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Abstract

The Mediterranean diet (MD) has been associated with prolonged survival in the general population, but no meta-analysis has apparently
investigated the potential health benefits in relation to mortality in the elderly. We performed a longitudinal analysis on 5200 individuals aged
>05 years identified within the general population recruited in the Moli-sani study cohort (2005-2010). Adherence to the MD was appraised by
the a priori Mediterranean diet score (MDS; range 0-9). Survival estimates were derived using Cox regression and competing risk models. For
the meta-analysis, PubMed and Scopus databases were searched from inception until April 2018 to identify prospective studies on the MD and
death risk in the elderly. Over a median follow-up of 8-1 years, a total of 900 deaths were ascertained in the elderly sub-sample of the Moli-sani
cohort. A one-point increase in the MDS was associated with lower risk of all-cause, coronary artery disease/cerebrovascular and non-
cardiovascular/non-cancer mortality (multi-variable hazard ratio (HR) = 0-94; 95 % CI 0-90, 0-98; HR=0-91; 95% CI 0-83, 0-99 and HR =0-89;
95% CI 0-81, 0-96, respectively). In a meta-analysis of seven prospective studies, including our results, for a total of 11738 participants and
3874 deaths, one-point increment in MDS was associated with 5% (4-7 %) lower risk of all-cause death. An inverse linear dose-response
relationship was found from a meta-analysis including three studies. In conclusion, a prospective cohort study and a meta-analysis showed
that closer adherence to the MD was associated with prolonged survival in elderly individuals, suggesting the appropriateness for older
persons to adopt/preserve the MD to maximise their prospects for survival.
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Between 2000 and 2030, the worldwide population aged >65
years is expected to increase from 6:9 to 12% worldwide and
from 155 to 24-3 % in Europe'”. The old continent has currently
the world’s highest proportion of older persons, a situation
projected to continue to for at least the next 50 years™®.

The current leading causes of death have shifted from
infectious illness to non-communicable diseases, such as CVD
and cancer, which account for 70 % of deaths in the European
region™ and are positively influenced by diet and lifestyle.

With the increase in life expectancy, much effort is devoted to
encourage older persons to adopt diet and lifestyle practices
that minimise their risk of death from morbidity while increasing
their prospects for survival®.

The traditional Mediterranean diet (MD) has been repeatedly
associated with lower risk of major chronic diseases”™ and long
contributing to the rates of

considered as reduced

cardiovascular and cerebrovascular events and of the longer life
expectancy in adults who live near the Mediterranean Sea®.
Similarly, other food patterns, such as the traditional Japanese
diet, characterised by high intake of fish and soyabean products
and low intake of fat, have been shown to substantially con-
tribute to lower death risk in the Japanese population™.

To date, a persuasive body of evidence from observational
studies has documented the association of Mediterranean-like
dietary patterns with longer survival in the elderly populations,
either in Mediterranean®®® or in non-Mediterranean coun-
tries’'® or in settings including cohorts of different
origin™™”. Promising findings were also provided by the
PREDIMED (Prevencion con Dieta Mediterranea) trial, which
tested the health effects of an MD in a group of middle-aged
individuals at high CVD risk®”. However, recent data have

indicated a downward trend in the adherence to this eating

Abbreviations: HR, hazard ratio; ICD, International Classification of Diseases; MD, Mediterranean diet; MDS, Mediterranean diet score.
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model especially in individuals aged >60 years who experi-
enced the highest decrease as compared with their younger
counterparts®®.

In all, three major issues still deserve attention: first, with the
exception of the Greek and Spanish segments of the EPIC
(European Prospective Investigation into Cancer and Nutrition)
study"” and the ILSA (Italian Longitudinal Study on Aging)
cohort in Ttaly®®, a substantial proportion of the studies
addressing the relationship between the MD and health out-
comes in the elderly from the general population were con-
ducted outside the Mediterranean basin, which is not the ideal
setting for testing the benefits of an MD‘®®; second, most of the
evidence is provided by cohort studies conducted in the 90s
with lack of data from more recent cohorts, with the exception
of the US population included in the REGARDS (REasons for
Geographic and Racial Differences in Stroke) study®; third, no
meta-analysis so far has specifically addressed the association of
the MD and mortality within elderly cohorts.

In light of the aforementioned issues, the main purpose of the
present study was to estimate the relationship between the MD
and mortality in the elderly population of the Moli-sani Study, a
large community-based Mediterranean population cohort
established between 2005 and 2010. As a second aim, we
conducted a meta-analysis of available prospective cohort stu-
dies (including Moli-sani) that evaluated the association
between the MD and all-cause mortality in individuals aged
>065 years.

Methods
Study population

We used data from the Moli-sani Study, a prospective cohort
study of men and women (aged >35 years) randomly recruited
from the general population of a Southern Italian region with
the main purpose of investigating genetic and environmental
risk factors in the onset of cardiovascular, cerebrovascular and
tumour diseases”®”. From March 2005 to April 2010, 24325
participants were enrolled. For the purpose of this study, we
selected 5831 participants aged >65 years. After omitting
those reporting implausible energy intakes (<3347kJ/d
(<800 kcal/d) in men and <2092kJ/d (<500 kcal/d) in women
or >16736kJ/d (>4000kcal/d) in men and >14644k]J/d
(>3500kcal/d) in women), unreliable medical/dietary ques-
tionnaires, participants lost to follow-up or with incomplete
personal data and individuals with missing information on the
main variables of interest, the final sample consisted of 5200
participants.

The cohort was followed up until 31 December 2015 with the
main outcome of interest being mortality. Overall and cause-
specific mortality was assessed by the Italian mortality registry
(ReNCam; Registro Nominativo delle Cause di Morte), validated
by Italian death certificates (ISTAT (Istituto nazionale di statis-
tica) form) and coded according to the International Classifi-
cation of Diseases (ICD-9; online Supplementary Appendix 1).

CVD mortality included deaths from diseases of the circula-
tory system when the underlying cause of death included ICD9
codes 390-459. ICD-9 codes 430-438 were used to define

specific cause of death for cerebrovascular disease, ICD-9 codes
410-414 and 429 for coronary artery disease (CAD); these two
causes collapsed into the CAD/cerebrovascular
mortality group.

Cancer death was recorded when the underlying cause of
death included ICD9 codes 140-208. Non-cardiovascular/non-
cancer causes of death were included in ‘other-cause mortality’
group. The Moli-sani Study complies with the Declaration of
Helsinki and was approved by the Ethical Committee of the
Catholic University in Rome, Italy. All participants provided
written informed consent.

were

Ascertainment of risk factors at baseline

History of CVD (angina, myocardial infarction, revascularisation
procedures and cerebrovascular events) was self-reported
and confirmed by medical records and current therapy. His-
tory of cancer was self-reported. Hypertension was defined as
systolic blood pressure >140 mmHg or diastolic blood pressure
>90mmHg or treatment for hypertension. Hypercholester-
olaemia was defined as total cholesterol >240 mg/dl (6:2 mmol/1)
or by use of medication. Diabetes was defined as blood
glucose >126 mg/dl (7mmol/D or by use of pharmacological
treatment.

Leisure-time physical activity was assessed by a structured
questionnaire (questions on walking, gardening and sport
participation)®®, and expressed as daily energy expenditure in
metabolic equivalent task-h/d.

Height and weight were measured and BMI was calculated as
kg/m? and then grouped into three categories as normal
(<25 kg/m?), overweight (>25 < 30 kg/m?) or obese (>30 kg/m?).

Participants were classified as never-smokers, current smo-
kers or ex-smokers (quit at least 1 year ago). Education was
based on the highest qualification attained and was categorised
as up to lower secondary (approximately <8 years of study),
upper secondary school (8-13 years of study) and post-
secondary education (>13 years of study).

Household income, expressed as earned Euros per year, was
a five-level variable (<10000; 10000-25000; 25000-40 000;
>40000 EUR/year) with missing values collapsed into a non-
respondent category.

Dietary assessment

Food intake during the year before enrolment was assessed by
the validated Italian EPIC FFQ“”. Adherence to the traditional
MD was defined according to the Mediterranean diet score
(MDS) developed by Trichopoulou et al®®, which was
obtained by assigning 1 point to healthy foods (fruits and nuts,
vegetables, legumes, fish, cereals, monounsaturated to satu-
rated fats ratio) whose consumption was above the sex-specific
medians of intake of the Moli-sani study population; foods
presumed to be detrimental (meat and dairy products) were
scored positively if the consumption was below the median. All
other intakes received 0 points. For ethanol, men who con-
sumed 10-50g/d and women who consumed 5-25g/d
received 1 point; otherwise, the score was 0.

)
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The MDS ranged from 0 to 9 (the latter reflecting maximal
adherence) and was used either as continuous variable (1 or
2-point increase) or categorised into three levels ranging from
poor (0-3 points), average (4-6) to high (7-9) adherence.

Meta-analysis

The present meta-analysis included findings from the Moli-sani
Study and previous prospective studies that reported risk esti-
mates associated with an a priori dietary score used for asses-
sing adherence to the MD and mortality among participants
aged >065 years. An electronic literature search was conducted
on PubMed and EMBASE databases from inception until 30
April 2018, by using a search strategy based on the search terms
‘Mediterranean diet’” OR ‘dietary patterns’ AND ‘mortality’ OR
‘death’ (online Supplementary Appendix 2).

The relevance of studies was assessed by using a hierarchical
approach based on study design, population, exposure and
outcome. We also screened the reference lists of searched
articles to find additional relevant studies. In case the full article
was not accessible, it was requested from the corresponding
author along with availability in providing data regarding age-
specific groups. All searches were limited to human studies in
the English language. Two authors (M. B. and A. D. C.) inde-
pendently assessed the eligibility of the identified records, with
any disagreement resolved by consensus.

Study selection and data extraction

To be included in the meta-analysis, studies had to fulfil the
following: (a) studies in humans; (b) the exposure of interest
was the MD as measured by MDS or its modified versions;
(o) reported risk estimates for overall mortality; (d) the study
design was prospective; (e) reported risk estimates for overall
mortality in elderly participants defined as aged >65 years
selected within the general population or sub-group analysis in
aged >05 years; () relative risk or hazard ratio (HR) with cor-
responding 95 % CI were available.

When the same population was used in multiple publica-
tions, the one with the longest follow-up or the largest number
of events was included. Articles were excluded if they:
(a) examined only individual nutrients or food groups; (b) did
not use MDS nor its modified versions; (¢) were not conducted
on population-based study samples or were conducted on
groups with health conditions or specific nutritional needs.

Some differences among studies exist in the range of dietary
scores used, but the total adherence scores varied from a
minimum of 0 points indicating low adherence to a maximum
of 7-9 points indicating high adherence to the MD.

Statistical analysis of the Moli-sani cohort

Characteristics of the study population by levels of adherence to
the MD were presented as numbers and percentages, or mean
values and standard deviations for continuous variables. Risk
estimates for all-cause and cause-specific deaths were expres-
sed as HR with 95% CI and calculated by using Cox regression

models with time-on-study on the time scale and competing risk
of dying for other causes.

Crude and multi-variable risk estimates were provided for
each outcome under study.

Selection of potential confounders was made through direc-
ted acyclic graphs (DAG) by using DAGitty (http://dagitty.net/)
a browser-based environment for analysing causal models
through diagrams to minimise bias (online Supplementary
Appendix 3).

The multi-variable model was eventually adjusted for sex, age
(continuous), education (up to lower secondary, upper second-
ary, post-secondary education) household income (<10 000;
10000-25000; 25000-40000; >40000 and non-respondent
category), smoking status (non-smoker, current, former),
leisure-time physical activity (continuous), BMI (categorical, <25,
>25-30, >30 kg/m?), cancer (no, yes, unascertained), CVD (no,
yes, unascertained), diabetes (no, pre-diabetes, diabetes, unas-
certained), hypercholesterolaemia (no, pre-hypercholester-
olaemia, hypercholesterolaemia, unascertained), hypertension
(no, pre-hypertension, hypertension, unascertained), use of anti-
depressants (no/yes) and energy intake (kJ/d (kcal/d),
continuous).

Appropriate terms for testing interaction were included in the
multi-variable model to test for a difference of effect of the MD
(MDS continuous) in relation to death risk within selected
population groups.

The contribution of each single food group included in the
MDS towards the risk of overall mortality was established by
alternate subtraction of each food item according to a metho-
dology previously used within the Moli-sani cohort®.

Sensitivity analyses were run by excluding missing categories
(for diabetes, CVD, cancer, hypercholesterolaemia, hyperten-
sion). Age groups were set at <80 or >80 years in line with the
definition of very elderly individuals.

Potential dose-response relationship between the MDS
(continuous) and risk of all-cause mortality was tested via a
restricted cubic spline regression that was undertaken among
the elderly sample of the Moli-sani cohort (72 5200). The used
RCS_Reg SAS macro®” created a restrictive cubic spline func-
tion of the MDS with three knots, located at the 5th, 50th, and
95th percentile, and displays the dose-response association
(with its 95% CD between the cubic spline MDS and all-cause
mortality, tested via a multi-variable Cox model.

Dummy variables for missing values were created. Two-sided
P value <0-05 was considered as statistically significant.

The data analysis was generated using SAS/STAT software,
version 9.1.4 of the SAS System for Windows® 2009. SAS
Institute Inc. and SAS are registered trademarks of SAS Institute
Inc., Cary, NC, USA.

Meta-analysis

G and for each

We conducted a random-effects meta-analysis
study we estimated the HR of total mortality for 1-point incre-
ment in the MDS. Statistical heterogeneity was evaluated with
the Q and P statistics®®. Potential publication bias was visually
assessed with a funnel plot. Meta-analyses were done by using
MetaXL (version 5.3).
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We also conducted a dose-response meta-analysis by
including studies for which HR estimates for grouped categories
of adherence to the MD, as compared to a reference level with 0
or very low adherence to the MD, were provided (Sjogren
et al 'V, Tognon et al " and the Moli-sani Study).

Data collected were as follows: (i) the value x of MD assigned
as the midpoint of the reported ranges; (ii) frequency counts,
adjusted HR and 95 % CI for each x level.

Inverse variance-weighted methods, taking into account the
correlation between estimates within each study, were used®® .
The models to be fitted were selected among fractional poly-
nomial curves of the second order. Fractional polynomials are a
family of models considering power transformations of a con-
tinuous exposure variable, restricted to a predefined set of
integer and non-integer exponents. The regression models
were natural log(HR) = ;5" + f,x7 and the exponents p and ¢

M. Bonaccio et al.

were selected among the following set: {—2-0, —1-0,—0-5, 0-0,
0-5, 1.0, 2:0}.

When P=0, x” is replaced by log(x), and when P=g¢, the
model becomes log(HR) = 5"+ f,x7 log(x). These choices
account for a rich set of possible functions, including J-shaped
relations and conventional polynomials. The best fit was
defined as that with the highest likelihood. Both fixed- and
random-effects models were considered.

Results
The Moli-Sani Study

In a large sample of elderly individuals, higher adherence to the
MD was associated with trends towards a beneficial cardio-
vascular profile including lower age and more leisure-time

Table 1. Baseline characteristics of the study population by levels of adherence to the Mediterranean diet in the elderly

sample of the Moli-sani cohort study
(Mean values and standard deviations and percentages)

Poor (0-3) Average (4-6) High (7-9)
Mediterranean diet score...
Mean SD Mean SD Mean sD

n 1476 3145 579
% 284 60-5 1141
Age (years) 72-9 56 72-2 53 71-6 4.9
Sex (%)

Men 43-8 523 610
Educational level (%)

Up to lower secondary 80-4 738 68-2

Upper secondary 145 194 219

Post-secondary 51 6-8 9-8
Household income (EUR/year) (%)

<10000 12.4 111 93

10000-25 000 293 328 319

25000-40000 9.0 11-8 14.0

>40000 35 64 114

Non-respondents 45.9 38-0 33-3
Leisure-time physical activity (MET-h/d) 3.0 4.0 38 4.5 4.9 51
BMI (kg/m?) (%)

Normal 20-3 19-0 20-7

Overweight 41.3 45.2 46-8

Obese 384 357 325
Smoking status (%)

No 59-1 53.7 492

Current 10-0 10-6 11.0

Former 30-8 35.7 397
CVD (%) 14.3 13-3 12:6
Cancer (%) 6-2 6-0 64
Diabetes (%) 20-0 16-2 14.7
Hypertension (%) 854 85.7 89-6
Hypercholesterolaemia (%) 357 36-0 387
Aspirin use (%) 122 12.8 114
Use of anti-depressants (%) 30 24 26
Energy intake (kJ/d) 7004 2059 7908 2259 8941 2121
Energy intake (kcal/d) 1674 492 1890 540 2137 507
Fruits and nuts (g/d) 291 170 373 190 492 231
Vegetables (g/d) 108 44 150 64 207 75
Legumes (g/d) 18 16 29 22 42 24
Fish (g/d) 32 20 45 27 56 26
Cereals (g/d) 168 71 197 85 237 91
MUFA:SFA 1.26 0-25 1.46 0-30 1.67 0-32
Meat and meat products (g/d) 91 41 90 41 88 40
Dairy products (g/d) 211 129 172 111 134 84
Moderate alcohol consumers (%)* 240 487 731

MET, metabolic equivalent task.

* Moderate alcohol intake was defined as consumption of 10-50 g/d for men and 5-25 g/d for women.
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Table 2. Risk of death in relation to adherence to the Mediterranean diet in the elderly sample (n 5200) of the Moli-sani cohort study*

(Hazard ratios (HR) and 95 % confidence intervals)

Categories of intake

Average (4-6) High (7-9) 1-point increase
Mediterranean diet score... Poor (0-3)
HR 95% ClI HR 95% ClI HR 95% ClI

All-cause mortality

Cases (n)/participants (n) 288/1476 527/3145 85/579 -

Person-years 11017 24958 4912 -

Crude model Ref. 077 0-67, 0-89 0-61 047, 077 0-90 0-86, 0-94

Multi-variable model Ref. 0-87 0-75, 1-01 075 0.58, 0-97 0-94 0-90, 0-98
Cardiovascular mortality

Cases (n)/participants (n) 118/1476 210/3145 37/579 -

Crude model Ref. 075 0-60, 0-94 0-64 0-44, 0-92 0-90 0-84, 0-96

Multi-variable model Ref. 0-87 0-69, 1-01 0-87 0-59, 1-29 0-95 0-88, 1-01
CAD/cerebrovascular mortality

Cases (n)/participants (n) 74/1476 115/3145 21/579 -

Crude model Ref. 0-66 0-49, 0-88 0-58 0-36, 0-95 0-87 0-80, 0-95

Multi-variable model Ref. 074 0-55, 1-01 0-74 044, 1.24 091 0-83, 0-99
Cancer mortality

Cases (n)/participants (n) 83/1476 183/3145 33/579 -

Crude model Ref. 0-94 072, 1.22 0-83 055, 1.24 0.97 0-90, 1-04

Multi-variable model Ref. 0-97 0-74,1-27 0-87 057, 1.32 0-98 091, 1.05
Other cause mortality

Cases (n)/participants (n) 87/1476 134/3145 15/579 -

Crude model Ref. 0-65 0-50, 0-85 0-35 0-20, 0-61 0-83 0-77, 0-90

Multi-variable model Ref. 076 0-58, 1-00 0-49 027, 0-86 0-89 0-81, 0-96

Ref., reference; CAD, coronary artery disease.

* Multi-variable model adjusted for sex, age (continuous), education, household income, leisure-time physical activity, smoking status, BMI, cancer, CVD, diabetes,

hypertension, hypercholesterolaemia, use of anti-depressants and energy intake.

physical activity, although reporting higher prevalence of
hypercholesterolaemia (Table 1). Individuals with a closer
adherence to the MD had higher socio-economic status and
greater energy intake (Table 1).

Over a median follow-up of 8-1 years (interquartile ranges:
6-9-9-2 years; 40 887 person years), a total of 900 deaths were
ascertained.

The HR for total mortality for different categories of MD and
for 1-point increment in the MDS, both in the whole population
and separately for men and women are reported in Tables 2
and 3, respectively.

In the multi-variable model, high adherence to the MD was
associated with 25 % lower risk of death as compared with the
lowest category (95 % CI 3, 42 %; Table 2, multi-variable modeD);
the magnitude of the association was similar for men (HR=
0-75; 95% CI 0-56, 1-01; Table 3, model 2) and women (HR=
0-71; 95% CI 0-42, 1-17; multi-variable model), although statis-
tical significance was not retained. A 1-point increase in MDS
was inversely associated with risk of all-cause death, in the
whole population (HR=0-94; 95% CI 0-90, 0-98) and in men
(HR=0-94; 95% CI 0-89, 0-99), whilst for women, a downward
trend was observed (HR =0-95; 95 % CI 0-88, 1-02); sex was not
an effect modifier of the association of MDS with mortality
(Table 3).

Online Supplementary Fig. S1 reports the adjusted dose—
response association between MDS and risk of all-cause death
showing an inverse linear dose-response relationship (P value
for overall association=0-0026; P value for non-linear
association = 0-99).

Risks of death from CAD/cerebrovascular causes and mor-
tality from other causes were found to be reduced by 9 (95 % CI
1,17)% and 11 (95 % CI 4, 19) % for each 1-point increase in the
MDS, respectively (Table 2; multi-variable models). Analyses by
sex revealed a protection limited to CAD/cerebrovascular in
men (HR=0-88; 95% CI 0-78-0-99) and to non-vascular/non
cancer death risk (Table 3; multi-variable model), whilst among
women the magnitude of the associations between MDS and
mortality outcomes was similar to those documented for men,
although statistical significance was not hold likely due to a
relatively low number of events. No associations were found for
CVD or cancer mortality, neither for the whole study sample nor
for men and women separately (Tables 2 and 3; multi-variable
models).

Sensitivity analyses for the association of 1-point increment in
the MDS and all-cause mortality are reported in Table 4. An
inverse association was confirmed in all sub-groups except
within CVD or cancer patients, individuals aged >80 years or
without prevalent diabetes or hypercholesterolaemia.

However, no difference of effect was found (all P values
for interaction >0-05), with the exception of diabetes at baseline
(P for interaction =0-035).

The relative contribution of each food group included in the
MDS in relation to risk of all-cause mortality is shown in Table 5.

Among the whole study sample, the greatest contribution
derived from higher MUFA to SFA ratio (=24 % reduction of the
effect, after elimination of this component from the score), high
intake of fish (-20-7 %) and moderate consumption of alcoholic
beverages (-15-9%). We found similar results for men and
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Table 3. Risk of death in relation to adherence to the Mediterranean diet in the elderly men and women of the Moli-sani cohort study*
(Hazard ratios (HR) and 95 % confidence intervals)

Men (n 2645)

Women (n 2555)

Categories of intake

Categories of intake

Average High Average High
(4-6) (7-9) 1-point increase (4-6) (7-9) 1-point increase
Mediterranean diet score... Poor (0-3) Poor (0-3)
Pfor
HR 95 % ClI HR 95% Cl HR 95% ClI HR 95% ClI HR 95% ClI HR 95% ClI interaction

n 646 1646 353 - 830 1499 226 -
% 24.4 62-2 13-4 - 325 58.7 88 -
All-cause mortality

Cases/person-years 166/4620 348/12665 66/2944 - 122/6397 179/12293 19/1967 -

Crude model Ref. 073 061,088 057 043,076 088 0-84,093 Ref. 072 057,091 046 028,074 0487 081,093

Multi-variable model Ref. 083 069,101 075 056,101 094 089, 099 Ref. 0-88 069,112 071 042,117 095 0-88, 1-02 0-95
Cardiovascular mortality

Cases/person-years 64/4620 128/12665 28/2944 - 54/6397 82/12293 9/1967 -

Crude model Ref. 070 052,095 063 040,099 089 082, 097 Ref. 074 052,104 048 024,097 087 078,096

Multi-variable model Ref. 082 060,111 092 057,148 095 087, 1.04 Ref. 091 063,131 073 035153 095 085,106 0-95
CAD/cerebrovascular

mortality

Cases/person-years 43/4620 68/12 665 14/2944 - 31/6397 47/12293 7/1967 -

Crude model Ref. 056 038,082 047 026,087 083 074,093 Ref. 074 047,117 066 029,150 090 0-79, 1-03

Multi-variable model Ref. 064 043,095 067 035127 0488 078,099 Ref. 095 059,153 096 040,230 098 084,113 0-18
Cancer mortality

Cases/person-years 53/4620 125/12 665 25/2944 - 30/6397 58/12293 8/1967 -

Crude model Ref. 083 060,114 068 042,109 093 086, 1-02 Ref. 097 062,150 080 037,175 094 083, 1.07

Multi-variable model Ref. 087 063,121 077 047,127 097 0-88,1.06 Ref. 115 073,182 1.03 045,235 100 087,114 0-92
Other cause mortality

Cases/person-years 49/4620 95/12 665 13/2944 - 38/6397 39/12293 2/1967 -

Crude model Ref. 068 048,095 037 020,069 081 074,090 Ref. 050 032,079 015 004,064 078 068, 0-90

Multi-variable model Ref. 082 057,116 055 029,103 089 0-80, 0-98 Ref. 061 038,097 029 007,124 086 074,101 0-66

Ref., reference; CAD, coronary artery disease.

* Multi-variable model adjusted for age (continuous), education, household income, leisure-time physical activity, smoking status, BMI, cancer, CVD, diabetes, hypertension, hypercholesterolaemia, use of anti-depressants and energy

intake.
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Table 4. Sensitivity analyses for the association of 1-point increment in Mediterranean diet score and all-cause mortality in the Moli-

sani cohort study*
(Hazard ratios (HR) and 95 % confidence intervals)

n Deaths HR 95% CI Pfor trend Pfor interaction
Aged <80 years 4688 657 0-93 0-88, 0-98 0-0052 0-43
Aged >80 years 512 243 0-97 0-89, 1-06 0-57
Up to lower secondary school 3903 700 0-93 0-89, 0-98 0-0046 0-57
Upper secondary school or higher 1297 200 0-96 0-88, 1-06 0-46
Free from diabetes 4261 673 0-96 0-92, 1.01 0-16 0-035
Diabetic individuals 891 215 0-88 0-80, 0-96 0-0064
Free from hypercholesterolaemia 3192 627 0-96 0-92, 1.02 0-18 013
Participants with hypercholesterolaemia 1883 249 091 0-84, 0-98 0-019
Free from hypertension 661 98 1.01 0-88, 1-15 0-93 0-39
Participants with hypertension 4474 796 0-93 0-89, 0-98 0-0026
Free from CVD 4331 663 0-95 0-90, 0-99 0-031 0-59
CVD patients 703 194 0-95 0-86, 1-05 0-31
Free from cancer 4835 806 0-94 0-90, 0-99 0-011 0.77
Cancer patients 318 80 0-92 0-78, 1-08 0-31
Free from CVD, cancer 4026 588 0-95 0-90, 0-998 0-043 -
Excluding early deaths (follow-up >1 year) 5154 854 0-95 091, 0-99 0-016 -

* Multi-variable model adjusted for age (continuous), education, household income, leisure-time physical activity, smoking status, BMI, cancer, CVD,
diabetes, hypertension, hypercholesterolaemia, use of anti-depressants and energy intake.

individuals aged <80 years, for whom MUFA:SFA ratio and fish
intake mostly drove the global effect of MDS towards mortality
risk, while for women and elderly aged >80 years a consistent
role was played also by high intake of cereals (Table 5).

Meta-analysis of prospective cohort studies

We conducted a meta-analysis by combining the results of the
Moli-sani cohort with the findings of other prospective studies.

A flow chart of study selection is reported in Fig. 1. Our
literature search resulted in the identification of 3533 articles,
and after exclusion of duplicate records (7 1111) a total of 535
studies were screened by title and abstracts out of which twenty
reported the results of prospective studies on the MD and risk of
death in elderly populations(4'6'8_19’22’24’33’34). Of them, three
publications*'%!® were excluded because their findings were
included in a subsequent study™® including larger events; two
other studies®*** because they did not assess dietary exposure
by using the MDS nor its modified versions; six other records
were omitted because data were generated within institutiona-
lised population®, obtained in patients with previous dis-
ease®, risk estimates were not available for sub-group aged
>65 years(%_a@, and another one was a review article®®”. Other
records were excluded because of age cut-offs set at age >60
years without providing sub-groups analyses on age**1719,
Additional data for the association of the MD with risk of overall
death in individuals aged >65 years were provided by three
authors™1#22%,

Finally, six prospective studies were selected for the meta-
analysis which included the results of the Moli-sani cohort for a
total of seven records analysed, 11738 participants and 3874
deaths (Table 6).

Overall, only two out of seven were conducted among
Mediterranean populations (one in Greece'® and the present
study), and four were from non-Mediterranean countries (two
in Sweden*'?_ and one each in UK"? and Australia®™), and

one investigation was from a collaborative initiative including a
number of cohorts from all over Europe"'®.

All studies documented a protective effect of an MD against
mortality ranging from 4 to 19 % for 1-point increase in MDS.

Overall, we found an inverse association between 1-point
increment in MDS and total mortality (overall HR =0-95; 95 % CI
0-93, 0-96) with a low heterogeneity among studies (P=00 %;
Fig. 2).

We also conducted a dose-response meta-analysis including
three studies (Sjogren et al ', Tognon et al"® and the Moli-sani
Study) for a total of 7161 individuals and 1745 deaths. The refer-
ence category for the study by Sjogren et al ™ was MDS =0-2
and had three dose-level comparisons; the study by Tognon
et al™® and the Moli-sani used the same reference category
(MDS =0-1) and had eight dose-level comparisons each (online
Supplementary Table S2). The dose-response meta-analysis
resulted from a total of eight dose-level comparisons.

The best fitting model was obtained at P=1 and g=0-5,
corresponding to the model natural log(HR) = f1x+ 3, \/x The
fitted parameters were ff; = —0-087 (se 0-045) (P value =0-026)
and f,=0-074 (se 0-114) (P value =0-26) for fixed model ana-
lysis, and ; = — 0-093 (st 0-049) (P value = 0-030) and 3, =0-088
(st 0-124) (P value =0-24) for random model. As displayed in
Fig. 3, an inverse linear relationship was found between MDS
and total mortality risk with significant inverse associations
being documented at MDS >3.

Discussion

The present findings show that closer adherence to the MD was
associated with 25% lower risk of all-cause death in a large
sample of elderly individuals from a Mediterranean general
population.

Our results are in line with those from previous observational
studies reporting a favourable effect of an MD or other
vegetable-based dietary patterns in reducing mortality risk in
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Table 5. Risk of death associated with 2-point increase in Mediterranean diet score (MDS) and after alternate subtraction of each of its dietary components in the Moli-sani cohort study and by sex or age

groups*®

(Hazard ratios (HR) and 95 % confidence intervals)

Whole sample (n 5200) Men (n 2645) Women (n 2555) Aged <80 years (n 4688) Aged >80 years (n 512)
Risk of death Risk of death Risk of death Risk of death Risk of death
Change in Change in Change in Change in Change in
total effect total effect total effect total effect total effect
HR 95% CI (%)t HR 95% CI (%)t HR 95% CI (%)t HR 95% CI (%)t HR 95% CI (%)t =z

2-point increase in MDS  0-887 0-814, 0-968 - 0-881 0-791, 0-981 - 0-896 0-773, 1-040 - 0-866 0-783, 0-958 - 0-940 0-787, 1122 - 8“

Minus MUFA:SFA ratio  0-914 0-836, 1-000 -24-0 0-905 0-810, 1-011 -20-2 0-936 0-802, 1-092 -38-3 0-882 0-795, 0-979 -121 0-998 0-829, 1-200 -97.0 8

Minus fish 0-910 0-837, 0-991 -20-7 0913 0-823, 1-014 -27-0 0-884 0-765, 1-022 115 0-893 0-810, 0-985 -20-3 0-946 0-796, 1-124 -97 E

Minus alcohol 0-905 0-834, 0-983 -15.9 0-888 0-801, 0-984 -56 0-936 0-814, 1-076 -38-3 0-894 0-813, 0-984 -209 0-923 0-779, 1-093 28-1 o

Minus cereals 0-901 0-832, 0-976 -12.7 0-887 0-803, 0-978 -4.8 0-930 0-812, 1-065 -331 0-881 0-803, 0-967 -114 0956 0-813, 1-126 -263 <

Minus meat and meat 0-894 0-824, 0-970 -62 0-884 0-798, 0-978 -25 0913 0-794, 1-048 -16-5 0-878 0-798, 0-965 -87 0-936 0-794, 1-103 69 8

products (low intake)
Minus dairy products 0-889 0-818, 0-968 -22 0-884 0-796, 0-980 -25 0916 0-792, 1-000 -191 0-874 0-792, 0-964 -6.0 0925 0-777, 1-100 25.0
(low intake)

Minus fruits and nuts 0-887 0-817, 0-962 02 0-879 0-795, 0-973 1.3 0-895 0-778, 1-031 1.0 0-859 0-781, 0-945 5.0 0-961 0-817, 1-131 -354

Minus vegetables 0-886 0-813, 0-965 1.0 0-891 0-801, 0-991 -87 0-869 0-751, 1-006 256 0-867 0-785, 0-958 -05 0-930 0-778, 1-112 160

Minus legumes 0-879 0-807, 0-957 75 0-881 0-793, 0-979 -02 0-858 0-741, 0-994 36-1 0-858 0-777, 0-947 6-3 0-935 0-787, 1-110 84

* Multi-variable models adjusted for sex, age (continuous), education, household income, leisure-time physical activity, smoking status, BMI, cancer, CVD, diabetes, hypertension, hypercholesterolaemia, use of anti-depressants and
energy intake.
T Change (%) in total effect was obtained by (HRlor 2-point increase in MDS — HRfor 2-point increase in MDS minus each dietary ccmponem)/(HRlor 2-point increase in MDS)-
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Fig. 1. Selection of prospective cohort studies for inclusion in this meta-analysis. MDS, Mediterranean diet score; MD, Mediterranean diet.

the elderly((”g). More recently, the landmark PREDIMED trial on
middle-aged/older individuals at high cardiovascular risk
reported that an MD supplemented with olive oil or nuts is
capable to reduce the risk of death from CVD by 30 %2 past
evidence from the Lyon diet heart study had shown prolonged
survival associated with the MD in middle-aged patients with
previous CVD®® . We found a weaker association of the MD
with total CVD mortality, which is possibly due to the inclusion
of CVD-related outcomes, for some of which data on the
effectiveness of the MD are scarce or contrasting.

In this respect, our findings appear to be in line with previous
evidence highlighting a stronger association of an MD with
CHD or stroke risk rather than with total CVD risk®>*”. The
positive association between the MD and risk of death was
confirmed in the present meta-analysis of seven prospective
cohort studies, comprising the findings of the Moli-sani cohort.

A 5% risk reduction in mortality associated with 1 point-
increment in the MDS found in our meta-analysis (equivalent to
9-8% for 2-point increment) is comparable to the findings
reported in the meta-analysis by Sofi et al.”> who documented
an 8% lower risk of death associated with 2-point increase in
the MDS, a finding recently confirmed (9 % risk reduction) in an
umbrella review of meta-analyses“V. Moreover, an inverse
dose-response relationship emerged from the meta-analysis of
three prospective studies showing lower death risk at MDS >3.

As it emerges from the selected studies, despite being the
traditional dietary pattern of the countries bordering the Medi-
terranean Sea, the potential health benefits of the MD have
been mainly examined to date in non-Mediterranean
populations.

Indeed, four out of seven studies here considered were
from non-Mediterranean countries (Northern Europe'™'®
Australia’> and one from the European HALE (The Healthy
Ageing: a Longitudinal study in Europe) project(lg)
sizable proportion of participants did not come from Medi-
terranean areas), and only two studies used data from popu-
lations recruited in Mediterranean settings (Trichopoulou
et al'® and the present study).

The appropriateness of studying the MD within Mediterra-
nean countries has been subsequently discussed®**?, arguing
that in non-Mediterranean areas, actual conformity with the

in which a

Mediterranean dietary pattern is likely to be uncommon.
Indeed, there are several food items whose consumption sub-
stantially ~ differs  between  Mediterranean and  non-
Mediterranean countries, such as olive consumption which
tends to be very low in non-Mediterranean areas. In the latter,
the main source of MUFA is red meat, the main source of
ethanol intake is beer and liquors instead of wine, and the main
dietary sources of some micronutrients are vitamin supplements

rather than natural fresh fruits and vegetables®®.
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Table 6. Main characteristics of prospective cohort studies evaluating adherence to the Mediterranean diet and risk of all-cause mortality in the elderly*
First author, year Recruitment Food groups included Participants Age Deaths Follow up
of publication Population setting period Exposure in the MDS (n) (years) (n) (years)  Covariates
Trichopoulou, Greek rural villages 1988-1990 MDS (1) Vegetables; (2) fruits and nuts; 182 men and >70 53 4.5 Age, sex, smoking status
1995 (Greece) (score 0-8) (3) legumes; (4) cereals; (5) meatand  women
meat products; (6) dairy products;
(7) MUFA:SFA,; (8) ethanol
Kouris-Blazos, Anglo-Celts; 1990-1992 MDS (1) Vegetables; (2) fruits and nuts; 330 men and >70 38 5 Age, sex, smoking status and ethnic
1999 Greek-Australian in (score 0-8) (3) legumes; (4) cereals; (5) meatand ~ women origin
Melbourne meat products; (6) dairy products;
(Australia) (7) MUFA:SFA; (8) ethanol
Knoops, 2006 HALE project 1988-2000 MDS (1) Vegetables and potatoes; (2) fruits; 3093 men and 70-90 1382 10 Age, sex, physical activity, smoking,
(ten European (score 0-9) (3) fish; (4) legumes : nuts : seeds; women years of education, BMI, chronic
countries) (5) MUFA:SFA; (6) moderate alcohol; disease at baseline and study centre
(7) cereals; (8) dairy products; (9)
meat and poultry =z
Sjogren, 2010 Uppsala longitudinal Beginning Modified MDS (1) PUFA:SFA; (2) vegetables and 924 men >70 215 101 Energy intake, smoking, social class, 5:1
study of adult men of the 1990s  for Swedish legumes; (3) fruit; (4) cereals and type 2 diabetes, metabolic syndrome, g
cohort (Sweden) (score 0-8) potatoes; (5) fish; (6) meat and meat lipid-lowering treatment, blood 8
products; (7) milk and milk products; pressure-lowering treatment, waist g
(8) alcohol circumference, o
diastolic blood pressure, insulin, and g
C-reactive protein =~
Tognon, 2011 Gerontological and 1971-2000 Refined (1) Vegetables and potatoes; (2) 1037 menand 70 630 8.5 Sex, baseline BMI, waist circumference,
geriatric population modified legumes; nuts; and seeds; (3) fruitand ~ women physical activity, marital status,
studies in MDS fresh juices; (4) wholegrain cereals; (5) smoking status, birth cohort, and
Gothenburg (0-9) fish and fish products; (6) ratio of education
(Sweden) MUFA + PUFA to saturated fats; (7)
alcohol intake; (8) meat; meat
products; and eggs; (9) dairy products
McNaughton, British Diet and 1994-1995 MDS (1) Vegetables, (2) fruits and nuts; (3) 972 men and >65 654 14 Age, sex, energy intake, social class,
2012 Nutrition Survey (score 0-9) fish; (4) legumes; (5) MUFA:SFA; (6) women region, physical activity, smoking,
(UK) moderate alcohol; (7) cereals; (8) dairy BMI
products; (9) meat and meat products
Bonaccio, 2018 Moli-sani Study (ltaly) 2005-2010 MDS (1) vegetables, (2) fruits and nuts; (3) 5200 men and >65 900 81 Sex, age, education, household income,
(current study) (score 0-9) fish; (4) legumes; (5) MUFA:SFA; (6) women leisure-time physical activity, smoking

moderate alcohol; (7) cereals; (8) dairy
products; (9) meat and meat products

status, BMI, cancer, CVD, diabetes,
hypertension, hypercholesterolaemia,
use of anti-depressants and energy
intake

MDS, Mediterranean diet score; HALE, Healthy Ageing: a Longitudinal study in Europe.
* All dietary scores were obtained by calculation of sex-specific medians for each food group.
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Risk of death associated with 1-point increase in the MD score

First author, year

Trichopoulou, 1995 -
Kouris-Blazos, 1999 =

HR (95%Cl)  Weight (%)
0-81 (0-66, 0-99) 0-7

Knoops, 2006

0-88 (0-68, 1-14) 0-4
0-96 (0-94,0-98)  60-7

Sjogren, 2010 ]

0-88 (0-79, 0-99)  2-1

Tognon, 2011 —— 0-93 (0-89,0-98) 121
McNaughton, 2012 —— 0-94 (0-89, 0-99) 86
Bonaccio, 2018 —— 0-94 (0-90, 0-98) 155

Overall
Q=5-59, P=0-47, 12=0-0%

0-95 (0-93, 0-:96) 100-0

07 08 09
HR
MD beneficial

1.0 141

MD harmful

Fig. 2. Hazard ratios (HR) for all-cause mortality for 1-point increment in Mediterranean diet (MD) score. HR were combined using a random-effects model. Squares
indicate study-specific HR estimates (size of the square reflects the study-specific statistical weight); horizontal lines represent 95 % CI; diamonds represent the
combined HR with their 95 % CI. Tests for heterogeneity: Q=5-59; P=0-47; P=0-0%.

Hazard ratio (95 % CI) for all-cause mortality

0-8
\\;
N —
07
0-6
0 1 2 3 4 5 6 7 8 9

Fig. 3. Hazard ratio (HR) for all-cause mortality (95 % Cl) and Mediterranean
diet score (MDS) extracted from three studies using fixed- and random-effects
models. Fixed model: Ln(HR)=—0.087x + 0.074\/x (P value 1:0.026;
$2:0.24). -x-ene- Random model: Ln(HR)=-0.093x +0.088\/X(P value
$1:0.030; 2:0.24).

In addition to different food sources, a number of potential
gaps still persist, as those related to patterns of consumption: for
instance, a traditional MD includes moderate alcohol (pre-
ferably wine) consumption, almost exclusively during meals,
spread out over the week, with occasional or no liquor con-
sumption. As yet, binge drinking and preference for beer
instead of wine are not part of the traditional MD“?. Other
differences between countries may relate to consumption of
avocado, which is likely to be healthy, but is not a traditional
MD food, nor soya nor the use of unsaturated fat cooking oils
other than olive oil (i.e. peanut, maize, sunflower oils) which do
not pertain to the traditional MD#*%?

Another issue addressed in the present study relates to the
comparison between earlier and more recent studies which
may be useful to estimate the potential beneficial effects of the
MD over time. Indeed, it is well-known that rates of adherence
to the MD have decreased over time?", and in light of this, it is
crucial to study the association of the MD with health outcomes

within population settings in which the exposure (MD) is likely
to be different (decreased) as compared to the past. In addition
to this, it is worth acknowledging several problematic nutritional
aspects closely linked to analysis on the MD, and diet in gen-
eral. Over time, the composition of the MD has consistently
changed, and the quality and quantity of food people eat
nowadays may have little to do with the traditional MD“?.
Some examples include the high grain product intake almost
exclusively from white flour but not from whole grain flour,
higher total energy intake and higher salt intake“®. Thus, it is
likely that changes in the composition of foods included in the
MD pyramid may affect long-term health effects associated
with the MD.

The exact mechanism by which the traditional MD exerts its
favourable effects on health is not fully known. Possible
mechanisms have been identified in the anti-inflammatory prop-
erties of the bundle of foods typical of this dietary patterns, such as
fruits, vegetables, and legumes™. As yet, more recent evidence
has demonstrated a number of health benefits possibly associated
with intake of monounsaturated fats which are abundant in either
extra-virgin olive oil or in nuts?*4® and a role of fish for heart
health has been highlighted in several studies”4®.

Moreover, it is worthwhile to mention the reduced risk of all-
cause mortality and cardiovascular endpoints, associated with
moderate alcohol intake, one of the component of the MDS“”.
Indeed, in our study moderate drinking was a major contributor
to the overall death protection associated with the MD.

Finally, it has been proposed that the MD, which is rich in
fibre content, may act favourably also for glycaemic control, a
major health risk factor®”.

Late studies have documented a positive relationship
between the MD and telomere length, a biomarker of ageing
highly susceptible to oxidation and inflammation-related
mechanisms®". A diet rich in antioxidants or with marked
anti-inflammatory properties, as the MD, might reduce the rate
of telomere shortening, that in turn might delay the ageing
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process thus explaining (at least in part) the longer survival
rates of the Mediterranean populations.

Moreover, the ageing process in humans is associated with
chronic low-grade inflammation, a condition recently referred
to as ‘inflammaging®®. Several studies have shown that
adherence to an MD or other vegetable-based dietary patterns is
associated with lower sub-clinical inflammation®>>*, which in
turn, when elevated, is predictive of poor health outcomes also
in the elderly®”.

Additional modifications induced by the MD include a lipid-
lowering effect, protection against oxidative stress, modification
of hormones and growth factors involved in the pathogenesis of
cancer, inhibition of nutrient sensing pathways by specific
amino acid restriction, and gut microbiota-mediated production
of metabolites influencing metabolic health“®.

Strengths and limitations of the present study

The strengths of our longitudinal study within the Moli-sani cohort
include the selection of elderly individuals, its 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.

Potential limitations consist in the observational nature of the
study which cannot fully rule out residual confounding. In
addition, dietary data were based on self-reported information
and therefore may be susceptible to error and bias. Finally,
participants’ information was collected at baseline only, thus
life-course changes possibly occurring during the follow-up
may influence the strength of the findings.

The major strength of our meta-analysis is due to the fact that,
to the best of our knowledge, this is the first meta-analysis
specifically addressing and documenting the association
between the MD and mortality in an elderly population. One
major limitation is in contrast the subjective nature of the dietary
scores used in the original manuscripts; moreover, most studies
used a dietary score based on population-specific median
intakes, thus absolute intakes of food groups scored could vary
substantially among different cohorts. Finally, our meta-analysis
only comprised observational studies, thus sharing all the
limitations pertaining to this study type.

Conclusions

To summarise, we found that adherence to the MD is associated
with increased survival in a large sample of the elderly. Findings
from the Moli-sani cohort and the subsequent meta-analysis of
prospective cohort studies strongly support the appropriateness
for older persons to preserve/adopt a Mediterranean-type diet
in order to increase their prospects for longevity. This is of
crucial importance especially in the light of the rapid shifting
from the MD documented in recent years, which has been
mainly experienced by the elderly®”, and also because the
burden of healthcare costs associated with increased life
expectancy strictly depends on whether additional life years are
spent in good or poor health®®.

Finally, a better understanding of lifestyle behaviours influ-
encing longevity is of extreme interest for health administrators

and governments for better tailoring their prevention strategies
and policies.
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