted cases: 8 159 500
§ Sample size: 905, Weighted cases: 9 278 200
# Sample size: 814, Weighted cases: 10 641 900

(a,b,c): Different superindices represent statistically significant differences among socio-economic index tertiles
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could be suspected, partially  explaining lower median
consumptions and adequacies.1 As other studies have
shown, under-reporting of energy intake is associated
with bias in estimates of macronutrient intake (low en-
ergy intake reporters tend to report a higher percentage
of energy from protein and a lower percentage of ener-
gy from fat while energy from total carbohydrate is vari-
able).43 In addition, we applied an updated nutrient
composition database with more precise information but
different from the one used to analyze the previous sur-
vey. Therefore, comparisons between both are limited
and must be done carefully.

Our data suggest that protein intake quantity in
women is adequate; however, an analysis of the pro-
tein quality must be done since there must be clear dif-
ferences among regions. Consumption of nutrients in
this descriptive analysis is not adjusted for energy;
therefore, adequacies could reflect in some cases a high-

FIGURE 1. (A). MEDIAN ENERGY CONSUMPTION (KCAL) IN
RURAL AND URBAN WOMEN BY AGE GROUP. (B). MEDIAN

ENERGY CONSUMPTION (KCAL) IN OBESE AND NON-OBESE

WOMEN BY AGE GROUP. NATIONAL NUTRITION SURVEY,
MEXICO, 1999

Table IV
NUTRIENT INTAKE, ADEQUACY AND PREVALENCE

OF ADEQUACY <50% IN OBESE AND NON OBESE WOMEN

OLDER THAN 18 YEARS OF AGE.* NATIONAL NUTRITION

SURVEY, MEXICO, 1999

Non obese‡ Obese§

Median (P 25, P 75) Median (P 25, P 75)

Intake

Energy (kcal) 1445 (1102, 1870) 1368# (997, 1743)

Fiber (g) 16.6 (11.6, 24.8) 16.6 (10.7, 24.7)

Protein (g) 47.1 (34.7, 63.7) 44.0# (31.9, 59.5)

Fat (g) 48.6 (30.3, 71.6) 45.3 (26.6, 69.2)

Cholesterol (mg) 123.6 (61.4, 251.7) 111 (43.4, 255.8)

Saturated fat (g) 15.1 (7.8, 23.7) 12.7 (6.9, 20.7)

Monounsaturated fat (g) 13.4 (8.2, 21.6) 12.2 (7.0, 20.2)

Polyunsaturated fat (g) 8.9 (4.4, 16.3) 7.8# (2.9, 15.8)

Carbohydrates (g) 202.7 (146.2, 264.1) 192.7 (138.0, 251.1)

Vitamin A (mcg ER) 373.9 (185.3, 711.1) 291.4 (145.8, 611.2)

Vitamin C (mg) 37.6 (15.0, 91.5) 35.1 (14.3, 73.5)

Folate (mcg) 212.7 (129.9, 326.2) 226.9 (126.3, 344.1)

Iron (mg) 8.1 (5.8, 11.5) 8.0 (5.7, 11.0)

Zinc (mg) 6.0 (4.2, 8.2) 5.5# (3.7, 7.6)

Calcium (mg) 670 (441.4, 939.0) 851.3# (414.0 851.3)

Adequacy (%)

Energy 71.4 (52.8, 93.9) 59.8#(42,6, 75,7)

Fiber 66.6 (46.1, 99.4) 66.5 (42.9, 98.7)

Protein 101 (75.1, 139.3) 89.6# (64.6, 119.0)

Fat 70.6 (45.5, 107.1) 57.3# (35.2, 88.6)

Carbohydrates 66.2 (47.3, 88.6) 55.9# (40.5, 73.0)

Vitamin A 75.7 (37.57,147.8) 58.7 (30.0, 126.2)

Vitamin C 63.1 (25.4, 153.7) 58.5 (24.0, 122.5)

Folate 66.5 (40.6, 102.0) 70.9 (39.5, 107.6)

Iron 100.5 (72.3, 142.8) 99.4 (70.6, 136.9)

Zinc 88.4 (62.6, 122.3) 81.1# (55.2, 112.5)

Calcium 66.8 (44.1, 91.6) 58.1 (40.5, 85.1)

% %

Prevalence of adequacy <50%

Energy 21.5 37.9#

Fiber 29.6 30.5

Protein 9.5 14.2

Fat 28.3 43.9#

Carbohydrates 29.1 42.5#

Vitamin A 34.6 43.3

Vitamin C 43.4 45.4

Folate 33.2 33.7

Iron 8.7 11.1

Zinc 16.6 21.8

Calcium 32.0 38.3

* Data was adjusted for the survey design (see methods)
‡ BMI >18.5 and <30kg/m2, Sample size: 1390, weighted cases: 15 426 500
§ BMI ≥30kg/m2, Sample size: 471, weighted cases: 4 931 900
# Statistically significant differences between non-obese and obese women
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