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Abstract

Introduction: The benefits of Mediterranean Diet (MD) have been explored
widely in the literature in connection to health conditions and benefits. The high
intake of anti-oxidants found naturally in MD foods has been connected to
improved oxidation stress status in adults with pre-existing conditions. The effects
on healthy adults have not been fully explored to-date.

Aims: To identify, assess, and summarise the evidence of the effects of MD on
people’s health with emphasis on the association with levels of oxidative stress on
healthy adults.

Methodology: A literature review explored the current evidence connecting MD
and oxidation stress. This was followed by a systematic review using Cochrane’s
methodology. Two databases (Embase, Medline) and one Register (CENTRAL)
were comprehensively searched (from conception to 25/4/2024). Randomised
controlled trials in healthy populations, comparing MD to other diets were
included and assessed for risk of bias in six domains.

Results: There were four studies identified (in 12 publications), relating to 218
participants. Due to heterogeneity of methods, populations, and outcome
reporting, it was not possible to carry out meta-analysis. Results are reported as a
narrative.

Three trials reported on the main outcome of oxidative stress and found that MD
overall has a beneficial effect.

Two trials explored the effects of MD on cardiovascular markers, with conflicting
evidence.

Two trials explored inflammation and found no significant effects of MD.

One trial explored cognitive outcomes and found no significant effects.

One trial explored other anthropogenic outcomes and found no significant effects.

Discussion: There is insufficient evidence to determine robustly the relationship
between MD and oxidative stress. Despite the large heterogeneity the results are
consistent pointing to a beneficial effect of MD on oxidative stress. However, the
evidence is not generalisable to the wider healthy population, and more research
and consistency of reporting is needed before results from this review can be
confirmed.

[300 words]

Keywords: Mediterranean Diet, oxidative stress, healthy population, randomised

controlled trials
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Hepiinyn

Ewayoyn: Ta opéin g Mecoyelakng Awtpoeng (MA) €xovv diepeuvn et
evpémg ot PpMoypagia oe oxéon pe v vyeia. H vymin mtpocinun
avTOEEWOTIKOV TV Bpiokovial ota TpOPLUL TG dtoTpoPng MA éxet cuvdebet e
BeAtiopévn kaTAoTooN 0EEWOMTIKOD GTPEG G€ EVIIAIKEG LLE TPOVTAPYOVCES
nanoelg. Ot eMRTOCELS GE VYLElC EVAMKES OeV £xovVv dlepeuvnBel TANp®G Péypt
oNuepa.

X16y01: Na gvtomiotolv, va a&loAoynfovv Kot vo GUVOYIGTOVV To, GTOLXEID TV
eMmTOGE®V TG MA oty vyeia TV avOpOTOV pe ELPOCT) TN GLGYETION LE TO
emineda 0Ee10MTIKOD 0TPEG G VY1ElG EVIAIKEG,.

Me0Bodoroyia: Mo BiAoypa@ikn avackOTNoT dlepelvGE To TPEYOVTO CTOLXELN
7oV GLVOEOLVV TNV MA K0l TO 0EEOMTIKO GTPES. AKOAOVONGE L0l GLGTNUATIKY|
AVOGKOTN oM XpNoomoldvTag T pnebodoroyia tov Cochrane. ‘Eywve d1e£odwn
avalnon oe 6v0 Paoeig doedopévav (Embase, Medline) kot éva Register
(CENTRAL) (amd ™ cOAM YN €g Tic 25/4/2024). ZoumeptAn@dnkoy
TUYOLOTOMUEVEG EAEYYOUEVES OOKLUES GE VY1EiC TANBVOHOVE, CLYKpPiIvOvTag TV
MA pe dhAeg dlanteg kKot a&toAoynnkay yio Tov Kivouvo pepoAnyiog o €&
TOUELG.

Amnoteréopata: Evioniomkav téooepig peréteg (oe 12 dnUOGIELGELS), TTOL
apopovoav 218 cvupetéyovies. Adym TG eTepoyévelag Twv HeBOSwV, TV
TANBLCUDV, KOl TNG OTEKOVNONG OMOTEAEGLATAOV, OV NTav dvvatn 1 deaywyn
peta-ovoivong. Ta amotehéspoTo OVAPEPOVTOL TEPIPPACTIKA.

Tpeig peréteg avérlvoav 0&edmTikd 6Tpeg Kot dtamictmaay 0Tt 1 MA cuvoAikd
EXEL EVEPYETIKT EMIOPOON.

Avo peréteg avélvcav Tig emdpdoelg Tng MA 6tovg Kapdioyyelakovs OEIKTES, e
OVTIKPOLOLEVO OTOTEAEGLOTAL.

AVO peréteg avéEALGOV TN PAEYLLOV KOl OEV BPNKOV OTLLOVTIKES ETOPAGELS TNG
MA.

Mia pehétn dtepedvnoe YvmoTiKA Tedia Kot Ogv PpNKe ONUAVTIKGE OTOTEAEGLOTOL.
Mo pehétn diepedvnoe GAla avBpwmoyevn medio Kot dgv PpIKe ONUOVTIKES
EMOPACELS.

Xvlnton: Asv vdpyovV ETOPKN GTOLYELD Y10 VAL TPOGIIOPIOTEL [IE CAPNVELX 1)
oyxéon peta&L MA kot o&edmtikov otpeg. [Tapd tn peyddn etepoyéveta, ta
ATOTEAEGUOTO EIVOL OLOLOLOPPO. OTIS GCUUTEPIAAUPOVOLEVES LEAETES
VIOOEIKVOOVTOG TNV ELEPYETIKY eMidpacn TG MA 6to 0&edmTikd 6Tpeg. 261660,
TOL OMOTEAEGLLOTOL OEV UTOPOVV VOl YEVIKELTOVV GTOV EVPVTEPO LY TANOLGUO Ko
amorteiton TEPIGGOTEPT EPELVA KOl OLLOHOPPIO OVOADCEMY OEEIOMTIKOV GTPEG
poToV emPePatmBovV To ATOTEAECUATO OO VTNV TNV AVAGKOTNOT).

Vi
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1 Introduction

1.1 Mediterranean diet

The Mediterranean diet (MD) is a way of life for the populations around the
Mediterranean sea (Southern Europe) and the Levant. At its core it has the high
consumption of fruit and vegetables, moderate consumption of fish and poultry,
low consumption of red meat and wine, and has olive oil as the main source of fat

intake.

The many benefits have become increasingly evident through extensive research
connecting the diet to a number of health conditions. MD’s importance and
popularity took off after results from the ‘Seven Country Study (SCS)’!-? started
to emerge. The study’s (SCS) first measurements in 1958 linked diet with
cardiovascular disease through a long follow-up of originally healthy populations
with contrasting diets and lifestyles. Since that time numerous publications
followed with more detailed analysis of the dietary ingredients of MD and their

effect on a number of health areas and conditions.

1.2 Oxidative stress

Evolution of the research on the DM properties that help improve health outcomes

has led to the exploration of oxidative stress as an important factor.

Oxidation is a normal process in the human body and involves the release of free
radicals as metabolic process by-products®. Low or moderate levels of free
radicals are essential for human health. Oxidative stress, however, occurs when
there is an imbalance in the formation of excess free radicals and the body’s
capability of clearing them?, partially due to lack of endogenous anti-oxidants.
Exogenous anti-oxidants found in nutrition can help the body to restore the

balance, and hence have a protective effect.
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There 1s extensive evidence in the scientific literature on the harmful effects of
oxidative stress in the body in relation to several conditions, such as

cardiovascular disease®, cancer’, and neurological diseases® among others.

1.3 Thesis outline

By nature, the choice of foods in MD contains known anti-oxidants; the beneficial
effects of MD in relation to oxidative stress, is the working hypothesis of this

work.

A literature review sets the scene by bringing together evidence of the effects of:
a) MD on health outcomes, and b) oxidative stress in relation to a number of

health conditions.

A systematic review, following the Cochrane methodology, will then investigate

the impact of MD on oxidative stress in healthy adults only.
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2 Aims and Objectives

To identify, assess, and summarise the evidence of the effects of Mediterranean diet
on people’s health and consequently on their lives with emphasis on the association

with levels of oxidative stress.

More specifically, the relationship between MD and oxidative stress is explored on

healthy populations.

2.1 Types of outcome measures

The systematic review will investigate oxidative stress outcomes in populations free
of comorbidities, especially those with a known clinical association to oxidative

stress (for example, cardiovascular and neurological co-morbidities, among others).

The caveat of ‘healthy population’ narrows the available published literature, and

hence a broader range of outcomes and measurements is considered here.

2.1.1 Primary outcomes

The primary outcome of this review is the effect of MD in the levels of oxidative

stress.

However, there is no known agreed way in the scientific community for the way
oxidative stress should be measured and reported. Instead, there is a host of known
biological markers connected to oxidative stress and anti-oxidant activities that can

be used either alone or in combination to report on the oxidative status in the body.
Consequently, a variety of reporting ways is expected for this outcome.

All assessment methods and time points as they are reported in the included studies
will be considered but reported separately in this review. If there are more than one
study reporting the same oxidative stress marker, then pooling of results will be

attempted.
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2.1.2 Secondary outcomes

A number of secondary outcomes will also be explored:

Inflammation measurements as expressed in the included studies, at any
follow-up point are considered. It is expected that a variety of inflammation
markers may be reported; they will be considered separately, combining data

only from similar markers and time points.

Cardiovascular markers, such as cholesterol and triglycerides and including
glucose and insulin levels are considered. All measurements as expressed in the
included studies and at any time point are considered, but only similar data are

analysed together.

Other antropometric outcomes as reported in the included studies aree
considered. These include (but not exclusively) cognitive and psychological

outcomes, as well as outcomes related to body image, and eating attitudes.
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3 Literature Review

This literature review describes oxidative stress and the related mechanisms of
action in the body, reports on evidence of health benefits of Mediterranean diet

(MD), and explores the possible pathways of linking MD with oxidative stress.

3.1 Description of oxidative stress status

Oxidation is a biological process naturally occurring in the body, involving the
production of reactive oxygen species (ROS) through metabolic processes®. ROS
can act as free radicals or may eventually produce free radicals’. ROS are involved
in normal cell functions and the production and presence inside cells (particularly
the mitochondria) should ideally be kept at low levels. At that (low) level
concentrations they have a vital role in the defence against pathogens®. In contrast,

excessive amounts of ROS are detrimental to the body.

Under normal circumstances the body can regulate ROS production and
neutralisation, through the use of endogenous antioxidants naturally produced in
the body, such as superoxide dismutase (SOD), catalase (CAT), and glutathione

peroxidase’.

Sustained over-production of ROS results in oxidative stress, a state that can lead
to harmful effects. At a physiological level oxidative stress can affect all cellular

components!?, thereby linking it to corresponding health conditions!!;

- DNA damage'> 3 - Chronic oxidative stress activates inflammatory
pathways that can lead to DNA mutations and transformation of a normal

cell to tumor cell

- Lipid (related to triglycerides and cholesterol) peroxidation'* — ROS/free
radicals can affect lipids, especially polyunsaturated fatty acids (PUFAs)
resulting in the formation of malondialdehyde (MDA) and 4-
hydroxynonenal (4-HNE)
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- Protein Oxidation’> - ROS can modify proteins leading to loss of
function and degradation, hence disrupting cellular functions (this can

be related to aging).

Some pathological conditions — such as inflammation and infection - may
(temporarily) affect the ROS balance and lead to oxidation stress'® !7. External
factors also contribute to dysregulation of ROS in the body. These include

environmental influences (including aging'®), smoking'®, and poor diet!.

3.1.1 Measuring oxidative stress

Oxidative stress is a concept®® and a state of many facets, and hence measuring

oxidative stress is pausing a challenge to the scientific community.

As Sies® mentions in his editorial “the field of oxidative stress research embraces
chemistry, biochemistry, cell biology, physiology and pathophysiology, all the
way to medicine and health and disease research”, hence the very term ‘oxidative
stress’ has gone through an evolution of definitions since it was first

used/introduced.

There is no single agreed way of measuring oxidative stress. Instead, a host of
biomarkers are used to express the excess ROS?!> 22 that may well be different

depending on which health condition are related to?.

3.1.2 Dealing with oxidative stress

Clearly dysregulation of oxidation stress levels is linked to a multitude of health
problems!!. An obvious way to deal with oxidation stress is to attempt to regulate
it with increased exogenous antioxidant intake in order to promote well-being. This
can be in the form of lifestyle changes?** (eg. avoiding smoking, taking regular
exercise, etc.), pharmacological interventions®, or diet modification®® ?’ (and

possibly including antioxidant supplements®®2%).

A better understanding of the oxidative stress mechanisms has also led to research

for developing therapeutic strategies® such as genotoxic therapy for cancer®!> 32,
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3.2 Description of the Mediterranean Diet

The Mediterranean diet (MD) since becoming a popular nutritional choice and
scientific research area in the 60’s through the seven countries study! ? has
remained largely unaltered. It emphasises the consumption of nutrient-dense foods,
and is characterized by high intake of fruits, vegetables, whole grains, legumes,
nuts, and olive oil, along with low to moderate intake of fish, poultry, and red

wine33.

Over the years researchers have used the core definition of MD with occasionally
minor alternations to either allow for geographical individualities and/or offer
advice on the ‘right’ quantity to consume. A review of MD variations used found
that although there may be differences of quantities of foods the nutrient profile

remains the same>*.

The body of evidence exalting MD continues to accumulate rapidly and expands to
a variety of clinical specialties. Systematic reviews summarising this evidence

suggest adherence to MD for (indicative list) prevention and/or improvement of

35, 36

cardiovascular disease®> 3¢, reduction of cancer risk’”> 3%, control of levels and/or

39-41

prevalence of type-2 diabetes or other metabolic risk factors*****, control of

body weight*>: 46

, improvement and/or prevention of cognitive function issues
(including dementia)*’*, inflammation®, all-cause mortality and chronic

diseases®!, psychiatric conditions>?, and quality of life>3.

3.3 How could the Mediterranean diet affect oxidation stress

Nutritionally, MD is low in saturated fats and animal protein. At the same time it is
rich in bioactive compounds and high in antioxidants, fiber and monounsaturated
fats (including, polyphenols, and omega-3 fatty acids, which are known for their

anti-inflammatory and neuroprotective properties)>*.

It is potentially the micronutrients and antioxidants provided by MD that offer the

protective effect, as numerous epidemiological studies have concluded®: 6.

Incorporating the key components of MD with its antioxidant-rich foods®”->® and

56, 59

anti-inflammatory properties®® >°, would bring a protective effect against various

oxidative stress-related diseases®*-%2, by improving lipid profiles®® and reducing

levels of oxidative stress®* .
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3.4 Why itis important to do a systematic review

The is an abundance of evidence relating MD adherence with improvement of
oxidative stress in populations with specific pre-existing health conditions, both at

primary study level and systematic reviews.3% 40: 66-70,

For healthy populations there is evidence at primary study level, for observational
studies (cohorts, case-controls) and randomised trials but has not yet been

summarised into a systematic review.

By synthesizing existing evidence through a systematic review, this work will aim
to fill this current research gap, investigating the effects of MD oxidative stress

levels in healthy adults.
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4 Methodology

The systematic review was conducted using Cochrane methodology’! and elements
and flow chart from the Preferred Reporting Items for Systematic reviews and

Meta-Analyses (PRISMA) checklist’> 73

4.1 Criteria for considering studies — inclusion and exclusion criteria

The inclusion and exclusion criteria have been drawn up using the PICOS principle;
P = population criteria,
I/C = criteria for the intervention and comparison interventions,
O=list of outcomes explored (in section 2.1 — page 3), and

S=types of study design considered.

4.1.1 Types of studies

Randomised controlled trials (RCTs) investigating the effect of Mediterranean diet
and oxidative stress were considered. All types of RCT design, such as cross-over
and cluster trials, are included. Case series, case reports, and any other type of
observational investigation, as well as conference abstracts, and study protocols
were excluded. Intervention studies, animal studies, as well as studies of children

and those dealing with pregnancy and maternal health were also excluded.

4.1.2 Types of participants

We include studies of human adults of all ages (18 years and above) who are
generally healthy. Studies dealing with specific sub-populations based on any type
of morbidity (including overweight populations) were excluded. For example
participants with depression or anxiety disorder were not considered as anxiety
disorder is linked to oxidative stress levels. Similarly for other conditions, such as

(list is not exhaustive) diabetes, rheumatoid arthritis, cancer, and fatty liver disease.

Additionally, studies of children and babies, pregnant women, and any peri-or

neonatal conditions were also excluded.
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4.1.3 Types of interventions

Studies comparing Mediterranean diet (MD) as intervention compared with non-

specific diets and/or any other recognised diet scheme intervention were included.

4.2 Materials and Search methods

Comprehensive searches were conducted with input from a librarian. Searches were

limited to humans but were not restricted by date, language, or publication status.

4.2.1 Electronic searches

The databases, Embase, Medline, and the Cochrane Central Register of
Randomised Trials (CENTRAL). In the first instance conference abstracts and trial
registrations were included, with the view to possibly identify manually further

publications.

The following search terms “Mediterranean diet,” “MedDiet” “MediDiet,” “Cretan
diet” were included. The results from this initial search were then combined with a
separate search using the terms “cortisol”, “cortisol levels”, “stress marker”,
“corticosteroid” or “hydrocortisone” to retrieve relevant studies for screening.
Medical subject headings (MeSH) or equivalent and text word terms were also used

to capture studies evaluating the effects of MedDiet adherence on cortisol levels.

4.2.2 Searching other resources

Reference lists of identified trials and systematic reviews were also searched to

identify any further literature.

4.3 Data collection and analysis methods

The data collection and analysis methods follow the broad Cochrane Methodology

of Systematic Reviews’!.
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4.3.1 Selection of studies

The search results were exported into EndNote software (version X20, Thomson
Reuters, Philadelphia, PA, USA) and duplicates were removed. Titles and abstracts
were screened using the online free software service of Rayyan’, and the full-text
of those eligible at this stage were screened, based on the a priori selection criteria

for the review.

4.3.2 Data extraction and management

Data extraction was performed by the lead reviewer under supervision, and was
based on a electronic data collection form. Information on the following fields was
extracted: author, study design and methods, participant characteristics (number of
subjects randomised, age, gender, criteria for cortisol levels), intervention and
control group characteristics, main findings, study quality and bias assessment, and

any additional notes.

4.3.3 Assessment of risk of bias in included studies

The risk of bias in the included studies was assessed using the Cochrane’s risk of
bias tool (version 1) for randomised trials’>, which was accessed and used within

RevMan v5.4, the free Cochrane software for systematic reviews and meta-analysis.

The tool assesses studies for possible risk of bias using information from the study’s
text on the design, conduct, analysis, and reporting. The evaluation, devised by
Cochrane methodology”, uses a 3-point scale (low, high, unclear bias) for the

following domains:

- Selection bias (random sequence generation and allocation concealment)
- Performance bias (blinding of participants and personnel)

- Detection bias (blinding of outcome assessment)

- Attrition bias (incomplete outcome data)

- Reporting bias (selective reporting)

- Other bias

A risk of bias table for each study was created alongside summary bias graphs.

11
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4.3.4 Measures of treatment effect

For dichotomous outcomes, the odds ratios (ORs) or risk ratios (RR) alongside the
corresponding 95% confidence interval (CI) would be used if a meta-analysis was
possible. For cross-over trials, the results from paired analysis are considered when
available. For continuous outcome measures, the mean difference and
corresponding standard deviation are considered, if measurements used the same
scales. If different scales are used then the standardised mean differences (SMDs)
would be used if meta-analysis was possible, and where feasible the resulting SMDs

would be re-expressed as units of a familiar scale.

While a pooled analysis was not possible, the numerical results from individual

studies were considered and summarised in a table and as a narrative.

4.3.5 Unit of analysis issues

For the parallel trials the unit of randomisation was the patient. For cross-over trials,
however, each patient received more than one treatment. Where data from both
periods were available, the risk of carry-over effect was considered, and where

adequate, both periods of the trials were included as a matched pair analysis’®.

For studies with more than 2 comparison groups, either the merging of the non-MD
groups was planned, where feasible, or instead the method of splitting the control

group participants was considered.

As meta-analysis was not possible in this review, all data are presented as a

narrative.

4.3.6 Dealing with missing data

All analyses were performed on an intention-to-treat basis. There was no need for
imputations for missing data to be undertaken, as missing data in all included trials

was not observed.
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4.3.7 Assessment of heterogeneity

We intended to use the I? statistic to estimate statistical heterogeneity between
studies. However, a meta-analysis was not possible mainly due to varied reporting,
but also due to the small number of included studies. Any synthesis of the evidence
was hence reported as a narrative, and clinical diversity as a source of heterogeneity

was particularly considered.

4.3.8 Assessment of reporting biases

There were under 10 studies included in this review. Had there been at least 10
studies we would have explored the risk of publication bias through a funnel plot.

Such exploration may be carried out in a future update of this review.

4.3.9 Data synthesis and subgroup analysis

Aggregate data as available in the included studies are used for all analyses. If
sufficient studies were to be included meta-analysis was planned; for continuous
outcomes the inverse variance method would have been used to allow for the paired
analysis of cross-over trials and/or the multiple comparison groups and for
dichotomous outcomes, where feasible, the Mantel-Haenszel method or Peto
method as necessary (ie. for small sample sizes fulfilling additionally the Peto

method criteria.

As heterogeneity of methods was expected all analyses were planned using the
random-effects model. However, since only a small number of studies are included
it was not possible to carry out any meta-analysis and all data are presented as a

narrative.

4.3.10 Subgroup analysis and sensitivity analysis

As part of the investigation for heterogeneity relevant sub-group analyses were also
planned, to allow for different age groups, and different comparison groups of

interventions.
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Similarly sensitivity analysis was planned, in the form of considering temporarily

only the low risk of bias trials as assessed using ROBI.

However, as meta-analysis was not possible in this review, all data were presented

as a narrative.

4.3.11 Assessing the quality of the evidence

The quality of the evidence was going to be explored using the GRADE approach’’,
and rating the evidence from numerical results as "high’, 'moderate’, ’low’, or ’very
low’ using the five GRADE considerations for: Risk of Bias, Inconsistency,

Indirectness, Imprecision, and Publication bias.

As meta-analysis was not possible in this review, any assessment of the quality of

the evidence was attempted as a narrative.
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5 Results

5.1 Results of the search

The databases, Embase, Medline, and CENTRAL were comprehensively searched
from inception to 25" April 2024, yielding 857 records of which 505 were

duplicates and were removed.

All search strategies used for the different databases can be found in Appendix Al,
while the number of records involved at each stage is shown in the PRISMA flow

diagram as per the PRISMA 2020 statement’ 73 (Figure 1).

Figure 1: PRISMA flow diagram

[ Identification of studies via databases and registers ]
)
- Records identified from*:
2 Emb?‘se (n =330) Duplicate records removed
§ Medline (n=250) before screenin
& Cochrane Register of ——» (n = 505) 9
= Controlled Trials (n = 277)
3 [Total — n= 857]
s N A
Records screened Records excluded
—»
(n=352) (n=305)
\ 4
Reports sought for retrieval Reports not retrieved
—
= (n=47) (n = 1) [pdf not available in time]
o
g
b \4
o Reports excluded (Total n=35)
Reports assessed for eligibility of which:
(n=46) Not RCT (n = 19)
Wrong intervention (n = 3)
Wrong population (n = 13)
N’
v
S Full-text reports of included studies (n = 11)
= Studies included in review (n=4)
% (as 8 reports refer to the same study, and another
£ 2 reports to one other study)
[plus n=1 the study without pdf]
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The 352 unique records were screened at the title and abstract level, of which 305
were irrelevant, and for the remaining 47 records the full text publication was

sought for further screening.

Of those, one study’s full text was not available in time for this work”® and was not
assessed at full text, but any information available from the abstract was considered.

All remaining 46 records were assessed at full text.

5.2 Description of studies

Tables with characteristics of individuals included and excluded studies can be

found in Tables 2 and 3 in Appendix A2.

5.2.1 Excluded studies

There were 13 records??: 23,39, 60, 65,79-86

which although were RCTs, the population
baseline had a pre-existing condition, hence were excluded as they considered the

wrong population.

Other exclusions were due to wrong study design (ie. not RCTs — 19 records)?’-193,

or wrong intervention (3 records)!%6-108,

A table of the excluded studies with brief information on the reason for exclusion

can be found in Appendix A2 — Table 3.

5.2.2 Included studies

There were 11 reports fulfilling the eligibility criteria and they are included in the
review. One study’® for which the full text was not available is not included in the
count of these 11 reports assessed at full text, but as it fulfils the criteria it is

considered as an included study.

109-116 and were

Of these 11 reports, eight refer to the same study population
considered together as one study, so that inclusion of duplicate data is avoided. The
record published earlier than the others is considered as the primary study of this
group of eight, and will be referred to as Yubero-Serrano 2011!!! but in terms of
information extracted, all other records were considered as needed.
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Similarly, another two of the nine reports refer to the same study, one report being
the protocol with information on the trial procedures!!” and the other containing
data from part of the study'!8. The report containing data was considered as the
primary publication, and will be referred to as Davis 2017!!8, albeit any information
on procedures may also be obtained from the (merged) publication of the protocol

(Knight 2015)!"7.

The remaining 1 report referred to a unique study'!’.

Along with the record available only in abstract format, there are four included
studies in this review (details of the studies and the merging of reports can be found

in Appendix A2 — Table 2):

- Tuccar 202378 (abstract only),

- Davis 2017"''® (which includes Knight 2015'!7),

- Miralles-Amoros 2023'!°, and

- Yubero-Serrano 2011''" (which includes the records of Yubero-Serrano
20132, Lopez-Moreno 2016''? and 2018!%, Goutierrez-Mariscal 2012!'5 and
201416, Meza-Miranda 2014!'4, and Marin 2012!13).

118, 119

Trial Design and follow-up time: There were two parallel trials and two

11" The follow-up duration ranged from immediate

cross-over designs’®
(postprandrial) measurement to a max of 6 months (see table of characteristics of
included studies Table 2 - Appendix A2). No two of the four trials had the same
duration, which was one of several reasons why a pooled numerical analysis was

not possible in this review.

Trial size and participants: The four trials referred to a total of 218 participants.

118

The largest study has 166 participants''®, and the other 3 had only small samples

ranging from 11 to 21 in total of all comparisons groups within the trials.

All participants were considered ‘healthy’ as per the inclusion criteria, albeit the
age ranges were from healthy, younger, handball players'! to elderly populations
over 65 years of age but free of any chronic diseases''®, with their health status

being confirmed through tests before entering the trial.
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78, 119

Two of the trials only included female participants , and the remaining two

trials included mixed-gender populations.

Settings: One trial was conducted at a hospital setting'!!, and two had a

University/academic base''® !

, with the participants of all three trials presumably
visiting for assessments. It has not been possible to establish the setting for the trial
by Tuccar et al’® as only the abstract was available but didn’t mention information

on the setting.

Interventions and Outcomes: All trials included Mediterranean diet (MD) as one
of their comparison groups as per the review’s inclusion criteria. There was
variation in the comparison groups though, which was one of several reasons why
a numerical pooled analysis was not possible in this review (see Table of

Characteristics of included studies, Appendices A2 - Table 2).

- Tuccar et al’® (only abstract available) randomised participants (a cross-over
design) to either a MD or Western diet (WD) meal, both isocaloric, with any
outcome blood sample measurements taking place at 2, 3, and 4 hrs after the meal,
and compared with the base line measurements. Outcome measurements included
factors for oxidative stress [total antioxidant status (TAS), total oxidant status
(TOS), total thiol, native thiol, malondialdehyde (MDA)] and inflammation [high
sensitivity C-reactive protein (hs-CRP), interleukin (IL)-6, IL-17, IL-23, tumor

necrosis factor alpha (TNF-alpha) and nuclear factor kappa B (NF-kappaB)].

- Davis et al''8

was the longest (6 months follow-up time) and largest of the
included studies with 166 participants, all free of chronic disease and at least 65yrs
of age. The two groups were assigned to either MD or habitual diet (HabDiet). The
study took place in Australia and hence the MD version included some
modifications to allow for the locally available foods (eg. tropical fruit, canned fish,
etc). The study was part of the MedLey trial (The MedDiet for cardiovascular and
cognitive health in the elderly)!!” and the primary outcome explored cognitive

function. The secondary outcomes explored inflammation and oxidative stress,

through biochemistry measurements of high-sensitivity C-reactive protein (hs-
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CRP), and F2-Isoprostanes (F2-IsoPs). The following cardiovascular risk
biomarkers were also measured; total plasma lipids, LDL, and HDL cholesterol,

triglycerides (TGs), and total-to-HDL-cholesterol ratio.

- Miralles-Amoros et al''® explores primarily psychosomatic effects of either MD
or free diet or high antioxidant diet (HAD), in young female handball players, and
links these with papers supporting the arguments of oxidative stress and psychiatric

disorders>> 120

. The participants were given personalised dietary plans and
nutritional advice and were contacted each week (of the 12 week duration) to
improve compliance. The method of measurement is a questionnaire where
participants indicate their attitudes towards eating, hence the link of oxidative stress
is by proxy as no biochemical results are available. Only the secondary outcomes

of anthropogenic measurements were available from this study.

- Yubero-Serrano et al''! along with the other 7 reports referring to the same
population compare three groups (using cross-over design) of either MD or MD
supplemented with Q10 enzyme (MD+Q10) or saturated fatty acid-rich diet
(western diet — WD), over a 4-week period for each intervention. After the
intervention period (of 4 weeks) a test meal was given to all participants and
measurements were taken at baseline, 2hrs, and 4hrs. The postpandrial outcomes,
measured biochemically, included metabolic and cardiovascular parameter levels,

antioxidant enzyme activities, and biomarkers of oxidative stress.

5.3 Risk of bias in included studies

Cochrane’s risk of bias tool (ROB1)7> was used to assess all studies for risks of
bias. Judgements and supporting information (extracted for study’s text) for each
study is available in Appendices A3. Figures 2 and 3 offer visual representation of

the risk of bias judgements for each trial/domain and as a summary.

None of the four trials was assessed as high risk of bias in any of the domains of
selection bias, performance bias, detection bias, and attrition bias. For the selective

reporting bias domain one trial (Tuccar 2023 - only available in abstract) was
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judged as high risk because only statistically significant results were reported; all

other three trials were free of bias in that domain.

All trials were assessed as low risk of bias for the randomisation’s sequence
generation (selection bias). However, two trials’ ! were assessed to be of unclear
risk of bias for the allocation concealment, and the blinding of participants and
outcomes, as there was no adequate reporting provided in the text. One trial’® (only
available as an abstract) did not provide information on whether there was any loss

of participants at follow-up and was judged as unclear risk of attrition bias.

Figure 2: Risk of bias judgements about each domain for included studies
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Figure 3: Summary judgements about each risk of bias domain
(as % across all studies)
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5.4 Effects of interventions

All 4 included studies had varied follow-up durations, comparison groups, and
outcomes expressing the primary and secondary outcomes oxidative stress, hence

it was not possible to carry out a numerical pooled analysis.

Instead, results are reported as a narrative and results from each trial are presented

in Table 1 (statistically significant results highlighted in bold blue colour).

5.4.1 Primary outcomes — Oxidative stress and anti-oxidant activities

Three of the four studies (Tuccar 202378, Davis 2017''¥, and Yubero-Serrano
2011'"") reported results on oxidative stress, referring to a total of 197 participants.
As expected, there is a variety in the way oxidative stress is expressed and measured

within the included studies.

Tuccar et al.”® (11 female participants) reported on five markers of oxidative stress
(Table 1), all of which showed statistically significant differences at 2hrs after the
intervention meal was taken. The abstract mentions measurements taken at other

times (3hrs and 4hrs postprandial) but these results are not reported.
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Davis et al.!'® (166 elderly participants) explored one marker of oxidative stress and

found significantly lower levels of F2-IsoPs for the MD groups at 3 and 6 months.

Yubero-Serrano et al.''! (20 participants) measured oxidative stress parameters
and anti-oxidant activities at the end of the 4 week intervention. After this time a
test meal was given to all participants and measurements were taken again at 2hrs
(results not reported here) and 4hrs post-prandial. They found that overall for the
majority of the parameters measured, MD+Q10 shows the most improvement in
oxidative stress and anti-oxidant activities both at the end of the 4-week

intervention and at 4hrs after the meal, while WD showed the least benefit.

5.4.2 Secondary outcomes

Inflammation

Two of the four studies (Tuccar 202378, Davis 2017!!®) explored inflammatory

markers.

Tuccar et al’® (11 female participants) explored 6 markers of inflammation in
relation to diet, and found that there were significant differences in the IL
postpandrial levels, while for the other markers there were no differences between

MD and WD.

Davis et al.!'® (166 elderly participants) found no significant differences between

the two intervention groups for the hs-CRP marker at the 6 month follow-up.

Cardiovascular markers

Two studies (Davis 2017!'® and Yubero-Serrano 2011'")

Davis et al.!'® (166 elderly participants) found that the MD-group participants had
significantly better TG levels at the 6 month follow-up, but there were no
significant differences in all other cardiovascular markers explored (including

insulin and glucose levels).

Yubero-Serrano et al.!!! (20 participants) measured a host of cardiovascular
parameters (including glucose and insulin) at the end of the 4-week intervention,

and found that MD (or MD+Q10) showed the most benefit for total cholesterol,
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LDL-C, ApoA-I, and ApoB, while there was no difference between the diets for
the other parameters (HDL-C, TGs, glucose and insulin).

Cognitive function

One study only (Davis 2017''8) explored cognitive function in association with
the choice of diet. The results for this outcome were published in a different report
to the one included in this review!2!. This report was not in the included studies as
it only concentrates on cognitive function and doesn’t mention oxidative stress,
hence doesn’t fulfil the inclusion criteria of this review. However, reporting of the
cognitive function as a secondary outcome of the same population is of interest.
The results from 137 participants found no significant differences in the cognitive

function between the two intervention groups.

Other anthropometric measurements

Only one study (Miralles-Amoros 2023 ' — 21 young female participants)
explored outcomes related to eating attitudes, body image, mood, anger, and
depression. They used specific scales and questionnaires for the measurements
and found that for the MD group the body image scores were significantly
decreased compared to the other two group interventions. No other differences

were observed for the other parameters explored.
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Table 1: Results and outcomes (primary and secondary)

Institutional Repository - Library & Information Centre - University of Thessaly

06/09/2026 18:39:41 EEST - 216.73.216.250

Study and summary characteristics ziret;cvlg;tl;(t)sns Outcomes Results Sl/il:i;ﬁ::e
Primary (oxidative stress) (at 2 hrs)
total antioxidant status (TAS) 0.05+/-0.02 mmol/L p=0.017
total thiol 23.00+/-7.69 mumol/L p=0.013
native thiol 12.82+/-4.94 mumol/L p=0.027
Tuccar 2023 7 [Abstract only] 11 women malondialdehyde (MDA) -0.17+/-0.06 nmol/L p=0.022
Cross-over trial MD meal - 11 Secondary (inflammatory factors) at 4 hrs
WD meal - 11 high sensitivity C-reactive protein (hs-CRP) | No differences p=0.05
Duration: immediate (postprandial, - -
measured at 2, 3, and 4 hrs after meal) interleukin (IL)-6 1.39+/-0.49 pg/mL p=0.017
1L-17 4.30+/-1.50 pg/mL p=0.017
1L-23 8.38+/-3.51 pg/mL p=0.038
tumor necrosis factor alpha (TNF-alpha) No differences p=0.05
nuclear factor kappa B (NF-kappaB) No differences p=0.05
Davis 2017 ''® . Primary (oxidative stress)
. . 17 166 participants
[includes Knight 2015 "] F2-IsoPs (3 months and 6 months) Significantly lower for MD p<0.05
Parallel trial XI])D]; ¢ Secondary (inflammation, cognitive, and cardiovascular markers - at 3, 6 months)
abDiet -
Total plasma lipids ‘ No differences ‘ p=0.05
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Study and summary characteristics ziret;cvlg;tl;(t)sns Outcomes Results Sl/il:i;ﬁ::e
Duration: 6 months LDL cholesterol No differences p>0.05
HDL cholesterol No differences p=0.05
Triglycerides (TGs) Significantly lower for MD p<0.05
Total-to-HDL-cholesterol ratio No differences p=0.05
Glucose No differences p=0.05
Insulin No differences p=0.05
hs-CRP No differences p=0.05
Cognitive function (reported elsewhere'*') | No differences p>0.05
Primary (oxidative stress) - Not available in this study
I
Secondary (anthropometric measurements)
Eating attitude (EAT-26 questionnaire) No differences between the 3 groups p=0.05
Miralles-Amoros 2023 '"° T"t“?l .21 S d d for the MD
participants Body image (BSQ questionnaire) core decreased for the group p=0.049
for pre and post measurements
Parallel trial MD — 7 women |Tension (POMS scale) No differences between the 3 groups p=0.05
FD — 7 women i i >
Duration: 12 weeks HAD Vigour (POMS) No differences between the 3 groups p=>0.05
— FWOmeN Apger (POMS) No differences between the 3 groups p=0.05
. Differences over time in each group S
Depression (POMS) but no differences between groups p=0.05
Fatigue (POMS) No differences between the 3 groups p=0.05
Yubero-Serrano 2011'"" (original) ‘ ‘ Primary (oxidative stress biomarkers)
25

Institutional Repository - Library & Information Centre - University of Thessaly
06/09/2026 18:39:41 EEST - 216.73.216.250



Study and summary characteristics l?art1c1pa13ts Outcomes Results e
/interventions /p-values
[Other records referring to the same At end of intervention - MD+Q10 most benefit p<0.001
population and considered as the same LDL oxidized (oxLDL) (U/L)
study: 4hrs postprandial — No difference in groups p=0.05
Lopez-Moreno 2016'°, 2018!%, . . _
Gutierrez-Mariscal 201215, 2014116 Protein carbonyl levels At end of intervention - MD+Q10 most benefit p=0.022
Marin 2012'"*, Meza-Miranda 2014 '*4 (PC) 4hrs postprandial - MD+Q10 most benefit p=0.013
112
Yubero-Serrano 2013 Lipid peroxidation At end of intervention — MD(+Q10) most benefit p<0.05
Cross-over trial products (LPO) 4hrs postprandial - MD+Q10 most benefit p=0.003
20 men and At end of intervention - MD+Q10 most benefit p<0.05
Duration: 4 weeks interventions, after | women Nitrotyrosine (nmol/L)
which, measurements were taken and 4hrs postprandial - MD+Q10 most benefit p=0.041
then a test meal was given and MD - — —
measurements were taken again at 2 and MD+Q10 1 Primary (anti-oxidant enzyme activities)
supp . .
4hrs WD Superoxide dismutase At end of intervention - MD+Q10 most benefit p<0.05
(SOD) activity (U/mL) 4hrs postprandial —- MD+Q10 most benefit p<0.001
Catalase (CAT) At end of intervention - MD+Q10 most benefit p<0.05
activity (U/dLx10) 4hrs postprandial - MD+Q10 most benefit p<0.002
Gluthatione peroxidase(GPx) At end of intervention — No difference in groups p=0.05
activity (nmol/mL/min) 4hrs postprandial - MD+Q10 most benefit p<0.042

Secondary (cardiovascular markers - at the end of intervention period of 4 weeks)
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Study and summary characteristics zs:z;cvlgl?tl:(t)sns Outcomes Results Si/ilii;;?::e
Total cholesterol WD showed least benefit p<0.001
LDL cholesterol WD showed least benefit p=0.013
HDL cholesterol No difference in groups p=0.069
Triglycerides (TGs) No difference in groups p=0.675
Apolipoprotein A-1 (ApoA-I) WD showed least benefit p=0.002
Apolipoprotein B (Apo B) WD showed least benefit p=0.017
Glucose No difference in groups p=0.440
Insulin No difference in groups p=0.470
NBI: Statistically significant results are highlighted in bold blue colour
NB2: Explanations of the abbreviations in this table can be found in the List of Abbreviations (page viii)
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6 Discussion

The observed results are summarised and discussed here, separately per outcome.

6.1 Oxidative stress

Three of the four included trials (Tuccar 202378, Davis 2017''®, and Yubero-
Serrano 2011!"'") reported outcomes related to oxidative stress. Across these there
were 12 different biomarkers reported of either oxidative stress or anti-oxidant
activities. No two trials reported the same biomarker, rendering meta-analysis

impossible.

Even if meta-analysis were possible in terms of similarity of biomarker reported,
there were heterogeneity issues that would have likely prevented reporting of
pooled results. This was due to the small trial samples, the differences in trial
design (parallel and cross-over), the baseline differences of the population, and

the comparison interventions used as the alternative to MD.

Despite the heterogeneous study designs, samples sizes, and reported biomarkers,
there is overall consistency on the apparently statistically significant superiority of
the MD diet on the improvement of oxidative stress status. Davis et al.!'® offered
the largest sample size, and the one oxidative stress biomarker reported showed a

significant result.

6.2 Secondary outcomes

Similar situation was observed for the secondary outcomes of inflammation

markers, cognitive effects, and anthropometric measures.

Cardiovasucal biomarkers: Two studies reported a good set of similar biomarkers
that could potentially be used to carry out meta-analysis. However, the trial
designs were different (one parallel one cross-over) and there was insufficient
information to extract the necessary data for meta-analysis. In particular, Davis

2017'8 is a parallel trial but the numbers of participants in each comparison group

28

Institutional Repository - Library & Information Centre - University of Thessaly
06/09/2026 18:39:41 EEST - 216.73.216.250



11 is a cross-over trial of

was not reported in the study text. Yubero-Serrano 201
three intervention groups, but the reporting is per intervention group separately,
making meta-analysis impossible (a paired analysis would have been needed for
meta-analysis). More importantly, the comparison groups to the MD intervention

are not the same in the two trials. Hence, again meta-analysis was not possible.

The largest study’s (Davis 2017'®) results show a significant difference in
triglycerides (with the benefit coming for the MD) while the smaller study
(Yubero-Serrano 2011'!'") doesn’t show report significance for this marker.
Similar inconsistency is observed for the other cardiovascular markers, with the
results from the largest study not showing a significant difference between the

groups on the major cardiovascular markers.

Both studies agree that there is no difference between the groups for the glucose

and insulin levels.

Inflammation: Both studies (Davis 2017''® and Tuccar 20237%) agree that there
was no significant difference between the diet intervention groups on the
inflammation marker of creatinine (hs-CRP). The conclusion here is that MD
doesn’t affect inflammation (when this is expressed as creatinine levels) in the
body. Although there is consistency in both included studies, the sample size and

heterogenous designs of the trials are serious considerations.

Cognitive function and anthropometric measures: There is only one study
reporting on each of these outcomes; there are no comparison observations to
discuss. The limited available evidence on these outcomes points to no differences
due to diet choices on the cognitive function and anthropometric measures, except

possibly the body image (as reported in Miralles-Amoros 2023'"%).
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7 Conclusions

7.1 Overall completeness and applicability of evidence

Despite the comprehensive systematic search, the evidence based on RCTs on the
effects of MD on the oxidative stress status of healthy adults is rather limited.
Lower-level evidence from observational studies (cohorts, case-controls, and

sectional studies) was not considered in the systematic review.

There is a body of literature exploring the effects of MD on oxidative stress for
populations with specific pre-existing conditions, but these studies were excluded

from the review, as the emphasis was on healthy populations.

The significant, albeit limited, evidence found in this systematic review is

however encouraging as it is consistent among the included studies.

7.2 Implications for research and practice

In order to make inferences for the wider healthy population, more concrete

evidence is needed.

Hence the question on whether MD has an effect on the oxidative stress status
cannot be answered robustly without further evidence on larger populations and

improved consistency and reporting among studies.

While the consistent results in the, mainly small, included studies in this work, are
encouraging, the practice of following the MD diet with the sole purpose of
improving oxidative stress status cannot be recommended on the basis of this

review.
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8 Strengths and Weaknesses of this work

The literature review part includes a comprehensive but not systematic exploration

of the published works, hence some evidence may be missing.

The systematic review however, includes a comprehensive and systematic search
of the literature of 2 databases (Embase and Medline) and a register (CENTRAL);

this is considered a strength.

These databases have an emphasis on English language, hence there may be

material published in other languages/databases that is not considered here.

The processes followed for the systematic review are those suggested by Cochrane,
known to provide systematic reviews of very high quality, and this is another

strength of this work.

8.1 Potential biases in the review process

For the systematic review part, the relevance and eligibility of identified studies
were assessed carefully, however for one study it was not possible to obtain the full
text paper in time for this work to be completed, hence there may be details that are

missed which may contribute to biases being introduced in the process.

Furthermore, it was not possible to conduct an assessment of publication bias
(through a funnel plot) as there were less that the minimum requirement of 10

studies included.

8.2 Reporting of oxidative stress

There is currently no agreed biomarker, or set of biomarkers, within the scientific
community that should be reported for oxidative stress, and neither is there a
suggested time-scale within which measurements should be taken. Consequently,
researchers feel free to choose how and when oxidative stress should be measured

and reported in their published works.
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This not only introduces a currently insurmountable source of heterogeneity among
studies but may also be a source of reporting and/or selective reporting bias, as
researchers could potentially choose to report only the choice of oxidative stress
biomarkers that show a significant result. Prospective trial registration records
would help to detect and assess this source of bias, but of the three trials included

in this review only one (Davis et al.''®) provided a trial registration number.

8.3 Quality of the evidence

The overall quality of the evidence is considered low due to the very small
number of participants involved in the included studies. The small samples in
three of the four studies, means that the data were not normally distributed and
hence their numerical results were obtained using non-parametric statistical
techniques. This weakness is likely affecting the robustness and accuracy of the
resulting measurements. Consequently, the applicability of the evidence in the

wider population is affected.

Nevertheless, the consistently statistically significant results observed within the
trials, are encouraging, but further research is needed before they can be

confirmed.
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Appendices

Al. Search strategies

The following search strategies were used to the corresponding databases — searches

carried out on 25" April 2024.

Al.1 Medline

Line | Command Yield
1 Diet, Mediterranean/ 5600
) (((me@itengneap or med or medi or md or mind or cretan or 9499

hellenic) adj3 diet*) or meddiet*).ti,ab,kf.
3 lor2 10218
4 | Hydrocortisone/an, bl [Analysis, Blood] 35922
5 | Stress, Psychological/ or Stress, Physiological/ 216476
6 (cortisol or ((corti* or hydrocorti*) adj 5 (blood? or serum or sera or 120067
plasma or analys* or level? or test*))).ti,ab,kf.
7 stress* .ti,ab kf. 1158236
8 |4orSorb6or7 1315075
9 | exp randomized controlled trial/ 612834
10 | controlled clinical trial.pt. 95525
11 | randomized.ab. 643414
12 | placebo.ab. 247760
13 | drug therapy.fs. 2686446
14 | randomly.ab. 432247
15 | trial.ab. 695207
16 | groups.ab. 2669730
17 | or/9-16 5941455
18 | exp animals/ not humans/ 5213998
19 | 17 not 18 5197512
20 | 3and 8 and 19 250
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A1l.2 Embase
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Line | Command Yield
1 exp Mediterranean diet/ 13646
) (((mediterranean or med or medi or md or mind or cretan or 13119

hellenic) adj3 diet*) or meddiet*).ti,ab,kf.
3 lor2 16964
4 | hydrocortisone blood level/ 27292
5 | exp physiological stress/ 368801
6 (cortisol or ((corti* or hydrocorti*) adj5 (blood? or serum or sera 153064
or plasma or analys* or level? or test*))).ti,ab,kf.
7 stress* .ti,ab kf. 1437290
8 |4orSorb6or7 1689942
9 | exp randomized controlled trial/ 820744
10 | Controlled clinical trial/ 472977
11 | randomS$.ti,ab. 2060097
12 | randomization/ 99186
13 | intermethod comparison/ 306120
14 | placebo.ti,ab. 376020
15 | (compare or compared or comparison).ti. 623219
((evaluated or evaluate or evaluating or assessed or assess) and
16 . . 2907788
(compare or compared or comparing or comparison)).ab.
17 | (open adj label).ti,ab. 114887
((double or single or doubly or singly) adj (blind or blinded or
18 . . 281653
blindly)).ti,ab.
19 | double blind procedure/ 218262
20 | parallel group$1.ti,ab. 33425
21 | (crossover or cross over).ti,ab. 127955
((assign$ or match or matched or allocation) adj5 (alternate or
22 | group$1 or intervention$1 or patient$1 or subject$1 or 431455
participant$1)).ti,ab.
23 | (assigned or allocated).ti,ab. 509889
24 | (controlled adj7 (study or design or trial)).ti,ab. 469651
25 | (volunteer or volunteers).ti,ab. 288749
26 | human experiment/ 658935
27 | trial.ti. 421759
28 | or/9-27 6571151
(random$ adj sampl$ adj7 ("cross section$" or questionnaire$1 or
29 survey$ or database$1)).ti,ab. not (comparative study/ or 9937
controlled study/ or randomi?ed controlled.ti,ab. or randomly
assigned.ti,ab.)
Cross-sectional study/ not (exp randomized controlled trial/ or
30 | controlled clinical study/ or controlled study/ or randomi?ed 388709
controlled.ti,ab. or control group$1.ti,ab.)
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Line | Command Yield
31 f:(é;?rssuae(g) iizgol‘?j) and random$) not randomi?ed 22283
32 | Systematic review.ti,ab. not (trial or study).ti. 352405
33 | (nonrandom$ not random$).ti,ab. 19432
34 | random field$.ti,ab. 3071
35 | (random cluster adj3 sampl$).ti,ab. 1645
36 | (review.ab. and review.pt.) not trial.ti. 1189910
37 | we searched.ab. and (review.ti. or review.pt.) 52496
38 | update review.ab. 140
39 | (databases adj4 searched).ab. 67572

(rat or rats or mouse or mice or Swine or porcine or murine or
40 sheep or lambs or pigs or piglgts or rabbit or rabbits or cat or cats 1249320
or dog or dogs or cattle or bovine or monkey or monkeys or trout
or marmoset$1).ti. and animal experiment/
41 | Animal experiment/ not (human experiment/ or human/) 2627131
42 | or/29-41 4554130
43 | 28 not 42 5773087
44 | 3 and 8 and 43 330
A1.3 Cochrane

Line | Command Yield
#1 | MeSH descriptor: [Diet, Mediterranean] explode all trees 945
# ((((mediter.ranean or meq or rne'di or md or mind or cretan or hellenic) 2701

NEAR/3 diet*) or meddiet*)):ti,ab,kw
#3 | #lor#2 2701
44 MeS.H descriptor: [Hydrocortisone] explode all trees and with 4393
qualifier(s): [analysis - AN, blood - BL]
#5 | MeSH descriptor: [Stress, Psychological] explode all trees 8877
#6 | MeSH descriptor: [Stress, Physiological] this term only 1701
47 ((cortisol or ((corti* or hydrocorti*) NEAR/S (blood? or serum or sera 17210
or plasma or analys* or level? or test*)))):ti,ab,kw
#8 | (stress*):ti,ab,kw 84928
#9 | #4 or #5 or #6 or #7 or #8 96572
#10 | #3 and #9 in Trials 277
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Table 2:

Characteristics of included studies

Study Methods Participants Interventions Outcomes Notes
Postprandial oxidative and inflammatory
] responses at 2, 3, and 4hrs after the meal.
Randomised (oxidative [total antioxidant status (TAS),
Cross-over i i
Tuccar 2023 78 £e YIS meals: MD diet and western ; ’ aaehyde L to obtain
Follow-up time: | BMI: 20.0-24.9 dict (WD) and inflammatory [high sensitivity C- af
Immediately after kg/m2 ¢ reactive protein (hs-CRP), interleukin P
food. (IL)-6, IL-17, IL-23, tumor necrosis factor
alpha (TNF-alpha) and nuclear factor
kappa B (NF-kappaB)] markers)
. 166 adults >65 yrs, . .
RanclifrlnlizddL nons?n:)lk:rg angrs outcomes:1 ;:lognltlvp function (.repor“ced
PR | | ) T bt
. . 1 17 - . . .
[includes Knight 2015 "] Intervention dAlse?sel. habitual diet (HabDiet) results measured at 3 and 6 months
ralian . . .
period — 6 months p(:;fu lation (comparisons between these 2 time points)

Miralles-Amoros 2023 '°

Randomised
parallel — block
design in 3 arms

21 female handball
players, age 22 + 4
yrs 172.0 £ 5.4 cm

three groups:
FD (free diet)
MD (Mediterranean diet)

Outcomes: Body image, psychological
variables (associated with oxidative stress)
Measured pre, during, and post
intervention

12 weeks duration and 68.4 + 6.7 kg |HAD (High antioxidant diet) (only pre and post considered here)
Yubero-Serrano 2011 (original) Randomised
[Other records referring to the same cross-over Three branches: Outcomes (measured after the test meal
population and considered as the same study: . 20 Elderly men and | MD diet following .4 wef?ks (.)f 1nterven?10n)
Lopez-Moreno 2016'1, 20181, 4-week duration | \omen MD+Q10 supplement gpstl})lanerall 0x1ilat%ve stat(li{s (mclu;ies
Gutierrez-Mariscal 2012115, 2014116 each branch, after Western diet iochemical analysis), cardiovascular

Marin 2012 '3, Meza-Miranda 2014 ''4

which a test meal
was given

markers (including insulin and glucose)
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Yubero-Serrano, 2013'1?] ‘

References to included studies

78. Tuccar TB, Akbulut G. Mediterranean meal favorably effects postprandial oxidative stress response compared with a Western meal in healthy women: A randomized
crossover trial. International Journal for Vitamin and Nutrition Research. 2023;93(4):319-28

118. Davis CR, Bryan J, Hodgson JM, Woodman R, Murphy KJ. A Mediterranean Diet Reduces F<sub>2</sub>-Isoprostanes and Triglycerides among Older Australian Men
and Women after 6 Months. J Nutr. 2017 07;147(7):1348-55

117.

Knight A, Bryan J, Wilson C, Hodgson J, Murphy K. A randomised controlled intervention trial evaluating the efficacy of a Mediterranean dietary pattern on
cognitive function and psychological wellbeing in healthy older adults: the MedLey study. BMC Geriatrics. 2015 Apr 28;15:55

119. Miralles-Amoros L, Vicente-Martinez M, Martinez-Olcina M, Asencio-Mas N, Gonzalvez-Alvarado L, Penaranda-Moraga M, et al. Study of Different Personalised Dietary
Plans on Eating Behaviour, Body Image and Mood in Young Female Professional Handball Players: A Randomised Controlled Trial. Children. 2023;10(2):259

111. Yubero-Serrano EM, Delgado-Casado N, Delgado-Lista J, Perez-Martinez P, Tasset-Cuevas I, Santos-Gonzalez M, et al. Postprandial antioxidant effect of the
Mediterranean diet supplemented with coenzyme Q10 in elderly men and women. Age. 2011 Dec;33(4):579-90

109.

110.

112.

113.

114.

115.

116.

Lopez-Moreno J, Quintana-Navarro GM, Delgado-Lista J, Garcia-Rios A, Alcala-Diaz JF, Gomez-Delgado F, et al. Mediterranean Diet Supplemented With
Coenzyme Q10 Modulates the Postprandial Metabolism of Advanced Glycation End Products in Elderly Men and Women. J Gerontol A Biol Sci Med Sci. 2018
03 02;73(3):340-6

Lopez-Moreno J, Quintana-Navarro GM, Delgado-Lista J, Garcia-Rios A, Delgado-Casado N, Camargo A, et al. Mediterranean Diet Reduces Serum Advanced
Glycation End Products and Increases Antioxidant Defenses in Elderly Adults: a Randomized Controlled Trial. Journal of the American Geriatrics Society.
2016;64(4):901-4

Yubero-Serrano EM, Gonzalez-Guardia L, Rangel-Zuniga O, Delgado-Casado N, Delgado-Lista J, Perez-Martinez P, et al. Postprandial antioxidant gene
expression is modified by Mediterranean diet supplemented with coenzyme Q(10) in elderly men and women. Age. 2013 Feb;35(1):159-70

Marin C, Delgado-Lista J, Ramirez R, Carracedo J, Caballero J, Perez-Martinez P, et al. Mediterranean diet reduces senescence-associated stress in endothelial
cells. Age. 2012 Dec;34(6):1309-16

Meza-Miranda ER, Camargo A, Rangel-Zuniga OA, Delgado-Lista J, Garcia-Rios A, Perez-Martinez P, et al. Postprandial oxidative stress is modulated by dietary
fat in adipose tissue from elderly people. Age. 2014 Apr;36(2):507-17

Gutierrez-Mariscal FM, Perez-Martinez P, Delgado-Lista J, Yubero-Serrano EM, Camargo A, Delgado-Casado N, et al. Mediterranean diet supplemented with
coenzyme Q10 induces postprandial changes in p53 in response to oxidative DNA damage in elderly subjects. Age. 2012 Apr;34(2):389-403

Gutierrez-Mariscal FM, Yubero-Serrano EM, Rangel-Zuniga OA, Marin C, Garcia-Rios A, Perez-Martinez P, et al. Postprandial activation of p53-dependent DNA
repair is modified by Mediterranean diet supplemented with coenzyme Q10 in elderly subjects. J Gerontol A Biol Sci Med Sci. 2014 Jul;69(7):886-93
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Table 3:

Characteristics of excluded studies

Study

Reason for exclusion

Al-Aubaidy 20217

RCT but wrong population (type II diabetes)

RCT but wrong population

80
Arcan 2024 (post-traumatic stress disorder)
81 RCT but wrong population
Barona 2012 (women only with metabolic syndrome)
Georgoulis 202 * RCT but wrong population (obstructive sleep apnea)

Hagfors 2003 **

RCT but wrong population (theumatoid arthritis)

Monserrat-Mesquida 2022a ¥

RCT but wrong population
(non-alcoholic fatty liver disease)

Monserrat-Mesquida 2022b

RCT but wrong population
(non-alcoholic fatty liver disease)

Parletta 2019 ¥

RCT but wrong population (depression)

Quetglas-Llabres 2023 ¢

RCT but wrong population
(non-alcoholic fatty liver disease)

Radkhah 2023 #

RCT but wrong population (depression)

Stachowska 2005 %

RCT but wrong population (kidney graft patients)

Toobert 2002 %

RCT but wrong population (type II diabetes)

Toobert 2003 33

RCT but wrong population (type II diabetes)

Angelico 2012 '

Not RCT (consecutive cohort)

Not RCT (randomly selected sub-cohort from an

Athanassopoulou 2018 '* RCT-intervention group)
Barkhordari 2022 ¥ Not RCT (cross-sectional)
Bekkouche 2014 Not RCT (case-control)
Biasini 2021 ¥ Not RCT (survey)
D'Amico 2021 Not RCT (cross-sectional)
Davinelli 2019 *! Not RCT (review)
Garcia-Prieto 2007 2 Not RCT (cohort)

Jang 2024 Not RCT (cohort)

Kaluza 2023 ** Not RCT (cohort)

Kim 2011 *° Not RCT (cohort)

Luisi 2019 '

Not RCT (2 groups where subjects were divided in
two arms according to their BMI)

Mahmoudzadeh 2023 %

Not RCT (cohort)

Marendic 2024 %’

Not RCT (survey)

Mohajeri 2023

Not RCT (cross-sectional)

Morales 2023 '3

Not RCT (cross-sectional)

Ojeda-Rodriguez 2021 %

Not RCT (cohort)

Ruiz-Saavedra 2020 '%

Not RCT (cross-sectional)

Ulker 2024 '

Not RCT (case-control)
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Study Reason for exclusion

Abenavoli 2017 '%

Wrong intervention
(antioxidant intake as part of intervention)

Urquiaga 2010 ' Wrong intervention (not Med diet)

Urquiaga 2017 ' Wrong intervention (ready-made diet with red wine)

79.

80.

81.

82.

28.

59.

65.

83.

60.

84.

85.

86.

53.

References to excluded studies

Al-Aubaidy HA, Dayan A, Deseo MA, Itsiopoulos C, Jamil D, Hadi NR, et al. Twelve-Week
Mediterranean Diet Intervention Increases Citrus Bioflavonoid Levels and Reduces
Inflammation in People with Type 2 Diabetes Mellitus. Nutrients. 2021 Mar 30;13(4):30

Arcan C, Hou W, Hoffman K, Reichardt A, Yang X, Clouston SAP, et al. Mediterranean diet
intervention among World Trade Center responders with post-traumatic stress disorder:
Feasibility and outcomes of a pilot randomized controlled trial. Obes. 2024 Feb;10(1):e725

Barona J, Jones JJ, Kopec RE, Comperatore M, Andersen C, Schwartz SJ, et al. A
Mediterranean-style low-glycemic-load diet increases plasma carotenoids and decreases LDL
oxidation in women with metabolic syndrome. J nutr biochem. 2012 Jun;23(6):609-15

Georgoulis M, Yiannakouris N, Tenta R, Fragopoulou E, Kechribari I, Lamprou K, et al. A
weight-loss Mediterranean diet/lifestyle intervention ameliorates inflammation and oxidative
stress in patients with obstructive sleep apnea: results of the "MIMOSA" randomized clinical
trial. Eur J Nutr. 2021 Oct;60(7):3799-810

Hagfors L, Leanderson P, Skoldstam L, Andersson J, Johansson G. Antioxidant intake, plasma
antioxidants and oxidative stress in a randomized, controlled, parallel, Mediterranean dietary
intervention study on patients with rheumatoid arthritis. Nutrition Journal. 2003 Jul 30;2:5

Monserrat-Mesquida M, Quetglas-Llabres M, Bouzas C, Montemayor S, Mascaro CM,
Casares M, et al. A Greater Improvement of Intrahepatic Fat Contents after 6 Months of
Lifestyle Intervention Is Related to a Better Oxidative Stress and Inflammatory Status in Non-
Alcoholic Fatty Liver Disease. Antioxidants. 2022 Jun 27;11(7):27

Monserrat-Mesquida M, Quetglas-Llabres M, Bouzas C, Montemayor S, Mascaro CM,
Casares M, et al. Increased Adherence to the Mediterranean Diet after Lifestyle Intervention
Improves Oxidative and Inflammatory Status in Patients with Non-Alcoholic Fatty Liver
Disease. Antioxidants. 2022 Jul 25;11(8):25

Parletta N, Zarnowiecki D, Cho J, Wilson A, Bogomolova S, Villani A, et al. A Mediterranean-
style dietary intervention supplemented with fish oil improves diet quality and mental health
in people with depression: a randomized controlled trial (HELFIMED). Nutritional
neuroscience. 2019;22(7):474-87

Quetglas-Llabres MM, Monserrat-Mesquida M, Bouzas C, Llompart I, Mateos D, Casares M,
et al. Mediterranean Diet Improves Plasma Biomarkers Related to Oxidative Stress and
Inflammatory Process in Patients with Non-Alcoholic Fatty Liver Disease. Antioxidants. 2023
Mar 29;12(4):29

Radkhah N, Rasouli A, Majnouni A, Eskandari E, Parastouei K. The effect of Mediterranean

diet instructions on depression, anxiety, stress, and anthropometric indices: A randomized,
double-blind, controlled clinical trial. Preventive Medicine Reports. 2023 Dec;36:102469

Stachowska E, Wesotowska T, Olszewska M, Safranow K, Millo B, Domanski L, et al.
Elements of Mediterranean diet improve oxidative status in blood of kidney graft recipients.
Br J Nutr. 2005 Mar;93(3):345-52

Toobert DJ, Strycker LA, Glasgow RE, Barrera M, Bagdade JD. Enhancing support for health
behavior change among women at risk for heart disease: the Mediterranean Lifestyle Trial.
Health Educ Res. 2002 Oct;17(5):574-85

Toobert DJ, Glasgow RE, Strycker LA, Barrera M, Jr., Radcliffe JL, Wander RC, et al.
Biologic and quality-of-life outcomes from the Mediterranean Lifestyle Program: a
randomized clinical trial. Diabetes Care. 2003 Aug;26(8):2288-93
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102.

104.

87.

88.

89.

90.

91.

92.

93.

94.

95.

105.

96.

97.

98.

103.

99.

Angelico F, Loffredo L, Pignatelli P, Augelletti T, Carnevale R, Pacella A, et al. Weight loss
is associated with improved endothelial dysfunction via NOX2-generated oxidative stress
down-regulation in patients with the metabolic syndrome. Internal and Emergency Medicine.
2012 2012/06/01;7(3):219-27
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A3. Risk of Bias tables for each study

Davis 2017'13
; Authors’ .

Bias Gdaement Support for judgement

Random sequence generation |{Low risk An independent holder of the randomisation schedule

(selection bias) performed treatment allocation without contact with the
volunteers (information from the trial registration record:
ACTRN12613000602729}

Allocation concealment Low risk An independent holder of the randomisation schedule

(selection bias) performed treatment allocation without contact with the
volunteers.

Blinding of participants and Low risk An independent holder of the randomisation schedule

personnel (performance bias) performed treatment allocation without contact with the
volunteers.

Blinding of outcome Low risk An independent holder of the randomisation schedule

assessment (detection bias) performed treatment allocation without contact with the
volunteers

Incomplete outcome data Low risk .

i ; No missing data

(attrition bias)

S.electlve reporting (reporting Low risk All oputcomes reported

bias)

Other bias ” Unclear risk

Miralles-Amoros 2023119

. Authors’ _
Bias iisdgement Support for judgement
Random sequence generation ||Low risk an online computer software was used to electronically
(selection bias) randomise subjects using a block design in three arms (one

control and two experimental)

Allocation concealment Low risk A researcher external to this study was in charge of
(selection bias) preparing these envelopes.
Blinding of participants and Low risk A researcher external to this study was in charge of
personnel (performance bias) preparing these envelopes.
Blinding of outcome Low risk A researcher external to this study was in charge of
assessment (detection bias) preparing these envelopes.
:r;;:tc:irt?:’:ett)ieacs);ncome g RECEsk All participants were included in the analysis (Figure 1)
S‘electlve reporting (reporting Low risk AllGiiteores weis feportsd
bias)
Other bias ” Unclear risk
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Tuccar 202378

Bias

Authors'
judgement

Support for judgement

Random sequence generation
(selection bias)

A randomised cross-over design

Allocation concealment (selection
bias)

Unclear risk | v

No information in abstract

Blinding of participants and personnel
(performance bias)

Unclear risk | v

No information in abstract

bias)

Blinding of outcome assessment Unclearrisk | ¥ |||, information in abstract
(detection bias)
Incomplete outcome data (attrition Unclear risk | v

No information in abstract

Selective reporting (reporting bias)

Only significant results are reported numerically

Other bias

Unclear risk | v

Yubero-Serrano 201111

Bias

Authors'
judgement

Support for judgement

Random sequence generation
(selection bias)

Low risk v

:

Participants were randomly assigned in acrossover design.

Allocation concealment (selection
bias)

Unclear risk =

No information

Blinding of participants and personnel
(performance bias)

Unclear risk | v

No information

Blinding of outcome assessment
(detection bias)

Unclear risk | v

No information

Incomplete outcome data (attrition
bias)

All participants included in the analysis

Selective reporting (reporting bias)

Low risk v

All outcomes reported

Other bias

Unclear risk | v
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