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A previous meta-analysis provided convincing evidence for an inverse association between adherence to a Mediterranean diet (MedDiet) and the
risk of all-cause mortality. Since then, 19 prospective studies have been published. We updated the evidence from these prospective studies and
conducted a dose-response meta-analysis to test the linear and potential nonlinear dose-response associations between adherence to a MedDiet
and the risk of all-cause mortality. The PubMed, Scopus, ISI Web of Knowledge, and Embase bibliographic databases were systematically searched
up to August 24, 2018. Summary HRs were estimated with the use of a random-effects meta-analysis to assess the association between a 2-point
increment in MedDiet adherence and the risk of all-cause mortality. Sensitivity and subgroup analyses were performed and potential publication bias
was tested. Twenty-nine prospective studies with 1,676,901 participants and 221,603 cases of all-cause mortality were included in the final analysis.
The pooled HR of all-cause mortality was 0.90 (95% Cl: 0.89, 0.91; ¥ = 81.1%) for a 2-point increment in adherence to a MedDiet. Subgroup analyses
showed that a significant inverse association was stronger in participants who lived in the Mediterranean region compared with non-Mediterranean
areas (HRs: 0.82 compared with 0.92, respectively), and in studies that used the Panagiotakos MedDiet score. A nonlinear dose-response meta-
analysis indicated that the risk of all-cause mortality linearly decreased with the increase in adherence to a MedDiet. The robustness of findings was
confirmed in the sensitivity analyses. In conclusion, low-quality evidence from prospective cohort studies suggests an inverse association between
adherence to a MedDiet and the risk of all-cause mortality, especially in Mediterranean regions. An inverse linear dose-response relation was also
observed between adherence to a MedDiet and the risk of all-cause mortality. Adv Nutr 2019;10:1029-1039.
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Introduction

Dietary patterns rather than single nutrients are a more
helpful strategy to better understand the complexity of diet—
disease associations (1). Over the past 2 decades, several
epidemiologic studies have been conducted to identify the

habits results in high dietary antioxidant capacity, as well as
high intakes of dietary fibers, unsaturated fats, and various
healthy phytochemicals (9). Several interventional studies
have presented convincing evidence that greater adherence
to a MedDiet can reduce traditional cardiometabolic risk

associations between dietary patterns and survival rate (2-
6). In this regard, the Mediterranean diet (MedDiet) has been
one of the best-studied dietary patterns, for which a beneficial
effect on lifespan (3, 7) was first suggested in the 1960s (8).
The MedDiet is characterized by higher intakes of olive
oil, legumes, fruits, vegetables, nuts, and fish; moderate
intake of dairy products; and low consumption of meat
and processed meat products. This combination of dietary

Copyright © American Society for Nutrition 2019. All rights reserved. Adv Nutr 2019;10:1029-1039; doi: https://doi.org/10.1093/advances/nmz041.

factors, and may be associated with a lower risk of developing
type 2 diabetes and some types of cancers (10-14). Since
the 1960s, a growing body of evidence from epidemiologic
studies has been published in relation to the MedDiet and
survival. A previous meta-analysis of 16 prospective cohort
studies has suggested an 8% reduction in the risk of all-cause
mortality per each 2-point increase in the adherence to a
MedDiet (3). Since then, several prospective cohort studies
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have been published. However, to our knowledge, the dose-
response relation between adherence to a MedDiet and the
risk of all-cause mortality has not been previously deter-
mined. Therefore, we updated the evidence from prospective
studies and conducted a dose-response meta-analysis to test
the linear and potential nonlinear dose-response associations
between adherence to a MedDiet and the risk of all-cause
mortality.

Methods

Search strategy

We followed the Meta-Analysis of Observational Studies
in Epidemiology (MOOSE) guidelines for reporting the
current meta-analysis (10). The study protocol is available at
https://www.crd.york.ac.uk/PROSPERO (registration num-
ber CRD42018094059). A systematic search of the literature
was carried out in the PubMed, Scopus, ISI Web of Knowl-
edge, and Embase bibliographic databases up to November
15, 2017, followed by an updated search up to August 24,
2018. The following search terms were used: (“Mediterranean
diet” OR “dietary pattern” OR “Mediterranean”) AND
(“survival” OR “survive” OR “mortality” OR “fatal” OR
“death”) and (“follow up” OR “nested case-control” OR
“longitudinal studies” OR “cohort studies” OR “prospective
studies”) (Supplemental Table 1). No restrictions in terms
of the language of publications were considered.

Study selection

Studies were considered eligible for inclusion in the current
meta-analysis if they met the following criteria: I) were
original prospective cohort studies conducted in healthy
populations aged >18 y or older; 2) reported adherence
to a MedDiet as exposure and risk of all-cause mortality
as the outcomes of interest; 3) provided estimates of RRs,
HRs, ORs, or rate ratios with corresponding 95% ClIs for >3
quantitative categories of a MedDiet score; and 4) reported
the number of cases and noncases or person-years in each
category of a MedDiet score. Studies that reported the
association between continuous MedDiet score and all-cause
mortality risk were also included for linear analysis. Two
independent investigators (SS and AJ) carried out an initial
screening of all titles and abstracts from retrieved papers
to identify eligible studies that should be included in the
analysis.
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Data extraction and quality assessment

Two independent reviewers (SS and AJ) recorded the
following characteristics from the identified studies: first
author’s last name, date of publication, country, sex, study
participants, number of cases, duration of follow-up, method
of assessment of MedDiet index scoring, dietary assessment
tools, HRs, RRs, or ORs for all-cause mortality, and list of
variables that were entered into the multivariable model as
potential confounders. We contacted authors by e-mail to
ask for appropriate data. Sjogren et al. (11) kindly provided
the requested data, but we were unable to obtain data from
others (12). In line with the Cochrane Risk-of-Bias tool
for Nonrandomized Studies (ROBINS-I) assessment scale, 2
independent investigators (SS and AJ) performed the quality
assessment to examine the possible risk of bias associated
with each of the included studies (13). Disagreements were
solved by consulting the principal investigator (SS-B).

Rating the quality of evidence

We used the Grading of Recommendations Assessment,
Development, and Evaluation (GRADE) approach to rate
the quality of the evidence, i.e., the confidence in the effect
estimates (14, 15). GRADE consists of a rating system where
the quality of the evidence for each outcome ranges from
very low to high. Observational studies start as low quality,
and can be downgraded or upgraded based on judgments
about 8 different criteria (14, 15). Downgrading decisions
depend on the presence of risk of bias, inconsistency,
indirectness, imprecision and publication bias, whereas
upgrading decisions depend on the observation of large
magnitude of effect, a dose-response gradient, and an effect of
plausible residual confounding (14, 15). Three independent
investigators (SS, AJ, and NBT) rated the quality of the
evidence, and disagreements were solved by consensus. The
final decision of quality evidence was assessed with the use of
GRADEpro software (Grade Working Group).

Statistical methods

The reported RRs or ORs in the primary studies were
considered to be equal to HRs. The primary estimate effect
of interest was the pooled HR of all-cause mortality for a
2-point increment in adherence to the traditional MedDiet
(ranging from 0 to 9). If, in a given study, the effect size was
directly reported per each 2-point increment in a traditional
MedDiet score (ranging from 0 to 9), the reported risk
estimate was directly included in the meta-analysis. For
studies in which the risk estimates were reported for a
1- or a 1.5-unit increment in a traditional MedDiet score,
we recalculated the reported risk estimates for a 2-point
increment in a MedDiet score. For studies that reported
the results for a 1-unit increase in a MedDiet score, but
did not use a traditional MedDiet score (e.g., reported
the result for a 1-unit increment in the MedDiet score,
ranging from 0-8, 0-17, 11-55, or 0-14), we recalculated
the reported risk estimates for a 2-point increment in a
traditional MedDiet score (ranging from 0 to 9). For studies
that did not report the continuous MedDiet score and only
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reported the results across categories of a MedDiet, we
used a previously described method (16, 17) to calculate
study-specific HRs (linear slopes) and 95% CIs from the
natural logarithms of the extracted HRs and 95% ClIs across
categories of adherence to the MedDiet. For those studies
that only reported a MedDiet score as categoric and did not
use a traditional MedDiet score (ranging from 0 to 9), we
transformed the scores to a 9-point scale. If studies reported
results separately for men and women or other subgroups,
we combined the subgroup-specific estimates through the
use of a fixed-effects model to generate an overall estimate
so that each study was only represented once in the main
analysis. To test the potential effect of each study on pooled
effect size, sensitivity analysis was performed by the stepwise
exclusion of each study at a time. To determine the potential
sources of heterogeneity, subgroup analyses were conducted
based on gender, geographic location, dietary assessment
method, follow-up duration, number of participants, defini-
tion of a MedDiet, and adjustments for main confounders.
Between-study heterogeneity was explored through the use
of Cochrane’s Q test and quantified by the I* statistic
(P < 0.05) (18). Publication bias was assessed by inspection
of funnel plot asymmetry and tested by Egger’s asymmetry
test (19) and Begg’s test (20) (P < 0.10). The influence of any
potential publication bias on results was investigated through
the use of the Duval and Tweedie (21) trim-and-fill methods.

We also performed an additional analysis to test the
potential nonlinear dose-response relation between adher-
ence to a MedDiet and risk of all-cause mortality. A 2-
stage hierarchic regression model was used to test the
potential nonlinear association, in which the difference
between category-specific and reference-specific doses, ex-
pressed in quadratic terms, was calculated (22). Then, the
dose-response relation, considering within- and between
study variances, was estimated through the use of spline
transformations. This method requires the distribution of
cases and noncases across >3 categories of adherence to
a MedDiet, the median value, and the adjusted RRs with
their 95% ClIs for each category of exposure. For studies
that did not use a traditional MedDiet score (ranging from
0 to 9), we transformed the scores to a 9-point scale. Two-
sided statistical significance was set at P < 0.05. All statistical
analyses were conducted with Stata version 13 (Stata Corp.).

Results

Literature research

We identified 4954 articles from a systematic search of
electronic databases. We excluded 4915 articles after screen-
ing the title and abstract (Figure 1). After reviewing the
full texts of 39 studies, 14 papers were excluded for the
following reasons: 1 study was conducted in subjects living
in 2 institutions supported by state social security (23); 2
studies were conducted among long-term colorectal cancer
survivors (24, 25); and 1 study included patients with stable
coronary artery disease (26), who were excluded because
they might have modified their habitual diets after diagnosis

of the disease. Moreover, the participants in these studies
were not representative of the general population. Two
studies were excluded because the required information
could not be provided even after contacting the authors
(12). Another study was excluded because it reported RRs
for adherence to the MedDiet as a dichotomous variable
(27). From the European Prospective Investigation into
Cancer and Nutrition (EPIC) study, 4 different reports were
published that assessed adherence to a MedDiet in relation to
total risk of mortality (28-31), and we included the Lassale
et al. (30) report because it had the greatest number of
participants. However, this study did not report the results
across the categories of a MedDiet and were not included
in the nonlinear dose-response meta-analysis; thus, another
publication from the EPIC study which reported sufficient
information was included in the nonlinear dose-response
meta-analysis (and not in the main analysis) (31). The study
by Booth et al. (32), conducted in participants who were
candidates for primary prevention of cardiovascular disease
with statin therapy from the REasons for Geographic and
Racial Differences in Stroke (REGARDS) study was excluded
because the study population overlapped with that of the
most recent study by Whalen et al. (33). In addition, of
the 2 different reports from the Seguimiento University of
Navarra (SUN) cohort study (34, 35), we only included the
most recent one by Alvarez-Alvarez et al. (35). From the
Multiethnic Cohort (MEC) study, 2 reports were published
(36, 37), of which the Shvetsov et al. (36) study was included
in our analysis. Two studies were added to the eligible studies
after an updated search on August 24, 2018 (38, 39).

Of the remaining 26 publications, 1 reported the results
in 3 different countries, and was therefore regarded as 3
different studies (40). Finally, 29 prospective cohort studies
(27 publications) with 221,603 cases with all-cause mortality
among 1,676,901 participants were included in this meta-
analysis (9, 11, 30, 31, 33, 35, 36, 38-57). Seven studies did
not provide sufficient data (the number of deaths or effect
estimates in each category of a MedDiet score), and thus were
not included in the nonlinear dose-response meta-analysis
(9, 30, 45, 49, 51-53).

Study characteristics

Twenty-nine prospective cohort studies were published
between 1995 and 2018 with a follow-up time ranging
between 4 and 32 y (Table 1 and Supplemental Table 2). Six
studies were from the United States (33, 36, 43, 44, 48, 50),
18 were from Europe (9, 11, 30, 31, 35, 38, 40-42, 46, 47, 49,
51-55, 57), 2 were from Australia (45, 56), and 1 study was
from China (39). In most of the studies, dietary intake was
measured by an FFQ (9, 30, 31, 33, 35, 36, 38-42, 44-50, 52,
54, 56, 57), in 1 study by diet history (53), in 3 by dietary
record (11, 43, 51), and in 1 by dietary recall (55).

Eight different definitions for the MedDiet, with different
scoring criteria, were used in eligible studies, including the
traditional MedDiet (n = 3) (9, 45, 57), a modified traditional
MedDiet score (n = 11) (11, 30, 31, 35, 41-43, 46, 53-56),
a modified MedDiet score (Knoop) (n = 2) (51, 52), an
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FIGURE 1
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Flow diagram for study selection process. CAD, coronary artery disease; EPIC, European Prospective Investigation into Cancer

and Nutrition; ES, effect size; MEC, Multiethnic Cohort; REGARDS, REasons for Geographic and Racial Differences in Stroke study; SUN,

Seguimiento University of Navarra cohort study.

alternative MedDiet score (Fung) (n = 5) (33, 36, 39, 44, 50),
the Panagiotakos definition (48, 49) (n = 2), the definition
from Goulet et al. (47) (n = 1), a MedDiet adherence screener
(38), and in 3 studies the Sofi definition (40).

Meta-analysis

Twenty-eight studies (26 publications) were included in the
linear analysis of adherence to a MedDiet and risk of all-
cause mortality (9, 11, 30, 33, 35, 36, 38-57). There was a
10% reduction in the risk of all-cause mortality for each 2-
point increment in a score of adherence to a MedDiet, with a
high heterogeneity between studies (HR: 0.90; 95% CI: 0.89,
0.91; I> = 81.1%; P-heterogeneity < 0.001) (Figure 2).

Sensitivity analysis and subgroup analysis

In the sensitivity analysis, summary results did not materially
change when each study was sequentially excluded from
the main analysis (HR ranged between 0.89 and 0.91). The
association remained significant when results were stratified
based on gender, study location, follow-up duration, sample
size, definition of MedDiet, and dietary assessment methods
(apart from studies that used dietary record) (Table 2). The
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significant inverse association of adherence to a MedDiet and
risk of all-cause mortality revealed a stronger relation in the
subgroup with participants living in Mediterranean regions
compared with other regions (HR: 0.82, 95% CI: 0.86, 0.98;
n = 8 compared with HR: 0.92, 95% CI: 0.91, 0.93; n = 20,
respectively) as well as in studies that used the Panagiotakos
score (HR: 0.78; 95% CI: 0.72, 0.85; n = 2 studies) (48, 49).
In the subgroup analysis by dietary assessment method, an
inverse association was found only in those studies that used
an FFQ as compared with other methods (Table 2).

Among the 29 prospective cohort studies, 22 studies (20
publications) met the inclusion criteria for the nonlinear
dose-response analysis (11, 31, 33, 35, 36, 38-44, 46-48,
50, 54-57). There was a linear inverse association between
the MedDiet score and risk of all-cause mortality (P-
nonlinearity = 0.18) (Figure 3).

Publication bias and quality assessment

There was no evidence for publication bias based on Begg’s
test (P = 0.236); however, the Egger’s test revealed some
indications of publication bias (P = 0.008) (Supplemental
Figure 1). An analysis based on the Duval and Tweedie
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Author Country Participants ES (95% ClI)
Trichopoulou (9) Greece 182 e 0.72 (0.52, 0.98)
Kouris-Blazos (45) Australia 330 —e—11 0.72(0.49, 1.04)
Lagiou (46) Sweden 42,237 —mr  0.93(0.83,1.03)
Sjogren (11) Sweden 924 —— 0.87 (0.77,0.97)
Tongon (53) Sweden 1037 - 0.86 (0.79, 0.96)
van den Brandt (54) Netherlands 3576 = 0.87 (0.83, 0.92)
Tognon (52) Sweden 77,151 0.92 (0.88, 0.96)
Tognon (51) Denmark 1849 - 0.90 (0.83, 1.00)
George (44) USA 63,805 0.92 (0.90, 0.94)
Reedy (50) USA 424,663 0.92 (0.92, 0.93)
Vormund (55) Switzerland 17,861 0.94 (0.90, 1.00)
Cuenca-Garcia (43) USA 12,449 | 1#— 1.05 (0.96, 1.15)
Prinelli (49) Italy 974 —a— 0.74 (0.62, 0.89)
Stefler (40) Poland 6543 — 0.83 (0.70, 0.98)
Stefler (40) Czech 5967 ——— 0.90(0.77, 1.08)
Stefler (40) Russia 6823 —1— 0.94(0.79,1.10)
Bonaccio (42) Italy 1995 —— 0.63 (0.49, 0.81)
Park (48) USA 1739 - 0.80 (0.73, 0.89)
Lassale (30) Europe 451,256 ‘ 0.86 (0.85, 0.89)
Bo (41) Italy 1658 —=s— 0.88(0.72, 1.06)
Limongi (47) Italy 4232 n 0.90 (0.86, 0.94)
Whalen (33) USA 21,423 n 0.91 (0.88, 0.94)
Alvarez-Alvarez (35) Spain 19,467 —=r  0.93(0.83, 1.05)
Shvetsov (36) USA 193,527 [ | 0.93 (0.92, 0.93)
Cardenas Fuentes (38) Spain 7356 - ! 0.73 (0.67, 0.80)
Lemming (57) Sweden 38,428 - 0.90 (0.86, 0.91)
Hodge (56) Australia 41,513 [ | 0.92 (0.90, 0.96)
Neelakantan (39) China 63,257 F 0.94 (0.93, 0.96)
Overall (/% = 81.1%, P< 0.001) , 0.90 (0.89, 0.91)
NOTE: Weights are from random effects analysis | :
1

FIGURE 2 Risk of all-cause mortality associated with each 2-point increment in adherence to MedDiet. The black square and horizontal
line represents the study-specific HR and 95% Cl, respectively; the area of the black square is proportional to the specific-study weight to
the overall meta-analysis. The center of the open diamond presents the pooled HR and its width represents the pooled 95% Cl. Weights

are from random-effects analysis.

trim-and-fill method did not appreciably change the findings
(result not shown). Most of the studies included in the
analysis have a moderate to serious risk of bias according to
the ROBINS-I tool (Supplemental Table 3).

Overall quality of the evidence (GRADE assessment)
Supplemental Table 4 displays the GRADE assessment
for the association between adherence to a MedDiet and
all-cause mortality. Although we upgraded the evidence
because of a linear dose-response relation, the certainty of the
evidence was rated as low because of downgrading for serious
risk of bias and very serious inconsistency.

Discussion

The current systematic review and meta-analysis of 29
prospective cohort studies shows that each 2-point increment
in the adherence to a MedDiet is associated with a 10%
reduction in the risk of all-cause mortality. We selected
all-cause mortality as the outcome of interest instead of
an individual outcome such as different cancer types or
cardiovascular disease because it is a more reliable endpoint,
which is not subject to bias. Its accuracy only depends on the
number of identified deaths. On the contrary, for specific-
cause mortality, the accuracy of recording depends on the

correct identification of the cause of death. Moreover, all-
cause mortality gives an overview about how adherence to
a MedDiet improves overall survival.

In the subgroup analyses, the association remained
significant when results were stratified based on gender,
study location, follow-up duration, sample size, a MedDiet
definition, and dietary assessment method (apart from
studies that used dietary record). The reduction in mortality
risk was evident with respect to both Mediterranean and
non-Mediterranean regions, although it was stronger in
Mediterranean countries. The beneficial effect of a MedDiet
seemed to be higher when the Panagiotakos MedDiet score
was used. In addition, the nonlinear dose-response meta-
analysis demonstrated a linear inverse association between
adherence to a MedDiet and risk of all-cause mortality.
The present study supports the prior meta-analysis findings,
which suggested a lower risk of all-cause mortality for
subjects who had a greater adherence to a MedDiet (3).

Key components of a MedDiet, including high intakes of
fruits, vegetables, nuts, and fish, are associated with lower in-
flammation and less oxidative stress—biochemical pathways
that are linked with risk of developing cardiovascular disease
and cancer (58). A recent meta-analysis of 6 randomized
controlled trials has shown that a higher adherence to a
MedDiet can reduce systolic and diastolic blood pressure, as

Adherence to Mediterranean diet and mortality 1035



TABLE2 Subgroup analyses of adherence to Mediterranean diet and risk of all-cause of mortality’

Meta-analysis

Heterogeneity

Subgroup Studies (n) HR (95%(Cl) Q statistic 12 (%) P-heterogeneity P-between
Total 0.90 (0.89,0.91) 142.96 81.1 <0.001
Sex 0.34
Male 1 0.87(0.77,0.97) 0.00 — —
Female 3 0.91(0.90,0.93) 1.62 0.00 0.445
Both 24 0.90 (0.898,0.91) 142.96 81.1 <0.001
Region < 0.001
Mediterranean area 8 0.82(0.76,0.88) 32.88 78.7 <0.001
Non-Mediterranean area 20 0.92 (0.91,0.93) 4647 59.1 0.001
Dietary assessment method 040
FFQ 23 0.90 (0.88,0.91) 132.14 834 <0.001
Diet history 1 0.86 (0.77,0.94) 0.00 — —
Dietary recall 1 0.94 (0.89,0.99) 0.00 — —
Dietary record 3 0.94 (0.83, 1.05) 7.88 74.6 0.019
Study duration, y <0.001
<11 12 0.85(0.81,0.89) 39.29 72 <0.001
>11 16 0.90 (0.89,091) 4201 64.3 0.001
Study participants <0.001
<10,000 15 0.83(0.79,0.87) 36.67 61.8 0.001
>10,000 13 0.92(0.91,0.93) 63.37 81.1 <0.001
Mediterranean definition? <0.001
Traditional score 3 0.83(0.69, 0.96) 3.92 49 0.141
Modified traditional score 1M 0.90 (0.86, 0.93) 3949 747 <0.001
MedDiet adherence screener 1 0.73 (0.66, 0.79) 0.00 — —
Modified MedDiet score (Knoop) 2 0.92 (0.88,0.95) 017 0.00 0676
Alternative score (Fung) 5 0.92 (0.91,0.93) 12.66 68.4 0.013
Panagiotakos score 2 0.78 (0.72,0.85) 0.56 0.00 0.454
Goulet score 1 0.90 (0.86, 0.94) 0.00 — —
Sofi score 3 0.87 (0.80,0.97) 1.11 0.00 0.573
Adjustment for confounders
Smoking 0.13
Yes 24 0.90 (0.88,0.91) 12644 83.6 <0.001
No 4 0.88 (0.83,0.94) 849 64.7 0.037
BMI 0.01
Yes 18 0.91(0.88,0.92) 118.97 80.2 <0.001
No 10 0.88(0.85,0.92) 18.21 50.6 0.033
Energy intake <0.001
Yes 22 0.90 (0.87,0.91) 99.57 80.1 <0.001
No 6 0.90 (0.85,0.94) 16.19 815 0.001
Physical activity <0.001
Yes 19 0.88(0.87,0.91) 111.25 89.5 <0.001
No 9 0.91(0.89, 0.94) 16.96 528 0.031
Alcohol consumption 0.66
Yes 6 0.92 (0.91,0.94) 724 504 0.203
No 22 0.87 (0.86, 0.90) 132.89 80.6 <0.001

"Meta-analysis values are HR with 95% Cls. P-heterogeneity within subgroups was calculated with the use of a random-effects model. P-heterogeneity between subgroups was

calculated with the use of a fixed-effects model. MedDiet, Mediterranean diet.

2 Alternative score (Fung) (0-9) (33, 36, 39, 44, 50); Goulet score (0-44) (47); MedDiet adherence screener (0-14) (38); modified MedDiet score (Knoop) (0-8) (51, 52); modified
traditional score (0-9) (11, 30, 31, 35, 41-43, 46, 53-56); Panagiotakos score (0-50) (48, 49); Sofi score (0-17) (40); traditional score (0 to 8) (9, 45, 57).

well as the concentrations of fasting plasma glucose, total
cholesterol, and high-sensitivity C-reactive protein, which
suggests that the protective effect of this dietary pattern
on human health is partly mediated by improvements in
metabolic profile (59). Moreover, a recent meta-analysis of
>100 prospective studies indicated that an increased intake
of individual components of a MedDiet, such as whole grains,
vegetables, fruits, nuts, and fish, was associated with a lower
risk of all-cause mortality (60). However, findings from 54
clinical trials showed that olive oil, one of the most prominent

1036 Soltani et al.

components of the MedDiet, was not more effective in
reducing lipid profile than other unsaturated fatty acids (61).

Up to now, several a priori-defined MedDiet indexes
with different scoring systems have been developed for
measuring the degree of adherence to this healthy dietary
pattern (62). Mediterranean diet indexes comprise dietary
components that tend to reflect local food intake patterns
(63). Moreover, some food groups were combined into one
component; for example, nuts were included in fruit groups,
or legumes in vegetable groups (62). Existing differences



1.00

0.90+

Hazard ratio

0.80

T T T T T T T T
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Mediterranean diet score (unit)

FIGURE 3 Dose-response analysis of risk of all-cause mortality
and adherence to a Mediterranean diet. The solid line and the
long-dashed line represent the estimated HR and its 95% Cl; the
solid line represents the linear relation.

in the classification of dietary constituents and in different
scoring criteria (based on the amount of food consumed
and a wide range of cutoffs for food groups) among
different MedDiet indexes could considerably change the
degree of adherence. Therefore, the specification of the exact
mechanisms by which a MedDiet could exert its health
benefits in different populations is difficult.

It is important to highlight that only in the PREDIMED
study, assessing the effect of the MedDiet on all causes of
death, was no effect shown (64). Therefore, other clinical
trials are warranted in the future to assess the effect of
MedDiet on total mortality.

The subgroup analyses revealed that the association was
stronger when the Panagiotakos MedDiet score was used
to measure adherence to a MedDiet. This score consists
of 11 food items (65), in which poultry was considered as
an independent unhealthy component, instead of including
it in the meat products group (65). Moreover, potato
was not included in the vegetable group, and olive oil
was used instead of the MUFA:SFA ratio (65). A recent
review by Zaragoza-Marti et al. (66) revealed that the score
created by Panagiotakos, although not considered the gold
standard measure of MedDiet adherence, provides one of
the best overall evaluations of diet in terms of applicability.
However, only 2 studies used the Panagiotakos MedDiet
score, and a number of studies varied substantially in terms
of the MedDiet definition used. Thus, it may be hard to
compare the results across different definitions of a MedDiet
appropriately.

Our results suggested that a MedDiet has a stronger
inverse association with all-cause mortality in Mediter-
ranean populations compared with those living in other
geographic regions. One possible explanation could be that
high adherence to a MedDiet in non-Mediterranean regions
differs from the pattern found with the traditional MedDiet
followed in Mediterranean regions, where the consumption
of olive oil, fish, vegetables, and legumes is higher than
in other regions (28). In addition, the MedDiet scores use

sex-specific median intake as cutoffs for each component.
Therefore, because median values could differ depending
on the study population, those individuals with a high
adherence to a MedDiet in non-Mediterranean populations
may be classified as poorly adherent in Mediterranean
regions.

A nonlinear dose-response meta-analysis showed a linear
inverse association between adherence to a MedDiet and risk
of all-cause mortality. These findings show that the benefits
of a MedDiet on human health increases monotonically
as the adherence to this healthy dietary pattern increases.
A recent meta-analysis of prospective cohort studies on
food groups and risk of all-cause mortality showed different
trends in the association of food groups and risk of all-cause
mortality (60). For instance, the risk of mortality linearly
decreased with the increase in fish, legumes, and whole-
grain consumption, whereas a U-shaped association was
observed between the consumption of vegetables and nuts
and risk of all-cause mortality (60). A MedDiet score is a
reliable indicator of overall diet quality. Thus, with the use
of a nonlinear dose-response analysis, we have presented, for
the first time, a more comprehensive understanding of the
association between overall diet quality and risk of all-cause
mortality.

The present study has several strengths. First, it included
19 new articles published in the past 4 y, reporting an
additional 1,381,567 participants and 203,548 cases that were
notincluded in the previous meta-analyses. Second, we tested
the association across several subgroups, which indicated
that the association stayed significant when the results were
stratified according to the characteristics of the different
studies and their participants. Third, for the first time, we
tested the nonlinear dose-response association of adherence
to a MedDiet with risk of all-cause mortality, which presented
a deeper insight into the association between adherence to a
MedDiet and survival. Fourth, we used the GRADE system
to rate the overall quality of the evidence. Lastly, we only
included prospective studies, which allows us to reduce the
likelihood of recall and potential selection biases.

There are also some limitations that need to be addressed.
First, food preparation techniques, meal patterns, food group
compositions, and evaluation of the adherence to a MedDiet
by non-Mediterranean populations may be different across
studies (63), which could affect the observed results. Second,
a high degree of interstudy heterogeneity was observed in
the main analysis, which reduces our confidence in the effect
estimates. Third, we did not test the potential effect of each
individual component of a MedDiet on risk of all-cause
mortality, which could help to explain which food groups are
mainly responsible for the observed association. Fourth, our
confidence in the effect estimates is low due to a serious risk
of bias and major inconsistencies caused by the presence of
unexplained interstudy heterogeneity.

In conclusion, in the present meta-analysis of prospective
cohort studies, a 2-point increase in the adherence to
a MedDiet is associated with a 10% lower risk of all-
cause mortality. The present results add new information
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demonstrating a linear inverse relation between adherence to
a MedDiet and the risk of all-cause mortality. However, the
overall quality of the evidence was rated as low, and therefore
further studies are likely to change our confidence in the
effect estimates.
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