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Abstract
Objective. To describe energy and nutrient intakes and 
their adequacies in older Mexican adults participating in the 
National Health and Nutrition Survey (Ensanut) 2006 and 
2012. Materials and methods. Dietary information 
was obtained through a semiquantitative food frequency 
questionnaire (SFFQ) from 526 adults 60 y and older 
participating in Ensanut 2012 and 3 326 in Ensanut 2006 in 
Mexico. Quantile and logistic regression models were used 
to obtain medians and marginal effects of each nutrient, ad-
justing by confounders and survey design. Results. Dietary 
intake of energy and nutrients was similar in both surveys. 
Most common micronutrients at risk of dietary deficiency 
were, for vitamins: A, B-12, C, D and folate, and for minerals: 
calcium, iron and zinc, in both surveys. Excessive intake of 
sugar and saturated fat and low fiber intake were common. 
Conclusions. Diet in older Mexican adults is low in micro-
nutrient essentials, and excessive in fat and sugar. Attention 
to the diet in this age group through targeted interventions 
is necessary to promote a healthy diet. 
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Resumen
Objetivo. Describir la ingesta y adecuación de energía y 
nutrimentos de la dieta de adultos mexicanos mayores de 
60 años (AM) participantes en la Encuesta Nacional de Salud 
y Nutrición (Ensanut) 2006 y 2012 de México. Material y 
métodos. El cuestionario semicuantitativo de frecuencia de 
consumo de alimentos se analizó en 526 AM de la Ensanut 
2012 y en 3 326 de Ensanut 2006. Modelos de regresión por 
cuantiles y logístico se emplearon para estimar las medianas 
y riesgos de inadecuación para los nutrimentos evaluados, 
ajustando por confusores y diseño de encuesta. Resultados. 
La ingesta de energía y nutrimentos no fue diferente entre las 
dos encuestas. Los micronutrimentos con mayor riesgo de 
deficiencia dietética fueron las vitaminas A, B-12, C, D y folato, 
y los minerales calcio, hierro y zinc, en ambas encuestas. La 
ingesta excesiva de azúcar y grasa saturada y la baja ingesta 
de fibra fueron comunes. Conclusiones. La dieta de AM 
mexicanos es deficiente en micronutrimentos importantes 
y excesiva en grasa y azúcar. Se sugiere atención a la dieta en 
este grupo de población por medio de programas sociales e 
intervenciones focalizadas.

Palabras clave: dieta; adultos mayores; deficiencia; micronu-
trientes; México
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According to projections of the World Health Organi-
zation (WHO), by the year 2050 it is estimated that 

the number of older adults (OA) aged 60 years + will 
represent 22% of the world population1 and 28% of the 
Mexican one.2 This demographical change will bring an 
increase in non-communicable chronic diseases (NCDs) 
as well as geriatric syndromes in OA.3
 In addition, OA population frequently have mal-
nourishment problems due to the physiological changes 
that take place during the aging process4 (edentulism, 
gastric achlorhydria, malabsorption, etc.), as well as 
psychological (cognitive decline and depression) and 
social aspects (poverty and loneliness),5 resulting in an 
inadequate intake of essential micronutrients (folates, 
vitamin B12, retinol, iron), which in turn affect their 
physical and mental performance.4 In Mexico, there is 
scarce literature that documents the dietary intake of 
OA. The internal evaluation of the 70 y más program 
documented a median energy intake of 1 259.14 kcal in 
OA residing in rural areas, based on food staples (corn, 
bread) with little variety of other foods, such as fruits 
and vegetables and animal products.6 The monotony of 
the diet, combined with physiological changes, partly 
explains the high prevalence of low weight (6.9%) and 
the high proportion of OA with a decreased muscle mass 
(40%) in later ages,7 which puts them in a higher risk 
for sarcopenia.8 These conditions place OA in a state of 
greater vulnerability and detrimental health, affecting 
their quality of life. 
 Given the fundamental role of nutrition in these 
stages, it is of interest to know the dietary intake of this 
population. The objective of this study is to describe the 
intake, adequacy and inadequacy of energy, macro- and 
micronutrients of the diet in Mexican Older Adults aged 
60 and older, participating in the 2006 and 2012 Ensanut 
(National Health and Nutrition Survey). 

Materials and methods
Design and study population

Adults aged 60 years and older, participants from two 
Mexican National Health and Nutrition Surveys (Ensa-
nut) were studied. The sample of OA 2006 (n=3 470) and 
2012 (n=526), represented 9 506 100 OA in 2006 and 12 
293 100 OA in 2012. Both surveys were conducted at a 
national level with a probabilistic design and represent-
ing urban and rural areas, as well as every state in the 
country. The sample design of both surveys has already 
been published.9,10 

Description of variables

The semiquantitative food frequency questionnaire. Dietary 
data concerning the seven days prior to the interview 
were collected by qualified and standardized personnel 
through the semiquantitative food frequency question-
naire (SFFQ), which consists of a closed list of foods 
for which a standard serving size was previously es-
tablished. The data cleaning methodology for the 2006 
Ensanut has already been published.11 The SFFQ used in 
2012 is similar to the one used in 2006, but it has 39 extra 
foods; thus, information was obtained for 140 foods and 
drinks, classified in 14 food groups. 
Intake. In order to process the dietary information, the 
amount of each food and drink was obtained by multi-
plying the number of days, times per day, serving size (g, 
ml) and number of portions consumed in each meal. The 
total g and ml were divided by seven days to obtain the 
daily intake. The consumption of foods that were above 
three standard deviations (>3 SD) was eliminated.12 The 
nutritional contribution of the food was obtained using 
the nutritional composition table. 
Intake adequacy percentages. The estimated energy re-
quirement was calculated using the equations of the 
United States’ Institute of Medicine (IOM) for maintain-
ing body mass considering a sedentary level of physical 
activity.13 For the adequacy of carbohydrates, 55% of the 
estimated average energy requirement was used as a 
reference; 30% for lipids, saturated fats (8%), trans fatty 
acids (TFA) (<2%) and sugar (<10%). Adequate intake 
was used for fiber.13 The WHO’s average requirement 
estimates were used for protein, calcium, vitamin A, 
vitamin C, vitamin D, vitamin B12, folate and zinc.14 For 
the adequacy of iron, the Mexican intake recommenda-
tions were used.15

Risk of intake inadequacy. The prevalence of the popula-
tion under 100% of the adequate intake or requirement 
for each specified nutrient was estimated, except for 
sugar, cholesterol, saturated fats and TFA, whose val-
ues were classified as an excess. Given the low intake 
of TFA, no OA with inadequate intakes were observed 
(consumption >2%).
 More details about the diet cleaning methodology, 
intake adequacy percentages values used as reference 
and implausible reporters in this group of population 
are published elsewhere.12

Nutritional status. The weight and height were obtained 
by standardized and trained personnel16 in adults who 
had no limitations for having their height and weight 
measured while standing. The weight was obtained 
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 All estimations and analyses were adjusted by the 
sampling design of each survey, using the SVY module 
of STATA v13 (College Station, TX, USA).

Results
Descriptive characteristics

The characteristics of the OA participating in the 2006 
and 2012 Ensanut surveys are described in table I. 

Ensanut 2012

The median energy intake in the OA population was 1 
500 kcals, with a median energy adequacy of 88%; 67% 
of OA had an inadequate energy intake. The median 
energy intake was higher in men when compared to 
women. No differences were observed in the percent-
age of energy inadequacy between men and women. 
For most of the nutrients, the median intake was lower 
in women, compared to men; no differences were ob-
served in the median intake adequacy of such nutrients, 
with the exception of fiber and trans fatty acids, whose 
adequacy median was higher in women (and vitamin 
B12 was lower), when compared to men. 
 63.3% of the OA population exceeded the recom-
mendation for saturated fat and 87.5% exceeded the 
recommendation for sugar. More than 80% did not cover 
the intake recommendations for polyunsaturated fatty 
acids, vitamin A, vitamin B12, vitamin D and calcium 
(table II). The proportion of OA that did not cover these 
requirements remained constant by sex, area and region, 
and it was more noticeable in OA from the lowest tertile 
of the HWI.
 No statistical differences were observed in the 
median intake, energy adequacy and inadequacy, and 
macro- and most micronutrients in OA from the urban 
area vs rural; except for the intake of retinol and ad-
equacy of vitamin B12. The proportion of OA with an 
inadequate intake of energy, macro- and micronutrients 
was not different by area (table II).
 By geographical region, no differences were ob-
served in intake, adequacy and inadequacy of energy. 
The intake and adequacy of cholesterol and the intake 
of heme iron were greater in the north, when compared 
to the center and south. The intake and adequacy of 
sugar was higher and the intake of vitamin A was lower 
in the center, compared to the south. The northern 
region had the lowest prevalence of sugar inadequacy, 
compared to the center. No differences were observed 
between regions, regarding the intake, adequacy and 
inadequate consumption of other macro- and micro-
nutrients (table III).

using digital scales with 100g precision; the height was 
measured using a stadiometer with 1mm precision. 
The body mass index was generated (BMI=kg/m2) 
and classified according to the cutoff points proposed 
by the WHO.17 In those OA for whom we did not have 
anthropometric information, the weight and height 
were imputed through a regression model; in 205 cases 
(5.45%) for the 2006 Ensanut and in 63 (12%) for the 2012 
Ensanut, to avoid a greater loss of information. 
Area. A locality was classified as rural when the number 
of inhabitants was <2500 and as urban otherwise.
Geographical region. The country was divided into three 
geographical regions:9 Northern, Central and Southern. 
Mexico City was included in the Central region. 
Indigenous population. The members of a household were 
classified as speakers of an indigenous language when 
this was stated by the head of the household and/or they 
considered themselves as being indigenous. 
Household wealth index (HWI). This index was based 
on housing conditions, possession of goods, and the 
number of electrical appliances (the first component 
that accumulated 40.5% of the variability was chosen 
as an index).18 This index was considered as a proxy of 
the socioeconomic status, and it was classified in tertiles: 
low, middle and high.
Beneficiaries of social programs. Older adults were consid-
ered beneficiaries if they stated having received benefits 
from the Prospera program, the Program for the Social 
Distribution of Liconsa Milk (Programa de Abasto Social 
de Leche Liconsa, in Spanish) or the 70 y más program (for 
adults 70 and older). 
Abdominal obesity. If the waist circumference was >80 
cm in women and >90 cm in men.19

Education. The last grade of completed studies was con-
sidered, classifying them as: illiterate (non-education), 
elementary school, high school, and college/university. 

Statistical analysis

The information is described as adjusted proportions 
and 95%CI for categorical data, and as adjusted medians, 
25 and 75 percentile for the continuous variables, due 
to the biased distribution of intake and the adequacy of 
the reported nutrients. 
 A quantile regression model was used to estimate 
the adjusted data of intake and adequacy of energy and 
nutrients. Logistic regression models were used to esti-
mate the risk of inadequacy for each nutrient. All models 
were adjusted by sex, age, BMI, geographical region and 
HWI for each survey. The statistical significance was set 
at α=0.05 and a confidence of 95%. The sensitivity of the 
model was tested where the prevalence of inadequacy 
of some nutrient was greater than 95% or less than 5%. 
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Table I
Descriptive characteristics of olDer aDults participants in ensanut 2006 anD ensanut 2012. Mexico

Variable
2006 2012

n (sample) N (thousands) Expansion % (95%CI) n (sample) N (thousands) Expansion % (95%CI)

Age group (years)
     60-69 1 750 5 468.8 53.5 (50.5,56.6) 269 5 995.6 48.8 (41.4,56.2)
     70-79 1 184 3 377.1 33.1(30.3,35.9) 165 4 027.7 32.8 (26.4,39.8)
     ≥80 536 1 370.1 13.4 (11.7,15.3) 92 2 269.8 18.5 (13.0,25.6)

Sex
     Male 1 433 4 147.3 40.6 (37.6,43.7) 237 6 229.4 50.7 (43.4,57.9)
     Female 2 037 6 068.6 59.4 (56.3,62.4) 289 6 063.7 49.3 (42.1,56.6)

Dwelling
     Urban 1 985 7 981.0 78.1 (75.4,80.7) 334 9 722.6 79.1 (76.3,81.6)
     Rural 1 485 2 234.9 21.9 (19.3,24.6) 192 2 570.5 20.9 (18.4,23.7)

Geographical region
     Northern 702 2 080.5 20.4 (17.4,23.7) 124 2 383.5 19.4 (16.7,22.3)
     Central 1 483 5 142.9 50.3 (45.5,55.2) 232 6 632.6 54 (49.8,58.0)
     Southern 1 285 2 992.5 29.3 (25.5,33.4) 170 3 277.0 26.7 (23.4,30.2)

Tertile of socioeconomic status
     Low 1 827 3 303.8 32.5 (29.7,35.4) 200 3 135.3 25.5 (20.6,31.1)
     Middle 992 3 395.9 33.4 (30.2,36.7) 172 3 547.6 28.9 (24.1,34.1)
     High 640 3 473.0 34.1 (30.8,37.7) 154 5 610.2 45.6 (39.3,52.1)

Education
     None 1 349 2 978.5 29.4 (26.7,32.2) 144 3 069.6 25 (19.3,31.7)
     Elementary 1 942 6 313.5 62.2 (59.2,65.2) 339 7 960.7 64.8 (57.4,71.5)
     High School 89 472.5 4.7 (3.4,6.3) 23 656.4 5.3 (3.1,9.1)
     College/University 68 379.3 3.7 (2.4,5.7) 20 606.4 4.9 (2.7,9.0)

Indigenous
     No 3 021 9 438.8 92.4 (90.6,93.9) 462 11 185.5 91 (88.1,93.2)
     Yes 449 777.1 7.6 (6.1,9.4) 64 1 107.6 9 (6.8,11.9)

Beneficiary of social program
     Liconsa 119 645.5 10.5 (7.6,14.3) 15 583.0 8.5 (3.5,19.0)
     Prospera 1 392 1 468.2 15.2 (13.6,17.1) 74 1 140.4 16.6 (10.6,25.0)
     70 y mas - - -     - 113 2 292.2 20.4 (15.4,26.5)

Body mass index
     Underweight 100 195.1 1.9 (1.3,2.8) 13 158.2 1.3 (0.6,2.8)
     Normal 1 136 2 896.1 28.3 (25.9,31.0) 138 3 492.6 28.4 (22.3,35.4)
     Overweight 1 331 3 988.3 39 (36.2,42.0) 235 5 881.9 47.8 (41.3,54.4)
     Obese 903 3 136.4 30.7 (27.9,33.6) 140 2 760.4 22.5 (17.6,28.2)

Abdominal obesity
     No 630 1 495.3 15.8 (13.8,18.0) 90 1 890.1 17.5 (12.7,23.7)

     Yes 2 590 7 978.0 84.2 (82.0,86.2) 379 8 897.9 82.5 (76.3,87.3)



289salud pública de méxico / vol. 59, no. 3, mayo-junio de 2017

Energy and nutrient consumption in Mexican older adults Artículo originAl

Table II
aDjusteD* nutrient intake, aDequacy anD percent of inaDequacy intake (<100%)

at the national level, by sex anD by area. Mexico, ensanut 2012

National Sex Area
Overall (n=526)

N=12 293.1
Median (p25, p75)

Male (n=237)
N=6 229.4

Median (p25, p75)

Female (n=289)
N=6 063.7

Median (p25, p75)

Urban (n=334)
N=9 722.6

Median (p25, p75)

Rural (n=192)
N=2 570.5

Median (p25, p75)

Intake

   Energy (kcal) 1502.4 (1 141.6,1 910) 1 694.9 (1 298,2 119) 1 304.6 (980.8,1 686)‡ 1 502.9 (1 153.3,1 894) 1500.4 (1 097.2,1 951)

   Fiber (g/d) 20.2 (14.6,25.4) 22.4 (16,27.8) 17.9 (13.2,23)‡ 20.1 (15,24.6) 20.7 (13.3,28.5)

   Protein (g/d) 49 (35.3,61) 55 (40.6,67.1) 42.9 (29.7,54.8)‡ 50.1 (35.6,60.8) 45.1 (33.9,61.7)

   Total fat (g/d) 49 (34.8,68.8) 55.3 (40,75.7) 42.4 (29.4,61.6)‡ 49.5 (35.7,68.7) 47 (31.4,69.1)

   Saturated fat (g/d) 19 (12.9,26.1) 21 (14.3,29.1) 16.9 (11.5,23.1)‡ 19.3 (13.1,26.1) 17.7 (12.2,26.3)

   Monounsaturated fat (g/d) 16.3 (11.3,23.7) 18.7 (12.7,26.4) 13.9 (9.8,20.9)‡ 16.3 (11.6,23.6) 16.2 (10.3,24.2)

   Polyunsaturated fat (g/d) 10.9 (7.7,15.5) 12.4 (9,16.9) 9.4 (6.4,14)‡ 10.7 (7.7,15.3) 11.6 (7.9,16.4)

   Trans fat (g/d) 0.3 (0.2,0.5) 0.3 (0.2,0.6) 0.3 (0.2,0.5) 0.3 (0.2,0.5) 0.3 (0.2,0.5)b

   Cholesterol (mg/d) 177 (99.5,262.6) 190 (117.3,282.3) 163.6 (81.3,242.3) 178.5 (99.3,258.1) 171.4 (100.5,279.5)

   Carbohydrates (g/d) 217.6 (166.9,273.1) 242 (190.8,296.6) 192.5 (142.3,248.9)‡ 216.6 (165.3,271.1) 221.4 (172.8,280.6)

   Total sugar (g/d) 79.8 (54,104.7) 87.8 (62,104.9) 71.5 (45.8,104.5)‡ 80.5 (54.2,105.9) 76.9 (52.4,100.1)

   Vitamin A (µg RAE/d) 529.7 (338.9,772) 501.9 (349.2,733.3) 558.2 (328.3,811.9) 546.7 (342.8,777.2) 465.2 (324.1,752.6)§

   Vitamin B12 (µg/d) 3 (1.8,4.6) 3.5 (1.9,4.9) 2.5 (1.8,4.3)‡ 3 (1.8,4.7) 2.9 (1.9,4.4)

   Vitamin C (mg/d) 98 (61.8,164.6) 92.2 (64.5,167.8) 104 (59,161.4) 101.3 (64.2,166) 85.8 (52.8,159.5)

   Vitamin D (µg/d) 3.2 (12.1,4.9) 3.3 (2.4,5) 3 (1.9,4.8) 3.3 (2.2,5) 2.8 (1.7,4.6)

   Folate (µg/d) 256.1 (190,351.2) 247.5 (192.3,352.8) 264.9 (187.6,349.6) 259.3 (190.2,348) 243.9 (188.9,363.5)

   Calcium (mg/d) 744.5 (555.3,993.6) 766.8 (588,1059.3) 721.5 (521.6,926) 758 (556.8,1019.1) 693.3 (549.3,897.1)

   Total iron (mg/d) 9.2 (7,12.5) 10 (8,13.5) 8.4 (6,11.4)‡ 9.3 (7.1,12.3) 9.2 (6.8,13)

   Heme iron (mg/d) 0.4 (0.2,0.7) 0.5 (0.2,0.8) 0.3 (0.1,0.6)‡ 0.4 (0.2,0.7) 0.4 (0.1,0.7)

   Non heme iron (mg/d) 8.8 (6.7,11.9) 9.5 (7.7,12.7) 8 (5.8,11)‡ 8.8 (6.8,11.7) 8.7 (6.5,12.4)

   Zinc (mg/d) 7.8 (5.8,10) 9 (6.5,11.1) 6.7 (5.1,8.8)‡ 8 (5.9,9.9) 7.2 (5.5,10.3)

Adequacy (%)

   Energy 88.1 (66.6,108.6) 86.1 (65.6,106.9) 90.2 (67.6,110.4) 88.5 (66.9,106.2) 86.5 (65.2,117.8)

   Fiber 79.8 (58,101.7) 74.6 (53.1,93) 85.1 (63.1,110.6)‡ 79.2 (59.2,98.4) 81.9 (53.8,114.1)

   Protein 82.4 (59.2,104.2) 85.8 (60.8,102.5) 78.9 (57.6,106) 82.9 (59.5,102.4) 80.3 (58.1,111.2)

   Fat 86.3 (60,119) 84.8 (60.9,114) 87.9 (59.1,124.1) 86.2 (61,119.1) 87 (56.4,118.5)

   Saturated fat 125.6 (84.6,171.5) 121.5 (80,169.8) 129.8 (89.4,173.3) 128.8 (85.8,168.7) 113.4 (80.2,182.2)

   Monounsatured fat 75.9 (52.8,109.9) 77.5 (53,107.7) 74.3 (52.6,112.2) 75.9 (54.7,108.9) 75.9 (45.8,113.6)

   Polyunsaturated fat 57 (40.8,79.1) 56.7 (41.6,77.1) 57.2 (40,81.2) 55.6 (40.5,77.9) 62 (42.1,83.6)

   Trans fat 16.8 (9.5,26.7) 14.8 (7.8,25.4) 19 (11.3,28)a 17.2 (10,26.6) 15.5 (7.8,27)

   Cholesterol 59 (33.2,87.5) 63.3 (39.1,94.1) 54.5 (27.1,80.8) 59.5 (33.1,86) 57.1 (33.5,93.2)

   Carbohydrates 101.1 (77.1,127.6) 98.1 (76.3,121.7) 104.1 (77.9,133.6) 100.7 (76.2,124.9) 102.5 (80.4,137.8)

   Sugar 184.1 (122.3,247.2) 194.5 (123.8,215.4) 214.8 (120.8,280) 205.8 (124.7,243.4) 199.5 (113.1,261.6)

   Vitamin A 81.5 (52.1,118.8) 77.2 (53.7,112.8) 85.9 (50.5,124.9) 84.1 (52.7,119.6) 71.6 (49.9,115.8)

   Vitamin B12 120 (74,184.4) 138.5 (76.5,196) 101 (71.4,172.5)‡ 120.8 (73.2,187.1) 116.7 (77,174.1)b

   Vitamin C 122.5 (77.3,205.8) 115.3 (80.7,209.8) 130 (73.8,201.7) 126.6 (80.3,207.5) 107.2 (66,199.4)

   Vitamin D 25.2 (17,39.1) 26.1 (18.8,39.7) 24.3 (15,38.5) 26.1 (17.9,39.8) 22.1 (13.4,36.5)

   Folate 64 (47.5,87.8) 61.9 (48.1,88.2) 66.2 (46.9,87.4) 64.8 (47.6,87) 61 (47.2,90.9)

   Calcium 74.4 (55.5,99.4) 76.7 (58.8,105.9) 72.1 (52.2,92.6) 75.8 (55.7,101.9) 69.3 (54.9,89.7)

   Iron 92.7 (69.4,124.7) 91.2 (72.1,122) 94.3 (66.6,127.6) 92.8 (69.8,123.3) 92.4 (67.8,130.2)

   Zinc 132.9 (99.2,170.1) 128.5 (94.7,160.2) 137.4 (104,180.2) 135.6 (101.2,169.3) 122.7 (91.8,173.1)

(continues…)
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Percentage of inadequacy (<100%) % (95%CI) % (95%CI) % (95%CI) % (95%CI) % (95%CI)

   Energy 67 (60.3,73.6) 71.3 (61,81.7) 62.2 (53.4,71) 69.4 (62.2,76.7) 57 (45.2,68.8)

   Fiber 78.8 (73.8,83.7) 86.1 (81.1,91.2) 68.5 (59.9,77.2)a 80.4 (74.7,86) 71.9 (60.9,82.9)

   Protein 66.5 (59.6,73.3) 63.9 (53.4,74.4) 69 (60.3,77.7) 66.6 (58.9,74.3) 66 (52.4,79.6)

   Fat 61.8 (54.9,68.6) 64.7 (54.7,74.8) 58.6 (49.6,67.7) 63.6 (55.9,71.2) 54.6 (40.6,68.6)

   Saturated fat (>100%) 63.3 (56.2,70.4) 57 (46.2,67.8) 69.3 (60.6,78) 62.5 (54.2,70.8) 66.3 (53.3,79.3)

   Monounsatured fat 68.2 (61.5,74.8) 69.2 (59.1,79.2) 67.1 (58.1,76.2) 68.4 (60.8,75.9) 67.4 (54.7,80.1)

   Polyunsaturated fat 87.8 (83.5,92) 87.3 (79.9,94.7) 88.3 (82.4,94.2) 88.5 (83.8,93.3) 84.5 (75.7,93.2)

   Cholesterol (>100%) 14.7 (10.3,19) 18.6 (12,25.2) 11.4 (5.4,17.4) 14.5 (9.5,19.6) 15.2 (7,23.3)

   Carbohydrates 51 (43.4,58.7) 53.5 (41.7,65.3) 48.5 (38.6,58.3) 51.8 (42.6,61) 48.2 (35,61.3)

   Sugar (>100%) 87.5 (83.8,91.2) 88.6 (84.4,92.8) 86.3 (80.5,92.2) 88.2 (84.1,92.2) 84.8 (76.1,93.6)

   Vitamin A 63.7 (56.9,70.5) 66.3 (55.9,76.7) 60.9 (51.3,70.5) 61.4 (53.7,69.1) 71.7 (59.8,83.7)

   Vitamin B12 42.7 (35.3,50.1) 38.9 (27.8,50) 46.7 (37.5,55.9) 42.4 (33.4,51.3) 43.9 (31.1,56.7)

   Vitamin C 38.6 (32.7,44.6) 35.7 (27.1,44.4) 41.7 (32.6,50.8) 36.4 (29.9,43) 47.3 (35.1,59.5)

   Vitamin D 99.8 (99.3,100.3) 99.9 (99.6,100.3) 99.6 (99.1,100.1) 99.8 (99.2,100.3) 99.9 (99.6,100.2)

   Folate 84.6 (80.2,88.9) 84.4 (77.9,91) 84.7 (78.2,91.2) 84.6 (79.6,89.6) 84.6 (75.2,94.1)

   Calcium 76.8 (71.3,82.3) 71.1 (61,81.1) 81.8 (74.9,88.7) 74.8 (68.2,81.3) 83.4 (74,92.7)

   Iron 56.5 (49.3,63.7) 60.3 (50,70.6) 52.5 (42,63.1) 56.5 (47.6,65.5) 56.5 (44.8,68.1)

   Zinc 26 (20.6,31.5) 30.1 (22.1,38.1) 22.2 (14.9,29.6) 24.9 (18.5,31.2) 30.6 (19.4,41.8)

* Data are adjusted by sex, area, region, HWI and survey design using a quantil regression model
‡ Statistically different by sex (p<0.05)
§ Statistically different by area (p<0.05)
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Table III
aDjusteD* nutrient intake, aDequacy anD percent of inaDequacy intake (<100%) at the national 
level, by geographical region anD by tertile of householD wealth inDex. Mexico, ensanut 2012

Region Household Wealth Index

Northern (n=124)
N=2 383.5

Median (p25, p75)

Central (n=232)
N=6 632.6

Median (p25, p75)

Southern (n=170)
N=3 277.0

Median (p25, p75)

Low (n=200)
N=3 135.3

Median (p25, p75)

Medium (n=172)
N=3 547.6

Median (p25, p75)

High (n=154)
N=5 610.2

Median (p25, p75)

Intake

   Energy (kcal) 1 614.4 (1 157.8,2 094) 1 473.9 (1 145,1 842) 1 478.5 (1 122.7,1 897) 1 338.2 (948.9,1 722) 1 517.2 (1 193.8,1 924) 1 584.8 (1 216.2,1 997)

   Fiber (g/d) 19 (13.1,23.6) 20 (15.2,25) 21.4 (14.7,27.8) 20.5 (14.5,26.6) 19.5 (14.1,24.3) 20.5 (15.1,26.1)

   Protein (g/d) 51.6 (37.1,61.8) 47.4 (33.5,58.4) 50.5 (37.5,65.6) 40.1 (29.8,49.3)≠,∞ 47.9 (36.8,62.7)& 54.8 (37.3,66.5)&

   Total fat (g/d) 54.9 (40.8,73.1)§ 47 (34.1,67)‡ 48.5 (31.8,69.3) 36.4 (30.2,53.2)≠,∞ 47.9 (38.7,70)& 56.7 (34.9,76.7)&

   Saturated fat (g/d) 20.1 (14.6,26.6) 18.4 (13.1,24.7) 19.2 (11.3,28.8) 12.8 (9.2,18.8)≠,∞ 19.1 (14.3,26.5)& 22.4 (14.1,30)&

   Monounsaturated fat (g/d) 17.4 (12.7,25) 16.3 (11.4,22.8) 15.5 (10,26.6) 12.2 (9.1,16.7)∞ 15.9 (11.7,23.6) 18.8 (12.3,27.7)&

   Polyunsaturated fat (g/d) 12.3 (8.4,16.7) 10.1 (7.3,15.3) 11.4 (7.9,15.1) 9.2 (5.8,13.1) 11.3 (8.5,15.1) 11.6 (8.3,17.1)

   Trans fat (g/d) 0.3 (0.2,0.6) 0.3 (0.2,0.5) 0.3 (0.1,0.5) 0.2 (0.1,0.3)≠,∞ 0.3 (0.2,0.5)d 0.4 (0.2,0.6)&

   Cholesterol (mg/d) 230.6 (127.5,306.3)§,# 156.4 (90.9,248.4)‡ 179.7 (96.8,259.4)‡ 106.3 (64.1,183.6)≠,∞ 164.7 (86.1,273.6)&,∞ 224.3 (127.9,299.7)&,≠

   Carbohydrates (g/d) 211.9 (159.2,287.6) 217.8 (167.4,271.2) 221.4 (171.6,266.3) 212.7 (150.4,266.8) 238.2 (166.6,270.9)∞ 207.3 (176.3,278)≠

   Total sugar (g/d) 73 (49.3,118.6) 85.6 (56.7,106.4)# 72.9 (51.9,91.3)§ 70.8 (38.9,95.8) 76.1 (55.3,103) 87 (61.6,110.8)

   Vitamin A (µg RAE/d) 553.3 (338.9,918.4) 486.3 (320.6,685)# 600.4 (376.1,842.1)§ 389 (198.4,540.9)∞ 477.2 (331.9,670)∞ 641.5 (421.9,965.8)&,≠

   Vitamin B12 (µg/d) 3.2 (2.3,4.7) 2.9 (1.7,4.6) 3 (1.8,4.6) 1.8 (1,3.1)≠,∞ 2.7 (1.8,3.9)&,∞ 3.9 (2.4,5.9)&,≠

   Vitamin C (mg/d) 80.5 (50,131.3) 102.5 (63.8,166.4) 101.8 (66.4,185.3) 97.4 (51.7,131.3) 81.2 (51.9,150.4) 109 (73.7,192.2)

   Vitamin D (µg/d) 2.9 (1.8,4.7) 3 (2.1,4.3) 3.6 (2.3,6.2) 2.2 (1.3,3.2)≠,∞ 3.1 (2.4,4.8)& 3.7 (2.4,5.9)&

(continues…)
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   Folate (µg/d) 266.8 (197,385.2) 244 (180.9,328.8) 272.8 (203.2,371.8) 187 (150.3,253.7)≠,∞ 244.4 (183.7,313.5)&,∞ 302.1 (216.1,429.6)&,≠

   Calcium (mg/d) 744.9 (601.2,987.1) 738.5 (528.4,958.2) 756.3 (576.1,1069.9) 602.4 (390.5,856.9) 751.6 (595.1,990.1) 819.3 (622.1,1072.1)

   Total iron (mg/d) 9.8 (7,13.8) 9.1 (6.9,11.7) 9.1 (7.3,12.9) 8.3 (6.3,11) 9.4 (7.3,12.5) 9.6 (7.3,13.3)

   Heme iron (mg/d) 0.5 (0.2,0.7)# 0.4 (0.1,0.7)‡ 0.3 (0.1,0.6) 0.2 (0.1,0.4)≠,∞ 0.4 (0.1,0.7)& 0.5 (0.2,0.8)&

   Non heme iron (mg/d) 9.4 (6.6,13.5) 8.6 (6.6,11) 8.8 (6.9,12.3) 8 (6,10.7) 9 (7,11.9) 9.1 (7,12.4)

   Zinc (mg/d) 8 (6.1,9.7) 7.7 (5.7,10) 7.9 (5.8,10.3) 7.1 (4.8,9) 7.9 (6.1,9.9) 8.2 (6.1,10.6)

Adequacy (%)

   Energy 90.9 (65.2,114.6) 86.8 (67.6,104.7) 88.9 (65.3,112.3) 78.8 (58.1,97.8) 91.6 (69,108) 91.1 (69.8,115.1)

   Fiber 75.9 (52.2,94.2) 79.4 (59.4,101.1) 83.5 (59.6,108.4) 80.6 (56.1,103.6) 77.2 (57.4,97.3) 81 (59.6,103.4)

   Protein 81.5 (59.9,109.6) 80.8 (56.5,98.9) 86.3 (64.1,110.9) 67.6 (50.2,87.6)≠,∞ 83 (62.9,106.5)& 90.3 (61.9,112.1)&

   Fat 95.3 (68.4,125.3) 82.2 (60,113.6) 88.3 (53.8,125.2) 63.8 (52.3,89)≠,∞ 88 (66,126.2)& 97.9 (60.5,131.2)&

   Saturated fat 130.5 (95.3,169.8) 121.4 (84.8,159.5) 130.4 (76.5,197.1) 89.6 (60,119.4)≠,∞ 127.2 (97.1,179)& 144.6 (90.5,196)&

   Monounsatured fat 81.8 (60.1,114.6) 74.8 (52.2,106.7) 73.9 (48.7,112.9) 57.7 (45,76.9)≠,∞ 75.2 (55.2,112.2)& 86.6 (55.7,126.9)&

   Polyunsaturated fat 62.9 (43.8,83.5) 52.8 (39.6,77.3) 61 (41.2,79.8) 50.2 (30.9,68.5) 58.4 (44.7,77.2) 59.8 (43.9,86.4)

   Trans fat 16.5 (9.2,27.5) 17.9 (10.4,25.9) 14.9 (8,27.6) 11.8 (7.3,17.2)≠,∞ 17.2 (9.4,26.8)& 19.5 (10.1,31.9)&

   Cholesterol 76.9 (42.5,102.1)§,# 52.1 (30.3,82.8)‡ 59.9 (32.3,86.5)‡ 35.4 (21.4,61.2)≠,∞ 54.9 (28.7,91.2)&,∞ 74.8 (42.6,99.9)&,≠

   Carbohydrates 97.2 (69.8,131.5) 99.1 (78.5,124.7) 107.9 (79.5,130.6) 100.9 (70.7,121.6)∞ 108 (80.1,130.9)∞ 96.8 (78.7,128.8)&,≠

   Sugar 179.1 (104.2,279.1) 220 (129.9,245.8)# 191.8 (120.1,226.8)§ 188.3 (95.1,219.7) 196.7 (122.8,243.8) 218.5 (137.2,264.8)

   Vitamin A 85.1 (52.1,141.3) 74.8 (49.3,105.4)# 92.4 (57.9,129.6)§ 59.8 (30.5,83.2) 73.4 (51.1,103.1) 98.7 (64.9,148.6)

   Vitamin B12 129.4 (90.5,186.4) 115.7 (69.4,183.4) 121.8 (71.1,184) 70.6 (38.5,123.6)≠,∞ 106.5 (72.4,157.7)&,∞ 156.1 (94.8,235.2)&,≠

   Vitamin C 100.6 (62.5,164.1) 128.1 (79.8,208) 127.2 (83,231.6) 121.7 (64.6,164.1) 101.5 (64.9,188) 136.3 (92.1,240.3)

   Vitamin D 22.9 (14.2,37.5) 24.2 (17.1,34.7) 29 (18.7,49.3) 17.7 (10.5,25.2)≠,∞ 24.9 (18.9,38)& 29.7 (19.4,47.6)&

   Folate 66.7 (49.3,96.3) 61 (45.2,82.2) 68.2 (50.8,92.9) 46.8 (37.6,63.4)≠,∞ 61.1 (45.9,78.4)&,∞ 75.5 (54,107.4)&,≠

   Calcium 74.5 (60.1,98.7) 73.8 (52.8,95.8) 75.6 (57.6,107) 60.2 (39.1,85.7) 75.2 (59.5,99) 81.9 (62.2,107.2)

   Iron 97.8 (69.2,138) 91.5 (67.8,117.2) 91.4 (72.9,130.3) 83.4 (61,110.4) 94.8 (72.6,124.5) 96.6 (72.1,132.9)

   Zinc 136.9 (102.2,167) 131.4 (97.4,169.3) 133.1 (100.7,174) 122.1 (84.1,152.4) 134 (103.2,170.4) 138.3 (105.2,179.8)

Percentage of inadequacy (<100%) % (95%CI) % (95%CI) % (95%CI) % (95%CI) % (95%CI) % (95%CI)

   Energy 60.2 (45.5,74.9) 71.1 (59.7,82.4) 63 (50,76) 79.6 (70.2,88.9)≠,∞ 61.2 (48.3,74.1)& 62.3 (46.7,77.9)&

   Fiber 78.8 (66.8,90.8) 81.7 (73.6,89.8) 71.8 (59.5,84.1) 77.1 (60.9,93.4) 78.7 (68.3,89.1) 79.6 (69.6,89.7)

   Protein 64.2 (49.6,78.8) 70.1 (58.1,82.1) 60.3 (44.8,75.8) 82.4 (74.1,90.6)≠,∞ 68 (55,81)& 54 (39.3,68.8)&

   Fat 55.6 (40.2,71.1) 64.3 (52,76.5) 61 (45.8,76.1) 83 (75.1,90.9)≠,∞ 60.9 (47.5,74.4)& 47.1 (32.6,61.6)&

   Saturated fat (>100%) 72.5 (58.8,86.2) 60.3 (47.3,73.2) 62.2 (45.6,78.7) 31.1 (17.8,44.4)≠,∞ 70.1 (57.5,82.6)& 75 (63.2,86.9)&

   Monounsatured fat 63.6 (49.6,77.6) 70.2 (58,82.4) 67.2 (53.5,81) 85.4 (77.7,93)≠,∞ 66.8 (53.9,79.7)& 56 (40.9,71.1)&

   Polyunsaturated fat 88.9 (80.4,97.5) 87.2 (78.5,95.9) 88 (78.8,97.2) 93.6 (89,98.1)∞ 88.3 (78.9,97.7) 82.4 (70.5,94.2)&

   Cholesterol (>100%) 22.8 (10.9,34.6) 13.1 (5.5,20.8) 13.1 (5,21.2) 5.5 (1.9,9.1)≠,∞ 18.4 (7.1,29.7)& 21 (10.3,31.6)&

   Carbohydrates 51.3 (37.7,64.9) 52.5 (37.7,67.4) 47.8 (33.3,62.3) 52.6 (33.6,71.5) 43.7 (29.3,58.1) 54.9 (39.4,70.3)

   Sugar (>100%) 74.9 (61.6,88.2)# 90.3 (84.9,95.7) 88.1 (80.5,95.6)‡ 71.5 (54.2,88.7)≠,∞ 88.3 (80.8,95.8)& 92.2 (87.1,97.4)&

   Vitamin A 55.1 (39,71.3) 68.5 (56.8,80.3) 59.4 (45.6,73.2) 81.5 (71.4,91.6)∞ 68.2 (56.3,80.2)∞ 48 (33.4,62.5)&,≠

   Vitamin B12 31.2 (16.7,45.8) 44 (30,57.9) 49.1 (34.2,64) 63.3 (46.4,80.2)∞ 47.9 (32.8,63)∞ 29 (17.3,40.6)&,≠

   Vitamin C 48.6 (33.6,63.5) 37.2 (27.3,47.1) 34.7 (22.2,47.1) 38.6 (24.7,52.4) 53.8 (40.1,67.4)∞ 30 (16.4,43.5)≠

   Vitamin D 100 (99.8,100.1)# 99.9 (99.3,100.4) 98.9 (97,100.8)‡ 100 (99.9,100.1)≠ 99.3 (97.8,100.7)& 99.7 (98.8,100.6)

   Folate 79.8 (67.8,91.9) 86.9 (79.6,94.3) 82.5 (72.3,92.7) 92.7 (87.6,97.8)∞ 87.9 (79.2,96.6)∞ 74.2 (62.6,85.9)&,≠

   Calcium 74.6 (62.7,86.5) 80.2 (70.7,89.8) 70.5 (56.8,84.1) 88.5 (80.4,96.5)∞ 76.8 (66.5,87.1) 67.4 (53,81.8)&

   Iron 48.7 (33.6,63.9) 57.1 (43,71.2) 60.8 (49.2,72.3) 66 (45.8,86.2) 50.2 (37.4,63.1) 54.9 (40,69.8)

   Zinc 26.2 (14.5,37.9) 26.8 (17.1,36.4) 24.4 (12.1,36.6) 36.7 (19.9,53.6) 23.2 (11.9,34.4) 22.7 (12.1,33.3)

* Data are adjusted by sex, area, region, HWI and survey design using a quantil regression model
‡, §, # Statistically different between regions (p<0.05). ‡= Northern, §= Central, #= Southern
&, ≠, ∞ Statistically different between tertiles of Household Wealth Index. (p<0.05). &= Low, ≠= Medium, ∞= High tertile of HWI
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 By HWI tertile, no significant differences were 
observed in the intake, adequacy and inadequate con-
sumption of energy. The intake and adequacy of proteins 
and fats (total and fatty acids), vitamin B12, vitamin D, 
folate, vitamin C and heme iron, were lower, and the 
adequacy of carbohydrates was higher, in the OA of the 
lower tertile, compared to the middle and high tertiles. 
As a result, the highest inadequacies in the intake of 
energy, and of most macro- and micronutrients, were 
observed in OA from the low tertile, compared to the 
middle and high HWI tertiles; the exception was the 
inadequate intake of saturated fat, sugar and cholesterol, 
where the proportion of OA with intakes exceeding the 
recommendation was higher in OA from the middle and 
high tertiles, compared to the low HWI tertile (table III).

Ensanut 2006

The median energy intake for OA in 2006 was 1 473 
kcals, with an adequacy of 86%, where 66% of OA were 
below the energy requirement. By sex, women had 
lower intakes of energy, macro- and micronutrients, and 
higher adequacies of most nutrients, compared to men, 
except for folate, vitamin D, B12 and calcium, where the 
adequacy was higher in men than in women. A great 
proportion of OA (>80%) had inadequate intakes of 
polyunsaturated fats, vitamin A, vitamin B12, vitamin 

D, folate and sugars; and 50% of OA had an inadequate 
intake of saturated fatty acids. With regard to sex differ-
ences, a higher proportion of women with an inadequate 
intake of vitamin B12, folate and sugar was observed, 
compared to men (table IV).
 The energy intake and adequacy among the inhabit-
ants of the rural and urban areas were not different. The 
intake and adequacy of unsaturated fats, vitamin D and 
non-heme iron was higher; and the intake and adequacy 
of sugar, vitamin A, B12 and heme iron was lower in OA 
from the rural area, compared to those from the urban 
area (table IV).
 No differences were observed by geographical 
region in the median intake of energy. A higher energy 
adequacy was observed, however, in OA from the 
southern region, compared to those from the central 
and northern regions. OA from the northern region had 
a higher intake of saturated fat, intake and adequacy of 
total and unsaturated fats, cholesterol, vitamin B12, total 
iron and a lower intake and adequacy of carbohydrates 
and vitamin C, compared to the inhabitants of the cen-
tral and southern regions. When comparing OA from 
the southern region, a higher intake and adequacy of 
vitamin A, vitamin C, and carbohydrates were observed 
compared to the northern and central regions (table V).
 By socioeconomic status, a tendency was observed 
of a lower intake and adequacy of nutrients in the low 

Table IV
aDjusteD* nutrient intake, aDequacy anD percent of inaDequacy intake (<100%)

at the national level, by sex anD by area. Mexico, ensanut 2006

National Sex Area

Overall (n=3 459) Male (n=1 429) Female (n=2 030) Urban (n=1 976) Rural (n=1 483)

N=10 172.8 N=4 136.3 N=6 036.4 N=7 943.6 N=2 229.2

Median (p25, p75) Median (p25, p75) Median (p25, p75) Median (p25, p75) Median (p25, p75)

Intake
   Energy (kcal) 1 473 (1 091.8,1 891) 1 651.2 (1 263,2 052) 1 350.9 (974.2,1 782)‡ 1 477.7 (1 094.6,1 879) 1 456.3 (1 081.9,1 938)
   Fiber (g/d) 19.9 (14.2,27.1) 23 (16.3,30.2) 17.9 (12.8,25)‡ 19.2 (13.5,25.9) 22.8 (16.9,31.6)§

   Protein (g/d) 47.7 (34.6,62.8) 52.3 (38.8,67.6) 44.5 (31.7,59.5)‡ 48 (34.5,63.3) 46.5 (35.1,61.2)
   Total fat (g/d) 45.1 (31.8,62.9) 52.1 (36.7,67.9) 40.3 (28.4,59.6)‡ 45.7 (31.7,62.9) 42.8 (31.8,62.9)
   Saturated fat (g/d) 16.5 (10.9,23.5) 18.4 (12.3,25.2) 15.2 (9.9,22.3)‡ 16.7 (11.2,23.9) 15.9 (9.7,21.9)
   Monounsaturated fat (g/d) 15.2 (10.4,21.3) 17.2 (11.9,22.9) 13.8 (9.3,20.2)‡ 15.5 (10.4,21.4) 14 (10.1,20.8)§

   Polyunsaturated fat (g/d) 11.2 (7.8,16.1) 13 (9.3,17.9) 10 (6.8,14.9)‡ 11 (7.7,15.7) 12.1 (8.3,17.4)§

   Trans fat (g/d) 0.3 (0.2,0.5) 0.3 (0.2,0.5) 0.3 (0.1,0.5)‡ 0.3 (0.2,0.5) 0.3 (0.1,0.5)§

   Cholesterol (mg/d) 141.6 (91.7,227.6) 166.6 (107.9,267.7) 124.4 (80.6,200.2)‡ 144.7 (94.2,230.6) 130.4 (82.9,217.1)
   Carbohydrates (g/d) 221 (163.1,288.2) 241.9 (189,312.4) 206.6 (145.3,271.7)‡ 220.4 (161.7,283.2) 222.9 (168.1,306.1)
   Total sugar (g/d) 76.5 (48,109.8) 81.2 (51.4,112.1) 73.2 (45.6,108.2)‡ 78.2 (49.5,112.6) 70.5 (42.4,99.9)§

   Vitamin A (µg RAE/d) 254.8 (147.1,426.9) 270.5 (160.8,446.4) 244.1 (137.8,413.6) 264.6 (154.5,444) 220 (120.8,366)§

   Vitamin B12 (µg/d) 1.4 (0.9,2.2) 1.5 (0.9,2.4) 1.3 (0.8,2.1)‡ 1.4 (0.9,2.3) 1.2 (0.8,2)§
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   Vitamin C (mg/d) 82.9 (37.5,165.8) 87.8 (37.6,185.2) 79.5 (37.3,152.5) 84 (38.6,170.9) 79 (33.3,147.7)
   Vitamin D (µg/d) 2.6 (1.4,4.5) 2.9 (1.6,4.9) 2.4 (1.3,4.3)‡ 2.6 (1.5,4.5) 2.5 (1.2,4.4)
   Folate (µg/d) 235.8 (165.6,329.4) 266 (192.6,373.1) 215.1 (147,299.4)‡ 233.2 (163,317.7) 245.2 (174.8,371)
   Calcium (mg/d) 697.3 (495.9,1006) 747.6 (533.6,1025.3) 662.9 (470.1,992.8)‡ 684.9 (486.2,985) 741.7 (530.6,1080.9)
   Total iron (mg/d) 8 (5.7,10.9) 9 (6.4,12.2) 7.3 (5.2,10.1)‡ 7.8 (5.5,10.6) 8.5 (6.1,12)
   Heme iron (mg/d) 0.2 (0.1,0.4) 0.2 (0.1,0.5) 0.2 (0.1,0.4) 0.2 (0.1,0.4) 0.2 (0.1,0.3)§

   Non heme iron (mg/d) 8 (5.9,10.9) 8.9 (6.7,12.2) 7.3 (5.3,10.1)‡ 7.8 (5.7,10.7) 8.6 (6.3,11.9)§

   Zinc (mg/d) 5.7 (4.1,7.6) 6.2 (4.6,8.1) 5.3 (3.8,7.2)‡ 5.7 (4.1,7.5) 5.7 (4.3,7.9)

Adequacy (%)
   Energy 86 (63.4,110.2) 81.8 (61.8,102.5) 88.9 (64.5,115.5)‡ 86.4 (63.4,108.8) 84.9 (63.2,115.2)
   Fiber 81.5 (58.4,112) 76.7 (54.3,101.3) 84.7 (61.2,119.3)‡ 78.1 (55.3,107.2) 93.6 (69.3,129.3)§

   Protein 81.8 (60,109.7) 81.5 (59.9,104.6) 82 (60,113.2) 82.3 (59.8,109.7) 80 (60.7,109.6)
   Fat 79.1 (55.1,111) 77.3 (54.1,102.3) 80.3 (55.8,116.9) 79.7 (55.2,111.4) 77 (54.7,109.5)
   Saturated fat 108.5 (71.6,155.7) 102.1 (70.2,141.1) 112.9 (72.6,165.7) 110.3 (74.3,157.9) 102.1 (62.1,147.9)
   Monounsatured fat 73 (49.2,102.6) 70 (47.3,94.2) 75.1 (50.5,108.4) 74 (49.6,103.1) 69.5 (47.8,101.1)
   Polyunsaturated fat 59.1 (41.2,86.2) 58.8 (41.9,81.7) 59.2 (40.8,89.3) 57.9 (40.5,84.5) 63.1 (43.8,92.3)§

   Trans fat (g) 16 (8.2,27.6) 14.4 (7.6,24.5) 17 (8.6,29.7)‡ 16.5 (8.9,28.8) 14 (5.9,23.2)§

   Cholesterol 47.2 (30.6,75.9) 55.5 (36,89.2) 41.5 (26.9,66.7)‡ 48.2 (31.4,76.9) 43.5 (27.6,72.4)
   Carbohydrates 104.2 (76.6,135.5) 98.2 (73.6,125.4) 108.2 (78.6,142.5)‡ 104 (75.4,132.8) 104.7 (80.7,145.5)
   Sugar 182.8 (114.5,263.8) 165 (105.3,225.2) 195 (120.8,290.3)‡ 187.1 (117.4,270.2) 167.4 (104.3,241.8)§

   Vitamin A 39.2 (22.6,65.7) 41.6 (24.7,68.7) 37.5 (21.2,63.6) 40.7 (23.8,68.3) 33.8 (18.6,56.3)§

   Vitamin B12 55.2 (34.6,88.3) 59.5 (37.9,96.3) 52.2 (32.3,82.7)‡ 56.8 (35.8,91.1) 49.3 (30.2,78.3)§

   Vitamin C 103.6 (46.8,207.2) 109.8 (47,231.4) 99.4 (46.7,190.6) 105 (48.3,213.6) 98.7 (41.7,184.6)
   Vitamin D 26 (14.1,45.2) 29.1 (15.6,48.7) 24 (13,42.9)‡ 26.2 (14.7,45.5) 25.4 (11.9,44.5)
   Folate 59 (41.4,82.3) 66.5 (48.1,93.3) 53.8 (36.8,74.8)‡ 58.3 (40.7,79.4) 61.3 (43.7,92.8)
   Calcium 69.7 (49.6,100.6) 74.8 (53.4,102.5) 66.3 (47,99.3)‡ 68.5 (48.6,98.5) 74.2 (53.1,108.1)
   Iron 81.5 (57.4,110.9) 81.5 (58.1,110.6) 81.4 (57,111.1) 79.9 (56.1,107.9) 87.1 (62,121.4)§

   Zinc 99.6 (72.7,134.6) 88.7 (65.4,116.3) 107.1 (77.7,147.1)‡ 99.4 (72,133) 100.3 (75.2,140.2)

Percentage of inadequacy (<100%) %(95%CI) % (95%CI) % (95%CI) % (95%CI) % (95%CI)
   Energy 66.3 (63.5,69.1) 73 (69.4,76.6) 61.2 (57.2,65.3)‡ 66.5 (63.2,69.7) 65.6 (59.3,71.9)
   Fiber 67.3 (64.6,70.1) 73 (69.2,76.8) 63.1 (59.2,67)‡ 69.8 (66.7,72.9) 57.6 (51.7,63.6)§

   Protein 67.3 (64.5,70.1) 69.2 (65.2,73.2) 66 (62.1,69.9) 67 (63.6,70.3) 68.5 (62.4,74.6)
   Fat 68.2 (65.5,70.9) 72.6 (68.7,76.4) 65 (61.2,68.8)‡ 67.8 (64.6,71) 69.5 (63.2,75.7)
   Saturated fat (>100%) 54.3 (51.2,57.4) 50.9 (45.8,56) 56.6 (52.8,60.5) 54.7 (51.1,58.3) 52.9 (46.9,58.8)
   Monounsatured fat 73.2 (70.5,75.8) 78.3 (74.7,82) 69.2 (65.4,73)‡ 72.6 (69.5,75.7) 75.1 (68.9,81.2)
   Polyunsaturated fat 84.3 (82.1,86.6) 85.5 (82.5,88.4) 83.5 (80.3,86.7) 85.6 (83.1,88.1) 79 (73.5,84.5)§

   Cholesterol (>100%) 12.2 (10.1,14.3) 19.7 (16.3,23.2) 8.6 (6.4,10.9)‡ 12.6 (10.1,15) 11.1 (7.8,14.5)
   Carbohydrates 47.5 (44.3,50.7) 53.7 (49.4,58.1) 43.3 (38.9,47.6)‡ 48.1 (44.3,51.8) 45.5 (38.4,52.5)
   Sugar (>100%) 80.4 (78.2,82.6) 76.6 (73.1,80.1) 82.7 (80.1,85.3)‡ 80.8 (78.3,83.4) 78.8 (74.4,83.2)
   Vitamin A 91.5 (89.8,93.1) 91.6 (89.2,94.1) 91.4 (88.9,93.8) 90.5 (88.2,92.8) 94.3 (92.2,96.3)§

   Vitamin B12 81.3 (79,83.7) 77.3 (73.4,81.1) 83.8 (80.9,86.7)‡ 80.4 (77.5,83.3) 84.5 (80.4,88.6)
   Vitamin C 51.9 (48.7,55) 49.9 (45.3,54.4) 53.2 (48.9,57.5) 50.9 (47.1,54.6) 55.4 (48.9,61.8)
   Vitamin D 96.3 (95.3,97.2) 96 (94.5,97.5) 96.5 (95.3,97.6) 96.1 (94.9,97.3) 96.7 (95.4,98)
   Folate 85.7 (83.5,87.8) 79.6 (76.2,82.9) 88.9 (86.5,91.4)‡ 87.2 (85,89.5) 78.9 (74,83.9)§

   Calcium 74.7 (72.2,77.1) 72.7 (68.8,76.6) 76 (72.7,79.3) 75.6 (72.7,78.6) 71 (65.2,76.8)
   Iron 67.9 (65.3,70.6) 68.2 (64.3,72.1) 67.8 (64,71.6) 69.4 (66.3,72.5) 62.5 (56.9,68.2)§

   Zinc 51.6 (48.5,54.6) 60.9 (56.2,65.6) 45.1 (41,49.1)‡ 51.7 (48,55.4) 51.1 (45.4,56.8)

* Data are adjusted by sex, area, region, HWI and survey design using a quantil regression model
‡ Statistically different by sex (p<0.05)
§ Statistically different by area (p<0.05)

(continuation)
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De la Cruz-Góngora V y col.

Table V
aDjusteD* nutrient intake, aDequacy anD percent of inaDequacy intake (<100%) at the national 
level, by geographical region anD by tertile of householD wealth inDex. Mexico, ensanut 2006

Region Household Wealth Index
Northern (n=699)

N=2 068.3
Median (p25, p75)

Central (n=1 479)
N=5 131.8

Median (p25, p75)

Southern (n=1 281)
N=2 972.6

Median (p25, p75)

Low (n=1 827)
N=3 303.8

Median (p25, p75)

Medium (n=992)
N=3 395.9

Median (p25, p75)

High (n=640)
N=3 472.9

Median (p25, p75)

Intake

   Energy (kcal) 1 454.1 (1 006.8,1 858) 1 463.1 (1 079.9,1 882) 1 503.4 (1 001,1 930.4) 1 369.7 (1 025,1 810.8)∞ 1 470.7 (1 040,1 894) 1 573.6 (1 205,1 966.5)&

   Fiber (g/d) 20.3 (13.8,27.4) 19.5 (14.1,26.9) 20.5 (14.7,27.5) 21 (14.4,29.1)∞ 19.8 (13.7,27) 19.1 (14.6,25.4)&

   Protein (g/d) 49.3 (36.3,61.7) 46.5 (33.5,62.5) 48.5 (35.4,64) 43 (31,57.8)∞ 46.2 (33.4,62.2)∞ 53.6 (39.3,68.1)&,≠

   Total fat (g/d) 50 (35.1,66.3)§,# 43.1 (31,62)‡ 45 (30.7,62.3)‡ 38.9 (27.9,56.3)∞ 44.9 (30.4,62.9)∞ 51.1 (36.7,69.3)&,≠

   Saturated fat (g/d) 18.2 (11.6,24.5)§,# 16.1 (10.8,23.1)‡ 16 (10.6,27.4)‡ 13 (8.5,19.9)≠,∞ 16.1 (10.4,23.5)&,∞ 20.2 (13.7,26.9)&,≠

   Monounsaturated fat (g/d) 16.8 (11.5,22.2)§,# 14.6 (10.1,20.9)‡ 15 (10.1,21.4)‡ 13.2 (9,18.6)≠,∞ 14.9 (9.7,21.3)&,∞ 17.3 (12.4,23.8)&,≠

   Polyunsaturated fat (g/d) 11.8 (8.2,17.1) 11 (7.9,15.7) 11.3 (7.5,16.1) 10.9 (7.8,16.1) 11.4 (7.6,16.4) 11.4 (8.1,15.7)

   Trans fat (g/d) 0.3 (0.1,0.4) 0.3 (0.2,0.5) 0.3 (0.2,0.5) 0.2 (0.1,0.4)≠,∞ 0.3 (0.2,0.5)&,∞ 0.4 (0.2,0.7)&,≠

   Cholesterol (mg/d) 179.1 (108.9,272.3)§,# 126.1 (83.3,208)‡,# 142.3 (94.3,230.4)‡,§ 116.9 (68.4,197.7)≠,∞ 139 (85.4,231.6)&,∞ 167.4 (120.1,252.2)&,≠

   Carbohydrates (g/d) 207.9 (153.9,270.9)# 220.1 (164.2,287) 231.5 (167.6,302.3)‡ 216.4 (160.7,276.3) 221.6 (154.2,290.4) 224.7 (174.1,297.5)

   Total sugar (g/d) 72.4 (45.1,105.6) 78.5 (49.3,109.8) 75.8 (47.6,112.6) 64.7 (38.7,101.3)≠,∞ 77.1 (49.4,108.1)& 87.1 (55.4,119.5)&

   Vitamin A (µg RAE/d) 242.4 (148,411.6)# 245.1 (140.8,432.4) 280.2 (157.5,428.1)‡ 188 (98.9,367.5)≠,∞ 251.2 (146,403.7)&,∞ 321.9 (193.3,506.1)&,≠

   Vitamin B12 (µg/d) 1.6 (1,2.5)§,# 1.3 (0.8,2.1)‡ 1.4 (0.9,2.2)‡ 1.1 (0.6,1.7)≠,∞ 1.3 (0.8,2.2)&,∞ 1.7 (1.2,2.6)&,≠

   Vitamin C (mg/d) 74.3 (34.2,143.9)§,# 85 (38.4,169)‡ 85.2 (38.1,175.5)‡ 54.1 (27.9,119.1)≠,∞ 83.1 (38,171.8)&,∞ 110.1 (46,204.3)&,≠

   Vitamin D (µg/d) 2.9 (1.6,4.6) 2.5 (1.4,4.5) 2.5 (1.3,4.5) 1.8 (0.9,3.7)≠,∞ 2.6 (1.3,4.7)&,∞ 3.4 (2,5.1)&,≠

   Folate (µg/d) 252.8 (175.9,343.9) 231.8 (169.1,327.8) 231 (152.3,321.9) 235.3 (159.3,331.6) 235.2 (166.4,329) 236.9 (170.7,327.6)

   Calcium (mg/d) 676.2 (487.5,900) 695.2 (507.1,1045) 715.8 (482.4,1012.5) 619.5 (445.2,899.9)≠,∞ 702 (478.1,1033)&,∞ 766.8 (561.7,1080)&,≠

   Total iron (mg/d) 8.7 (6.4,11.9)§,# 7.7 (5.4,10.5)‡ 8 (5.7,11)‡ 7.8 (5.5,10.9) 7.8 (5.4,10.8) 8.4 (6,11.1)

   Heme iron (mg/d) 0.2 (0.1,0.5) 0.2 (0.1,0.4) 0.2 (0.1,0.4) 0.1 (0.1,0.3)∞ 0.2 (0.1,0.4)∞ 0.3 (0.2,0.5)&,≠

   Non heme iron (mg/d) 8.2 (5.8,11)§ 7.6 (5.6,10.6)‡,# 8.4 (6.3,11.4)§ 7.8 (5.6,10.8) 7.6 (5.7,10.7)∞ 8.5 (6.3,11.3)≠

   Zinc (mg/d) 5.7 (4.2,7.7) 5.6 (4,7.5) 5.8 (4.3,7.7) 5.3 (3.7,7)∞ 5.6 (4.1,7.4) 6.1 (4.6,8.3)&

Adequacy (%)

   Energy 83.4 (62.1,109) 84.7 (62.5,108.8) 90.3 (65.8,113.5) 81.8 (61.4,107.4) 87.7 (60.7,110.6) 88.5 (82.7,94.4)

   Fiber 82.5 (56.9,112.8) 79.8 (58.2,111.3) 83.7 (59.8,112.7) 85.8 (59.1,120.1)≠,∞ 80.2 (56.8,112)& 78.6 (73.7,83.6)&

   Protein 83 (60.2,104.2) 79.9 (57.9,109.6) 84.3 (63.4,113.6) 77.3 (53.7,104.1)∞ 80.3 (57.3,107.9)∞ 87.7 (82.5,92.8)&,≠

   Fat 88 (59.6,114.1)§ 74.8 (53.9,109.9)‡ 80.2 (54,110.5) 68.9 (49,100.6)≠,∞ 79.5 (52.6,111.7)&,∞ 88.3 (82.2,94.3)&,≠

   Saturated fat 118.8 (76.8,163) 104.4 (70.6,153.2) 108.4 (69.7,154.9) 90 (57.4,133.7)≠,∞ 105 (69.4,156)&,∞ 129.5 (117.9,141.2)&,≠

   Monounsatured fat 78.7 (54,106)§ 70.4 (47.3,101.6)‡ 73.6 (49.2,102) 64.5 (43.7,91.1)∞ 70.6 (47.8,104.2)∞ 83.5 (76.8,90.3)&,≠

   Polyunsaturated fat 62.3 (43,88.1) 57.5 (41,84.3) 59.5 (40.4,88.2) 58.9 (41.6,86.6) 60.1 (39.4,88.1) 58.3 (53.9,62.6)

   Trans fat 14.7 (7.5,23.1) 16.3 (8.4,28.6) 16.3 (8.4,28.8) 11 (5.8,21.8)≠,∞ 16.5 (8,25.5)&,∞ 20.2 (16.6,23.8)&,≠

   Cholesterol 59.7 (36.3,90.8)§,# 42 (27.8,69.3)‡,# 47.4 (31.4,76.8)‡,§ 39 (22.8,65.9)≠,∞ 46.4 (28.5,77.2)&,∞ 55.8 (50.4,61.2)&,≠

   Carbohydrates 96.7 (70.7,126.9)# 103.6 (77.2,132.8) 110.3 (79.5,146.3)‡ 105.8 (76.6,133.4) 105.3 (72.6,136) 101.5 (94.4,108.5)

   Sugar 164.7 (107.6,239.3)§ 187.3 (117.9,264.3)‡ 187.6 (113.4,280.1) 156.5 (93.6,245.8)≠,∞ 191 (117.4,265.5)& 199.8 (179.8,219.9)&

   Vitamin A 37.3 (22.8,63.3)§ 37.7 (21.7,66.5)‡ 43.1 (24.2,65.9) 28.9 (15.2,56.5)≠,∞ 38.6 (22.6,62.1)&,∞ 49.5 (41.4,57.7)&,≠

   Vitamin B12 65.5 (38,98.3)§,# 51.2 (33.3,83.2)‡ 54.8 (34.4,90)‡ 43.5 (23.9,70)≠,∞ 52.9 (30.6,89.9)&,∞ 68.5 (61.9,75.1)&,≠

   Vitamin C 92.9 (42.8,179.9)§,# 106.3 (48,211.2)‡ 106.5 (47.6,219.3)‡ 67.6 (34.9,148.8)≠,∞ 103.9 (47.5,214)&,∞ 137.6 (109.9,165.4)&,≠

   Vitamin D 29.1 (16.3,46.3) 25.5 (13.6,44.7) 24.9 (13.3,45.5) 18.4 (9.2,37.3)≠,∞ 25.6 (13.1,47.4)&,∞ 33.7 (29.6,37.9)&,≠

   Folate 63.2 (44,86) 58 (42.3,82) 57.7 (38.1,80.5) 58.8 (39.8,82.9) 58.8 (41.6,82.2) 59.2 (54.9,63.5)

   Calcium 67.6 (44.8,90) 69.5 (50.7,104.5) 71.6 (48.2,101.3) 62 (44.5,90)≠,∞ 70.2 (47.8,103.4)&,∞ 76.7 (70.2,83.1)&,≠

   Iron 88.4 (64.6,120.3)§,# 78.9 (54.5,106.8)‡ 81.2 (57.5,111.2)‡ 78.9 (56.6,110.3) 79.9 (55,109.8) 85.5 (78.1,92.9)

   Zinc 101.8 (74.1,135) 97.7 (70.3,132.9) 101.5 (75.9,137.4) 93.3 (65.9,124)∞ 98.4 (70.7,132.3) 106.9 (98.3,115.5)&

(continues…)
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Percentage of inadequacy (<100%) % (95%CI) % (95%CI) % (95%CI) % (95%CI) % (95%CI) % (95%CI)

   Energy 67.4 (62,72.9) 66.8 (61.2,72.3) 64.6 (59,70.2) 69.3 (63.5,75.1) 65 (58,72) 88.5 (67.9,112.5)

   Fiber 66.5 (60.7,72.4) 68.3 (63,73.5) 66.2 (60.4,72) 60.5 (54.2,66.8)≠,∞ 68.5 (62.4,74.6)& 78.6 (59.2,104.3)&

   Protein 70 (64.4,75.5) 67.4 (61.7,73.1) 65.3 (59.9,70.7) 72.6 (67.1,78.1)∞ 68.5 (61.8,75.2) 87.7 (68.4,116.7)&,≠

   Fat 64.2 (58.4,70) 70 (64.9,75.1) 67.7 (61.5,73.8) 74.5 (69.2,79.7)∞ 67.5 (60.8,74.2) 88.3 (63.3,120.1)&,≠

   Saturated fat (>100%) 58.9 (52.4,65.3) 52.7 (46.6,58.7) 53.9 (47.6,60.1) 40.4 (33.9,46.9)≠,∞ 52.6 (45.5,59.7)&,∞ 129.5 (87.3,176.3)&,≠

   Monounsatured fat 71.2 (65.4,76.9) 74.6 (69.6,79.7) 71.9 (66.2,77.6) 79 (73.8,84.1)∞ 72.8 (66.5,79) 83.5 (56.3,112)&,≠

   Polyunsaturated fat 81.6 (77,86.2) 84.6 (80.2,89.1) 85.6 (81.7,89.5) 83.4 (79,87.9) 83 (77.8,88.2) 58.3 (42.6,84)

   Cholesterol (>100%) 19.9 (14.8,25.1)§,# 10.5 (6.9,14.2)‡ 11.2 (7.4,14.9)‡ 12.1 (8.4,15.7) 10.5 (6.8,14.3) 20.2 (10.7,35.1)&,≠

   Carbohydrates 53 (47.1,59)# 48.8 (42.5,55.2) 41.4 (34.9,47.9)‡ 48 (41.4,54.7) 45.3 (38.2,52.5) 55.8 (40,84.1)&,≠

   Sugar (>100%) 79.6 (74.4,84.9) 80.6 (76.5,84.7) 80.6 (76.5,84.7) 70.9 (65.8,76.1)≠,∞ 80.4 (75.8,85.1)&,∞ 101.5 (80.4,137.6)

   Vitamin A 92.9 (89.7,96.1) 91 (87.5,94.5) 91.2 (87.3,95) 94.4 (91.7,97.1)∞ 91.3 (87.2,95.4) 199.8 (131.5,279.3)&

   Vitamin B12 77.7 (72.4,82.9) 83 (78.6,87.4) 80.8 (75.4,86.2) 89.3 (86,92.5)≠,∞ 80.1 (74.8,85.5)&,∞ 49.5 (29.7,77.9)&,≠

   Vitamin C 55.2 (48.7,61.7) 50.5 (44.4,56.7) 51.8 (44.9,58.8) 66.2 (60.3,72.1)≠,∞ 49.1 (42.2,55.9)&,∞ 68.5 (48.5,104)&,≠

   Vitamin D 94.9 (92.1,97.7) 97.4 (96.1,98.8)# 94.3 (91.3,97.2)§ 96 (93.8,98.2) 97 (95.3,98.6) 137.6 (57.5,255.3)&,≠

   Folate 84.3 (79.7,88.8) 86.6 (82.9,90.4) 85 (80.7,89.2) 85.7 (82,89.3) 83 (77.9,88.1) 33.7 (19.7,50.7)&,≠

   Calcium 79.6 (75,84.2)§ 72.6 (67.5,77.6)‡ 74.6 (69,80.1) 80.2 (75.4,85.1)∞ 73.3 (67.5,79.2) 59.2 (42.7,81.9)

   Iron 62.2 (56.6,67.9)§ 71.2 (66.2,76.2)‡ 65.9 (60.4,71.4) 67.8 (62.1,73.5) 68.9 (63.2,74.6) 76.7 (56.2,108.8)&,≠

   Zinc 50.1 (44,56.3) 53.1 (47,59.2) 50 (44.1,55.9) 57.3 (50.6,63.9)∞ 53.8 (47,60.6)∞ 85.5 (60.7,112.4)

* Data are adjusted by sex, area, region, HWI and survey design using a quantil regression model
‡, §, # Statistically different between regions (p<0.05). ‡= Northern , §=Central, #= Southern
&, ≠, ∞ Statistically different between tertiles of Household Wealth Index. (p<0.05). &= Low, ≠= Medium, ∞= High tertile of HWI

HWI tertile, compared to the high tertile. The intake of 
protein, total fats, saturated, unsaturated fats, choles-
terol, trans fats, vitamin A, B12, C, D, calcium, heme 
iron and zinc was greater in OA from the high tertile 
compared to the middle and low HWI tertiles, except 
for the intake and adequacy of fiber and carbohydrates.
 When comparing the middle vs the low HWI 
tertiles, differences were observed in a greater intake 
and adequacy of total fats; saturated, unsaturated and 
trans fats; cholesterol; carbohydrates; sugars; vitamins 
A, B12, C, D; calcium, and heme iron in OA from tertile 
2 vs tertile 1. These tendencies were also reflected in the 
prevalence of OA who did not meet their requirements 
of energy, macro- and micronutrients; this prevalence 
was higher in OA from tertile 1 compared to those in 
tertile 3 (table V).
 When comparing the median of energy intake be-
tween the two surveys, adjusting by sex, age, and BMI, 
no significant changes were observed in a greater intake 
and adequacy of energy, between the 2012 and the 2006 
Ensanut surveys (p=0.68, data not shown).

Discussion
The results of this study document, for the first time, the 
intake and adequacy of energy and nutrients in Mexican 

OA showing high risks of dietary deficiencies of several 
micronutrients which are important for maintaining 
good health and a healthy aging process. During the 
period between 2006 and 2012, the energy and nutrient 
intakes have not been modified in a significant way, in-
dicating that the quality of the diet of OA in Mexico has 
remained unchanged. The estimates of nutrient intake 
in OA allow us to monitor changes in their nutritional 
status, and to identify the subgroups of population with 
higher dietary inadequacies and health risk.
 The median energy intake reported in this study is 
higher than that found for Chilean OA (>65 y), which is 
1 300 kcals,20 and very similar to what was observed in 
the OA population aged >60 in the US NHANES 1999-
2000 (1 658 kcals).21 In Latin America, documentation of 
the dietary intake of OA that could allow us to compare 
our data has been scarce. Our data shows that 67% of 
OA do not meet their daily energy recommendations. 
This results could due to the dietary assessment method 
used, since the 7d SFFQ does not capture the “usual or 
habitual” diet of the OA (that explains the maintaining of 
their body mass) which, considering the underreporting 
of energy.12 These data regarding the energy intake con-
traste with the high prevalence of overweight, obesity 
and abdominal obesity. In addition, 66.5% of OA did not 
meet their estimated protein requirement (1g/kg/d), 



Artículo originAl

296 salud pública de méxico / vol. 59, no. 3, mayo-junio de 2017

De la Cruz-Góngora V y col.

although it was not possible to differentiate between 
the sources of protein (animal vs. vegetable). A higher 
protein intake (1.2 to 1.5 g/kg/day) is recommended 
to prevent muscle loss.22 Changes in body composition 
due to the aging process predispose the OA to a higher 
risk of sarcopenia and loss of functionality.23 Adequate 
intake of protein could prevent this accelerated replace-
ment.24,25

 In agreement with what was reported for Chilean 
OA,20 the higher prevalences of inadequate intakes were 
observed in the those of essential nutrients, possibly 
showing that OA have a small variety of foods, scarce 
fresh vegetables and food sources of animal products, 
whose diets are mostly based on simple carbohydrates.
 The low intake of vitamin B12 and folates observed 
in this study may predispose the OA to a higher risk of 
nutritional deficiencies, since both nutrients are critical 
in the prevention of cognitive impairment, anemia and 
neuromuscular disorders.26 Likewise, it is important to 
point out that in this population, there is a double bur-
den of malnutrition, either by dietary deficiencies,  or  
obesity problems. Abdominal obesity was observed in 
over 80% of the OA in both surveys, which, along with 
excessive intakes of sugar (20.9% of the total energy) and 
saturated fat (11.6% of the total energy, data not shown) 
predisposes them to a higher risk of NCDs.27 
 Few differences were observed in the consumption 
of energy and of some nutrients between the inhabitants 
of urban vs. rural areas in both surveys; in contrast to 
what was observed in younger Mexican adults,28 this 
lack of differences may be determined by factors that are 
common to the aging process, and which determine their 
total energy intake, but not the source of that energy.6 
For 2012, the only observed difference was the intake of 
vitamin A, which was higher in the urban area vs. the 
rural one; but for 2006, the observed differences were for 
some essential nutrients and others with a higher risk 
(sugar) being consumed less in the rural compared to 
the urban area. This helps to explain why even though 
OA in both areas consume the same amount of energy, 
the source of this energy is different, with OA from the 
urban area consuming denser nutrients/kcal compared 
to the ones in the rural area. At this respect, it is neces-
sary to document the food consumption pattern in 
order to describe the main foods sources of energy and 
micronutrients of this population. 
 A very low vitamin D intake and adequacy was 
also observed in both surveys. Practically all of the OA 
population does not meet the vitamin D recommenda-
tion, as stated by the WHO.14 This result is of concern, if 
we consider that a high inadequacy was also observed 
in calcium intake and that the lack of both of these 
nutrients predisposes this population to a greater risk 

of osteoporosis, frailty,29 falls,30 fractures,31,32 functional 
dependency33 and loss of muscle function.34 In a ran-
dom sample of 158 Mexican OA of the 2006 Ensanut, 
33% had suboptimal concentrations of vitamin D.35 
This problem has been recently documented in Latin 
America.36 In Mexico, fortifying/adding vitamin D to 
milk is compulsory, at 200 IU/L.37 With this level of 
fortification, a very large milk intake would be required 
in order to satisfy the recommendations, which is not 
feasible in the case of OA. Thus, intervention strate-
gies are needed to improve and ensure a greater intake 
of this vitamin to favor an adequate functioning and 
quality of life in the OA.
 Socioeconomic status (SES) is one of the main 
social determinants that have an influence on dietary 
intake. The OA of the lowest HWI tertile had the low-
est intakes and energy adequacies and the greatest 
micronutrient inadequacies, compared to the other 
two HWI tertiles, as was observed in OA from the 
southern region. Since the design of this study limits 
our ability to explain the temporary nature of the rela-
tionship between dietary intake and HWI, we suppose 
that SES determines their dietary intake, from an early 
advanced age, and the restricted dietary intake due to 
conditions of poverty and food insecurity38 puts them 
at a greater risk of adverse health events. Consequences 
of malnutrition such as frailty, sarcopenia, osteoporo-
sis and chronic morbidity will be experienced by the 
older adult at an earlier age, only because of his/her 
socioeconomic condition.39 
 It has been reported that the SFFQ instrument 
underestimates energy intake. OA are more vulnerable 
to memory bias and underreport energy.40,41 Although 
this could be a limitation, in the 2012 survey 7% of OA 
had a cognitive impairment, so that the 7d-SFFQ was 
answered by a person in charge of feeding them, or by 
their caretaker. For the 2006 Ensanut, we do not have 
information regarding cognitive impairment, but we 
estimate that the prevalence could have been the same 
or less than in the 2012 Ensanut.42 Due to the greater 
size of the population sample in 2006, and to the smaller 
proportion of OA >80 years old, the underestimation 
error in the intake of energy and nutrients in this popu-
lation could be less. The proportion of underreports in 
2006 was no different with respect to 2012.12 Also, non-
parametric models were used for the adjusted intake 
estimation, which were not influenced by the extremes 
of the nutrient distribution.
 This study describes the nutrient intake transver-
sally, without the objective of statistically comparing the 
intake changes for macro- and micronutrients between 
the 2012 and the 2006 Ensanut surveys, mainly for meth-
odological reasons: 1) The dietary methodology for the 
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2006 Ensanut11 varies with respect to 2012 Ensanut,12  2) 
The range of references of adequacies varies between 
both surveys, and 3) The SFFQ of 2012 considers 39 items 
more compared to the 2006 SFFQ; although we point out 
that both surveys used the same base for food nutritional 
composition, any interpretation of these changes must 
be done cautiously. 
 The SFFQ instrument used in this study differs from 
traditional FFQs used in other epidemiologic surveys 
in two main aspects:43,44 1) Its semiquantitative nature 
allows a more accurate estimation of portion sizes and 
intakes, and 2) A shorter recall period –7 days– prior to 
the interview could minimize recall bias normally associ-
ated with the use of FFQs for longer recall periods. This 
could favor its use for estimating actual intakes, instead 
of usual intakes, assuming that the week-by-week vari-
ability could be lower than the day-to-day variation. 
Additionally, the SFFQ used in this study has been previ-
ously validated in Mexican adults,45 showing usefulness 
to estimate the dietary intake in that population. 
 Information from diet consumption and nutrient 
distribution representative of Mexican OA is scarce, and 
validated instruments of food recollection are necessary 
to improve accuracy and precision in the estimation of 
recent and habitual diet in this population. 
 In conclusion, diet in older Mexican adults has not 
changed over the past six years, is low in various micro-
nutrients that are important for maintaining an adequate 
nutritional status and optimal health, as well as high in 
sugar and saturated fat. Paying attention to diet in this 
age group by means of social programs and targeted 
interventions is necessary to promote a healthy aging. 

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

References

1. Codón I. Segunda Asamblea Mundial sobre el envejecimiento. Revista 
del Ministerio de Trabajo e Inmigración, 2003;42:193-208.
2. Ham R. Diagnóstico sociodemográfico del Envejecimiento en México. 
In: Consejo Nacional de Población. La situación demográfica en México, 
2011. México: Consejo Nacional de Población, 2011.
3. Shamah-Levy T, Cuevas-Nasu L, Morales-Ruan MC, Mundo-Rosas V, 
Mendez-Gomez-Humaran I, Villalpando-Hernández S. Profile of the Health 
and Nutritional Status of Older Adults in Mexico. 2012 National Health 
and Nutrition Survey. J Frailty Aging 2013;2(4):184-191.
4. de Groot CP, van Staveren WA. Nutritional concerns, health and surviv-
al in old age. Biogerontology 2010;11(5):597-602. https://doi.org/10.1007/
s10522-010-9284-5
5. Singh A, Misra N. Loneliness, depression and sociability in old age. Ind 
Psychiatry J 2009;18(1):51-55. https://doi.org/10.4103/0972-6748.57861
6. Galiani S, Gertler P. Informe final sobre los cambios del progama 70 
y más. 2ª parte del Primer seguimiento a la evaluación de impacto del 
Programa de Atención a Adultos Mayores de 70 años y más en zonas 

rurales (Programa 70 y más). SEDESOL, [Cited 2015 May 1] Mexico, 
2009. Available from: http://www.2006-2012.sedesol.gob.mx/work/
models/SEDESOL/EvaluacionProgramasSociales/Evaluacion_Impacto/
EI_70YM_2008_2009/21Inform_Final_de_Impacto_parte1.pdf 
7. Robledo LM, Fernández M, Lopera V, Pérez S, Dávila H. Serie Cuadernil-
los de salud pública. Propuesta para un plan de acción en envejecimiento y 
salud. Primera edición, México: Instituto Nacional de Geriatría, 2013.
8. Velazquez Alva M del C, Irigoyen Camacho ME, Delgadillo Velazquez J, 
Lazarevich I. The relationship between sarcopenia,undernutrition, physical 
mobility and basic activities of daily living in a group of elderly women of 
Mexico City. Nutr Hosp 2013;28(2):514-521.
9. Palma O, Shamah T, Franco A, Olaiz G, Méndez I. Metodología. In: 
Encuesta Nacional de Salud y Nutrición (ENSANUT-2006). Cuernavaca, 
México: Instituto Nacional de Salud Pública, 2006:19-33.
10. Romero-Martínez M, Shamah-Levy T, Franco-Núñez A, Villalpando S, 
Cuevas-Nasu L, Gutiérrez JP, et al. Encuesta Nacional de Salud y Nutrición 
2012: diseño y cobertura. Salud Publica Mex 2013;55(suppl 2):S332-S340. 
https://doi.org/10.21149/spm.v55s2.5132
11. Rodriguez-Ramirez S, Mundo-Rosas V, Jimenez-Aguilar A, Shamah-Levy 
T. Methodology for the analysis of dietary data from the Mexican National 
Health and Nutrition Survey 2006. Salud Publica Mex 2009;51(suppl 
4):S523-S529. https://doi.org/10.1590/s0036-36342009001000007
12. Ramírez-Silva I, Jiménez-Aguilar A, Valenzuela-Bravo D, Martinez-Tapia 
B, Rodríguez-Ramírez S, Gaona-Pineda EB, et al. Methodology for estimat-
ing dietary data from the semi-quantitative food frequency questionnaire 
of the Mexican National Health and Nutrition Survey 2012. Salud Publica 
Mex 2016;58(6):628-638. https://doi.org/10.21149/spm.v58i6.7974
13. Institute of Medicine. Energy. In: Dietary reference intakes for energy, 
carbohydrates, fiber, fat, protein and amino acids (macronutrients). 
Washington, DC: Institute of Medicine, The National Academies Press, 
2005:107-264.
14. World Health Organization, Tufts University. Keep fit for life: Meeting 
the nutritional needs of older persons. Geneva, Switzerland: World Health 
Organization, 2002.
15. Bourges H, Casanueva E, Rosado JL. Recomendaciones de Ingestión 
de Nutrimentos para la Población Mexicana. Bases Fisiológicas. México: 
Editorial Médica Panamericana, 2005.
16. Habicht JP. [Standardization of quantitative epidemiological methods in 
the field]. Bol Oficina Sanit Panam 1974;76(5):375-384.
17. World Health Organization. Obesity: Preventing and Managing the 
Global Epidemic: report of a WHO Consultation on Obesity. Geneva, 
Switzerland: World Health Organization, 2000.
18. Resano-Perez E, Mendez-Ramirez I, Shamah-Levy T, Rivera JA, 
Sepulveda-Amor J. Methods of the National Nutrition Survey 1999. Salud 
Publica Mex 2003;45(suppl 4):S558-S564. https://doi.org/10.1590/S0036-
36342003001000012
19. Alberti KG, Zimmet P, Shaw J. The metabolic syndrome--a new 
worldwide definition. Lancet 2005;366(9491):1059-1062. https://doi.
org/10.1016/S0140-6736(05)67402-8
20. Amigo H, Bustos P, Pizarro M, Pino P, Gutiérrez L, Aranda W, et al. 
Encuesta Nacional de Consumo Alimentario ENCA Chile 2010-2011. 
Informe Final. Chile (cited 2014 Apr 19). Available from: http://web.minsal.
cl/sites/default/files/ENCA-INFORME_FINAL.pdf 
21. Wright JD, Wang CY, Kennedy-Stephenson J, Ervin RB. Dietary intake 
of ten key nutrients for public health, United States: 1999-2000. Adv Data 
2003;334:1-4.
22. Bauer J, Biolo G, Cederholm T, Cesari M, Cruz-Jentoft AJ, Morley JE, et 
al. Evidence-based recommendations for optimal dietary protein intake 
in older people: a position paper from the PROT-AGE Study Group. 
J Am Med Dir Assoc 2013;14(8):542-559. https://doi.org/10.1016/j.
jamda.2013.05.021
23. Stookey JD, Adair L, Stevens J, Popkin BM. Patterns of long-term change 
in body composition are associated with diet, activity, income and urban 

https://doi.org/10.1007/s10522-010-9284-5
https://doi.org/10.1007/s10522-010-9284-5
http://www.2006-2012.sedesol.gob.mx/work/models/SEDESOL/EvaluacionProgramasSociales/Evaluacion_Impacto/EI_70YM_2008_2009/21Inform_Final_de_Impacto_parte1.pdf
http://www.2006-2012.sedesol.gob.mx/work/models/SEDESOL/EvaluacionProgramasSociales/Evaluacion_Impacto/EI_70YM_2008_2009/21Inform_Final_de_Impacto_parte1.pdf
http://www.2006-2012.sedesol.gob.mx/work/models/SEDESOL/EvaluacionProgramasSociales/Evaluacion_Impacto/EI_70YM_2008_2009/21Inform_Final_de_Impacto_parte1.pdf
https://doi.org/10.1016/S0140-6736(05)67402-8
https://doi.org/10.1016/S0140-6736(05)67402-8
http://web.minsal.cl/sites/default/files/ENCA-INFORME_FINAL.pdf
http://web.minsal.cl/sites/default/files/ENCA-INFORME_FINAL.pdf
https://doi.org/10.1016/j.jamda.2013.05.021
https://doi.org/10.1016/j.jamda.2013.05.021


Artículo originAl

298 salud pública de méxico / vol. 59, no. 3, mayo-junio de 2017

De la Cruz-Góngora V y col.

residence among older adults in China. J Nutr 2001;131(9):2433S-2440S.
24. Stookey JD, Adair LS, Popkin BM. Do protein and energy intakes 
explain long-term changes in body composition? J Nutr Health Aging 
2005;9(1):5-17.
25. Houston DK, Nicklas BJ, Ding J, Harris TB, Tylavsky FA, Newman AB, 
et al. Dietary protein intake is associated with lean mass change in older, 
community-dwelling adults: the Health, Aging, and Body Composition 
(Health ABC) Study. Am J Clin Nutr 2008;87(1):150-155.
26. Ahmed T, Haboubi N. Assessment and management of nutrition in older 
people and its importance to health. Clin Interv Aging 2010;5:207-216.
27. Lichtenstein AH, Appel LJ, Brands M, Carnethon M, Daniels S, Franch 
HA, et al. Diet and lifestyle recommendations revision 2006: a scientific 
statement from the American Heart Association Nutrition Commit-
tee. Circulation 2006;114(1):82-96. https://doi.org/10.1161/CIRCULA-
TIONAHA.106.176158
28. López-Olmedo N, Carriquiry AL, Rodríguez-Ramírez S, Ramírez-Silva 
I, Espinosa-Montero J, Hernández-Barrera L, et al. Usual intake of added 
sugars and saturated fats is high while dietary fiber is low in the Mexican 
population. J Nutr 2016;146(9):1856S-1865S.
29. Gutierrez-Robledo LM, Avila-Funes JA, Amieva H, Meillon C, Acosta JL, 
Navarrete-Reyes AP, et al. Association of low serum 25-hydroxyvitamin D 
levels with the frailty syndrome in Mexican community-dwelling elderly. Ag-
ing Male 2016;19(1):58-63. https://doi.org/10.3109/13685538.2015.1105796
30. Uusi-Rasi K, Kannus P, Karinkanta S, Pasanen M, Patil R, Lamberg-
Allardt C, et al. Study protocol for prevention of falls: a randomized con-
trolled trial of effects of vitamin D and exercise on falls prevention. BMC 
Geriatr 2012;12:12. https://doi.org/10.1186/1471-2318-12-12
31. Bischoff-Ferrari HA, Dawson-Hughes B, Staehelin HB, Orav JE, Stuck 
AE, Theiler R, et al. Fall prevention with supplemental and active forms 
of vitamin D: a meta-analysis of randomised controlled trials. BMJ 
2009;339:b3692. https://doi.org/10.1136/bmj.b3692
32. Boonen S, Lips P, Bouillon R, Bischoff-Ferrari HA, Vanderschueren 
D, Haentjens P. Need for additional calcium to reduce the risk of hip 
fracture with vitamin d supplementation: evidence from a comparative 
metaanalysis of randomized controlled trials. J Clin Endocrinol Metab 
2007;92(4):1415-1423. https://doi.org/10.1210/jc.2006-1404
33. Pabst G, Zimmermann AK, Huth C, Koenig W, Ludwig T, Zierer A, 
et al. Association of Low 25-Hydroxyvitamin D Levels with the Frailty 
Syndrome in an Aged Population: Results from the KORA-Age Augsburg 
Study. J Nutr Health Aging 2015;19(3):258-264. https://doi.org/10.1007/
s12603-014-0546-9
34. Cangussu LM, Nahas-Neto J, Orsatti CL, Bueloni-Dias FN, Nahas EA. 
Effect of vitamin D supplementation alone on muscle function in post-
menopausal women: a randomized, double-blind, placebo-controlled clini-
cal trial. Osteoporos Int 2015;26(10):2413-2421. https://doi.org/10.1007/
s00198-015-3151-9

35. Flores M, Sanchez-Romero LM, Macias N, Lozada A, Diaz E, Barquera S. 
Concentraciones séricas de vitamina D en niños, adolescentes y adultos 
mexicanos. Resultados de la Ensanut 2006. Cuernavaca, México: Instituto 
Nacional de Salud Publica, 2011.
36. Brito A, Cori H, Olivares M, Mujica MF, Cediel G, Romaña DL. Less 
than adequate vitamin D status and intake in Latin America and the Carib-
bean: a problem of unknown magnitude. Food Nutr Bull 2013;34(1):59-64. 
https://doi.org/10.1177/156482651303400107
37. Secretaría de Salud. Norma Oficial Mexicana NOM-086-SSA1-1994, 
Bienes y servicios. Alimentos y bebidas no alcohólicas con modificaciones 
en su composición. Especificaciones nutrimentales. Diario Oficial de la 
Federación. México 1994.
38. Rivera-Márquez JA, Mundo-Rosas V, Cuevas-Nasu L, Pérez-Escamilla 
R. Inseguridad alimentaria en el hogar y estado de nutrición en personas 
adultas mayores de México. Salud Publica Mex 2014;56(suppl 1):S71-S78. 
https://doi.org/10.21149/spm.v56s1.5168
39. Schoenaker DA, Jackson CA, Rowlands JV, Mishra GD. Socioeconomic 
position, lifestyle factors and age at natural menopause: a systematic 
review and meta-analyses of studies across six continents. Int J Epidemiol 
2014;43(5):1542-1562. https://doi.org/10.1093/ije/dyu094
40. Pope SK, Kritchevsky SB, Morris MC, Block G, Tylavsky FA, Lee JS, et 
al. Cognitive ability is associated with suspected reporting errors on food 
frequency questionnaires. J Nutr Health Aging 2007;11(1):55-58.
41. Pfrimer K, Vilela M, Resende CM, Scagliusi FB, Marchini JS, Lima NK, et 
al. Under-reporting of food intake and body fatness in independent older 
people: a doubly labelled water study. Age Ageing 2015;44(1):103-108. 
https://doi.org/10.1093/ageing/afu142
42. Manrique-Espinoza B, Salinas-Rodríguez A, Moreno-Tamayo KM, 
Acosta-Castillo I, Sosa-Ortiz AL, Gutiérrez-Robledo LM, et al. Condicio-
nes de salud y estado funcional de los adultos mayores en México. Salud 
Publica Mex 2013;55(suppl 2):S323-S331. https://doi.org/10.21149/spm.
v55s2.5131
43. Michels KB, Willet WC. Self-adminstered semiquantitative food 
frequency questionnaires: patterns, predictors, and interpretation of 
omitted items. Epidemiology 2009;20(2):295-301. https://doi.org/10.1097/
EDE.0b013e3181931515
44. Cade JE, Burley VJ, Warm DL, Thompson RL, Margetts BM. Food-
frequency questionnaires: a review of their design, validation and utilisa-
tion. Nutrition Research Reviews 2004;17:5-22. https://doi.org/10.1079/
NRR200370
45. Denova-Gutiérrez E, Ramírez-Silva I, Rodríguez-Ramírez S, Jiménez-
Aguilar A, Shamah-Levy T, Rivera-Dommarco JA. Validity of a food 
frequency questionnaire to asses food intake in Mexican adolscent and 
adult population. Salud Publica Mex 2016;58(6):617-628. https://doi.
org/10.21149/spm.v58i6.7862

https://doi.org/10.1007/s12603-014-0546-9
https://doi.org/10.1007/s12603-014-0546-9
https://doi.org/10.1007/s00198-015-3151-9
https://doi.org/10.1007/s00198-015-3151-9
https://doi.org/10.21149/spm.v55s2.5131
https://doi.org/10.21149/spm.v55s2.5131
https://doi.org/10.1097/EDE.0b013e3181931515
https://doi.org/10.1097/EDE.0b013e3181931515
https://doi.org/10.1079/NRR200370
https://doi.org/10.1079/NRR200370
https://doi.org/10.21149/spm.v58i6.7862
https://doi.org/10.21149/spm.v58i6.7862

