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ABSTRACT

Objectives: To summarise the evidence about the
efficacy of a Mediterranean diet on the management of
type 2 diabetes and prediabetic states.

Design: A systematic review of all meta-analyses and
randomised controlled trials (RCTs) that compared the
Mediterranean diet with a control diet on the treatment
of type 2 diabetes and prediabetic states was
conducted. Electronic searches were carried out up to
January 2015. Trials were included for meta-analyses
if they had a control group treated with another diet,

if they were of sufficient duration (at least 6 months),
and if they had at least 30 participants in each arm.

A random-effect model was used to pool data.
Participants: Adults with or at risk for type 2
diabetes.

Interventions: Dietary patterns that described
themselves as using a ‘Mediterranean’ dietary pattern.
Outcome measures: The outcomes were glycaemic
control, cardiovascular risk factors and remission from
the metabolic syndrome.

Results: From 2824 studies, 8 meta-analyses and 5
RCTs were eligible. A ‘de novo’ meta-analysis of 3
long-term (>6 months) RCTs of the Mediterranean diet
and glycaemic control of diabetes favoured the
Mediterranean diet as compared with lower fat diets.
Another ‘de novo’ meta-analysis of two long-term
RCTs showed a 49% increased probability of remission
from the metabolic syndrome. 5 meta-analyses showed
a favourable effect of the Mediterranean diet, as
compared with other diets, on body weight, total
cholesterol and high-density lipoprotein cholesterol.

2 meta-analyses demonstrated that higher adherence to
the Mediterranean diet reduced the risk of future
diabetes by 19-23%.

Conclusions: The Mediterranean diet was associated
with better glycaemic control and cardiovascular risk
factors than control diets, including a lower fat diet,
suggesting that it is suitable for the overall
management of type 2 diabetes.

INTRODUCTION

Type 2 diabetes is a global epidemic and a
main threat to human health. It is estimated
that about 592 million cases worldwide will
suffer from type 2 diabetes by the year 2035.!
Continued increases in the incidence of diag-
nosed diabetes, combined with declining

Strengths and limitations of this study

= |t is the first attempt to summarise the evidence
about the efficacy of a Mediterranean diet on the
management of type 2 diabetes and prediabetic
states.

= The statistical power of our attempt is supported
by the relevant number of meta-analyses (8) and
long-term randomised controlled trials (3).
Heterogeneity was low in the primary analysis of
a Mediterranean diet and glycaemic control of
type 2 diabetes.

= We need more data whether a Mediterranean diet
can be translated to other populations and if
similar levels of adherence to this eating pattern
can be achieved.

= In type 2 diabetes, the use of a Mediterranean
diet was associated with lower glycosylated
haemoglobin levels and improved cardiovascular
risk factors, as compared with control diets,
mainly lower fat diets.

mortality, have led to an acceleration of life-
time risk and more years spent with dia-
betes.” A report’ confirmed that diagnosed
diabetes is a major factor in total economic
costs in the USA, totalling US$245 billion in
2012 and accounting for 1 in every 10 health-
care dollars spent. At least US$147 billion
was spent on diabetes healthcare in Europe.'
The type 2 diabetes epidemic has been
attributed to enhanced accessibility of
unhealthy foods and sedentary occupations,”
which also favour the occurrence of over-
weight or obesity. In the affluent Western
world regions, as well as in other world
regions (Asia, Africa and Latin America),
ultraprocessed products have largely replaced
food systems and dietary patterns based on
fresh and minimally processed food.”

Diet is an important factor for the disease
burden. Consistent with the state of US
Health, 1990-2010,° the aggregate of the 14
subcomponents of diet is a more important
factor associated with disease burden than
either physical inactivity or high body mass
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index. Worldwide, diets low in fruits rank third for
deaths attributable to individual risk factors.® An
unhealthy diet has been regarded as a major contributor
to the development of type 2 diabetes. Lifestyle interven-
tions, including dietary changes, have a vital role in pre-
venting the progression of impaired fasting glucose
(IFG) or impaired glucose tolerance (IGT) to type 2 dia-
betes in different populations.7 8

Nutrition therapy is an integral component of diabetes
prevention, management and selfmanagement educa-
tion.” The Mediterranean diet is recommended by the
American Diabetes Association (ADA)? for its beneficial
effects on glycaemic control and cardiovascular risk
factors, but only as an alternative to a lower fat, higher
carbohydrate eating pattern. The ADA does not recom-
mend any specific diet for prevention of type 2
diabetes."’

The aim of this study was to summarise published data
on the Mediterranean diet and management of type 2
diabetes and metabolic states at increased risk of future
diabetes, including IFG, IGT and metabolic syndrome.
We therefore (1) did a systematic review of published
meta-analyses of randomised controlled trials (RCTs)
that assessed the role of the Mediterranean diet on the
management of type 2 diabetes and prediabetic states;
(2) did ‘de novo’ meta-analyses on the same topic
including new findings from RCTs and (3) did a conver-
gence analysis of prospective studies and RCTs to assess
whether the prevention and management of type 2 dia-
betes by the Mediterranean diet were concordant.

METHODS

This study of a systematic review and meta-analysis is in
compliance with the guideline PRISMA (Preferred
Reporting  Items for  Systematic reviews and
Meta-Analyses).'' We carried out this systematic review
in accordance with the study protocol (see online sup-
plementary material). A PRISMA statement is attached
to follow the reporting of this systematic review.

Search strategy

A literature search of PubMed, Google Scholar,
Cochrane Library and ClinicalTrials.gov was conducted
for meta-analyses and RCTs published up to 31 January
2015 which focused on the Mediterranean diet and
treatment of type 2 diabetes or prediabetic states. We
also included in the search meta-analyses of prospective
cohort studies of the Mediterranean diet and prevention
of type 2 diabetes. Studies published ahead of print at
31 January 2015 were also included. The main search
terms used were ‘Mediterranean diet’, ‘type 2 diabetes’,
‘prevention of type 2 diabetes’, ‘prediabetes’, ‘metabolic
syndrome’, ‘obesity’, ‘impaired glucose tolerance’,
‘impaired fasting glucose’, ‘clinical trials’ and ‘cardiovas-
cular risk factors’. A full search string for PubMed is
reported in the online supplementary material. We iden-
tified full-text articles written in English. We also

searched the reference lists of identified articles for
further papers. Previous reviews and editorials from
peerreviewed journals were used in synthesising data.
After the initial screening of titles and abstracts, the
studies included by both reviewers were compared; dis-
agreement was resolved by consensus. The interreview
agreement was calculated with k statistics.

Inclusion and exclusion criteria

We included all meta-analyses focused on the
Mediterranean diet and treatment of type 2 diabetes
and prediabetic states. We also included RCTs focused
on the same topic, if they were not included in previous
meta-analyses or if they were to be used for further
meta-analyses (‘de novo’). We also included all
meta-analyses of the Mediterranean diet and prevention
of type 2 diabetes. In a conservative approach, trials
were included for ‘de novo’ meta-analyses if they had a
control group treated with another diet, if they were of
sufficient duration (at least 6 months), if they had at
least 30 participants in each arm, and if they described
themselves as using a ‘Mediterranean’ dietary pattern.

Quality assessment

We assessed the design, execution and reporting of the
included RCTs according to the Cochrane risk of bias
tool.'* We assessed risk of bias in random sequence gen-
eration and allocation concealment (selection bias),
blinding of participants and personnel (performance
bias), blinding of outcome assessment (detection bias),
incomplete outcome data (attrition bias) and selective
reporting (reporting bias). The risk of bias was deemed
high, low and unclear. The quality of each RCT was
assessed by one reviewer and verified by another
reviewer. Disagreement was resolved by discussion. The
quality of the body of evidence of each meta-analysis was
assessed by the GRADE approach."” Each evaluated
factor was rated as high, moderate, low or very low.
A serious risk of bias was defined as present when an
individual study had more than three unclear or high
risks of bias, and imprecision was defined as a
meta-analysis CI >0.5.

Convergence analysis

We did a convergence analysis to see whether the
Mediterranean diet could affect the prevention and
management of type 2 diabetes in a similar way. In a
conservative approach, we graded the level of evidence
as good when the results of both prospective studies on
diabetes prevention and RCTs on glycaemic control of
diabetes were both positive (the Mediterranean diet can
not only reduce the incidence of future diabetes, but
also improve the glycaemic control of type 2 diabetes
better than control diets).

Data analysis
We summarised the results of previous meta-analyses
with the Mediterranean diet. We did ‘de novo’
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meta-analyses of RCTs with the Mediterranean diet
according to inclusion criteria: one meta-analysis
assessed changes in glycosylated haemoglobin (HbAlc)
in type 2 diabetes, and another assessed the probability
of remission from the metabolic syndrome. Regardless
of whether a trial presented two arms of the
Mediterranean diet compared to one control diet, we
preliminary pooled data from the two interventional
arms with a Mediterranean diet in order to avoid distor-
tion of the 95% coefficient intervals of the final esti-
mate. In a conservative approach, the random-effects
model, which allows for variation of true effects across
studies, was taken as ‘main results’.'* Heterogeneity was
assessed by using the Q statistic and I%, which is the pro-
portion of total variance observed between the trials
attributed to the differences between trials rather than
to sampling error.'” 1°<25% was considered as low in
heterogeneity and 1*>75% as high in heterogeneity.
Possible publication bias was assessed using a contour-
enhanced funnel plot of each trial’s effect size against
the SE. Funnel plot asymmetry was evaluated by Begg
and Egger tests. All statistical analyses were performed
using Stata V.11.0 software (Stata, College Station, Texas,
USA). Significance was set at p<0.05, and 95% Cls are
quoted throughout.

RESULTS

We identified 2824 studies in database searches
(figure 1). Of these, 2680 were excluded based on the
title and abstract, leaving 144 articles for further full text
evaluation. One hundred and thirty of these studies
were excluded, most of them focusing on components
of the Mediterranean diet only, RCTs not in agreement
with inclusion criteria or already covered by published
meta-analyses. Therefore, eight meta-analyses'®™® and
five RCTs**™® were eligible. Agreement between obser-
vers on which studies to include was good: the k scores
for agreement between the two reviewers were 86% after
screening titles and abstracts, and approached 100%
after screening full-text articles.

Study characteristics

The characteristics of the eight included meta-analyses
and the five RCTs are summarised in table 1. The
meta-analyses were published from 2011 to 2014, with
half of them published in 2014. Six meta—analyseslﬁ_21
reported RCTs of the Mediterranean diet as compared
with other diets, and considered as outcomes HbAlc,
body weight, total cholesterol and high-density lipopro-
tein (HDL) cholesterol; three of these
meta-analyses'® *° ?! included RCTs performed on
patients with type 2 diabetes only, and the other
three'® ' 19 included RCTs performed on a mixed
population. Two meta-analyses™ ** included mostly pro-
spective  cohort studies on adherence to the
Mediterranean diet and incidence of future diabetes.
Two RCTs** # specifically investigated the effect of the

Mediterranean diet, as compared with a control diet, on
the remission from metabolic syndrome in people with
or without type 2 diabetes at baseline; the other three
RCTs?® assessed the effect of the Mediterranean diet
on glycaemic control of diabetes. All the RCTs satisfied
the strict inclusion criteria. Besides evaluating remission
of metabolic syndrome by the Mediterranean diet,” the
PREDIMED trial also assessed the effect of two
Mediterranean diets on diabetes incidence.” We did
not find any RCT that specifically addressed the effect
of the Mediterranean diet in people with either IGT or
IFG that satisfied the inclusion criteria.

Risk of bias

The individual quality of the five RCTs revealed a low
risk of bias for most evaluated domains, except for blind-
ing of participants and personnel, which, owing to the
inherent characteristics of the dietary studies, was
marked as unclear (see online supplementary
figure S1). Most RCTs described some type of assess-
ment of diet compliance. The GRADE quality of evi-
dence was mostly moderate for the meta-analyses (see
online supplementary table S1).

Glycaemic control of diabetes

We did a meta-analysis of long-term clinical trials of the
Mediterranean diet and glycaemic control in type 2 dia-
betes (figure 2, top panel). We found three interventional
trials,26_28 with four arms, as Elhayany et al’ compared two
different Mediterranean diets with the same control diet.
The results show an overall effect estimate for HbAlc of
-047% (95% CI -0.56 to —0.38) favouring the
Mediterranean diet, as compared with the usual care?® or
a low-fat diet,” #* with no heterogeneity (I°=8.5%). The
Egger tests were not calculated due to the small number of
included studies. Figure 3 (top panel) shows a summary of
the four meta-analyses'® ** *' (+ that reported in figure 2)
of the Mediterranean diet and glycaemic control in type 2
diabetes. All the four analyses favour the Mediterranean
diet, with a greater HbAlc reduction, ranging from —0.3%
to —0.47%, as compared with the control diet. The
absence of heterogeneity in the meta-analysis of figure 2
(top panel), as compared with other meta-analyses in
figure 3 (top panel), may be related to the strict entry cri-
teria we adopted for selecting RCTs.

Cardiovascular risk factors

Five meta-analyses'®™’ included RCTs which assessed
cardiovascular risk factors. In The Cochran review of
Rees et al,l9 seven RCTs described the intervention as a
Mediterranean diet, and only four RCTs provided suffi-
cient data on cholesterol levels for being meta-analysed.
Heterogeneity precluded meta-analyses for other out-
comes. The meta-analyses of Nordmann et al'” and
Esposito ¢t al'® included RCTs comparing the
Mediterranean diet with low-fat diets in overweight/
obese individuals, including patients with type 2 dia-
betes. Three meta—analyses17 1920 reported the effect on
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in systematic review
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°
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©
=
¢ 8 meta-analyses
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Figure 1
Mediterranean diet in type 2 diabetes and prediabetic states.

total cholesterol (figure 3, middle panel): the reduction
in total cholesterol was statistically significant with the
Mediterranean diet as compared with control diets, and
ranged from —54% o -89 Ing/dL.19 Two of these
meta-analyses'”  *° had low heterogeneity. Four
rneta-analysesm_18 20 reported the effect on body weight.
Figure 3 (bottom panel) shows that all meta-analyses
found a significant reduction in body weight with the
Mediterranean diet, as compared with control diets,
ranging from —0.29% to —2.2 kg;17 heterogeneity was
low in the metaanalysis of Huo e al®® Two
rneta-analyses18 20 also found a significant increase in
HDL cholesterol with the Mediterranean diet, as com-
pared with control diets (table 1).

Metabolic syndrome

Two RCTs** * specifically evaluated the relationship
between a Mediterranean diet and metabolic syndrome
regression. The results (figure 2, lower panel) indicate
that participants with the metabolic syndrome allocated
to a Mediterranean diet, as compared with those

Flow diagram of literature search to identify meta-analyses and randomised controlled trial evaluating the effect of

following a control diet, had a 49% (95% CI 14% to
96%) increased probability of remission from metabolic
syndrome during a follow-up of 2-5 years.

Prevention of diabetes

Two meta-analyses® ** assessed the relationship between
adherence to a Mediterranean diet and incidence of
future diabetes. The analyses are consistent with a sig-
nificant reduction, ranging from 19% to 23%, of new
diabetes associated with greater adherence to the
Mediterranean diet (table 1). So far, only one long-term
RCT® provided evidence that a Mediterranean diet
reduced the development of type 2 diabetes.

Convergence analysis

The convergence analysis was positive that: (1) a
Mediterranean diet can prevent type 2 diabetes (evi-
dence from 2 meta-analyses of prospective cohort studies
and 1 long-term RCT) and (2) a Mediterranean diet is
better than a control diet in reducing HbAlc levels in
type 2 diabetes (evidence from 4 meta-analyses of RCTs).
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Table 1

Characteristics of meta-analyses and RCTs included in the review

Authors, year and
reference

Design
(meta-analysis or RCT)

Evaluation

Population

Outcome

Quality
(meta-analyses),
risk of bias (RCT)

Results (95% CI)

Esposito et al, 2011'®

Nordmann et al, 20117

Ajala et al, 201318

Rees et al, 2013'°
Huo et al, 20142°

Carter et al, 2014°"
Koloverou et al, 2014%?
Schwingshackl et al,
201523

Esposito et al, 2004%*
Babio et al, 2014°°
Toobert et al, 2003°®
Elhayany et al, 2010%”
Esposito et al, 201428
Salas-Salvado et al,
20142°

Meta-analysis (15 RCTSs)
Meta-analysis (6 RCTs)

Meta-analysis (3 RCTs)

Meta-analysis (4 RCTs)
Meta-analysis (11 RCTSs)

Meta-analysis (3 RCTs)
Meta-analysis (1 RCT, 9
cohorts)

Meta-analysis (1 RCT, 8
cohorts)

RCT

RCT*

RCT

RCT

RCT

RCT*

Body weight (kg)

Body weight (kg)
Cholesterol (mg/dL)
Body weight (kg)
HbA1c (%)

HDL-C (mg/dL)
Cholesterol (mg/dL)
Body weight (kg)
HbA1c

Cholesterol (mg/dL)
HDL-C (mg/dL)
HbA1c (%)
Incidence of
diabetes

Incidence of
diabetes

Remission from MS
Remission from MS
HbA1c (%)

HbA1c (%)

HbA1c (%)
Incidence of
diabetes

Obese and/or type 2
diabetes
Mixed

Type 2 diabetes

Mixed
Type 2 diabetes

Type 2 diabetes
Without diabetes at
baseline

Without diabetes at
baseline

People with MS
People with MS
Type 2 diabetes
Type 2 diabetes
Type 2 diabetes
People without
diabetes

Mean difference

Mean difference
Mean difference
Mean difference
Mean difference
Mean difference
Mean difference
Mean difference
Mean difference
Mean difference
Mean difference
Mean difference
Relative risk

Relative risk

HR
HR
Mean difference
Mean difference
Mean difference
HR

Moderate
Moderate

Moderate

Moderate/high
Moderate

Low/moderate
Moderate

Moderate

Low
Low
Unclear
Low
Low
Low

—1.75 (-2.86 to —0.64)

—2.2 (-3.9t0 -0.6)
~7.4 (-10.3 to —4.4)
—1.84 (-2.54 to —1.15)
—0.41 (~0.58 to —0.24)
1.54 (0.38 to 2.71)
-8.9 (-10.4 to —7.7)
—0.29 (~0.55 to —0.04)
—0.30 (~0.61 to —0.38)
—5.4 (-7.3t0 -3.5)

2.31 (0.77 to 3.86)
-0.30 (~0.61 to —0.03)
0.77 (0.66 to 0.89)

0.81 (0.73 to 0.90)

1.74 (1.36 to 2.21)
1.32 (1.12 to 1.55)
—0.34 (~0.67 to —0.01)
~0.28 (~0.63 to —0.07)
—0.50 (~0.60 to —0.40)
0.60 (0.43 to 0.85)t

0.82 (0.61 to 1.10)t

*Same RCT with two different outcomes.

TMediterranean diet supplemented with extra virgin olive oil.

FMediterranean diet supplemented with nuts.
Cholesterol, total cholesterol; HbA1c, glycosylated haemoglobin; HDL-C, high-density lipoprotein cholesterol; MS, metabolic syndrome; RCT, randomised controlled trial.
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Figure 2 Meta-analysis of three

. Author Med diet Control diet Study lenght = Mean difference Weight
ang-term RCTs Qf Mediterranean (year) (number) (number) (months) HbA.% (95% Cl) (%)
diet and glycaemic control of
diabetes (top panel). The two :
arms in the RCT by Elhayany Toobert?s 163 116 6— = | -0.34(-0.67,0.01) 7.8
were preliminary pooled. 2003 '

Meta-analysis of metabolic !
syndrome regression by Elhayany2? 124 55 12 ——=—— -0.28(-0.63,0.07) 7.0
Mediterranean diet (bottom 2010 '
panel). The two arms in the RCT Esposito?® 108 107 72 -0.50 (-0.6,-0.4) 852
by Babio were preliminary pooled 2014 X
(HbA1c, glycosylated A
haemoglobin; RCT, randomised Overall (12 = 3.5%), p = 0.355 <> -0.47 (-0.56,-0.38) 100
controlled trial). ; p = 0.0001
-06 -04 -02 0 0.2
Favors Med diet
Author Med diet Control diet Follow-up  HR Weight
(year) (number) (number) (months) (95% CI) (%)
Esposito¢ 90 90 24 —L—=—— 1.74(1.36-2.21) 44.5
2004 !
Babio25 2298 1094 58 | —=— 1.32(1.12-1.55) 55.5
2014 1

Overall (12=71%), p = 0.062

DISCUSSION

Traditionally, dietary recommendations have targeted
macronutrient levels. However, recent dietary guide-
lines® have shifted towards a more food-based dietary
pattern approach. Although several macronutrients,
micronutrients and individual foods have been asso-
ciated with diabetes risk, assessment of dietary patterns
is increasingly used as an alternative method to trad-
itional single nutrient analysis because it can assess
cumulative effects of the overall diet.”’

Current evidence indicates that the Mediterranean
diet is effective in improving both glycaemic control and
cardiovascular risk factors in people with type 2 diabetes,
and should therefore be considered in the overall strat-
egy for management of people with diabetes. The con-
vergence analysis of  prospective studies and
interventional trials was satisfied: the Mediterranean diet
is able to reduce the incidence of future diabetes by
19-23%. A significant reduction of type 2 diabetes has
been found to be associated with greater consumption
of healthy dietary patterns, including the Mediterranean
diet, the DASH (Dietary Approach to Stop
Hypertension) diet, the AHEI (Alternative Healthy
Eating Index) and various a posteriori defined prudent/

1.49 (1.14-1.96)
p =0.004

100

<>

10 14 1.8 22

healthy dietary patterns, derived by factor or cluster ana-
lysis.”* All the protective dietary patterns, including the
vegetarian diet,” present many similarities with the
Mediterranean diet, since they are mostly plant-based
and include a high consumption of whole-grain foods,
fruit and vegetables. In the PREDIMED trial,” 3541
patients without diabetes at high cardiovascular risk
were randomly assigned to education on either a low-fat
diet or to one of two Mediterranean diets, supplemen-
ted with either free virgin olive oil (1 L/week) or nuts
(80 g/day). After a 4.1-year follow-up, participants
assigned to the two Mediterranean diets without calorie
restricion had a 40% (significant) and 18% (non-
significant) reduction, respectively, in the risk of diabetes
compared with a low-fat control diet.

All meta-analyses so far published, including the one
presented here in figure 2 (top panel), are concordant
and indicate that the Mediterranean diet, as compared
with control diets, may reduce HbAlc levels by 0.30-
0.47%, which is not banal in the overall management of
type 2 diabetes. Although not satisfying the inclusion cri-
teria (<30 patients for each arm), the study of Shai
et aP* also showed a HbAlc reduction of 0.5+1.1%
among obese participants with diabetes at 24 months.

Esposito K, et al. BMJ Open 2015;5:6008222. doi:10.1136/bmjopen-2015-008222
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Figure 3 Summary of
meta-analyses of Mediterranean
diet and HbA1c¢ (top panel), total
cholesterol (middle panel) and
body weight (bottom panel). *This
meta-analysis refers to figure 2
(top panel; HbA1c, glycosylated
haemoglobin; RCT, randomised
controlled trial).

Author RCTs Cases Mean difference
(year) (number) (number) HbA.% (95% CI)
Ajala, 201378 3 308 —_—e 12=82%
Huo, 201420 1" 1178 —_— 12=67%
Carter, 201427 3 286 - 12=NR
Esposito*, 2015 3 395 —a— 12=3.5%
06 -04 -0.2 0
Favors Med diet
Author RCTs Population Mean difference
(year) (number) Cholesterol mg/dl (95% CI)
Normann, 201177 6 Mixed —. 12=73%
Rees, 201379 4 Mixed —- 12=19%
Huo, 201420 7 Type 2 - 12=0%
diabetes
r T T T
-15 -10 -5 0 5
Favors Med diet
Author RCTs Population Mean difference
(year) (number) Kg (95% Cl)
Esposito, 201176 15 Mixed — e 12=94%
Normann, 201177 3 Mixed —_— 12=97%
Ajala, 201378 6 Type 2 —a— 12=NR
diabetes
Huo, 201420 7 Type 2 = 12=0%
diabetes
-6.0 4.0 -2.0 0 2.0

Regardless of whether they were reported, fasting
glucose level also improved with the Mediterranean diet:

in the meta-analysis of Huo et al® the decrease of

fasting plasma glucose was 13 mg/dL greater with

Mediterranean diets than control diets.

Other diets, such as the low-carbohydrate, the low-
glycaemic index and the high protein, are also effective

Favors Med diet

in improving HbAlc levels in people with type 2 dia-
betes, although their absolute benefits in terms of
HbAlc reduction appear to be lower than that of the
Mediterranean diet.'® To date, no head-to-head trial
compared these beneficial dietary patterns, as they used
a lower fat, highly carbohydrate diet as a control diet.
However, the Mediterranean diet only produced a

Esposito K, et al. BMJ Open 2015;5:6008222. doi:10.1136/bmjopen-2015-008222 7
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favourable effect on cardiovascular risk factors.'® ** The
relatively high content of fat (up to 40%) in the
Mediterranean diet might be a topic of concern, partly
due to the possible effect on weight gain. However, no
significant association has been found between the
amount or type of dietary fat and subsequent weight
change in large prospective studies;” ** moreover, no
RCT included in the largest meta-analysis so far pub-
lished'® reported increased weight gain with the
Mediterranean diet, as compared with the control diet,
despite the fact that the intake of monounsaturated fatty
acids may be so high as to cover about one-quarter of
the daily caloric intake.”

The Mediterranean diet also improved the lipid arm
of the cardiovascular risk, as it reduced total cholesterol
and increased HDL cholesterol levels, which may help
in the management of patients at high cardiovascular
risk, as the patient with diabetes undoubtedly is. A sys-
tematic review ranked the Mediterranean diet as the
most likely dietary pattern to provide protection against
coronary heart disease.”® The results of the PREDIMD
study,™ ** which included 3614 participants with type 2
diabetes, showed a 30% and a 28% reduced risk for car-
diovascular events (myocardial infarction, stroke or
death from cardiovascular causes) for participants
assigned to a Mediterranean diet supplemented with
olive oil and a Mediterranean supplemented with nuts,
respectively, compared with the low-fat diet control
group, after a median follow-up of 4.8 years. In the
longest interventional trial of the Mediterranean diet in
newly-diagnosed patients with type 2 diabetes to date,
with a follow-up of 8 years,28 the rate of regression in the
intima-media thickness of the carotid artery was higher
(49%) and the rate of progression lower (25%) in the
Mediterranean diet group as compared with the low-fat
diet group (26% and 50%, respectively).*!

The metabolic syndrome can be considered a predia-
betic state.** ** Current evidence from RCTs indicates
that the Mediterranean diet confers a 49% increased
probability of remission from metabolic syndrome in a
long-term follow-up. Three prospective studies™™*° eval-
uated the role of the Mediterranean diet in the preven-
tion of metabolic syndrome and found that higher
adherence to the Mediterranean diet was associated with
reduced risk of developing metabolic syndrome ranging
from 15%* to 80%.** However, one large clinical trial®
failed to find an association between the Mediterranean
diet and incident metabolic syndrome.

The potential protection from diabetes by the
Mediterranean diet may be considered as anti-
inflammatory and antioxidative, principally because of
the increased intake of protective nutrients such as
dietary fibre, vitamins and minerals, as well as antioxi-
dants and polyphenols, whereas they are also charac-
terised by a lower intake of proinflammatory aliments
and nutrients, such as saturated and trans fatty acids,
refined sugars and starches and generally foods that
account for excess energy intake.'” Supporting this line

of thought, a recent meta-analysis of prospective studies
identified two inflammatory markers, that is, interleukin
6 and C reactive protein, significantly associated with
diabetes, with an increased risk of 26% for elevated C
reactive protein and 31% for elevated interleukin 6
levels.”® The Mediterranean diet has been the first
dietary pattern associated with significant reductions of
both proinflammatory cytokine levels in a clinical trial,24
a finding confirmed by a meta-analysis of 17 trials with
2300 patients.*

This review has limitations. One limitation relates to
the low number of original trials of long duration on the
Mediterranean diet and diabetes control. However, all
three trials®*2® so far published show similar results with
no heterogeneity, giving support to the robustness of the
findings, and in part balancing the possibility of low stat-
istical power of meta-analysis including a limited
number of trials. Moreover, consistency across these
studies on the definition of the Mediterranean diet
varies, including the use of olive oil as the main source
of dietary fat. However, the results all show a reduction
of HbAlc with the Mediterranean diet, as compared
with control diets, suggesting that similarities across dif-
ferent definitions of the Mediterranean diet prevail on
marginal differences. Moreover, some meta-analyses,19
although judged to be of moderate/good quality by
current GRADE testing, may be biased by the exclusion
of some relevant studies. Another possible limitation of
this review includes the need to find the optimal strat-
egies for educating individuals with type 2 diabetes and
to improve adherence to the Mediterranean diet. Living
in a neighbourhood rich in resources for physical activ-
ity and healthful foods compared with living in an envir-
onment not encouraging a healthy lifestyle is associated
with a 38% lower incidence of type 2 diabetes.” Further
research is also needed to determine if the study results
with the Mediterranean diet can be translated to other
populations and if similar levels of adherence to this
eating pattern can be achieved. A further issue relates to
the macronutrient composition of the Mediterranean
diet. A carbohydrate content of less than 50% of daily
energy is associated with benefits on diabetes inci-
dence,” glycaemic control of diabetes,?” % and cardio-
vascular outcomes® in RCTs. A reduced carbohydrate
content also fits with the abundant use of monounsatu-
rated fat (about 20%), mainly olive oil, used in the trials
with a Mediterranean diet. At present, the
Mediterranean diet with a moderately lower carbohy-
drate content best fits with the results of RCTs in indivi-
duals with or at risk for type 2 diabetes. Lastly, despite
country-specific variations in the foods consumed, which
have also changed over time, there are commonalities in
food groups and their frequency of consumption that
characterise the Mediterranean diet (see online supple-
mentary table S2).

In conclusion, in patients with type 2 diabetes, the use
of the Mediterranean diet was associated with lower
HbAlc levels and improved cardiovascular risk factors,
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as compared with control diets, mainly lower fat diets.
The present available evidence suggests that the
Mediterranean diet is a dietary pattern suitable for the
overall management of type 2 diabetes. Unesco
inscribed the Mediterranean diet in 2010 and again in
2013 on the list of the Intangible Cultural Heritage of

Humanity (http://www.unesco.org/culture/ich/index.
phprlg=en&pg=00011&RL=00884).
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