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A B S T R A C T   

Cancer is one of the main noncommunicable diseases in terms of health impact. Factors such as a progressively 
aging population point to future increases in the incidence of cancer on a global level. The elevated number of 
affected individuals, together with continuous improvements in cancer prevention and therapy, is creating a 
growing population of cancer survivors, with often inadequately met needs. 

Lifestyle is a key modulator of cancer risk and of associated morbidity and mortality, and is included in all 
approaches to the long-term management of cancer. Diet is a principal component of lifestyle, and most of the 
available evidence is centered on the Mediterranean diet. Our objective was to provide a narrative review of the 
evidence on the effect of the Mediterranean diet on cancer risk and health threats related to cancer survivorship. 
For this purpose, we searched the PubMed database for articles published between January 1, 2000, and June 12, 
2023. 

Current data show that the Mediterranean diet is inversely associated with risk, or is risk neutral, for most 
types of cancer. Tumors of the digestive system have received preferential interest, but studies have also been 
published on tumors in other organs. The evidence, however, is meager due to the observational nature of most 
studies, although it is reassuring that benefit is reproduced in studies performed in different populations and 
environments. Evidence related to cancer survivors is limited by the paucity of studies, yet several findings 
regarding survival, recurrence, and short- and long-term morbidity suggest a potential role for the Mediterranean 
diet that warrants further research.   

1. Introduction 

Cancer is one of the main non-communicable diseases (NCD) and is 
the second leading cause of death on a global level [1,2]. The Interna
tional Agency for Research on Cancer estimates that 19.3 million new 
cases were diagnosed in 2020, with mortality at around 10 million [3]. 
Moreover, greater life expectancy worldwide is a major contributor, 
since aging is a high-risk factor. Cancer treatment and early detection 
are improving dramatically, resulting in an already large and growing 
population of survivors. This population is estimated to reach 26 million 
in the US alone by 2040 [4,5]. People surviving cancer constitute a 

particularly vulnerable population due to their higher oncological risk 
(recurrent or secondary cancer), and the physical and psychological 
short- and long-term adverse effects associated with cancer treatment 
[6]. 

Lifestyle is a recognized risk factor for cancer, and unlike other 
factors such as genetics, can be controlled. Tobacco, alcohol, sedentar
ism and unhealthy diet increase the risk of cancer and influence cancer 
progression, with differences according to tumor type [7]. The Medi
terranean diet (MedDiet) accounts for the lion’s share of evidence con
cerning the effect of diet on NCD, including cancer. 

The MedDiet does not have a strictly defined composition, partly 
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because of differences between the countries in the Mediterranean 
basin. A meticulous search for features common to the regions in the 
area culminated in the MedDiet pyramid, which was published in 1995 
[8]. The layers in the pyramid reflect food groups by recommended 
intake (number of servings), from the more frequent foods recom
mended for each meal, to others with more sporadic, once or twice 
weekly recommended intake (Fig. 1). Interesting results were obtained 
from a group of Australian researchers who compiled information from 
food frequency questionnaires over a time span of 46 years in 15 
different populations, in order to more precisely define the MedDiet [9]. 
Certain variability between studies was found although they all gener
ally respected the main pyramid criteria. This highlights one of the 
strengths of the MedDiet, which by providing only general recommen
dations to follow (as per the food pyramid) can therefore accommodate 
features specific to each environment, thus favoring adherence. 

Other characteristics supporting a key role for the MedDiet include 
its compliance with Paris agreement recommendations regarding 
climate change and sustainability, and also palatability, compatibility 
with most culinary cultures, and evidence-based support [10]. This 
latter point is of particular interest. From initial publications aimed at 
investigating the impact on cardiovascular disease (CVD), widely sub
jected to meta-analytic procedures [11], interest has extended pro
gressively to other areas such as diabetes, neurological diseases, and 
cancer [12]. It is noteworthy that diets rich in red meat and low in fruit 
and vegetables, diametrically opposed to the MedDiet, have shown a 
positive correlation with risk of colorectal cancer (CRC) and other types 
of cancers [13]. 

Our objective was to provide an updated review of the evidence 
regarding the effect of MedDiet on cancer risk and on health threats 
related to cancer survivorship. In addition, we reviewed the data sup
porting the modulatory role of MedDiet on cancer pathways. 

2. Methods 

PubMed database was searched from January 1, 2000 until June 12, 
2023 to identify literature that assessed the effect of MedDiet in people 
with cancer (any type) following the four elements, population, inter
vention, comparison, and outcome (PICO), of clinical evidence [14]. The 
risk of disease and the impact on health, as well as the short- and long- 
term undesirable effects of any form of cancer treatment, were consid
ered. The search terms were “Mediterranean diet”, which was paired 
with (cancer OR tumor OR cancer risk OR cancer survivor* OR cancer 
treatment). Papers were considered only if published in English or 
Spanish and with adult human subjects. 

The search generated 1424 references. Five researchers (AMT, OM, 
MAGP, NM and JJT) screened the identified papers by title, or title and 
abstract when required. Studies on special populations, such as pregnant 
women, transplant patients, children or adolescents were excluded. 
Discrepancies were resolved by the corresponding author (AC). Con
clusions from meta-analyses and systematic reviews were prioritized, 
but clinical studies published subsequently, and therefore not included 
in the most recent meta-analyses, were also included. Of the 1424 re
cords identified, 79 studies were selected, the full text of which was 
reviewed by at least one member of the review team and shared with the 
corresponding author. The flowchart of the literature search is shown in 
Fig. 2. 

3. Mediterranean diet and disease pathways in cancer 

The current state of knowledge supports a role for some basic 
mechanisms operative in the pathogenesis of disease that have been 
shown to be influenced by the MedDiet. 

Fig. 1. The Mediterranean diet pyramid. The food groups are stratified according to their respective frequencies per meal, per day or per week. Reproduced with 
permission of Dr. L. Serra-Majem. 
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3.1. Oxidative stress and inflammation 

Oxidative stress is intertwined with inflammation in the mechanisms 
of several NCD, including cancer [15,16]. The MedDiet is credited with 
the ability to protect against disease thanks to the action of phyto
chemicals present in several of its constituent foods. The most prominent 
components of these foods are unsaturated fats and polyphenols, highly 
concentrated in olive oil and nuts, and in the case of polyphenols, also in 
fruit [17,18]. 

Unsaturated fats are mainly composed of monounsaturated fatty 
acids (MUFA) and polyunsaturated fatty acids (PUFA). Polyphenols are 
a large family of bioactive compounds containing phenol rings and 
include several sub-classes, such as flavonoids, phenolic acids, stilbenes 
and lignans. The most common polyphenol group is flavonoids, which 
includes important sub-groups such as isoflavones, together with 
anthocyanidins, flavanols, flavones, flavonols and flavanones [19] 
[Fig. S1]. 

Both unsaturated fatty acids and polyphenols have demonstrated 
anti-oxidant and anti-inflammatory properties, with an effect on cancer 
[20–22]. Among these are the anti-proliferative, pro-apoptotic, and anti- 
angiogenic activity exhibited by key components of the MedDiet such as 
olive oil [23], or more specifically some of its molecular components, 
like the polyphenol hydroxytyrosol [24]. 

3.2. Microbiota 

Gut microbiota has been shown to be sensitive to diet and varies 
when comparing diets based on animal or plant-based ingredients 
[25–27]. Reducing visceral obesity through the MedDiet leads to pro
tection against low-grade inflammation, which has been associated with 
several types of cancer, such as breast and others [28]. However, interest 
in the impact of the MedDiet on the microbiota has focused 

preferentially on reducing the risk of tumors of the gastrointestinal tract. 
Indeed, it has been suggested that the microbiota plays a modulatory 
role in the development of CRC, both in carcinogenesis and in the 
expansion phases of cancer, including growth and metastasis [29–32]. 

Changes in microbiota composition by MedDiet have been associated 
with microbe phyla like Enterorhabdus, Lachnoclostridium, and Para
bacteroides, which have been linked with i) increased production of 
short-chain fatty acids (SCFA), the main nutrient for colonic cells and 
promoter of intestinal health [33], and ii) a reduction in pro- 
inflammatory cytokines [26,27,34,35]. The concept of an anti- 
inflammatory profile related to MedDiet-induced microbiota composi
tion is supported by a recent meta-analysis [36]. 

Fig. 3 shows the general scheme proposed for integrating the direct 
and indirect modulatory action of MedDiet in cancer protection. 

4. Epidemiological evidence on cancer risk 

A considerable number of studies, mostly observational, have 
investigated the association of MedDiet with cancer incidence, either 
overall or for specific cancer types. The bulk of information comes from 
studies in Italy, Spain or Greece, where the MedDiet is more prevalent. 
Adherence to this diet has been assessed using various validated scales, 
predominantly the Mediterranean Diet Score (MDS) [37]. 

4.1. MedDiet and overall cancer risk 

There is conflicting evidence as to the MedDiet’s association with 
overall cancer incidence. A possible protective effect (60 % reduction, p 
< 0.05 after adjustments) was found in the Lyon Heart Study random
ized controlled trial [38]. 

The prospective Netherlands Cohort Study followed 120,852 sub
jects for 20.3 years. No evidence of protection was found in men and 

Fig. 2. Flowchart for article selection.  
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only a moderate risk reduction was observed in women, although much 
of the benefit was lost after multivariate analysis [39]. In contrast, the 
Framingham Offspring Study, which included 2966 participants fol
lowed for a median of 18 years, found that women with moderate or 
high adherence to MedDiet had a 29 % reduction [HR = 0.71, 
(0.52–0.97)] in overall cancer compared to women with lowest adher
ence. The reduction was weaker for men [40]. 

4.2. MedDiet and risk for specific types of cancer 

There is an abundance of literature on the relationship between 
MedDiet adherence and specific cancer types. The findings for tumors of 
the digestive system are summarized in Table 1. 

4.2.1. Digestive system tumors 

4.2.1.1. Colorectal cancer. Diet is a widely recognized risk factor for 
CRC, the third most common cancer, representing an estimated 10 % of 
all new cases each year [2]. 

In the Italian research centers network analysis, MedDiet adherence 
reduced CRC risk by 48 % when considering case-control studies [41]. A 
small, but nonetheless significant level of protection was confirmed in 
two meta-analyses including nine prospective cohort studies up to 
September 2019 [42] and 17 observational studies updated to April 
2020 [43], respectively. The European Prospective Investigation into 
Cancer and Nutrition (EPIC) study, not included in the previous meta- 
analyses, followed 41,437 subjects for a median of 17 years in Spain, 
observing a 16 % reduction in CRC [44]. It appears, therefore, that there 
is consistency suggesting a small level of protection in the various an
alyses of the available data, even though they are all observational. 

4.2.1.2. Upper gastrointestinal tract. Cancers of the upper gastrointes
tinal (UGIC) tract, including nasopharynx, esophagus, and stomach, 
account for approximately 8 % of new cancer cases each year [2]. 
Pooling data from 11 studies, Dutch investigators found that the Med
Diet was significantly associated with an average 28 % reduction in the 
incidence of UGIC [45]. 

Gastric cancer (ranked first among UGIC malignancies) has been the 
focus of specific research interest. A meta-analysis of seven observa
tional studies found a 30 % reduction in risk [43]. A Spanish case- 
control study published soon after this meta-analysis using five 
different indexes to calculate adherence to the MedDiet concluded that 
high adherence reduced risk between 48 % and 75 %, depending on the 
index used [46]. 

It is possible that, as suggested by the published literature, the level 
of protection in UGIC is higher than in CCR. However, conclusions about 
the differences should be taken with caution given the limited quality of 
the data, already noted by some investigators [45]. 

4.2.1.3. Liver and pancreas. Evidence regarding other cancers of the 
digestive tract is scant. Liver cancer ranks fifth in cancer mortality 
among men and seventh among women in the US [2]. In a meta-analysis 
of four observational studies, the MedDiet was linked with an overall 36 
% risk reduction in liver cancer [43]. 

Pancreatic cancer (PC) is fourth in mortality for both men and 
women [2]. No effect of the MedDiet on PC risk was found in a meta- 
analysis of four studies [43]. A more recent meta-analysis including 
eight observational (six cohort and two case-control) studies assessed 
the risk of PC as related to MedDiet adherence in 1,301,320 individuals 
followed for a mean of 15.6 years. Stricter adherence to the MedDiet was 
associated with a reduced risk (18 %) of PC [47]. 

Fig. 3. The Mediterranean diet (MedDiet) provides several beneficial components at various steps related to carcinogenesis and cancer progression. Fiber, poly
phenols and unsaturated fatty acids (monounsaturated fatty acids, MUFA, and polyunsaturated fatty acids, PUFA) have a protective effect against different pathways 
related to tumor pathophysiology, such as oxidative stress, microbiota imbalance (dysbiosis) and inflammation. The MedDiet has been shown to promote a reduction 
in the production of free radicals and a concomitant reduction in oxidative stress. From the reduction at this end, less direct carcinogenic effect and less inflammation 
are expected. The MedDiet also promotes changes in the microbiota, with an increase in microbial species that favorably modulate inflammatory mechanisms. Thus, 
the enterotoxigenic and genotoxic action of some bacteria, such as Bacteroides fragilis or Escherichia coli, are impaired, while protective microbial phyla, such as 
Enterorhabdus, Lachnoclostridium and Parabacteroides, are promoted. A direct anti-inflammatory action of MedDiet components, such as polyphenols and unsaturated 
fatty acids, has been demonstrated. 

A. Monllor-Tormos et al.                                                                                                                                                                                                                      



Maturitas 178 (2023) 107841

5

Conflicting results were also found in two subsequently published 
studies. The 23.7 years of follow-up of the 33,690 men and women of the 
Melbourne Collaborative Cohort Study confirmed an almost significant 
21 % risk reduction but only in those with strictest adherence to Med
Diet (p = 0.06 for the trend) [48]. In contrast, no association was found 
in the follow-up of 177,313 participants for 19.3 years in the Multiethnic 
Cohort Study [49]. 

4.2.2. Other cancers 
Table 2 summarizes the main findings regarding non-digestive 

cancers. 

4.2.2.1. Breast cancer. One meta-analysis updated to February 2020 
analyzed the relationship of the MedDiet with each histological tumor 
type separately. The data from the seven studies analyzing the effect on 
invasive ductal cancer detected protection in the five case-control 
studies, but not in the two cohort studies. The three studies assessing 
the link of MedDiet with invasive lobular cancer detected risk reduction 
[50]. 

In another meta-analysis updated to April 2020, data from 23 
observational studies were analyzed to conclude that adherence to 
MedDiet was linked to a very small reduction of 6 % [43]. One addi
tional randomized controlled trial (RCT) including 4152 participants 
followed for 4.8 years found a 59 % risk reduction [43]. 

Protection was also found in a more recent publication analyzing the 
pooled data of the EPIC studies [51]. Notably, a certain degree of pro
tection, a 20 % risk reduction, was found for tumors negative for es
trogen and progesterone receptors. However, no association was 
detected in the combined data from five Finnish cohorts numbering 
6374 postmenopausal women followed for an average of 10 years [52]. 

Although not unanimous, the published data appear to favor 

protection. Of particular interest is the effect in estrogen and proges
terone receptor-negative cancers. However, the conflicting data call for 
more and higher quality studies. 

4.2.2.2. Prostate cancer. Evidence from two different meta-analyses 
concur in the lack of association between the MedDiet and prostate 
cancer (PrC) after evaluating data from 10 and 16 studies, respectively 
[43,53]. Data from the subsequently published case-control North 
Carolina-Louisiana Prostate Cancer Project (PCaP) revealed an inverse 
relationship between MedDiet and high aggressive PrC overall in 1899 
men with PrC [54]. Thus, although meta-analyses do not find an asso
ciation between the incidence of PrC and MedDiet, it may be, according 
to this latest study, that the risk of aggressive PrC in men adhering to the 
MedDiet may be lower. 

4.2.2.3. Lung cancer. Evaluation of five studies in the meta-analysis by 
Morze [43] revealed an overall 16 % risk reduction in individuals with 
high adherence to the MedDiet. Two subsequent meta-analyses, each 
including nine observational studies, found a rather similar risk reduc
tion of 16 % [55] and 18 % [56], respectively. 

4.2.2.4. Bladder cancer. Pooled analysis of 13 prospective studies 
included in the Bladder Cancer Epidemiology and Nutritional De
terminants including 646,222 participants showed a 15 % reduction in 
risk related with the MedDiet [57]. A similarly small risk reduction was 
obtained in two meta-analyses evaluating four [43] and six studies [58], 
with a risk reduction of 13 % and 8 %, respectively. 

4.2.2.5. Other cancer types. A meta-analysis of nine observational 
studies found a substantial 44 % risk reduction in head and neck cancer 
[43]. 

Table 1 
Results obtained by meta-analyses and clinical observational studies about adherence to the Mediterranean diet and risk for digestive cancer.  

Type of 
cancer 

Design No. of studies/participants Risk (95 % CI) Author, year 
[ref] 

Comments 

CRC 

Case-control studies in 
Network of Italian Research 
Centers. 

3 case-control studies (3745 cases and 
around 6800 controls). 

OR = 0.52 
(0.43–0.62) 

Serra-Majem, 
2019 [41]  

Meta-analysis (updated 
September 2019) 9 prospective cohort studies 

RR = 0.90 
(0.84–0.96) 

Zhong, 2020 
[42]  

Meta-analysis (updated April 
2020) 

9 cohort, 1 case-cohort (36,006 incident 
cases) and 7 case-control studies (9683 
prevalent cases). 

RR = 0.83 
(0.76–0.90) 

Morze, 2021 
[43]  

Prospective, EPIC cohort 41,437 men and women for a median of 
17.0 years 

HR = 0.84 
(0.73–0.98) 

Castelló, 2022 
[44]  

UGIC 
Systematic review and meta- 
analysis (updated February 
2020) 

5 cohort studies (1,022,760 participants, 
mean follow up 13.3 years), and 6 case- 
control studies (10,447 subjects). 

Pooled OR =
0.72 (0.61–0.88) 

Moazzen, 2020 
[45] 

Pooled results graded as low quality 
evidence by authors. 

Gastric 

Meta-analysis (updated April 
2020) 

3 cohort, 1 case-cohort (2343 incident cases) 
and 3 case-control studies (1517 prevalent 
cases) 

RR = 0.70 
(0.61–0.80) 

Morze, 2021 
[43]  

Case-control 354 cases, 3040 controls 

OR = 0.52 
(0.28–0.94) 
OR = 0.25 
(0.12–0.52) 

Álvarez- 
Álvarez, 2021 
[46] 

5 different indexes were used to assess 
adherence to MedDiet. The detected risk 
ranged between the 2 presented OR. 

Liver 
Meta-analysis (updated April 
2020) 

3 cohort (1274 incident cases) and 1 case- 
control (518 prevalent cases) 

RR = 0.64 
(0.54–0.75) 

Morze, 2021 
[43]  

Pancreas 

Meta-analysis (updated April 
2020) 

2 cohort and one case-cohort (1436 incident 
cases) and 1 case-control (688 prevalent 
cases) 

RR = 0.80 
(0.60–1.06) 

Morze, 2021 
[43]  

Meta-analysis (updated 
October 2022) 

6 cohort (mean 15.6 years follow-up) and 2 
case-control studies (688 prevalent cases) 

HR = 0.82 
(0.76–0.88) 

Nucci, 2023 
[47]  

Prospective cohort 
(Melbourne Collaborative 
Cohort Study) 

33,690 followed for a mean of 23.7 years. HR = 0.79 
(0.49–1.26) 

Afshar, 2023 
[46]  

Prospective cohort 
(Multiethnic Cohort Study) 

177,313 subjects, average follow-up 19.3 
years 

HR = 0.98 
(0.83–1.16) 

Steel, 2023 
[49]  

CI: confidence interval. CRC: colorectal cancer. EPIC: European Prospective Investigation into Cancer and Nutrition. HR: hazard ratio. MedDiet: Mediterranean diet. 
NIH: National Institute of Health. OR: odds ratio. Ref: reference. RR: relative risk. UGIC: upper gastrointestinal cancer. 
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Table 2 
Results obtained by meta-analyses and subsequently published clinical studies on Mediterranean diet adherence and risk for non-digestive cancer.  

Type of 
cancer 

Design No. of studies/participants Risk (95 % CI) Author, year [ref] Comments 

Breast 

Meta-analysis 
(updated February 
2020) 

5 case-control and 2 cohort studies analyzing 
MedDiet & invasive ductal cancer. 
2 cohort and 1 case-control study analyzing MedDiet 
& invasive lobular cancer. 

Invasive ductal cancer: 
RR = 0.47 (0.39–0.55) in 
case-control. 
RR = 0.98 (0.92–1.05) in 
cohort studies. 
Invasive lobular cancer: 
RR = 0.76 (0.64–0.87) 

Dianatinasab, 
2020 [50]  

Meta-analysis 
(updated April 2020) 

12 cohort (35,373 incident cases), 1 RCT (4152 
participants followed for 4.8 years), and 11 case- 
control studies (10,615 prevalent cases) 

RR observational = 0.94 
(0.90–0.97) 
RR RCT = 0.41 
(0.19–0.87) 

Morze, 2021 [43]  

Pooled data from 5 
cohorts 

6374 postmenopausal women followed for an 
average of 10 years. HR = 0.88 (0.59–1.30) 

Männistö, 2021 
[52]  

Systematic review of 
pooled data from the 
EPIC study 

41 prospective cohort studies including 335,062 
women with 10,225 cases and a mean follow-up of 
10.0 years. 

Overall HR = 0.94 
(0.88–1.00) 
Postmenopausal women 
HR = 0.93 (0.87–0.99) 
ER and PR negative tumors 
HR = 0.80 (0.65–0.99) 

Ubago-Guisado, 
2021 [51]  

Prostate 

Meta-analysis through 
February 2019. 

10 observational studies, 5 cohort and 5 case-control 
studies, including a total of 33,451 prostate cancer 
cases. 

RR = 0.95 (0.90–1.01) Cheng, 2019 [53]  

Meta-analysis through 
April 2020. 

11 observational studies including 5 cohort and 1 
case-cohort (36,006 incident cases), and 5 case- 
control studies (2466 prevalent cases) 

RR = 0.98 (0.93–1.04) Morze, 2021 [43]  

Case-only North 
Carolina Louisiana 
(PCaP) 

Association between MedDiet and cancer 
aggressiveness studied in 1899 men with prostate 
cancer. 

OR = 0.66 (0.46–0.95) Schneider, 2019 
[54]  

Lung 

Meta-analysis through 
April 2020 

4 cohort and one case cohort studies (12,730 
incident cases) 

RR = 0.84 (0.76–0.94) Morze, 2021 [43]  

Meta-analysis through 
May 2021 

8 cohort (991,886 participants and 20,575 cases) 
and 1 case-control (439 participants and 187 cases) 

RR = 0.84 (0.77–0.91) Bahrami, 2022 
[55]  

Meta-analysis through 
October 2021 

7 cohort studies and 2 case-control studies (936,089 
participants) HR = 0.82 (0.74–0.92) Du, 2022 [56]  

Bladder 

Pooled analysis of 
studies included in 
BLEND study 

13 prospective cohort studies (646,222 participants 
including 3639 cases) 

HR = 0.85 (0.77–0.93) Witlox, 2020 [57]  

Meta-analysis through 
April 2020 

3 cohort (5844 incident cases) and one case-control 
study (690 prevalent cases) 

RR = 0.87 (0.76–0.98) Morze, 2021 [43]  

Meta-analysis through 
February 2021 6 cohort and one case-control study. 

RR overall = 0.92 
(0.87–0.96) 
RR cohort = 0.93 
(0.88–0.97) 
RR case-control = 0.73 
(0.52–0.94) 

Dianatinasab, 
2022 [58]  

Head & neck 
Meta-analysis through 
April 2020 

1 cohort (1868 incident cases) and 8 case-control 
studies (4601 prevalent cases) 

RR overall = 0.56 
(0.44–0.72) 
OR case-control = 0.54 
(0.40–0.72) 
RR cohort = 0.73 
(0.60–0.89) 

Morze, 2021 [43]  

Skin 
E3N cohort. Ongoing 
study since 1990 

67,332 French women. Cases included 404 
melanomas, 1367 BCC, and 232 SCC 

HR overall = 0.83 
(0.73–0.93) 
HR melanoma = 0.72 
(0.54–0.96) 
HR BCC = 0.77 
(0.66–0.90) 
HR SCC = 1.08 
(0.75–1.55) 

Mahamat-Saleh, 
2019, [59]  

SUN study Nested case-control (101 BCC and 404 controls) OR = 0.28 (0.10–0.77) Leone, 2020 [58]  

Lymphoma EPIC study 
Prospective cohort 474,160 participants from 10 
European countries (1991–2001) followed for an 
average of 13.9 years 

HR = 0.91 (0.80–1.03) Solans, 2019 [61]  

Thyroid EPIC study 
450,000 participants (712 cases) from 9 European 
countries followed up for a mean of 14.1 years HR = 0.94 (0.70–1.25) Llaha, 2022 [62]  

Ovary 
Prospective cohort 
(NHS) 

82,948 women followed for 24 years with 696 
incident cases. HR = 1.03 (0.80–1.34) Xie, 2014 [63]  

Endometrium Meta-analysis through 
April 2020 

1 cohort (1392 incident cases) and 3 case-control 
studies (2355 prevalent cases) 

RR observational = 0.67 
(0.41–1.11) 
RR cohort = 0.98 
(0.87–1.17) 
OR case-control = 0.58 
(0.35–0.95) 

Morze, 2021 [43] 
Contrasting findings from 
cohort and case-control 
studies 
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The risk of skin cancer, including melanoma, basal cell carcinoma 
(BCC) and squamous cell carcinoma (SCC), was reduced, 17 %, in the 
67,332 French women participating in the prospective Etude Epi
démiologique auprès de femmes de la Mutuelle Générale de l’Education 
Nationale (E3N cohort) [59] as well as in the case-control Seguimiento 
Universidad de Navarra (SUN) study, a 72 %, in this case focused only on 
BCC [60]. 

In the EPIC study, which included 476,160 participants followed for 
an average of 13.9 years, a small degree of protection (9 %) was found 
against lymphoma [61], while no association was found for thyroid 
cancer [62]. 

A systematic review evaluated the risk for ovarian and endometrial 
cancer, with null results in the case of ovary [63] and a small protective 
effect in the case of endometrium, as concluded from two studies, in 
which the pooled RR for each one-point increase in the MedDiet score 
was 13 % [64]. Discrepant results were found between three case- 
control studies and one cohort study when performing meta-analysis 
evaluation [43]. 

5. Mediterranean diet and cancer survivors 

Cancer survivors are an especially vulnerable population, who face a 
risk of recurrence and higher risk for a new cancer, stemming from 
having previously experienced cancer, or from the oncogenic effects of 
anti-cancer treatments [65]. Cancer therapy also causes side effects that 
may occur during treatment or at a later stage, due principally to 
radiotherapy, chemotherapy or hormonal deficiencies provoked by 
treatment in endocrine-related cancer [66]. 

Lifestyle plays a central role in strategies to manage the conditions 
associated with cancer survivorship. Diet is currently recommended to 
reduce the metabolic syndrome and bone loss linked with some cancer 
treatments, as well as to fight the cachectic syndrome accompanying 
several more aggressive cancers. In addition, the microbiota, which is 
highly susceptible to diet, can modulate the effect of immunotherapy 
and chemotherapy, improving therapeutic response and decreasing side 
effects [67]. The role of the MedDiet in the management of clinical needs 
associated with cancer treatment and beyond remains an understudied 
area. Evidence comes mainly from preclinical models, as quality clinical 

studies remain scarce and small in size. 

5.1. The effect of the MedDiet 

Evidence has already been published supporting a protective role for 
the MedDiet against cancer recurrence [43] but a more holistic approach 
to the potential of this diet in cancer survivor management has mate
rialized only in recent years. 

5.1.1. Mortality 
Both all-cause and cancer-related mortality have attracted research 

interest. Table 3 shows the data related to the effect of MedDiet on 
mortality in cancer survivors. 

A meta-analysis reviewing papers published up to April 2020 found a 
reduction of 25 % in all-cause mortality among cancer survivors on 
reviewing eight cohort studies, but not in cancer-specific mortality after 
reviewing 4 cohort studies [43]. A more recent study including 6370 
subjects asked about their diet after cancer diagnosis confirmed a 
reduction of 26 % in all-cause and of 29 % in cancer-specific mortality 
for MedDiet [68]. 

Data related to specific cancer types are discrepant. One meta- 
analysis focusing on CRC found no association between MedDiet 
adherence and reduction in all-cause or CRC-specific mortality after a 
review of five cohort studies [42]. Inconclusive results were also found 
in another cohort of metastatic CRC including 1284 individuals with a 
median follow up of 73 months [69]. 

An Italian study of 1453 breast cancer survivors who were followed 
for 15 years found that adherence to the MedDiet was associated with a 
reduction of 28 % in all-cause mortality across the whole cohort, and of 
35 % in breast cancer mortality only in women 55 years and older [70]. 
Also in breast cancer, the MedDiet adherence of 3660 women amounting 
to 40,888 person-years suggested a reduction of 21 % in all-cause 
mortality, but not in breast cancer-specific mortality [71]. 

The same Italian researchers found MedDiet adherence to be asso
ciated with lower overall mortality, a 26 %, in a cohort of 777 men with 
PrC followed for 10 years [72]. 

BCC: basal cell carcinoma. BLEND: Bladder cancer Epidemiology and Nutritional Determinants. CI: confidence intervals. E3N: Etude Epidémiologique auprès de 
femmes de la Mutuelle Générale de l’Education Nationale. EPIC: European Prospective Investigation into Cancer and Nutrition. ER: estrogen receptors. HR: hazard 
ratio. MedDiet: Mediteranean diet. NHS: Nurses’ Health Study. OR: odds ratio. PcaP: prostate cancer project. PR: progesterone receptors. RCT: randomized controlled 
trial. Ref: reference. RR: relative risk. SCC: squamous cell carcinoma. SUN Seguimiento Universidad de Navarra. 

Table 3 
Results from meta-analyses and subsequently published clinical studies on Mediterranean diet adherence and all-cause or cancer- specific mortality in cancer survivors.  

Outcome Design No. of studies/ participants Risk (95 % CI) Author, year 
[ref] 

All cancer 
types 

Meta-analysis (updated April 2020) 8 cohort-studies (4883 cases) 
4 cohort studies (1790 cases) 

RR = 0.75 (0.66–0.86). All-cause. 
RR = 0.96 (0.82–1.11. Cancer-specific 

Morze, 2021 
[43] 

CRC 
survivors 

Multiethnic Cohort Study Prospective cohort study in US. 6370 cases, 10 years follow- 
up 

HR = 0.74 (0.66–0.84). All-cause. 
HR = 0.71(0.59–0.85). Cancer-specific. 

Park, 2022 [68]  

Meta-analysis (updated September 2019) 4 prospective studies (all- 
cause) 
1 prospective study (CRC- 
specific) 

HR = 0.66 (0.37–1.17). All-cause 
HR = 0.84 (0.50–1.42) CRC-specific. 

Zhong, 2020 
[42] 

Metastatic 
CRC 

Cancer and Leukemia Group B (Alliance) and Southwest 
Oncology Group 80405 trial (Prospective cohort study) in US 

1284 cases HR = 0.83 (0.67–1.04). All cause. Van Blarigan, 
2020 [69] 

Breast cancer Prospective cohort study in Northern Italy 1453 cases, 15 years follow- 
up 

HR = 0.72 (0.57–0.92). All-cause. 
HR = 0.65 (0.43–0.98). Breast cancer- 
specific in women ≥55 years. 

Di Masso, 2021 
[70]  

Pathways study in US 3660 cases, 40,888 person- 
years of follow-up. 

HR = 0.79 (0.61–1.03). All-cause. 
HR = 0.79 (0.54–1.16). Breast cancer- 
specific. 

Ergas, 2021 [71] 

Prostate 
cancer 

Prospective cohort study in Northern Italy 777 cases, 10 years of follow- 
up. 

HR = 0.74 (0.56–0.99) All-cause. 
HR = 0.58 (0.38–0.90) for MedDiet plus 
high physical activity 

Di Masso, 2021 
[72] 

CI: confidence intervals. CRC: colorectal cancer. HR: hazard ratio. Ref: reference. 
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5.1.2. Other actions 
There is a dearth of data about other roles of the MedDiet within the 

wide spectrum of cancer survivorship needs. The risk of recurrence has 
been shown to remain unchanged in a study mentioned in Section 5.1.1 
[71], but prolonged in a small study on 114 women with breast cancer 
[73]. The Canary Prostate Active Surveillance Study could not detect 
any effect of the MedDiet on grade re-classification in 564 men after 7.8 
years of median follow-up [74]. 

Quality of life (QoL) was evaluated in a small study including 68 
women with non-metastatic breast cancer. No association with the 
MedDiet was found [75]. A subsequent multi-center study recruited 309 
women with early breast cancer, concluding that MedDiet adherence 
was associated with several dimensions of QoL, including physical 
functioning, better sleep, and lower pain [76]. 

The effect of MedDiet has also been studied in the context of cancer 
therapy-related symptoms, like diarrhea in metastatic CRC [77] or fa
tigue [78]. Both outcomes were improved, but the effect was minimal 
and the sample size of the groups meager. A similar pattern was 
confirmed in another study, a RCT of MedDiet vs. usual care in men 
under androgen deprivation therapy because of prostate cancer. Fatigue 
was reduced and quality of life was improved by the MedDiet, but the 
study only included 23 participants [79]. 

6. Conclusion 

The role of diet in cancer has been widely studied, primarily in terms 
of cancer risk, but more recently for its role in modulating the many 
needs of cancer survivors, whose main threats are the possibility of 
another cancer diagnosis (either recurrence or a new type of tumor) and 
of higher mortality and morbidity. Modulating the risk of a cancer 
diagnosis shows more solid evidence for tumors of the digestive system. 
Data on mortality, either overall or cancer-specific, are less robust and 
conflicting. Finally, knowledge about the effect of diet on the short and 
long-term side effects of cancer therapy is still in its infancy. More 
research is needed at all levels. This does not only mean well-designed 
studies, i.e., RCTs, but studies with larger numbers of participants or 
designs appropriate to the question. Despite these limitations, given that 
diet is a modifiable risk factor for cancer, the MedDiet can and should be 
recommended on a clinical level, even in the context of evidence that 
still needs to be improved. This conclusion is based on the arguments of 
reasonable consistency of the observed benefits, replicated in various 
populations, and confirmation in meta-analyses, which adds robustness 
to the findings. Furthermore, the observed benefits are pathophysio
logically congruent with findings in experimental models and with 
supporting research in humans, for example, in intermediate outcomes. 
Finally, the level of evidence, even if of moderate or low quality, is the 
best available and, equally interesting, there are no data to support any 
harm. 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.maturitas.2023.107841. 
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