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Abstract: A specific diet regimen is a promising way of managing inflammatory bowel disease
(IBD), with the Mediterranean diet (MD) being a likely candidate due to its potential to modulate
gut inflammation. Therefore, the aim of this study was to investigate nutritional habits and dietary
attitudes of IBD patients, and to assess their adherence to the Mediterranean diet. The study enrolled
50 Crohn’s disease and 44 ulcerative colitis patients, with clinical and laboratory parameters taken.
Dietary attitudes were examined, and adherence to MD was assessed using the Mediterranean
Diet Service Score (MDSS). Average MDSS score was 6.0 (5.0–7.0), while only nine participants
fulfilled criteria for Mediterranean diet adherence. Moreover, all of them were men (p = 0.021).
Low percentage of adherence to recommended guidelines was observed for eating olive oil (25.5%),
fresh fruit (14.9%), and vegetables (10.6%). Significant positive correlation was observed between
total MDSS points and high-density lipoprotein (HDL) cholesterol levels (p = 0.002). The majority of
the patients (86.2%) considered that a more controlled diet could reduce their IBD symptoms, while
17% visited a nutritionist for diet advice. The majority of patients (84%) would visit educational
programs regarding nutrition. In conclusion, adherence to MD was very low, while IBD patients were
willing to extend their nutritional knowledge if proper educational programs were organized.

Keywords: Mediterranean diet; inflammatory bowel disease; Mediterranean Diet Service Score
(MDSS); nutrition

1. Introduction

Inflammatory bowel disease (IBD) is a chronic autoimmune disorder that is characterized by
inflammation of the gastrointestinal tract. Two major types of IBD are ulcerative colitis (UC) and
Crohn’s disease (CD) [1]. The prevalence of IBD continues to grow because of young onset age and
low mortality [2]. Moreover, due to its growing prevalence and numerous systemic complications, it is
likely that IBD will become a major health problem in the future [3–5].

The precise pathomechanism of IBD remains unclear. A combination of susceptible genes,
inappropriate diet, and an inappropriate immune response leads to a breakdown of intestinal
homeostasis [6,7]. Since IBD is a chronic disease, treating it and retaining a durable remission poses a
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big challenge in today’s gastroenterology. There is a constantly expanding multitude of therapeutics
to treat IBD, such as immunosuppressants and biological drugs like infliximab and adalimumab [8].
Some patients become refractory to these pharmacological agents, in which case they are in need of
surgery [9]. Furthermore, diet plays a big role in the clinical care of patients with IBD [10]. Many studies
have shown that clinical remission and mucosal healing can be achieved with a formula-defined enteral
feed [11]. However, the mechanisms for this response are still unclear. Current theories hypothesize
that these dietary remissions are attained because of the changes in gut microbiota, improved nutritional
status, avoidance of additives, or reduced allergenic potential to gut content [11–13].

IBD patients often wonder whether proper and precise diet can change the course of their
disease, while, with the right diet modification patterns, they have a potential pathway to manage their
illness [14]. A study performed by Casanova et al. found that 77% of patients avoid certain foods during
remission, while 86% of patients with active disease go onto stricter diets [15]. Moreover, patients often
go onto self-prescribed diets, many of which lack strong scientific evidence, including the Paleolithic
diet, gluten-free diet, low-FODMAP (fermentable oligosaccharides, disaccharides, monosaccharides,
and polyols) diet, or specific carbohydrate-based diet [16]. Strict diet and avoidance of certain foods
can even lead to malnutrition, as well as vitamin and/or other deficiencies [15]. Current evidence
points to the Western diet as one of the main culprits attributing to the rising IBD incidence [7,13,17].
A high ratio ofω-6 toω-3, high sugar and animal protein, and high dietary additive content are all
characteristic components of a Western-style of diet, all of which lead to gut dysbiosis and an increased
IBD risk [13].

The Mediterranean diet (MD) is a characteristic dietary pattern established amid the olive
tree-growing areas of the Mediterranean [18]. The traditional Mediterranean diet is defined by high
consumption of vegetables, fruits, olive oil, nuts, and legumes, as well as fish and unprocessed cereals,
low intake of meat and meat products, and low intake of dairy products (other than long-lasting
cheeses). Alcohol consumption was also fairly common in the traditional Mediterranean, mostly as
a glass of red wine during meals [18]. The MD could have an impact on various aspects of life in
the general population, in different age groups. Studies report that the MD is associated with better
health-related quality of life in elderly people [19], but low MD adherence has shown significant
connection with high perceived loneliness and high stress levels in adolescence [20].

Furthermore, current literature has some new and promising data concerning the effects of the
Mediterranean diet on IBD. A study by Khalili et al. found that greater adherence to the Mediterranean
diet was associated with a significantly lower risk of later-onset CD [21]. Moreover, a recent study
by Papada et al. showed an association between the MedDiet score and improved quality of life in a
population of CD patients [22]. Furthermore, Lo et al. provided evidence of a significant association
between healthy lifestyle, including MD adherence, and reduced mortality in IBD patients [23],
while Eder et al. consider the MD to be most beneficial for elderly IBD patients [24]. Overall, the MD
is considered to have a high potential to modulate gut inflammation and to be a therapeutic and
preventive tool for IBD [25,26].

Considering the proposed important dietary impact on IBD patients and preventive potential
regarding the Mediterranean diet, the main goal of this cross-sectional study was to gather data about
the nutritional habits and dietary attitudes of prediagnosed IBD patients and to assess their adherence
to the Mediterranean diet using the Mediterranean Diet Service Score (MDSS).

2. Materials and Methods

2.1. Study Design and Population

This cross-sectional study enrolled 44 patients with ulcerative colitis and 50 patients with Crohn’s
disease diagnosed at the Department of Gastroenterology, University Hospital of Split between
December 2017 and April 2019. The diagnosis of IBD was set according to recent guidelines by
the European Crohn’s and Colitis Organization and the European Society of Gastrointestinal and
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Abdominal Radiology [27]. All participants were informed about the procedures and goals of this
study. Prior to the beginning, the study protocol was approved by the Ethics Committees of the
University of Split School of Medicine and the University Hospital of Split. Patients gave written
informed consent, and all procedures were carried out in correspondence with the 1964 Declaration of
Helsinki and its later modifications.

All subjects were aged between 18 and 65 years, with IBD diagnosed at least for 1 year. Furthermore,
patients which had one of the following exclusion criteria were not eligible to continue the study protocol
and, therefore, were excluded from the study: patients with diabetes, malignancies, or severe chronic
renal, cardiac, or endocrine diseases that resulted in specific dietary change as part of the therapy.

2.2. Clinical and Laboratory Parameters

Detailed medical and specific gastrointestinal anamnesis was taken from each of the subjects,
including data taken from medical history records. In such a way, information regarding therapeutics,
extra-intestinal complications, and nutritional deficiencies was assessed. Furthermore, an experienced
gastroenterologist performed clinical examination, with assessment of anthropometrical measurements
according to standardized protocols.

After a 12 h fast, all subjects underwent venous blood sampling. Lipid panel parameters,
as well as total protein and albumin levels, were assessed using standard biochemical procedures,
while high-sensitivity C-reactive protein (hsCRP) levels were measured via latex turbidimetric (Abbott
Laboratories, Chicago, IL, USA).

Finally, within 3 days of blood sampling, stool samples were collected as well, for determination
of fecal calprotectin (FC) levels. A turbidimetric immunoassay was used via a Buhlmann fCAL turbo
assay (Buhlmann Laboratories AG, Schonenbuch, Switzerland).

2.3. Disease Activity Parameters

For disease activity assessment, several different methods were used by the same eligible
gastroenterologist, specific for Crohn’s disease or UC. In Crohn’s disease patients, endoscopic evaluation
for disease activity was assessed with a simple endoscopic score for Crohn’s disease (SES-CD).
Ulcers, total affected and ulcerated surface, and narrowing characteristics were evaluated. The following
empirical cutoff values in the final results were used: inactive disease ≤ 2; mild activity 2–7; moderate
activity 7–16; severe disease ≥ 16 [28]. Quantitative scores for Crohn’s disease activity included Crohn’s
disease activity index (CDAI), which is a well-established mathematical index that determines the
current severity of Crohn’s disease based on signs and symptoms in the past 7 days. CDAI threshold
scores for analysis were as follows: clinical remission < 150; mild to moderate activity 150–450; severe
disease > 450 [29].

For UC endoscopic evaluation, the ulcerative colitis endoscopic index of severity (UCEIS) was
used. UCEIS is a quantitative indicator of mucosal inflammation established on colonoscopic findings.
Disease stage is organized as remission (0–1), mild (2–4), moderate (5–6), or severe (7–8) [30]. Finally,
Mayo score/disease activity index (Mayo/DAI) was used for UC patients as well, which is a clinical
score that assesses UC activity. The Mayo/DAI score provides a good correspondence with UC severity:
<2, remission; 3–5, mild disease; 6–10, moderate disease; 10–12, severe disease [31]. As latest guidelines
suggest caution in using clinical indices due to possible lack of proper validation, SES-CD and UCEIS
scores were used for stratification of patients into groups with different disease activity [32].

2.4. Dietary Habits and Attitudes

All included patients were given a questionnaire that examined specific information and attitudes
regarding their disease and eating habits. The questionnaire was made at the Department of
Pathophysiology by two experienced gastroenterologists after a detailed literature search.

The first part of the questionnaire consisted of 12 questions and was focused on the disease, as well
as its symptoms and attitudes regarding diet. The questions included were related to time from IBD
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diagnosis, therapy, surgery as a part of treatment, stoma presence, consumption of nutritional support
supplements, intravenous nutritional support in the last 12 months, and self-assessment of the disease
severity. Furthermore, the questionnaire examined digestive disturbances that IBD patients connect
with specific food groups, and attitudes regarding IBD and nutrition in general. Therefore, collected
information included food groups that patients connected with IBD-related symptoms, digestive
problems that occur in those situations, micronutrient deficiencies, and patients’ information source
and their rating of nutritional information.

The second part of the questionnaire was the MDSS [33], a validated questionnaire established on
the current update of the Mediterranean Diet Pyramid [34], which assesses adherence to individual
food groups of MD and total MD adherence. Specific eating patterns of 14 different food groups
are assessed with MDSS, and scores are given only if eating guidelines are followed. A score of 3 is
awarded to those individuals who meet the desired consumption frequency of foods such as fruits,
vegetables, cereals (bread, breakfast cereals, rice, pasta), and olive oil. A score of 2 is given to those
who meet the recommended consumption of nuts and dairy products. Lastly, a score of 1 is given to
those who meet the recommendations for potatoes, legumes, eggs, fish, white meat, red meat, sweets,
and fermented beverages (wine and beer).

In such a way, food that should be a part of every meal in MD is given the most points, followed
by food groups preferred for daily and weekly consummation [33]. A score of 0 is given when the
number of servings does not meet the recommendations. Therefore, the score can range from 0 to
24 points, and the cutoff value for the definition of Mediterranean Diet adherence is set at >13.5 points.

2.5. Statistical Analysis

Statistical analysis was performed with statistical software MedCalc, version 19.1.2. (MedCalc
Software, Ostend, Belgium). Categorical variables were presented as whole numbers and percentages,
while chi-square test and Fisher’s exact test were used for testing differences between groups. Normality
of data distribution for continuous variables was assessed with a D’Agostino–Pearson test, and data
were presented in the form of mean and standard deviation or median and interquartile range.
Therefore, differences in anthropometric and laboratory parameters between groups were assessed
with a t-test for independent samples, while differences in disease duration, hsCRP, FC, and total
MDSS score were tested with Mann–Whitney test. Correlation analysis of total MDSS score and other
parameters was performed with Spearman’s coefficient of rank correlation. Statistical significance was
considered at p < 0.05.

3. Results

3.1. Baseline Clinical and Laboratory Characteristics

This study enrolled a total of 94 IBD patients, of which 44 were in the UC group and 50 were
in the CD group. The groups did not significantly differ according to gender (p = 0.756), disease
duration (p = 0.426), or age (p = 0.101). Waist circumference (p = 0.016) and BMI (p = 0.017) were
significantly larger in the UC group in comparison to CD patients, while IBD-associated operations
and extraintestinal manifestations occurred significantly more often in the CD group compared to the
UC group (p < 0.001 and p = 0.002, respectively). Lastly, nutritional support was also used more often
in the CD group (p = 0.048). Detailed information regarding clinical and anthropometric parameters of
the study population can be seen in Table 1.

Laboratory analysis showed that the UC group had significantly higher levels of total cholesterol
(5.4 ± 1.43 vs. 4.3 ± 1.26 mmol/L; p < 0.001), low-density lipoprotein (LDL) cholesterol (3.38 ± 1.27
vs. 2.35 ± 0.89 mmol/L; p < 0.001), high-density lipoprotein (HDL) cholesterol (1.5 ± 0.48 vs. 2.35 ±
0.89 mmol/L; p = 0.016), and albumins (40.9 ± 4.6 vs. 38.3 ± 5.2 g/L; p = 0.008) when compared with the
CD group. Furthermore, laboratory disease activity parameters such as hsCRP and fecal calprotectin
showed no significant difference between the groups (p = 0.601 and p = 0.128, respectively). According
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to SES-CD and UCEIS scores, most of the patients had moderate disease activity (39.4%), followed
by severe disease activity (31.9%), mild activity (17%), and remission (11.7%), without significant
differences between the groups. Detailed laboratory and disease activity parameters (Table 2).

Table 1. Baseline characteristics of study population.

Parameter Ulcerative Colitis
(n = 44)

Crohn’s Disease
(n = 50)

Total
(n = 94) p *

Male gender 25 (56.8) 30 (60.0) 55 (58.5) 0.756
Age (years) 44.2 ± 14.1 37.9 ± 13.1 40.8 ± 13.9 0.027

Body weight (kg) 77.8 ± 14.3 72.7 ± 14.8 75.1 ± 14.7 0.089
Body height (cm) 176.2 ± 10.1 176.4 ± 10.0 176.3 ± 9.9 0.943

Body mass index (kg/m2) 25.1 ± 3.9 23.2 ± 3.72 24.1 ± 3.94 0.017
Waist circumference (cm) 90.9 ± 13.8 84.3 ± 12.1 87.4 ± 13.3 0.016
Hip circumference (cm) 100.8 ± 8.5 94.4 ± 16.3 97.4 ± 13.6 0.017
Disease duration (years) 9 (4.0–13.5) 7 (3.0–13.0) 7.7 (3.0-13.0) 0.426

IBD-associated operations (yes/no) 3 (6.8) 18 (36.0) 21 (22.3) <0.001
Extra-intestinal manifestations 10 (22.7) 27 (54.0) 37 (39.4) 0.002

Stoma 2 (4.5) 4 (8.0) 6 (6.4) 0.681
Nutritional support (Ensure®, IBD modulen®, Vital®) 22 (50.0) 36 (72.0) 58 (61.7) 0.048

IV nutritional support in the last year 2 (4.5) 5 (10.0) 7 (7.4) 0.442
Decreased serum iron 26 (59.1) 28 (56.0) 54 (57.4) 0.925
Decreased vitamin D 3 (6.8) 9 (18.0) 12 (12.8) 0.129

Abbreviations: IBD, inflammatory bowel disease; IV, intravenous. Data are presented as whole numbers (%),
mean ± standard deviation, or median (interquartile range; IQR); * chi-square test/Fisher’s exact test or t-test for
independent samples/Mann–Whitney test.

Table 2. Laboratory and disease activity parameters.

Parameter Ulcerative Colitis
(n = 44)

Crohn’s Disease
(n = 50)

Total
(n = 94) p *

Total cholesterol (mmol/L) 5.4 ± 1.43 4.3 ± 1.26 4.8 ± 1.46 <0.001
LDL cholesterol (mmol/L) 3.38 ± 1.27 2.35 ± 0.89 2.84 ± 1.21 <0.001
HDL cholesterol (mmol/L) 1.5 ± 0.48 1.28 ± 0.4 1.38 ± 0.45 0.016

Triglycerides (mmol/L) 1.12 ± 0.66 1.48 ± 1.36 1.31 ± 1.11 0.107
Total proteins (g/L) 71.8 ± 6.14 69.9 ± 7.79 70.8 ± 7.1 0.202

Albumins (g/L) 40.9 ± 4.6 38.3 ± 5.2 39.4 ± 5.1 0.008
hsCRP (mg/L) 1.8 (0.9–3.7) 2.0 (0.5–7.8) 1.85 (0.5–4.5) 0.601

Fecal calprotectin (µg/g) 138.5 (17.0–623.5) 246.5 (96.0–608.0) 208.5 (56.0–608.0) 0.128
CDAI - 60.0 (39.0–107.0) - -

SES-CD - 11.0 (5.0–20.0) - -
Mayo score 4.0 (2.5–7.0) - - -

UCEIS 6.0 (4.0–7.0) - - -
Disease activity †

remission 7 (15.9) 4 (8.0) 11 (11.7)

0.548
Mild activity 6 (13.6) 10 (20.0) 16 (17.0)

Moderate activity 16 (36.4) 21 (42.0) 37 (39.4)
Severe activity 15 (34.1) 15 (30.0) 30 (31.9)

Self-assessed disease severity
Mild disease 22 (50.0) 30 (60.0) 52 (55.3)

0.141Moderate disease 20 (45.5) 14 (28.0) 34 (36.2)
Severe disease 2 (4.5) 6 (12.0) 8 (8.5)

Abbreviations: hsCRP, high-sensitivity C-reactive protein; CDAI, Crohn’s Disease Activity Index; SES-CD, Simple
Endoscopic Score for Crohn Disease; UCEIS, Ulcerative Colitis Endoscopic Index of Severity; MES, Mayo Endoscopic
Score; LDL, low-density lipoprotein; HDL, high-density lipoprotein. Data are presented as mean ± standard
deviation or median (IQR); * t-test for independent samples or Mann–Whitney test; † calculated according to SES-CD
and UCEIS scores.

3.2. Mediterranean Diet and Individual Food Group Adherence

Considering individual food group preferences from the scope of Mediterranean diet,
the participants in both UC and CD groups most commonly adhered to recommended guidelines for
eating potatoes (64.9%) and sweets (64.9%), followed by cereals (52.1%) and red meat (51.1%). A lower
percentage of adherence was observed for olive oil (25.5%), fresh fruit (14.9%), and vegetables (10.6%).
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The CD group had a significantly higher percentage of adherence for eating milk and dairy products
(36% vs. 13.6%, p = 0.025) and sweets (76% vs. 52.3%, p = 0.028) in comparison with UC patients.
The average MDSS score of entire population was 6.0 (5.0–7.0), while only nine participants fulfilled
criteria for Mediterranean diet adherence (Table 3). Moreover, all patients that adhered to the diet were
men (p = 0.021).

Table 3. Adherence to individual and total Mediterranean Diet food groups in ulcerative colitis and
Crohn’s disease groups.

Parameter Ulcerative Colitis
(n = 44)

Crohn’s Disease
(n = 50)

Total
(n = 94) p *

Cereals (n, %) 22 (50.0) 27 (54.0) 49 (52.1) 0.856
Potato (n, %) 32 (72.7) 29 (58.0) 61 (64.9) 0.201

Olive oil (n, %) 12 (27.3) 12 (24.0) 24 (25.5) 0.899
Nuts (n, %) 4 (9.1) 7 (14.0) 11 (11.7) 0.533

Fresh fruit (n, %) 7 (15.9) 7 (14.0) 14 (14.9) 0.975
Vegetables (n, %) 4 (9.1) 6 (12.0) 10 (10.6) 0.745

Milk and dairy products (n, %) 6 (13.6) 18 (36.0) 24 (25.5) 0.025
Legumes (n, %) 1 (2.3) 3 (6.0) 4 (4.3) 0.619

Eggs (n, %) 19 (43.2) 20 (40.0) 39 (41.5) 0.918
Fish (n, %) 15 (34.1) 14 (28.0) 29 (30.9) 0.678

White meat (n, %) 17 (38.6) 16 (32.0) 33 (35.1) 0.648
Red meat (n, %) 20 (45.5) 28 (56.0) 48 (51.1) 0.415

Sweets (n, %) 23 (52.3) 38 (76.0) 61 (64.9) 0.028
Fermented beverages (n, %) 2 (4.5) 4 (8.0) 6 (6.4) 0.681

Total MDSS points 6.0 (5.0–7.0) 6.0 (5.0–8.0) 6.0 (5.0–7.0) 0.521 †

Adherence to Mediterranean Diet 3 (6.8) 6 (12.0) 9 (9.6) 0.494

Abbreviations: MDSS, Meditteranean diet service score. Data are presented as whole numbers (%) or median (IQR);
* chi-square test or Fisher’s exact test; † Mann–Whitney test.

Furthermore, when patient population was divided into two groups according to disease activity
(remission/mild endoscopic disease (n = 27) and moderate/severe endoscopic disease (n = 67)),
there were no significant differences between adherence to any of the individual food groups (p > 0.05).
Moreover, there were no differences between the mentioned groups in total MDSS score (6.0 (5.0–7.75)
vs. 6.0 (5.0–7.0); p = 0.598) and total adherence to Mediterranean diet (11.1% vs. 9.0%; p = 0.713).

3.3. Food and IBD Symptoms

A total of 81 (86.2%) participants considered that certain food groups exacerbate their digestive
symptoms associated with IBD. Most commonly, patients associate that with spicy food (68.1%),
milk (54.3%), sodas (54.3%), and large meals (51.1%). UC patients considered sweets to be significantly
more associated with IBD symptoms in comparison to CD patients (50% vs. 28%; p = 0.048), while there
were no significant differences between the UC and CD patients for all the other investigated food
groups (Table 4).

The digestive problems that most often occurred after ingesting suspected food were stomach pain
(64.9%) and diarrhea (51.1%), while symptoms with lesser occurrence were in the form of heartburn,
vomiting, blood in stool, and frequent bowel movements. Blood in stool after ingesting suspected food
types was significantly more reported in the UC group when compared to CD patients (29.5% vs. 8%;
p = 0.008), as well as frequent bowel movements (27.3% vs. 10.0%; p = 0.035) (Table 5).

Correlation analysis was performed between total MDSS points and different biochemical and
anthropometric parameters. Results showed a significant positive correlation between total MDSS
points and HDL cholesterol levels (r = 0.312; p = 0.002). Other parameters did not significantly correlate
with total MDSS score (Table 6).
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Table 4. Adherence to individual and total Mediterranean Diet food groups according to disease
activity by SES-CD and UCEIS scores.

Parameter Remission/Mild Endoscopic Disease
(n = 27)

Moderate/Severe Endoscopic Disease
(n = 67)

Total
(n = 94) p *

Cereals (n, %) 15 (55.6) 34 (50.7) 49 (52.1) 0.846
Potato (n, %) 19 (70.4) 42 (62.7) 61 (64.9) 0.640

Olive oil (n, %) 7 (25.9) 17 (25.4) 24 (25.5) 0.837
Nuts (n, %) 3 (11.1) 8 (11.9) 11 (11.7) 0.998

Fresh fruit (n, %) 3 (11.1) 11 (16.4) 14 (14.9) 0.750
Vegetables (n, %) 2 (7.4) 8 (11.9) 10 (10.6) 0.718

Milk and dairy products (n, %) 6 (22.2) 18 (26.9) 24 (25.5) 0.837
Legumes (n, %) 1 (3.7) 3 (4.5) 4 (4.3) 0.998

Eggs (n, %) 13 (48.1) 26 (38.8) 39 (41.5) 0.548
Fish (n, %) 8 (29.6) 21 (31.3) 29 (30.9) 0.933

White meat (n, %) 10 (37.0) 23 (34.3) 33 (35.1) 0.992
Red meat (n, %) 13 (48.1) 35 (52.2) 48 (51.1) 0.896

Sweets (n, %) 16 (59.3) 45 (67.2) 61 (64.9) 0.626
Wine (n, %) 2 (7.4) 4 (6.0) 6 (6.4) 0.998

Total MDSS points 6.0 (5.0–7.0) 6.0 (5.0–7.75) 6.0 (5.0–7.0) 0.598 †

Adherence to Mediterranean diet 3 (11.1) 6 (9.0) 9 (9.6) 0.713

Data are presented as whole numbers (%) or median (IQR); * chi-square test or Fisher’s exact test; †Mann–Whitney test.

Table 5. Digestive problems after eating food that participants connect with IBD-associated symptoms.

Parameter Ulcerative Colitis (n = 44) Crohn’s Disease (n = 50) Total (n = 94) p *

Stomach pain 27 (61.4) 34 (68.0) 61 (64.9) 0.648
Heartburn 7 (15.9) 10 (20.0) 17 (18.1) 0.806
Vomiting 2 (4.5) 1 (2.0) 3 (3.2) 0.598
Diarrhea 20 (45.5) 28 (56.0) 48 (51.1) 0.416

Blood in stool 13 (29.5) 4 (8.0) 17 (18.1) 0.008
Frequent bowel movement 12 (27.3) 5 (10.0) 17 (18.1) 0.035

Abbreviations: IBD, inflammatory bowel disease. Data are presented as whole numbers (%); * chi-square test or
Fisher’s exact test.

Table 6. Correlation analysis between total MDSS points and different biochemical and anthropometric
parameters.

Parameter
Total MDSS Points

Ulcerative Colitis (n = 44) Crohn’s Disease (n = 50) Total (n = 94)
r * (p) r * (p) r * (p)

Total proteins (g/L) 0.286 (0.061) −0.142 (0.325) 0.034 (0.746)
Albumins (g/L) −0.143 (0.354) −0.087 (0.546) −0.125 (0.232)

Triglycerides (mmol/L) 0.069 (0.658) −0.031 (0.831) 0.018 (0.862)
Total cholesterol (mmol/L) 0.019 (0.904) 0.101 (0.487) 0.078 (0.452)
HDL cholesterol (mmol/L) 0.389 (0.009) 0.326 (0.021) 0.312 (0.002)
LDL cholesterol (mmol/L) 0.027 (0.863) 0.057 (0.695) 0.014 (0.894)
Fecal calprotectin (µg/g) −0.123 (0.427) 0.071 (0.622) −0.005 (0.959)

hsCRP (mg/L) 0.042 (0.788) 0.092 (0.525) 0.066 (0.528)
Age (years) −0.045 (0.771) −0.091 (0.529) −0.107 (0.304)

Body mass index (kg/m2) −0.002 (0.987) −0.175 (0.223) −0.124 (0.235)
Waist circumference (cm) 0.032 (0.834) −0.256 (0.072) −0.173 (0.095)
Disease duration (years) 0.231 (0.131) −0.049 (0.736) 0.063 (0.549)

Abbreviations: hsCRP, high-sensitivity C-reactive protein; * Spearman’s correlation coefficient.

3.4. Attitudes Regarding IBD and Nutrition

Lastly, we investigated patients’ dietary attitudes about IBD and nutrition. Most of them (90.4%)
considered that proper nutrition has an important role in their illness and in life in general (97.9%).
Moreover, a majority of the patients (86.2%) considered that a better and more controlled diet could
reduce their IBD symptoms. A total of 90.4% of the patients got their diet information from their
physician, while 17% visited a nutritionist for diet advice, and only 14.9% used the internet to inform
themselves about the diet related to their illness. UC patients considered educational programs
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on nutrition to be beneficial in this population significantly more than CD patients (100% vs. 84%;
p = 0.006) (Table 7).

Table 7. Attitudes about IBD and nutrition.

Questions Ulcerative Colitis (n = 44) Crohn’s Disease (n = 50) Total (n = 94) p *

Did you get diet information from your
physician according to your illness? (yes?) 41 (93.2) 44 (88.0) 85 (90.4) 0.616

Have you visited a nutritionist to advise you
on nutrition? (yes?) 5 (11.4) 11 (22.0) 16 (17.0) 0.271

Have you informed yourself on the internet
about the diet related to your illness? (yes?) 7 (15.9) 7 (14.0) 14 (14.9) 0.975

Do you consider proper nutrition to have an
important role in life overall? (yes?) 43 (97.7) 49 (98.0) 92 (97.9) 0.999

Do you consider proper nutrition to have an
important role in your illness? (yes?) 42 (95.5) 43 (86.0) 85 (90.4) 0.166

Do you think that a better and more controlled
diet could reduce your health problems? (yes?) 40 (90.9) 41 (82.0) 81 (86.2) 0.245

Do you consider educational programs on
nutrition to be useful for patients? (yes?) 44 (100.0) 42 (84.0) 86 (91.5) 0.006

If educational programs on nutrition exist in
your community, would you visit them? (yes?) 39 (88.6) 40 (80.0) 79 (84.0) 0.276

Data are presented as whole numbers (%); * chi-square test or Fisher’s exact test.

4. Discussion

This study presents adherence to MD guidelines using MDSS in IBD patients, as well as individual
food group intake differences in CD and UC patients in a traditional Mediterranean setting. Dietary
patterns and attitudes regarding the disease and nutrition were also assessed.

Considering the frequency of certain food group consumption in the framework of MDSS, this IBD
population mostly followed adherence guidelines for potatoes (64.9%), sweets (64.9%), cereals (52.1%),
and red meat (51.1%). Interestingly, food groups that are a hallmark of the MD and should be consumed
in every meal, such as fresh fruit and vegetables, had a very poor adherence rate (14.9% and 10.6%,
respectively). Furthermore, total adherence to MD was rather low (9.6%), and it could mean that
further Westernization of the diet took place in our population, where the MD is traditional and was
widely consumed in recent generations [7]. These results correspond with the findings of Taylor et al.,
whose IBD participants also had low Predimed Mediterranean Diet adherence scores [35], pointing to
the continuation of the diet industrialization trend as showed by Garcia Closas et al. [36]. Interestingly,
all of our participants that fulfilled the criteria for MD adherence were men.

Olive oil plays a central part in the Mediterranean diet pyramid, and its importance was shown
in multiple studies [37,38]. Olive oil reduces chronic inflammation in the dextran sulfate sodium
(DSS)-colitis rat model, it leads to peroxisome proliferator activated-receptor (PPAR-γ) upregulation
and nuclear factor kappa B (NF-κB) and mitogen activated protein kinase (MAPK) signaling pathway
inhibition [37]. Furthermore, a study on cardiovascular patients determined a significant reduction in
plasma concentration of hsCRP, interleukin 6 (IL-6), and tumor necrosis factor (TNF) in patients who
followed a MD supplemented with extra virgin olive oil [38]. Furthermore, Cariello et al. showed that
extra-virgin olive oil reduced histopathological evidence of intestinal inflammation in a mouse model
of induced colitis [39]. In our study, olive oil was consumed in the recommended frequency by 25.5%
of patients, which is considerably more compared to the participants from the study conducted by
Taylor et al. (6%) [33]. However, considering that our study is based in the Mediterranean area, where
olive oil is expected to have a traditionally large impact on daily dietary patterns, this difference is not
surprising, and it could be seen as a surprisingly low result.

Another part of the MD that has traditional value is wine consumption. Studies show that phenolic
compounds present in wine have some efficacy in preventing IBD and colitis-associated colorectal
cancer [40,41]. Moreover, in a study by Swanson et al., where they evaluated the effect of short-term
moderate wine drinking on inactive IBD, it was shown that moderate wine drinking delays long-term
risk for disease relapse [42]. Nevertheless, caution is advised since greater alcohol portions lead to an
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increase in oxidative stress and inflammation of the gut [43]. As wine is traditionally consumed in
this area, fermented beverage adherence was surprisingly low (only 6.4% met the recommendations).
In consideration of wine benefits, proposed in previous studies, moderate wine consumption could be
advised to IBD patients with inactive disease.

In a recent study by Papada et al., where MD adherence in CD patients via MedDiet score
was investigated, the authors exhibited a significantly higher score in patients with inactive CD in
comparison with patients with active disease [22]. Although they did show that CD patients in
remission are more likely to follow the MD, they had no cutoff values to define the patients as adherent
or nonadherent to the MD. On the other hand, in our study, MDSS with its clear cutoff values showed
no difference in adherence between the patients who were in remission/mild disease group and those
who were in the moderate/severe disease group.

In our study, we further show a significant positive correlation between total MDSS points and
HDL cholesterol levels (p = 0.002). Similar findings were reported by Penalvo et al. in a recent cohort
study, as those participants who adhered to MD had significantly higher HDL cholesterol levels and
a healthier ratio of triglyceride to HDL cholesterol [44]. These findings further confirm the positive
effects of MD, especially olive oil, whose influences are ameliorative to lipid profile and, consequently,
cardiovascular diseases in general [45].

The majority of patients (68.1%) associated spicy food ingestion with exacerbation of IBD symptoms,
followed by milk (54.4%) and sodas (54.4%). Our finding correlates with a study by Aggarwal et al.,
in which the spicy food group was also most commonly connected with IBD symptom worsening (41%
of participants) [46], while Tomar et al. showed that 84.8% of their IBD population chose to exclude
spicy food to prevent disease relapse [47]. This connection could be present due to the inflammatory
effects of specific vegetable compounds present in spicy food, but the direct pathophysiological link
remains unclear and should be further investigated [48]. These results lead us to another potential
positive aspect of MD, as representative food groups do not have an emphasis on spicy ingredients.
Furthermore, it is known that milk is associated with IBD symptom worsening as a consequence of its
lactose content, while sodas also provide extra fermented carbohydrate content, as well as artificial
sweeteners, which were also shown to change the gut microbiota [49].

Interestingly, our questionnaire results showed that sweets were connected with IBD symptom
aggravation significantly more in UC patients when compared with the CD group (50.0% vs. 28.0%;
p = 0.048). Moreover, CD patients followed MD eating guidelines for sweets in a significantly higher
percentage than UC group (52.3% vs. 76.0%; p = 0.028). These results imply that sweets are a possible
important food group that should be avoided in IBD patients, as it could be a trigger for symptom
worsening. Furthermore, the MD puts sweets as a food group that should be consumed in a rare manner,
and patients who follow adherence guidelines could avoid exacerbations due to sweet consumption.
When fermentable carbohydrates are consumed in large quantities, the intestines’ absorptive ability
can be exceeded, in turn leading to increased gut permeability and inflammation [7]. Nevertheless,
evidence for a connection between sugar consumption and IBD onset is mixed, as some studies showed
no clear connection between them [50], while others showed a significant association between high
sugar consumption and IBD development [51,52]. Furthermore, Racine et al. showed a positive
association between high sugar and soft drink consumption with increased UC risk (incidence rate
ratios for the fifth versus first quintile, 1.68 (1.00–2.82); p = 0.02) [53]. Since fermentation occurs in the
colon, it would be logical to assume that fermentable carbohydrate overconsumption would largely
lead to increased inflammation of the colon and, hence, have a possible bigger impact on ulcerative
colitis onset.

We also reported patients’ dietary attitudes about IBD and nutrition, as well as their sources of
information about dieting. While most of our participants got their dietary information from their
physician, only 17% of them visited a licensed nutritionist. In a study by Tomar et al., around 45%
of participants received dietary counseling [47]. However, they did not specify whether counseling
was made by a physician, nutritionist, or someone else. Furthermore, 90.4% of patients believe that
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proper nutrition has a large role in IBD, and 86.2% believe that a more controlled diet could reduce IBD
symptoms. The majority of participants (91.5%) believe that educational programs about nutrition
could be beneficial to IBD patients, and 84.0% would attend them. Considering the important role of
proper diet in IBD [7,10,14,54,55] and positive patient attitudes toward further education, it would
be advisable to put additional emphasis on educational programs and lectures for this population,
as it could be highly beneficial for symptom management. Furthermore, for additional quality diet
education, IBD patients should be encouraged to visit a licensed nutritionist and, in that manner receive,
professional advice and help with a more balanced diet with less micro- and macronutrient deficiencies.

While it was shown that diet can play a pivotal role in IBD control, there are no current international
recommendations on dietary patterns in IBD patients [56]. Exclusive enteral nutrition remains the
number one diet for remission induction in Crohn’s disease, whereby a short-term low-FODMAP diet
can benefit the patients in the acute setting and emerging evidence points to the Mediterranean diet as
the best potential candidate for long term disease control [57]. Recent evidence that came in favor of
the MD was from a study by Chicco et al., in which CD and UC patients were put onto a 6 month MD
regimen. Their study showed a significant reduction in malnutrition and liver steatosis, as well as
an improvement in disease activity and a reduction in inflammatory biomarkers [58]. Furthermore,
as shown by Eder et al., the MD is not only beneficial because of its anti-inflammatory properties,
but also because of its ability to prevent malnutrition and correct metabolic abnormalities which are
typical in older age [24]. Furthermore, in a study by Gody et al., the authors exhibited an association
between MD adherence and lower fecal calprotectin levels in UC patients after pouch surgery [59].
Moreover, Strisciuglio et al. also found significant association between adherence to MD and a low
level of fecal calprotectin in children with IBD [60]. Low adherence to MD was even introduced
to be a significant risk factor in development of UC in pediatric patients with IBD [61]. In light of
recent findings, we believe that MD is stepping up as one of the most perspective dietary choices
for IBD patients and perhaps should be brought more closely to patients via nutritional educational
programs [24,35,58,59].

The limitations of our study lie in its observational design and, therefore, unfitness to determine
causality. A further limitation is in the questionnaire type where we relied on the participant’s recall
memory; therefore, all answers were susceptible to subjectivity and recall bias. The strength of this
study lies in using a standardized method for MD adherence determination.

5. Conclusions

In conclusion, this is the first observational study to report very low MD adherence in IBD patients
using the MDSS in the traditional Mediterranean region. The study further identifies spicy food,
milk, sodas, and large meals as food types that IBD patients most associate with symptom worsening.
Furthermore, results show that patients are willing to extend their nutritional knowledge if proper
educational programs are organized. While there is emerging promising evidence about the benefits of
MD, further prospective studies should be carried out to give clearer insight into its potential utilization
in IBD management.
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published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.



Nutrients 2020, 12, 3429 11 of 14

References

1. Guan, Q. A comprehensive review and update on the pathogenesis of inflammatory bowel disease. J. Immunol.
Res. 2019, 7247238:1–7247238:16. [CrossRef] [PubMed]

2. Windsor, J.W.; Kaplan, G.G. Evolving epidemiology of IBD. Curr. Gastroenterol. Rep. 2019, 21, 40:1–40:9.
[CrossRef] [PubMed]

3. Bernstein, C.N.; Benchimol, E.I.; Bitton, A.; Murthy, S.K.; Nguyen, G.C.; Lee, K.; Cooke-Lauder, J.; Kaplan, G.G.
The impact of inflammatory bowel disease in canada 2018: Extra-intestinal diseases in IBD. J. Can. Assoc.
Gastroenterol. 2019, 2, S73–S80. [CrossRef] [PubMed]

4. Tadin Hadjina, I.; Zivkovic, P.M.; Matetic, A.; Rusic, D.; Vilovic, M.; Bajo, D.; Puljiz, Z.; Tonkic, A.; Bozic, J.
Impaired neurocognitive and psychomotor performance in patients with inflammatory bowel disease.
Sci. Rep. 2019, 9, 13740:1–13740:13. [CrossRef]

5. Zivkovic, P.M.; Matetic, A.; Tadin Hadjina, I.; Rusic, D.; Vilovic, M.; Supe-Domic, D.; Borovac, J.A.; Mudnic, I.;
Tonkic, A.; Bozic, J. Serum catestatin levels and arterial stiffness parameters are increased in patients with
inflammatory bowel disease. J. Clin. Med. 2020, 9, 628. [CrossRef] [PubMed]

6. Seyedian, S.S.; Nokhostin, F.; Malamir, M.D. A review of the diagnosis, prevention, and treatment methods
of inflammatory bowel disease. J. Med. Life 2019, 12, 113–122. [CrossRef]

7. Rizzello, F.; Spisni, E.; Giovanardi, E.; Imbesi, V.; Salice, M.; Alvisi, P.; Valerii, M.C.; Gionchetti, P. Implications
of the westernized diet in the onset and progression of IBD. Nutrients 2019, 11, 1033. [CrossRef]

8. Renna, S.; Cottone, M.; Orlando, A. Optimization of the treatment with immunosuppressants and biologics
in inflammatory bowel disease. World J. Gastroenterol. 2014, 20, 9675–9690. [CrossRef] [PubMed]

9. Sica, G.S.; Biancone, L. Surgery for inflammatory bowel disease in the era of laparoscopy. World J. Gastroenterol.
2013, 19, 2445–2448. [CrossRef]

10. Green, N.; Miller, T.; Suskind, D.; Lee, D. A review of dietary therapy for IBD and a vision for the future.
Nutrients 2019, 11, 947. [CrossRef] [PubMed]

11. Richman, E.; Rhodes, J.M. Review article: Evidence-based dietary advice for patients with inflammatory
bowel disease. Aliment. Pharmacol. Ther. 2013, 38, 1156–1171. [CrossRef]
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