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Abstract

Objectives: diet quality indices (DQI) tend to relate positively to micronutrient intake. Our aim was to investigate the association between six
DQls and inadequate intake for 19 micronutrients in the SUN (“Seguimiento Universidad de Navarra”) cohort.

Methods: we assessed 16,768 participants (59.3 % women, 37.8 years for mean age). Diet quality was evaluated using Dietary Approaches
to Stop Hypertension (DASH); Mediterranean Diet Adherence Screener (MEDAS); Alternate Healthy Eating Index (AHEI-2010); Food-Based Global
Diet Quality Score (GDQS); Alternative Mediterranean Diet Score (@MED) and Mediterranean Diet Score (MDS). Logistic regression analyses were
conducted to estimate the probability of failing to meet Estimate Average Requirement (EAR) for either > 3 or > 6 micronutrients.

Results: overall, the lower and higher prevalence of inadequacy in fifth quintiles was for vitamins A, C, B1, B2, B3, B6, for Fe, P and Cr, and for

Keywords: vitamins E and D, respectively. In the multivariable adjusted model, the OR for failing to meet > 3 DRI for the highest versus the lowest quintiles
) o of DASH, MEDAS, AHEI-2010, GDQS, aMED and MDS were: 0.03 (95 % Cl, 0.02 to 0.03), 0.06 (95 % Cl, 0.05 to 0.07), 0.10 (95 % CI, 0.09 to

E/;Fctrgrﬁljtl‘%r:??gg:uacy 0.12), 0.05 (95 % Cl, 0.04 t0 0.06), 0.03 (95 % Cl, 0.03 to 0.04), and 0.07 (95 % CI, 0.06 to 0.09),respectively.

Adult cohort. Dietary ' Conclusions: adherence to six DQIs showed inverse associations with micronutrient inadequacy. Food-based DQIs could be a useful prevention

pattern. Mediterranean diet. ~ tool. GDQS and MEDAS do not require deriving nutrient intake data, particularly MEDAS, which is even easier and quicker to fill out.
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Resumen

Obijetivos: los indices de calidad de la dieta (DQI) tienden a relacionarse positivamente con la ingesta de micronutrientes. Nuestro objetivo fue
investigar la asociacion entre seis DQl y la ingesta inadecuada de 19 micronutrientes en la cohorte SUN (“Seguimiento Universidad de Navarra”).

Métodos: se evaluaron 16 768 participantes (59,3 % de muijeres, 37,8 afios de edad media). La calidad de la dieta se evalu mediante la
herramienta “Dieta basada en enfoques dietéticos para detener la hipertension” (DASH), el Cuestionario de Adherencia a la Dieta Mediterranea
(MEDAS), el Indice Alternativo de Alimentacion Saludable (AHEI-2010), la Puntuacién de Calidad de la Dieta Global basada en Alimentos (GDQS);
el score alternativo de la dieta Mediterranea (@MED) y el score de la dieta Mediterranea (MDS). Se realizaron andlisis de regresion logistica para
estimar la probabilidad de no cumplir con el requerimiento medio estimado (EAR) para > 3 0 > 6 micronutrientes.

Resultados: en general, la menor y mayor prevalencia de insuficiencia en el quinto quintil fue para las vitaminas A, C, B1, B2, B3, B6, para Fe,
Py Cr,y para las vitaminas E y D, respectivamente. En el modelo ajustado multivariable, las OR para no alcanzar > 3 DRI para los quintiles mas
altos versus los méas bajos de DASH, MEDAS, AHEI-2010, GDQS, aMED y MDS fueron: 0,03 (IC 95 %: 0,02 a 0,03), 0,06 (IC del 95 %: 0,05
a0,07),0,10 (IC del 95 %: 0,09 a 0,12), 0,05 (IC del 95 %: 0,04 a 0,06), 0,03 (IC del 95 %: 0,03 a 0,04) y 0,07 (IC del 95 %: 0,06 a 0,09),
respectivamente.

Conclusiones: la adherencia a seis DQI mostrd asociaciones inversas con la inadecuacion de micronutrientes. Los DQI basados en alimentos
podrian ser una herramienta de prevencion Util. GDQS y MEDAS no requieren obtener datos de ingesta de nutrientes, y en especial, MEDAS, es

Dieta mediterranea. aun mas fécil y rpido de cumplimentar.

INTRODUCTION

MATERIAL AND METHODS

Dietary patterns represent the overall combination of foods
habitually consumed, which together produce synergistic health
effects and constitute an emerging research interest area (1).
The concept of diet quality is multidimensional nature and is usu-
ally based on: a) adequate intake of nutrients and/or foods that
are considered beneficial for health; b) moderation in the intake
of certain nutrients and/or foods that increase the risk of chronic
disease; ¢) proportionality of energy sources from macronutrients
(proteins, carbohydrates and lipids); and d) dietary diversity or
variety in food consumption. In this context, several a priori de-
fined diet quality indices (DQIs) have been developed to assess
compliance with national nutritional recommendations or dietary
guidelines, a priori defined healthy dietary patterns, a specific
dimension of diet quality (2). Particularly, Alternate Healthy Eating
Index-2010 (AHEI-2010), Dietary Approaches to Stop Hyperten-
sion (DASH) and different scores appraising the adherence to the
traditional Mediterranean diet have been widely used to investi-
gate associations between diet quality and health outcomes or
mortality in cohort studies (3,4).

Operationally, DQI may include a broad variety of items: foods,
food groups, macronutrients, micronutrients or a combination of
them. Regarding the nutrient-based indicators, the ones that are
most frequently included in diet quality indices are: fats (cho-
lesterol and fatty acid profile), carbohydrates, sugars, proteins,
Ca, Zn, Fe, Na, K, Se, fiber, vitamin C, vitamins A, B1, B3, and
folic acid. However, DQI based solely on nutrients are scarce and,
compared to food-based indicators, more difficult to manage on
a large scale because they require the derivation of nutrient in-
takes (5).

In general, DQI tend to relate positively to the intake of micro-
nutrients and are considered tools with fair to moderate validity to
assess micronutrient intake adequacy (6). In Europe, assessing
micronutrient intake and reducing the prevalence of inadequa-
cies is challenging (7). Therefore, the aim of the present study
was to investigate the association between 6 a priori DQI and
micronutrient intake adequacy for 19 micronutrients in the “Se-
guimiento Universidad de Navarra” (SUN) cohort study.

STUDY DESIGN AND PARTICIPANTS

The SUN Project (http://proyectosun.es) is a prospective and
dynamic Mediterranean cohort study of university graduates
conducted in Spain since December 1999. Its recruitment is
continually open and the objectives, design and methods have
been described in detail elsewhere (8). Baseline assessment and
follow-up information every two years from the date of enrolment
is gathered via postal or web-based questionnaires. Self-admin-
istered questionnaires include information on lifestyle, health
conditions and dietary variables.

The SUN project was conducted according to the principles
expressed in the Declaration of Helsinki. Informed consent to
participate in the cohort is implied when a response to the first
questionnaire is received, and participants are informed of their
right to refuse to participate or to withdraw their consent to par-
ticipate at any time. The Institutional Review Board of the Uni-
versity of Navarra approved the study protocol before any data
collection (approval code 010830). This cohort is registered at
clinicaltrials.gov as NCT02669602.

Up to December 2019, 22,894 subjects had completed the
baseline questionnaire. We excluded participants with outside
the predefined limits for energy intake, which means that they
were above 3500 or 4000 kcal/d or below 500/800 kcal/d
(women and men respectively) (n=2169) (9) and for predefined
intake values of any micronutrient (> 3 standard deviations (SD)
from both sides of the mean) (7= 3957). Finally, 16,768 partici-
pants were included in this analysis (Fig. 1).

DIETARY ASSESSMENT

A semi-quantitative food frequency questionnaire (FFQ, 136
food items) previously validated and repeatedly reevaluated
(10-12) was used to assess food consumption and nutrient in-
takes baseline over the previous year. The food frequency ques-
tionnaire (FFQ) is self-administered. Currently, all questionnaires
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of the SUN cohort can be filled by paper or mail with a personal
code to answer the questionnaire at the SUN website (https://
participantes.proyectosun.es/login). This second alternative is
available since 2004.

For each food item, the FFQ included a typical portion size. We
measured the consumption frequencies in 9 categories, ranging
from “never or almost never” to “> 6 times/day”. Macro and mi-
cronutrients intakes were calculated as frequency multiplied by
nutrient composition of specified portion size for each food item

using an ad hoc computer program specifically developed for this
aim based on available information in Spanish food composition
tables (13,14), which is updated by a dietitian.

Diet quality was evaluated using the following a priori DQI: Di-
etary Approaches to Stop Hypertension (DASH); Mediterranean
Diet Adherence Screener (MEDAS); Alternate Healthy Eating In-
dex (AHEI-2010); Food-Based Global Diet Quality Score (GDQS);
Alternative Mediterranean Diet Score (@MED) and Mediterranean
Diet Score (MDS) (Supplementary Table I).

n = 22,894 participants |

v

predefined limits
~

n= 2,169 participants with energy intake out of

n= 20,725 participants

v

out of predefined limits

n = 3,957 participants with micronutrient intake

n= 16,768 participants

Figure 1.
Flow-chart of participants recruited in the SUN Project, 1999-2019.

Supplementary Table I. Criteria used to calculate diet quality indices

DASH index (16)

Components, by quintile

One point scored for each component

Scoring criteria

Fruits All fruits and fruit juices

Q1 =1 point
Vegetables All vegetables except potatoes and legumes 2 = 2 points
Nuts and legumes Nuts and peanut butter, dried beans, peas, tofu Q3 =3 points
Whole grains Brown rice, dark breads, cooked cereal, whole grain cereal, other grains, popcorn, wheat germ, bran Q4 = 4 points
Q5 =5 points

Low-fat dairy

Skim milk, low-fat yogurt, low-fat cottage cheese

Component, by reverse quintile

Reverse scoring

Sodium Sum of sodium content of all foods in FFQ Q1 =5 points
Red and processed meats Beef, pork, lamb, deli meats, organ meats, hot dogs, bacon 2=4 pofnts
Sweetened beverages Carbonated and noncarbonated sweetened beverages a3=3 po!nts
Q4 =2 points
Q5 =1 point
Total index (range) 8-40
14-point Mediterranean Diet Adherence Screener (MEDAS) (17)
. Criteria for
Foods and frequency of consumption 1 point*
Do you use olive oil as the principal source of fat for cooking? Yes

How much olive oil do you consume per day (including that used in frying, salads, meals eaten away from home, etc.)?

4 or more tablespoons

How many servings of vegetables do you consume per day? Count garnish and side servings as 1/2 point; a full serving is 200 g. >2
How many pieces of fruit (including fresh-squeezed juice) do you consume per day? >3
How many servings of red meat, hamburger, or sausages do you consume per day? A full serving is 100-150 ¢ <1
How many servings (12 g) of butter, margarine, or cream do you consume per day? <1
How many carbonated and/or sugar-sweetened beverages do you consume per day? <1
(Continues on next page)
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Supplementary Table | (cont.). Criteria used to calculate diet quality indices
14-point Mediterranean Diet Adherence Screener (MEDAS) (17)

Foods and frequency of consumption c:lt:;itff r

Do you drink wine? How much do you consume per week? > 7 glasses
How many servings (150 g) of pulses do you consume per week? >3

How many servings of fish/seafood do you consume per week? (100-150 g of fish, 4-5 pieces or 200 g of seafood) >3

How many times per week do you consume commercial sweets or pastries (not homemade), such as cakes, cookies, biscuits, or custard? <2

How many times do you consume nuts per week? (1 serving = 30 g) >3

Do you prefer to eat chicken, turkey or rabbit instead of beef, pork, hamburgers, or sausages? Yes

How many times per week do you consume boiled vegetables, pasta, rice, or other dishes with a sauce of tomato, garlic, onion, or leeks -
sautéed in olive oil?

*0 points if these criteria are not met.

Mediterranean Diet Score (MDS) (18)

The MDS incorporate nine prominent components of the traditional Mediterranean diet. Sample sex-specific median cut-off points for eight items were used.

For beneficial components (vegetables, legumes, fruits and nuts, cereal, fish, and the ratio of monounsaturated lipids to saturated lipids), subjects whose consumption
was below the median were assigned a value of 0 and subjects whose consumption was at or above the median were assigned a value of 1.

For components presumed to be detrimental (meat, poultry, and dairy products), subjects whose consumption was below the median were assigned a value of 1 and
subjects whose consumption was at or above the median were assigned a value of 0. For ethanol, a value of 1 was assigned to men who consumed between 10 and
50 g/d and to women who consumed between 5 and 25 g/d.

Thus, the total Mediterranean-diet score ranged from 0 (minimal adherence to the traditional Mediterranean diet) to 9 (maximal adherence).

Alternate Mediterranean Diet Score (aMED) (20)

Components of dietary index Foods included Criteria for 1 point
Vegetables All vegetables except potatoes Greater than median intake (servings/d)
Legumes Tofu, string beans, peas, beans Greater than median intake (servings/d)
Fruit All fruit and juices Greater than median intake (servings/d)
Nuts Nuts, peanut butter Greater than median intake (servings/d)
Whole grains \tg\:z\(/)vlE_rgilczzl,notr::rdé;:i)l;z?\t/\_/hz:rtega:;n Z?:ierinc,i)rgslczrr?r%ker& dark breads, Greater than median intake (servings/d)
Red and processed meats Hot dogs, deli meat, bacon, hamburger, beef Less than median intake (servings/d)
Fish Fish and shrimp, breaded fish Greater than median intake (servings/d)
Ratio of monounsaturated to saturated fat | - Greater than median intake
Ethanol Wine, beer, “light” beer, liquor ?01259122(;;:\’;2;“
Total index (range) 0-9
Alternate Healthy Eating Index-2010 (AHEI-2010) (21)
Components of dietary index Criteria for minimum score (0) Criteria for maximum score (10)

Vegetables, servings/d 0 >5h
Fruit, servings/d 0 >4
Whole grains, g/d

Women 75

Men 90
Sugar-sweetened beverages and fruit juice, servings/d > 1 0
Nuts and legumes, servings/d 0 >1

(Continues on next page)
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Supplementary Table I (cont.). Criteria used to calculate diet quality indices

Alternate Healthy Eating Index-2010 (AHEI-2010) (21)

Components of dietary index

Criteria for minimum score (0)

Criteria for maximum score (10)

Red/processed meat, servings/d >15 0

Trans fat, % of energy >4 <05
Long-chain (n-3) fats (EPA + DHA), mg/d 0 250
PUFA, % of energy <2 >10

Sodium, mg/d Highest decile Lowest decile
Alcohol, drinks/d
Women >25 0.5-1.5
Men >35 0.5-2.0
Total index (range) 0-110
Food-based Global Diet Quality Score (GDQS) (22)
Categories of consumed amount Point values
(9/d)
1 | 2 | 38 | a4 1 | 2 | 3 | a
Healthy

Citrus fruits <24 24-69 > 69 0 1 2
Deep orange fruit <25 25-123 >123 0 1 2
Other fruits <27 27-107 >107 0 1 2
Dark Green leafy vegetables <13 13-37 > 37 0 2 4
Cruciferous vegetables <13 13-36 > 36 0 0.25 05
Deep orange vegetables <9 9-45 > 45 0 0.25 05
Other vegetables <23 23-114 >114 0 0.25 05
Legumes <9 9-42 > 42 0 2 4
Deep orange tubers <12 12-63 > 63 0 0.25 05
Nuts and seeds <7 7-13 >13 0 2 4
Whole grains <8 8-13 >13 0 1 2
Liquid oils <? 2-75 >75 0 1 2
Fish and shellfish <14 14-71 > 71 0 1 2
Poultry and game meat <16 16-44 > 44 0 1 2
Low fat dairy <33 33-132 >132 0 1 2
Eggs <6 6-32 >32 0 1 2

Unhealthy in excessive amounts
High fat dairy (in milk equivalence) <35 35-142 142-734 > 734 0 1 2 0
Red meat <9 9-46 > 46 0 1 0

Unhealthy

Processed meat <9 9-30 >30 2 1 0
Refined grains and bake goods <7 7-33 >33 2 1 0
Sweets and ice-cream <13 13-37 >37 2 1 0
Sugar-sweetened beverages <57 57-180 > 180 2 1 0
Juice <36 36-144 > 144 2 1 0
White roots and tubers <27 27-107 > 107 2 1 0
Purchased deep fried foods <9 9-45 > 45 2 1 0
Total index (range) 0-25

[Nutr Hosp 2025;42(2):319-332]
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These DQI were originally designed or adapted in the context of
the 2015 Dietary Guidelines for Americans and have been exten-
sively cited (3,15). DASH, AHEI-2010 and aMED, previously select-
ed for the Dietary Methods Projects, are considered key indices of
particular relevance for dietary guidance and are associated with
mortality from cardiovascular disease, cancer, or any cause (4).
The DASH diet was defined using the score developed by Fung
et al. (2008) (16) which ranges from 8 to 40 points. Adherence to
the traditional Mediterranean diet was assessed using 3 dietary
DQI. The 14-item MEDAS (17) was built by the PREDIMED team
(Schroder et al., 2011) and it is available at www.predimed.es. It is
a short food-group based and constitute a validated short screener
for rapid assessment of adherence to Mediterranean diet. MDS
(18), proposed by Trichopoulou, was the original score to measure
adherence to a pre-defined Mediterranean dietary pattern in Greek
population. Likewise, is the most extensively used index and actu-
ally more than 25 variations have been created for the evaluation of
multiple diet—health relationship (19), including the alternate Med-
iterranean Diet Score (aMED) (20) proposed by Fung in 2005. On
the other hand, to build the AHEI-2010 (21), 11 groups of foods or
nutrients were considered. Finally, the GDQS (22) is a novel score
built from Prime Diet Quality Score and is composed of 25 food
groups that are globally important contributors to nutrient intake
and/or NCD risk as informed by current nutrition science and epi-
demiologic literature.

For the statistical analysis of this study, participants were
categorized into 5 groups (roughly quintiles) according to their
adherence to each DQI described above. Some analyses present
only 3 groups (first quintile / second + third + fourth quintiles
collapsed/ and fifth quintile).

OUTCOME ASSESSMENT

Micronutrient intake was derived from the previously men-
tioned validated FFQ. The average intake of micronutrients in-
cluded both, intake from foods and dietary supplements, con-
sidering the consumption frequency over the past year. We
assessed micronutrient intake adequacy for the following 19
micronutrients with known public health relevance: vitamins A,
E, C, B1, B2, B3, B6, B12, D, folic acid, and Fe, Ca, K, Mg, P, Cr,
Se, | and Zn. Inadequate intake for each nutrient was defined
when the intake of the nutrient was below the estimated average
requirements (EAR) if available, or the adequate intake (Al) levels,
if EARs were not available. Both dietary reference intakes have
been proposed by the Institute of Medicine (23).

Nutrient intake adequacy for all micronutrients, except for Fe
because of its skewed distribution, and Cr and K because they
have no EAR values, was also evaluated using the probabilistic
approach. This approach calculates the probability of adequacy
for a nutrient’s usual intake as follows: Z score = (estimated nu-
trient intake—EAR)/SD of the EAR. The z scores of each nutrient
correspond to an estimated probability of inadequacy according
to normal distribution. The distribution of iron intake was skewed
and it was log transformed.

|. Zazpe et al.

ASSESSMENT OF OTHER COVARIATES

Information regarding socio-demographic, lifestyles, medical
history and family medical history between other variables was
obtained from the baseline questionnaire. Self-reported data,
such as physical activity, body mass index (BMI) or hypertension,
have been previously validated in a subsample of the cohort.

STATISTICAL ANALYSIS

We used inverse probability weighting to adjust the means or
proportions of baseline variables for age and sex according to
quintiles of adherence to DASH, MEDAS and AHEI-2010. These
three DQI are widely used to obtain current and solid scientific
evidence on diet and health.

Descriptive results are presented as mean and SD or percent-
ages (%) for quantitative variables and categorical variables re-
spectively by quintile of DASH, MEDAS and AHEI-2010.

We estimated the baseline prevalence of inadequacy for each
micronutrient intake. Non-conditional logistic regression models
were used to assess the association between DASH, MEDAS,
AHEI-2010, GDQS, aMED and MDS and the risk of micronutri-
ent inadequacy using the probabilistic approach. We estimated
crude and multivariable-adjusted odds ratio (OR) and its 95 %
confidence intervals (Cl) estimated for failing to meet EAR for ei-
ther > 3 or > 6 micronutrients. The multivariable-adjusted model
was fitted after controlling for the following potential confound-
ers: age, sex, total energy intake (continuous), BMI (kg/m?, con-
tinuous), physical activity (MET-h/week, continuous), time spent
sitting (hours/week, continuous), weight gain in the previous
5 years before entering the cohort (< 3 kg and > 3 kg), follow-
ing a special diet at baseline (yes/no), educational level (years of
higher education, continuous), cumulative smoking habit (packs/
year, continuous), alcohol intake (never, < 5 women or < 10 men,
g/d; 5-25 women or 10-50 men, g/d; and > 25 women or > 50
men, g/d), snacking (yes/no) and stratified by recruitment period
(5 categories) and deciles of age.

To investigate linear trends across quintiles of adherence
to each dietary quality index, we assigned the median value
to each category and considered the variable as being con-
tinuous.

We fitted marginal effects logistic to calculate the mean ab-
solute reduction in the risk of not meeting > 3 micronutrients
according to quintiles of adherence to each of the 6 DQl.

Finally, we performed two sensitivity analyses: without adding
intakes from dietary supplements to the calculated total intakes,
and using a modified Mediterranean Diet Score to assess adher-
ence to the Mediterranean dietary pattern. This modified score
was calculated after categorizing participants by tertiles for each
score item, rather than by median intake by sex.

Statistical analyses were carried out using STATA version 14
(STATA Corporation). All p values are two-tailed, and statisti-
cal significance was established in the conventional cut-off of
p<0.05.

[Nutr Hosp 2025;42(2):319-332]
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RESULTS

A total of 6,826 men and 9,942 women were included in this
analysis. Mean age at baseline was 37.8 (SD, 12.2) years. Table
| shows the baseline characteristics of participants according to
quintiles of adherence to DASH, MEDAS and AHEI-2010 adjusted
for sex and age by IPW. Subjects in the fifth quintile of DASH (high
adherence, Q5) were more likely to be single, more active, never
smokers, have prevalent cancer, diabetes, cardiovascular disease
and follow a special diet. On the other hand, participants with high-
er MEDAS or AHEI-2010 (Q5), compared with participants in the
first quintile (Q1), were more likely to be active, former smokers,
married, have prevalent hypertension, cancer, diabetes, dyslipemia,
cardiovascular disease and follow a special diet.

In table Il we present the food consumption, energy and nutrient
intake of the 16,768 participants, according to quintiles of each
DQI. DASH, MEDAS and AHEI-2010 was directly associated with
a higher consumption of low-fat dairy products, vegetables, fruits,
fish, nuts, legumes, whole grains and olive oil. The subjects with
higher adherence to DASH showed a higher carbohydrate and fiber
intake and lower total energy from fat, PUFA, MUFA, SFA, TFA, n-6
and -3 fatty acids, cholesterol and alcohol intake. Participants in
fifth quintile of MEDAS had less total energy intake from fat, SFA,
-6 fatty acids, cholesterol and more from fiber and alcohol. Finally,
on average, a higher AHEI-2010 was associated with higher intake
of carbohydrates, n-3 fatty acids, and fiber.

The prevalence of inadequate intake below the EAR for each
nutrient according to DASH, MEDAS and AHEI-2010 is summa-
rized in table lll. For these three DQI, most micronutrients had lower
prevalence of inadequate intake in highest quintile of adherence,
except for B12 in both DASH and MEDAS, and for B3, | and Zn
in AHEI-2010. Overall, the lower prevalence of inadequacy in fifth
quintiles was for vitamins A, C, B1, B2, B3, B6, for Fe, P and Cr

325

(range from 0 to 1 %) and the higher prevalence was for vitamins
E and D (range from 59.6 t0 90.1 %).

In tables IV and V we present the estimated probability of not
meeting > 3 or > 6 EAR according to quintiles of each dietary
quality index using the probabilistic approach to calculate the
probability of adequacy for the 17 nutrients with EAR values.
In 6 analyses, a higher adherence to each dietary quality index
showed a strong inverse association with the risk of unmet EAR
values when we compared the highest versus the lowest quintile
in the crude and in the multivariable analyses. The estimated
probabilities of failing to meet the EAR of > 3 nutrients for the fifth
quintile of DASH, MEDAS, AHEI-2010, GDQS, aMED and MDS
were 15.1,15.3,24.8,13.7,12.4 and 12.2, respectively.

In the multivariable adjusted model, the OR for failing to
achieve > 3 DRI after adjustment for the main potential con-
founders, were for fifth quintiles of DASH, MEDAS, AHEI-2010,
GDQS, aMED y MDS: 0.03 (95 % ClI, 0.02 t0 0.03), 0.06 (95 %
Cl,0.0510 0.07), 0.10 (95 % Cl, 0.09 t0 0.12), 0.05 (95 % Cl,
0.04 to 0.06), 0.03 (95 % Cl, 0.03 to 0.04), and 0.07 (95 %
Cl, 0.06 to 0.09), respectively. When we repeated the analyses
for failing to meet > 6 DRI, the results did not materially change
(Table V).

We fitted marginal-effect logistic regression models to cal-
culate the mean absolute reduction in the risk of not meeting
> 3 micronutrients according to quintiles of adherence to each
DAQI (Fig. 2). In all cases, the adjusted mean absolute risk reduc-
tion was higher in participants in the highest quintile as com-
pared to those in the first quintile. This reduction was greater for
DASH and aMED.

Finally, when two sensitivity analyses were performed (not
adding supplements intakes to calculated total intakes and using
a modified MDS to assess adherence to the Mediterranean diet),
the main findings did not change (data not shown).

Table I. Baseline characteristics of participants according to adherence to DASH, MEDAS
and AHEI-2010: the “Seguimiento Universidad de Navarra” (SUN) cohort: 1999-2019.
Adjusted for age and sex by the IPW method
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DASH MEDAS AHEI-2010
Scores Q1 Q2-Q4| Q5 Qi Q2-Q4| Q5 Q1 Q2-Q4| Q5
8-19 | 20-28 | 29-40 0-4 5-7 8-12 | 20-50 | 51-68 | 69-99
n 3943 10029 2796 3749 9785 3234 3396 10250 3122
BMI (kg/m?) 235(3.7) | 23.6(3.6) | 23.2(3.1) | 23.3(3.6) | 23.6(3.6) | 23.6 (3.4) | 23.4(3.7) | 23.6 (3.5) | 23.5(3.4)
Lefsure-ime physical aciiy (METs:week (1 g;) é;?) ég:g) (123:2)) (2(1):2) (ng) (1;:2) (5;21) (giig)
Sitting hours (hours/week) 55(1) | 530 | 510 | 542.1) | 5320 | 5220 | 55@2.1) | 532.0) | 52(2.0)
Smoking status (%):
Smokers 28 22.7 16.6 26.2 23.1 18.5 26.5 22.7 19.5
Former smokers 27.6 29.3 29.2 24.4 29.2 33.2 25.4 29.0 32.5
Never smokers 444 48.0 542 494 477 483 48.1 483 48.0
Years of university education 51(15 | 5.1(1.5 | 51(1.5) | 51(1.6) | 51(1.6) | 51(1.5) | 5.0(1.5) | 51(1.5) | 51(1.6)
(Continues on next page)
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Table | (cont.). Baseline characteristics of participants according to adherence to DASH,
MEDAS and AHEI-2010: the “Seguimiento Universidad de Navarra” (SUN) cohort:
1999-2019. Adjusted for age and sex by the IPW method

DASH MEDAS AHEI-2010
Scores Q1 Q2-Q4| Q5 Q1 Q2-Q4 Q5 Q1 Q2-Q4 Q5
8-19 | 20-28 | 29-40 0-4 5-7 8-12 | 20-50 | 51-68 | 69-99

Marital status (%):
Married 49.7 50.7 47.2 46.7 50.6 51.2 49.6 49.9 50.3
Single 453 441 46.4 48.1 442 429 45.2 45.2 43.0
Others 5 52 6.4 52 5.2 5.9 5.2 5.1 6.7
Hypertension at baseline (%) 11.0 11.0 11.0 8.8 11.3 12.5 9.9 10.8 12.8
Cancer at baseline (%) 2.4 2.4 29 2.5 2.2 34 1.9 25 32
Diabetes at baseline (%) 1.1 2.0 22 1.1 1.8 25 1.3 1.7 2.7
Dyslipemia at baseline (%) 6.3 7.2 6.5 5.6 7.0 8.0 6.2 6.8 7.7
Cardiovascular disease at baseline (%) 44 4.3 5.0 33 4.6 54 41 4.2 54
Weight gain > 3 kg in previous 5 years (%) 34.0 30.2 22.2 33.6 30.0 24.4 34.2 30.0 23.9
Following special diets (%) 4.6 75 114 41 7.2 121 4.6 6.9 124
Between-meals snacking (%) 38.9 335 26.9 38.5 334 29.0 40.2 335 26.9
Supplements intake (%) 134 16.0 20.3 14.6 16.1 17.9 14.9 15.6 19.1

IPW: inverse probability weighting. Q: quintiles, DASH: Dietary Approaches to Stop Hypertension; MEDAS: Mediterranean Diet Adherence Screener; AHEI: Alternate

Healthy Eating Index.

Table Il. Food consumption, energy and nutrient intake according to quintiles of adherence
to DASH, MEDAS and AHEI-2010 (mean + SD)

DASH MEDAS AHEI-2010
Scores Q1 Q2-Q4 Q5 Q1 Q2-Q4 Q1 Q2-Q4 Q5

8-19 20-28 29-40 0-4 5-7 20-50 51-68 69-99

n 3943 10029 2796 3749 9785 3396 10250 3122
Food consumption
Low-fat dairy products (g/d) 96 (143 204(189) | 291(198) | 153(178) | 196(190) | 231(199) | 157(185) | 199(192) | 213(188)
Whole dairy products (g/d) 260(194) | 176(170) | 113(123) | 230(186) | 183(175) | 137(150) | 257(203) | 191(168) | 120(134)
Vegetables (g/d) 332(185) | 494(145) | 665(263) | 306(160) | 489 (240) | 680(254) | 333(190) | 488(243) | 637(273)
Fruits (g/d) 177 (143) | 318(225) | 479(259) | 196(138) | 305(222) | 468(275) | 193(164) | 312(227) | 441(258)
Fish (g/d) 79 (44) 93 (49) 107 (53) 67 (40) 93 (48) 118 (49) 75 (46) 93 (48) 107 (63)
Poultry (g/d) 45(32) 46(32) 46 (33) 40 (28) 4532 54 (35) 45(32) 46 (32) 45(33)
Red and processed meat (g/d) 68 (37) 50 (30) 34(23) 60 (34) 42 (32) ) 66 (35) 53 (31) 33(24)
Egos (9/d) 26 (18) 23 (14) 21(15) 24(17) 23(15) ) 25 (16) 23(16) 21(14)
Nuts (g/d) 5(6) 609 12 (19) 49) 609 12 (14) 4(9) 609 13(19)
Legumes (g/d) 19(15) 22 (16) 27(19) 19(14) 22 (16) 25(20) 18 (14) 22 (16) 27 (20)
Grains (g/d) 102 (70) 94 (64) 100 (57) 97 (67) 96 (64) 101 (63) 99(71) 97 (64) 96 (59)
Whole grains (g/d) 2(13 10 (29) 31(39) 6(19) 11(26) 20 (35) 3(11) 10 (24) 28 (40)
Olive oil (g/d) 17 (15) 18 (19) 19(15) 13(11) 18 (14) 24.(17) 16 (14) 18 (14) 20 (16)
Fast-food (g/d) 30(29) 21(19) 15(15) 29(23) 22 (20) 17 (17) 30 (25) 22 (19) 15 (15)
(Continues on next page)
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Table Il (cont.). Food consumption, energy and nutrient intake according to quintiles of
adherence to DASH, MEDAS and AHEI-2010 (mean + SD)

DASH MEDAS AHEI-2010
Scores Q1 Q2-Q4 Q5 Q1 Q2-Q4 Q5 Q1 Q2-Q4 Q5
8-19 20-28 29-40 0-4 5-7 8-12 20-50 51-68 69-99
Intakes
Energy (kcal/d) 2399 (592) | 2232 (592) | 2190 (513) | 2255 (581) | 2250 (592) | 2320 (564) | 2351 (589) | 2271(589) | 2149 (545)
Carbohydrate (% E) 41(7) 43(7) 47 (1) 42(7) 43(7) 447 417 43(7) 45(7)
Protein (% E) 18(3) 18(3) 18(3) 18(3) 18(3) 18(3) 18(3) 18(3) 18(3)
Total fat intake (% E) 40 (6) 37 (6) 33(6) 39(6) 37(6) 35(7) 39(6) 37 (6) 35(6)
PUFA (% E) 6(2 5(1) 5(1) 5 5(1) 5(1) 5(1) 5(1) 5(1)
MUFA (% E) 170 16 (4) 15(4) 16 (3) 16 (4) 16 (4) 163 164 16 (4)
SFA (% E) 143 13(3) 10Q3) 14 (3) 13(3) 113 143 133 10
TFA (% E) 1.2(0.5) 09(0.5) 0.6(0.4) 1.1(0.5) 0.9(0.5) 0.7 (0.4 1.2(0.6) 0904 0.6(0.4)
n-3 fatty acids (g/d) 3(1) 3(1) 3(1) 2(1) 3(1) 3(1) 2(1) 3(1) 3(1)
n-6 fatty acids (g/d) 21(14) 17 (1) 14(8) 20(13) 17 (1) 15(11) 19(13) 17 (1) 15(11)
Cholesterol (mg/d) 460 (140) | 400(136) | 344(118) | 426(138) | 407 (143) | 376(124) | 448(143) | 408(136) | 350(127)
Fiber intake (g/d) 19(7) 26(9) 35(10) 19(7) 26(9) 34(10) 19(7) 26(9) 34(10)
Alcohol intake (g/d) 8(11) 7(10) 5 609 7(10) 8(11) 8(14) 709 6(6)

Q: quintiles; DASH: Dietary Approaches to Stop Hypertension; MEDAS: Mediterranean Diet Adherence Screener; AHEI: Alternate Healthy Eating Index; PUFA:

polyunsaturated fatty acids, MUFA: monounsaturated fatty acids, SFA: saturated fatty acids; TFA: trans fatty acids.

Table lll. Prevalence of inadequate micronutrient intake: % of participants in the SUN
cohort with intakes below EAR according to quintiles of adherence to the DASH, MEDAS
and AHEI-2010

DASH

MEDAS

AHEI-2010

Q1

Q2-Q4

Q5

Q1

Q2-Q4

Q5

Q1

Q2-Q4

Q5

Scores

8-19

20- 28

29-40

0-4

5-7

8-12

20-50

51-68

66-99

n

3943

10029

2796

Vit. A (ug/d)

Vit. E (mg/d)

Vit. C (mg/d)

4.5

3749

9785

o

Vit.B,, (mg/d)

Vit. D (ug/d)

Folic acid (ug/d)

Fe (mg/d)

Ca (mg/d)

49

K (mg/d)

3234

3396

10250

49

3122

Mg (mg/d)

P (mg/d)

Cr (ug/d)

2.5

Se (ug/d)

43

5.3

2.8

1.7

41

I (ug/d)

1.5

8.6

5.8

10.5

7.1

10.4

Zn (mg/d)

7.1

7

3.2

8.4

6.5

3.5

5.7

6.6

6.3

EAR: estimated average requirement; DASH: Dietary Approaches to Stop Hypertension, MEDAS: Mediterranean Diet Adherence Screener; AHEI: Alternate Healthy Eating
Index; Q: quintiles. In the heat mat, colours refer to prevalence of micronutrient inadequacy. Red colour means higher whereas green colour means lower prevalence.

[Nutr Hosp 2025;42(2):319-332]




328

Table IV. Odds ratios (95 % confidence intervals) of not meeting the EAR

|. Zazpe et al.

for > 3 micronutrients according to quintiles of adherence (probabilistic approach)

Not meeting ear for > 3 micronutrients

DASH Q1 Q2 Q3 Q4 Q5 p-trend
n 3943 3520 3635 2874 2796
% not meeting > 3 EAR 59.9 45.6 35.8 25.6 15.1
Crude 1 (Ref)) 0.57(0.52-0.62) | 0.37(0.34-0.41) | 0.23(0.21-0.26) | 0.12(0.11-0.13) <0.001
Multivariable 1 (Ref.) 0.27(0.24-0.30) | 0.13(0.11-0.15) | 0.06 (0.05-0.07) | 0.03(0.02-0.03) <0.001
MEDAS Q1 Q2 Q3 Q4 Q5 p-trend
n 3749 3365 3528 2892 3234
% not meeting > 3 EAR 63.2 482 34.5 24.9 15.3
Crude 1 (Ref)) 0.54(0.49-059) | 0.31(0.28-0.34) | 0.19(0.17-0.21) | 0.10(0.09-0.12) <0.001
Multivariable 1 (Ref)) 0.39(0.35-0.44) | 0.19(0.17-0.22) | 0.11(0.10-0.13) | 0.06 (0.05-0.07) <0.001
AHEI-2010 Q1 Q2 Q3 Q4 Q5 p-trend
n 3396 3390 371 3149 3122
% not meeting > 3 EAR 55.7 40.3 317 31.8 24.8
Crude 1 (Ref.) 0.54 (0.49-0.60) | 0.49(0.44-0.53) | 0.37(0.34-0.41) | 0.26 (0.24-0.30) <0.001
Multivariable 1 (Ref.) 0.39(0.35-0.44) | 0.29(0.26-0.33) | 0.18(0.16-0.20) | 0.10(0.09-0.12) <0.001
GDQsS Qi Q2 Q3 Q4 Q5 p-trend
n 3411 3582 317 3429 3174
% not meeting > 3 EAR 71.0 474 34.3 23.5 13.1
Crude 1 (Ref) 0.37(0.33-0.41) | 0.21(0.19-0.24) | 0.12(0.11-0.13) | 0.06 (0.05-0.07) <0.001
Multivariable 1 (Ref) 0.32(0.29-0.37) | 0.17(0.15-0.20) | 0.09(0.08-0.11) | 0.05 (0.04-0.05) <0.001
aMED Q1 Q2 Q3 Q4 Q5 p-trend
n 2949 3163 3766 3471 3399
% not meeting > 3 EAR 74.1 52.9 355 23.3 12.4
Crude 1 (Ref) 0.39(0.35-0.44) | 0.19(0.17-0.21) | 0.11(0.09-0.12) | 0.05 (0.04-0.06) <0.001
Multivariable 1 (Ref) 0.33(0.29-0.38) | 0.15(0.14-0.18) | 0.08(0.07-0.09) | 0.03(0.03-0.04) <0.001
MDS Q1 Q2 Q3 Q4 Q5 p-trend
n 5636 3434 3330 2441 1947
% not meeting > 3 EAR 59.8 39.2 29.7 20.4 12.2
Crude 1 (Ref) 0.43(0.40-0.47) | 0.28(0.26-0.31) | 0.17(0.15-0.19) | 0.09 (0.08-0.11) <0.001
Multivariable 1 (Ref) 0.37(0.33-0.41) | 0.23(0.20-0.25) | 0.13(0.12-0.15) | 0.07 (0.06-0.09) <0.001

Q- quintiles; EAR: Estimated Average Requirement; DASH: Dietary Approaches to Stop Hypertension; MEDAS: Mediterranean Diet Adherence Screener; AHEI: Alternate
Healthy Eating Index; GDQS: Food-Based Global Diet Quality Score; aMED: Alternative Mediterranean Diet; MD: Mediterranean Diet Score. Multivariable: adjusted for
age, sex, total energy intake (continuous), BMI (kg/m?, continuous), physical activity (MET-h/week, continuous), time spent sitting (hours/week, continuous), weight
gain in the previous 5 years before entering the cohort (< 3 kg and > 3 kg), following special diet at baseline (yes/no), educational level (years of higher education,

continuous), cumulative smoking habit (packs /year, continuous), alcohol intake (never, < 5 women or < 10 men, g/d; 5-25 women or 10-50 men, g/d;
and > 25 women or > 50 men, g/d), snacking (yes/no) and stratified by recruitment period (5 categories) and deciles of age.
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Not meeting ear for > 6 micronutrients

DASH Q1 Q2 Q3 Q4 Q5 p-trend
n 3943 3520 3635 2874 2796
% not meeting > 6 EAR 112 9.8 59 3.4 1.1
Crude 1 (Ref) 0.86 (0.74-1.00) | 0.50(0.42-0.60) | 0.28(0.23-0.35) | 0.09 (0.06-0.13) <0.001
Multivariable 1 (Ref) 0.39(0.32-0.48) | 0.15(0.12-0.19) | 0.07 (0.05-0.10) | 0.03 (0.02-0.04) <0.001
MEDAS Q1 Q2 Q3 Q4 Q5 p-trend
n 3749 3365 3528 2892 3234
% not meeting > 6 EAR 12.3 9.2 6.2 3.5 1.3
Crude 1 (Ref) 0.72 (0.62-0.84) | 0.47 (0.40-0.56) | 0.26(0.21-0.33) | 0.10(0.07-0.13) <0.001
Multivariable 1 (Ref) 0.47 (0.39-0.58) | 0.29(0.23-0.36) | 0.16(0.12-0.21) | 0.07 (0.05-0.10) <0.001
AHEI-2010 Q1 Q2 Q3 Q4 Q5 p-trend
n 3396 3390 3711 3149 3122
% not meeting > 6 EAR 10.3 7.0 6.7 59 3.7
Crude 1 (Ref) 0.66 (0.55-0.78) | 0.63(0.53-0.75) | 0.55(0.45-0.66) | 0.33(0.27-0.42) <0.001
Multivariable 1 (Ref) 0.49 (0.39-0.62) | 0.37(0.29-0.46) | 0.23(0.18-0.30) | 0.14 (0.10-0.18) <0.001
GDQS Q1 Q2 Q3 Q4 Q5 p-trend
n 3411 3583 3171 3429 3174
% not meeting > 6 EAR 211 6.5 6.1 1.8 0.7
Crude 1 (Ref) 0.26 (0.22-0.30) | 0.12(0.10-0.15) | 0.07 (0.05-0.09) | 0.03 (0.02-0.04) <0.001
Multivariable 1 (Ref) 0.23(0.19-0.29) | 0.11(0.08-0.14) | 0.07 (0.05-0.09) | 0.03 (0.02-0.05) <0.001
aMED Q1 Q2 Q3 Q4 Q5 p-trend
n 2949 3163 3766 3491 3399
% not meeting > 6 EAR 16.6 10.2 5.2 2.7 1.0
Crude 1 (Ref) 0.57 (0.49-0.66) | 0.28(0.23-0.33) | 0.14(0.11-0.17) | 0.05 (0.04-0.07) <0.001
Multivariable 1 (Ref) 0.58 (0.47-0.70) | 0.32(0.25-0.39) | 0.15(0.12-0.20) | 0.07 (0.04-0.10) <0.001
MDS Q1 Q2 Q3 Q4 Q5 p-trend
n 5636 3414 3330 2441 1947
% not meeting > 3 EAR 12.0 7.0 4.2 2.5 0.6
Crude 1 (Ref) 0.57 (0.49-0.67) | 0.33(0.27-0.39) | 0.19(0.14-0.25) | 0.05 (0.03-0.08) <0.001
Multivariable 1 (Ref) 0.59 (0.49-0.72) | 0.35(0.28-0.44) | 0.19(0.14-0.27) | 0.07 (0.04-0.13) < 0.001

Q: quintiles; EAR: Estimated Average Requirement; DASH: Dietary Approaches to Stop Hypertension;, MEDAS: Mediterranean Diet Adherence Screener; AHEI: Alternate
Healthy Eating Index; GDQS: Food-Based Global Diet Quality Score; aMED: Alternative Mediterranean Diet; MD: Mediterranean Diet Score. Multivariable: adjusted for
age, sex, total energy intake (continuous), BMI (kg/m2, continuous), physical activity (MET-h/week, continuous), time spent sitting (hours/week, continuous), weight
gain in the previous 5 years before entering the cohort (< 3 kg and > 3 kg), following special diet at baseline (yes/no), educational level (years of higher education,
continuous), cumulative smoking habit (packs /year, continuous), alcohol intake (never, < 5 women or < 10 men, g/d; 5-25 women or 10-50 men, g/d;

and > 25 women or > 50 men, g/d), snacking (yes/no) and stratified by recruitment period (5 categories) and deciles of age.
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Figure 2.

Adjusted mean absolute reduction in the risk
of not meeting (Estimated Average Require-
ment (EAR) > 3 micronutrients according to

J quintiles of adherence (mean and 95 % Cl)
(DASH: Dietary Approaches to Stop Hyperten-
1 sion; MEDAS: Mediterranean Diet Adherence
Screener (MEDAS); AHEI: Alternate Healthy

Eating Index; GQDS: Food-Based Global Diet
Quality Score; aMED: Alternative Mediterranean
Diet; MD: Mediterranean Diet Score. Multivari-
able: adjusted for age, sex, total energy intake
T (continuous), BMI (kg/m?, continuous), physical
activity (MET-h/week, continuous), time spent

sitting (hours/week, continuous), weight gain in
the previous 5 years before entering the cohort
(< 3 kg and > 3 kg), following special diet
at baseline (yes/no), educational level (years

T T
Q1 Q2 Q3

® DASH ¢ MEDAS ¢ AHEI-2010 GDQS

Quintiles of dietary quality index

4 AMED 4 MDS

T of higher education, continuous), cumulative
Qs smoking habit (packs/year, continuous), alco-
hol intake (never, < 5 women or < 10 men,
g/d; 5-25 women or 10-50 men, g/d; and
> 25 women or > 50 men, g/d), snacking (yes/
no) and stratified by recruitment period (5 cate-
gories) and deciles of age).

DISCUSSION

In this middle-aged population study, a higher adherence to
six a priori DQI (mainly food-based) showed a strong inverse as-
sociation with the risk of micronutrient inadequacy. These results
support the use of a priori indices of food-based dietary quality
indexes as a useful tool for assessing micronutrient adequacy.
DQls capture the essential elements of a healthy dietary pattern
and their main advantage is its generalisability and that they can
be applied to different populations. Among the six DQI evaluated,
GDQS and MEDAS may be suitable for large sample or clinical
settings as they do not require the use of a full-length FFQ to be
derived, given that they are collected with rapid dietary assess-
ment tools.

Different dietary patterns, including nutrient-dense foods, can
meet the micronutrient requirements of individuals and, in gen-
eral, higher diet-quality scores are usually associated with more
favorable nutrient and food intakes (24). According to the Global

Nutrient Database, micronutrient availability has increased over
the past four decades, although there is wide variation between
countries and levels of development (25). Deficiencies of individ-
ual micronutrients rarely occur alone, but often coexist. Vitamin
A, Fe, |, Zn and folate deficiencies are the most widespread. Mi-
cronutrient sufficiency status can be determined using biomark-
ers, but unfortunately, biomarkers are not available for all micro-
nutrients or are not feasible for widespread assessment or use
outside the clinical setting, so dietary intake data or non-specific
functional indicators may be used (26).

As expected, participants with higher punctuations on the DASH,
MEDAS and AHEI-10 scores had generally healthier food consump-
tions, as these are all dietary patterns that emphasize the inclusion
of nutrient-dense foods and healthy sources of protein. For alcohol,
participants in the highest quintile of MEDAS had higher alcohol
consumption than participants in AHEI-10. As usually occurs in DQI
construction, many differences exist in selected items, depending
on the choice of cut-offs and the decisions on the relative contri-
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bution of each component to the total score (6). In this context,
MEDAS considers that the consumption of a traditional Mediterra-
nean alcohol drinking pattern may have some health benefits for
adults over 40 years of age (27). The assumption is that moderate
intake means consuming < 7 glasses a week in women and < 14
in men (glass: 100 ml), preferably red wine during meals, together
with avoidance of binge drinking (28,29).

Also, as expected, in terms of nutrient intake, participants with
the highest DASH, MEDAS and AHEI-10 scores also had higher
intakes of fiber and lower percentage of energy intake from total
fat, SFA and TFA, because fiber and fat intake or sources of fat
had been considered in their construction. In fact, the 3 scores
promote a high consumption of fruits, vegetables, whole grains
and healthy fats with a low intake of solid fats (15).

In our study, participants in the highest quintile of adherence to
DASH, MEDAS and AHEI-10 had a lower prevalence of inadequate
intake for most micronutrients. Among all the micronutrients anal-
ysed, a higher prevalence of inadequacy was observed for vitamins
D and E. The mean absolute reduction in the risk of not meeting
> 3 EAR was greater in participants with higher adherence com-
pared with those in the first quintile, particularly for DASH, aMED
and MDS. Previous studies in the Spanish population have shown
inadequacies in vitamins A, E, C, D, B9, and Ca, Zinc, Fe and Mg
(30-34). In a further analysis including the six DQls, we found a
strong inverse association between the highest quintile of each DQI
and failure to meet both EAR > 3 or > 6 micronutrients.

Healthy dietary patterns are assumed to be balanced in terms
of macro and micronutrients, although these DQI have not often
been used specifically to investigate the prevalence of micronu-
trient inadequacy in adults (35). On the contrary, dietary diversity
indices, traditionally used in low- and middle- income countries,
have shown the ability to reflect micronutrient adequacy (36,37).
Besides, there are available specific nutrient-based diet quality
indices that included micronutrients (38) and a review of DQI in
children found that the most common vitamins included were A,
C, E, B1 and B2, and the most common minerals were Ca, Fe,
Zn, and K, while the least common micronutrients were vitamins
D, K, pantothenic acid, B6, and Na and P (39).

It is important to highlight that, to date, no single or set of di-
etary metrics has not been developed or validated to assess the
micronutrient quality of the diet in all age groups, although AHEI,
MDS and DASH were initially validated for adult populations in
high-income countries and were considered appropriate metrics
for assessing dietary quality in the whole population in a large
study of 185 countries from 1990 to 2018 (40). Previous inves-
tigation in the SUN cohort evaluated within-participant longitudi-
nal changes in diet quality using the well-known DQI, in which
MEDAS and MDS scores showed the largest improvements (41).

Several strengths of the present study should be noted: the in-
clusion of a well-known Mediterranean cohort with a large sam-
ple size and high retention rate (> 91 % overall), the use of pre-
viously validated questionnaires (FFQ validated and subsequently
re-evaluated), the adjustment for a wide range of many potential
confounders, the selection and comparison of 6 recognized a
priori DQI to assess diet quality. Besides, we used two different
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methods to estimate nutrient intake adequacy: the probabilistic
approach and the EAR cut-point approach.

However, we must acknowledge certain limitations. First, we
used a self-reported FFQ so certain measurement error and mis-
classification cannot be excluded. However, FFQ is a valid tool to
measure the overall dietary intake in epidemiological studies, and
although it has been reported that vitamins may be overestimat-
ed, most micronutrients estimated by the FFQs are higher than
those estimated by 24 hrs (42). Second, our results are based on
observed intake data, so we could only asses the likelihood or
risk of micronutrient inadequacy, not deficiencies, which should
be confirmed by biomarkers. Third, the study population of highly
educated adults, which may be considered as a factor that limits
the generalizability of our findings, but this homogeneity reduces
the likelihood of misclassification and potential confounding by
socio-economic status and increase internal validity.

CONCLUSIONS

In conclusion, in this middle-aged population study a higher
adherence to six mainly food-based DQI showed a strong in-
verse association with micronutrient inadequacy, reinforcing the
use of a priori indices of diet quality as useful tools to assess
the adequacy of micronutrient intake. GDQS and MEDAS may be
suitable for large sample or clinical settings, as both are food-
based indices that are useful for time-relevant assessments of
population diet quality, as they can be collected with rapid dietary
assessment tools and do not require derivation of nutrient intake
data from a full-length FFQ. In particular, the 14-item MEDAS is
even easier and quicker to complete (17).
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