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Abstract: Background: The Mediterranean diet (MD) exerts a protective effect against cancer devel-
opment and progression; however, the evaluation of its impact on gastric cancer still remains quite
scarce. The present study aims to evaluate the association of MD adherence during the lifespan with
disease progression characteristics, lifestyle factors and overall survival in gastric carcinoma patients.
Methods: This is an observational, cross-sectional study conducted on 186 gastric cancer patients
followed up for a median time interval of 57 months or until death due to cancer disease. Tumor
histopathological characteristics were retrieved from patients’ medical records, while validated ques-
tionnaires assessing, immediately after the time of diagnosis, health-related quality of life, physical
activity levels, sleep quality, depression, anxiety and MD adherence during the lifespan were used.
Results: Higher MD adherence during the lifespan was significantly associated with younger patients
(p = 0.0106), regular smoking (p < 0.0001), abnormal BMI status (p < 0.0001), intestinal-type gastric
carcinoma (p = 0.0111), high tumor histopathological grade (p < 0.0001) and earlier disease stage
(p < 0.0001). Moreover, patients with elevated MD adherence during their lifespan showed signif-
icantly better health-related quality of life (p < 0.0001), higher physical activity levels (p < 0.0001),
more adequate sleep quality (p < 0.0001) and lower prevalence of depression (p = 0.0003) and anxiety
(p = 0.0006) compared to those with reduced MD adherence. In multiple regression analysis, elevated
MD compliance during the lifespan was independently correlated with longer overall patient survival
after adjustment for several confounders (Cox regression analysis, p = 0.0001). Conclusions: Higher
MD adherence during the lifespan was associated with less advanced tumor histopathology character-
istics and favorable mental and physical lifestyle factors. Moreover, higher MD adherence during the
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lifespan was also independently correlated with longer overall survival in gastric carcinoma patients.
Thus, adopting a healthy dietary pattern like the MD during the lifespan may act as a preventive
agent in combination with a healthy lifestyle against gastric cancer development and progression.

Keywords: gastric cancer; Mediterranean diet; quality of life; physical activity; sleep quality; depression;
anxiety; body mass index; survival; disease progression

1. Introduction

Based on Global Cancer Inventory (GLOBOCAN) estimations in 2018, the new cancer
cases reached 18.1 million, leading to the deaths of 9.6 million persons [1–3]. Moreover,
cancer constitutes the second-most usual cause of premature death after cardiovascular
diseases [1–3]. It is already known that about 5–10% of all cancer cases have been ascribed
to genetic factors, while the etiopathogenesis of the resting 90–95% have been attributed
to deleterious exogenous environmental factors or an unhealthy diet and lifestyle during
the lifespan [2,3]. An unhealthy lifestyle can include an unbalanced diet, excessive body
weight, physical inactivity, overconsumption of alcohol and tobacco, chemical exposure
and obesity [4,5]. Many types of cancers can have a more favorable prognosis and a lower
aggressive progression if the modifiable risk factors above can be improved [6].

Gastric cancer constitutes a severe health issue as it ranks first in gastrointestinal
cancers, sixth in incidence and second in cancer deaths [7]. Based on GLOBOCAN records in
2018, 1,033,700 novel cases and 782,700 deaths were globally noted due to gastric cancer [7].
As far as their anatomic location is concerned, gastric cancers (GCs) are classified as gastric
cardia adenocarcinomas (GCAs) and gastric non-cardia adenocarcinomas (GNCAs) [8]. As
far as their histological classification is concerned, two types can be diagnosed, intestinal
and diffuse. Intestinal carcinomas are distinguished by visible glands and cohesion among
cancer cells [8,9]. The diffuse histological type comprises weakly cohesive cells, diffusely
infiltrating the gastric wall with small or no gland formation [8,9].

The prevalence of gastric non-cardia carcinoma is gradually decreasing worldwide,
which may be ascribed to the lower incidence of Helicobacter pylori infection, a well-
recognized risk factor for GNCAs [10,11]. In contrast, gastric cardia carcinoma frequency
is constantly growing, which is in accordance with the rise in obesity and adherence to
an unhealthy Western lifestyle worldwide [10,11]. Based on the World Cancer Research
Fund (WCRF), nutritional status seems to be very important for the prognosis of cancer
risk [12]. Moreover, nutritional status has been shown to influence post-treatment disease
progression and patients’ survival [12]. An elevated intake of fruits, vegetables and whole
grains and a low consumption of red and processed meats have been shown to decrease
cancer risk [13]. The role of nutrition is also very crucial as a leading contributor to cancer
and an efficient strategy in secondary/tertiary prevention or as a complementary tool of an
adjunctive treatment [2,14]. Additionally, malnutrition is worsened in cancer disease due
to elevated catabolism, which is ascribed to immune response dysregulation and metabolic
impairments, leading to anorexia, raised energy expenditure and body weight decline [15].

Due to the additive or synergistic impact of foods, nutritional models have been im-
plemented as a tool in the field of nutritional epidemiology [16,17]. A Western diet includes
the high consumption of refined grains, processed and red meats, desserts, saturated fats
and sweets, and it is associated with an elevated glycemic load that can result in an increase
in body weight fat mass [18]. A recent systematic review that included 29 prospective
studies found a strong relationship between unfavorable dietary patterns like the Western
diet and cancer development [18]. Processed foods, red meat products, alcohol, foods
containing high dietary fat and dietary cholesterol can also increase the probability of
gastric carcinogenesis [19]. In contrast, the elevated consumption of fruits, vegetables,
whole grains, nuts and a low-salt diet might exert a preventive impact against gastric
cancer [19].
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The dietary pattern of the Mediterranean diet (MD) was firstly explored by Keys and
co-workers, who observed a considerably smaller incidence of coronary heart disease in
countries bordering the Mediterranean basin (Cyprus, Greece, France and Italy) [2,20]. The
existing international bibliographical evidence has supported that the MD may represent a
dietary pattern suitable to preventing and managing non-communicable disorders [2,20].
The MD mainly constitutes a plant-based dietary pattern, which includes an elevated
intake of fruits, vegetables, nuts, legumes, fish, cereals containing whole grains and extra
virgin olive oil, a modest intake of red wine, reduced consumption of red and processed
meats, and moderate consumption of eggs as well as dairy products [21]. Many systematic
reviews and meta-analyses of observational surveys have also reinforced that the MD
may exert protective effects against cancer morbidity and mortality [2,20,22]. Greater MD
compliance during the lifespan has been linked with lower probability of GCA, GNCA and
total GC; however, many of the currently available data are non-significant or conflicting,
especially those concerning the distinct gastric carcinoma subtypes [8]. Moreover, several
lifestyle factors such as physical activity, health-related quality of life, depression, as well
as anxiety beyond or in combination with nutritional habits may influence the outcome
of cancer patients; however, the available data regarding gastric cancer remain scarce and
inconclusive [5,9,11,14].

Considering the previously available evidence, the present observational, cross-sectional
study aims to evaluate the MD compliance in gastric carcinoma patients during their lifes-
pan, while also evaluating its association with disease progression characteristics, lifestyle
factors as well as its effect on patients’ prognosis.

2. Methods
2.1. Study Design

One hundred and eighty-six (186) consecutive gastric carcinoma patients were enrolled
in the current survey immediately after cancer diagnosis. Enrollment in the survey started
at the time at which biopsy results were announced to the patients between the interval of
October 2011 and November 2018. The enrolled patients had not followed any anticancer
therapy before diagnosis. Patients with a previous history of cancer were not included in
the survey. All patients’ data were confidential, and all patients were informed concerning
the aim of the survey by signing a consent form. The survey was authorized by the Bioethics
Agency of the University of Aegean (protocol code 7/11.9.2011) and was in accordance
with the Declaration of Helsinki of the World Medical Association (52nd WMA General
Assembly, Edinburgh, UK).

Concerning histopathologic analysis and TNM stage data, those were retrieved by the
participants’ medical records in which distant metastases were established by computed
tomography imaging. The participants were followed up for a median period of 57 months
or until death due to gastric cancer. Overall survival was outlined at the time interval
between the diagnosis date and the death date due to gastric cancer (complete event)
or the last date of contact that the participant was known to be alive and disease-free
(censored). The participants were followed up about every six months by hospital visits
and examinations.

2.2. Questionnaire and Lifestyle Factor Evaluations

The Short Form Healthy Survey (SF-36) questionnaire was utilized to assess Health-
Related Quality of Life (HRQOL) immediately after the time of diagnosis. This question-
naire includes 36 items, assessing the health state on 8 subscales [23]. The initial four
subscales estimate physical HRQOL: physical functioning, physical role limitations, bodily
pain and general health perception. Then, four subscales estimate mental HRQOL: role
limitations because of emotional troubles, vitality, mental health and social functioning.
Concerning the above subscales, a score ranging from 0 (worst) to 100 (best) is deter-
mined [23].
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The International Physical Activity Questionnaire (IPAQ) was used to evaluate physi-
cal activity levels immediately after the time of diagnosis. In this questionnaire, participants
report their frequency of exercise in a usual week. This self-administered questionnaire,
utilized globally, determines their whole physical activity during the previous week, asking
participants to classify it as low, modest or high [24]. The IPAQ tool has been used for eval-
uations in both developed and developing countries, representing favorable consistency
and sufficient validity properties, which is equal to other self-reported PAQs [24].

The Pittsburgh Sleep Quality Index (PSQI) was used to evaluate sleep quality imme-
diately after the time of diagnosis. This questionnaire contains nineteen items scored on
a 4-point scale (0–3) and classified into seven components (sleep quality, inactivity, sleep
duration, usual sleep effectiveness, sleep impairment, treatment with sleeping medication
and daytime disfunction) [25]. The items’ points in each component were added and
transformed into component scores rating from 0 (better) to 3 (worse) based on the relative
recommendations [25]. Total PSQI scores were calculated as the summation of 7 component
scores rating from 0 to 21, in which a greater score showed a worse condition. An overall
PSQI score of <5 is indicatory of adequate sleep quality [25].

The Beck Depression Inventory (BDI-II) was used to assess the depression of the
patients immediately after the time of diagnosis. This questionnaire includes twenty-one
components of statements and constitutes one of the most widely used psychometric tests
for determining the severity of depression symptomatology [26]. BDI-II includes items
associated with depressive symptoms such as hopelessness and irritability, cognitions like
guilt or emotions of being punished, and physical symptoms such as fatigue, weight decline
and lack of interest in sex [26]. The BDI-II has been considered as a greatly suitable psycho-
metric tool, presenting sufficient reliability and capability to differentiate depressed from
non-depressed people, while indicating enhanced concurrent, content and structural power.
Based on the currently existing psychometric evidence, the BDI-II has been recognized as
a cost-effective questionnaire for evaluating the severity of depression symptomatology,
with broad applicability in research and clinical practice worldwide [26].

The six-item short-form State-Trait Anxiety Inventory (STAI-6) was applied for assess-
ing the anxiety of patients immediately after the time of diagnosis [27]. This is a reliable
and valid tool with adequate consistency and validity and with accuracy in response to
variations in state anxiety. It is also likely to increase answer rates and decrease the number
of response errors and unanswered items, thus improving the validity and generalizability
of any results [27].

MD compliance during the lifespan was determined immediately after the time of
diagnosis based on the Mediterranean Diet Score (MedDietScore) [28]. The questionnaire
effectively assesses the frequency consumptions of 11 selected food categories based on
a MedDietScore index [28]. In every question, there are six possible responses, ranging
from 0 to 5, related with the level of adherence to every foodstuff category. The sum of the
eleven questions leads to a score from 0 to 55; a greater score signifies higher adherence
to the MD. For cereals, potatoes, fruits, vegetables, dairy and olive oil, the levels of six
possible responses are adapted based on daily consumption [28]. For legumes, seafood,
red meat and poultry, the levels of six probable answers are adapted based on weekly
consumption [28].

Qualified personnel, nutritionists and dietitians systematically explained to the gastric
carcinoma patients the components of the questionnaires to ensure consistent answers [29].
A one-on-one interview was utilized during which every interviewer promptly connected
with the participants based on the assembled questionnaires to reduce recall bias. Trained
nutritionists and dietitians measured anthropometry parameters such as body mass index
(BMI) immediately after the time of diagnosis [29]. Body weight was measured utilizing
the same electronic scale, and height was measured by a portable stadiometer (Charder
HM200P; Medi-Shop, Greece). It should be emphasized that all lifestyle factors such as
quality of life, physical activity, sleep quality, depression, anxiety and MD adherence were
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assessed immediately after the time of diagnosis, while no medical recommendations were
provided for all of the above lifestyle factors during their follow-up.

2.3. Statistical Analysis

Student’s t-test and one-way ANOVA were used to analyze the continuous variables
followed by their normal distribution, which was tested by utilizing the Kolmogorov–
Smirnov test. Chi-squared testing was applied for categorical variables. The quantitative
normally distributed continuous variables were represented as the mean value ± stan-
dard deviation (SD), and the qualitative variables were represented as absolute or relative
frequencies. The quantitative non-normally distributed continuous variables were rep-
resented as median values (interquartile range, IQR). Survival curves were created by
applying the Kaplan–Meier method and the differences between the curves were com-
pared by the log-rank test. Cox proportional hazards regression analysis was applied for
assessing the relation of MD compliance during the lifespan with overall patients’ survival,
at the multivariate level, including several parameters as potential confounding factors.
A p-value < 0.05 was used as the limit of statistical significance at a confidence interval
(CI) equal to 95%. Statistica 10.0 software was applied for all statistical analyses (Informer
Technologies, Inc., Hamburg, Germany).

3. Results
3.1. Descriptive Statistics of the Study Population

Table 1 includes the descriptive statistics of the study population. In total, 186 pa-
tients aged 39 to 88 years old (mean ± SD: 67.6 ± 8.9 years) were assigned to the study.
Concerning gender, 66.7% of the enrolled patients were men and 33.3% were women. A
total of 60.2% of the gastric patients were never smokers and 39.8% of them were regular
smokers. The mean BMI of the participants was 24.1 ± 5.4 kg/m2. According to the BMI
classification, 25.3% of the patients were underweight, 33.9% had a normal weight, 24.7%
were overweight and 16.1% were affected by obesity (Table 1).

Table 1. Descriptive statistics of the study population.

Parameter, n = 186 Descriptive Statistics

Mean age (years ± SD *) 67.6 ± 8.9

Gender (n, %)

Male 124 (66.7%)

Female 62 (33.3%)

Smoking (n, %)

Regular smoker 122 (60.2%)

Never smoker 74 (39.8%)

Mean BMI (kg/m2, SD *) 24.1 ± 5.4

BMI status (n, %)

Underweight 47 (25.3%)

Normal weight 63 (33.9%)

Overweight 46 (24.7%)

Obese 30 (16.1%)

Histopathological type (n, %)

Intestinal gastric carcinoma 88 (47.3%)

Diffuse gastric carcinoma 99 (52.7%)
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Table 1. Cont.

Parameter, n = 186 Descriptive Statistics

Tumor grade of differentiation (n, %)

Low 10 (5.4%)

Moderate 84 (45.1%)

High 92 (49.5%)

Tumor stage (n, %)

Stage I 54 (29.0%)

Stage II 40 (21.5%)

Stage III 66 (35.5%)

Stage IV 26 (14.0%)

Tumor size (n, %)

pT1 22 (11.8%)

pT2 60 (32.3%)

pT3 84 (45.2%)

pT4 20 (10.7%)

Lymph node metastasis (n, %)

pN0 66 (35.5%)

pN1 110 (59.1%)

pN2 10 (5.4%)

Distant metastasis (n, %)

pM0 164 (88.2%)

pM1 22 (11.8%)

International Physical Activity
Questionnaire (IPAQ) level (n, %)

Low 71 (38.2%)

Moderate 62 (33.3%)

High 53 (28.5%)

Health-Related Quality of Life (HRQOL) (n,
%)

Low 94 (50.5%)

High 92 (49.5%)

Pittsburgh Sleep Quality Index (PSQI) (n, %)

Inadequate 75 (40.3%)

Adequate 111 (59.7%)

Depression (n, %)

No 106 (57.0%)

Yes 80 (43.0%)

Anxiety (n, %)

No 113 (60.7%)

Yes 73 (32.3%)
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Table 1. Cont.

Parameter, n = 186 Descriptive Statistics

Median Mediterranean diet score (IQR **) 26 (IQR: 24–29)

Mediterranean diet quartile (n, %)

Very low 48 (25.8%)

Low 47 (25.3%)

Moderate 46 (24.7%)

High 45 (24.2%)

Patients’ overall survival (months, IQR **) 57 (IQR: 16–90)
* Standard deviation (SD), ** Interquartile range (IQR).

As far as tumor histopathological type was concerned, 47.3% of patients were diag-
nosed with intestinal gastric carcinoma and 52.70% had diffuse gastric carcinoma (Table 1).
Regarding the grade of tumor differentiation, 5.4% of patients had a low tumor grade,
45.1%, moderate, and 49.5% presented a high tumor grade (Table 1).

Based on TNM staging, 29.0% of patients were diagnosed with stage I gastric cancer,
21.5% of them had stage II disease, 35.5% exhibited stage III and the remaining 14.0% of the
enrolled patients had stage IV gastric cancer (Table 1). Concerning tumor size (pT), 11.8%
of participants were categorized as pT1, 32.3% of patients, as pT2, 45.2% of patients, as pT3,
and 10.7% of patients, as pT4 (Table 1). Concerning the presence of lymph node metastasis,
35.5% of patients were classified as pN0, 59.1% of patients, as pN1, and 5.4% of patients,
as pN2. Regarding organ metastasis, 88.2% of patients had no metastatic disease (pM0),
whereas 11.8% had at least one organ metastasis (pM1) (Table 1).

Physical activity levels were directly categorized based on the IPAQ. In fact, 38.2%
of participants exhibited low physical activity levels, 33.3% of them showed moderate
physical activity levels and 28.5% had enhanced physical activity levels (Table 1). The mean
health-related quality of life (EORTC QLQ-C30) score was 53/100 (IQR: 42/100–91/100),
rated from 31 to 86. In fact, 50.5% of patients exhibited a low health-related quality of
life (HRQOL, score < 53/100) and 49.5% exhibited an enhanced quality of life (HRQOL,
score ≥ 53/100) next to dichotomization based on the mean value (Table 1). Concerning
sleep quality assessed by the PSQI questionnaire, 40.3% of patients exhibited inadequate
sleep quality and 59.7% showed adequate sleep quality (Table 1). A total of 43.0% of
the gastric patients were diagnosed with depression and 32.3% of them showed anxiety
symptomatology (Table 1).

Regarding MD adherence during the lifespan, assessed by the MedDietScore, the
median score was 26 (IQR: 24–29) and ranged from 18 to 35. The level of compliance to the
MD was classified into quartiles as very low MD adherence (25.8%), low MD adherence
(25.3%), moderate MD adherence (24.7%) and high MD adherence (24.2%) (Table 1).

After the final follow-up, 98 patients (52.7%) were dead due to gastric cancer and
88 patients (47.3%) were alive. The median overall survival time of the patients was
57 months (IQR: 16–90 months) and ranged between 3 and 125 months (Table 1).

3.2. Associations of Mediterranean Diet (MD) Compliance with Disease Progression and Lifestyle
Factors of Gastric Patients’ Characteristics

Younger patients showed significantly higher MD adherence during their lifespan than
older gastric carcinoma patients (Table 2, p = 0.0106). Male patients showed a higher compli-
ance to the MD during their lifespan compared to female patients, but at a non-significant
level (Table 2, p = 0.1378). Never smoker gastric patients were significantly associated with
greater MD compliance (Table 2, p < 0.0001). BMI as a continuous variable was significantly
gradually decreased as the adherence to MD increased (Table 2, p = 0.0023). According
to BMI status, underweight and obese patients had significantly lower compliance to the
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MD during their lifespan compared to normal-weight and overweight patients (Table 2,
p < 0.0001).

Table 2. Associations between MD adherence and patients’ characteristics and lifestyle factors.

Characteristic, n = 186
Mediterranean Diet (MD) Adherence

Very Low Low Moderate High p-Value

Age (years, mean ± SD *) 71 ± 9.5 67.6 ± 7.9 65.9 ± 10.3 65.5 ± 6.5 p = 0.0106

Gender (n, %) p = 0.1378

Male 29 (60.4%) 28 (59.6%) 31 (67.4%) 36 (80.0%)

Female 19 (39.6%) 19 (40.4%) 15 (32.6%) 9 (20.0%)

Smoking status (n, %) p < 0.0001

Never smoker 17 (35.4%) 22 (46.8%) 37 (80.4%) 36 (80.0%)

Regular smoker 31 (64.6%) 25 (53.2%) 9 (19.6%) 9 (20.0%)

Mean BMI (kg/m2 ± SD *) 26.6 ± 8.6 25.7 ± 7.2 24.9 ± 6.5 24.2 ± 6.8 p = 0.0023

BMI class (n, %) p < 0.0001

Underweight 26 (54.2%) 14 (29.8%) 3 (6.5%) 4 (8.9%)

Normal weight 7 (14.6%) 15 (31.9%) 18 (39.1%) 23 (51.1%)

Overweight 2 (4.2%) 9 (19.2%) 20 (43.5%) 15 (33.3%)

Obese 13 (27.1%) 9 (19.2%) 5 (10.9%) 3 (6.7%)

Histopathological type (n, %) p = 0.0111

Intestinal gastric carcinoma 15 (31.3%) 20 (42.6%) 24 (52.2%) 29 (64.4%)

Diffuse gastric carcinoma 33 (68.7%) 27 (57.4%) 22 (47.8%) 16 (35.6%)

Tumor differentiation grade (n, %) p < 0.0001

Low 36 (75.0%) 32 (68.1%) 19 (41.3%) 5 (11.1%)

Moderate 12 (25.0%) 14 (29.8%) 23 (50.0%) 35 (77.8%)

High 0 (0.0%) 1 (2.1%) 4 (8.7%) 5 (11.1%)

Tumor stage (n, %) p < 0.0001

Stage I 6 (12.5%) 7 (14.9%) 24 (52.2%) 17 (37.8%)

Stage II 4 (8.3%) 14 (29.8%) 8 (17.4%) 14 (31.1%)

Stage III 27 (56.3%) 17 (36.2%) 11 (23.9%) 11 (24.4%)

Stage IV 11 (22.9%) 9 (19.1%) 3 (6.5%) 3 (6.7%)

Tumor size (n, %) p = 0.0003

pT1 2 (4.2%) 3 (6.4%) 10 (21.7%) 7 (15.6%)

pT2 8 (16.7%) 14 (29.8%) 20 (43.5%) 18 (40.0%)

pT3 25 (52.1%) 26 (55.3%) 13 (28.3%) 20 (44.4%)

pT4 13 (27.1%) 4 (8.5%) 3 (6.5%) 0 (0.0%)

Presence of lymph node metastasis
(n, %) p = 0.0201

No 12 (25.0%) 12 (25.5%) 19 (41.3%) 23 (51.1%)

Yes 36 (75.0%) 35 (74.5%) 27 (58.7%) 22 (48.9%)

Presence of distant metastasis (n, %) p = 0.1964

No 40 (83.3%) 39 (83.0%) 43 (93.5%) 42 (93.3%)

Yes 8 (16.7%) 8 (17.0%) 3 (6.5%) 3 (6.7%)
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Table 2. Cont.

Characteristic, n = 186
Mediterranean Diet (MD) Adherence

Very Low Low Moderate High p-Value

Physical activity (n, %) p < 0.0001

Low 28 (58.4%) 21 (44.7%) 15 (32.6%) 7 (15.6%)

Moderate 10 (20.8%) 22 (46.8%) 13 (28.3%) 17 (37.7%)

High 10 (20.8%) 4 (8.5%) 18 (39.1%) 21 (46.7%)

HRQOL (n, %) p < 0.0001

Low (Below mean value) 37 (77.1%) 28 (59.6%) 17 (37.0%) 12 (26.7%)

High (Over mean value) 11 (22.9%) 19 (39.4%) 29 (63.0%) 33 (73.3%)

PSQI (n, %) p < 0.0001

Inadequate 36 (75.0%) 31 (66.0%) 6 (13.0%) 2 (4.4%)

Adequate 12 (25.0%) 16 (44.0%) 40 (87.0%) 43 (95.6%)

Depression (n, %) p = 0.0003

No 17 (35.4%) 21 (44.7%) 34 (73.9%) 34 (75.6%)

Yes 31 (64.6%) 26 (55.3%) 12 (26.1%) 11 (24.4%)

Anxiety (n, %) p = 0.0006

No 18 (37.5%) 25 (53.2%) 34 (73.9%) 36 (80%)

Yes 30 (62.5%) 22 (46.8%) 12 (26.1%) 9 (20.0%)

Patients’ overall survival (months,
median, IQR **) 17 (7–29) 34 (21–52) 79 (61–95) 102 (88–116) p < 0.0001

* Standard deviation (SD), ** Interquartile range (IQR).

Individuals with intestinal gastric carcinoma showed significantly higher MD ad-
herence during their lifespan compared to those with diffuse gastric carcinoma (Table 2,
p = 0.0111). MD adherence was considerably positively increased with tumor grade of
differentiation (Table 2, p < 0.0001). Lower MD adherence during the lifespan was consider-
ably related with a more progressive histopathological stage, higher tumor size and lymph
node metastasis positivity (Table 2, p < 0.0001, p = 0.0003 and p = 0.0201, respectively).
Lower MD adherence during the lifespan was more often noted in participants presenting
distance organ metastasis (pM1), but at a non-significant level (Table 2, p = 0.1964).

Patients presenting elevated MD compliance during their lifespan exhibited consider-
ably higher physical activity levels compared to those presenting lower MD compliance
(Table 2, p < 0.0001). Moreover, patients presenting elevated MD adherence showed con-
siderably favorable health-related quality of life compared to those with decreased MD
compliance (Table 2, p < 0.0001). Patients presenting inadequate sleep quality showed
significantly lower MD adherence during their lifespan compared to those having adequate
sleep quality (Table 2, p < 0.0001). Gastric cancer patients diagnosed with depression
significantly showed decreased MD compliance (Table 2, p = 0.0003). Accordingly, gastric
cancer patients presenting anxiety symptomatology had considerably lower MD compli-
ance (Table 2, p = 0.0006). Overall survival times were significantly gradually increased as
the adherence to MD increased (Table 2, p < 0.0001).

3.3. Kaplan–Meier Analysis for Patients’ Overall Survival

Kaplan–Meier survival curves demonstrated that participants with modest or elevated
MD compliance during their lifespan exhibited considerably favorable overall survival
times compared to those presenting decreased MD compliance (Figure 1A, Log-rank test,
p < 0.0001). Younger patients also had significantly longer overall survival times than older
patients (Log-rank test, p = 0.0009). Underweight and obese patients showed shorter overall
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survival times compared to normal-weight and overweight patients according to their BMI
(Log-rank test, p < 0.0001). Never smoker participants had significantly longer survival
times compared to regular smoker participants (Log-rank test, p = 0.0005). Participants’
gender was not related with overall survival times (Log-rank test, p = 0.3842).
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Patients with an advanced disease stage had shorter overall survival compared to
those with an earlier disease stage (Log-rank test, p < 0.0001). Shorter overall survival times
were found in participants with a higher tumor size (Log-rank test, p = 0.0002), presence
of local lymph node involvement (Log-rank test, p < 0.0001) and distant organ metastasis
(Log-rank test, p = 0.0013). Patients presenting intestinal gastric carcinoma showed longer
overall survival compared to those with diffuse gastric carcinoma (Log-rank test, p = 0.0014).
Participants presenting low or moderate tumor grade of differentiation exhibited worse
overall survival times than those with a high tumor histopathological grade (Log-rank test,
p < 0.0001).

Greater physical activity levels were substantially related with favorable overall patient
survival times (Figure 1B, Log-rank test, p < 0.0001). Patients with better health-related
quality of life had higher overall survival times compared to those with decreased health-
related quality of life (Figure 1C, Log-rank test, p < 0.0001). Patients presenting adequate
sleep quality showed longer overall survival times than those presenting inadequate sleep
quality (Figure 1D, Log-rank test, p < 0.0001).

Gastric cancer patients diagnosed with depression exhibited significantly shorter sur-
vival times compared to non-depressed patients (Figure 2A, Log-rank test, p = 0.0006).
Gastric cancer patients presenting anxiety symptomatology also had shorter overall sur-
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vival times compared to patients with absence of anxiety symptoms (Figure 2B, Log-rank
test, p = 0.0011).
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3.4. Multivariate Analysis of MD Adherence with Patients’ Overall Survival

In the multivariate analysis, MD adherence during the lifespan was independently
associated with patients’ overall survival after adjustment for several possible confounders
(Table 3, Cox regression analysis, p = 0.0001). Patients with elevated MD adherence during
their lifespan had a two-fold longer prevalence of longer overall survival times compared
to those presenting reduced MD compliance (Table 3, Cox regression analysis, p = 0.0001).
Normal-weight and overweight patients showed a 35% higher probability of exhibiting
high MD adherence compared to underweight and obese patients (Table 3, Cox regression
analysis, p = 0.0015). Regular smoker patients had a 53% higher likelihood of shorter overall
survival times compared to never smoker patients (Table 3, p = 0.0036).

Patients with a high tumor grade of differentiation had an 82% higher likelihood of
high MD adherence during their lifespan compared to those with a moderate or low tumor
histopathological grade of differentiation (Table 3, Cox regression analysis, p = 0.0127).
Moreover, patients with a low tumor size showed a 43% higher probability of high MD
adherence during their lifespan compared to those with a larger tumor size (Table 3, Cox
regression analysis, p = 0.0029). Patients with elevated physical activity levels had a more
than two-fold longer survival time than those presenting reduced physical activity (Table 3,
Cox regression analysis, p = 0.0008). Patients characterized by better health-related quality
of life showed a more than two-fold longer survival time compared to those presenting
worse quality of life (Table 3, Cox regression analysis, p = 0.0023). A two-fold longer
survival time was observed in patients with adequate sleep quality than those presenting
inadequate sleep quality (Table 3, Cox regression analysis, p = 0.0012). Gastric cancer
patients presenting depression and anxiety symptoms had a more than two-fold shorter
overall survival compared to those without depression and anxiety symptoms (Table 3,
Cox regression analysis, p = 0.0025 and p = 0.0046, respectively).

Patients’ age, gender, histopathological type, and positive lymph node metastases and
distant organ metastases were not independently associated with their overall survival
(Table 3, Cox regression analysis, p > 0.05). When we used the histopathological stage of
pTNM as a variable instead of its components, e.g., tumor size, lymph node metastasis and
distant organ metastasis, almost identical results were derived.
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Table 3. Multivariate analysis evaluating whether MD compliance during the lifespan was indepen-
dently associated with patients’ overall survival.

Characteristic
Overall Survival

HR * (95% CI **) p-Value

Age (Below/Over mean value) 1.02 (0.63–1.58) p = 0.0922

Gender (Male/Female) 1.15 (0.39–1.92) p = 0.3478

Smoking habit (Never
smoker/Regular smoker) 1.53 (1.25–1.88) p = 0.0036

BMI (Normal weight and
overweight/Underweight and obese) 1.35 (1.04–1.62) p = 0.0015

Histological type (Intestinal/Diffuse) 1.22 (0.70–1.81) p = 0.2237

Histological grade
(High/Moderate/Low) 1.82 (1.54–2.13) p = 0.0127

Tumor size (pT1 + pT2/pT3 + pT4) 1.43 (1.11–1.79) p = 0.0029

Lymph node metastasis (No/Yes) 1.21 (0.71–1.83) p = 0.1822

Distant metastases (No/Yes) 1.05 (0.29–1.81) p = 0.4893

Physical activity
(High/Moderate/Low) 2.24 (1.98–2.49) p = 0.0008

Health-Related Quality of Life
(Over/Below mean value) 2.41 (2.18–2.64) p = 0.0023

Pittsburg Sleep Quality of Life
(Adequate/Inadequate) 2.02 (1.79–2.29) p = 0.0012

Depression (No/Yes) 2.68 (2.47–2.90) p = 0.0025

Anxiety (No/Yes) 2.54 (2.29–2.81) p = 0.0046

MD adherence p = 0.0001

Very low (Reference) 1.00

Low 1.27 (0.97–1.55)

Moderate 1.82 (1.58–2.19)

High 2.01 (1.81–2.23)
* Hazard ratio: OR, ** CI: Confidence interval.

4. Discussion

This is an observational, cross-sectional study evaluating the disease progression and
overall survival in gastric cancer patients according to their adherence to the MD during
their lifespan. Worldwide, gastric cancer constitutes the fifth-most frequently occurring
cancer and the third leading cause of cancer-associated deaths [21,30,31]. In our study, it
was found that participants presenting high MD compliance during their lifespan exhibited
a two-fold higher overall survival time compared to those with very low MD adherence.
The above results are in accordance with previous surveys supporting that diet-related
exposure including inverse relations with gastric cancer risk has been noted for non-starchy
vegetables and fruits, extra virgin olive oil and legumes [32,33]. An elevated probability
of gastric cancer was also shown for salty and smoked foods, processed meat, and grilled
or barbecued meat [32,33]. Thus, it was not surprising that the World Cancer Research
Fund (WCRF) Continuous Update Program (CUP) in its 2018 report have documented a
15% higher likelihood of gastric cancer in an analysis comparing the greatest vs. lowest
categories of salted fish intake, but with inadequate evidence for a dose–response effect,
and a 9% increased risk per 20 g of pickled vegetable intake [10,33].

Moreover, in agreement with our results, a recent systematic review and meta-analysis
on the impact of MD compliance in the likelihood of different cancers demonstrated that
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elevated MD compliance was associated with a lower probability of cancer mortality in
the general population and all-cause mortality among cancer survivors as well as with
the likelihood of colorectal, head and neck, lung, gastric, liver and bladder cancers [1].
Accordingly, in a longitudinal survey on Dutch gastric cancer patients aged 55–69 years,
a healthy lifestyle score (HLS) that was characterized by not smoking, presenting a nor-
mal BMI, having high physical activity levels, adopting an MD pattern and having no or
decreased alcohol consumption indicated a substantial inverse association with the proba-
bility of gastric cancer, in a linear fashion [34]. Another study further evaluated whether
nutritional support could improve the prognosis of individuals presenting advanced gas-
tric cancer [35]. More to the point, patients with a Nutritional Risk Screening (NRS) ≥ 3
showed a considerably greater proportion of stage IV diseases, increased concentrations
of inflammatory C-reactive protein (CRP) and hypoproteinemia [35]. Median survival
was considerably reduced in NRS < 3 patients, while multivariate analysis confirmed that
NRS status was independently associated with the prognosis of gastric cancer patients [35].
Especially for stage IV patients with an NRS ≥ 3, nutritional support could contribute to
the improvement in patients’ prognosis [35]. As expected from previous research, a meta-
analysis supported evidence that elevated MD compliance was related with a considerable
decrease concerning the probability of overall cancer mortality (by approximately 13%) and
a reduced prevalence of gastric cancer (by 27%) [2]. However, a systematic literature search
on 29 prospective studies revealed that there is currently inadequate evidence supporting a
relation between post-diagnostic food choices/dietary patterns and survival outcomes in
individuals with gastric cancer [18]. Thus, additional research is strongly recommended to
investigate the impact of post-diagnostic nutritional habits in gastric cancer [18].

An updated meta-analysis on the relation between MD and cancer prevalence and
mortality retrieved data from 29 observational studies and randomized clinical trials [36].
This meta-analysis revealed an association between higher MD compliance and a lower
probability of overall mortality, cardiovascular disorders, coronary heart disease, my-
ocardial infarction, overall cancer prevalence, neurodegenerative disorders and diabetes
mellitus [36]. Moreover, higher MD compliance was related not only with an elevated time
to relapse, but also with a greater nourishment status [36]. Although the majority of the
currently available surveys have focused on the relation between MD adherence and a
lower probability of cancer, only a few studies, such as the current one, have investigated
its association with patients’ survival or relapse.

Currently, adherence to the MD during the lifespan in Greece has gradually de-
creased [37]. A recent meta-analysis, including surveys published during the decade of
2011–2021, indicated that a high-quality diet (via the Healthy Eating Index, HEI-2005
and HEI-2015, and Alternative Healthy Eating Index, AHEI) after diagnosis was related
with a 23% decreased all-cause mortality, but not cancer-specific mortality [38]. In addi-
tion, improving nutritional habits by 10 points may reduce all-cause mortality by 9% [38].
Foodstuffs that are included in the MD constitute a conglomeration of several bioactive
ingredients, which are characterized by strong anticancer, anti-inflammatory and antioxi-
dant properties, and their molecular mechanisms especially of anticancer action have been
documented in preliminary clinical surveys [39].

Health-related quality of life can be considered as patients’ subjective view of the
effects of their disorders and their therapies in daily life, including their physical, psycho-
logical and social functioning and well-being [40]. Our findings showed a strong connection
between higher physical activity and better health-related quality of life with longer overall
patient survival times, which was in accordance with a comprehensive search performed
in Medline, exploring 35 prospective cohorts and 14 randomized controlled trials [38].
The above studies supported evidence that an intervention that combines nutritional and
physical activity advice and support may improve overall quality of life among cancer
survivors; however, the available data have remained inadequate so far to derive accurate
conclusions or propose recommendations [38].
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Quality of life is an exceptionally complicated concept and includes diverse psycho-
logical, physical, social and cultural aspects of well-being and health-related quality of life.
Healthy nutritional habits exert a crucial impact on several aspects of mental and physical
health as well as in the prevention and treatment of non-communicable disorders [41].
Concerning gastric cancer, poor nutritional status has independently been associated with
the prognosis of relapse and disease-free survival and shorter overall survival [42–44].
The MD seems helpful in the prevention of chronic diseases, like cancer. In accordance
with our bibliographical results, greater adherence to the MD has been related with a
substantial improvement in general psychological and physical health and lower overall
mortality [41,45,46].

Sleep habits are crucial in human health. They are also associated with strengthening
memory, improving vision, maintaining body temperature, and maintaining and recovering
energy and restoration of the brain’s energy metabolism [47–49]. The quality of one’s diet
has been considered to significantly affect sleep quality which in turn affects mental and
physical health [47]. Several studies have also highlighted the favorable effect of MD
compliance on sleep quality and duration in both adolescence and adulthood in both
cross-sectional and prospective cohorts [48,49].

Furthermore, it has been well established that the diagnosis and treatment of cancer
are stressful events, which may induce psychological distress in the majority of cancer
patients [50]. Notably, a case cohort of 12,664 participants aged over 40 years showed
that those with gastric cancer exhibited a greater probability of a new onset of depres-
sive symptoms compared to healthy individuals. Older gastric cancer patients at the
age of 60 years exhibited the greatest likelihood of new onset of depressive symptoms
than other age groups and non-cancer individuals [50]. Moreover, gastric cancer patients
with a history of depression before cancer diagnosis showed an elevated probability of a
new onset of depressive symptomatology compared to gastric cancer individuals without
an antecedent diagnosis of depression [50]. A prospective study in China also supports
the hypothesis that depression is associated with poor survival among gastric cancer pa-
tients [51]. From a molecular point of view, depressive symptom severity was significantly
higher in gastric cancer patients having higher plasma levels of catecholamines, elevated
metastasis-associated in colon cancer-1 (MACC1) oncogene levels and metastasis [52]. This
study reinforces the development of novel more effective treatment strategies for improv-
ing the outcome and daily performance status of gastric cancer patients with comorbid
depression [52].

In addition, based on Hospital Anxiety and Depression Scale (HADS) scores, it was
found that the prevalence and severity of anxiety was highly elevated in 200 gastric cancer
individuals undergoing surgical resection compared with healthy controls [53]. Notably,
the presence of anxiety/depression as well as the symptom severity of anxiety/depression
were all negatively related with disease-free survival as well as overall survival in gastric
cancer individuals undergoing surgical operation [53]. The above evidence supports the
strong demand for psychological counselling and support prior to surgical operation of in-
dividuals with gastric cancer [53]. Interestingly, in a recent case–control study, video-based
nursing training was effective in reducing the perioperative anxiety and depression of
patients undergoing minimally invasive gastrectomy [54]. In this aspect, multidisciplinary
cooperative continuous nursing can exert beneficial impacts in individuals with gastric
cancer, ameliorate depression, anxiety, postoperative pain and quality of life, and facilitate
the self-care ability and satisfaction of patients [55]. Reminiscence therapy-based care was
also found to serve as an efficient interventional approach in relieving anxiety and depres-
sive symptoms and improve quality of life in 48 recurrent gastric cancer patients compared
to 48 patients receiving usual care during a 12-week intervention with follow-up for 6
months [56]. In a recent case–control study, treatment with enteral nutritional therapy in
individuals with gastric cancer in combination with psychiatric medication was found to ef-
ficiently improve patient anxiety and depressive symptoms, increasing therapy compliance,
improving the nourishment state and enhancing quality of life [57]. A prospective cohort
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study investigated the longitudinal alteration and possible probability factors of postop-
erative anxiety and depression symptoms in individuals with gastric cancer undergoing
surgical operation [58]. This study clearly demonstrated that postoperative anxiety and de-
pressive symptoms were progressively worsened, associated with a deleterious prognosis,
while the most important risk factors included female, a single/divorced/widowed marital
status, diabetes, hyperlipidemia, a high tumor size and an advanced TNM stage [58].

Concerning another retrospective clinical study conducted on 34 terminal gastric
cancer patients admitted to a palliative care unit, evidence was presented supporting that
patients with anxiety exhibited a higher probability of emergency admission, an elevated
Numerical Rating Scale result, occurrence of cachexia and neuropsychiatric symptoms, a
longer duration of treatment, increased albumin levels and increased glucose amounts [59].
Individuals with neuropsychiatric symptomatology also exhibited a higher probability of
emergency admission, better performance status scale, occurrence of dyselectrolytemia and
decreased albumin levels. Notably, patients presenting those symptoms exhibited more
than seven times a higher risk of death [59]. Another study, including 80 newly diagnosed
gastric cancer patients and 80 healthy controls, assessed their anxiety and depression
symptoms utilizing the HADS [60]. The HADS anxiety scores and the proportion of
anxiety patients were more increased in recurrent gastric cancer patients than in the newly
diagnosed individuals with gastric cancer and in the healthy controls [60]. This study
clearly showed a higher incidence of anxiety and depression symptoms and their relevant
risk factors as age ≥60 years, diabetes and a smaller time to relapse in recurrent gastric
cancer patients [60].

Our study has several strengths. The current work constitutes one of the few observa-
tional, cross-sectional surveys that explores the impact of MD adherence during the lifespan
on disease progression and overall survival in gastric cancer patients by taking into account
several lifestyle factors, such as quality of life, physical activity, sleep quality, and depres-
sion and anxiety symptoms’ severity. Moreover, in our analysis, we adjusted for a wide
range of disease confounders to explore whether MD adherence during the lifespan could
independently be associated with gastric cancer progression. In addition, the sample size
permitted the assessment of possible interrelationships of nutritional habits with patients’
sex and age and the exploration of the potential relationship between tumor location and
morphology. It is also one of the few surveys to have investigated the relationship between
the MD and physical activity, quality of life, sleep quality, and depression and anxiety
symptoms’ severity in Greece. Moreover, we utilized authorized questionnaires to reliably
evaluate the above findings through face-to-face interviews with qualified personnel and
detailed presentations of the given questionnaires to minimize recall bias and to increase
the validity of patients’ responses. Moreover, the patients under study were followed up for
a median interval of 57 months, which reinforced the relation between MD compliance with
overall patients’ survival. Another strength of our study concerns the evaluation of several
aspects of the mental health of gastric cancer patients in association with their prognosis.

However, our study also has certain limitations. Firstly, the questionnaires requested
detailed information and recall bias could not be excluded. It should be emphasized that
MD adherence was assessed immediately after the time of diagnosis and concerned the
compliance to this dietary pattern during the lifespan of the enrolled patients, and thus,
potential recall bias was unavoidable. Moreover, all data concerning the lifestyle of the
enrolled patients were made immediately after the time of diagnosis and may have been
influenced by the worse psychological state of the participants. The present findings were
derived from a Greek population and thus, they cannot be generalized to other ethnicities,
especially beyond European populations. Several other confounding factors related with
mental health, e.g., perceived stress, and lifestyle factors, e.g., marital status, educational
and financial status, of the enrolled gastric cancer patients may have affected the impact
of the MD on their disease progression and prognosis. Moreover, no data concerning
recurrence-free patients’ survival, as well as the kinds of medication treatment, were
available. Lastly, the study design did not permit the derivation of causality effects.
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5. Conclusions

The present study highlights that higher levels of MD adherence during the lifespan
may be associated with a lower prevalence of advanced disease progression and shorter
overall survival in gastric cancer patients. Our findings also support that elevated MD
compliance during the lifespan is related with greater quality of life, adequate sleep quality,
less depression and anxiety symptoms, and higher physical activity levels in gastric cancer
patients. However, the precise effects of the MD on disease progression are still under
investigation, and future studies are suggested to explore the impacts of various nutri-
tional interventions to prevent gastric cancer development and progression and to prolong
patients’ survival. Our findings have emphasized the importance of performing large,
prospective, well-designed, randomized, interventional, clinical trials to generate data
indicating improvements in cancer-specific outcomes (recurrence, disease-free survival) as
a result of these dietary (and other lifestyle) interventions. Initiatives should also be put
forth to contribute to health-promoting results and persuade public health policy makers
and responsible bodies to better understand cancer-preventing diets and promote changes
in nutritional patterns that could decrease cancer risks and improve cancer outcomes.
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