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Introduction
Nutrition and food are important topics for inflammatory 

bowel disease (IBD) patients [1]. More than half of the IBD patients 
indicated in two different studies that diet is essential for them 
to maintain quiescent disease [2,3]. In quiescent IBD, 77% of  

 
the patients avoid certain foods such as spicy foods, foods with a 
high fat content and carbonated beverages, because they believe 
intake of those foods will trigger symptoms such as abdominal 
pain, bloating and diarrhea [3] Dietary patterns should not only be 
important to IBD patients, but also to their treating physicians. In 
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recent decades, consumption of processed and industrialized foods 
has increased. The so-called Western diet, which consists of a low 
intake in fiber and n-3 polyunsaturated fatty acids (PUFA) and a 
high intake of refined sugars and n-6 PUFA, increases the risk to 
develop IBD. For instance, Crohn’s disease (CD) is 50% less likely 
to occur when consuming a healthy diet including fish, fruits and 
vegetables decades before the onset of the disease [4]. 

Not only the onset but also the disease course of IBD may be 
influenced by what patients consume. For example, a low n-6/n-3 
PUFA ratio is associated with a higher level of disease activity [5-
7]. There is growing evidence that a Western diet leads to a less 
diverse gut microbiome which can lead to a decrease in intestinal 
barrier function. IBD patients already have a disturbed intestinal 
barrier function even when only little inflammation is present, 
which is associated with gastrointestinal symptoms and risk of a 
disease flare [8,9]. Lower diversity of the microbiome composition 
results in a decreased production of short-chain fatty acids (SCFA). 
These SCFA are important for maintaining homeostasis in the 
colon, and thereby an anti-inflammatory state [10]. In addition, the 
increased salt intake observed in a Western dietary pattern induces 
pathogenic T helper 17 (Th17) cells which play an important role 
in the pathogenesis of CD [11,12]. These data suggest that both 
wellbeing but also disease control could be improved by means of 
dietary manipulation [13]. The Mediterranean diet (MeD) is able 
to promote a healthy gut microbiome, restore the intestinal barrier 
function and decrease systemic inflammation [1]. The MeD is rich 
in fruits, vegetables, fibers and n-3 PUFA, and low in refined sugars 
and saturated, monounsaturated and n-6 PUFA.   In cardiovascular 
and metabolic diseases, excellent results have been made by 
introducing the MeD [14,15]. In the landmark Predimed paper, 
Estruch et al. demonstrated that introduction of a MeD reduced 
the incidence of major cardiovascular events and also trials in 
rheumatic diseases have shown that a MeD reduced symptoms 
and biomarkers of inflammation (i.e. C-reactive protein (CRP)) 
[16]. More recently and specifically in the IBD-field, Chicco et al. 
[17] found that the adherence to a MeD significantly reduce disease 
activity and inflammation-related biomarkers in IBD patients [17]. 
Furthermore, Papada et al. [19] found that adherence to a MeD is 
associated with improved quality of life in CD patients [18]. On the 
other hand, Vrdoljak et al. reported a very low MeD adherence in 
IBD patients; patients are indeed willing to extend their nutritional 
knowledge, but proper educational programs are needed [19] With 
this in mind, we aimed to investigate how a Mediterranean diet-
based lifestyle intervention would be tolerated by IBD-patients in 
remission when following a specific lifestyle program. Secondly, we 
investigated the effects of the intervention on quality of life (QoL) 
and inflammatory markers (CRP and fecal calprotectin (FCP)). 

Methods 
Study Population: In March 2018, 39 IBD patients with 

quiescent disease were included to follow the MeD-based lifestyle 
intervention of Voeding Leeft at the department of Gastroenterology 
and Hepatology at the Leiden University Medical Center (LUMC).

 Patient Characteristics:  Patients were eligible for inclusion 
when they had quiescent IBD, defined as a FCP <150 µg/g and/
or a simple endoscopic score-CD (SES-CD) <5 or an endoscopic 
MAYO score <1 in case of UC. Exclusion criteria were age <18 years, 
symptoms due to stenotic disease, a history of an eating disorder 
(DSM IV), a current healthy lifestyle that resembled the MeD, not 
being able to adhere to MeD and not being able to join the three 
live days of the intervention program. At baseline and at the end 
of follow-up, patients visited the LUMC.  Demographic information 
(age, gender, type and duration of IBD, current medication and 
history of surgery for IBD, concomitant disease and intoxications) 
was collected from all patients. Blood was drawn for CRP 
measurements and FCP levels were measured. The Mediterranean 
Diet Serving Score (MDSS; range 0-24) was used to evaluate current 
diet at the end of follow-up: a score >14 at baseline was classified 
as already a MeD and was therefore an exclusion criterium. Disease 
activity scores were determined with the Harvey-Bradshaw index 
(HBI) in case of CD and the partial Mayo score (PMS) in case of UC. 
Patients filled in questionnaires to determine their food-related 
quality of life (FRQoL), disease-related quality of life (short IBD 
questionnaire (sIBDQ)), the severity of fatigue and IBD-related 
disability (IBD disability index (IBD-DI)). Body mass index (BMI) 
was calculated and hand grip strength (HGS) was measured in 
kilograms with a Jamar Hand Dynamometer. 

Lifestyle Program and Diet:  The Mediterranean diet-
based lifestyle intervention for IBD patients is one of the lifestyle 
programs for people with a chronic disease developed by Voeding 
Leeft. Another highly successful program from Voeding Leeft is 
Reverse Diabetes 2 Now. The IBD lifestyle program is an intensive 
group program that consists of three live days. During these days 
participants meet the other included IBD patients and are educated 
on the elements of a healthy diet and how to implement these 
in daily life. The recommended diet consists of ample amount of 
unprocessed foods, mainly plant-based and only small-moderate 
amount of animal foods. When compared to other well-known diets, 
the prescribed diet corresponds very closely to the Mediterranean 
diet. Therefore, in this manuscript the diet is referred to as MeD. Our 
diet resembles the Mediterranean diet in that it was as unprocessed 
as possible and rich in olive oil, vegetables, legumes, nuts and 
seeds. Only whole grains, fish and smaller amounts of (red) meat 
and dairy were consumed. It differs from the Mediterranean diet 
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because patients were only allowed to eat three meals a day without 
snacking in between. Furthermore, no alcohol and processed meats 
were allowed. The consumption of pre- and probiotic foods was 
encouraged as well as foods rich in calcium, zinc, iron, potassium, 
B-vitamins, magnesium and selenium. The dietary guidelines of the 
IBD program are based on the recommendations of the Dutch Health 
Council (Richtlijnen Goede Voeding), the nutritional guidelines of 
the WHO and FDA and on additional research on nutrition in IBD.  

Next to the three live group sessions, participants received a 
workbook with recipes, a shopping list and a one month meal plan, 
and professional and intensive (online) guidance through an online 
peer and support community. This to encourage the participants 
to adhere to the diet. Inspirational content is regularly shared and 
discussed online, questions are answered, and they had access to all 
background information at any time. Participants were gradually 
introduced to the MeD by replacing one meal with a meal from 
the program each week, until they consume 3 meals a day in line 
with the prescribed MeD. After three months the active part of the 
Mediterranean diet-based lifestyle intervention ends, however 
participants are encouraged to continue their new lifestyle after the 
program. For example, they can still access the online community 
and they can keep in touch with their peers. Patients were followed-
up for three months after the end of the program. 

Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics, 
version [23]. Descriptive statistics were used for baseline 
characteristics (mean (SD), median (IQR) or number (%)). 
Measurements at baseline and at the end of follow-up were 
compared with a paired samples T-test and a Chi-square test, a 
Wilcoxon signed rank test was used when data was not normally 
distributed. A p-value <0.05 was considered statistically significant. 

Informed consent was obtained from all participants prior 
to inclusion in the study. This research project was reviewed and 
approved by the Medical Ethical Committee in the LUMC, with 
reference number NL63643.058.

Results
Patients: In this open label pilot study, 39 patients with a 

mean age of 46.4 years (SD 12.2) were included. (Table 1) 25 
patients (64.1%) were female and 26 patients (66.7%) had CD. 
Based on FCP or CRP, 38/39 patients were in remission. The one 
patient that had a FCP > 250 µg/g had a colonoscopy demonstrating 
endoscopic remission, and was therefore allowed to participate. 14 
patients (35.9%) were overweight (BMI 25 -29.99 kg/m2), and 10 
patients (25.6%) were obese (BMI > 30 kg/m2). Two patients also 
had a diagnosis of type 2 diabetes, 6 patients had a diagnosis of 
hypertension and 1 patient had dyslipidemia.

Table 1: Baseline characteristics.

IBD patients (n = 39)

Age, mean (SD), y 46.4 (12.2)

Men, N (%) 14 (35.9)

Crohn’s disease, N (%) 26 (66.7)

Age at Diagnosis, N (%)

A1 (< 16 years) 1 (3.8)

A2 (17 – 40 years) 23 (88.5)

A3 (> 40 years) 2 (7.7)

Location of disease, N (%)

L1 (ileal disease) 13 (50.0)

L2 (colonic disease) 5 (19.2)

L3 (ileal and colonic disease) 8 (30.8)

L4 (disease proximal of ileum) 0 (0)

Perianal diseasea 2 (7.7)

Disease Behaviora, N (%)

B1 (non-stricturing, non-penetrating) 14 (53.8)

B2 (stricturing) 9 (34.6)

B3 (penetrating) 2 (7.7)

Ulcerative colitis, N (%) 13 (33.3)

Extension of disease, N (%)

E1 (rectal disease) 4 (30.8)

E2 (distal from splenic flexure) 6 (46.2)

E3 (proximal from splenic flexure) 3 (23.1)
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Severity of Diseaseb, N (%)

S0 (remission) 9 (69.2)

S1 (mild) 4 (30.8)

S2 (moderate) 0 (0)

S3 (severe) 0 (0)

Duration of IBD, mean (SD), y 16.7 (12.5)

Medication for IBD, N (%) 26 (66.7)

5-aminosalicylic acid (5-ASA) 8 (20.5)

Thiopurine 8 (20.5)

Methotrexate 1 (2.6)

Biological 14 (35.9)

Budesonide 0 (0)

Prednisone 1 (2.6)

Bowel resection for IBD, N (%) 15 (38.5)

Concomitant disease, N (%)

Diabetes 2 (5.1)

Hypertension 6 (15.4)

High lipid spectrum 1 (2.6)

Smoker, N (%)a 0 (0)

Alcohol consumption, N (%)a 13 (33.3)

Note: a1 missing value; bbased on clinical score; IBD Inflammatory bowel disease; N number; SD standard deviation; y years

Effect of a MeD-based lifestyle intervention

Out of 39 patients, 27 (69%) completed the MeD-based lifestyle 
intervention. Eleven patients reported why they dropped out, some 
of them reported more than one reason. Eight patients found the 
intervention program too much effort or did not have the time or 
motivation to implement it into their daily life, 3 patients missed 
some group sessions and/or individual sessions and therefore 
dropped-out, 1 patient was too tired to complete the program and 1 
patient reported abdominal complaints (without biochemical signs 
of a flare) as a reason to drop out. In Table 2, the completers and 

dropouts were compared at baseline. Median IBD complaints, as 
measured by the HBI or PMS, was significantly lower in completers 
versus dropouts. Both the sIBDQ and IBD DI questionnaires differed 
between these groups, whereas FRQoL or MDSS at baseline did not 
differ between groups. In total, 25 patients improved their dietary 
intake, defined as an increase in the MDSS by at least 1 point, the 
mean improvement in MDSS was 3.0 (SD 3.75). The results of 
the MDSS showed that ingestion of olive oil (p = 0.006), nuts (p = 
0.004), fish (p = 0.014) and poultry (p < 0.001) increased, whereas 
ingestion of potatoes (p < 0.001), dairy (p < 0.001) and alcohol (0 = 
0.007) decreased (Chi square, data not shown). 

Table 2: Comparing completers and dropouts at baseline.

Completers (n = 27) Dropouts (n = 12) p-value

Age, mean (SD), y 47.2 (12.4) 44.5 (12.1) 0.53

Male, N (%) 9 (33.3) 5 (41.7) 0.62

IBD type (CD, N (%)) 18 (66.7) 8 (66.7) 1.0

HBI, median (IQR) 2 (1-4.25) 4.5 (3-7) 0.026

pMS, median (IQR) 1 (0-2) 1.5 (0-3) 0.71

Body weight, mean (SD), kg 82.6 (20.8) 86.9 (22.1) 0.56

BMI, mean (SD) 27.3 (6.2) 28.1 (4.7) 0.68

Fatigue, mean (SD) 5.2 (2.1) 4.7 (2.5) 0.49

Baseline MDSS, mean (SD) 9.7 (2.8) 9.7 (3.8) 0.96

sIBDQ, mean (SD) 52.9 (7.8) 43.1 ((11.2) 0.005

FRQoL, mean (SD) 86 (22.9) 74.8 (19.8) 0.17

IBD-DI, mean (SD) 24.9 (12.3) 39.5 (12.4) 0.004

Note: BMI: Body Mass Index; HBI: Harvey-Bradshaw index; CD: Crohn’s Disease; FRQoL: Food Related Quality of Life; IBD: 
Inflammatory Bowel Disease; IBD-DI: IBD Disability Index; IQR: Interquartile Range; kg: kilograms; MDSS: Mediterranean Diet 
Serving Score; N: Number; Pms: Partial Mayo Score; SD: Standard Deviation; sIBDQ: Short IBD Questionnaire; y: Years.
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As shown in Table 3, the mean dietary quality improved 
between baseline and six months (9.7 (SD 2.9) vs 12.8 (SD 2.9), p 
< 0.001). CRP decreased from baseline to 6 months (3.6 (SD 2.6) vs 
2.6 (SD 2.6), p = 0.037), whereas FCP did not change (67 (SD 68) vs 
73 (SD 99), p = 0.78). There was a trend towards an improvement 
in remission status (Wilcoxon signed rank test, p = 0.053) (Table 
3), but this was mainly due to the effect in patients with CD (p = 

0.050). When assessing only the completers, remission status 
improved both in the overall analysis (p<0.001) as in the analysis 
in CD patients (p<0.001) (data not shown). During the study, 37/39 
patients did not show any signs of a flare. One patient moved to 
another part of the Netherlands and changes in remission status or 
medication could not be followed up.

Table 3: Effects of the Mediterranean diet-based lifestyle intervention.

Overall (n=39) CD (n=26) UC (n=13)

t = 0 t = 6 mts p t = 0 t = 6 mts p t = 0 t = 6 mts p

MDSS mean (SD) 9.7 (2.9) 12.8 (2.9) <0.001a 9.2 (2.7) 13.3 (2.2) <0.001 10.6 (2.9) 11.9 (3.6) 0.34

CRP mean (SD) 3.6 (3.5) 2.6 (2.6) 0.037a 3.6 (3.7) 2.3 (2.5) 0.024 3.4 (3.1) 3.2 (2.9) 0.79

FCP mean (SD) 67 (68) 73 (99) 0.78a 74.5 (76.9) 69.3 (85.4) 0.81 47.3 (31.9) 81.5 (135.8) 0.49

Remission@

Remission

Mild

Moderate

Severe

26 (66.6)

11 (28.2)

1 (2.6)

1 (2.6)

33 (84.6)

1 (2.6)*

3 (7.7)

0

0.053b

HBI

remission

mild

moderate

severe

18

6

1

1

21

0*

3

0

0.050c

HBI,

median (IQR)

pMS

remission

mild

moderate

severe

3 (2-5) 2 (1-4) 0.104b

8

5

0

0

12

1

0

0

0.411b

pMS median (IQR) 1 (0-2) 0 (0-1) 0.117c

sIBDQ 50.8 (8.3) 54.7 (8.9) 0.001 51.9 (7.5) 57.3 (7.8) <0.001 48.8 50.1 0.55

Fatigue mean (SD) 4.8(2.4) 3.7(2.2) 0.014 5.3 (2.13) 3.4 (1.9) 0.001 3.8 (2.6) 4.1(2.8) 0.63

Bodyweight mean 
(SD), kg 84.2 (21.3) 81.8 (20.7) 0.011 82.9 (19.8) 79.4 (17.2) <0.001 86.7 (24.4) 86.1 (26.1) 0.78

BMI mean (SD) 27.7 (5.8) 26.9 (5.4) 0.006 27.5 (5.9) 26.4 (5.2) <0.001 28.2 (5.9) 27.9 (5.9) 0.61

HGS mean (SD), kg 38.6 (11.5) 42.4 (13.2) <0.001 39.6 (9.1) 44.0 (12.5) <0.001 36.9 (15.3) 39.5 (14.5) 0.007

FRQoL 73.6 (19.6) 75.9 (21.2) 0.47 71.4 (17.1) 74.5 (19.6) 0.51 77.4 (23.7) 78.5 (24.5) 0.79

IBD-DI 28.1 (12.0) 21.3 (16.0) 0.011 28.0 (13.5) 20.9 (15.5) 0.015 28.3 (8.3) 22.2 (18.5) 0.35

Note: aPaired Samples T-test; bChi-square; cWilcoxon signed rank test; @Remission based on symptoms (HBI and pMS combined); 
*2 missing values; BMI: Body Mass Index; HBI: Harvey-Bradshaw index; CRP: C-reactive Protein; FCP: Fecal Calprotectin; FRQOL: 
Food-Related Quality of Life; HGS: Handgrip Strength; IBD Inflammatory bowel disease; IBD-DI: IBD Disability Index; IQR: 
Interquartile Range; kg: Kilograms; MDSS: Mediterranean Diet Serving Score; No: Number; Pms: Partial Mayo score; SD standard 
Deviation; Sibdq: Short IBD questionnaire; y: years.

In the other patient the IBD medication had to be changed 
during the 6 months study period. This was in the patient with 
a FCP>250 µg/g at baseline. We included him because he had a 
colonoscopy demonstrating endoscopic remission. However, 3.5 
months after the start of the study he had a rectoscopy showing 

some ulcers. Biopsies showed a chronic, focally active inflammation 
with a granuloma. The patient was treated with suppositories of 
beclomethasone/5-ASA for 1 month. Mean QoL, as measured using 
the sIBDQ, did also improve after the intervention (50.8 (SD 8.3) 
vs 54.7 (SD 8.9), p = 0.001). However, subgroup analyses revealed 
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that this effect was only observed in the CD group (51.9 vs 57.3, p 
< 0.001; UC: 48.8 vs 50.1, p = 0.55). Participants lost body weight 
(84.2 vs 81.8 kg, p = 0.011) resulting in a lower mean BMI after the 
intervention (27.7 vs 26.9, p = 0.006). Importantly, muscle strength 
did not decrease in participants. The difference in MDSS between 
baseline and 6 months was correlated to the sIBDQ at 6 months (r = 
0.42, p = 0.023) and the HBI at 6 months (r = -0.613, p = 0.007), but 
not to the pMS, CRP or the severity of fatigue at 6 months. 

Discussion
In this pilot study, a Mediterranean diet-based lifestyle 

intervention was well-tolerated in patients with quiescent IBD, as 
27 out of 39 participants completed the intervention. Compared 
to dropouts, the completers reported a lower degree of disability 
and mean HBI, and a higher QoL at baseline. The Mediterranean 
diet-based lifestyle intervention improved mean dietary quality as 
reflected by an increase in MDSS. Both the sIBDQ and the IBD-DI 
improved after the intervention. We found that the adherence to 
the MeD-based lifestyle intervention was 69%, with 65% actually 
improving their dietary quality. This is in line with other studies 
on MeD interventions. [20,21] studied the barriers and facilitators 
to introducing a MeD based lifestyle intervention, and found 
that nutritional support, knowledge and skills were facilitators, 
whereas obesogenic environment, life stressors, and demand for 
convenience were barriers [21]. 

When dropping-out participants in our study were asked why 
they dropped out, they frequently reported that the program took 
too much effort, or they cited a lack of time or motivation (for 
instance because of other dietary preferences of family members). 
Although dropouts experienced a higher level of disability, they did 
not report this as a reason to not complete the MeD-based lifestyle 
intervention. A recent large cohort study showed that adherence 
to a MeD protected against developing CD but not against UC [22]. 
In our study, we observed a mean improvement in QoL, disability, 
a trend for remission status and a decrease in CRP, but these 
improvements were due to the effects in patients with CD. Chicco et 
al. [17] found that the improvements in IBD specific outcomes were 
similar between CD and UC patients [23]. The fact that in our study 
the improvements were only observed in CD patients is probably 
due to the fact that the improvement in dietary quality was most 
outspoken in CD patients.  Our intervention led to a reduction in 
body weight and BMI. This is most likely due to loss of fat mass, as 
the handgrip strength increased between baseline and end of follow 
up. Chicco et al. [17] found a similar effect on BMI and a reduction 
in waist circumference in response to their MeD intervention. This 
suggests that the body weight lost is predominantly due to loss of 

visceral fat. This appears to be of special benefit in CD patients, as 
the ratio between visceral and subcutaneous fat is an indicator of a 
complicated disease phenotype [24]. 

The beneficial effect of enteral nutrition on remission status in 
CD is well known, but the practical applicability is low, due to its 
unpalatability or the presence of the nasogastric tube. [1] A number 
of oral dietary treatments has been introduced in recent years 
[25,26] of which the Crohn’s disease exclusion diet (CDED) best 
resembles a ‘normal’ oral diet. The premise on which the CDED was 
based is that CD is caused by mucosal and translocating bacteria. It 
was developed by excluding foods that have been associated with 
a diminished host barrier and less bacterial clearance, resulting 
in dysbiosis allowing bacteria to translocate [27]. Similar to our 
Mediterranean diet-based lifestyle intervention, the CDED includes 
the intake of fiber, vegetables, fruits, legumes, olive oil, poultry 
and fish, whereas alcohol, soft drinks and processed foods such 
as candy, cookies and chips are not allowed [28]. However, there 
are some differences between our MeD and CDED. In CDED dairy 
products were not allowed, whereas in our MeD-based lifestyle 
intervention full-fat yoghurt, small amount of cheeses and cottage 
cheese were allowed. We discouraged the intake of refined 
carbohydrates whereas in the CDED white rice and rice noodles 
were allowed. Whether these differences are important or that 
the reduction in consuming a Western diet rich in processed and 
industrialised foods is the main factor leading to the beneficial 
effects observed in both our Mediterranean diet-based lifestyle 
intervention and CDED, is unknown. In this pilot study we did not 
investigate the immunological responses to the MeD, nor did we 
look into the possible changes in the microbiome. The sample size 
of our pilot study was small, our group was heterogeneous and we 
did not include a control group. Therefore, caution should be taken 
when interpreting the presented results. Our primary goal was to 
investigate whether patients with IBD would be able to tolerate and 
adhere to the Mediterranean diet-based lifestyle intervention.With 
the number of patients we included, we were able to demonstrate an 
adherence rate of 69%. Without a control group we cannot confirm 
that our observed improvements were only established due to 
the Mediterranean diet-based lifestyle intervention. However, the 
improvement in dietary quality was correlated to the sIBDQ and HBI 
at 6 months. Furthermore, only 1 patient had a flare of his disease 
3.5 months after the start of the study, requiring additional medical 
therapy. But this was also the patient with a FCP >250 at baseline. 
We included him because he had a colonoscopy demonstrating 
endoscopic remission. In hindsight, we should not have included 
this patient. The heterogeneity of our group could make it difficult 
to interpreted the results. However, we can conclude that IBD 
patients in remission tolerated the intervention and most of them 
were able to adhere to the entire program. In addition, this study 
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is the first performed in Northern European IBD patients where a 
Mediterranean diet is not the standard diet. 

Conclusion
Our study underlines the importance of nutrition in the 

management of IBD. In quiescent IBD patients, 69% was able to 
adhere to the Mediterranean diet-based lifestyle intervention. 
The improvement in MDSS was correlated to the increase in QoL, 
but was only observed in patients with CD probably because the 
improvement in dietary quality was most outspoken in these 
patients. CRP and BMI decreased during the study period. Larger 
trials with a control group are needed to investigate whether the 
reported effects are sustained over a longer period of time, and 
the effects of the Mediterranean diet-based lifestyle intervention 
on microbiome diversity, intestinal barrier function and systemic 
inflammation.
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