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Abstract

Aims: This study aimed to review meta-analyses of randomised controlled
trials that evaluated the effectiveness of the Mediterranean Diet for the primary
and secondary prevention of cardiovascular disease.

Methods: Five databases (Medline, Embase, Cochrane, CINAHL and ProQuest)
were searched from inception to November 2022. Inclusion criteria were:
(i) systematic review of randomised controlled studies with metanalysis; (ii) adults
>18 years from the general population with (secondary prevention) and without
(primary prevention) established cardiovascular disease; (iii) Mediterranean Diet
compared with another dietary intervention or usual care. Review selection and
quality assessment using AMSTAR-2 were completed in duplicate. GRADE was
extracted from each review, and results were synthesised narratively.

Results: Eighteen meta-analyses of 238 randomised controlled trials were
included, with an 8% overlap of primary studies. Compared to usual care, the
Mediterranean Diet was associated with reduced cardiovascular disease mortal-
ity (n = 4 reviews, GRADE low certainty; risk ratio range: 0.35 [95% confidence
interval: 0.15-0.82] to 0.90 [95% confidence interval: 0.72-1.11]). Non-fatal
myocardial infarctions were reduced (n = 4 reviews, risk ratio range: 0.47 [95%
confidence interval: 0.28-0.79] to 0.60 [95% confidence interval: 0.44-0.82])
when compared with another active intervention. The methodological quality of
most reviews (n = 16/18; 84%) was low or critically low and strength of evidence
was generally weak.

Conclusions: This review showed that the Mediterranean Diet can reduce
fatal cardiovascular disease outcome risk by 10%—67% and non-fatal cardiovas-
cular disease outcome risk by 21%-70%. This preventive effect was more signif-
icant in studies that included populations with established cardiovascular
disease. Better quality reviews are needed.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided

the original work is properly cited.
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1 | INTRODUCTION

Cardiovascular disease (CVD) is the leading cause of
death globally.1 From 1990 to 2019, CVD cases rose from
270 million to 523 million. Additionally, CVD mortality
increased from 12.1 million in 1990 to 18.6 million in
2019, accounting for 32% of all deaths worldwide. Of
these deaths, approximately 85% were due to heart
attacks and strokes, highlighting the importance of pre-
venting CVD.? Most CVD conditions can be prevented by
modifying behavioural risk factors such as an unhealthy
diet and optimising healthy eating interventions."

The effectiveness of the Mediterranean Diet (MedDiet)
in primary and secondary prevention of CVD has acquired
considerable attention, particularly since the seven coun-
tries' study conducted in the 1950s.”> This study compared
dietary habits across seven countries and revealed that
populations in the Mediterranean region, encompassing
countries such as Greece and Italy, exhibited lower CVD
mortality rates compared to the United States of America
(US) and Northern European countries.>* The MedDiet
has since been a focal point in cardiovascular health
research and considered one of the healthiest dietary pat-
terns in the world endorsed in the 2020-2025 American
Dietary Guidelines.*® Although regional dietary habits
have evolved since the 1950s; the main characteristics
of the Mediterranean-style diet remain. These include
extra-virgin olive oil as the primary dietary fat source, high
consumption of vegetables, fruits, nuts, legumes and unre-
fined cereals, moderate consumption of fish and shellfish,
moderate consumption of red wine within meals only,
moderate consumption of fermented dairy products, such
as cheese and yoghurt, low consumption of unfermented
full-fat dairy products, low consumption of meat and very
low consumption of red meat and processed meat.*>

A large body of literature exists regarding adher-
ence to MedDiet and CVD outcomes, including system-
atic reviews of observational studies.” The MedDiet is
inversely associated with all-cause mortality, CVD
mortality, coronary heart disease (CHD) and stroke
incident risk.*'> The MedDiet's potential beneficial
effects on reducing CVD risk are likely due to the
combination of dietary components, particularly
the high content of polyunsaturated fatty acids, fibre
and polyphenols, which collectively modify CVD risk
factors, including blood lipid and glucose levels, blood
pressure and body weight.®%!14

There is also a significant amount of randomised
controlled trial (RCT) data on the effects of the MedDiet
and CVD end points or risk factors. A small number of
these represent large landmark trials, which are split
across primary and secondary CVD prevention outcomes.
A well-cited MedDiet RCT targeting people at high risk
of CVD (primary prevention) is the PREDIMED
study, which recruited almost 4500 participants and com-
pared two MedDiet intervention arms with a low-fat con-
trol diet, finding a reduction of around 30% in
cardiovascular events for the MedDiet arms compared to
the control group.'”> With regards to secondary preven-
tion, the recent CORDIOPREV study was conducted in
people with established CVD, and demonstrated a 27%
reduction in risk of major cardiovascular events with
MedDiet in comparison to a low-fat diet.'® The Lyon Diet
Heart Study also provided causative evidence for the ben-
eficial effects of MedDiet in people with established CVD,
showing a 50%-70% reduction in recurrent CVD events.'”

Both PREDIMED" and the Lyon Diet Heart Study'’
have been criticised for methodological limitations, some
avoidable and others reflecting the inherent difficulties in
conducting a gold standard RCT with a complex intervention
such as dietary change. Of particular interest are RCTs test-
ing the effectiveness of the MedDiet in non-Mediterranean
populations, given that Spain was the setting for PREDIMED
and CORDIOPREV, and Southeastern France was the
setting for the Lyon Diet Heart Study.'>”"” Baseline diets
in Mediterranean populations are likely to already reflect
several attributes of the MedDiet,"”® and there is likely to
be higher acceptability of MedDiet food components in
Mediterranean than in non-Mediterranean settings.

A previous umbrella review of 13 meta-analyses of
observational studies and 16 meta-analyses of RCTs
involving 12 800 000 participants examined the health
benefits of the MedDiet on 37 different health outcomes,
including CVD." The findings emphasised the impor-
tance of adhering to the MedDiet for both primary and
secondary prevention of CVD. However, it has been over
7 years since the search for this umbrella review was con-
ducted, and since then, numerous more systematic
reviews have been published on the impact of MedDiet
on CVD outcomes and risk factors. Further, the majority
of systematic reviews have not focused solely on gold
standard RCT evidence, with observational study designs
dominating and summaries of effects of RCTs showing
significant overlap between reviews.'
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This umbrella review aims to summarise the character-
istics of systematic reviews of RCTs and their reported
effects of MedDiet compared to any other diet, no interven-
tion or usual diet on the primary and secondary prevention
of CVD, including all-cause mortality, cardiovascular events
and clinical and biochemical risk factors for CVD. A further
aim was to appraise the systematic review quality and to
describe the quality and certainty of the evidence reported.

2 | METHODS

An umbrella review of systematic reviews of RCTs eval-
uating the effect of MedDiet on the primary and second-
ary prevention of CVD was conducted. An umbrella
review was considered appropriate due to the large
number of published systematic reviews and the need to
assess the strength of available evidence reported in
these reviews. RCTs were selected as the study design,
as they are often considered the gold standard in
evidence-based research for guiding clinical recommen-
dations®® due to their rigorous design and ability to
establish causation more reliably than observational
studies.? It is recognised that observational studies are
often considered in developing guidance from nutrition
research; however, few would argue that controlled
intervention studies provide greater certainty of find-
ings.”> Given the large number of MedDiet systematic
reviews published over the last 5 years, sufficient evi-
dence was expected in a new umbrella review without
incorporating observational studies, as noted in more
recently published systematic reviews."?

This review is reported according to the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement® and reporting guide-
lines for umbrella reviews.”* The protocol was
registered on PROSPERO (CRD42022376396) and
Open Science Framework (OSF) (https://doi.org/10.
17605/0SF.I0/7XPEB).

Five electronic databases, The Cochrane Database
of Systematic Reviews, Medline (PubMed), Elsevier
(Embase) and Cumulative Index of Nursing and Allied
Health Literature (CINAHL), were searched from
inception to 4 November 2022. The ProQuest database
(Dissertations and Thesis tab) was also searched to
allow the inclusion of grey literature (theses) reporting
unpublished systematic reviews that met the criteria.
The search strategy was designed in PubMed with infor-
mation specialists and used a combination of free text
and MeSH terms and keywords. There was no limitation
on language or publication date. The search strategy
was translated to search the other databases using Poly-
glot*® (Supporting Information S1: Table 1).

Pairs of reviewers screened titles, abstracts and full
texts of potentially eligible search results independently
using Covidence.”® Discrepancies were resolved by
consensus or discussion with another reviewer.

Studies were included if they met the following cri-
teria: (1) systematic reviews (as defined by Page et al.)*’
of RCTs that included at least one study reporting on the
MedDiet; (2) adults >18 years aged from the general
population with (secondary prevention) and without
(primary prevention) established CVD; (3) comparator
groups with another dietary intervention other than
the MedDiet, such as Dietary Approaches to Stop
Hypertension (DASH), a diet with a low glycaemic index,
no intervention, or usual care; (4) reported any outcomes
of interest including all-cause mortality or CVD outcomes
(cardiovascular mortality, major cardiovascular events, or
surrogate markers of CVD risk, e.g. weight, BMI, blood
pressure, blood lipids and blood glucose); (5) outcomes
were meta-analysed. CVD was defined by a spectrum of
conditions that impact the heart and blood vessels. No
specific inclusion criteria (e.g. food-based principles
or macronutrient targets) were applied concerning the
MedDiet intervention outside of the systematic review
needing to have included one or more studies of dietary
interventions referred to as ‘Mediterranean’. It was
not practical within the umbrella review methodology to
apply a specific definition for the MedDiet to the criteria
as many of the systematic reviews did not report on
this in their inclusion criteria or reporting of study
characteristics.

Umbrella reviews returned in the search were excluded.
Reviews that examined health outcomes unrelated to CVD,
such as dementia, Alzheimer's, cancer, pregnancy, prenatal,
and human immunodeficiency virus, were excluded during
the screening process. Systematic reviews that only included
one eligible primary study (Supporting Information SI:
Table 3) and overlapped in reporting (i.e. the study was
reported in another review of higher quality) or could not
be translated into English were also excluded.

After piloting extraction for five included systematic
reviews, three reviewers refined and used a prospectively
developed standardised form to extract the included stud-
ies’ characteristics and outcomes. Data were extracted by
one reviewer and reviewed for accuracy by a second
reviewer, with disagreements resolved through consensus
or by another reviewer. The following study characteristics
and outcomes data were extracted from each included
review: characteristics of included systematic reviews
(study aims, N studies, N analysed, types of studies
(RCTs), country, year, N participants; Mediterranean Diet
intervention and control diet characteristics (if reported);
study duration; setting of study (i.e. community/outpatient
hospital), and search methods), outcomes of data
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synthesis, that is, metanalysis (N intervention, N control,
p value, pooled effect estimate and heterogeneity [I*%)).
Conflicts of interest of investigators and quality assessment
methods were also extracted. Where a review included
RCTs and other study designs, data from RCTs only were
extracted if possible.

The effect estimates and 95% CI (along with the num-
ber of studies and I statistics for heterogeneity) for each
primary and secondary outcome were extracted from the
meta-analyses of included systematic reviews. Risk ratios
(RRs) or odds ratios (ORs) with 95% CIs were reported
for categorical outcomes. Mean differences (MDs) with
95% Cls were extracted for continuous outcomes reported
on the same scale. Standardised mean difference (SMD)
with 95% CI for continuous outcomes was also extracted
for studies using different scales. All original studies
reported in more than one systematic review were
highlighted. The 95% CIs were calculated using fixed and
random effects models.”’> Outcome data from each
included review was summarised in tables according to
the target population (primary and/or secondary preven-
tion) and described narratively. Primary outcomes were
grouped as fatal or non-fatal; surrogate outcomes were
grouped into vascular, blood lipid, blood glucose and
anthropometric measurements in the summary table.

The web-based tool (metaumbrella.org) was used and
the guidelines for analysing umbrella reviews were fol-
lowed. Included meta-analyses were analysed if two or
more of the included systematic reviews reported data for
the same outcome and population. We extracted data
from individual RCTs reported in each included meta-
analysis. Extracted data from individual RCTs included
sample size, number of events, effect size and uncertainty
around the effect estimates (CIs or standard errors).

Quality assessments of the reviews were conducted
independently by two reviewers using the Assessment of
Multiple Systematic Review (AMSTAR-2) tool.** The
AMSTAR-2, a ‘yes or no’ checklist, comprised 16 ques-
tions designed to assess the risk of bias with gradings of
‘high’, ‘moderate’, ‘low’ or ‘critically low’. Disagree-
ments regarding all quality assessments were determined
by consensus through discussion or by involving another
reviewer.

The Grading of Recommendations, Assessment,
Development and Evaluations (GRADE) was extracted
and recorded from the included systematic reviews
(where it was assessed) following GRADE or Cochrane
guidelines.?*~®

Overlap of primary studies in the included meta-
analyses was calculated and reported as a percentage. An
equation was used to calculate the overlap percentage:

N+ 100% (where N represents the total number of pri-

(rxc)—r
mary studies including double counting of overlapping

Journal of Dietitians Australia

studies, r is the number of primary studies not including
double counting of overlapping studies and c is the total
number of systematic reviews).>

3 | RESULTS

Initial database and other searches yielded 2651 articles.
After eliminating duplicates, 1437 articles were excluded
based on their title and abstract, and 114 based on full-
text assessment. The remaining 18 articles met eligibility
for data extraction and analysis (Figure 1). Reasons for
study exclusion at the full-text review stage were
recorded (Supporting Information S1: Table 2).

The 18 meta-analyses included a total of 238 RCTs
(range: 3-72 RCTs) and total n of 197 965 participants.
Although 133 primary studies were included in >2 sys-
tematic reviews, a moderate overlap®>*° was calculated at
8% (Supporting Information S1: Table 2).

Thirteen meta-analyses'*>'** evaluated the effect of
the MedDiet on the primary prevention of CVD
(i.e. participants without established CVD), whereas the
remaining meta-analyses'"**™* reported the effect of
MedDiet on primary and secondary prevention of CVD
(i.e. participants with and without established CVD)
(Table 1). One recently updated Cochrane SLR with 30
included-RCTs reported their results separately for pri-
mary and secondary CVD prevention.”® The MedDiet
(see Table 1 for descriptions of MedDiet interventions
where reported in the reviews) was compared to various
comparator diets, including low fat, Atkins, DASH, low
carbohydrate, American Diabetes Association, prudent
and usual, among others. The duration of included RCTs
within the meta-analyses ranged from 3 months to
4.8 years. Of the 18 meta-analyses, 15 reported on the
countries or regions where RCTs had been conducted,
which included countries in the Mediterranean and non-
Mediterranean regions.'"'*** 4042746 Thege studies cov-
ered specific Mediterranean nations—Spain, Italy and
Greece—as well as a variety of non-Mediterranean coun-
tries, including India, the UK, the US, Canada, Australia,
New Zealand, Hong Kong, Brazil, Iran, China, and other
European countries. The remaining three reviews did not
provide information regarding the locations where the
studies were conducted.>'>*

All 18 reviews with meta-analyses were evaluated for
quality using the AMSTAR-2 checklist: 11 (61%) reviews
were of critically low quality,>3>2773%%% 4 (22%)
reviews were of low quality">****** and 3 (17%) reviews
were of moderate quality."*"*® No reviews were evalu-
ated as high quality (Table 1 and Supporting Information
S1: Table 4). 36% (n = 7) reviews did not have a protocol
registered prior to the commencement of the review
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FIGURE 1 PRISMA flow chart for search strategy exploring the effects of the MedDiet on cardiovascular disease end points and

surrogate outcomes. MedDiet, Mediterranean Diet; PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

(item 2).°13*33374345 Only two (11%) reviews had an
adequate literature search (item 4),"*° and six (33%)
reviews provided a list of excluded studies with explana-
tions of reason (item 7).!*3*3%4041:46 Ty (11%) reviews
did not include a risk of bias of primary studies included
in the review (item 9),>*** and seven (39%) reviews did
not consider the risk of bias when interpreting the
results (item 13).>'733373¥43 Two (11%) reviews did not
have appropriate meta-analytical methods (item 11).*"3*
Four (21%) reviews did not assess the presence of likely
impact of publication bias (item 15).3!:323%:43
Twenty-eight CVD outcomes for 205 985 participants
were categorised into primary (end point) outcomes
(Table 2) and surrogate (risk factor) outcomes (Table 3).
Primary outcomes were grouped as fatal (n = 9) or non-
fatal (n = 12). Surrogate outcomes were grouped as vascu-
lar measurements (n = 20), blood lipids (n = 24), blood
glucose (n=14) and anthropometric measurements
(n =11). The mean age of the participants ranged from

41 to 56 years old. The median age ranged between 51 and
55 years. The age distribution across the reviews showed
considerable variability, with ages ranging from 20 to
80 years.

One systematic review meta-analysed two studies
for the effectiveness of the MedDiet on all-cause mortal-
ity.** The review found low-certainty evidence that
MedDiet reduced all-cause mortality rates by approxi-
mately 50% among patients with a history of CVD
(i.e. secondary prevention) with relative risk estimates
of 0.44 (95% CI: 0.21-0.92) when compared to usual
care. One RCT in the same review reported a relative
risk of 0.59 (95% CI: 0.51-0.68) when compared with
another active dietary intervention but was excluded
from the main analysis due to published expressions of
concern.*’” However, the MedDiet was not associated
with statistically significant reductions in all-cause mor-
tality among adults without a history of CVD
(i.e. primary prevention).*°
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Four reviews'"***%® of the 13 RCTs provided limited

a
E 3 % x evidence that the MedDiet reduced CVD-related mortal-
- % S % é b ity (Figure 2) by a range of 10% (four RCTs; RR: 0.9; 95%
by Q
; = 53T E B CI: 0.72-1.11; moderate quality)'' to 65% (one RCT; RR:
g g 22 gL 0.35; 95% CI: 0.15-0.82; moderate quality).*® One of these
5T o £83 g reviews was of critically low quality.*> Similarly, two of
S A 2 8% E these reviews'>*® of six RCTs also reported on cardiac-
a5 . . .
~ § E 83 related mortality (i.e. death from CHD, sudden cardiac
& eé D o é g death and fatal myocardial infarction); however, only one
a B § § E g of these reviews included more than one MedDiet RCT.
< - . . . .
E E g : g% The larger review found that fatal myocardial infarction
N -~ 9 5
— % 2 § ; was reduced by 34% (two RCTs; RR: 0.66; 95% CI: 0.61-
I %] . . . .
f 2S 53§ 0.71; moderate quality)*® when comparing MedDiet with
N: % § § é : another dietary intervention, with the other review (one
£ 28 5 . .
=y S g 2 g RCT; RR: 0.67; 95% CI: 0.31-1.43; low quality) showing
% ig Z 8 :— jE no significance when the MedDiet was compared with a
én 8 § g a E low-fat or low-carbohydrate control group.'® Risk of sud-
3 - :§ & E g g den cardiac death was reduced by 52% when the MedDiet
= * § 2§ 5 g g was compared to another dietary intervention (two RCTs;
a 25 g & §D RR: 0.48; 95% CI: 0.37-0.63; moderate quality).*® One
= 9
; = S g% z review with one RCT showed a 67% reduced risk of death
n ;T 58 i N13
S o = ox e from CHD (RR: 0.33; 95% CI: 0.13-0.85; low quality) ~;
S5 2 © 29853 . . .
2 o == S<35° % however, the RCT reported on is one with a published
< o [ R ZHR>] p p
8 g 0 T 3 g £ 5% g i 48,49 i
g8 = a2 8§82 58 expression of concern. Overall, the findings reported
g g =L E é" g 2 % on cardiac-related mortality were inconsistent and associ-
§ & % g 2 ated with a low to very low certainty of evidence
= ES =T 2 (Table 2).
7 S<¥3% g . S
g 2 g R g % 5 Regarding non-fatal outcomes, one review included
2 g = £Z & sz two RCTs and found that the MedDiet reduced CVD inci-
s a PR dence by 38% (RR: 0.62; 95% CI: 0.50-0.78; low quality)
& 82 1 B = y q
5 e E £ S E compared to a low-fat diet.'> Four systematic reviews
o 8 g = S =8 with a total of 13 RCTs showed that the MedDiet reduced
- s S =y . . ..
g £ g S < E § g a cardiac-related events (i.e. CHD incidence, coronary
5 g g ZEE £3 2 events, heart failure and non-fatal MI).'"'**>* QOne of
= g o - s < ops . . 43
T3 § " 25 E £ g these was evaluated as a critically low-quality review.
& 83 2 g &i g ? g B For coronary events and non-fatal myocardial infarction
& g é % z ﬁ ﬁ (Figure 3), the reduction in non-fatal events associated
2 g 2 3 ‘é g g with the MedDiet ranged from none/non-significant (one
Z 0 A 4 g IS E 2 RCT; HR: 0.79; 95% CI: 0.57-1.10, moderate quality) to
3 g ; g S gﬂ 53% (one RCT; RR: 0.47; 95% CI: 0.28-0.79; moderate
[=I 29 . . . .
2 k| go z ; 5 quality) when compared with another dietary interven-
o - 2 = g2 8 . . .
s S g 2T EE tion.*® For heart failure, the reduction was 70% (two RCTs;
£ S < EE ;éﬂ e £ RR: 0.30; 95% CI: 0.17-0.56; moderate quality) when com-
-~ £ 13 g2 ¥ g ared with any diet.!* Only one review reported on periph-
8 - . - . S 4 ¥ 3 9 s p y y p perip
5 = S¥ AL 5 eral artery disease (peripheral vascular disease; Table 2).*°
3 S g3 g3 5% %3 2 & § Stroke incidence (Figure 4) was reported on in four
2 & £F £F 27 R reviews'"***% comprising seven RCTs. One of these was
= S2 S 8.38 <9yfi: a critically low-quality review.*> The MedDiet reduced
S % 23S T L3S £2g28E3 Y ) .
2 g 3 T8 838 20480 52 stroke incidence consistently across all four reviews by a
- Py T 7 = 2 B
o § ‘3 g S = ;§ N £ 82 % 5 9 range of 35% (three RCTs; RR: 0.65; 95% CI: 0.48-0.88;
S o 2 = = = )
= = g ig 252 e g HEZ Sy moderate quality)'' to 42% (one RCT; RR: 0.58; 95% CI:
! B8 JS3 f 5.3 tgEEsEz 0.42-0.81, low quality)."® Overall, the MedDiet was shown
< MO S & A& 28 C-0 8.2 .
= <28z ¥ to have a beneficial effect on both fatal and non-fatal CVD
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Factor n-studies n-cases 12 Class eOR +95% CI
Rees, 2019 2 4997 44% ns — i 0.81[0.50;1.31]
Grosso, 2017 4 321 77% ns —8-— 0.72[0.42;1.25]
Liyanage, 2016 4 315 77% ns —f3—1— 0.70[0.37:1.31)
Becerra-Tomas, 2020 2 112 80% ns 1B 0.56 [0.18:1.72]
| | I 1
0.2 05 1 2 5

Equivalent Odds Ratio (eOR)

FIGURE 2 Meta-analysis of two or more systematic reviews (data from individual RCTs reported) for CVD deaths. CVD, cardiovascular
disease; RCT, randomised control trial.

Factor n-studies n-cases 12 Class n eOR +95% CI

Rees, 2019 1 64 NA% IV —fFf— 0.24 [0.15;0.41]

Grosso, 2017 3 323 93% ns —8—T 0.65[0.25;1.67]

Becerra-Tomas, 2020 2 170  93% ns & 0.47[0.13:1.64]
| T T ]

02 05 1 2 5
Equivalent Odds Ratio (eOR)

FIGURE 3 Meta-analysis of two or more systematic reviews (data from individual RCTs reported) for non-fatal MI. MI, myocardial
infraction; RCT, randomised control trial.

outcomes. The GRADE certainty of the evidence was  duration against various other diets found that the
moderate (Table 2). Palaeolithic diet improved SBP significantly more than

Seven of the nine systematic reviews that meta-  MedDiet at 6 months (median difference: 11.6 mmHg;
analysed the effect of the MedDiet on systolic blood 95% CI: 4.22-19.02).** This review was assessed as criti-
pressure (SBP; Table 3) found that the MedDiet reduced cally low quality, but the GRADE extracted from the
SBP by 1-5mmHg 3> 38404446 Only three of these  review indicated moderate certainty regarding the effect
reviews were not of critically low quality, with one being estimate (Table 3). Seven of the nine included reviews
assessed as moderate quality,*® and the other two assessed reporting blood pressure showed that the MedDiet

as low quality.*** Results of one review which meta-  reduced diastolic blood pressure (DBP), with a mean dif-
analysed two RCTs found that the MedDiet was signifi- ference ranging from —0.70 (95% CI: —1.34 to —0.07) to
cantly more effective at lowering SBP than no/minimal ~ —2.00 (95% CL: —2.29 to —1.71) mmHg>*?>3738:40.4546
intervention (—2.99 mmHg; 95% CI: —3.45 to —2.53) for Of these seven reviews, only one was assessed as being
the primary prevention of CVD (moderate-certainty evi- of moderate quality,*® and it reported lower DBP in the

dence).*® Of the two low-quality reviews, one compared MedDiet group compared with no or minimal control
the MedDiet to unspecified referent/control diets in eight diet across two RCTs focused on primary prevention
included-RCTs,* finding that SBP in the MedDiet groups ~ (MD: —2.00 mmHg; 95% CI: —2.29 to —1.71; moderate
had lower values (MD: —0.95; 95% CI: —1.70 to —0.20); certainty). This same review reported on one RCT,
the other compared the MedDiet to a variety of compara-  which compared MedDiet with usual care for secondary
tor diets or no intervention and reported stronger findings  prevention with a mean lower DBP in the MedDiet
of benefit (MD: —1.94; 95% CL: —2.55 to —1.33).*° Three =~ group (MD: —1.00; 95% CI: —4.29 to —2.29; very low
critically low-quality meta-analyses comprising 41 RCTs certainty).*® The remaining six reviews were assessed as
also reported that the MedDiet significantly reduced SBP either low quality™ or critically low quality and all six
levels by between 1.39 mmHg (95% CI: —2.40 to —0.39)  did not assess GRADE (Table 3).>*3>37:3%:43

and 3.02 mmHg (95% CI: —3.47 to —2.58) compared to Five of the seven reviews reporting HbAlc found
other diets,>*373® or usual care,>”® but none undertook that the MedDiet was associated with a greater reduc-
GRADE assessments so did not report the certainty of  tion in HbAlc compared to control diets in adults
evidence. In contrast, one review (number of RCTs not  with type 2 diabetes and high risk for CVD
reported) that evaluated the MedDiet of 6-12months  (Table 3).*"**373%4% None of these reviews assessed
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Factor n-studies n-cases 12 Class n eOR +95% CI

Rees, 2019 2 4997 0% I B 0.60 [0.45;0.80]

Becerra-Tomas, 2020 1 139 NA% IV —4— 0.69 [0.49;0.96]

Liyanage, 2016 3 178 51% IV ——8—— 0.50 [0.27; 0.95]

Grosso, 2017 2 292 84% ns 0.92[0.52;1.61]
0.5 1 2

Equivalent Odds Ratio (eOR)

FIGURE 4 Meta-analysis of two or more systematic reviews (data from individual RCTs reported) for stroke. RCT, randomised

control trial.

certainty of evidence, and all but one of these reviews
were assessed as critically low quality. The exception
was a review of five RCTs comparing the MedDiet
to various comparator diets, usual diet, and no diet
treatment, and was assessed as low quality. The meta-
analysis showed a lower % HbA1C for MedDiet groups
(MD: —0.29%; 95% CI: —0.40 to —0.18) compared to vari-
ous comparator diets, usual diet and no diet treatment.*’

Four (60%)***"**% of the seven reviews reported that
the MedDiet reduced low-density lipoprotein cholesterol
(LDL) levels. One review inclusive of 24 RCTs showed a
significant reduction of 0.25 mmol/L (95% CI: —0.4 to
—0.1) LDL favouring the MedDiet compared to various
other diets but with considerable heterogeneity.*® This
was a low-quality review with uncertainty surrounding
the effect estimate. Another review also showed low
certainty evidence of a significant median difference in
LDL levels (—0.44; 95% CI. —0.15 to —0.72) after a
6-month MedDiet intervention compared to the Portfolio
diet.** This review was of critically low quality and did
not provide sufficient information regarding the number
of RCTs assessed and their characteristics. Two reviews
by a different research group revealed a significant LDL
reduction with the MedDiet.*"*® The first review com-
prising six RCTs, showed a 0.07 mmol/L (95% CI: —0.13
to —0.01) reduction in LDL in favour of the MedDiet
compared to usual or minimal intervention diets.*" The
second review consisting of seven RCTs, showed a signifi-
cant reduction in LDL of 0.15 mmol/L (95% CI: —0.27 to
—0.02) favouring the MedDiet against other diets for
the primary prevention of CVD.*® Both meta-analyses
were of moderate quality; however, showed uncertainty
around effect estimates due to very low certainty or no
GRADE reporting (Table 3).

Three*”** of the six reviews that meta-analysed the
effects of the MedDiet on high-density lipoprotein choles-
terol (HDL) showed that the MedDiet was effective in
increasing HDL levels in adults with type 2 diabetes and
at high risk of CVD. Two reviews comprising five RCTs

showed a significant increase in HDL ranging from
0.06 mmol/L (95% CI: 0.02—0.10) to 0.04 mmol/L (95%
CL: 0.01-0.07) compared to various diets.***” Both
studies were of critically high quality, with no
GRADE reporting, and one review reported substantial

heteroge-neity, thus introducing uncertainty
surrounding the effect estimates. Another review
that meta-analysed the effects of HDL at 12 months

showed a significant dif-ference in median HDL of
0.10 mmol/L (95% CIL: 0.01-0.19) compared to the
DASH diet and 0.11 mmol/L (95% CI. 0.02-0.21)
compared to a low-fat diet.** MedDiet was also favoured
compared to the Ornish diet in this review at 6 and
12 months.** The critically low-quality review did not
provide details regarding the number of RCTs analysed,
nor was a GRADE assessment conducted, thus reducing
confidence regarding the certainty of effect estimates
(Table 3).

Three reviews meta-analysed the effects of the MedDiet
and change in BMI compared to various other diets.*”>**
Only one low-quality review that meta-analysed 32 RCTs
found a statistically significant reduction (MD: 0.43 kg/m?,
95% CI: —0.76 to —0.10).*° The review reported consider-
ably high levels of heterogeneity, and a need for GRADE,
thus lowering the certainty of evidence regarding the effect
estimates (Table 3).

4 | DISCUSSION

This umbrella review aimed to review the previously
synthesised evidence on the effect of the MedDiet on all-
cause mortality and 28 CVD-related outcomes, including
primary outcomes such as fatal and non-fatal outcomes
and surrogate outcomes such as vascular measurements,
blood lipids, blood glucose, and anthropometry. An
additional 10 meta-analysed reviews met the inclusion
criteria in the current umbrella review, published since
the earlier 2017 umbrella review that had included CVD
outcomes among other health outcomes and which did
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not focus exclusively on RCTs."” The overall analysis
comprised 18 meta-analyses of RCTs, with a total of
197 965 participants. Most summary estimates identified
evidence that supported the beneficial effects of the
MedDiet for those at high risk of CVD (particularly
individuals with type 2 diabetes), or in the secondary
prevention of CVD (i.e. in those with a history of CVD),
for primary outcomes including CVD mortality, myocar-
dial infarction, and particularly stroke, most strongly in
individuals with type 2 diabetes. The systematic reviews
included in our review had relatively few SLRs of
interventions investigating the impact of MedDiet on sec-
ondary prevention. There were five systematic reviews
(16 secondary prevention RCTs) captured within our
results. Early results from a recently published large sec-
ondary prevention RCT (CORDIOPREV), demonstrating
the positive impacts of MedDiet for secondary prevention
of CVD, were captured in two of the systematic reviews
included in our umbrella review despite its recent publi-
cation date.**** However, the most recent findings from
this study, with a full sample of n = 1000, were not
included.'® The large sample size, robust trial design and
positive findings suggest that future meta-analyses that
include this trial will result in more certainty around the
evidence for MedDiet and secondary prevention of CVD.
For surrogate outcomes, the evidence suggests that the
MedDiet may improve blood pressure, blood glucose, and
lipids. The quality and certainty of evidence for both primary
and secondary prevention of CVD ranged from critically low
to moderate. The certainty of the evidence fluctuated
between limited (no GRADE) and moderate.

Although all the SLRs included in this review reported
data from RCTs conducted in both Mediterranean and
non-Mediterranean countries, there remains a potential
gap in the evidence about the effectiveness and accept-
ability of MedDiet interventions in non-Mediterranean
countries. However, studies in non-Mediterranean
countries are growing and it is possible that the level of
support (counselling, resources and individualisation)
may improve acceptability in non-Mediterranean regions.
Importantly, intervention studies conducted in Mediterra-
nean countries will have baseline dietary intakes much
more aligned with the MedDiet to begin with. Effective
adherence to control diets in these countries is problem-
atic, and highly cited RCTs have been criticised for the
similarity between MedDiet intervention and control
group dietary intakes, particularly regarding macronutri-
ents, including fatty acid profiles.'"**° The findings of our
umbrella review are consistent with previous studies
showing an inverse relationship between the MedDiet and
CVD risk, whereby the MedDiet reduced CVD risk.'*">*
A high intake of nuts, fruits, vegetables and legumes, with
moderate fish intake and high polyphenol olive oil as

the main dietary fat, have been proposed to be key charac-
teristics of the MedDiet that confer these benefits.”">
Although individual components of the MedDiet are
beneficial,*® our review highlights the overarching benefits
of the MedDiet as a dietary pattern. This pattern is reflec-
tive of all components and highlights the synergistic effects
of this dietary pattern, including all food groups and varie-
ties, which provides a more nuanced understanding of
the pattern of eating.*” Additionally, we speculate that
lifestyle or pattern of eating approaches to diet, such as a
prescribed MedDiet intervention, may be easier to adhere
to long term than proscriptive or restrictive diets. Several
studies demonstrate that greater adherence to the MedDiet
reduces the risk of primary outcomes such as CVD
mortality, CVD incidence, CHD, stroke risk and surrogate
outcomes such as blood lipids, blood glucose and anthro-
pometric measures.'>>>>* This reinforces the potential
benefit of using a lifestyle-based dietary pattern, like the
MedDiet, to manage primary and secondary CVD risk.

Nutrition guidelines are often criticised for the inclu-
sion of obsrvational evidence without well-conducted
RCTs, often resulting in almost every outcome being
linked to one or more dietary components.”' The inclu-
sion of reviews reporting RCTs in the current review pro-
vides support for dietary guidance for CVD prevention in
Australia. For example, the findings support the 2019
Heart Foundation of Australia's recommendations, which
promote healthy dietary patterns, including the main
components of the MedDiet, for lowering CVD risk.>>*°
These guidelines emphasise plant-based foods and repla-
cing saturated and trans fats with dietary monounsatu-
rated and polyunsaturated fats to improve CVD outcomes
but do not specify extra virgin olive oil as the primary
nutritional fat component. The Australian Dietary
Guidelines are currently under review for the first time
since 2013,”” and this may represent an opportunity to
further move away from nutrient-based recommenda-
tions to true food-based recommendations.

This umbrella review has several strengths and
limitations. A strength of the current review is the compre-
hensiveness of the search. We searched five databases,
including the dissertations database ProQuest, to identify
potentially unpublished reviews in PhD theses with neutral
or negative findings, in an effort to minimise publication
bias. We also considered the overlap in the primary studies
across the included reviews, which identifies any overrepre-
sentation of results where trials are included in more
than one review. Additionally, if reported by included
reviews, GRADE assessments were extracted and
recorded. Providing certainty of evidence ratings can aid
in clinical decision-making. However, 44% of outcomes
did not have GRADE applied, and we did not conduct
new GRADE assessments, thus reducing the certainty
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of evidence where GRADE was not conducted within
the original review. We did not report on intervention
compliance or adherence in our review. The included
meta-analyses did not consistently report on characteris-
tics regarding included MedDiet interventions and most
did not report on adherence to the dietary interventions
within their included RCTs, so this was not able to
be extracted and comprehensively assessed. This is a
limitation of our review but also reflects the available
published reviews that met our inclusion criteria.
Our decision to only include reviews reporting RCTs as
a preferred study design to establish causality, we
acknowledge that the nature of RCTs for dietary inter-
ventions, known to be complex, may limit the generali-
sability of our findings. Another limitation is that we
only included reviews that conducted a meta-analysis
and excluded potentially relevant and better-quality
reviews that only reported narratively summarised
results. However, arguably the absence of meta-analysis
in potentially includable systematic reviews is an indica-
tor of less robust review methodology itself.

While our review supports the use of the MedDiet as a
dietary pattern intervention for CVD prevention through
RCT evidence, our quality appraisals of the included reviews
suggest issues with the quality of published reviews and sub-
stantial heterogeneity within some of the meta-analyses
reported. The primary studies of the included systematic
reviews compared the MedDiet with a wide range of diets,
such as DASH, low fat and prudent diet, or with no dietary
intervention or usual care. Although we aimed to provide
an up-to-date umbrella review of the effects of MedDiet
compared to any other diet, the variability of included
comparators contributes to heterogeneity. These variations
should be taken into consideration when evaluating
the results of the study. In addition, several important out-
comes, such as CHD mortality and CHD incidence, were
only analysed by one review making the results inconclusive
for these outcomes. As noted, the included systematic
reviews failed to report adherence to the dietary protocols of
the RCTs reported.

Future reviews should consist of a meta-analysis of
outcomes where multiple studies report the same out-
come, as the lack of meta-analysis resulted in the exclu-
sion of many reviews. Editors and journal reviewers of
systematic reviews could provide feedback to authors
where meta-analyses are possible but not conducted.

This umbrella review employed meta-regression analysis
and narratively summarised the results of 18 meta-analyses
on the effectiveness of MedDiet on CVD prevention. Most of
the included reviews were of critically low quality. This
review showed that the MedDiet can reduce fatal CVD
outcome risk by 10%-67% and non-fatal CVD outcome
risk by 21%-70%. This preventive effect was more

Journal of Dietitians Australia

significant in studies that included populations with a
history of CVD (secondary prevention) than those in only
people at risk of CVD (primary prevention).
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