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Abstract

The scientific community has become increasingly interested in the overall quality of diets rather than in single food-based or single nutrient-
based approaches to examine diet—disease relationships. Despite the plethora of indices used to measure diet quality, there still exist questions
as to which of these can best predict health outcomes. The present study aimed to compare the ability of five diet quality indices, namely the
Recommendation Compliance Index (RCD), Diet Quality Index-International (DQI-I), Dietary Approaches to Stop Hypertension (DASH),
Mediterranean Diet Score (MDS), and Dietary Inflammatory Index (DID), to detect changes in chronic disease risk biomarkers. Nutritional
data from 1352 participants, aged 18—069 years, of the Luxembourg nationwide cross-sectional ORISCAV-LUX (Observation of Cardiovascular
Risk Factors in Luxembourg) study, 2007-8, were used to calculate adherence to the diet quality index. General linear modelling was
performed to assess trends in biomarkers according to adherence to different dietary patterns, after adjustment for age, sex, education
level, smoking status, physical activity and energy intake. Among the five selected diet quality indices, the MDS exhibited the best ability
to detect changes in numerous risk markers and was significantly associated with lower levels of LDL-cholesterol, apo B, diastolic blood
pressure, renal function indicators (creatinine and uric acid) and liver enzymes (serum vy-glutamyl-transpeptidase and glutamate-pyruvate
transaminase). Compared with other dietary patterns, higher adherence to the Mediterranean diet is associated with a favourable cardio-
metabolic, hepatic and renal risk profile. Diets congruent with current universally accepted guidelines may be insufficient to prevent
chronic diseases. Clinicians and public health decision makers should be aware of needs to improve the current dietary guidelines.
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The scientific community has become increasingly interested in
the overall quality of diets rather than in single food-based or
single nutrient-based approaches to examine diet—disease
relationships'”. Many different indices of healthy eating have
been developed over the last three decades; most of these
have been developed to reflectadherence to the national dietary
guidelines and diversity of healthy choices within core food
groups'®. These indices are used to examine diets for several
attributes concurrently; therefore, they are able to provide a
measure of overall diet quality, which is not possible when

only single nutrients or foods are examined®. Although every
model of healthy eating has its own advantages and limitations,
the general purpose of an index is to synthesise a large amount
of dietary information as a single indicator useful for assessing
putative risk factor—disease relationships'®.

Numerous indices have been developed based on the
American Dietary Guidelines®™, while others have been
developed with some adaptation to reflect the dietary guidelines
of other countries in Europe'®™'?, Canada™® and Australia™® |
Some indices have been developed around specific dietary

Abbreviations: BP, blood pressure; DASH, Dietary Approaches to Stop Hypertension; DBP, diastolic blood pressure; DII, Dietary Inflammatory Index; DQI-I,
Diet Quality Index-International; GOT, glutamate oxaloacetate transaminase; GPT, glutamate-pyruvate transaminase; y-GT, y-glutamyl-transpeptidase;
HbAlc, glycated Hb; HOMA-IR, homeostasis model assessment of insulin resistance; MDS, Mediterranean Diet Score; ORISCAV-LUX, Observation of
Cardiovascular Risk Factors in Luxembourg; RCI, Recommendation Compliance Index.
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patterns, such as the Mediterranean diet’> and the Dietary

Approaches to Stop Hypertension (DASH) diet’® | while an
international diet quality index has been developed for a
cross-national comparison of diet quality’” and an index
has been developed based on the available literature on
various dietary components and inflammatory indices"®.

Despite the plethora of indices used to measure diet quality,
there still exist questions as to which of these can best
predict health outcomes. Several systematic reviews on the
differences in existing diet quality indices and their limitations
have been published previously®>'972 suggesting the need
to assess the effectiveness of these tools in predicting health
status. The construct validity of an index depends on the extent
to which it is able to distinguish between individuals on certain
relevant health-related intermediate markers, its association
with health outcomes, and its capacity to predict the risk of
chronic diseases or mortality®?. Although several attempts have
been made to validate individual dietary indicators®*?, very
few studies have compared existing diet quality indices with
regard to the biomarkers of diet and disease®?® and most of
these have focused on the Mediterranean Diet Score (MDS)(27’28).

The objective of the present study was to compare the ability of
five different diet quality indices, namely the Recommendation
Compliance Index (RCD, Diet Quality Index-International
(DQI-D, DASH score, MDS and Dietary Inflammatory Index
(DID, to detect changes in chronic disease risk biomarkers.
These diet quality indices were selected according to the funda-
mental diversity of how they were conceived and built, including
their evidence-based scoring algorithms, attributes and adapt-
ability to widespread (if not universal) application. They were
developed by different groups of researchers and in diverse
settings (Northern European, North American and Mediterranean
populations). A deeper understanding of how well these diet
quality indices relate to a set of risk markers could improve
the success of public health messages and fulfil the demand
of many nutrition researchers for a suitable measure of diet
quality. As this is exploratory research, we did not advance a
hypothesis of any index preference.

Materials and methods
Study population

The study population consisted of 1352 participants of the
ORISCAV-LUX (Observation of Cardiovascular Risk Factors in
Luxembourg) study, a nationwide cross-sectional population-
based survey of cardiovascular risk factors in Luxembourg.
The sample size was based on a theoretically expected parti-
cipation rate of 32:2%*”. The data collection procedures,
sample design and representativeness of the ORISCAV-LUX
study have been described in detail elsewhere®3®. I
short, the stratified random sample was identified from the
national insurance registry of non-institutionalised individuals
aged 18-069 years. The participants were recruited between
November 2007 and January 2009 following an invitation
letter and phone contact inviting prospective participants
to visit the study centre. Trained research staff provi-
ded the participants with detailed instructions on how to

n

complete the self-administered questionnaire, assisted them
in completing the dietary information, and then checked the
correctness of responses.

Dietary intake was assessed by means of a validated 134-
item semi-quantitative FFQ®"*?, Food intakes were calculated
by multiplying the self-reported food portion by the frequency
of consumption. Energy and nutrient intake data were com-
piled using the French Composition Table®?
regarding demographic, socio-economic and lifestyle charac-
teristics was collected as well as direct blood pressure (BP)
and anthropometric measurements were taken. For the pre-
sent study, data from 1352 participants were available after
eliminating those with missing data on dietary habits.

The ORISCAV-LUX study was conducted according to
the guidelines laid down in the Declaration of Helsinki. All
procedures involving human subjects were approved by
the National Research Ethics Committee and the National
Commission for Private Data Protection. Written informed
consent was obtained from all participants.

. Information

Diet quality indices

FFQ-based dietary intakes were used to calculate adherence
to the five diet quality indices. The calculation of these indices
is summarised in online Appendix la—e; however, detailed
information can be found in the respective publications per-
taining to each index. Briefly, the RCI?'® has been developed
previously to measure the degree of adherence to Luxem-
bourg national dietary recommendations, which are consistent
with the key prevailing European and international dietary
guidelines. It is a food- and nutrient-based composite of thir-
teen components and ranges between — 0-5 (due to a negative
half point for excessive salt intake) and 14 (2 points for more
daily fruit and vegetable servings) points, where a higher
degree of adherence results in higher scores.

To include a more comprehensive tool describing and
comparing the diversity of consumption between countries, the
DQI-I suggested by Kim et al'”, which is based on the North
American dietary guidelines, was selected. This index focuses
on four major components: variety; adequacy; moderation;
overall balance. Similarly, it incorporates both nutrients and
foods from the assessed diet. The total DQI-I score ranges from
0 to 100, where a score of ‘0’ reflects a poorer-quality diet and a
score of ‘100’ reflects a high-quality diet. In the present study,
meat and poultry were considered as one group to calculate the
within-group variety component, as it was not possible to
distinguish the intake according to the FFQ.

As a clinical profile-targeted index, the DASH score was
calculated as originally designed by Fung et al*® for BP
reduction. Based on both foods and nutrients, the DASH
score focuses on eight beneficial and detrimental items of
the diet. For each of the items, the participants were classified
into quintiles according to their intake ranking. Component
scores for beneficial items (vegetables, fruits and nuts,
legumes, low-fat dairy products and whole grains) were
assigned a value of 1 for quintile 1 and a value of 5 for
quintile 5. Reverse scores were assigned for detrimental items
(Na, red and processed meats, and sweetened beverages).
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The component scores were summed to obtain an overall
DASH score for each participant ranging from 8 to 40 points.

In contrast to other indices, a region-specific diet quality
index, the modified version of the MDS, as described by
Trichopoulou et al. ">, was chosen to measure the degree of
adherence to the traditional Mediterranean diet. It is characte-
rised by nine food and nutrient components: high consumption
of vegetables, fruits and nuts, pulses, cereals, and fish; high ratio
of monounsaturated fat:saturated fat; low consumption of meat
and dairy products; moderate consumption of alcohol. For
beneficial components (vegetables, legumes, fruits and nuts,
cereal and fish), consumption above the median was assigned
a value of 1; otherwise a value of 0 was assigned. For
components presumed to be detrimental (meat, poultry and
dairy products), consumption equal to or above the median
was assigned a value of 0; otherwise a value of 1 was assigned.
For alcohol consumption, a value of 1 was assigned if the
intake was between 10 and 50 g/d for men and a value of 1
was assigned if the intake was between 5 and 25g/d for
women. The total MDS ranged from 0 (minimal adherence to
the traditional Mediterranean diet) to 9 (maximal adherence).

As a novel non-recommendation-based index selected for
comparison, the DII focuses on the inflammatory properties
of the diet. It is a literature-based index, involving the review
of nearly 2000 articles published through 2010 on the effect of
forty-five food parameters on six inflammatory biomarkers
(IL-1B, IL-4, IL-6, IL-10, TNF-a and C-reactive protein). It is
scored according to whether the dietary parameter increased
(+1), decreased (—1) or had no (0) effect on each of the six
inflammatory biomarkers™®. In contrast to the other diet quality
indices, higher values of the DIl indicate a pro-inflammatory (i.e.
less healthy) dietary profile, whereas lower values indicate
an anti-inflammatory (i.e. more healthy) dietary profile.

Assessment of risk markers

Several anthropometric, clinical and plasma markers were exam-
ined, including glycaemic biomarkers (plasma glucose, serum
insulin and glycated Hb (HbA1c) and homeostasis model assess-
ment of insulin resistance (HOMA-IR)); lipid biomarkers (total
cholesterol, LDL-cholesterol, HDL-cholesterol, TAG, apo Al and
apo B); cardiometabolic markers (BMI, waist circumference,
systolic BP, diastolic blood pressure (DBP) and high-sensitivity
serum C-reactive protein); hepatic function biomarkers (serum
v-glutamyl-transpeptidase (y-GT), serum glutamate oxaloacetate
transaminase (GOT) and serum glutamate-pyruvate transaminase
(GPT)); renal function biomarkers (creatinine and uric acid);
and anaemic biomarkers (Hb and haematocrit).

BMI was calculated as weight in kg divided by height in m?
(kg/m2). BP was measured using an Omron® MX3 Plus auto-
mated oscillometric blood pressure monitor (O-HEM-742-E).
Measurements were taken at least three times with the parti-
cipants in a seated position and with a minimum interval
of 5min between each measurement. The average of the
last two readings was used in the analysis. HOMA-IR was
calculated as follows:

HOMA-IR = (fasting glucose X fasting insulin/22-5).

All the biomarkers were measured according to ORISCAV-
LUX standardised protocols and have been described in
detail in previous publications(10’50’54).

Assessment of other variables

Self-reported time spent engaging in both moderate and
intense physical activity was obtained from the International
Physical Activity Questionnaire®”, from which physical
activity in metabolic equivalents-h/week was calculated.
Detailed information regarding smoking status was obtained
from the health questionnaire, and each participant was classi-
fied as a smoker or a non-smoker.

Statistical analyses

For descriptive purposes, the five diet quality indices were
divided into quartiles (Q). The Q1 and Q4 of each index are
reported to compare the demographic, socio-economic and
lifestyle characteristics of the participants. The number and
percentage of participants are reported for categorical variables
and means and standard errors are reported for continuous
symmetrically distributed variables; otherwise medians and
interquartile ranges are reported. The P values were computed
from the y 2 test, one-way ANOVA and Kruskal—Wallis test.

The bivariate Spearman correlation method was used to assess
the inter-correlation between the diet quality indices and their
correlations with several micronutrients and vitamins, as this
method is not influenced by the outlying values and results are
therefore more robust in meeting normality assumptions.

As the diet quality indices have disparate scoring systems,
raw scores of each diet quality index were standardised into
z-scores, to enable meaningful cross-index comparisons.

To assess the independent linear associations between each
diet quality index and risk biomarkers, multiple linear regression
analyses were conducted to calculate B-regression coefficients
for each 1 — z score difference across the diet quality indices.
Each diet quality index (explanatory variable) was modelled
to examine the independent associations with different bio-
markers (outcome), after adjustment for a number of potential
covariates: age; sex; education level (primary, secondary
or tertiary), smoking status (current, former or non-smoker);
physical activity (metabolic equivalents-h/week); total energy
intake (kcal/d). As total energy intake is included in the
construction of the DII, this variable was not included in the
respective analyses. These covariates were identified as major
known determinants of health based on the literature. As several
of the outcomes were not normally distributed, including
BMI, systolic BP, C-reactive protein, TAG, y-GT, GOT, GPT,
all glycaemic biomarkers, and lipid biomarkers, except total
cholesterol, generalised linear models with a <y-distribution
and logarithm as the link function were used. Otherwise
ANCOVA models were fit with special attention being paid to
the homogeneity of variance and covariance assumptions.

Of the initial sample of 1352 participants, those who
reported dieting for weight loss were excluded (7 199) from
all the multivariable models. Participants taking antidia-
betic (1 43), hypotensive (n 187) and lipid-lowering (72 128)
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Table 1. Characteristics of the participants by quartilest (Q) of five different diet quality indices, ORISCAV-LUX (Observation of Cardiovascular Risk Factors in Luxembourg) survey, 2007-8 5
(Number and percentage of participants; mean values and standard deviations; median values and interquartile ranges (IQR)) ™
RCI (n 1234) DQI-I (n 1206) DASH score (n 1285) MDS (n 1352) DIl (n 1352)
Q1 (nt 302) Q4 (nt 287) Q1 (nt 301) Q4 (nt 301) Q1 (nt 321) Q4 (nt 321) Q1 (nt 401) Q4 (nt 313) Q1 (nt 338) Q4 (nt 338)
Participant characteristics n % n % n % n % n % n % n % n % n % n %
Age (years)
Mean 41.3 47.2* 41.3 48.7*** 42.9 46.7*** 421 46-4*** 45.9 42.6*
SD 0-8 0-8 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7
Sex
Men 148 49.0 129 44.9 179 59.5 116 385 185 576 121 37.7 195 48-6 137 43.8 172 50-9 153 45-3
Women 154 51.0 158 551 122 40-5 185 61.5 136 42.4 200 62:3 206 511 176 56-2 166 491 185 54.7
Education level
Primary 83 277 71 249 74 246 73 24.3 84 26-3 90 28-2 90 22.7 93* 29-8 80 23-9 88 26-6
Secondary 145 48-3 127 44-6 150 49-8 139 46-6 161 50-3 136 426 196 49.5 142 45.5 164 49-0 157 47-4
Tertiary 72 24.0 87 30-5 77 256 86 289 75 234 93 29-2 110 27-8 77 24.7 91 271 86 26-0
Smoking status
Non-smoker 218 72:2 257 89-5 205 68-1 260" 86-4 226 70-4 276" 86-0 304 75-8 249 79-6 273 80-8 257 76-0
Smoker 84 27-8 30 105 96 31.9 41 136 95 29-6 45 14.0 97 24.2 64 20-4 65 192 81 24.0
Alcohol intake
No 37 12.3 46 16-0 30 10:0 60 199 35 109 64* 199 53 132 47 15.0 60 17-8 38 11.2
>0-3 drinks/d 207 68-5 188 655 203 67-4 176 585 211 65.7 195 60-7 276 68-8 201 64.2 196 580 243 719
>3 drinks/d 58 19.2 53 185 68 226 65 216 75 234 62 211 72 180 65 20-8 82 24.2 57 16-9
Importance of balanced meals
Very important 118 39-1 183*** 63-8 111 36-9 190*** 63-1 124 386 219 68-2 179 44.7 192*** 61-3 192 570 149 441 >
Enough 154 51.0 100 34-8 147 48-8 104 34-6 153 477 97 30-2 181 451 113 36-1 128 38-0 162 479 N
Little 30 99 4 1-4 43 143 7 2.3 44 137 5 1-6 41 102 8 26 17 5.0 26 8:0 ;
Under dieting [0}
Yes 29 9:6 60*** 211 32 106 56* 187 30 9:4 64*** 20-0 50 125 63 20-2 62 185 31 9.2 %
Hypertension treatment g
Yes 35 116 48* 167 28 9-3 51 169 30 9-3 48* 15.0 43 107 53* 169 53 15.7 47 139 N
Dyslipidaemia treatment &
Yes 19 6-3 37 129 16 5.3 46 153 25 7-8 43* 134 28 7.0 39" 12.5 36 107 27 8.0
Diabetes treatment
Yes 7 2.3 13 4.5 9 3.0 14 4.7 7 2.2 14 4.4 8 2.0 13* 4.2 14 41 10 3.0
Physical activity (MET-h/week)
Median 2587-5 3600** 3360 2826* 3222 3657 3066 4056™* 4293 2836-5
IQR 3884 4107 4043 4061 3984 4746 4065 4511 4964 4128
Energy
kJ/d
Median 9247 8724 9251 8531*** 10439 8669 8887 9753*** 12380 6837
IQR 4766 3075 4766 3485 5686 4289 4862 4481 5711 2544
keal/d
Median 2210 2085*** 2211 2039*** 2495 2072*** 2124 2331 2959 1634***
IQR 1139 735 1139 833 1359 1025 1162 1071 1365 608
Protein (%E)
Median 14.3 16-4** 15.9 156 156 159 159 156 16-2 15.7
IQR 4 3 4 4 4 4 4 4 4 4
Fats (%E)
Median 42.0 33-3"** 40-9 33.7** 41-6 35.9"** 38-8 377 391 40.9"**
IQR 8 8 8 10 9 8 9 9 9 9
Carbohydrates (%E)
Median 397 46-9*** 387 46-8** 38-6 45.6*** 41-8 43-4* 41-6 42.0"**
IQR 8 8 10 10 10 10 9 9 9 10

RCI, Recommendation Compliance Index; DQI-I, Diet Quality Index-International; DASH, Dietary Approaches to Stop Hypertension; MDS, Mediterranean Diet Score; DII, Dietary Inflammatory Index; MET, metabolic equivalents;
%E, percentage of total daily energy intake.

Values were significantly different from that for Q1: * P<0-05, ** P<0-01, *** P<0-001 (x 2 test for categorical variables and one-way ANOVA for continuous normally distributed variables; otherwise from the Kruskal—Wallis test).

1Only Q1 and Q4 of each diet quality index are given in the table.

1 Difference in the number of cases is related to missing values for several variables.
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medications were excluded from the following models,
respectively: glucose; systolic BP and DBP; lipid biomarkers.
Non-fasting participants (n 26) were excluded from the gly-
caemic and lipid biomarker models. Hence, the final sample
size used in the multivariable analyses varied between 1007
and 1153 participants.

Several sensitivity analyses were conducted to establish the
robustness of the study results. First, the interaction terms for
age X diet quality scores and sex X diet quality scores were
tested. Analyses stratified by sex (male and female) and age
group (<50 and =50 years) were conducted (results summar-
ised below). Second, controlling for self-reported health
awareness on the importance of eating a balanced diet did
not change the findings. Similarly, results were similar when
participants taking medications and dieting for weight loss
were included in the analyses.

The results were considered significant at the 5% critical
level (P<0-05, two-sided). All statistical analyses were con-
ducted using PASW® for Windows® version 21.0 software
(formerly SPSS Statistics, Inc.).

Results

Characteristics of participants according to
diet quality indices

Table 1 summarises the characteristics of participants according to
the quartile of each diet quality index, where Q1 reflects the
lowest adherence and Q4 reflects the highest adherence to each
specific dietary pattern, except for the DII, for which a reverse

pattern exists (i.e. it ranges from a more anti-inflammatory (Q1)
profile to a more pro-inflammatory profile (Q4)). Participants
with better diet quality scores on all the indices were significantly
older. A significant sex difference was observed for the DQI-Iand
DASH patterns, with women having higher scores than men.
Globally, the five diet quality indices varied remarkably with
regard to lifestyle behaviours. Participants with better diet quality
scores were less likely to smoke and engaged in more physical
activity, with the exception of the DQI-I. Across the five diet
quality indices, participants exhibiting higher adherence tended
to be more aware of the importance of balanced meals.

Participants with higher diet quality scores reported
lower total energy intakes, except for the Mediterranean diet-
ary pattern. With increasing scores, the percentage of total
energy intake per d derived from fat decreased, but that
derived from carbohydrates increased (with the exception of
the DID. Energy intake derived from protein did not differ
considerably according to dietary pattern.

Correlations between diet quality indices and
micronutrients

The correlations of the five diet quality indices with one
another and with micronutrients are given in Table 2. The five
diet quality indices were significantly correlated with one
another (p values ranged between [0-28] and [0-65| and all
P<0:0001). As expected, negative correlations were observed
between the DII and the other four indices due to the reverse
DII scoring. All the indices were strongly correlated with the
intakes of the three types of fatty acids and to the intakes of

Table 2. Spearman’s correlation coefficients () among the diet quality indices and essential macronutrients and micronutrients, ORISCAV-LUX

(Observation of Cardiovascular Risk Factors in Luxembourg) study, 2007—-8

RCI (nt 1197-1234)  DQI-I (mt 1196—1206)

DASH score (nt 1269—1285)

MDS (nt 1331-1352) DIl (nf 1331-1344)

DQl-I 0-56*** -
DASH score 0-55*** 0-65**
MDS 0-35*** 0-31***
DIl —0-28*** —0-40***
SFA —0-45*** —0-29***
MUFA —0-44** —0.27***
PUFA —0-29*** —0-11***
Vitamin A —0-23*** —0-19***
Vitamin B4 0-03 0-15***
Vitamin By —0-05 0-08**
Vitamin By —0-03 0-02
Vitamin Bs 0-00 0-11***
Vitamin Bg 0-09*** 0-20***
Vitamin Bg 0-24*** 0-36***
Vitamin B2 —0-09*** —0-15***
Vitamin C 0-28*** 0-49***
Vitamin D 0-03 -0-03
Vitamin E —0-21** —0-05
Ca 0-03 0-13***
Fe —0-05 0-05

| —0-02 0-00
Mg 0-08** 0-19***
Na —0-19*** -0-19**
K 0-12*** 0-26***
P —0-12* -0-02

0.32%+ _ -
_ 0.34% 046" i
~0-30" ~0-06* ~0-40**
—0.27* 0-11%* —0-47**
—0-15"** 017+ —0-60***
~0-16* 0-01 —0-43*
013"+ 0.0 _0.74%
0-14*+ 0-06* ~0-68"*
~0-04 0-13** ~0-64***
013" 015+ _0.74%
0175+ 0.05+ 079"
0-33* 0-38*** —0-88**
—0-15"** 0-15*** —0-47**
0.4+ 0.37% 069"
-0-03 0-23** —0-45**
—0-10"** 0-19*** —0-61*
0-23** 0-03 ~0-56***
0-02 0-21** —0.72*
0-05 0-12+* —0-52+*
0-15** 0-23*** —0-77*
—0-10"** 0-12+* —0-52**
0-22+ 0-23*** ~0-81*
0-01 0-09** —0-65**

RCI, Recommendation Compliance Index; DQI-I, Diet Quality Index-International; DASH,

Dietary Inflammatory Index.
Values were significantly different: * P<0-05, ** P<0.-01, *** P<0-001.
1 Difference in the number of cases is related to missing values for several variables.

Dietary Approaches to Stop Hypertension; MDS, Mediterranean Diet Score; DII,
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most of the vitamins and minerals, with the strongest corre-
lations being observed between nutrient intakes and the DII.

Associations between diet quality indices and
risk biomarkers

Table 3 summarises the independent associations between the
selected diet quality indices and risk biomarkers.

Lipid biomarkers. The DQI-I and DASH scores exhibited
a very similar pattern of significant inverse associations with
lipid biomarkers. Both were inversely associated with total
cholesterol, LDL-cholesterol, HDL-cholesterol, apo Al and
apo B (all P<0:05). The RCI was inversely associated with
total cholesterol, HDL-cholesterol and apo Al. The MDS was
inversely associated with LDL-cholesterol and apo B.

Glycaemic biomarkers. Of the five selected diet quality
indices, none exhibited an association with the glycaemic
risk biomarkers after multivariate adjustment, with the excep-
tion of the RCI, which exhibited a positive association with
insulin (P<0-05).

Metabolic markers. With increasing DQI-I and DASH
scores, there was a significant linear decrease in central obes-
ity as measured by waist circumference (8 = — 0-009, P=0-036
and B = —0-011, P=0-005, respectively). The DASH score and
MDS were inversely associated with DBP (8= —0-751,
P=0019 and B= —0-777 and P=0-014, respectively). The
MDS exhibited inverse associations with anaemic biomarkers.
Participants with higher MDS had significantly lower levels of
Hb and haematocrit.

Renal and hepatic function biomarkers. Concerning hepa-
tic function as measured by liver enzymes (serum GOT, serum
GPT and y-GT), there were significant negative linear trends
with the MDS, after additional statistical controlling for alcohol
intake. Similarly, the Mediterranean dietary pattern was associ-
ated with significant linear decreases in creatinine and uric
acid levels, irrespective of BMI. The RCI was inversely associ-
ated with creatinine levels.

Stratification analyses

Sex-specific stratification analyses showed that the observed
associations of lipid biomarkers with the DQI-I and DASH
scores were more significant in men than in women. The
DII was inversely associated with plasma glucose, HbAlc,
serum insulin and HOMA-IR in men aged >50 years. The
DQI-I was also inversely associated with plasma glucose and
HbA1lc in only women (data not shown).

Discussion

Nutrition scientists have applied the diet quality concept to
investigate the association between foods and nutrients and
chronic disease incidence and mortality, based on prevailing
hypotheses about the role of dietary factors in disease preven-
tion®®. In the present nationwide cross-sectional study, the per-
formance of five diet quality indices, based on their ability to
detect significant independent variations in a range of chronic
disease risk markers, was compared. Among the five selected

diet quality indices, the MDS exhibited the strongest associations
with numerous risk markers. Higher adherence to the Mediterra-
nean dietary pattern was significantly associated with lower
levels of LDL-cholesterol, apo B, DBP, traditional indicators of
renal function (creatinine and uric acid) and liver enzymes
(serum y-GT and GPT), irrespective of age, sex, education
level, smoking status, physical activity and daily energy intake.

Consistent with our findings, the health benefits of following
a Mediterranean dietary pattern have been widely reported, in
terms of increased survival*® and decreased risk of CVD®”,
diabetes®®,
of the MDS is probably related to the expedient scoring
method (i.e. points awarded to a sufficient number of beneficial
components) and better fit to our data by capturing dietary
variation related to cardiometabolic risk. In addition, the MDS
is characterised by specific food and nutrient composition.
High consumption of olive oil and nuts is a key contributor of
the healthy aspects attributed to the Mediterranean diet™?.
This vegetable-based oil contains a high proportion of oleic
acid (a MUFA, vitamin E, and antioxidant phenolic com-
pounds®®, which have been linked to a reduced risk of
CvD“?). Fish is an integral part of the Mediterranean diet,
which has been reported to be inversely associated with CHD
mortality™. In addition, the Mediterranean dietary pattern is
characterised by moderate consumption of meat (particularly
red processed meat), which may potentially affect plasma

creatinine levels“*®4”

obesity and inflammation® =Y. The advantage

. Serum creatinine and uric acid are
simple measures and the most commonly used indicators of
renal function in clinical practice. It must also be noted that
the Mediterranean dietary pattern might be expected to fit
another European population better than one in another part
of the world where the ingredients would be scarce.

Both the DQI-I and DASH scores were inversely associated
with LDL-cholesterol and total cholesterol and apo Al and
apo B. These associations with lipid biomarkers were compati-
ble with the expectation, as dietary fat and SFA are common
components in these diet quality scores. Kant & Graubard®>
have reported similar findings in comparing three dietary indi-
ces (Healthy Eating Index, Recommended Foods Score and
Dietary Diversity Score for recommended foods) to predict car-
diovascular risk. It is notable that the DQI-I and DASH scores
were also inversely associated with HDL-cholesterol, which
has also been observed in previous studies***® The probable
explanation is that these scores were based on dietary recom-
mendations targeting lower dietary fat intakes, hence reduced
HDL-cholesterol levels in addition to total cholesterol and
LDL-cholesterol levels, notably in those with higher baseline
HDL-cholesterol levels™. The observation that reduced-fat
diets lower HDL levels has led to controversy over the advi-
sability of following lower-fat, higher-carbohydrate diets“.

Predictably, both the DQI-I and DASH diets were associated
with a lower waist circumference, a relevant measure of
abdominal obesity, and with decreased DBP. Our findings
are consistent with previous literature documenting greater
improvements in hypertension, cholesterol levels and weight
loss in subjects following a DASH dietary pattern(m’sm.

No specific diet quality index was associated with glycaemic
biomarkers in multivariable analyses controlling for age, sex
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Table 3. Multivariable linear regression of the associations between diet quality indices and risk markers, ORISCAV-LUX (Observation of Cardiovascular Risk Factors in Luxembourg) study, 2007—-8%t

(B-Coefficients and P values)

RCI (n 1234) DQlI-I (n 1206) DASH score (n 1285) MDS (n 1352) DIl (n 1352)
B P B P B P B P B P
Lipid biomarkers (n 1040)
Total cholesterol (mmol/l) —0-0697 0-045* —0-0956 0-005 —0-1225 0-0001* —0-0508 0-10 0-0409 0-30
LDL-cholesterol (mmol/l) —0-0003 0-25 —0-0005 0-03* —0-0008 0-0006* —0-0005 0-017* 0-0003 0-33
HDL-cholesterol (mmol/l) —0-0006 0-007* —0-0007 0-003* —0-0004 0-032* 0-0002 0-41 0 0-998
TAG (mmol/l) 0-0002 0-25 0-0002 0-34 0-0001 0-45 —0-00006 0-75 —0-00003 0-89
Apo A1 (mg/l) —0-21 0-0008* —-0-19 0-002* -0-12 0-039* 0-01 0-84 0-02 0-75 o
Apo B (mg/l) —0-09 0-30 -0-19 0-03* —0-26 0-002* —0-21 0-007* 013 0-21 &
Glycaemic biomarkers (n 1106) _g
Glucose (mmol/l) —0-00001 0-96 —0-0003 0-22 —0-0002 0-22 —0-00004 0-80 —0-0002 0-32 g
HbA1c (%) —0-0007 0-71 —0-002 0-34 —0-002 0-30 —0-0009 0-58 —0-0001 0-96 ;:
HOMA-IR 0-036 0-14 —0-022 0-34 —0.014 0-53 —0-017 0-45 —0:017 0-55 —
Insulin (p.g/l) 0-47 0-04* -0-13 0-57 —0-06 0-80 -0-10 0-65 -0-22 0-41 2
Metabolic markers (n 1153) )
BMI (kg/mz) 0-012 0-039* —0-004 0-43 —0-007 0-16 —0-002 0-68 —0-003 0-67 Z
WC (cm) 0-005 0-23 —0-009 0-04* —0-011 0-005* —0-004 0-27 0-002 0-66 2
SBP (mmHg)t 0-0001 0-98 0-001 0.77 —0.002 0-64 —0-006 0-11 —0-001 0-78 n
DBP (mmHg)t —0-36 0-32 —0-289 0-40 —-0-751 0-02* -0.777 0-01* 0-587 0-15 =3
CRP (n.g/l) —0-04 0-92 0-24 0-45 0-28 0-35 0-12 0-71 0-41 0-29 g
Hb (g/l) —0:-26 0-45 —0-29 0-38 —0-30 0-35 —0.92 0-003* 0-24 0-54 &
Haematocrit (%) —0-023 0-80 —0-096 0-27 —0-087 0-30 —0-228 0-004* 0-054 0-60 ;Q‘
Renal function biomarkers§ (n 1153) I
Creatinine (wmol/l) —0-796 0-03* —0-442 0-19 —0-619 0-07 —0-884 0-004* 0-442 0-27 &
Uric acid (pmol/l) —0-595 0-78 0-952 0-64 -1-309 0-52 -5.175 0-008* -3.271 0-19 =3
Hepatic function biomarkers|| (n 1153) ~
v-GT (mg/l) —-0-37 0.07 —0-31 0-28 -0-19 0-31 —0-50 0-01* 0-84 0-0003*
GOT (mg/l) 0-05 0-64 017 0-07 0-16 0-08 -0-10 0-27 —0-08 0-49
GPT (mg/l) 0-01 0-93 0-16 0-26 0-03 0-83 —0-31 0-02* 0-10 0-43

RCI, Recommendation Compliance Index; DQI-I, Diet Quality Index-International; DASH, Dietary Approaches to Stop Hypertension; MDS, Mediterranean Diet Score; DIl, Dietary Inflammatory Index; HbA1c, glycated Hb; HOMA-IR,
index of insulin resistance and sensitivity calculated according to homeostasis model assessment; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; CRP, C-reactive protein; v-GT,
y-glutamyl-transpeptidase; GOT, glutamate oxaloacetate transaminase; GPT, glutamate-pyruvate transaminase.

* P<0-05.

1 Non-fasting participants were excluded from the glycaemic and lipid biomarker models. Participants using antidiabetic, hypotensive and lipid-lowering medications were also excluded from the following outcome models, respect-

ively: glucose; SBP and DBP; lipid biomarkers. Participants who were dieting for weigh loss were excluded from all the models. All the models (RCI, DQI-I, DASH and MDS) were adjusted for age (continuous), sex, education
level (primary, secondary or tertiary), smoking status (smoker or non-smoker), physical activity in metabolic equivalents-h/week, and total daily energy intake (kJ/d). The DIl models were adjusted for the same covariates except
total energy intake.

1 n 1007 participants, after exclusion of those using hypotensive medications.

§ The models were additionally controlled for BMI as a continuous variable.

|| The models were additionally controlled for alcohol intake (none, <0-3 and <3 drinks/d).
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and other potential confounders. The 20-year prospective
Coronary Artery Risk Development in Young Adults (CARDIA)
study also did not find any association between a diet consistent
with the key American Dietary Guidelines and reduced risk
of type 2 diabetes®”, suggesting that most of the individual
American Dietary Guideline recommendations have not been
proven to reduce the risk of diabetes. Several diet quality
scores, including MDS and DASH score, have been reported
to be associated with a lower risk of type 2 diabetes in
overweight subjects®?. In the present study population, age-
and sex-specific stratification analyses showed that the DII
was inversely associated with plasma glucose, HbAlc, serum
insulin and HOMA-IR in men aged >50 years (data not
shown). The DQI-I was also inversely associated with plasma
glucose and HbA1c in only women. This sex-specific difference
in cardiovascular risk prediction has been found in previous
studies using different indices®*>*>*_ The absence of a signifi-
cant association of diet quality indices with glycaemic
biomarkers is probably explained by the relatively low pre-
valence of diabetes in the study population®®; the small
sample size did not allow to detect potentially significant
changes in the risk of type 2 diabetes.

On the whole, the five diet quality indices were highly
correlated in the study population, probably because most
of these indices focus on dietary patterns rich in fruits and
vegetables, whole grains, nuts and fish but poor in high-
salt processed meats. The highest correlation was observed
between the DASH and DQI-I scores, which confirms our
findings with respect to the similarity in their ability to
detect changes in lipid biomarkers. The inverse correlations
between the DII and other diet quality indices are probably
due to the fundamental difference in the conceptual back-
ground to construct this diet quality index, focusing on the
inflammatory profile of the diet. Although these indices, in
general, share the same beneficial and detrimental food or
nutrient components, the observed variations in relation to
biomarkers associated with disease risk are probably due to
differences in their constructs and scoring criteria.

The RCI, DQI-I and DASH scores showed no direct corre-
lations with important micronutrients such as vitamin D, Fe
and I. This suggests that adherence to the respective dietary
guidelines would be insufficient for preventing vitamin and
mineral deficiencies, although other factors may influence
the absorption; for example, vitamin D is not solely a food-
based nutrient. Furthermore, it is possible that the poor
correlations arise from the inability of the FFQ to precisely
assess the intake of these nutrients.

By contrast, the DII was strongly negatively correlated with
virtually all the nutrients. Although the MDS was significantly
correlated with daily Fe intake, finding low serum Fe and hae-
matocrit levels among participants matching those observed
on following a Mediterranean dietary pattern should be exam-
ined in other populations to determine whether the diet is
really of poor Fe quality or whether further modifications
and adaptations are required to be made in the MDS scoring
system.

Surprisingly, the Luxembourg diet quality index measuring
the compliance to the national dietary recommendations

(RCD selected in the present study was associated with
higher levels of serum insulin and BMI, but with lower
levels of HDL and apo Al. The possibility of reverse causality,
i.e. obese individuals and subjects with poor health status may
have improved their dietary habits after being informed of a
medical condition, is minimal, because these correlations
were observed in a population sample relatively free from
chronic diseases. Furthermore, participants taking medications
or dieting for weight loss were excluded. In addition, further
controlling for health awareness as expressed by the import-
ance of eating a balanced diet did not change the results
(data not shown). However, a bidirectional causal relationship
between diet and health is possible, as diet quality has a
positive effect on health and health influences diet quality
and food choices. These unexpected findings indicate that
adherence to the current national dietary guidelines may
be insufficient to avoid cardiometabolic risk and disease.

Although the RCI helped to identify the major determinants
of good compliance™®, it is probably a poor indicator of risk
prediction and not the ideal tool to reflect a good-quality
healthy diet. The lack of consistent associations with risk bio-
markers may be explained by the non-specificity of the type
of protein and carbohydrate. The RCI emphasises a broad
inclusion of many foods but not of micronutrients. Apart
from population adherence to the national dietary guidelines,
its ability to predict diet-related risk is questionable, and
future modification and improvement of this indicator are
required. In our national context, it is important to validate
a summary nutritional indicator to serve as a useful tool
for rapid screening, thereby aiding public health authorities
to develop effective nutrition promotion messages to the
general public®>”.

Similar to most of the nutrition population-based studies,
potential limitations include factors related to the cross-
sectional design, which precludes inferences regarding causal
relationships. In addition, an optimum dietary intake assess-
ment strategy is still challenging in nutrition research®®.
The list of foods in a FFQ is a crucial element needed to
capture the variability of dietary habits. The calculation of
the selected diet quality indices relied on the 132-item FFQ.
This tool has been shown to be sufficiently convenient and
inexpensive to use in large-scale, population-based studies®”,
compared with a high-cost 24 h recall, which must be repeated
to avoid under-reporting®® ] although both methods rely on
cognitive processes such as memory and perception. It is
worth mentioning that most of the selected indices were devel-
oped using the FFQ, except the DQI-I, which was originally
designed using 24h recalls. The short-term dietary intake
assessment method was considered a weak point because
food variety among the categories included in the DQI-I
would have been prone to a misclassification error’”. The
ability of the DII to predict inflammation-related outcomes has
been demonstrated using both recall methods and structured
questionnaires®”; however, the FFQ used in the present study
seemed to be not ideal, as the unavailability of specific foods
and nutrients probably contributed to the poor performance
of the DII in the present study and, hence, hampered
the detection of significant associations with risk biomarkers.
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The present study has several strong points. The data were
derived from a recent nationwide sample of the general adult
population. This is one of the few population-based studies
that have directly compared alternative diet quality measures
to determine whether one index can best predict the risk
of chronic diseases. Previous attempts have been limited to
comparison of different Mediterranean or American recom-
mendation dietary scores”® with respect to specific health
outcomes 272, Applying these scores, developed in different
settings, to a single European population is problematic, as
it could be inadequate to assess the quality of the diet of
one population based on the recommendations develo-
ped for another, especially when their eating habits differ
substantially(60). The DII was empirically derived from a
search of the literature that involved reading and scoring
nearly 2000 articles that dealt with the relationship between
dietary parameters and six inflammatory markers. The remain-
ing three indices are based on dietary recommendations
that, while generally sensible, are also culture bound. None-
theless, the observed associations of each dietary pattern
with various markers of chronic diseases provide evidence
of their reproducibility and validity to a different extent.

In summary, the present study provides evidence that in
the study population, the Mediterranean diet was associated
with the most favourable biomarker risk profile, which sup-
ports the epidemiological application of the MDS in the
future to evaluate diet—disease risk relationships. The Medi-
terranean diet serves potentially as a universal guideline
for healthful food consumption, as it presents a healthy
eating pattern associated with reduced levels of cardiometa-
bolic, hepatic and renal biomarkers in an adult population.
Considering the high multiple risk profile of the study popu-
lation®?, our findings provide insights to determine whether
the current dietary guidelines are truly helpful in the fight
against chronic diseases.
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