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Abstract

Background: The overall intake of energy and nutri-
ents in the Granada EPIC-cohort (European Prospective
Investigation into Cancer and Nutrition) is examined in
order to assess compliance with the Spanish Nutritional
Objectives (NO) and the Recommended Intakes (RI).

Methods: During recruitment (1992-1996), 7,789
participants, aged 35-69, were asked about diet through a
validated diet history questionnaire. Nutrient intake is
compared to the NO and RI that were valid at that time.
Risk of inadequate intake is estimated as the percentage
of the sample with intakes: < 1/3 RI (high risk), < 2/3 RI->
1/3 RI (moderate risk), < RI- > 2/3 RI, > RI. Differences in
intakes have been analyzed by sex and age, and by
smoking status and BMI.

Results: The daily intake of nutrients did not meet the
NO as the total contribution of energy from proteins and
fats exceeded these guidelines. Whilst intake of most
nutrients was above the RI, the amount of iron, magne-
sium and vitamins D and E provided by the diet was not
enough to meet the RI: in women aged 20-49 years, about
55% were at moderate risk for iron inadequacy, and a
20% of women for magnesium. Both sexes were at high
risk of inadequacy for vitamin D, although sunlight expo-
sure may supply adequate amounts. Never smokers
showed a higher compliance to the NO.

Conclusion: At recruitment, the nutrient profile of the
diet was unbalanced. The observed nutrient inadequacy
for iron, magnesium and vitamin E might be attributed to
inappropriate dietary habits, and may have implications
for future disease risk.
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ADECUACION DE LA INGESTA DIETETICA
DE LA COHORTE DEL ESTUDIO PROSPECTIVO
EUROPEO SOBRE NUTRICION Y CANCER
(EPIC)-GRANADA A LAS INGESTAS
RECOMENDADAS Y OBJETIVOS NUTRICIONALES

Resumen

Introduccion: Se ha evaluado la ingesta de energia y de
nutrientes de la cohorte EPIC-Granada (Estudio Pros-
pectivo Europeo sobre Nutricion y Cancer) en relacién
con la adecuacion a los Objetivos Nutricionales espafioles
(ON) y a las ingestas recomendadas (IR).

Meétodos: Durante el reclutamiento (1992-1996), 7,789
participantes (de 35-69 aiios de edad) fueron entrevistados
sobre su dieta mediante el método de historia de dieta. La
ingesta de nutrientes se ha comparado con los NO y con las
IR. El riesgo de ingesta inadecuada se ha estimado como
porcentaje de participantes con ingestas: < 1/3 IR (riesgo
elevado), <2/3IR->1/3 IR (riesgo moderado), < IR->2/3 IR,
> IR. Se han analizado diferencias seguin sexo, edad,
habito tabaquico e Indice de Masa Corporal (IMC).

Resultados: La ingesta dietética no cumple los ON
debido a que la contribucion de proteinas y lipidos sobre
la ingesta energética total excede estas recomendaciones.
La mayoria de los nutrientes satisfacen las IR, excepto
hierro, magnesio, vitamina D y E: entre las mujeres de 20-
49 aiios un 55% presentaron riesgo moderado de ingesta
inadecuada de hierro, y un 20% lo presentaron para el
magnesio. En ambos sexos se encontré un elevado riesgo
de ingesta inadecuada de vitamina D, que puede compen-
sarse por la exposicion solar. Los no fumadores mostra-
ron un mejor cumplimiento de los ON.

Conclusion: El perfil calérico de la dieta en la cohorte
EPIC esta desequilibrado. La ingesta inadecuada de los
nutrientes hierro, magnesio y vitamina E podria ser atri-
buible a habitos dietéticos inadecuados, y podria tener
implicaciones para el desarrollo futuro de enfermedades.

(Nutr Hosp. 2012;27:572-582)
DOI1:10.3305/nh.2012.27.2.5631

Palabras clave: Valor nutritivo. Requerimientos nutricio-
nales. Politicas de salud.



Abbreviations

EPIC: European Prospective Investigation into Cancer
and Nutrition.

E: Energy.

NO: Nutritional Objectives for the Spanish population.

RI: Recommended Intakes for the Spanish population.

DH: diet history.

BMI: body mass index.

Introduction

Healthy diet is considered to be a key determinant of
health status, but the maintenance of inadequate dietary
habits can have serious negative effects on health.! It
has been largely established that there is an association
between diet and the occurrence of cancer, cardiovas-
cular diseases and other chronic diseases that are
currently recognized as major health problems in
developed countries.? For instance, the World Health
Organization (WHO) alerts that a great proportion of
the morbidity and mortality of these diseases can be
attributed to inadequate food habits and low physical
activity levels in the population, amongst other well
established risk factors.?

The National Research Council (NRC) and the
Food and Agriculture Organization of the United
Nations (FAO) published in 1941 the first edition of
the dietary recommendations, The Recommended
Dietary Allowances (RDAs). RDAs were defined as
the average daily intake level that is sufficient to meet
the nutrient requirement of nearly all (98 percent)
healthy individuals in a particular age, gender or life-
stage.* In 1992, several experts belonging to the NRC,
FAO/WHO and other National Committees set these
recommendations specifically for the European Popu-
lation.® The RDAs were further integrated in what is
nowadays termed the Dietary Reference Intakes
(DRIs), aimed to define extended nutrient reference
standards for use in planning and assessing diets of the
apparently healthy population.®” These recommenda-
tions are being thoroughly revised, in order to incorpo-
rate the new knowledge on associations between nutri-
ents and disease.® The recommended dietary intakes for
the Spanish population (RI) were first published in
1994, and are being likewise updated every few
years."” Promotion of adequate eating habits was
another important goal to achieve. For this purpose,
national health authorities and/or scientific societies
developed dietary guidelines based on country or
regional food consumption patterns.!' Even so, the
Spanish Society of Community Nutrition (SENC)
developed the Nutritional Objectives (NO),' which
have been recently revised and updated."

The evaluation of the nutritional status of a popula-
tion is usually measured through nutritional surveys,
but can also be applied to other population samples.
The European Prospective Investigation into Cancer

and Nutrition study (EPIC) is a European multicenter
study designed to examine the association between diet
and cancer.' Because of the long time interval (10-15
years) that separates the exposure from the onset of the
disease, the EPIC study was conceived and designed to
prospectively investigate this relationship."* The
dietary information that was collected at the recruit-
ment of the cohort is being analyzed as it is particularly
useful to understand this complex relationship.'

Spain is one of the participating countries contributing
with about 40.000 participants to the European cohort,
recruited in the 1990s from five centers: Asturias,
Navarra and San Sebastian in the North, Murcia in the
South-East, and Granada in the South.'®

So far, the Spanish EPIC cohorts have not undergone
an evaluation of the nutritional adequacy. To establish
the nutritional profile and the proportion of subjects at
risk for inadequate nutrient intakes would provide an
estimate of the nutritional status of the cohorts at a
regional level. Thus, the aim of this study is to evaluate
the energy and nutrient intake in the Granada EPIC
cohort by assessing the compliance with the nutritional
objectives set for the Spanish population in 1995, as
well as with the recommended nutrient intakes.

Methods
Study sample

7,789 participants (77% women), aged 35 to 69
years, were recruited during 1992-1996 from the popu-
lation of Granada, including mainly local blood
donors. The methods of recruitment and study design
have been described elsewhere.!*"

Participants in the top (> 99 percentile) and bottom
(< 1 percentile) of the energy intake were excluded to
reduce the effect of implausible extreme values of
energy intake, leaving a total of 7.723 subjects (1.735
men and 5.988 women).

Dietary assessment

Nutritional data of each subject was gathered by
means of a diet history (DH) questionnaire which was
validated using 24-hour recalls as the reference
method."®"” The procedure of data collection of the diet
has been reported in these previous studies. Briefly,
participants were asked about their dietary intake
during a typical week as representative of the dietary
habits, over the year before recruitment. The question-
naire accounted for food frequency and portion sizes,
but also occasional intakes, seasonal differences and
variations between working days and weekends. More
than 600 food items were introduced in the nutrient
database software developed specifically for the EPIC
study (ENDB). Energy and nutrients intake and their
food sources were in this manner analyzed.? Other
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baseline examinations comprised anthropometric
measurements and a questionnaire guided interview
about lifestyle factors.'®

Nutritional evaluation

To evaluate inadequate nutrient intakes, the Spanish
RI values published by the Spanish National Research
Council and Complutense University of Madrid (1994)
were used.’ Similarly, the energy and nutrients intake
has been compared to the NO set in 1995 for the
Spanish population.’ In order to make more reliable
comparisons, we used the standards and guidelines that
were applicable at time of recruitment. The updated
ones are based on the dietary changes that are taking
place in the Spanish population and are not as indica-
tive of the dietary habits present in the early 1990s."
The percent contribution of food groups to intakes of
nutrients has also been assessed.

Statiscal analysis

Differences in energy and nutrients mean intakes by
age and sex were analyzed. Age groups were defined
according to the ones set by the dietary recommenda-
tions (20-39, 40-49, 50-59 and 60-69 years). The rela-
tive contribution of macronutrients to the diet was
obtained by setting the percentage of energy intake
from fat, carbohydrates and proteins. For this purpose,
the following conversion factors were applied: 4 kcal/g
for proteins and carbohydrates, 9 kcal/g for fat and 7
kcal/g for alcohol. Nutrient inadequacy by age groups
and sex was assessed by calculating the percentage of
the population with intakes < 1/3 RI (high risk), < 2/3 RI-
> 1/3 RI (moderate risk), < RI->2/3 RI, or > RI.*

Differences between means of two groups were
analyzed by the Student’s t-test. Two-way ANOVA
between age groups within each sex group and post-
hoc analysis by Tukey’s or Dunnet’s test were also
performed.

Additionally, under-reporters of energy intake were
identified as those with the energy intake: basal meta-
bolic rate ratio below 1.14.2 Intakes and levels of inade-
quacy were also compared by body mass index (BMI)
(normal weight, < 25; overweight > 25 < 30, and obese,
= 30 kg/m?), and smoking status (never vs ever smokers).

Statistical significance was set at p < 0.05. STATA
statistical software (release 8.0; College Station, TX:
Stata Corp LP, 2005) has been used for this data analysis.

Results
Compliance with the NO

Mean daily energy and macronutrient intake is
presented and compared to the NO in table I. Energy

intake changed slightly among the age groups, being
energy consumption the highest at 40-49 years. The
relative contribution of the macronutrients to the
energy intake did not meet the NO, as intake of proteins
(19.4%) and lipids (35.7%) were far beyond the range
of reference values, comprising a low intake of carbo-
hydrates. These percentages were in general higher in
women than in men, and at younger ages.

Protein consumption was lowest in older adults, due
to a lower intake of proteins of animal origin. Proteins
of plant origin changed comparatively only slightly
between the age groups, decreasing the percentage of
energy provided by protein in the same extent (from
19.5% at 20-39 years to 19.3% at 60-69 years).
Compared to the NO, protein intake exceeded largely
the reference value.

Carbohydrates contributed to the total energy intake
by 43.3% on average; hence the NO were not fulfilled.
Consumption was significantly higher in men (227.6 g)
compared to women (183.0 g) and was kept high up to
the oldest age group (220.7 g in men and 177.3 g in
women). A similar pattern was observed for dietary
fibre, for which intake was closer to the NOin men. An
increase towards higher consumption in the 40 to 59
age group was observed in men, whereas in women
consumption levels remained similar until older ages
where the amount of fibre consumption diminished.

Intake of lipids, expressed as percentage of energy
intake, fitted better the NO in the oldest age group
(34.2% in men and 33.5% in women). The gradual
decline with age was due to a reduction in intake of fat
of animal origin, while the intake of fat of plant origin
did not materially change. This was even more notable
in women (lowest lipid intake at 60-69 years, p < 0.05).
Regarding the fatty acid profile, MUFA (monounsatu-
rated fatty acids) and PUFA (polyunsaturated acids)
agreed with the NO, while SFA (saturated fatty acids)
not. Women exhibited a lower fatty acid mean intake
(16.3% MUFA and 5.1% PUFA) compared to men
(16.6% MUFA and 5.2% PUFA), except for SFA
(11.3% in women and 10.7% in men), which was
significantly higher at 20-59 years (p < 0.05). There-
fore, as observed for the total fat intake, older partici-
pants had a better lipid profile, especially women. This
can be also inferred from the PUFA/SFA and PUFA +
MUFA/SFA indexes. Cholesterol varied depending on
the age group and sex.

Compliance with the Rl

The RIwere met for almost all the nutrients, except
for magnesium, iron, vitamin A, D and E (table II).
Higher mean intakes of magnesium were observed
among men aged 40-49 years, compared to 60-69 years
(p < 0.05). Among women, intake was lower at older
ages, though intake was under the RI in all age groups.
Insufficient intake was even more manifest for iron:
median intake did not cover the RI in women aged 20-
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49 years, but reached adequate intakes at older ages, at
which iron requirements are lower. Differences
between men and women were of diverse magnitude
and conditioned on the age group. Regarding vitamins,
intakes of total vitamin A were lower at older ages.
Men and women aged 20-49 years showed the highest
intakes compared to the older age groups (p < 0.05).
Small variations for vitamin C mean intakes were
observed, although intakes covered the RI. A marked
reduction in mean nutrient intake was observed for
vitamin D and vitamin E, the latter one diminishing in a
higher extent and below RIin women older than 50
years, compared to younger women (p < 0.05). The
average intake of vitamin D in the sample did also not
compliance with the RI.

Mean intake of food groups is displayed in table III.
Dairy products were the most consumed, above all
among older women compared to younger women (p <
0.05). This food group is the main source of proteins,
calcium, vitamin A, D, B2, and B6, SFA and magne-
sium. Intake of legumes, potatoes & tubers, meat and
fat were higher in men than in women (p < 0.05). In
general, those foods assumed to be healthier (cereals,
legumes, potatoes and fish) were more consumed from
younger ages onwards, contrary to those related to
detrimental effects (eggs, meat and fat). Cereals and
legumes are important sources of carbohydrates,
vegetable protein and fibre; potatoes are the main
contributors of carbohydrates, and fish to iron, vitamin
D and PUFA.

Other healthy foods, namely vegetables and fruits,
were consumed in high levels among men (263.7 g/day
and 331.9 g/day, respectively) and women (231.0
g/day and 300.5 g/day, respectively). Consumption of
fruits augmented at older ages, and contributed to
intake of fibre, vitamin C and vitamin A. In contrast,
vegetables were less consumed from age 50 onwards in
men and women; as a result, women had the lowest
intake at 60-69 years compared to younger age groups
(p < 0.05). Consumption of cakes and biscuits were
similar in men and women and turned to lower intakes
at older ages (p < 0.05). Older participants also
reported a lower consumption of sugar and confec-
tionary, and of non-alcoholic and alcoholic beverages,
compared to younger participants (p < 0.05).

Table IV shows the risk of inadequate nutrient
intakes. The percentage of the sample that laid over the
RI of protein intake was higher than 95% in all age
groups, and about 10%-20% exceeded the RI for
energy intake.

In general, the RI were met for most of the nutrients,
such as vitamin C and vitamin B1, B12, and iron in
men. In all, 50-78% of the sample had intakes above
the RI for vitamin B2 and vitamin B6 and only a small
proportion showed a moderate risk of nutrient inade-
quacy (7% for vitamin B2; 3% of men and 13% of
women for vitamin B6). For the rest of the nutrients, we
observed a considerably high percentage of the sample
with intakes under the RI: intakes < 1/3 RI (high risk of

nutrient inadequacy) were observed for vitamin E (0-
5%), D (12-36%) and A (3-8%), more notably in
women and even more severe in the oldest age group.
For these nutrients, the percentage with intakes < 2/3
RI- > 1/3 RI was of major concern (up to a 40%), thus
about 20-30% of the sample met the RI. 20% of women
had intakes < 2/3 RI-> 1/3 RI of magnesium, and iron
intake was also under this border in about 55% of
women between 20-49 years.

The analysis on the sample including only accept-
able reporters of energy intake resulted in higher
energy and nutrient intakes. Comparisons by BMI
showed minor differences in intakes between the
subgroups, although obese participants presented the
lowest energy (1,733 kcal) and nutrient intakes, and a
better lipid profile (SFA = 21.6 g). However, after
excluding under-reporters this pattern reversed, with
percentages of proteins (18.8%), carbohydrates
(42.9%) and lipids (36.5%) of the same magnitude in
all subgroups (data not shown). Ever smokers showed
a stronger noncompliance to the NO because carbohy-
drate intake was higher (40%) (data not shown). Exclu-
sion of under-reporters had, however, a varying effect
on compliance to the RI (fig. 1). The percentage of the
sample with intakes < RI was remarkable for the nutri-
ents mentioned above (magnesium, iron, vitamins D
and and the degree to which it affected inadequacy
depended on the age group and nutrient (ranging from
3 points for iron to 10 points for magnesium in women
younger than 50 years).

Discussion

Nutritional data derived from the Granada EPIC
cohort, made up of 7.789 subjects recruited in 1992-
1996, is compared to the NO and RI. The results of this
analysis indicate that there are certain sex and age
differences in the intake of energy and nutrients, which
account for differences in the compliance with the NO
and with the RI.

Nutrient intake in terms of the caloric and lipid
profile did not meet the NO: lipids (mainly SFA and
cholesterol) and proteins exceeded these recommenda-
tions, whereas carbohydrates and fiber were under the
reference values. This was on the whole common to
both sexes and to all age groups, although age group
60-69 years achieved best the NO. Foods consumed in
the cohort may explain these findings: higher
consumption of cereals, legumes and potatoes at older
ages augmented the total carbohydrate intake; fruits,
vegetables, cereals and legumes incremented the fiber
intake; a lower consumption of meat, eggs, fat, and
cakes and confectionary reduced the lipid (SFA and
cholesterol) and protein content of the dietary intake.
However, this dietary pattern still proved to be inade-
quate to reach the NO. These changing dietary habits
might be attributed to age or generation-dependent
behaviors, but also to dietary adaptations that take
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Fig. 1.—Percentage of the Granada EPIC cohort with intakes below nutrient recommended intakes (< RI overall), by age groups (20-
49 years and 50-69 years). Total cohort (A) and (B) after excluding under-reporters of energy intake.

place in people of older ages in whom prevalence of
chronic diseases demands a healthier lifestyle. What-
ever the case may be, since this is a cross-sectional
analysis we can not give indications of the sequence of
these changes.

We took the NO developed in 1994 in Spain by the
SENC® that accomplished the dietary habits that
predominated at time of recruitment in the Granada
EPIC-cohort. Of major concern when developing the
NO was dietary fat, as a consequence of the high
consumption of olive oil in Spain. Therefore the lipid
profile was included in the NO establishing of the total
caloric intake, MUFA should cover 15-20% and that
SFA should be below 10%. In the Granada EPIC
cohort saturated fat intake varied from 11.5% at
younger ages to 10.5% at older ages, thus this objective
was nearly complied. However, cholesterol and satu-
rated fat raised the total fat intake up to 35.7% of the
total energy intake, which was even higher in women
than in men. This observation could be attributed to the
contribution of alcohol intake to the energy intake in
men. Subtracting alcohol from the caloric profile,

however, resulted in similar percentages of caloric
intake from lipids in both sexes.

Although the Granada EPIC cohort is not represen-
tative of the general population from which it was
drawn, dietary intakes were similar to the ones
observed in several nutritional surveys conducted in
several regions of Spain: the mean intake of fat and
SFA was approximately 39% and 12.5% of the total
calories, respectively.?? Indeed, in the region of
Andalusia, where Granada is located, SFA intake
represented a 13%.» Carbohydrate-rich diets were also
preferred in Spain, but did not reach the recommended
50-55% of total calories due to the relatively higher
percentage of lipids and proteins in the diet. The
average percentage of carbohydrates to total energy in
the sample was of 43.3%, as observed in the Spanish
population (around 40% in Spain and 41% in
Andalusia).”*? Of note is that in the Catalan Nutrition
Survey it was found that people consuming smaller
amounts of fiber presented the highest percentage of
energy from fat and SFA.>* We could not confirm this
as those in the first tertile of fiber intake consumed fat
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and SFA (36% and 11,9% from total energy, respec-
tively) in higher levels than those in the third tertile
(35,4% and 10,5% from total energy, respectively).

These nutritional surveys also revealed inadequate
intakes for some vitamins and minerals, such as iron,
calcium, magnesium and vitamins B1, B2, D and
retinol.?> We observed similar inadequate intakes for
iron, magnesium, vitamin D and A, but of lesser
degree. The most relevant nutrient inadequacies were
observed in women at ages 20-49 years were the most
strength inadequacy (< 2/3 RI > 1/3 RI) refers to iron
(55% of women), followed by vitamin A (30%), D
(40%), E (28%), magnesium (22%) and calcium
(15%). In men, inadequacies were found in a similar
extent for vitamin A and to a much lesser degree for
magnesium (5%), calcium (10%) vitamin D (30%) and
E (15%). The inadequacy found for vitamin A and E,
could be related to an underestimation of intake of
added fats. However, this is unlikely since added fats
were accounted for in the dietary interviews (fats and
oils used for cooking), and intake was found to be rela-
tively high, being vegetable oil the most frequently
consumed fat.?”

Regarding vitamin D, nutrient inadequacy could be
disregarded since sun exposure and skin synthesis may
cover partially the dietary requirements. However, some
studies conducted in Spain on vitamin D status in
different populations groups and regions have concluded
that vitamin D deficiency is worthy of worrying.”

The food composition of the diet and the change of
dietary habits with age and sex might have contributed to
these observations, since some foods were of poor nutri-
tional profile or not sufficiently consumed. This is some-
what uncertain since further revisions of the RI have not
materially modified these recommendations, but some
problems have been posed, especially for calcium,
vitamin C and D, when compared to recommendations
set recently in other countries.** Comparing nutrient
intakes to these higher values may even raise the preva-
lence of nutrient inadequacy in our cohort.

It should be kept in mind that intake estimates below
these recommendations do not express nutrient defi-
ciencies in a very strict manner, since recommended
intakes go largely beyond the mean requirement.
However, the higher the nutrient intakes deviate from
the recommendations, the higher the risk to develop
deficiencies.’*> For this reason, we estimated risk of
inadequate intakes and also analyzed food consump-
tion from a nutritional point of view. Furthermore,
adequacy of nutritional intake does not necessarily
imply that diet is nutritionally balanced. As such, a
nutritional deficiency has to be confirmed by analyzing
biomarkers of nutrient intake.* Since we did not
measure nutrient status, we can not confirm whether
suboptimal levels of nutrients were supplied scarce by
the diet.

Assessing the prevalence of inadequate intake
requires comparing the long-term dietary nutrient
intake to the dietary reference intakes.* This should be

undertaken by country or region since nutrient recom-
mendations have been established according to
different nutrient references and adapted to a particular
target population.* The EPIC cohort has yet not under-
gone such an examination as a whole or more appropri-
ately, by country or region, although several studies
about dietary intakes of foods and nutrients has been
published for descriptive purposes.'s

Exclusion of under-reporting of energy intake has
shown to be determinant in nutritional evaluations.
However, considering the effect of under-reporting in
our study yielded similar results and did not appre-
ciably affect the prevalence of nutrient inadequacy.
Intake of supplements may have led to underestimation
of mean nutrient intakes. However, overall percentage
of users in Spain was estimated to 6.6% in men and
13.4% in women."” The effect on nutrient intakes esti-
mates may have been therefore negligible. It is also
unlikely that nutrient levels were affected by consump-
tion of fortified foods since they were introduced in
Spain in the late 1990s. Regarding to the statistical
analysis, it has to be declared that comparisons by
contrast hypothesis were prone to result statiscally
significant due to the huge sample size.

Besides, considering determinants such as socioeco-
nomic status and physical activity, amongst others,
would bring deeper insight into the determinants of
nutritional status, allowing the identification of popula-
tion groups at high risk of nutritional deficiencies or
unbalanced intakes. These determinants, however,
should not be influencing factors (almost 80% of the
participants were sedentary during leisure time, 51%
never completed primary school and 73.5% came from
rural areas).'®* We considered other subgroups,
defined by BMI and smoking status and found that
smokers presented lower levels of agreement with the
NO. However, compliance of mean energy and
nutrient intakes to nutritional guidelines and recom-
mended intakes should be estimated by accounting for
all these variables and by identifying determinants of
nutritional status in the population.

Conclusion

Nutritional adequacy of the Granada EPIC cohort
was, in general, adequate. However, a higher risk of
inadequate or deficient intakes was more prevalent at
ages younger than 50 years, especially in women for
iron, and to a lesser degree for magnesium. Intakes
below 2/3 RI for Vitamins D, A, and E were also found.
It may be important to take these results into account in
interpreting specific diet-related outcomes.
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