European Journal of Nutrition (2021) 60:729-746
https://doi.org/10.1007/500394-020-02272-7

ORIGINAL CONTRIBUTION q

Check for
updates

Association of a traditional Mediterranean diet

and non-Mediterranean dietary scores with all-cause

and cause-specific mortality: prospective findings from the Moli-sani
Study

Marialaura Bonaccio'® - Augusto Di Castelnuovo? - Simona Costanzo' - Amalia De Curtis' -
Mariarosaria Persichillo’ - Chiara Cerletti’ - Maria Benedetta Donati' - Giovanni de Gaetano' - Licia lacoviello'> on
behalf of the Moli-sani Study Investigators

Received: 27 September 2019 / Accepted: 4 May 2020 / Published online: 21 May 2020
© Springer-Verlag GmbH Germany, part of Springer Nature 2020

Abstract

Purpose To evaluate in an Italian general population, the association with mortality of a traditional Mediterranean diet (MD)
and non-Mediterranean dietary (non-MD) patterns, and their combined effect, and to test some biomarkers of cardiovascular
(CVD) risk as potential mediators of such associations.

Methods Longitudinal analysis on 22,849 men and women aged > 35 years, recruited in the Moli-sani Study (2005-2010),
followed up for 8.2 years (median). The MD was assessed by the Mediterranean diet score (MDS). The Dietary Approaches
to Stop Hypertension (DASH), the Palaeolithic diet, and the Nordic diet were chosen as reportedly healthy non-MD patterns.
Hazard ratios (HR) with 95% confidence intervals (95% CI) were calculated by multivariable Cox regression.

Results Participants reaching higher MDS or DASH diet score experienced lower risk of both all-cause (HR 0.77; 95% CI
0.66-0.90 and 0.81; 0.69-0.96, respectively, highest vs lowest quartile) and CVD (0.77; 0.59-1.00 and 0.81; 0.69-0.96,
respectively) death risk; risk reduction associated with the Palaeolithic diet was limited to total and other cause death,
whereas the Nordic diet did not alter risk of mortality. Increasing adherence to MD was associated with higher survival in
each stratum of non-MD diets. Biomarkers of glucose metabolism accounted for 7% and 21.6% of the association between
either MDS or DASH diet, respectively, with total mortality risk.

Conclusions Both the traditional MD and DASH diet may reduce risk of all-cause mortality among Italians, as well as risk
of dying from cardiovascular causes. The Palaeolithic diet did not appear to reduce cardiovascular risk, while the Nordic
eating pattern was unlikely to be associated with any substantial health advantage.
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alcohol (mainly wine) during meals, has been found to be
associated with lower mortality and disease risk in a num-
ber of observational epidemiological studies [1-3], meta-
analyses [4, 5], and intervention trials, and in both primary
[6] and secondary prevention trials [7]. This dietary pattern
has been shown to be also effective in non-Mediterranean
populations by reducing risk of cardiovascular (CVD) and
cerebrovascular disease [8§—10], cancer [11] or mortality
[12-14]; in some cases, it performed even better than the
typical dietary model of the studied population [15, 16]. All
such studies have basically suggested that a shift to an MD
would definitely provide health advantages also to non-MD
populations, while, on the contrary, it is unclear whether
healthful non-Mediterranean (non-MD) diets may reflect
protective dietary patterns in Mediterranean populations,
since few have addressed this topic so far [17].

A number of longitudinal studies have suggested that
many healthy non-MD patterns, such as the Dietary
Approaches to Stop Hypertension (DASH) diet, which
attracted much attention due to its beneficial effects on blood
pressure [18], the Palaeolithic dietary model, that describes
the general diet Homo sapiens would have had prior to the
development of agriculture [11], or a Nordic diet, reflect-
ing the healthy diet consumed in Nordic countries [19, 20],
may provide significant health advantages, being associated
with less chronic disease [17-19], longer survival [13-16,
21], and favourable cardio-metabolic risk markers also in
intervention studies [22—-24].

All these non-MD dietary patterns are reflective of a
healthy diet, and thus, it is reasonable to hypothesize that
they may provide health advantages also in a Mediterranean
population either by themselves or in combination with an
MD.

Moreover, the biological mechanisms through which
healthy dietary habits affect disease/mortality risk are still
unclear, at least from a population-based perspective. It is
well established that high-quality diets, such as the MD, are
associated with more favourable levels of some markers
of CVD risk, such as blood lipids or inflammatory mark-
ers; however, a few longitudinal studies to date have tested
whether these markers could account for the beneficial asso-
ciation of an MD with health outcomes, at least as a primary
purpose of the study [10, 12, 25-27].

As yet, little is known on the relationship between MD
(and diet in general) with other established markers of CVD
risk, such as cardiac risk markers or markers of renal func-
tion, which could be reasonably involved among the biologi-
cal pathways through which diet exerts its effects on health.

The present study has three main purposes: first, to
assess the individual association of a traditional MD and
three widely used healthy non-MD dietary patterns with all-
cause and cause-specific mortality in a Mediterranean popu-
lation; second, to test the combination of MD with non-MD
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diets towards mortality risk; finally, to explore the biologi-
cal mechanisms that could be on the pathway between diet
quality and mortality.

Methods
Study population

We studied participants from the Moli-sani Study, a prospec-
tive cohort study established in 2005-2010 with an enrol-
ment of 24,325 men and women (aged > 35 years) randomly
recruited from the general population of Molise, a Southern
Mediterranean Italian region with the purpose of investigat-
ing genetic and environmental risk factors in the onset of
cardiovascular, cerebrovascular, and tumour diseases. The
study design and procedures have been previously described
[28].

For the purpose of this study, we omitted subjects report-
ing implausible energy intakes (< 800 kcal/day in men and
<500 kcal/day in women or > 4000 kcal/day in men and
> 3500 kcal/day in women; n="771), unreliable medical/
dietary questionnaires (n =235 and n=955, respectively),
subjects lost to follow-up (n=23) or with missing data
on outcomes (n=68), exposure (n=104), and individuals
with missing information on the main covariates of interest
(n=65). The final sample consisted of 22,849 subjects.

Dietary assessment

Food intake during the year before enrolment was assessed
through the EPIC food-frequency questionnaire (FFQ) vali-
dated and adapted to the Italian population [29] for a total
of 188 food items that were classified into 45 predefined
food groups on the basis of similar nutrient characteristics
or culinary usage (Supplemental Table 1). Components and
food amounts for optimal scoring of each dietary index are
summarized in Supplemental Table 2.

The traditional Mediterranean diet

Adherence to the traditional MD was defined through the
Mediterranean Diet Score (MDS) developed by Trichopou-
lou et al. [1], which was obtained by assigning one point
to healthy foods [fruits and nuts, vegetables, legumes,
fish, cereals, and monounsaturated (MUFAs)-to-saturated
fats (SFAs) ratio] whose consumption was above the sex-
specific medians of intake of the Moli-sani Study popula-
tion, free from CVD, cancer, and diabetes, and then applied
to the whole population; foods presumed to be detrimental
(meat and dairy products) were scored positively if their
consumption was below the median. All other intakes
received O points. For ethanol, men who consumed 10-50 g/
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day and women who consumed 5-25 g/day received 1 point;
otherwise, the score was 0. The MDS ranged from O to 9 (the
latter reflecting maximal adherence).

The DASH diet

The DASH score was developed as indicated by Fung et al.
[18] and is based on positive scoring of quintiles of fruits,
vegetables, nuts and legumes, low-fat dairy products, whole
grains (highest intake received five points; one point for the
lowest); for food items presumed to be detrimental (dietary
sodium, red and processed meats, and sweetened bever-
ages), low intake was desired, therefore, the lowest quintile
was given a score of five points and the highest quintile,
one point. Men and women were classified into quintiles
separately.

For soft drinks, we calculated approximate quintiles. In
our cohort, data on whole-grain product intake were limited
to whole-grain bread; for this reason, we used the cereal
food group rather than whole grains. Low-fat dairy prod-
ucts, which are not commonly used in Italy, were limited to
partially skimmed milk, skimmed milk yogurt, and ricotta
cheese. The DASH diet score potentially ranged from 8 to
40.

The Palaeolithic diet

Adherence to a Palaeolithic diet was measured as proposed
by Whalen et al. [11] and was obtained by scoring sex-spe-
cific quintiles of adherence to seven food items presumed to
be healthful (fruits, vegetables, fruit and vegetables variety,
legumes and nuts, fish, lean meat, and non-dairy calcium
intake), while foods that should be consumed less were
grains and starches, alcoholic beverages per week, dairy
products, red and processed meat, baked products, dietary
sodium, and sugar-sweetened beverages.

In our version, this score included also legumes in the nut
food group, due to low nut consumption in our population.
The final score could range from 14 to 70.

The Nordic diet

A Nordic diet index was calculated by scoring the following
nine food items, as indicated by Galbete et al. [19]: whole-
grain bread, apples and pears, berries (strawberries), fish,
cabbage and cruciferous vegetables, root vegetables, milk
and dairy products, potatoes, and vegetable fats (excluding
olive oil). After categorizing each food component into sex-
specific tertiles of intake, the participants received a score of
0-2 points according to the first, second, and third tertiles,
respectively.

For whole-grain bread, the median intake was 0, as more
than 80% of the cohort did not consume this food, and

thus, one point was instead given to all participants with
any intake of whole-grain bread (14.4%). The Nordic diet
score potentially ranged from 0 to 17.

Combination of dietary scores

We undertook combined analyses stratified for low adher-
ence (<4, population median) and high (> 4) adherence to
the MD associated with each of non-MD dietary pattern
(1 SD increase) with the purpose of testing whether low
adherence to MD could be counterbalanced by improving
adherence to non-MD dietary patterns, in relation to total
and cause-specific mortality.

Similarly, we stratified analyses by degree of adherence
(low/high) to non-MD dietary scores and tested mortality
risk associated with 1 SD increase in the MDS.

To calculate the potential health advantages deriving from
food items not included in the traditional MD, but present in
non-MD scores, we alternately added food groups typical of
non-MD patterns that were not part of the MDS. Each addi-
tional food group intake was calculated as sex-specific medi-
ans and was assigned a score 1 if the food was presumed
healthy and of O if unhealthy. We then obtained the follow-
ing three combined dietary scores: MDS + DASH food items
(dietary sodium and soft drinks intake), MDS + Palaeolithic
food items (non-dairy dietary calcium, fruit and vegetable
variety, dietary sodium, soft drinks, and baked products),
and MDS + Nordic food items (potatoes, vegetable fats
excluding olive oil, and whole-grain bread). A fourth com-
bined score (range 0—16) was also created and resulted by
summing the MDS and the whole set of eight non-MD food
items. Finally, a dietary score resulting from the difference
between the combined score and the MDS was calculated
to quantify the association of all non-MD food items with
mortality risk.

Baseline covariate assessment

Demographics, including education attainment (highest
qualification attained), household income, and smoking,
were obtained by interviewer-administered questionnaires.

Leisure-time physical activity (PA) was expressed as
daily energy expenditure in metabolic equivalent task-
hours (MET-h/d) for sport, walking, and gardening, and
then dichotomized as below/above the population median
(2.27 MET-h/day). Height and weight were measured, and
body mass index (BMI) was calculated as kg/m? and then
grouped into three categories as normal (<25), overweight
(>25 to <30), or obese (>30).

History of cardiovascular disease (angina, myocardial
infarction, revascularization procedures, peripheral artery
disease, and cerebrovascular events) was self-reported and
confirmed by medical records and therapy. History of cancer
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was self-reported and confirmed by medical records. Hyper-
tension, hyperlipidaemia, and diabetes were defined by use
of pharmacological treatment.

Venous blood samples were obtained from participants
who had fasted overnight and had refrained from smoking
for at least 6 h.

Serum lipids (total cholesterol, HDL-cholesterol, and tri-
glycerides) and blood glucose were assayed by enzymatic
reaction methods using an automatic analyzer [ILab 350,
Instrumentation Laboratory (IL), Milan, Italy].

Quality control for lipids and glucose was obtained by a
commercial standard (Ser 1 and Ser 2) provided by the IL
and an in-house serum standard pool. The coefficients of
variability (CV) were, respectively, 4.9%, 5.2%, and 4% for
blood cholesterol; 3.2%, 3%, and 4.5% for HDL-cholesterol;
5.2%, 5.3%, and 5% for triglycerides; 4.7%, 4.1%, and 3.9%
for blood glucose.

High-sensitivity C-reactive protein (CRP) was meas-
ured in fresh serum samples by a particle-enhanced immu-
noturbidimetric assay (ILab 350, IL, Milan, Italy). Qual-
ity control for CRP was maintained using in-house serum
pool and internal laboratory standard at 1.5 mg/L; inter-day
coefficients of variability for CRP were 5.5% and 4.2%,
respectively.

Hemocromocytometric analysis was performed by cell
count (Coulter HMX, Beckman Coulter, IL Milan, Italy)
within 3 h from blood collection.

Quality control was performed using three different lev-
els of standards Abn I, Abn II, and Normal (Coulter HMX,
Beckman Coulter). Coefficient of variability for white blood
cells (WBC) was 6.2%, 3.3%, and 3.0% for Abn I, Abn II,
and Normal, respectively.

Blood pressure (BP) was measured by an automatic
device (OMRON-HEM-705CP) three times on the non-
dominant arm and the last two values were taken as the BP.
Measurements were made in a quiet room with comfortable
temperature with the participants lying down for at least
5 min.

N-terminal pro B-type natriuretic peptide (NTproBNP),
high-sensitivity assayed Troponin I (hsTnl), apolipoprotein
A1l (ApoA), apolipoprotein B100 (ApoB100), lipoprotein a
[Lp(a)], markers of renal function (cystatin C, creatinine),
insulin, C-peptide, and serum vitamin D were measured in
the framework of the collaborative BiomarCaRE project
[30].

Statistical analysis

Characteristics of the study population by levels of adher-
ence to MD, DASH, Palaeolithic, and Nordic diets were
presented as numbers and percentages, or mean values and
standard deviation (SD) for continuous variables. Differ-
ences in the distribution of baseline covariates according
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to degree of adherence to each dietary score were calcu-
lated using the analysis of variance adjusted for age and
sex (GENMOD procedure for categorical variables and
GLM procedure for continuous variables in SAS software;
Table 1). Correlation between dietary scores was calcu-
lated with a Spearman correlation coefficient.

Risk estimates for all-cause and cause-specific deaths
were expressed as hazard ratios (HRs) with 95% confi-
dence interval (95% CI) and calculated using Cox regres-
sion models with time-on-study on the time scale and com-
peting risk of dying for other causes (PHREG procedure
in SAS software).

Multivariable-adjusted HRs were calculated across
quartiles of dietary pattern scores, as well as considering
the dietary patterns as continuous variables [by 1 SD].

Selection of potential confounders was made through
directed acyclic graphs (DAG) using DAGitty (http://dagit
ty.net/), a browser-based environment for analysing causal
models through diagrams to minimize bias (Supplemental
Figure 1).

Two multivariable models were fitted: the first (model
1) was adjusted for age (continuous), sex, and energy
intake (kcal/day; continuous); the second (model 2) as in
model 1 further controlled for educational level, household
income, smoking, leisure-time PA, BMI, diabetes, hyper-
tension, hyperlipidaemia, history of CVD, and cancer at
baseline.

Several panels of biomarkers were tested as possibly
mediating the association of dietary scores with mortality
risk. In addition to cardiac troponin (hsTnl) and NTproBNP,
we tested biomarkers of renal function (cystatin C, creati-
nine), glucose metabolism (blood glucose, insulin, C-pep-
tide), lipid metabolism [total blood cholesterol, HDL-cho-
lesterol, triglycerides, Lp(a), apoAl, and apoB100] serum
vitamin D, inflammatory markers (CRP and WBC), and a
panel including systolic and diastolic blood pressure (BP).

The multivariable model 2 served as the reference for
the mediation analysis used to quantify the contribution
of each set of potential mediators, which were alternately
included into model 2. For the mediation analysis, we used
the %MEDIATE macro in SAS [31] which calculates the
point and interval estimates of the percent of exposure effect
(PTE) explained by one or more intermediate variables, with
95% confidence interval and P values. Biomarkers were
entered into the mediation analysis as ordered quintiles.

We performed sensitivity analyses for all-cause mortality
to assess potential effect modification by various risk fac-
tors: age (3565 and > 65 years), sex, socioeconomic strata
(education and household income), lifestyles (smoking sta-
tus, leisure-time PA), health conditions at baseline (CVD,
cancer, diabetes, hypertension, and hyperlipidaemia), and
within a healthy sample (without CVD nor cancer at base-
line). Appropriate multiplicative terms for testing interaction
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Table 1 Baseline characteristics of the Moli-sani Study population across categories (quartiles) of adherence to a priori-defined dietary scores

Total popula-  Mediterranean diet (MDS) DASH diet Palaeolithic diet Nordic diet
tion
Q1 (0-3) Q4 (6-9) QI (10-21) Q4 (27-39) QI (21-39) Q4 (49-65) Q1 (0-6) Q4 (11-17)
Subjects (n) 22,849 6961 5833 6368 6013 5982 5146 6588 4751
Age (years) 55(12) 54 (12) 56 (11) 53 (11) 58 (12) 53 (12) 57 (11) 57 (12) 54 (11)
Men (%) 47.7 43.7 52.8 49.8 45.0 522 435 46.2 47.6
Postsecondary 12.9 12.4 14.0 12.0 14.5 12.7 13.4 11.4 14.9
education (%)
High income 12.2 11.1 14.2 11.1 15.0 12.1 12.7 10.7 133
(>40,000 Euros/
year), (%)
Leisure-time PA 49.4 43.1 55.7 42.6 56.5 41.9 56.9 429 56.8
(MET-h/day)?
(%)
Current smokers 23.0 23.1 22.4 27.2 19.4 27.7 19.7 25.9 19.4
(%)
Obesity (body mass 29.6 29.4 29.5 29.1 29.3 27.1 313 30.6 28.8
index >30 kg/
m’) (%)
History of CVD 52 4.8 5.6 3.8 6.5 4.0 6.6 5.4 49
(%)
History of cancer 3.2 32 3.1 2.6 3.6 2.7 35 3.4 2.9
(%)
Diabetes (%) 4.8 5.1 4.7 3.7 5.6 33 6.2 5.0 42
Hyperlipidaemia 7.7 6.4 9.7 5.3 10.3 5.1 10.5 8.3 7.0
(%)
Hypertension (%)  27.3 25.8 29.6 22.5 31.9 22.5 31.2 29.4 24.8
hsTnl (pg/mL)° 2.24 (2.22- 2.19 (2.15- 2.34 (2.30- 2.16 (2.12— 2.34(2.29- 2.19 (2.15- 2.27 (2.23- 2.27 (2.23- 2.27 (2.23-2.32)
2.27) 2.22) 2.38)* 2.20) 2.38)* 2.23) 2.32)* 2.31)
NTproBNP (pg/ 50.8 (50.1- 51.5 (50.4- 48.2 (47.1- 49.3 (48.2— 48.5 (47.4- 48.6 (47.6— 49.1 (48.0- 51.0 (50.0— 49.8 (48.5-51.0)
mL)° 51.5) 52.6) 49.3)* 50.4) 49.5) 49.7) 50.3) 52.1)
Markers of renal function
Cystatin C (mg/ 0.96 (0.96— 0.96 (0.96— 0.96 (0.95— 0.96 (0.95— 0.96 (0.96— 0.96 (0.95— 0.95 (0.95- 0.97 (0.97- 0.96 (0.95—
dL)® 0.96) 0.97) 0.96)* 0.96) 0.96) 0.96) 0.96) 0.98) 0.96)*
Creatinine (mg/ 0.80 (0.80— 0.80 (0.79— 0.81 (0.81— 0.79 (0.79- 0.81 (0.81- 0.80 (0.79- 0.81 (0.81- 0.81 (0.80— 0.80 (0.80-0.81)
dL)® 0.80) 0.80) 0.81)* 0.80) 0.82)* 0.80) 0.81)* 0.81)
Markers of glucose metabolism
Blood glucose (mg/ 99 (97-101) 100 (99-100) 99 (98-99) 100 (99-100) 99 (98-99)* 99 (98-99) 100 (99-100)* 99 (98-99) 99 (99-100)
dL)®
Insulin (pmol/L)®  51.9 (51.6— 52.9(52.3- 50.4 (49.7- 54.2 (53.5- 49.6 (48.9—- 51.9(51.2—- 51.7 (51.0—- 52.0 (51.4- 51.6 (50.8-52.3)
52.3) 53.6) SL.1)* 54.9) 50.2)* 52.6) 52.4) 52.7)
C-peptide (ng/mL)° 1.58 (1.57— 1.63 (1.61— 1.51 (1.49— 1.66 (1.64— 1.48 (1.46— 1.59 (1.57- 1.55 (1.54- 1.60 (1.58— 1.56 (1.54—
1.59) 1.65) 1.52)* 1.68) 1.49)* 1.61) 1.57)* 1.62) 1.58)*
Markers of lipid metabolism
Blood cholesterol 213 (42) 212 (42) 214 (41)* 214 (42) 212 (41)* 214 (41) 212 (42)* 212 (42) 213 (41)
(mg/dL)
HDL-cholesterol 57 (15) 57 (15) 57 (15) 57 (15) 57 (15) 58 (15) 57 (15)* 57 (15) 58 (15)
(mg/dL)
Triglycerides (mg/ 112 (106-119) 111 (110-113) 115 (113~ 113 (112-115)  112(110-113) 113 (112=114) 112(110-113) 115 (114-116) 110 (108=111)*
dL)® 116)*
ApoB100 (g/L) 0.98 (0.24) 0.96 (0.23) 1.01 (0.25)* 0.97 (0.24) 0.99 (0.25)* 0.98 (0.24) 0.99 (0.25)* 0.98 (0.25) 0.98 (0.25)
ApoA (g/L) 1.56 (0.32) 1.52 (0.31) 1.59 (0.33)* 1.52 (0.31) 1.59 (0.34)* 1.55 (0.31) 1.56 (0.33) 1.55(0.33) 1.56 (0.32)
Lp(a) (mg/dL) 18.1 (18.9) 17.4 (18.3) 18.6 (19.2)* 17.7 (18.7) 18.8 (19.4)* 17.8 (18.7) 18.4 (19.0) 17.7 (18.8) 18.1(18.8)
Serum vitamin D 18.9 (9.3) 19.1 (9.3) 19.0 (9.3) 18.8 (9.2) 19.1 (9.3) 18.9 (9.5) 19.3 (9.1)* 18.8 (9.2) 19.1 (9.4)*
(ng/mL)
Inflammatory markers®
C-reactive protein ~ 1.51 (1.49- 1.54 (1.51- 1.47 (1.43— 1.59 (1.55- 1.39 (1.35- 1.54 (1.50- 1.46 (1.42— 1.53 (1.50- 1.47 (1.43—
(mg/L) 1.53) 1.58) 1.51)* 1.63) 1.42)* 1.58) 1.50)* 1.57) 1.52)*
Leukocyte count 6.0 (6.0-6.0) 6.1 (6.0-6.1) 6.0(5.9-6.00* 6.1(6.1-6.2) 5.9(5.9-5.9)* 6.1(6.0-6.1) 6.0(6.0-6.0)* 6.1(6.1-62) 6.0 (5.9-6.0)*
(x10°/L)
Systolic BP 141 (21) 140 (20) 141 (20)* 140 (20) 141 (21) 140 (20) 140 (21) 141 (21) 141 (20)
(mmHg)
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Table 1 (continued)

Total popula-  Mediterranean diet (MDS) DASH diet Palaeolithic diet Nordic diet
tion
Q1 (0-3) Q4 (6-9) Q1 (10-21) Q4 (27-39) Q1 (21-39) Q4 (49-65) Q1 (0-6) Q4 (11-17)
Diastolic BP 82 (10) 82(9) 83 (10)* 82 (9) 82(9) 82(9) 82(9) 82 (10) 82 (10)
(mmHg)

Values are mean + standard deviation (SD) unless otherwise indicated. The range of scores are shown in parentheses for Q1 and Q4 for each diet.
Differences were calculated using the analysis of variance. Biomarkers are reported as age and sex-adjusted means. Differences were calculated

using the analysis of variance adjusted for age and sex

CVD cardiovascular disease, NTproBNP N-terminal pro B-type natriuretic peptide, AsTnl high-sensitivity assayed Troponin I, ApoA apolipopro-

tein A1, ApoB100 apolipoprotein B100, Lp(a) Lipoprotein a
*Significance across quartiles (P <0.05)

*Leisure-time physical activity (PA) above the population median (2.27 MET-h/day)

Geometric means with corresponding 95% confidence intervals are reported for log-transformed variables

were included in the multivariable models to test for a differ-
ence of effect of the dietary scores across subgroups.

Sensitivity analyses were run by excluding missing
categories.

Potential dose—response relationship between dietary pat-
terns and all-cause mortality risk was tested via a restricted
cubic spline regression. The used RCS_Reg SAS macro
[32] created a restrictive cubic spline function of dietary
patterns with three knots, located at the 5th, 50th, and 95th
percentile, and displays the dose—response association (with
its 95% confidence interval) between the cubic spline dietary
scores and all-cause mortality, tested via a multivariable Cox
model.

Dummy variables for missing values (30.9% household
income; 0.9% hyperlipidaemia; 0.7% hypertension; 1.2%
diabetes; 1.6% CVD; 0.4% cancer, and up to 7.7% of bio-
markers of CVD risk) were created. Positively skewed vari-
ables were log transformed before analysis.

The data analysis was generated using SAS/STAT soft-
ware, Version 9.4 of the SAS System for Windows©2009.

Results

Closer adherence (highest quartile) to all ‘a priori’-defined
dietary scores was associated with a healthier lifestyle, being
positively associated with more leisure-time PA and lower
prevalence of smokers, and with higher socioeconomic sta-
tus (Table 1), although with higher prevalence of subjects
with hyperlipidaemia or hypertension (with the exception
of the Nordic diet). Blood cholesterol levels were higher
in subjects adhering most to MD and lower among those
with greater adherence to the DASH or Palaeolithic diet
(Table 1); biomarkers of inflammation were reduced in
each high adherence group (Table 1); generally, differences
in biomarkers distribution were more apparent across MD
levels as compared to other dietary scores (Table 1). Mean
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daily intake of main food groups across levels of adherence
to each dietary pattern is reported in Supplemental Table 3.

Spearman correlation coefficients of MDS with DASH,
Palaeolithic and Nordic diets were r=0.56, r=0.49,
r=0.28, respectively (P <0.0001).

Distribution of study participants across 16-level combi-
nation of adherence to four different a priori dietary patterns
is shown in Supplemental Table 4, showing that about 22.7%
of subjects reported low adherence to all four dietary scores,
while about 16% was likely to be positioned in the higher
adherence group to each dietary score.

Over a median follow-up of 8.2 years (interquartile ranges
7.3-9.3 years; 187,899 person years), a total of 1237 deaths
were ascertained (CVD =444, IHD/cerebrovascular =258,
cancer =483, and 310 from other causes).

In the multivariable model, high adherence to MD was
associated with 23% lower risk of death as compared to the
lowest quartile (95% CI 10-34; Table 2, model 2); mortal-
ity risks from CVD, IHD/cerebrovascular, and other causes
were lowered by 23%, 31%, and 34%, respectively, while
a non-statistically significant trend towards protection was
found for cancer death.

Among non-MD patterns, the DASH and the Palaeo-
lithic diets were associated with lower risk of total mortal-
ity (HR 0.81; 0.69-0.96 and HR 0.84; 0.71-0.99 for Q4 vs
QI, respectively) and higher adherence to a DASH diet was
inversely associated with CVD (HR 0.80; 0.62—1.04 for Q4
vs Q1) and IHD/cerebrovascular mortality risk (HR 0.73;
0.52-1.03 for Q4 vs Q1; Table 2, model 2). All three dietary
scores were associated with lower risk of death from the
other causes (Table 3, model 2).

No consistent association between mortality risk and the
Nordic diet was found. The risk prediction of dietary scores
over time is illustrated in Figs. 1 and 2, in which mortality
rates are well separated during follow-up for MD (1A) and
to a less extent for DASH diet (1B), but not for Palaeolithic
(2A) or Nordic diets (2B).
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Table 3 Association of a priori-defined dietary patterns with risk of cancer and other cause death in the Moli-sani Study cohort (n=22,849)

Subjects, n (%) Cancer mortality

Other cause mortality

Deaths, n (%) Model 1

HR (95% CI)

Model 2
HR (95% CI)

Deaths, n (%) Model 1

HR (95% CI)

Model 2
HR (95% CI)

Quartiles

Mediterranean diet

Q1 (0-3) 6961 (30.5) 139 (2.0) -1-

Q2 (4) 5129 (22.4) 107 (2.1) 0.91 (0.71-1.17)

Q3 (5 4926 (21.6) 112 (2.3) 0.96 (0.75-1.24)

Q4 (6-9) 5833 (25.5) 125 (2.1) 0.82 (0.64-1.05)
DASH diet

Q1 (10-21) 6368 (27.9) 106 (1.7) -1-

Q2 (22-23) 4226 (18.5) 91 (2.1) 1.01 (0.76-1.33)

Q3 (24-26) 6242 (27.3) 145 (2.3) 1.04 (0.81-1.34)

Q4 (27-39) 6013 (26.3) 141 (2.3) 0.88 (0.68-1.14)
Palaeolithic diet

Q1 (21-39) 5982 (26.2) 109 (1.8) -1-

Q2 (40-43) 5308 (23.2) 105 (2.0) 0.89 (0.68-1.17)

Q3 (44-48) 6414 (28.1) 160 (2.5) 1.05 (0.82-1.34)

Q4 (49-65) 5146 (22.5) 109 (2.1) 0.86 (0.66-1.12)
Nordic diet

Q1 (0-6) 6588 (28.8) 160 (2.4) —1-

Q2 (7-8) 5818 (25.5) 107 (1.8) 0.81 (0.64-1.04)

Q3 (9-10) 5692 (24.9) 134 (2.3) 1.11 (0.87-1.41)

Q4 (11-17) 4751 (20.8) 82 (1.7) 0.86 (0.65-1.15)

-1- 107 (1.5) “1- -1-

0.94 (0.73-1.21) 73 (1.4) 0.79 (0.59-1.07)  0.84 (0.62-1.13)
1.00 (0.78-1.29) 62 (1.3) 0.71 (0.52-0.97) 0.76 (0.55-1.04)
0.88 (0.68-1.12) 68 (1.2) 0.61 (0.44-0.83) 0.66 (0.48-0.91)
-1- 78 (1.2) -1- -1-

1.01 (0.76-1.33) 65 (1.5) 0.91 (0.66-1.27) 0.93 (0.67-1.29)
1.06 (0.82-1.37) 87 (1.4) 0.81 (0.59-1.10) 0.83 (0.61-1.13)
0.95 (0.74-1.23) 80 (1.3) 0.63 (0.46-0.87) 0.71 (0.51-0.97)
“1- 77 (1.3) _1- _1-

0.90 (0.69-1.18) 68 (1.3) 0.75 (0.54-1.03)  0.77 (0.56-1.08)
1.09 (0.85-1.40) 102 (1.6) 0.84 (0.62-1.13)  0.89 (0.66-1.20)
0.90 (0.68-1.18) 63 (1.2) 0.63 (0.45-0.88)  0.69 (0.49-0.97)
Z1- 126 (1.9) _1- _1-

0.81 (0.63-1.03) 67 (1.1) 0.69 (0.51-0.93)  0.69 (0.51-0.93)
1.17 (0.92-1.49) 64 (1.1) 0.75 (0.55-1.02)  0.77 (0.56-1.06)
0.89 (0.67-1.19) 53 (1.1) 0.83 (0.59-1.18) 0.89 (0.63-1.27)

The range of scores is shown in parentheses for quartiles for each diet. Hazard ratio (HR) with 95% confidence interval (95% CI). Model 1
adjusted for age, sex and energy intake (kcal/day). Model 2 as in model 1 further adjusted for education (categorical), income (categorical),
leisure-time physical activity (MET-h/d, continuous), smoking status (categorical), BMI (kg/m?, categorical), diabetes, hypertension, hyperlipi-
daemia, history of CVD, and history of cancer at baseline

[V
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00—

P value =0.015

(op
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Years of follow-up

Adjusted cumulative all-cause mortality rates
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1) Q1 2) Q2
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Adjusted cumulative all-cause mortality rates

0 2 4 6 8 10

Fig. 1 Cumulative all-cause mortality rates according to four-level
adherence to Mediterranean diet (a) and DASH diet (b). The mortal-
ity rates are obtained from a multivariable model adjusted for age,
sex, energy intake, education (categorical), income (categorical),
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3) Q3 4) Q4

leisure-time physical activity (MET-h/day; continuous), smoking sta-
tus (categorical), BMI (kg/m2; categorical), diabetes, hypertension,
hyperlipidemia, history of CVD, and history of cancer at baseline
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Fig.2 Cumulative all-cause mortality rates according to four-level
adherence to Palaeolithic diet (a) and Nordic diet (b). The mortality
rates are obtained from a multivariable model adjusted for age, sex,
energy intake, education (categorical), income (categorical), leisure-

Supplemental Figures 2 and 3 report the adjusted
dose-response association between dietary scores and risk
of all-cause death showing an inverse linear dose-response
relationship limited to MDS (P for overall associa-
tion =0.0029; P for non-linear association=0.77).

Among individual food groups, higher consumption of
MUPFAs over SFAs, cabbages and cruciferous vegetables,
and fish and grains was likely associated with lower risk of
total and CVD death, while for total, cancer, and other cause
mortality, moderate alcohol intake also played a major role.
For IHD/cerebrovascular risk, there was also a healthful role
of low-fat dairy products and berries, while cancer risk was
likely to be altered by higher consumption of fruits and nuts/
legumes (Supplemental Table 5).

Mediation analysis

Each panel of explanatory factors was tested independently
and in a multivariable model including all factors simulta-
neously. Overall, biomarkers of glucose metabolism (i.e.,
blood glucose, insulin, and C-peptide) explained the larg-
est, although modest, proportion of the association of 1 SD
increment in MDS and DASH diet score with total mortality
(7.4 and 21.6%, respectively; Table 4).

All explanatory factors explained from 13.4 to 21.2% of
the relation of diet with the risk of dying from non-CVD/
non-cancer causes. Biomarkers of lipid metabolism (e.g.,
total blood cholesterol and triglycerides) were on the path-
way between MDS, DASH, and Palaeolithic diets and risk
of other cause mortality, while markers of renal function
likely attenuated the association between the Nordic diet and
health outcomes (Table 4).

Q2

3) Q3 4) Q4

time physical activity (MET-h/day; continuous), smoking status (cate-
gorical), BMI (kg/m?; categorical), diabetes, hypertension, hyperlipi-
demia, history of CVD, and history of cancer at baseline

Combination of MDS with non-MD dietary scores

We stratified main analyses across low and high levels
of adherence to the MDS to test whether an increase in
adherence to each non-MD dietary score would modulate
mortality risk (Table 5).

Among the group with the lowest MDS (< 4), increased
adherence to non-MD dietary patterns was not associated
with improved survival, while CVD mortality risk was
likely to be lowered at increased adherence to the Nordic
diet. No additional health benefits were found among sub-
jects with high MDS (Table 5).

On the other hand, analyses stratified for non-MD die-
tary patterns revealed higher survival associated with 1
SD increment in the MDS independently from the baseline
degree of adherence to each non-MD score. Also, down-
ward trends for cause-specific death risks were found
(Table 6).

Cumulative mortality rates for joint analysis of MDS
(low/high) with non-MD diets (low/high) showed higher
survival for those adopting an MD rather than non-MD
dietary patterns (Supplemental Figure 4).

The inclusion of non-MD food groups did not provide
any additional risk reduction to the MDS, with the excep-
tion of a modest improvement in CVD mortality risk when
DASH food items were included into the MDS (Supple-
mental Table 7). A global score of MDS supplemented
with eight non-MD food items was not associated with
lower mortality, nor was the score including non-MD
foods only.

@ Springer
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Sensitivity analyses

The main results on dietary scores and all-cause mortal-
ity risk were confirmed by sensitivity analysis ran for age,
sex, and different baseline health conditions, lifestyles, and
socioeconomic status. We found that age was an effect
modifier of the association between the DASH diet and
total death, with risk reduction limited to youngest people
(P for interaction =0.019); also, history of cancer at base-
line modified the risk of dying from any cause associated
with the Palaeolithic diet (P for interaction =0.0046; Sup-
plemental Table 7).

Discussion

N-terminal pro B-type natriuretic peptide (NTproBNP; pg/mL;

Findings from a large population-based cohort of adult Ital-
ians showed that adherence to the traditional Mediterranean
diet is associated with lower risk of all-cause, CVD, and
other cause mortality.

Improved survival was also found with higher scores on
DASH and Palaeolithic diets, while no reduction in total
mortality risk was found with the Nordic diet.

The strength of the association between the DASH diet
pattern with CVD and IHD/cerebrovascular mortality was
weaker than that observed with MD. All dietary scores
showed a non-significant downtrend with cancer death risk,
although the magnitude of the association of MDS (and Nor-
dic diet) was greater than the other diets, and seemed in line
with risk estimates provided by prior investigations [33].
Mortality from the other causes was also lower for subjects
with higher adherence to all dietary patterns, with the excep-
tion of the Nordic diet.

To the best of our knowledge, this is the first study to
test the ability of non-MD scores to shape mortality risk
among a Mediterranean population. In a prior investigation
conducted within the Italian segment of the EPIC study [17],
along with the MD (as measured by the Italian Mediter-
ranean Index), the DASH diet and the Healthy eating index
(HEI) were associated with lower risk of ischemic stroke,
thus documenting health advantages associated with non-
MD diets in a Mediterranean population. However, no evi-
dence is available to date with respect to mortality.

Although the four dietary patterns here analysed are all
proxies of healthy eating models, some differences still per-
sist. It is worth noting that the traditional MD is the only to
include MUFAs-to-SFAs ratio, and this may likely account
for the observed differences among the four dietary patterns
in relation to CVD death risk; indeed, the high scoring of
MUFAs over SFAs was consistently associated with lower
death risk, especially form cardiovascular causes as also dis-
cussed in previous epidemiological observations [34].

blood cholesterol (mg/dL), HDL-cholesterol (mg/dL), triglycerides (mg/dL; logarithm), apolipoprotein Al

high-sensitivity assayed Troponin I (hsTnl; pg/mL; logarithm). Natriuretic peptide

diet=1.6; Dash diet=4.0; Palaeolithic diet=6.3; Nordic diet=2.6). Model 2 is adjusted for sex, age (years, continuous), energy intake (kcal/day, continuous), education (categorical), income
(categorical), leisure-time physical activity (MET-h/day, continuous), smoking status (categorical), BMI (kg/m?, categorical), diabetes, hypertension, hyperlipidaemia, history of CVD, and his-

tory of cancer at baseline. Cardiac troponin
logarithm). Biomarkers of renal function include Cystatin C and Creatinine (mg/L; logarithm). Biomarkers of glucose metabolism include blood glucose (mg/dL; logarithm), insulin (pmol/L;

logarithm), and C-peptide (ng/mL; logarithm). Biomarkers of lipid metabolism
BP systolic and diastolic blood pressure (mm Hg), BMI body mass index (normal weight, overweight, obese), PTE percent of exposure effect explained by intermediate variables, with 95% con-

(ApoA; g/L), apolipoprotein B100 (ApoB100, g/L), and Lipoprotein a [Lp(a); mg/dL]. Serum vitamin D expressed as ng/mL. Inflammatory biomarkers include C-reactive protein (mg/dL; loga-
fidence interval and P values, Null not mediating the effect

Hazard ratio (HR) with 95% confidence interval (95% CI) for all-cause and cause-specific mortality risk associated with 1 standard deviation (SD) increase in each dietary score (Mediterranean
rithm) and white blood cell count (x 10°/L; logarithm)

Table 4 (continued)
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Table 5 All-cause and cause-specific mortality risk associated with 1 standard deviation increase in the DASH, Palaeolithic and Nordic diet
scores across low and high levels of adherence to the Mediterranean diet (MDS) in the Moli-sani Study cohort (n=22,849)

Deaths, n/subjects, n DASH diet Palaeolithic diet Nordic diet

All-cause mortality

Low MDS 668/12,090 0.98 (0.89-1.08) 0.97 (0.87-1.07) 0.94 (0.86-1.03)
High MDS 569/10,759 0.98 (0.89-1.08) 0.97 (0.88-1.07) 1.02 (0.93-1.11)
P interaction 0.80 0.98 0.083

CVD mortality

Low MDS 242/12,090 1.08 (0.93-1.26) 0.97 (0.82-1.14) 0.89 (0.76-1.03)
High MDS 202/10,759 0.92 (0.77-1.09) 1.05 (0.89-1.23) 1.12 (0.96-1.30)
P interaction 0.29 0.36 0.017
IHD/cerebrovascular mortality

Low MDS 142/12,090 1.11 (0.91-1.37) 1.07 (0.86-1.33) 0.92 (0.76-1.12)
High MDS 116/10,759 0.86 (0.69-1.08) 0.96 (0.78-1.19) 0.99 (0.81-1.21)
P interaction 0.12 0.27 0.45

Cancer mortality

Low MDS 246/12,090 0.98 (0.84-1.14) 1.04 (0.89-1.22) 1.04 (0.90-1.20)
High MDS 237/10,759 1.01 (0.87-1.18) 0.91 (0.79-1.06) 0.99 (0.86-1.14)
P interaction 0.81 0.25 0.65

Other cause mortality

Low MDS 180/12,090 0.89 (0.41-1.06) 0.90 (0.75-1.09) 0.87 (0.74-1.04)
High MDS 130/10,759 1.04 (0.84-1.28) 0.96 (0.78-1.18) 0.94 (0.78-1.14)
P interaction 0.17 0.71 0.28

Hazard ratio (HR) with 95% confidence interval (95% CI) for all-cause and cause-specific mortality risk associated with 1 standard deviation
(SD) increase in each dietary score (Dash diet=4.0; Palaeolithic diet=6.3; Nordic diet=2.8). Multivariable models are adjusted for sex, age
(years, continuous), energy intake (kcal/day, continuous), education (categorical), income (categorical), leisure-time physical activity (MET-h/
day, continuous), smoking status (categorical), BMI (kg/m?, categorical), diabetes, hypertension, hyperlipidaemia, history of CVD, and history
of cancer at baseline. Low and high categories of adherence to the Mediterranean diet defined as MDS <4 or >4 (population median)

Table 6 All-cause and cause-specific mortality risk associated with 1 standard deviation increase in the Mediterranean diet score across low and
high levels of adherence to the DASH, Palaeolithic, and Nordic diets in the Moli-sani Study cohort (n=22,849)

Subjects, n All-cause mortality ~ CVD mortality IHD/cerebrovascu- Cancer mortality ~ Other cause mortality
lar mortality

DASH diet
Low 12,817 0.91 (0.83-0.997) 0.93 (0.80-1.09)  0.89 (0.73-1.10)  0.95 (0.82-1.10) 0.83 (0.69-0.99)
High 10,032 0.90 (0.82-0.99) 0.92(0.79-1.07)  0.87(0.70-1.07)  0.93 (0.81-1.08) 0.83 (0.69-1.005)
P interaction 0.70 0.74 0.95 0.86 0.71
Palaeolithic diet
Low 12,672 0.93 (0.84-1.01) 0.90 (0.77-1.05)  0.88 (0.71-1.09) 1.00 (0.87-1.13) 0.86 (0.72-1.03)
High 10,177 0.87 (0.79-0.96) 0.93 (0.79-1.09)  0.81 (0.66-0.99)  0.87 (0.75-1.01) 0.80 (0.66-0.97)
P interaction 0.87 0.36 0.94 0.34 0.74
Nordic diet
Low 12,406 0.88 (0.81-0.96) 0.84 (0.73-0.98)  0.85(0.70-1.02)  0.96 (0.83-1.11) 0.84 (0.71-1.00)
High 10,443 0.92 (0.85-0.997) 0.99 (0.86-1.14)  0.90 (0.75-1.09)  0.93 (0.82-1.05) 0.82 (0.69-0.97)

P interaction

0.43

0.084

0.47

0.69

0.93

Hazard ratio (HR) with 95% confidence interval (95% CI) for all-cause and cause-specific mortality risk associated with 1 standard deviation
(SD) increase in the Mediterranean diet score (1 SD=1.6). Multivariable models are adjusted for sex, age (years, continuous), energy intake
(kcal/day, continuous), education (categorical), income (categorical), leisure-time physical activity (MET-h/d, continuous), smoking status (cat-
egorical), BMI (kg/m?, categorical), diabetes, hypertension, hyperlipidaemia, history of CVD, and history of cancer at baseline. Low and high
categories of adherence were defined as dietary score < or > population median (24, 44, and 8 for the DASH, Palaeolithic, and the Nordic diets,
respectively)
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Moreover, the different impact on health outcomes is
potentially linked to the use of a different methodology to
classify each score (e.g., population cut-offs and quintiles).

As yet, we acknowledge the possibility that the intake of
some of non-typical Mediterranean foods (e.g., cabbages,
root vegetables, and whole-grain bread) may not be com-
monly consumed in our Mediterranean population to detect
beneficial effects.

Finally, the MDS was originally created based on a Medi-
terranean population and this sort of “internal bias” may
also be responsible for the more favourable results observed
with MDS which may be a better index to describe or sum-
marize diet quality in a Mediterranean country than the other
dietary indices. However, we should recall that an MDS, or
its modified versions, were found effective in reducing dis-
ease/death risk also in non-Mediterranean countries [9—12]
and sometimes resulted as the best performing dietary model
as compared to other healthy dietary patterns [13, 15, 16].

On the other side, the health advantages of healthy non-
MD diets in non-Mediterranean populations have been
widely demonstrated and frequently resulted of the same
magnitude of the MDS [35, 36].

Combination of dietary scores

In the present work, we also aimed to test whether increas-
ing adherence to healthy non-MD dietary patterns would
represent a healthful option in the absence of an optimal
adherence to a traditional MD and vice versa.

We then calculated mortality risk associated with non-
MD diets across levels of adherence to the traditional MD
and found that increasing conformity to DASH, Palaeolithic,
or Nordic diets did not provide any additional advantage for
survival, independently from baseline adherence to the MD.
However, we found lower CVD mortality risk associated
with increased adherence to the Nordic diet among subjects
with poor adherence to MD, which is likely due to its high
fish content, thoroughly associated with CVD benefits [37].

On the contrary, increasing adherence to a traditional MD
was linked to improved survival in each stratum of non-
MD scores, and health advantages were found also for CVD
death risk and other cause mortality.

Our results on the combination of dietary scores are in
agreement with the apparently only study of this type avail-
able to date from the Swedish Mammography Cohort [15]
which classified nearly 40,000 women in joint exposure
strata reflecting the combined adherence to the MD and the
Healthy Nordic Food Index (HNFI); findings showed that
a higher adherence to the MD was associated with lower
mortality in each stratum of the HNFI, whereas results for
HNFI were not independent of MD.

In our study, we also aimed to test whether inclusion of
healthful non-MD food items into the traditional MDS could

improve risk prediction. However, we found no additional
health benefits associated with an MDS supplemented with
non-MD food items, such as lower intake of baked foods
or soft drinks. This finding may indicate that MDS itself is
able to almost completely discriminate between healthy and
non-healthy diets, at least in our Mediterranean population.

Possible pathways linking diet quality to mortality

All dietary models under study may reduce risk of chronic
diseases that lead to premature mortality through several
biological mechanisms. Plenty of studies have shown that
high adherence to each of these diets is associated with a
more favourable CVD profile as measured by established
markers of CVD risk, such as lipids or inflammatory
markers.

Among the merits of the present study, we acknowledge
the investigation on different mediating mechanisms pos-
sibly linking diet quality to mortality.

So far, only a few studies have tested some mediating
pathways possibly linking diet to health end-points as a
primary purpose; moreover, some were mainly focussed
on pre-existing health conditions rather than on biological
mechanisms [38], while five prospective cohort investiga-
tions [10, 12, 25-27] analysed the role of traditional (i.e.,
blood lipids and BMI) and inflammatory CVD risk factors.
Some biomarkers have been recently shown to improve CVD
risk prediction [39] beyond more traditional risk factors (i.e.,
high blood pressure, lipids, smoking, etc.), but there have
been few reported studies exploring the association between
diet and, for example, markers of renal function or mark-
ers of myocardial injury, with a few exceptions showing
that some of these markers are favourably associated with a
Mediterranean diet [40, 41].

In general, we were more likely to observe differences in
biomarkers distribution between those who adhered to MD
or the DASH diet (i.e., being in the highest quartile) and
those who did not adhere (i.e., being in the lowest quartile)
as compared to individuals with different degree of adher-
ence to the Palaeolithic and the Nordic diets. Differences in
baseline markers of glucose metabolism appear to mediate
the associations of the traditional MD and the DASH diet
with total mortality by 7% and 17%, respectively; markers of
lipid metabolism were on the pathway between diet quality
and other cause mortality, while a weak role was found for
inflammatory markers.

This is apparently in contrast with the previous studies,
showing that MD favourably modulates inflammation both
in intervention [42] and observational settings [43], and with
numerous studies linking inflammation to increased disease/
mortality risk [44, 45].

Our findings may indicate that a favourable modulation
of markers of glucose metabolism, renal function, and lipid
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metabolism may be among the main pathways through
which diet exerts its beneficial effects on health. Yet, we
acknowledge that the use of only two markers to assess the
inflammatory status could lead to an underestimation of the
role of inflammation as a likely mediating mechanism link-
ing diet quality to death risk.

Strengths and limitations

The strengths of our study include the large sample size,
its prospective population-based design, and the inclusion
of detailed information on diet and other lifestyle factors
to accommodate possible confounding by these variables.
Moreover, this is one of the few studies aimed to assess a
number of biological mechanisms as possibly mediating the
relation between diet quality and mortality.

Yet, our findings should be interpreted in light of sev-
eral limitations. First, the observational nature of the study
cannot fully rule out residual or unmeasured confounding.
Second, dietary data were based on self-reported informa-
tion and, therefore, may be susceptible to error and bias, and
further to difficulties in assessing portion sizes and inad-
equacies in food composition tables. However, these prob-
lems are partially mitigated by exclusion of participants with
implausible energy intakes and by energy adjustment [46,
47].

Third, our data were gathered from an adult cohort from a
small Southern Italian region, which might limit the gener-
alizability of our findings, although our cohort is representa-
tive of the whole Italian population.

Finally, subjects’ information (e.g., dietary and biological
data) was collected at baseline only, thus life-course changes
possibly occurred during the follow-up may have influenced
the strength of the findings and led to an underestimation of
true effect size. However, the large study size likely compen-
sates for random misclassification.

Conclusions

A traditional Mediterranean diet, a DASH diet, and a Pal-
aeolithic diet were all favourably associated with longer sur-
vival. Lower cardiovascular mortality risk was only associ-
ated with the MD and the DASH diets, while the Nordic diet
was unlikely to provide any substantial health advantage.

Additionally, increasing adherence to MD was associated
with higher survival in each stratum of all three non-MD
diets.

Part of the health benefits associated with higher adher-
ence to the MD, the DASH, or to the Palaeolithic diets was
accounted by a modulation of established biomarkers of
CVD risk, such as markers of glucose or lipid metabolism
and renal function.

@ Springer

From a public health perspective, our findings provide
further incentive and support to preserve a traditional Med-
iterranean diet to prolong survival among Mediterranean
populations, and to reduce CVD mortality risk.

Reportedly healthy non-Mediterranean dietary patterns,
although associated with some health benefits also in our
Mediterranean population, are unlikely to provide addi-
tional health benefits over those offered by a traditional MD;
rather, high adherence to the traditional MD may implement
the weak effects on CVD mortality risk associated with non-
MD diets, as the Palaeolithic and the Nordic diets.
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