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Abstract

Globally, cardiovascular disease is the leading cause of
mortality. Lifestyle and dietary habits have significantly
proven to influence cardiovascular risk. Studies have shown
beneficial effects of Mediterranean diet in cardiovascular
patients. However, few studies have reported inverse rela-
tion between Mediterranean diet and Carotid intima media
thickness, a surrogate marker of atherosclerosis. This has
created ambiguity regarding the benefits of Mediterranean
diet in cardiovascular patients as it is recommended in
guidelines for prevention of cardiovascular disease. There-
fore, we aim to pool data from all the studies reporting on
carotid intima-media thickness in cardiovascular patients
and conduct meta-analysis to evaluate the effect of Medi-
terranean diet on carotid intima-media thickness. MEDLINE
database was searched from inception to September 2021.
Trials included were randomized controlled trials, studies
which included participants above the age of 18 and not
pregnant, studies reported changes in carotid intima-media
thickness after consumption of Mediterranean diet as pri-
mary outcome. The results were reported using a random-
effects meta-analysis, mean difference with 95% confidence
interval. The subgroup analysis was done to investigate the
influence of study-level factors like study duration. Results
of this study demonstrate that consumption of Mediterra-
nean diet was associated with a statistically significant re-
duction in carotid intima-media thickness (WMD: -0.03 mm;
95% Cl: [-0.04, -0.01]; P < 0.0001). Subgroup results dem-
onstrate that the studies reporting results with a minimum
of 1 year intervention were significantly associated with re-
ducing carotid intima-media thickness (-0.02 mm; 95% Cl:
[-0.04, -0.01]; P < 0.005). Mediterranean diet has a positive
effect on carotid intima-media thickness; hence, this study
demonstrates that Mediterranean diet is beneficial in dis-
eases where carotid intima-media thickness is elevated such
as atherosclerosis.
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Introduction

Cardiovascular disease (CVD) remains a principal cause of
death globally [1]. Since the progressive development of ath-
erosclerosis remains unnoticed for decades, preclinical indica-
tors play an increasingly vital role in the prompt diagnosis and
formulation of preventative efforts [2]. One such indicator is
artery vessel wall enlargement, assessed using ultrasound mea-
surements of Carotid Intima-Media Thickness (CIMT), which is a
non-invasive, well-standardized, and verified imaging modality
[3]. The common carotid artery is the most common site for
intima-media thickness measurement due to it having easy vi-
sualization and reproducibility as compared to other segments
of the carotid artery [4]. Lifestyle and dietary habits have been
shown to significantly influence cardiovascular risk [5-6]. More
recently, the Mediterranean diet (MedDiet) has become popu-
lar for its cardio protective effects [7-8]. The recommendations
for this diet include a high intake of olive oil, fruits and nuts,
moderate-to-high intake of fish, and low consumption of sweet
products [9-10]. Multiple studies have evaluated this effect of
the MedDiet. The PREDIMED study (Prevencidn con Dieta Medi-
terranea), has demonstrated the role of the MedDiet in provid-
ing long-term protection from CVD compared with a reduced-
fat diet [11]. A secondary prevention clinical trial (the Lyon
Diet Heart Study), based in France, also showed similar results
[12]. In the context of intima-media thickness, a few observa-
tional studies have exhibited an inverse relationship between
CIMT and adherence to diets rich in plant food and restricted
to processed and saturated fat-rich foods [13-15]. This has cre-
ated ambiguity regarding the benefits of using MedDiet in CVD
patients and created a necessity to investigate the relationship
between MedDiet and key indicator CIMT [16]. In this study, we
aim to pool data from all the studies reporting on CIMT in CVD
patients and conduct meta-analysis to evaluate the effect of
MedDiet on CIMT.

Methods
Data sources and search strategy

This meta-analysis was conducted according to the Preferred
Reporting Items for Systematic Review and Meta-Analyses
(PRISMA) and the American Heart Association guidelines for
systematic reviews [17]. No ethical review board permission
was required for this analysis as the data was widely available.
Reviewers (AMR and SSJ) independently searched MEDLINE
from inception till September 2021, without any time or lan-
guage restrictions. A detailed search strategy has been provided
in supplementary table S1. The literature search also included
bibliographies of identified articles, grey/unpublished litera-
ture, clinical trial registries, and reviews on the topic. The study
was registered with the Research Registry, and the Unique Iden-
tifier Number (UIN) for this study is reviewregistry1549[18].

Study selection

Included studies satisfied the following eligibility criteria:
(1) randomized controlled trials (double-blind, single-blind,
open-label); (2) studies with adults aged 18 years or above; (3)
MedDiet administered alone or in combination with any other
intervention if placebo or comparable and valid active control
group was present; and (4) studies reporting CIMT as a primary
outcome. The exclusion criteria included the following: 1) re-
views, case reports, conference abstracts and clinical trials with
only abstract; 2) if trial size or study population was not clear.

Data extraction and quality assessment

All the selected studies were imported to EndNote X9 (Thom-
son Reuters, Toronto, Ontario, Canada) and duplicates were
identified and removed. The remaining studies were examined
on title and abstract by the reviewers, AMR and SSJ. The full
text was appraised critically against the inclusion and exclusion
for the final selection of studies. A third reviewer, UAAM, was
consulted to review and resolve any discrepancies. Data were
extracted by the first investigator (AMR) and then rechecked for
accuracy by the second investigator (SSJ). Data extracted includ-
ed study and population characteristics, and outcomes, includ-
ing baseline and post-intervention values for CIMT. In addition,
two reviewers (AMR and SSJ) assessed the quality of the RCTs as
low, high, or unclear risk of bias according to the Cochrane risk
of bias tool for randomized controlled trials [19]. Items were
assessed as follows: i) adequate sequence generation; ii) alloca-
tion concealment; iii) blinding of participants and personnel; iv)
blinding of outcome assessment; v) incomplete outcome data;
vi) free of selective reporting; and vii) free of other bias. The
study was then evaluated with the AMSTAR 2 critical appraisal
tool for systematic reviews that included randomized or non-
randomized healthcare intervention studies [20].

Statistical analysis

Data were analyzed using RevMan software (Review Manag-
er Version 5.3.5, The Nordic Cochrane Centre, Copenhagen). For
this study, sample size, and the mean and Standard Deviation
(SD) of the CIMT measurements for pre- and post-intervention
periods (for both MedDiet intervention and control) were ex-
tracted and used in the analyses. If the pre- and post-interven-
tion mean were not given, then the mean change was consid-
ered. A forest plot was generated to evaluate the compound
effect of MedDiet on CIMT (Figure 1). All data used in the meta-
analysis is displayed in Table 1. Heterogeneity was assessed us-
ing the Cochrane Q statistic; P <0.1 indicates significant hetero-
geneity. Heterogeneity across the trials was also evaluated by
the I? test and the scale was set as a value <25% indicates low
risk; 25-75% indicates moderate risk; and >75% indicates high
risk [21]. All p-values were two sided and a p-value of <0.05
was considered significant in all cases. A random effects meta-
analysis was performed.

Results

A systematic review was conducted, and 474 studies were
discovered. 300 studies were eliminated after reading the title
and abstract. Out of the remaining 174 studies, 170 articles
were excluded after reading their full text. 4 studies satisfied
the inclusion criteria and were included in this study. The PRIS-
MA flowchart summarizes the selection process in Figure 1.

Study characteristics

Characteristics of the included trials are shown in Table 1.
The total number of participants was 1505. The mean age was
54 (+ 6.9) years. The mean BMI was 29.9. The median study
duration was 118 weeks. Among the included trials, 2 trials re-
ported included participants at increased cardiovascular risk
[22-23]. One trial included participants with diabetes mellitus
[24]. Similarly, one trial included participants with coronary
heart disease [25]. In all the included studies, the cardiovascu-
lar risk was assessed by CIMT.

International Journal of Innovative Surgery



MedDocs Publishers

Effect of Mediterranean diet (MedDiet) on Carotid Intima-
Media Thickness (CIMT)

Pooled analysis of 4 trials demonstrates that consumption of
MedDiet was associated with a statistically significant reduction
in CIMT (WMD: -0.03 mm; 95% Cl: [-0.04, -0.01]; P < 0.0001;
Figure 2). The heterogeneity among the trials was 0% (Hetero-
geneity: Tau? = 0.00; Chi?=2.20, df =5 (P = 0.82); 1> = 0%).

Subgroup analysis was performed based on study duration.
Two subgroups were made, one study showed results within
less than a year and 3 studies in the second subgroup reported
results with a minimum intervention lasting more than a year.
Results of this study demonstrate that the 3 trials, with 4 sets of
data, reporting results with a minimum of 1 year intervention
were significantly associated with reducing CIMT (-0.02 mm;
95% Cl: [-0.04, -0.01]; P < 0.005). Similarly, the results in the
subgroup with one trial, with 2 sets of data, also demonstrated

Table 1: Characteristics of the included trials

significant reduction in CIMT (-0.04 mm; Cl: [-0.06, -0.02]; P <
0.0007). There was no significant difference between the sub-
groups (Test for subgroup differences: Chi2 = 1.21, df =1 (P =
0.27), 1> =17.2%). The results of the subgroup analysis are sum-
marized in Figure 3. Due to the total number of studies being
less than 10, egger’s regression test for publication bias was not
applicable.

Study quality and publication bias

Overall, the quality of the trials was average. This is because
only one study [24] reported random sequence generation, al-
location concealment and blinding of participants and person-
nel. Two studies had high risk [23—-24] due to incomplete out-
come data (attrition bias) and other study had unclear bias. The
summary of risk of bias assessment is given in supplementary
figure 1.

Study Health Sample Age BMI Duration ) 3 Type of
Author Country . Outcome . Type of intervention
Design Status size (years) (kg/m?3) (weeks) control
Murie-Fernandez i ) . .
Spain Parallel CVD risk CIMT 187 67 29.4 48 G1: MedDiet + EVOO | Low-fat diet
etal. 2011 [19]
G2: MedDiet + nuts
Sala-Vila et al. i . . .
Spain Parallel CVD risk CIMT 164 66 29.6 115 G1: MedDiet + EVOO Low-fat diet
2014 [20]
G2: MedDiet + nuts
Maiorino et al. . .
Italy Parallel DM CIMT 215 52 29.6 121 MedDiet Low fat diet
2017 [21]
Jimenez-Torres et . . .
Spain Parallel CHD CIMT 939 59 31.1 364 MedDiet Low fat diet
al. 2021 [22]

CHD: Coronary Heart Disease; CIMT: Carotid-Intima Media Thickness; CVD: Cardiovascular Disease; DM2: Diabetes Mellitus.
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SFigure 1: PRISMA flowchart showing study selection process.

Discussion

This meta-analysis, which comprised 4 randomized con-
trolled trials with a total of 1505 participants, provides evidence
that MedDiet use may reduce CIMT levels in those at risk for
cardiovascular events. To our best of knowledge, this meta-
analysis is the first study to investigate the association between
MedDiet and CIMT.

CIMT is a surrogate marker of atherosclerosis that is mea-
sured using B-mode ultrasound to determine the degree of ca-
rotid atherosclerotic vascular disease [26]. The findings of a me-
ta-analysis performed by Lorenz et al. [27] revealed that CIMT
levels are a significant predictor of CVD events, with a modest
rise in CIMT leading to an increased risk of myocardial infarction
and stroke. CIMT is linked to a number of risk variables, includ-
ing age, gender, race, smoking, alcohol use, hyperglycemia, and
hypertension [28—29]. Beneficial impact of MedDiet on cardio-
vascular health is attributed to its inhibitory effect on inflamma-
tory markers in circulation [30-31] via down regulating genes
involved in vascular inflammation [32], as well as the decrease
in oxidative stress [33]. Furthermore, MedDiet may significantly
lower LDL levels in the blood, which enhances endothelial func-
tion. By promoting inflammation and inducing fat accumulation
in arteries, oxidized LDL raises the risk of endothelial dysfunc-
tion, which contributes to the development of atherosclerosis
[34]. MedDiet slows the development of atherosclerosis by
acting in the various stages of the disease [25]. Adherence to
the MedDiet has also been linked to better balanced vascular
hemostasis, according to the studies [35].
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Experimental Control
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Testfor overall effect Z=4.28 (P = 0.0001)
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SFigure 2: Forest plot showing effect of Mediterranean diet on carotid-intima media thickness.

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
2.1.1 Treatment less than 1 year
Murie-Fernandez etal. 2011 (G1)  -0.016 0.1 413 0.01 0.08 B2 15.5% -0.03 [-0.06, 0.00] =
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Heterogeneity: Tau®= 0.00; Chi®*= 0.66, df=1 (P =0.42), F=0%
Testfor overall effect £=3.41 (P =0.0007)
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Maiorino etal. 2017 0.026 0.72¥ 108 0001 062 107 0.4% 0.02[0.16,0.21] 2017 + +
Jimenez-Torres etal. 2021 -0.031 018 480 -0008 009 459 440% -0.02[0.04,-0.00] 2021 L
Subtotal (95% CI) 691 688 65.3% -0.02 [-0.04,-0.01] Rt
Heterogeneity: Tau®=0.00; Chi®=0.33, df= 3 (P =0.958), F=0%
Testfor overall effect £=2.81 (P=0.005)
Total (95% CI) 816 812 100.0% -0.03 [-0.04, -0.01] -"
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Testfor subgroup differences: Chif=1.21,di=1{P=027,F=17.2%

Favours [experimental] Favours [control]

SFigure 3: Subgroup analysis showing effects of Mediterranean diet on carotid-intima media thickness for treatment duration

of less than 1 year or greater than 1 year.

The preponderance of the studies included in this meta-
analysis was performed in the same country, Spain, there was
no heterogeneity in the research. Another explanation for the
lack of heterogeneity in the previous research may be because
treatment techniques were homogeneous or very similar. There
is currently a lack of studies investigating the link between Med-
Diet and CIMT, therefore further research, including young and
healthy people, will be needed in the future to confirm the
therapeutic advantages of MedDiet on cardiovascular health
and its involvement in CIMT reduction. As CIMT is related to
atherosclerosis, which is major health risk, trials demonstrating
the influence of MedDiet on patients with different comorbidi-
ties is also considered necessary.

This research has a number of limitations. First, since the
bulk of studies included took place in the same country, gener-
alizability may be restricted. Another drawback of this study is
that the participants' average age was 54, thus it only included
a small portion of our community. Another drawback of this
research is that it only included individuals with comorbidities
such as increased CVD risk, congenital heart defects or diabetes
and no healthy participants were involved in the analysis.

Conclusion

The findings from this analysis suggest that consumption of
MedDiet was associated with statistically significant reduction
in CIMT. The effect was seen to be significant in patients who
had incorporated MedDiet for less than a year as well as in par-
ticipants with minimum of 1 year intervention. Thus, long-term
treatment of MedDiet reduces CIMT values in individuals with
CVD comorbidities and may also delay atherosclerosis develop-
ment. Due to small number of studies available on the asso-
ciation between MedDiet and CIMT, more trials are needed to

investigate the effectiveness of this diet in reducing CIMT and
its preventative role with regards to CVDs in different patient
populations.

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

References

1. Mc Namara K, Alzubaidi H, Jackson JK. Cardiovascular disease
as a leading cause of death: how are pharmacists getting in-
volved?. Integr Pharm Res Pract. 2019; 8: 1-11.

2. Tardif JC, Heinonen T, Orloff D, Libby. Vascular Biomarkers and
Surrogates in Cardiovascular Disease, Circulation. 2006; 113:
2936-2942.

3. de Groot E, van Leuven SI, Duivenvoorden R, Meuwese MC, Ak-
dim F, et al. Measurement of carotid intima—media thickness to
assess progression and regression of atherosclerosis, Nat Clin
Pract Cardiovasc Med. 2008; 5: 280-288.

4, Stein JH, Korcarz CE, Hurst RT, Lonn E, Kendall CB, et al. Use of
Carotid Ultrasound to Identify Subclinical Vascular Disease and
Evaluate Cardiovascular Disease Risk: A Consensus Statement
from the American Society of Echocardiography Carotid Intima-
Media Thickness Task Force Endorsed by the Society for Vascular
Medicine. 2008; 21: 93-111.

5. Sharifi-Rad J, Rodrigues CF, Sharopov F, Docea AO, Can Karaca
A, et al. Lifestyle and Cardiovascular Diseases: Linking Patho-
physiology to Cardioprotective Effects of Natural Bioactive Com-
pounds, Int J Environ Res Public Health. 2020; 17: 2326.

6. Casas R, Castro-Barquero S, Estruch R, Sacanella E. Nutrition and
Cardiovascular Health, Int J Mol Sci. 2018; 19: 3988.

International Journal of Innovative Surgery



MedDocs Publishers

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

de Lorgeril M. Mediterranean Diet and Cardiovascular Disease:
Historical Perspective and Latest Evidence, Curr Atheroscler
Rep. 2013; 15: 370.

Widmer RJ, Flammer AJ, Lerman LO, Lerman A. The Mediter-
ranean Diet, its Components, and Cardiovascular Disease, Am J
Med. 2015; 128: 229-238.

Bach-Faig A, Berry EM, Lairon D, Reguant J, Trichopoulou A, et
al. Mediterranean diet pyramid today. Science and cultural up-
dates, Public Health Nutr. 2011; 14: 2274-2284.

Shannon OM, Stephan BCM, Granic A, Lentjes M, Hayat S, et al.
Mediterranean diet adherence and cognitive function in older
UK adults: the European Prospective Investigation into Cancer
and Nutrition—Norfolk (EPIC-Norfolk) Study, Am J Clin Nutr.
2019; 110: 938-948.

Primary Prevention of Cardiovascular Disease with a Mediter-
ranean Diet Supplemented with Extra-Virgin Olive Oil or Nuts.
2018; 379: 1387-1389.

de Lorgeril M, Salen P, Martin JL, Monjaud |, Delaye J, et al. Med-
iterranean Diet, Traditional Risk Factors, and the Rate of Cardio-
vascular Complications After Myocardial Infarction, Circulation.
1999; 99: 779-785.

Millen BE, Quatromoni PA, Nam BH, Pencina MJ, Polak JF, et al.
Compliance with expert population-based dietary guidelines
and lower odds of carotid atherosclerosis in women: the Fram-
ingham Nutrition Studies, Am J Clin Nutr. 2005; 82: 174-180.

Nettleton JA, Schulze MB, Jiang R, Jenny NS, Burke GL, et al. A
priori-defined dietary patterns and markers of cardiovascular
disease risk in the Multi-Ethnic Study of Atherosclerosis (MESA),
Am J Clin Nutr. 2008; 88: 185-194.

Liese AD, Nichols M, Hodo D, Mellen PB, Schulz M, et al. Food
intake patterns associated with carotid artery atherosclerosis in
the Insulin Resistance Atherosclerosis Study. 2010; 103: 1471
1479.

Arnett DK, Blumenthal RS, Albert MA, Buroker AB, Goldberger
ZD, et al. ACC/AHA Guideline on the Primary Prevention of Car-
diovascular Disease: A Report of the American College of Cardi-
ology/American Heart Association Task Force on Clinical Practice
Guidelines, Circulation2019; 140.

Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, et
al. The PRISMA 2020 statement: An updated guideline for re-
porting systematic reviews. 2021; 88: 105906.

Browse the Registry - Research Registry, (n.d.). 2023.

T.J.C.J. C. M. L. T. P. M. W. V. Higgins JPT, ed., Cochrane Hand-
book for Systematic Reviews of Interventions.

BShea BJ, Reeves BC, Wells G, Thuku M, Hamel C, et al. AMSTAR
2: A critical appraisal tool for systematic reviews that include
randomised or non-randomised studies of healthcare interven-
tions, or both. 2017; j4008.

Higgins JPT. Measuring inconsistency in meta-analyses. 2003;
327: 557-560.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

Murie-Fernandez M, Irimia P, Toledo E, Martinez-Vila E, Buil-
Cosiales P, et al. Carotid intima-media thickness changes with
Mediterranean diet: A randomized trial (PREDIMED-Navarra),
Atherosclerosis. 2011; 219: 158-162.

Sala-Vila A, Romero-Mamani ES, Gilabert R, Nufez |, de la Torre
R, et al. Changes in Ultrasound-Assessed Carotid Intima-Media
Thickness and Plaque With a Mediterranean Diet, Arterioscler
Thromb Vasc Biol. 2014; 34: 439-445.

Maiorino M, Bellastella G, Petrizzo M, Gicchino M, Caputo M, et
al. Effect of a Mediterranean diet on endothelial progenitor cells
and carotid intima-media thickness in type 2 diabetes: Follow-
up of a randomized trial, Eur J Prev Cardiol. 2017; 24: 399-408.

Jimenez-Torres J, Alcala-Diaz JF, Torres-Pefia JD, Gutierrez-Mar-
iscal FM, Leon-Acufia A. et al. Mediterranean Diet Reduces Ath-
erosclerosis Progression in Coronary Heart Disease: An Analysis
of the CORDIOPREV Randomized Controlled Trial, Stroke. 2021;
52:3440-3449.

Cobble M, Bale B. Carotid Intima-Media Thickness: Knowledge
and Application to Everyday Practice, Postgrad Med. 2010; 122:
10-18.

Lorenz MW, Markus HS, Bots ML, Rosvall M, Sitzer M. Predic-
tion of Clinical Cardiovascular Events With Carotid Intima-Media
Thickness, Circulation. 2007; 115: 459-467.

Hurst RT, Ng DWC, Kendall C, Khandheria B. Clinical Use of Ca-
rotid Intima-Media Thickness: Review of the Literature. 2007;
20:907-914.

Qu B, Qu T. Causes of changes in carotid intima-media thickness:
a literature review, Cardiovasc Ultrasound. 2015; 13: 46.

Anand SS, Hawkes C, de Souza RJ, Mente A, Dehghan M, et al.
Food Consumption and its Impact on Cardiovascular Disease:
Importance of Solutions Focused on the Globalized Food Sys-
tem, J Am Coll Cardiol. 2015; 66: 1590-1614.

Esposito K, Marfella R, Ciotola M, di Palo C, Giugliano F, et al.
Effect of a Mediterranean-Style Diet on Endothelial Dysfunction
and Markers of Vascular Inflammation in the Metabolic Syn-
drome, JAMA. 2004; 292: 1440.

Esposito K, Kastorini CM, Panagiotakos DB, Giugliano D. Medi-
terranean Diet and Weight Loss: Meta-Analysis of Randomized
Controlled Trials, Metab Syndr Relat Disord. 2011; 9: 1-12.

Llorente-Cortés V, Estruch R, Mena MP, Ros E, Gonzadlez MAM,
et al. Effect of Mediterranean diet on the expression of pro-
atherogenic genes in a population at high cardiovascular risk,
Atherosclerosis. 2010; 208: 442-450.

Trpkovic A, Resanovic |, Stanimirovic J, Radak D, Mousa SA, et al.
Oxidized low-density lipoprotein as a biomarker of cardiovascu-
lar diseases, Crit Rev Clin Lab Sci. 2015; 52: 70-85.

Yubero-Serrano EM, Fernandez-Gandara C, Garcia-Rios A, Ran-
gel-Zuiiiga OA, Gutierrez-Mariscal FM, et al. Lopez-Miranda,
Mediterranean diet and endothelial function in patients with
coronary heart disease: An analysis of the CORDIOPREV ran-
domized controlled trial, PLoS Med. 2020; 17: e1003282.

International Journal of Innovative Surgery



