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The effects of Mediterranean diet et

on cardiovascular risk factors, glycemic control
and weight loss in patients with type 2 diabetes:
a meta-analysis
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Abstract

To explore the impact of the Mediterranean diet on cardiovascular risk factors, glycemic control and weight loss

in patients with type 2 diabetes(T2D) by a meta-analysis of randomized controlled trials (RCTs). We systematically
searched PubMed, Cochrance Library, EMBASE and four Chinese databases to identify RCTs that compared the Medi-
terranean diet with control diets in patients with T2D up to December 2021. The Risk of Bias of the included stud-

ies was assessed using the version 2 of the Cochrane risk-of-bias tools for randomized trials (ROB 2). Seven RCTs

with 1371 patients met the eligibility criteria and entered into the meta-analysis. Compared to control diets, the ben-
eficial effects of Mediterranean diet were not statistically significant in high-density lipoprotein (MD = 2.33; 95% C:
-0.27 t0 4.92), low-density lipoprotein (MD = -2.34; 95% Cl -5.67 to 0.99) and total cholesterol (MD = 2.60; 95% Cl: -0.95
to0 6.15). But Mediterranean diet led to reduce the level of diastolic blood pressure (MD =-1.20; 95% Cl:-2.21 t0 -0.19)
and systolic blood pressure (MD =-4.17; 95% Cl:-7.12 to -1.22). Meanwhile, Mediterranean diet showed beneficial
effects in glycemic control (HbA1[%]: MD =-0.39, 95% Cl: -0.58 to -0.20; fasting plasma glucose: MD =-15.12, 95%
Cl:-24.69 to -5.55) and weight loss (BMI: MD =-0.71, 95% Cl: -1.30 to -0.78; WC: MD =-1.69; 95% Cl: -3.35 t0 -0.02)
compared to the control diets. The meta-analysis presented evidence supporting the beneficial effects of the Medi-
terranean diet on blood pressure, glycemic control, and weight loss. However, the impact of the Mediterranean diet
on the lipid profile was not found to be significant, warranting further verification. This Meta-analysis was registered
on the INPLASY website (Registration number: INPLASY 202160096).
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Background

Type 2 diabetes ( T2D ) is a global disease. According to
the survey, as of 2017, the number of patients with T2D
in the world was as high as 425 million, and the number
of people who die of diabetes each year was as high as
4 million [1]. In addition, the incidence rate is gradually
increasing. Experts predicted that by 2035, the num-
ber of people with diabetes will reach 592 million [2],
which will pose great threat to human health and cause
huge medical economic costs. T2D is mainly character-
ized by elevated blood glucose, insulin resistance and
decreased insulin sensitivity [3]. Investigation shows that
the proportion of overweight or obese people in type 2
diabetic population is as high as 90% [4]. Most diabetic
patients are accompanied by metabolic syndrome such
as elevated blood lipid and blood pressure, which will
increase the risk of various heart diseases [5]. Therefore,
it is necessary to take effective measures for comprehen-
sive management of T2D, and it is particularly important
to control blood glucose and body weight to reduce the
risk of heart disease. Lifestyle interventions have been
recognized by experts and scholars as an effective means
for the treatment of T2D and dietary changes can effec-
tively improve insulin sensitivity, prevent the progression
of the disease and delay the occurrence of complications
[6, 7]. Current studies have shown that dietary patterns
such as low fat [8], low carbohydrate [9], and high mono-
unsaturated fatty acids [10] have certain effects on blood
glucose control and weight of diabetic patients, but the
results are not consistent. And the American Diabetes
Association stated that there was not enough evidence
to recommend the correct proportion of fat, protein and
carbohydrate in the diet for patients with T2D [11].

The idea that Mediterranean diet is beneficial to human
health has gradually been accepted by scholars around
the world. Mediterranean diet, first proposed by Ancel
Key in 1960 [12], is a unique diet of people living in the
Mediterranean region. The Mediterranean diet is charac-
terized by a high proportion of vegetables, fruits, beans,
seafood and nuts. Vegetable oil (mainly olive oil, rich in
unsaturated fatty acids) should be used for cooking, and
a low proportion of red meat and processed foods should
be used, as well as red wine with each meal [13-15]. A
meta-analysis in 2015 demonstrated that, in comparison
with other diets, the Mediterranean diet is more effective
in controlling blood glucose, managing body weight, and
reducing the risk of heart disease in patients with Type
2 diabetes [16]. However, previous clinical trial showed
that compared with the Mediterranean diet, low-carbo-
hydrate diet can better control the risk of blood glucose
and heart disease in patients with T2D [17]. Huntriss’
meta-analysis showed that reducing the proportion
of carbohydrate diet can better manage T2D [18]. In
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addition, Mohammad’s survey in 2020 showed that com-
pared with conventional diet, Mediterranean diet could
not effectively reduce body mass index (BMI) and multi-
ple risk indicators of heart disease in patients with T2D
[19]. It’s worth noting that, despite the 2015meta-analysis
on the effects of the Mediterranean diet on blood glucose
in diabetic patients [16], this information is now eight
years old, and further research may be warranted to pro-
vide updated insights.

A network meta-analysis was conducted in 2019 [11]
which compared major dietary patterns, the included
RCTs were published between 2006 and 2016, Only 5
articles on the Mediterranean diet were included. In 2021
tang et al. meta-analyzed a cohort study correlating the
Mediterranean diet with mortality in patients with car-
diovascular disease and showed that Mediterranean diet
improved survival in people with a history of CVD, But
there is no validation of specific serum indicators [20].
Lotfi et al. [21] conducted a meta-analysis of prospec-
tive cohort studies of the Mediterranean diet, five-year
weight change, and risk of overweight and obesity, which
showed that the Mediterranean diet was inversely associ-
ated with five-year weight change and risk of overweight/
obesity, but the present study meta-analysed the weight
metrics of the cohort studies only, and has not yet that
of the randomized cohort trial and other metrics [21].
Sarsangi et al. [22] meta-analysis of a prospective cohort
study of the Mediterranean diet and risk of T2D showed
that the Mediterranean diet reduces the risk of T2D, but
specific indicators of the Mediterranean diet in patients
with T2D have not yet been analyzed [22].

Therefore, it is not clear whether the Mediterranean
diet is better at controlling glycemic, weight and reducing
the risk of heart disease in people with T2D than other
diets.This study conducted a meta-analysis of RCTs of
Mediterranean diet in patients with T2D, so as to more
comprehensively grasp the effects of Mediterranean diet
on cardiovascular risk factors, glycemic control, and
body weight in patients with diabetes, and provide a
more effective basis for clinical practice.

Methods

This meta-analysis was conducted in accordance with the
statement of the Preferred Reporting Items for System-
atic reviews and Meta-Analyses (PRISMA). It was reg-
istered on the INPLASY website (Registration number:
INPLASY 202160096).

Literature research

A systematic literature search was conducted in three
English databases (PubMed, EMBASE, Cochrance Cen-
tral Register of Controlled Trials, Web of Science) and
four Chinese databases (Chinese Biomedical Literature
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Database, Wanfang Data, Chinese National Knowledge
Infrastructure, and Chinese Science and Technology
Periodical Database) from inception to December 2023.
The search terms comprising Medical Subject Head-
ing (MeSH), free text and word variants were as follows:
(1) Diet, Mediterranean, combined explored versions of
Medical Subject Headings (Mesh) ‘Mediterranean Diet’
‘Diets, Mediterranean’ OR ‘Mediterranean Diets’; (2)
Diabetes Mellitus, Type 2 combined explored versions
of Medical Subject Headings(Mesh) ‘Diabetes Mellitus,
Noninsulin-Dependent” OR ‘Diabetes Mellitus, Type II’
‘NIDDM’ OR ‘Diabetes Mellitus, Noninsulin Dependent’
OR ‘Slow-Onset Diabetes Mellitus’ OR ‘Diabetes Melli-
tus, Adult Onset’ and so on.We combined these terms as
follows: (1) and (2).

Study selection

Two researcher assessed literature eligibility indepen-
dently (XZ, WZ). Cohen’s kappa statistics were used to
assess the degree of agreement between the two review-
ers. Any discordance opinions were resolved by a third
researcher (XW). The selection criteria were as follows:
(1) Participants comprised with already diagnosed T2D
and aged >18 years, (2) Parallel or cross-over RCT, (3)
The period of Mediterranean diet intervention at least
lasted for 6 months, (4) Results reported to evaluate the
effect of the Mediterranean diet including cardiovascu-
lar risk factors or HbAlc at least, (5) Studies published
in English and Chinese. Exclusion criteria:type 1 dia-
betes and gestational diabetes. Observational studies,
reviews, letters, case reports and news were excluded. All
the articles eligible were identified by screening the titles
or abstracts and then reviewing the full-text for further
review.

Data extraction

The following information was extracted by two
researchers independently from the eligible studies:
the first author information, year of publication, coun-
try, the characteristics of participants (number/age/
and during of T2D), period of intervention, content of
Mediterranean diet intervention and control interven-
tion, and main study finding. The main results were
classified into three categories:(1) cardiovascular risk
factors including total cholesterol(TC), high-density
lipoprotein cholesterol(HDL), low-density lipoprotein
cholesterol(LDL), systolic blood pressure(SBP) and dias-
tolic blood pressure(DBP). (2) glycemic control includ-
ing HbAlc and fasting plasma glucose(FPG), (3) weight
loss including BMI, waist circumference(WC) and body
weight.
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Risk of bias assessment

The risk of bias of RCTs was assessed using version 2 of
the Cochrane risk-of-bias tools for randomized trials
(ROB 2), which included six categories: Randomization
Process, Bias due to deviations from intended interven-
tions, Bias due to missing data, Bias in measurement of
outcomes, Bias in selection of the reported result and
overall. The above six risk of bias domains were classified
into three levels as a low risk ,some concerns and a high
risk. The studies quality assessment was done indepen-
dently by two researchers (XZ, WZ), any disagreement
between the two researchers was solved by the third
researcher (XW).

Data synthesis and analysis

Data analysis were carried out using Review Manager 5.3
software. The mean differences between Mediterranean
diet and control diet with 95% confidence intervals(ClIs)
were calculated for continuous outcomes. 95% Cls and
P-values for some studies. We used Mediterranean diet
in terms of combining statistics, Variables with inconsist-
ent units are converted to the same units and then com-
bined for calculation. We tested for heterogeneity using
I%, I* value <25%, 25-50%, and >50% indicate low, medium
and high heterogeneity respectively. I* value greater than
50% was considered substantial. Sensitively analysis and
subgroup analysis were performed to explore the poten-
tial sources of high heterogeneity.

Results

Study selection and characteristics

A total of 5418 unique citations were identified, of which
4906 records were identified through PubMed, EMBASE,
Cochrance Central Register of Controlled Trials and
Cochrance Database and Web of Science, 512 records
were identified through Chinese Biomedical Literature
Database, Wanfang Data, Chinese National Knowl-
edge Infrastructure. 3352 records remined after remov-
ing 2066 records duplicates. After screening title and
abstract, 166 records remained for full-text review. After
further evaluation of full text, 152 records were excluded
for not meeting the unique criteria, the excluded due
to the reasons described in Fig. 1. A total 14 studies
included in qualitative synthesis, of these, 4 studies were
excluded for the following reasons: One study sam-
ple overlapped [23], One study the basic characteristics
were significantly different between two groups [24]. One
study cannot calculated the standard deviation from the
data in the original study [25], 1 study was a post hoc
analysis of PREDIMED study [26]. Two studies the inter-
vention duration was 12 weeks and two weeks, which
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4906 of records identified through
PubMed/EMBASE/Cochrance

512 of records identified through
Chinese database

2066 of records after

3352 of records

duplicates removed

3186 of records excluded with reasons :
298 non-human studies

980 observational or retrospective studies
700 did not study the topic

screened

166 of full-text
articles assessed for
eligibility

14 of studies included in
qualitative synthesis

1178 comments, case report, review or
meta-analysis
30 not in English and Chinese

152 of records excluded with reasons :
67 not type 2 diabetic patients

58 lack of relevant data

25 not RCT

2 non-available full-text

7 of records excluded with reasons :
1 sample overlapped
1 basic characteristics were significantly

7 of studies included
in review

Fig. 1 Flow diagram of literature research and study selection

did not meet the requirement of >6 months of interven-
tion for this study [27, 28]. One study is a registered trial
with no clinical data yet available [29]. Finally, a total of 7
studies met the inclusion criteria involving 1371 patients
entered into this meta-analysis.

Table 1 summarized the basic characteristics of the 7
selected studies, all of which were RCTs and published in
English. The duration of the intervention ranged from 6
months to 8.1 years. The participants’ ages ranged from
25 to 75 years during the intervention. The study sam-
ples ranged from 95 to 279. 3 trials were conducted in
United State, others were conducted in Israel, Italy, Iran
and Spain. All of the selected trials studied the effects
of Mediterranean diet on the patients with T2D. One
study compared two types of Mediterranean diet versus

different between two groups

1 can calculated the standard deviation
1 a post hoc analysis of PREDIMED
Study

2 intervention duration was 12 weeks
1 a registered trial

a control diet [17], therefore, 7 RCTs with 8 arms were
included in the quantitative due to treat these arms in
isolation. The control diets in these selected studies com-
prised high-carbohydrate diet, 2003 American Diabetes
Association(ADA) diet, Low-fat diet and usual dietary.
All of the selected trials comprised the basic character-
istics of Mediterranean diet in the intervention diets,
two trials emphasized the multifactorial intervention
to improve the adherence to the Mediterranean diet
(Table 1).

Risk of bias assessment

Of the seven RCTs, two studies were identifified as hav-
ing high risk of bias [17, 34], and five as having some
concerns (Brehm et al. [30], Toobert et al. [31], Maiorino
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et al. [32], Maryam et al. [19], Alonso-Dominguez et al.
[33]. In terms of the randomization process, four studies
presented some concerns due to insufficient information
on allocation concealment (Brehm et al. [30], Toobert
et al. [31], Elhayany et al. [17], Maryam et al. [19]. All of
the seven studies were considered to have some concerns
to the risk of bias from assignment to interventions due
to none of the seven studies reported the success of blind-
ing of participants and personnel for dietary interven-
tion. Two study had high risk of bias for missing outcome
data because of a high proportion of participant loss [17,
34]. Another two studies were considered to have some
concerns due to insufficient information provided about
the blinding of outcome assessors (Toobert et al. [31];
Maryam et al. [19]. All of the seven studies were consid-
ered to have some concerns in the bias of reported results
due to the absence of registered protocols (Table 2).

Cardiovascular risk factors

Five studies reported the SBP and DBP data that could
be pooled in the analysis. The Mediterranean diet signifi-
cantly decreased the level of DBP by fixed effects model
(MD = -1.20; 95% CI: -2.21 to -0.19, P= 0 %; P = 0.02)
(Fig. 2a) and could significantly reduce the level of SBP
by random effects model (MD = -4.17; 95% CI: -7.13 to
-1.22; I’= 60%; p = 0.006) (Fig. 2b) through compared
with control diet.

Changes in HDL and LDL were pooled for six stud-
ies with seven arms (n = 1181). Meta-analysis showed
a trend toward reducing the level of LDL (MD = -2.34;
95% CI:-5.67 to 0.99; I* = 13%; p = 0.17) by fixed effects
model (Fig. 2¢c) and increasing the level of HDL (MD =
2.33; 95% CI: -0.27 ~ 4.92; I> = 82%; p = 0.08) (Fig. 2d),
but the beneficial effects of Mediterranean diet compared
with control diets were not statistically significant. More-
over, Mediterranean diet could not reduce the level of TC
compared with control diets (MD = 2.60; 95% CI: -0.95 ~
6.15; I* = 0%; p = 0.15) (Fig. 2e).

Table 2 Risk of bias of included studies

Page 7 of 15

Glycemic control

The data for the change in HbA1c level were pooled from
seven studies with eight arms (n = 1371). Meta-analysis
showed that the Mediterranean diet was associated with
a significant reduction in HbAlc compared with the con-
trol diet (MD = -0.39; 95% CI: -0.58 to -0.20; I*= 80%,
»<0.001) by random effects model (Fig. 3a).

Four studies with five arms (z = 717) measured the
changes in FPG. Meta-analysis showed that subjects who
accepted Mediterranean diet had decreased FPG levels
(MD= -15.12 mg/dl, 95% CI: -24.69 ~ -5.55; p = 0.002)
compared with those who accepted control diet (Fig. 3b)
by random effects model due to the high heterogeneity
(I2= 68%) .

Weight loss

Changes in BMI levels were pooled for four studies with
five arms. Subjects who consumed Mediterranean diet
(n = 507) showed statistically significant decline in BMI
(MD = -0.71; 95% CI: -1.30 to -0.78; p = 0.02) compared
with subjects with control die t(n = 369) by using a fixed
effects model (I’= 30%) (Fig. 4a).

Only three studies with four arms (n = 489) reported
data on body weight, the reduction in body weight was
not statistically significant trough Mediterranean diet
compared with control diet (MD = -1.24; 95% CI: -3.23 to
0.74; p = 0.22) by fixed effects model due to no heteroge-
neity was observed (I*= 0.0%) (Fig. 4b).

In additional, three studies with four arms (nz = 579)
measured the WC and were pooled in the analysis. There
was a statistically significant decline in WC level between
Mediterranean diet and control diets by a fixed effects
model (MD = -1.69; 95% CI:-3.35 to -0.02; I’= 0 %; p =
0.05) (Fig. 4c).

Publication bias

The funnel plot showed some evidence of potential pub-
lication bias for HbAlc, FPG, SDP and HDL, there were
no evidence of substantial publication bias for the other

Study, Year Randomization process Bias due to deviations
from intended

interventions

Bias in selection of
the reported result

Bias due to missing data Bias in
measurement of
outcomes

Brehm, 2009 [30]
Toobert, 2003 [31]

Elhayany, 2010 [17]
Maiorion, 2016 [32]
Maryam, 2020 [19]

Alonso-
Dominguez, 2019
[33]

Toobert, 2011 [34]

Some concerns
Some concerns
Some concerns
Low risk of bias
Some concerns
Low risk of bias

Low risk of bias

Some concerns
Some concerns
Some concerns
Some concerns
Some concerns
Some concerns

Some concerns

Low risk of bias
Low risk of bias
High risk of bias
Low risk of bias
Low risk of bias
Some concerns

High risk of bias

Low risk of bias
Some concerns
Low risk of bias
Low risk of bias
Some concerns
Low risk of bias

Low risk of bias

Some concerns
Some concerns
Some concerns
Some concerns
Some concerns

Some concerns

Some concerns
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Mediterranean Diet Control Diet Mean Difference Mean Difference
StudyorSubgroup _ Mean D Total Mean SD Total Weight IV, Fixed, 95%Cl 1V, Fixed, 95% Cl
Maryam 2020 7229 692 123 7424 729 105 295% -1.95(-3.80,-0.10] -
Toobert 2003 77145 877 163 7694 833 116 247% 0.21[-1.82,2.24] e
Maiorino 2016 835 8 108 8 8 107 222% -150(-3.64,064) =T
Brehm 2009 73 1009 52 75853 43 72% -200(5.74,1.74) =
Alonso-Dominguez2019 794 85 94 806 88 91 163% -120(-369,129] —%T
Total (95% CI) 540 462 100.0% -1.20 [-2.21,-0.19) ) * ) .

Heterogeneity: Chi’ = 2.74, df = 4 (P = 0.60); I = 0%

Tostfor overal effect 2= 233 (P = 0.02) g W .

5 10
Favors Mediterranean Diel Favors control Diel

A. Forest plot assessing the effects of Mediterranean-style diet in DBP

Mediterranean Diet Control Diet Mean Difference Mean Difference
StudyorSubgroup _ Mean S0 Total Mean SO Total Weight IV, Random,95% Cl 1V, Random, 95% CI
Alonso-Dominguez 2019 1262 158 94 1303 164 91 186%  -410(-8.74,054) =
Brehm 2009 129 1658 52 130 1574 43 129%  -1.00(-7.51,551) -
Maiorino 2016 1366 12 108 1394 12 107 245%  -280(-6.01,041) e
Toobert 2003 13183 1463 163 13421 143 107 231%  -238(-5.90,1.14) T
Maryam 2020 1437 1192 123 12418 1819 105 208% -9.81(-1388,-5.74) -
Total (95% CI) 540 453 1000%  417[7.13,41.22) >

Heterogeneity: Tau® = 6.61; Chi* = 9.99, df = 4 (P = 0,04); I = 60% _2'0 _1'0 0 1'0 2’0
Tostioroveral afect 22277 (P = 0.00) Favors Mediterranean Diet Favors control Diet

B. Forest plot assessing the effects of Mediterranean-style diet in SBP

Mediterranean Diet Control Diet Mean Difference Mean Difference
i al 1V, Random, 85°% C1

Alonso-Dominguez 2019 541 148 94 514 135 91 123% 2.70(-1.38,6.78) 1
Brehm 2009 48 1009 52 47 853 43 129% 1.00(-2.74,4.74) -1
Elhayany 2010 4678 812 61 3866 734 55 146%  8.12(5.31,10.93) =
Elhayany 2010 4214 812 63 3866 734 55 147% 348(0.69,6.27) ==
Maiorino 2016 46 10 108 43 10 107 14.9% 3.00(0.33,5.67) S
Toobert 2003 4349 1014 163 4346 1199 116 14.9% 0.03[-2.65,2.71) -1
Maryam 2020 412 794 123 4301 866 105 157%  -1.81[-3.98,0.36] 7
Total (95% CI) 664 572 100.0%  2.33[-0.27,4.92) -
Heterogeneity: Tau” = 9.95; Chi* = 34.09, df =6 (P < 0.00001); = 82% Tt

Test for overall effect: Z = 1.75 (P = 0.08) Favors Mediterranean Diet  Favors control Diet

C. Forest plot assessing the effects of Mediterranean-style diet in HDL

Mediterranean Diet Control Diet Mean Difference Mean Difference
Study or Subgroup Mean  SD Total Mean  SD Total Weight IV, Fixed, 95%Cl 1V, Fixed, 95% C1
Alonso-Dominguez2019 949 263 94 956 316 91 162% -0.70(897,757) . e
Brehm 2009 97 3533 52 101 4022 43 47% -4.00(-19.39,11.39)
Elhayany 2010 951 2784 61 10361 3009 55 99% -851(19.10,2.08) ——
Elhayany 2010 10168 269 63 10361 3009 55 106% -1.93(-12.13,827) G
Maiorino 2016 71 71 108 163 69 107 32% B800[10.71,26.71) *
Toobert 2003 11843 3064 163 11422 3286 116 192% 4.21(-340,11.82) =
Maryam 2020 8803 1643 123 937 2462 105 %2% SETLM201 2~ — %
Total (95% CI) 664 572 100.0% -2.34[-5.67,0.99) "
Heterogeneity: Chi = 6.92, df = 6 (P = 0.33), P = 13% 10 5 5 5 |=0
Tost foroverall effect: 2 = 1.38 (P = 0.17) Favors Medterranean Diet Favors control Diet

D. Forest plot assessing the effects of Mediterranean-style diet in LDL.

Mediterranean Diet  Control Diet Mean Difference Mean Difference
i i % Cl 1V, Fixed, 95% CI

Maryam 2020 168.34 2228 123 15335 27.01 105 20.8% 4.99(-1.51,1149] T
Toobert 2003 18761 356 163 180.72 3973 116 153% 6.89(-2.17,15.95] -t
Maiorino 2016 211 36 108 211 33 107 152%  0.00(-9.09,9.09) -1
Elhayany 2010 17397 2745 61 17397 3247 55 104% 0.00(-11.00, 11.00]
Elhayany 2010 17397 2668 63 17397 3247 55 10.8% 0.00(-10.82, 10.82)
Brehm 2009 180 3749 52 184 4264 43 47% -4.00(-20.32,12.32)
Alonso-Dominguez 2019 1748 34 94 173 325 91 137% 180(7.78,11.38] B
Total (95% C1) 664 572 1000%  2.60(-0.95,6.15] -

Heterogeneity. Chi* = 2.79, df = 6 (P = 0.84), F = 0%

Test for overall effect: Z = 1.44 (P = 0.15) 4 5 0 5 10

Favors Mediterranean Diet  Favors control Diet

E. Forest plot assessing the effects of Mediterranean-style diet in TC
Fig. 2 Forest plot assessing the effects of Mediterranean-style diet in DBP(A), SBP(B), HDL(C) , LDL(D) and TC(E). Alonso-Dominguez 2019
is the comparison between mediterranean diet and usual care; Brehm 2009 is the comparison between mediterranean diet and High-carbohydrate
diet; Elhayany 2010 is the comparison between two mediterranean diets and American Diabetes Association diet; Maiorino 2016 is the comparison
between mediterranean diet and Low-fat diet; Toobert 2003 is the comparison between mediterranean diet and usual care; Zahedi 2020
is the comparison between mediterranean diet and usual care
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Mediterranean Diet  Control Diet Mean Difference Mean Difference
Studyor Subgroup __Mean _SD Total Mean SD Total Weight [V, Random, 95% Cl 1V, Random, 95% C|
Maryam 2020 784 122 123 881 151 105 113%  -0.97 (133, -061) —
Toober 2011 78 03 97 84029 93 182% -0.60(-0.68,-0.52) i
Toobert 2003 707 111 163 738 133 116 13.0% -0.31[-0.61,-0.01] -
Maiorino 2016 685 06 108 721 04 107 172% -0.36(-0.50,-0.22) i
Elhayany 2010 65 08 63 67 09 55 127%  -0.20[-0.51,0.11) —
Elhayany 2010 63 14 61 67 09 55 98% -040[-0.82 002 |
Brehm 2009 7214 52 75197 43 53%  -030(-1.01,041) L
Alonso-Dominguez2019 69 11 94 68 11 91 124%  0.10(0.22,042 -
Total (95% Cl) 761 665 100.0%  -0.39 [-0.58, -0.20) 1‘

Heterogeneity: Tau? = 0.05; Chi* = 35,47, df = 7 (P < 0.00001); > = 80%
Test for overall effect: Z = 3.98 (P < 0.0001)
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Favors Mediterranean Diet Favors control Diet

A. Forest plot assessing the effects of Mediterranean-style diet in HbA1lc
Mediterranean Diet ~ Control Diet

127 3066 52 142 8314 43 137%

Elhayany2010 11124 1512 61 1042 33 55 25%
Elhayany 2010 11826 2412 63 12042 333 55 223%
Maiorino 2016 15 34 108 155 33 107 242%
Maryam2020 16549 5039 123 199.88 71.83 105 16.2%
Total (95% CI) 407 365 100.0%

Heterogeneity: Tau? = 77.45; Chi? = 12,62, df =4 (P = 0.01); 1= 68%
Test for overall effect: Z=3.10 (P = 0.002)

Mean Difference Mean Difference

Nd | At
4500 (:34.20,4.20) )
-18,18(-27.76, -8.60) s
11162179, -0.83) |
300[:11.96,5.96] -+
34.39[:5076, -18.02) -
45,12 [-24.69, 5.5 L 2
I } Il |
I T T 1
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Favors Mediterranean Diet  Favors control Diet

B. Forest plot assessing the effects of Mediterranean-style diet in FPG
Fig. 3 Forest plot assessing the effects of Mediterranean-style diet in HbA1c(A) and FPG(B). Alonso-Dominguez 2019 is the comparison
between mediterranean diet and usual care; Brehm 2009 is the comparison between mediterranean diet and High-carbohydrate diet;
Elhayany 2010 is the comparison between two mediterranean diets and AmericanDiabetes Association diet; Maiorino 2016 is the comparison
between mediterranean diet and Low-fat diet; Toobert 2003 is the comparison between mediterranean diet and usual care; Zahedi 2020
is the comparison between mediterranean diet and usual care; Toobert 2011 is the comparison between mediterranean diet and usual care

measurement index (BMI, body weight, WC, BDP, TC
and LDL).

Sensitivity analysis and subgroup

In the sensitivity analysis, the pooled effects can not alter
by omission of any individual study from the meta-anal-
ysis in the level of HbAlc. When we excluded one study
with Zahedi 2020 in SBP, the heterogeneity was changed
(I’= 0 %), the effect estimate was unchanged by the Fixed
effects model (MD -2.73; 95% CI -4.72 ~ -0.74; I> = 0 %;
P = 0.007) (Fig. 5). When we excluded one study with
Zahedi 2020 in FPG, the heterogeneity was changed (I>=
44 %), the effect estimate was unchanged by the Fixed
effects model (MD -10.73; 95% CI -16.09 ~ -5.38; I> = 44
%; P < 0.001) (Fig. 5). But changes in the HDL, when we
excluded one study with two arms (Elhayany 2010), the
heterogeneity was changed (I>= 56%), the effect estimate
was unchanged by the random effects model (MD 0.75;
95% CI -1.22 ~ 2.73; I> = 56%; P = 0.46) (Fig. 5), the result
show Mediterranean diet cannot improve the level of
HDL compared with the control diet.

High heterogeneity were found in the primary out-
comes of HbAlc and HDL, therefore the subgroup anal-
ysis was performed for further analysis. The subgroup
analyses in HbAlc levels were stratified by country, num-
ber of participants, disease characteristics of participants
and quality of the selected studies. The results by the
subgroup analysis were similar to the primary analysis
(Table 3). However, subgroup analyses of HDL according
to the study population showed that heterogeneity was
still high, and subgroup analyses of SBP and FPG were
not possible due to the small number of included studies
in the literature.

Discussion
Meta-analysis of the RCTs that met the inclusion crite-
ria showed that Mediterranean diet could better control
glycemic, reduce the BMI and blood pressure in patients
with T2D, but the improvement effects on HDL, LDL and
TC were not obviously and needed to be further verified.
In this meta-analysis, although the Mediterranean diet
did not reach statistical significance in terms of its effect
on HDL and LDL compared to the control group, there
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Mediterranean Diet

Control Diet

Mean Difference

Mean Difference

Study or Subgroup _Mean _SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Elhayany 2010 281 28 61 29 33 55 27.1% -0.90(-202,0.22 —

Elhaysny 2010 285 29 63 29 33 55 267% -0.50(-163, 0563 —

Toobert 2003 3497 785 163 3507 848 116 89% -0.10(-2.06, 1.86) S

Toobert 2011 325 61 97 35598 93 115% -250(4.22,-0.78) —

Zahedi 2020 2836 422 123 2852 454 105 259% -0.16(-1.30,0.98] —

Total (95% Cl) 507 424 100.0% -0.71[-1.30, -0.13] <&

Heterogeneity: Chi = 5.67, df = 4 (P = 0.22); I = 30% j‘ t ;1 2 i

Test for overall effect: Z = 2.40 (P = 0.02)

Favors Mediterranean Diet  Favors control Diet

A. Forest plot assessing the effects of Mediterranean-style diet in BMI

Heterogeneity: Chi* = 5,67, df =4 (P =0.22); I = 30%
Test for overall effect: Z = 2.40 (P = 0.02)

Mediterranean Diet  Control Diet Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95%Cl 1V, Fixed, 95% Cl
Elhayany 2010 281 28 61 29 33 55 27.1% -0.90(-2.020.22 i
Elhayany 2010 85 29 63 29 33 55 267% -050(-163 063 —
Toober 2003 3497 785 163 3507 848 116 89% -0.10(-2.06,1.86) (R (R
Toober 2011 325 61 97 35598 93 115% -2.50(4.22,-0.78] T
Maryam 2020 2836 422 123 2852 454 105 259% -0.16(-1.30,0.98] .
Total (95% Cl) 507 424 100.0% -0.71[-1.30, 0.13) ‘ :

4 2 0 2 4
Favors Mediterranean Diet  Favors control Diet

B. Forest plot assessing the effects of Mediterranean-style diet in body weight

Mediterranean Diet Control Diet

Study or Subgroup Mean  SD Total Mean SD Total Weight IV, Fixed, 95% Cl

Alonso-Dominguez 2019 101.2 118 94 1042 16 91 16.7%
Elhayany 2010 1016 8 63 104 102 55 247%
Elhaysny 2010 1022 102 61 104 102 55 200%
Maiorino 2016 948 10 108 954 10 107 386%
Total (95% Cl) 326 308 100.0%

Heterogeneity; Chi* = 1.21, df =3 (P =0.75); = 0%
Test for overall effect: Z = 1.99 (P = 0,05)

Mean Difference Mean Difference
IV, Fixed, 95% CI

-3.00(-7.06, 1.06] ’ I

-240(-5.74,0.94) T

-1.80 (6,52, 1.92) 7

-0.60[-3.27,2.07) T
169335, 0.02) A

-10 -5 0 5 10

Favors Mediterranean Diet  Favors control Diet

C. Forest plot assessing the effects of Mediterranean-style diet in WC
Fig. 4 Forest plot assessing the effects of Mediterranean-style diet in BMI(A), body weight(B) and WC(C). Alonso-Dominguez 2019
is the comparison between mediterranean diet and usual care; Brehm 2009 is the comparison between mediterranean diet and High-carbohydrate
diet; Elhayany 2010 is the comparison between two mediterranean diets and AmericanDiabetes Association diet; Maiorino 2016 is the comparison
between mediterranean diet and Low-fat diet; Toobert 2003 is the comparison between mediterranean diet and usual care; Zahedi 2020

is the comparison between mediterranean diet and usual care

was still a tendency to increase HDL and decrease LDL
levels, as well as the Mediterranean diet reduced the lev-
els of SBP and DBP, which fully validates that the Medi-
terranean diet reduces the risk of heart disease in patients
with T2D. Studies have shown that every 0.1% decrease in
HbA1c level can reduce the risk index of heart disease by
7% [35]. Intake of 10g of olive oil per day can reduce the
risk of heart disease by 16% [36, 37]. Conducted a Real
Life Study on the composition of each food in Mediter-
ranean diet, the results showed that cardiovascular risk
factors was reduced by 21% in the high Mediterranean
diet group compared with the low Mediterranean diet
group. Increasing the proportion of vegetables and fruits
can make the goal of lowering LDL easier to achieve, and
increasing fish intake can significantly reduce TC levels.

However, in this study, the effects of Mediterranean diet
on HDL and LDL have not reached statistical signifi-
cance, and the TC level cannot be effectively reduced,
which is somewhat different from the conclusions of pre-
vious studies, and may be partly related to the large dif-
ference in the baseline level of serum indicators (HDL/
LDL/TC) of the two groups of subjects in only 6 litera-
tures included in this study. Therefore, the effect of Medi-
terranean diet on HDL and LDL still needs to be further
verified.

Mediterranean diet can reduce the levels of HbAlc
and FPG in patients with T2D, which is consistent with
the results of two meta-analyses in 2013 and 2015 [16,
38]. This may be associated with a high proportion of
vegetables, monounsaturated fatty acids, nuts and fruits
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Mediterranean Diet ~ Control Diet

Study or Subgroup Mean  SD Total Mean SD Total Weight IV, Fixed, 95% CI

Toobert 2003 131.83 1463 163 13421 143 116
Maiorino 2016 1366 12 108 1394 12 107
Brehm 2009 129 1658 52 130 1574 43
Alonso-Dominguez 2019 1262 158 94 1303 164 91
Total (95% CI) “7 357

Heterogeneity: Chi* = 0,65, df =3 (P = 0.89); I* = 0%
Test for overall effect: Z = 2.68 (P = 0.007)
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IV, Fixed, 95% CI
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A. SBP after the sensitivity analysis by excluding the study(Zahedi 2020)

Mediterranean Diet Control Diet Mean Difference Mean Difference
StudyorSubgroup  Mean S0 Total Mean SD Total Weight IV, Fixed,95% Cl IV, Fixed, 95% CI
Maryam 2020 42 794 123 4301 866 106 34.1% -1.81(-3.98,0.36) —T
Toober 2003 349 1014 163 4346 1199 116 224% 0.03[-265271) —_—
Maiorino 2016 46 10 108 43 10 107 225% 3.00(0.33,567) —
Brehm 2009 48 1009 52 47 853 43 115% 1.00(-2.74,474) =l
Alonso-Dominguez 2019 541 148 94 514 135 91 96% 270[1.38,678] T =
Total (95% CI) 540 462 100.0% 0.44 [-0.83, 1.71]

Heterogeneity: Chi* = 9.00, df = 4 (P = 0.06); I* = 56%
Test for overall effect: Z = 0.68 (P = 0.50)

t }
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Favors Mediterranean Diet Favors control Diet

B. HDL after the sensitivity analysis by excluding the study(Elhayany 2010)

Mediterranean Diet  Control Diet

Study or Subgroup _ Mean _ SD Total Mean SO Total Weight

Maiorino 2016 152 34 108 155 33 107
Elhaysny 2010 11124 1512 61 12942 333 5
Elhayany 2010 11826 2412 63 12942 333 56
Brehm 2009 127 3966 52 142 5314 43
Total (95% CI) 284 260

Heterogeneity: Chi*= 5,38, df =3 (P = 0.15); I* = 44%
Test for overall effect: Z = 3.93 (P < 0,0001)

Mean Difference Mean Difference

IV, Fixed, 95% CI IV, Fixed, 95% CI
357%  -3.00 1196, 5.96] -
31.2% -18.18 [-27.76, -8.60] -+
254% -11.16[-21.79, -0.53] =
7.8% -15.00[-34.20,4.20] =
100.0% -10.73 [-16.09, -5.38) L ]
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Favors Mediterranean Diet Favors control Diet

C. FPG after the sensitivity analysis by excluding the study(Zahedi 2020)
Fig. 5 SBP(A), HDL(B), FPG(C) after the sensitivity analysis by excluding study. Alonso-Dominguez 2019 is the comparison between mediterranean
diet and usual care; Brehm 2009 is the comparison between mediterranean diet and High-carbohydrate diet; Elhayany 2010 is the comparison
between two mediterranean diets and American Diabetes Association diet; Maiorino 2016 is the comparison between mediterranean
diet and Low-fat diet; Toobert 2003 is the comparison between mediterranean diet and usual care; Zahedi 2020 is the comparison

between mediterranean diet and usual care

Table 3 Subgroup analyses for primary outcome of HbA1c

Subgroup No. of studies Pooled mean differences(95% P for heterogeneity (%)
cl)
Country
United states 3 -0.48[-0.71,-0.25] 0.14 50
Others 4 -0.36[-0.64, -0.07] <0.001 80
Sample size
<250 4 -0.38[-0.79, 0.02] <0.001 84
>=250 3 -0.41[-0.63,-0.18] <0.001 68
Characteristics
T2D 4 -0.33[-0.44,-0.22] 091 0
Special adults with T2D 3 -0.49[-0.97,-0.00] <0.001 91
Quality
Low 4 -0.44[-0.74,-0.15] 0.02 65
High 3 -0.33[-0.62,-0.03] <0.001 91
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in Mediterranean diet. This kind of food can effectively
improve insulin sensitivity and prevent production of
advanced glycosylated end products and other factors
[39]. However, the degree to which Mediterranean diet
reduced HbA1lc was strongly related to the type of diet
compared. In addition, there are certain differences in
the level of HbAlc reduction compared with different
diet types. Compared with conventional diet, Mediter-
ranean diet can reduce HbAlc level by 0.53 [16], but
compared with low-fat diet, Mediterranean diet can only
reduce HbA1lc by 0.32 [40]. Moreover, the research results
of Snorgaard et al [41] showed that low-fed diets achieved
higher rates of diabetes remission (defined as HbAlc
<6.5%) compared with control diets. Therefore, the study
showed that low-fed diets could more effectively manage
HbAlc in patients with age over 60 years old, while
Mediterranean diet had better effect on patients with age
under 60 years old. In addition, studies have shown that
Mediterranean diet can reduce insulin resistance [16].
However, due to the few literatures included in this meta-
analysis that included this indicator, the effect of Mediter-
ranean diet on insulin resistance was not analyzed.

Mediterranean diet can reduce the BMI and WC of
patients with T2D, which is consistent with the results of
many previous studies [11, 16, 41], and may be related to
the fact that Mediterranean diet is rich in a large number
of vegetable, grain and other plant foods, which provide
more dietary fiber and reduce the load of carbohydrates.
Moreover, the research results of Hashimoto et al. [42]
showed that low-fed diets can better manage body weight
and fat mass compared with Mediterranean diet which
may be related to the age of the research object in the
included literature to some extent. However, in this meta-
analysis, the effect of Mediterranean diet on the reduc-
tion of WC was not obvious, possibly because there were
only 3 studies that included WC in the outcome variables
in the included literatures in this meta-analysis, and the
results may be biased to some extent.

Each component of the special diet of Mediterranean
diet can have a great correlation with the homeostasis
of diabetes, and many effects may have common physi-
ological and pathological pathways. Mediterranean diet
not only plays an obvious role in blood glucose control,
weight reduction, and risk reduction of heart disease, etc.
Furthermore, studies have shown that Mediterranean diet
affects glucagon-like peptide 1 [42], oxyntomodulin [43],
postprandial lipemia [44], and antioxidant/ antioxidant
enzymes compounds [45], gut microbiota composition
and function [46, 47], branched chain aminoacid man-
agement [48] and many other aspects have certain signif-
icance. Therefore, under the synergistic effect of various
components in Mediterranean diet, Mediterranean diet
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becomes a valuable dietary pattern for primary and sec-
ondary prevention of diabetes and gradually becomes a
healthy and nutritious dietary lifestyle. However, there
are still some differences in the results of group multi-
action, which need to be further verified.

Therefore, in the future, scholars should pay more
attention to the study of objective clinical indicators,
such as heart disease risk indicators, in order to provide
a more accurate theoretical basis for clinical practice. As
there are various types of diabetes diets, scholars could
employ Network Meta-analysis in the future to poten-
tially yield more accurate results.

Limitations

This meta-analysis includes seven RCTs involving a total
of 1371 patients with T2D, Several limitations should be
recognized. First, the participants in this study were all
diabetic patients, and there was no study on non-diabetic
patients. According to the survey by Carter et al. on all
populations with or without diabetes, Mediterranean diet
can only reduce the level of HbAlc, but its effect on FPG
is not obvious [49]. Furthermore, the control group in
this study included various diets, which may have a cer-
tain influence on the results of the study, because the role
of different diets in different studies varies to a certain
extent. Finally, the relatively insufficient number of trials
limits our ability to conduct further subgroup analysis on
some specific indicators.

Conclusion

This meta-analysis provides convincing evidence for
helping health administrators to identify effective dietary
strategy for patients with T2D. The results reveal that
Mediterranean diet has a more prominent role in man-
agement of T2D, which is effective in control blood pres-
sure (DBP and SBP), glycemic control (HbAlc and FPG),
losing weight (BMI and WC), but the beneficial effects
in meliorate lipid were not statistically significant (HDL,
LDL and TC) compared with control diets, which need to
further verification.
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