
Carlijn R. Lamers

The role of the Dutch dietary and 
physical activity guidelines in 
Inflammatory Bowel Disease 

Implications for clinical practice

Th
e role of th

e D
u

tch
 d

ietary an
d

 p
h

ysical activity g
u

id
elin

es in
 In

flam
m

atory B
ow

el D
isease 

Im
plications for clinical practice

C
arlijn

 R
. Lam

ers

UITNODIGING

voor het bijwonen van de openbare 
verdediging van mijn proefschrift 

getiteld

The role of the Dutch dietary and 
physical activity guidelines in 
Inflammatory Bowel Disease
Implications for clinical practice

De verdediging zal plaatsvinden 
op 8 juni 2022 om 13.30 uur 

in het Omnia Auditorium
van de Wageningen Universiteit, 

Hoge Steeg 2, Wageningen

Na de verdediging bent u van 
harte welkom bij Kasteel Hoekelum 

voor een uitgebreide borrel,
Edeseweg 124, Bennekom

Carlijn Lamers
Lombokstraat 2A
3531 RD Utrecht

lamerscr@gmail.com

Paranimfen
Esmee Lamers

esmeelamers@msn.com

Iris Rijnaarts-Modder
iris.rijnaarts@wur.nl





 

 

 

 

 

 

The role of the Dutch dietary and physical activity 

guidelines in Inflammatory Bowel Disease:  

implications for clinical practice 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Carlijn R. Lamers 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

Thesis committee 

 

Promotor 

Prof. Dr. B.J.M. Witteman 

Special professor Nutrition and Intestinal Health in Transitional Care 

Wageningen University & Research 

 

Co-promotor 

Dr. N.M. de Roos 

Assistant professor, Division of Human Nutrition & Health 

Wageningen University & Research 

 

Other members  

Prof. Dr. E.J.M. Feskens, Wageningen University & Research 

Prof. Dr. G. Dijkstra, University Medical Center Groningen 

Prof. Dr. D.M.A.E. Jonkers, Maastricht University 

Prof. Dr. J. Zwerver, University Medical Center Groningen 

 

This research was conducted under the auspices of the Graduate School VLAG 

(Advanced studies in Food Technology, Agrobiotechnology, Nutrition and Health 

Sciences) 

 



 

 

 

The role of the Dutch dietary and physical activity 

guidelines in Inflammatory Bowel Disease:  

implications for clinical practice 
 

 

 

 

 

Carlijn R. Lamers 

 

 

 

 

 

 

 

 

Thesis 

submitted in fulfilment of the requirements for the degree of doctor 

at Wageningen University 

by the authority of the Rector Magnificus, 

Prof. Dr. A.P.J. Mol, 

in the presence of the 

Thesis Committee appointed by the Academic Board 

to be defended in public 

on Wednesday 8 June 2022 

at 1.30 p.m. in the Omnia Auditorium. 

 



 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Carlijn R. Lamers 

The role of the Dutch dietary and physical activity guidelines in Inflammatory Bowel 

Disease: implications for clinical practice 

196 pages 

 

PhD thesis, Wageningen University, Wageningen, the Netherlands (2022) 

With references, with summaries in English and Dutch 

 

ISBN: 978-94-6447-140-3 

DOI: 10.18174/566410 

 



5 
 

Table of contents 

 
Chapter 1 General introduction 

 

7 

Chapter 2 The association between inflammatory potential of diet 

and disease activity: results from a cross-sectional study 

in patients with inflammatory bowel disease 

 

25 

Chapter 3 Patient experiences with the role of physical activity in 

inflammatory bowel disease: results from a survey and 

interviews 

 

47 

Chapter 4 Repeated prolonged moderate-intensity walking 

exercise does not appear to have harmful effects on 

inflammatory markers in patients with inflammatory 

bowel disease 

 

75 

Chapter 5 Lower impact of disease on daily life and less fatigue in 

patients with Inflammatory Bowel Disease following a 

lifestyle intervention 

 

101 

Chapter 6 Web-based dietary assessment and advice helps 

inflammatory bowel disease patients to improve their 

diet quality 

 

129 

Chapter 7 General discussion 

 

155 

 Summary 173 

 Nederlandse samenvatting 179 

 Dankwoord 185 

 About the author 189 

 List of publications 190 

 Overview of completed training activities 193 

 

 



6 
 

 



General introduction

Chapter 1



8 
 

Inflammatory bowel disease (IBD) 

Inflammatory bowel disease (IBD) is a chronic inflammatory disorder of the 

gastrointestinal tract of which Crohn’s disease (CD) and ulcerative colitis (UC) are the 

main subtypes. CD is characterized by transmural inflammation often in a non-

continuous manner that can affect the entire gastrointestinal tract, although the 

terminal ileum and colon are most often involved. On the contrary, inflammation in 

UC is superficial, continuous and restricted to the colon [1, 2]. Both are characterized 

by a variable and unpredictable disease course with periods of active disease 

alternating with periods of remission. Symptoms usually include diarrhoea, 

abdominal pain, passage of blood or mucus in the stool, fatigue and weight loss [1]. 

Besides gastrointestinal symptoms, extra-intestinal manifestations may also occur, 

with joints, skin and eyes being affected most frequently [3]. IBD has a significant 

impact on quality of life and this impact is even bigger during active disease [4, 5]. 

 

Although the exact pathogenesis of 

IBD is unclear, multiple factors seem to 

play a role (Figure 1). It seems to be a 

complex interaction between 

alterations in the gut microbiota, 

dysregulated immune responses and 

environmental factors in genetically 

susceptible individuals [2, 6]. The gut 

microbiota contributes to host 

defence, immune system development 

and supply of nutrients and energy. In 

IBD, the diversity of the gut microbiota 

is reduced. A lower number of 

Firmicutes and short-chain fatty acid 

(SCFA)-producing bacteria is present resulting in dysbiosis which affects the immune 

system and gut barrier integrity [7, 8]. The dysregulated immune response in IBD is 

caused by an altered innate and adaptive immune system [9]. The altered innate 

immune system induces production of pro-inflammatory cytokines such as tumour 

necrosis factor α (TNF-α), interleukin (IL)-1β, IL-6, and IL-18, while the altered 

adaptive immune system results in an increased presence of B-cells and activated 

effector T-cells, of which T helper 17 (Th17) cells play a key role in IBD [9, 10]. This 

Figure 1. Factors in pathogenesis of IBD 
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inappropriate inflammatory response, together with reduced regulatory mechanisms 

and anti-inflammatory cytokines such as IL-10 and transforming growth factor β 

(TGF-β), leads to chronic intestinal inflammation [9].  

 

Besides gut microbiota and immune responses, environmental factors seem to have 

a major role in IBD [11]. In this respect, diet and lifestyle have been identified as 

important factors. IBD mainly used to be a disease of westernised countries in 

Europe, North America, and Oceania, with currently over 2 million people in Europe 

suffering from IBD [12]. However, over the past decades the incidence has risen in 

newly industrialized countries whose societies have adopted a westernized lifestyle 

characterized by unhealthy dietary habits and a decreased level of physical activity 

[12, 13]. Besides contribution to the development of IBD, lifestyle factors also seem 

to significantly impact the disease course and clinical outcomes in patients with 

established IBD [14, 15].  

 

IBD is mainly treated with medication. In addition to medication, many IBD patients 

look for supportive and adjunctive or even alternative therapies [16, 17]. Diet and 

physical activity are modifiable lifestyle factors in which IBD patients seem to be 

interested. Surveys performed on dietary beliefs and behaviour showed that 57-92% 

of patients believe that diet could trigger a flare up and up to 89% of patients 

reported avoidance of particular foods to prevent or treat a flare [18]. This nutritional 

knowledge is mainly based on their own experiences [19]. Surveys performed on 

physical activity showed that around 41% of patients believe that physical activity 

reduces relapse rates and up to 79% of patients reported that physical activity 

improves their general well-being [20, 21]. These patient experiences are supported 

by several studies that suggest influence of various lifestyle factors on the course of 

disease [14, 15, 22, 23]. However, evidence-based dietary and physical activity 

guidelines for clinical IBD practice are lacking, mainly because the number of 

randomized interventional studies and prospective cohort studies is limited. 

Nonetheless, it is important to be aware of the current available evidence to support 

patients in their needs [16]. 

 

Diet and IBD 

Food avoidance and restrictive dietary behaviour are very common among IBD 

patients as a result of the belief that avoiding certain foods would prevent a relapse 
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or exacerbation of symptoms [18]. However, this can result in a poorer food-related 

quality of life which is associated with lower intakes of nutrients that are important 

for general health and in particular gut health, like fibre, vitamin C, calcium and 

magnesium [24]. For example, a lower intake of dietary fibre is associated with an 

increased risk of exacerbation and worsening of disease activity [25, 26]. Besides an 

impaired intake of important nutrients, the intake of animal-based protein and 

omega-6 fatty acids is generally high which is also associated with an increased 

relapse risk [27, 28]. 

 

Several mechanisms have been proposed via which diet may influence the disease 

course of IBD via the gut microbiota [29, 30]. First, some dietary components 

influence microbiota structure and function which results in beneficial effects on 

immune activity. Dietary fibre, for example from vegetables, fruits, legumes and nuts, 

is an important component in this respect. Fermentation of dietary fibre by colonic 

bacteria results in the production of short-chain fatty acids (SCFAs) of which acetate, 

propionate and butyrate are the main ones. These SCFAs support the immune system 

by improving the mucosal barrier, interacting with immune cells, and decreasing the 

production of pro-inflammatory cytokines resulting in a reduced immune response 

[29, 30]. Second, some components can change the structure and permeability of the 

mucosal barrier. Sugar, for example from sweetened beverages and fruit juices, and 

alcohol can increase gut permeability, and emulsifiers, used in processed foods to 

improve texture and quality, can erode the mucus barrier both increasing bacterial 

translocation resulting in intestinal inflammation [29, 31]. In contrast, vitamin D, for 

example from fatty fish, can strengthen the epithelial barrier via promoting the 

expression of tight junction proteins [29]. Third, some dietary components can 

directly interact with aspects of the immune response. Animal-based protein, fat and 

salt, for example from meat and processed foods, can all activate inflammatory 

pathways. Saturated fat and omega-6 fatty acids promote a pro-inflammatory T-cell 

response, while omega-3 fatty acids can reduce the level of pro-inflammatory 

cytokines and suppress inflammation [29, 30]. Combining all these mechanisms, a 

diet rich in vegetables, fruits, legumes and nuts, with more plant-based instead of 

animal-based products, and avoidance of alcoholic beverages, high-fat processed 

meat and soft drinks might have the potential to prevent intestinal inflammatory 

processes via the gut microbiota [32].  
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Since cumulative evidence suggests that dietary components can have anti- or pro-

inflammatory properties [30, 33], it might be useful to classify a diet according to 

these properties. For this purpose, the Dietary Inflammatory Index (DII) has been 

developed by reviewing the effects of dietary components on inflammatory markers 

like CRP and cytokines [34-36]. This index consists of 45 dietary components 

including energy, protein, carbohydrate, fat, fibre, vitamins and minerals, but also 

alcohol, flavonoids, herbs and spices. With this DII, diets can be categorized from 

maximally anti-inflammatory to maximally pro-inflammatory. Dietary assessment 

based on the inflammatory potential takes into account that foods can contain both 

anti- and pro-inflammatory components. Therefore, it might reflect the overall 

influence of a diet on inflammation. So far, the DII has been used in several types of 

cancer, cardiovascular diseases and chronic inflammatory diseases, including UC, to 

predict the risk for development of disease related to the inflammatory potential of 

diet [37-40]. Studies using the DII in patients with an established IBD diagnosis are 

lacking. 

 

In line with the inflammatory potential of diet, exclusion of certain pro-inflammatory 

food components, such as industrialized, processed foods, animal fat and red and 

processed meat, seems to benefit IBD patients by reducing inflammatory processes 

[27, 28, 30]. In this respect, many different types of exclusion diets have been 

proposed in the treatment of IBD, such as the Specific Carbohydrate Diet (SCD), IgG4-

guided exclusion diet, and CD-TREAT [41-43]. However, adherence can be a 

challenge and controlled trials are lacking, thus it is too soon to conclude if these 

restrictive diets benefit IBD patients [14]. The general Dutch dietary guidelines are 

based on the best available evidence regarding a healthy diet. In those guidelines, 

the general recommendation is to follow a more plant-based and less animal-based 

dietary pattern (Figure 2) [44]. It is recommended to daily consume at least 200 g of 

vegetables and 200 g of fruit, at least 90 g of wholegrain products, at least 15 g of 

unsalted nuts, a few portions of dairy, and three cups of tea. Moreover, it is 

recommended to weekly consume legumes and one serving of (oily) fish. Besides, it 

is recommended to limit the intake of red meat, particularly processed meat, salt, 

sugar-containing beverages and alcohol. Furthermore, it is recommended to replace 

refined cereal products by wholegrain products, and butter, hard margarines and  

cooking fats by soft margarines, liquid cooking fats and vegetable oils [44]. Since 

these general guidelines support the intake of foods with anti-inflammatory  
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properties and limit the intake 

of pro-inflammatory 

components, they might also 

apply to IBD patients, resulting 

in a non-restrictive diet with 

beneficial effects on 

inflammation. However, 

application of these general 

guidelines in IBD patients has 

not been investigated yet. 

 

Physical activity and IBD 

IBD patients are less physically 

active after their IBD diagnosis 

than before [20]. They 

experience barriers to be 

physically active due to IBD-

related limitations such as 

fatigue, lack of toilet access, 

abdominal and joint pain, and 

weakness [21, 45, 46]. 

Moreover, they are afraid of 

disease exacerbation as a result 

of physical activity [21]. 

However, positive effects of physical activity have also been mentioned. Physical 

activity makes IBD patients feel better in general, improves their quality of life and 

helps in symptom control [20, 21]. 

 

Studies performed so far showed that low to moderate intensity physical activity 

appears to be safe and well tolerated with minimal risk of symptom exacerbation in 

patients in remission or with mildly active disease [23, 47]. A large prospective study 

found that patients with CD in remission who had higher levels of physical activity 

were significantly less likely to develop active disease at six months [48]. The same 

tendency was found in patients with UC, but this was not significant. The safety of 

Figure 2. Dutch dietary guidelines 
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high-intensity physical activity and physical activity in patients with severely active 

disease is currently not clear [23]. 

 

Besides the positive effects on disease activity, physical activity also has beneficial 

effects on bone mineral density, muscle mass and strength, and functional capacity 

[23, 48-50]. This is important since patients with IBD, either in remission or during 

active disease, already have a reduced muscle mass compared with healthy controls, 

which might negatively affect physical fitness and functional capacity [51-53]. 

Moreover, physical activity has psychological benefits, helps to maintain a normal 

weight and it has been associated with improvement in the perception of pain and 

sleep [47-50]. Physical activity can reduce fatigue and increase health-related quality 

of life [23, 47].  

 

The exact mechanism via which physical activity might benefit IBD patients is 

unknown, but two possible routes of action have been proposed. The first route is 

via the release of cytokines and the second route is via changes in the gut microbiota. 

Several cytokines are released into the circulation as a result of physical activity [50]. 

These cytokines can either have anti- or pro-inflammatory effects depending on the 

type of cytokine and the intensity and duration of the activity. Low to moderate 

intensity physical activity can exert anti-inflammatory effects possibly via the release 

of protective myokines from working skeletal muscles [50, 54]. In this respect, mainly 

IL-6 is released into the circulation from contracting muscle fibres. This muscle 

derived IL-6 release appears to be responsible for an increase in circulating levels of 

anti-inflammatory cytokines IL-10 and IL-1. Moreover, IL-10 inhibits the expression 

of several pro-inflammatory cytokines, further promoting an anti-inflammatory state 

[54]. However, physical activity can also evoke transient mild systemic inflammation 

and enhance pro-inflammatory cytokine release, which can exacerbate 

gastrointestinal symptoms [50]. Especially acute, very high-intensity bouts of exercise 

could lead to release of pro-inflammatory cytokines like TNF-α and IL-1β and trigger 

systemic inflammation followed by a subsequent immunodepression [50]. 

 

Regarding the gut microbiota, regular physical activity can enrich the microbiota 

diversity with higher numbers of Firmicutes and short-chain fatty acid (SCFA)-

producing bacteria, and can stimulate proliferation of bacteria that modulate 

mucosal immunity and improve barrier functions [55]. These effects of physical 
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activity might be the result of a bidirectional crosstalk between skeletal muscles and 

the gut via the muscle-gut axis [56, 57], and can result in rebalance of dysbiosis which 

can improve health status [55]. However, physical activity can also have negative 

effects on the gut microbiota. High-intensity physical activity is accompanied by a 

decrease in intestinal blood flow which can induce ischemic events leading to 

dysfunction of the intestinal mucosa with detrimental consequences for the gut 

microbiota [57]. Moreover, ischemic events are associated with an increased 

intestinal permeability allowing bacteria to enter the circulation and activate systemic 

inflammation [57]. 

 

Studies indicate that IBD patients seem to prefer low-intensity types of physical 

activity, such as walking, over high-intensity types, such as running [45, 46]. This 

preference corresponds to what seems to be the preferred type of physical activity 

based on the beforementioned effect mechanisms. Moreover, low to moderate 

intensity physical activity is in line with the recommendations of the general Dutch 

physical activity guidelines [58]. In those guidelines, it is recommended to perform 

moderate-intensity physical activity at least 150 minutes every week spread over 

several days (Figure 3). Health will benefit more from being physically active longer 

and more frequent. Additionally, 

it is recommended to perform 

activities that strengthen muscles 

and bones at least twice a week, 

and to avoid sitting down for long 

periods [58]. Since these 

guidelines focus on regular low to 

moderate intensity activities, 

which have been shown to be safe 

and not to exaggerate 

inflammation, these general 

guidelines might also apply to IBD 

patients. However, application of 

these general guidelines in IBD 

patients has not been 

investigated yet. 

 

Figure 3. Dutch physical activity guidelines 
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Most physical activity interventions examined the effect of controlled, supervised 

physical activity which is important to determine modes, frequencies, intensities and 

timing of physical activity. However, for regular and sustained physical activity it is 

also important to look at the effects of home-based activities supported by for 

example printed information, online platforms, and telephone consultations [59]. 

 

Web-based dietary guidance 

During a regular consult at the outpatient clinic, time is often lacking to pay attention 

to lifestyle. To properly advice patients about lifestyle, it is important to first identify 

the aspects that require improvement. Regarding diet, a web-based screening tool 

might be useful for this purpose. The Eetscore is such a tool that can be used to 

assess diet quality [60, 61]. Based on this assessment, it provides personalised dietary 

advice to eat healthier and more in line with the Dutch dietary guidelines. Patients 

can complete the dietary assessment at home and read the dietary advice. Hereafter, 

the physician only has to support and guide the patients in which steps to take first. 

So far, this web-based dietary tool has only been used in healthy populations and in 

patients with cardiovascular diseases. IBD patients make up an interesting population 

to use the Eetscore, since it meets patients’ need for dietary guidance and physicians’ 

need for easy support of a healthy diet in IBD patients. 

 

Aim and outline of this thesis 

Besides medication, diet and physical activity can be complementary therapies in the 

treatment of IBD [62]. However, implementing these lifestyle factors in a patient’s 

daily routine requires sustained changes in habits which may not be easy. Moreover, 

diets and physical activity programs can deviate greatly from the usual, especially 

when special foods or supplements are advised, making integration in social life and 

adherence in the long-term difficult. With sustainable and feasible recommendations 

based on the Dutch dietary and physical activity guidelines, adherence should be 

easier. Besides, special guidelines can make patients feel isolated whereas following 

general guidelines might make them feel less like a patient. Moreover, following 

these recommendations might also lead to an improved well-being of IBD patients, 

exert positive effects on the disease course and decrease their risk of other (chronic) 

diseases. 
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All currently available evidence regarding beneficial effects of nutrients and physical 

activity in IBD is in line with the Dutch guidelines for a healthy diet and physical 

activity, suggesting that disease-specific guidelines might not be necessary. 

However, these Dutch guidelines have not been investigated in IBD yet. Therefore, 

the aim of this thesis was to investigate the health effects of the Dutch dietary and 

physical activity guidelines as part of treatment in IBD patients. 

 

First, we wanted to investigate the habitual diet and level of physical activity of IBD 

patients. For diet, we used the Dietary Inflammatory Index (DII) to determine the 

inflammatory potential of the diet. In Chapter 2, associations between the 

inflammatory potential of the diet and clinical disease activity are described. In 

Chapter 3, we investigated associations between level of physical activity and clinical 

disease activity. This survey study was combined with interviews to further elucidate 

associations since experiences of IBD patients regarding physical activity have been 

studied sparsely. 

 

Most previous research on physical activity focused on short or low-intensity physical 

activity and subjective outcomes. Since moderate-intensity physical activity is an 

important part of the Dutch physical activity guidelines, we wanted to assess whether 

this is safe for IBD patients. Therefore, in Chapter 4, we performed a study on 

repeated prolonged moderate-intensity walking exercise and its effects on objective 

inflammatory markers. 

 

Application of the Dutch dietary and physical activity guidelines was performed in a 

combined lifestyle intervention study of which the results are described in Chapter 

5. We provided personal dietary and physical activity advice to improve the lifestyle 

of IBD patients and we investigated the effects of this 6-month intervention on the 

impact of disease on daily life, clinical disease activity, health-related quality of life, 

fatigue and faecal calprotectin. 

 

Finally, since a combined lifestyle intervention is costly and time consuming, we also 

used a web-based tool, the Eetscore, to assess diet quality and provide personalised 

dietary advice to IBD patients, again based on the Dutch dietary guidelines. In 

Chapter 6, assessment of diet quality by the Eetscore is described as well as the 

effects of web-based dietary advice on diet quality in IBD patients over time. 
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In Chapter 7, the general discussion, the main findings of this thesis will be 

summarized and placed into perspective, and implications for future studies will be 

discussed. 
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Abstract 

 

Background Diet may play a role in disease status in patients with inflammatory 

bowel disease. We tested whether the inflammatory potential of diet, based on a 

summation of pro- and anti-inflammatory nutrients, is associated with disease 

activity in patients with Crohn’s disease and ulcerative colitis. 

Methods Participants completed a disease activity questionnaire (short Crohn’s 

Disease Activity (sCDAI) or Patient Simple Clinical Colitis Activity Index (P-SCCAI)) and 

a Food Frequency Questionnaire (FFQ). FFQ data were used to calculate the Dietary 

Inflammatory Index (DII) which enables categorization of individuals’ diets according 

to their inflammatory potential on a continuum from pro- to anti-inflammatory. 

Associations with disease activity were investigated by multiple linear regression. 

Results The analysis included 329 participants; 168 with Crohn’s disease (median 

sCDAI score 93 [IQR 47-156]), and 161 with ulcerative colitis (median P-SCCAI score 

1 [IQR 1-3]). Mean DII was 0.71 ± 1.33, suggesting a slightly pro-inflammatory diet. 

In Crohn’s disease, the DII was positively associated with disease activity, even after 

adjustment for confounders (p = 0.008). The mean DII was significantly different 

between participants in remission and with mild and moderately active disease (0.64, 

0.97 and 1.52 respectively, p = 0.027). In ulcerative colitis, the association was not 

significant. 

Conclusions Disease activity was higher in IBD participants with a more pro-

inflammatory diet with statistical significance in Crohn’s disease. Although the 

direction of causality is not clear, this association strengthens the role for diet in 

medical treatment, which should be tested in an intervention study. 
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Background 

Dietary intake seems to play a role in the development of Crohn’s disease (CD) and 

ulcerative colitis (UC), and possibly also in maintenance of remission and 

improvement of quality of life in patients with one of these inflammatory bowel 

diseases (IBD) [1, 2]. The exact mechanism is unknown, but modification of the gut 

microbiota and influence on immunological processes seem to be important [3, 4]. 

 

Diet is a modifiable lifestyle factor in which IBD patients seem to be interested and 

that may have beneficial effects on the course of IBD. Surveys performed on dietary 

beliefs and behaviour showed that around sixty percent of patients believe that diet 

influences their disease course and up to 77% of patients reported avoidance of 

particular foods to prevent or treat a flare [5-7]. There is cumulative evidence that 

certain components of a diet have anti- or pro-inflammatory properties and may 

therefore influence the course of disease [3, 8]. This has led to the development of 

the Dietary Inflammatory Index (DII). With this DII, diets can be categorized from 

maximally anti-inflammatory to maximally pro-inflammatory. Assessment of the 

inflammatory potential of a diet takes into account that some foods contain both 

beneficial and unhealthy nutrients. Therefore, it is likely that the DII better reflects 

the influence of diet on inflammation and thus on the course of disease than analyses 

with single foods [9-11]. The DII has been used in several other patient groups to 

predict the dietary inflammatory potential related risk for development of disease or 

the influence on clinical course of disease [12-14]. 

 

Therefore, the aim of this study was to assess the association between the 

inflammatory potential of diet and disease activity in patients with inflammatory 

bowel disease, separated into CD and UC patients. We also investigated participants’ 

self-perceived impact of diet on disease and whether they had made dietary 

modifications. 
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Methods 

Study design and study population 

In this cross-sectional study, IBD patients aged 18 years or older, diagnosed with 

either CD or UC, were included. Participants were recruited between July and October 

2018. A total of 1035 patients received a personal invitation: 940 IBD patients of a 

local regional hospital in the Netherlands received a letter and 95 IBD patients from 

the Nijmegen Exercise Study - a longitudinal study to examine the impact of a 

physically active lifestyle on health, quality of life, development and progression of 

various (chronic) diseases - received an email with an invitation to participate. 

Furthermore, an unknown number of patients responded to an invitation via digital 

newsletters and the website of the Dutch IBD patient association. In total, 397 

patients sent us an e-mail to show interest in the study and received access to our 

online questionnaire. Unfortunately, we did not register the source each participant 

originated from. Participation comprised an online questionnaire composed of 

questions regarding participants characteristics, a disease activity questionnaire 

(short Crohn’s Disease Activity (sCDAI) or Patient Simple Clinical Colitis Activity Index 

(P-SCCAI)) and a Food Frequency Questionnaire (FFQ) [15-17]. It took participants 

about 40 minutes to complete the whole questionnaire. Participants were excluded 

in case of indeterminate colitis or unknown IBD type, missing or incomplete FFQ data 

or an implausible energy intake (<800 or >4000 kcal per day for men and <500 or 

>3500 kcal per day for women) to limit errors due to misreporting [18].   

 

The medical ethical committee of Wageningen University decided that no formal 

ethical approval was needed, due to the low burden and risk of the study. All 

participants provided digital informed consent. 

 

Data collection 

Participant characteristics 
Information on age, gender, height and weight, level of education, type of IBD, age 

at diagnosis, current medication and supplement use, previous IBD-related surgeries, 

food allergies and smoking was retrieved from the online questionnaire. 

 
Disease activity 

Disease activity was evaluated using the short Crohn’s Disease Activity Index (sCDAI) 

for CD and the Patient Simple Clinical Colitis Activity Index (P-SCCAI) for UC [15, 16]. 
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Disease activity scores were used as a continuous outcome measure and classified 

using previously validated cut-off points: remission (sCDAI <150 or P-SCCAI ≤2), 

mildly active disease (sCDAI 150-219 or P-SCCAI 3-5), moderately active disease 

(sCDAI 220-450 or P-SCCAI 6-11) and severely active disease (sCDAI >450 or P-SCCAI 

≥12) [15, 19]. 
 

Dietary intake 

Dietary intake was assessed using a 179-item validated Food Frequency 

Questionnaire (FFQ) designed to assess the intake of the Dutch population by 

capturing the foods consumed during the previous month [17]. Macronutrient intake 

was calculated and the FFQ was used to calculate the inflammatory potential of their 

habitual diet by using the DII. The DII is an index consisting of 45 food parameters 

developed by reviewing and scoring scientific articles on diet and inflammatory 

markers to be able to determine the inflammatory potential of a diet [9, 10]. A DII 

score above zero represents a pro-inflammatory diet and a DII score below zero 

represents an anti-inflammatory diet. Several papers described the development of 

inflammatory indices and calculation of the DII [9-11]. In short, DII scores of each 

food parameter were calculated by subtraction of the standard global mean of a 

representative world database from the amount of the food parameter eaten 

estimated from an FFQ and dividing this value by its standard deviation [10]. This Z-

value was converted to a centred percentile score to minimize the effect of skewing 

and to achieve a symmetrical distribution. This centred percentile score was 

multiplied by the food parameter specific inflammatory effect score. All food 

parameter DII scores were summed to create an overall DII score. When calculated 

from all 45 parameters, the DII could theoretically range from -8.87 (maximally anti-

inflammatory) to +7.98 (maximally pro-inflammatory) [20]. In our study, data on 28 

of the 45 parameters were available for inclusion in the overall DII score, namely: 

energy, protein, carbohydrate, total fat, saturated fat, cholesterol, trans fat, mono- 

and polyunsaturated fat, n-3 and n-6 fatty acids, fibre, thiamine, riboflavin, niacin, 

vitamins A, B6, B12, C, D and E, zinc, iron, magnesium, selenium, folic acid, beta-

carotene and alcohol. The remaining 17 parameters, mainly flavonoids, herbs and 

spices, were not available because not all food parameters could be assessed reliably 

with the FFQ we used or were not available in the food composition database. 
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Patient reported impact and modification of diet 

Information on participants’ self-perceived impact of diet on disease and whether 

they had made dietary modifications since their diagnosis was retrieved from the 

online questionnaire. 

 

Statistical analysis 

Normally distributed data are presented as mean ± standard deviation (SD), skewed 

data as median with interquartile range (IQR) and categorical data as frequencies 

with proportions. To compare baseline characteristics and DII between CD and UC 

and between disease activity groups, Chi-square tests were performed for categorical 

data, and independent samples t-test and one-way analysis of variance (ANOVA) (or 

Kruskall-Wallis when not normally distributed) were performed for continuous 

variables. Post-hoc analyses for disease activity groups were performed using the 

Bonferroni multiple comparisons test. Multiple linear regression was used to 

determine associations between inflammatory potential of diet and disease activity. 

Results were reported as β-coefficients with 95% confidence intervals (CI). A p-value 

of <0.05 was considered statistically significant. Statistical analysis was carried out 

using IBM SPSS Statistics version 24.   
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Results 

Participants characteristics 

In total, 329 participants were included in the analysis (Figure 1). Of these 329 

participants, 168 participants (51%) had CD and 161 participants (49%) had UC. The 

majority of participants was female, well-educated and had experienced two or less 

flare-ups in the last year. The number of participants classified as having severely 

active disease was too small to analyse as a separate group (UC, n=2), so they were 

included in the moderately active disease group. About two-thirds of participants 

were in remission. Participants with CD were slightly younger at the time of this study 

and at diagnosis, they used more immunosuppressants and biologicals, and had 

more IBD-related surgeries than patients with UC. Supplement use was comparable 

in CD and UC (Table 1). 

 
Figure 1. Flowchart of individuals included in analysis 
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Dietary intake and inflammatory potential 

The total energy intake and intakes of protein, carbohydrates and fat were not 

significantly different between CD and UC. In the total population, the DII ranged 

from -2.32 to 4.10 with a mean of 0.71 ± 1.33, suggesting a slightly pro-inflammatory 

diet. No significant differences were found between CD and UC (0.79 ± 1.37 vs 0.62 

± 1.28, p = 0.245) (Table 2). Multiple linear regression showed a positive association 

for CD disease activity scores and the DII in the crude model (β = 12.96; p = 0.002), 

suggesting that CD participants with a higher disease activity consumed a more pro-

inflammatory diet. After adjustment for age, age at diagnosis, gender, BMI and 

education level, this association remained (β = 11.86; p = 0.008). No significant 

association was found between UC disease activity scores and the DII (p = 0.307) 

(Table 3). Across CD and UC disease activity groups, no significant differences were 

found regarding total energy, protein, carbohydrates and fat intake. In CD, the mean 

DII was significantly more pro-inflammatory when disease activity was higher (p = 

0.027), with a significant difference between the remission and moderately active 

disease group after post-hoc analyses (p = 0.030) (Table 2/Figure 2). The parameters 

that contributed to differences in the DII were alcohol, mono- and polyunsaturated 

fatty acids, n-3 and n-6 fatty acids, magnesium, selenium, vitamin A, vitamin D and 

niacin, all having anti-inflammatory effect scores. Lower intakes of these parameters 

led to a less anti-inflammatory, so a more pro-inflammatory diet, in participants with 

a higher disease activity. 

  



2

35 
 
  

Ta
bl

e 
2.

 D
is

ea
se

 a
ct

iv
ity

 a
nd

 in
fla

m
m

at
or

y 
po

te
nt

ia
l o

f d
ie

t o
f C

D
 a

nd
 U

C 
pa

rt
ic

ip
an

ts
 a

nd
 s

tr
at

ifi
ed

 fo
r d

is
ea

se
 a

ct
iv

ity
 

 
 

 
D

is
ea

se
 a

ct
iv

it
y 

C
D

 
D

is
ea

se
 a

ct
iv

it
y 

U
C

 

 
C

D
  

U
C

 
R

em
is

si
on

 
M

ild
 

M
od

er
at

e 
 

R
em

is
si

on
 

M
ild

 
M

od
er

at
e 

 

D
is

ea
se

 a
ct

iv
it

y 
 

 
 

 
 

 
 

 

sC
D

A
I s

co
re

 
93

 [4
7-

15
6]

 
- 

79
 [4

4-
10

3]
a 

17
1 

[1
65

-1
91

]b
 

26
9 

[2
33

-3
26

]c
 

- 
- 

- 

Ra
ng

e 
44

-3
57

 
- 

44
-1

46
 

15
0-

21
8 

22
0-

35
7 

- 
- 

- 

P-
SC

C
A

I s
co

re
 

- 
1 

[1
-3

] 
- 

- 
- 

1 
[1

-1
]a

 
3 

[3
-4

]b
 

7 
[6

-9
]c  

Ra
ng

e 
- 

0-
13

 
- 

- 
- 

0-
2 

3-
5 

6-
13

 

 
 

 
 

 
 

 
 

 

D
ie

ta
ry

 in
ta

ke
 

 
 

 
 

 
 

 
 

N
ut

rie
nt

 in
ta

ke
 

En
er

gy
 (k

ca
l) 

Pr
ot

ei
n,

 E
N

%
 

C
ar

bo
hy

dr
at

es
, E

N
%

 

Fa
t, 

EN
%

 

19
12

 ±
 6

18
 

15
.0

 ±
 2

.5
 

43
.4

 ±
 7

.3
 

36
.4

 ±
 6

.2
 

20
11

 ±
 5

65
 

15
.3

 ±
 2

.7
 

42
.5

 ±
 6

.4
 

36
.5

 ±
 5

.5
 

 

19
58

 ±
 6

01
 

15
.1

 ±
 2

.4
 

42
.9

 ±
 7

.4
 

36
.7

 ±
 6

.1
 

 

17
89

 ±
 6

02
 

15
.0

 ±
 2

.2
 

45
.6

 ±
 6

.6
 

34
.4

 ±
 6

.1
 

 

17
80

 ±
 7

38
 

14
.6

 ±
 3

.1
 

43
.9

 ±
 7

.2
 

37
.3

 ±
 6

.8
 

 

20
50

 ±
 5

87
 

15
.2

 ±
 2

.8
 

42
.2

 ±
 6

.8
 

36
.6

 ±
 5

.8
 

 

19
19

 ±
 4

96
 

15
.4

 ±
 2

.6
 

43
.1

 ±
 5

.7
 

36
.1

 ±
 5

.2
 

 

19
58

 ±
 5

77
 

15
.2

 ±
 2

.6
 

43
.1

 ±
 4

.6
 

37
.3

 ±
 4

.4
 

D
II 

0.
79

 ±
 1

.3
7 

0.
62

 ±
 1

.2
8 

0.
64

 ±
 1

.2
9a

 
0.

97
 ±

 1
.5

1a
,b
 

1.
52

 ±
 1

.4
2b

 
0.

51
 ±

 1
.2

8 
0.

78
 ±

 1
.1

3 
0.

98
 ±

 1
.6

1 

Ra
ng

e 
-2

.2
2 

- 
3.

99
 

-2
.3

2 
- 

4.
10

 
-2

.2
2 

- 
3.

94
 

-1
.5

3 
- 

3.
61

 
-1

.0
6 

- 
3.

99
 

-2
.3

2 
- 

3.
46

 
-1

.0
4 

- 
2.

64
 

-0
.8

6 
- 

4.
10

 

D
at

a 
ar

e 
pr

es
en

te
d 

as
 m

ea
n 

±
 S

D
 fo

r 
no

rm
al

ly
 d

is
tr

ib
ut

ed
 d

at
a 

or
 m

ed
ia

n 
[in

te
rq

ua
rt

ile
 r

an
ge

] 
w

he
n 

sk
ew

ed
. C

at
eg

or
ic

al
 d

at
a 

is
 p

re
se

nt
ed

 a
s 

n 
(%

). 
A

b
br

ev
ia

ti
on

s:
 C

D
: C

ro
hn

’s
 d

is
ea

se
, U

C
: u

lc
er

at
iv

e 
co

lit
is

, s
C

D
A

I: 
sh

o
rt

 C
ro

hn
’s

 D
is

ea
se

 A
ct

iv
it

y 
In

d
ex

, P
-S

C
C

A
I: 

Pa
ti

en
t 

Si
m

pl
e 

C
lin

ic
al

 C
ol

iti
s 

A
ct

iv
ity

 In
d

ex
, 

EN
%

: e
ne

rg
y 

pe
rc

en
t, 

D
II:

 d
ie

ta
ry

 in
fla

m
m

at
or

y 
in

d
ex

 
ab

 g
ro

up
s 

w
ith

 t
he

 s
am

e 
su

pe
rs

cr
ip

t 
le

tt
er

s 
do

 n
ot

 d
iff

er
 s

ig
ni

fic
an

tly
 a

ft
er

 p
os

t-
ho

c 
an

al
ys

es
 u

si
ng

 t
h

e 
Bo

n
fe

rr
on

i t
es

t 
(p

>
0.

05
) 

 



36 
 

Figure 2. Mean DII of CD (n=168) and UC (n=161) participants stratified for disease activity 

 
Abbreviations: CD: Crohn’s disease, UC: ulcerative colitis, DII: dietary inflammatory index. Error bars 
represent standard error. * indicates significant difference between groups (p=0.03) 

Patient reported impact and modification of diet 

Of the 329 participants, 216 participants (66%) reported that diet had an impact on 

the course of their disease (73% CD vs 58% UC; p = 0.007). Since their diagnosis, 216 

participants (66%) have adjusted their dietary intake. Generally, they reported 

avoidance of certain food products instead of a higher intake of beneficial foods. 

Lactose-containing products were mostly mentioned to be avoided (37%) followed 

by spicy foods (23%). Furthermore, participants reported that they reduced their 

intake of fat (20%), meat (18%), sugar (12%) and onions (11%). No differences were 

found between CD and UC or disease activity groups. Of the 329 participants, 194 

participants (59%) adjust their diet during a flare-up. 

  

Table 3. Results of multiple linear regression of the association between DII and disease 
activity as continuous variables, for CD and UC 

  CD (n=168) UC (n=161) 

  β-coefficient (95% CI) p-value β-coefficient (95% CI) p-value 

DII Crude 12.96 (4.74 – 21.18) 0.002 0.145 (-0.134 – 0.424) 0.307 

 Adjusted* 11.86 (3.14 – 20.58) 0.008 0.062 (-0.236 – 0.361) 0.681 

Abbreviations: CD: Crohn’s disease, UC: ulcerative colitis, DII: dietary inflammatory index, CI: 
confidence interval. CD disease activity scores can range from 0 to >450 and UC disease activity scores 
can range from 0 to 19. Bold values are significant. 
 
*Adjusted model: adjusted for age (years), age at diagnosis (years), gender (m/f), BMI (kg/m2) and 
education level (low/middle/high) 
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Discussion 

In this study, disease activity was associated with the inflammatory potential of diet 

in participants with Crohn’s disease. Participants with a more pro-inflammatory diet 

seem to have a higher disease activity. Whether this association is causal remains 

unclear. In participants with ulcerative colitis, the association was not significant. The 

majority of participants reported impact of diet on their disease. Modification of diet 

since diagnosis and during flare-ups was common in both patient groups and all 

disease activity groups. 

 

To our knowledge, this is the first study to investigate the association between the 

inflammatory potential of diet and disease activity in patients with IBD in such a large 

sample. The DII has been calculated previously in a case control study including 62 

UC patients and 124 controls to predict the risk of UC based on the inflammatory 

potential of diet. In that cross-sectional study, participants with higher DII scores 

seemed to have a higher risk of UC [21]. An analysis of three large prospective 

cohorts showed that dietary patterns with high inflammatory potential were 

associated with an increased risk of developing CD, but not UC, though they used a 

slightly different inflammatory index [2]. In contrast to our results, a recently 

published cross-sectional study in Iranian patients with an established IBD diagnosis 

did not find an association between the inflammatory potential of diet and disease 

activity [22]. The null finding in the Iranian patients might be due to the small sample 

size (n=143), especially the small number of participants with CD (n=32), as 

compared to 178 CD patients in the present study. 

 

The DII consists of 45 food parameters that all have their own inflammatory effect 

score. The inflammatory effect scores we used varied from -0.663 for fibre to +0.373 

for saturated fat. The contribution of a food parameter to the total DII score depends 

on the individuals’ intake and the deviation of the inflammatory effect score from 0. 

Of the food parameters available in this study, fibre, vitamin A, B6, C, D, E, 

magnesium, zinc, poly-unsaturated fatty acids and n-3 fatty acids had the largest 

anti-inflammatory impact. Total fat and saturated fat had the largest pro-

inflammatory impact. These anti- and pro-inflammatory effects are all based on 

general inflammation, but seem to be in line with IBD specific nutrient studies. The 

anti-inflammatory potential of fibre is in line with a prospective study in which they 

found that high consumption of dietary fibre reduces the risk of relapse among CD 
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patients [23]. By bacterial fermentation of dietary fibre, the production of short-chain 

fatty acids increases which has anti-inflammatory effects [24]. However, in both the 

abovementioned study and the DII, no distinction is made between the 

fermentability, solubility and viscosity of fibres, factors that influence the therapeutic 

effects of consumption [25]. Regarding the before mentioned vitamins and minerals, 

several reviews have described the effect of deficiencies on IBD [26-28]. For example, 

clinical disease activity increases and quality of life decreases significantly with lower 

levels of vitamin D, and zinc deficiency was shown to be correlated with inflammation 

in IBD by increasing the number of pro-inflammatory cells [26-28]. Poly-unsaturated 

and especially n-3 fatty acids have mostly been investigated in the context of 

supplementation with controversial results [29]. Beneficial effects have been shown, 

although a clear protective effect in preventing clinical relapse is not demonstrated 

[29]. A prospective study in patients with CD showed that a diet higher in total fat, 

saturated fat and a higher ratio of n-6:n-3 fatty acids was associated with disease 

relapses, which is in line with the inflammatory effect scores of the DII [30]. It seems 

reasonable to increase dietary intake of n-3 fatty acids for anti-inflammatory effects 

taking into account the involvement of n-3 fatty acids in immunological and 

inflammatory responses and an imbalance in n-6:n-3 fatty acid ratio to be a powerful 

pro-inflammatory stimulus [31]. All before mentioned studies combined, it is likely 

that the DII reflects influence of diet not only on general inflammation, but also on 

inflammation in IBD. 

 

The differences in associations of inflammatory potential of diet with disease activity 

between CD and UC found in this study, are in line with previous studies. Regarding 

dietary intake, trends are observed in CD as well as in UC, but significant effects are 

more commonly found in CD [32]. Although we had to use a different disease activity 

questionnaire for each type of IBD, there is a similar distribution of disease activity 

groups in CD and UC. This distribution makes it unlikely that the different 

questionnaires account for the differences in associations between CD and UC. We 

did not assess the affected part of the gastrointestinal tract. Therefore, it is not 

possible to correct the associations for this aspect, although the affected part of the 

gastrointestinal tract may explain differences in associations between CD and UC. 

 

Dietary beliefs of the participants in our study are in line with previous surveys. A 

similar percentage (58-62%) reported that diet influences their disease course and 
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that avoidance of certain food products is preferred over a higher intake of beneficial 

foods [5-7]. 

 

Strengths of this study include the large number of participants, which enabled us to 

perform analyses for CD and UC separately, and the use of validated questionnaires 

to determine disease activity and dietary intake. However, some limitations should 

be mentioned. This was a cross-sectional study and any association could therefore 

be a result of reverse causality. Participants who experience more pain or discomfort 

because of their disease may have changed their diet to relieve symptoms. Besides 

that, our sample included mainly participants in remission. A sample with an equal 

number of participants in each disease activity category would have increased the 

power to find stronger associations. Next to this, some extent of bias possibly 

occurred. More women than men responded, and the education level in our sample 

was high. In a large German study that compared responders to non-responders, 

women (up to 50 years old) were more likely to respond than men, as were non-

smokers and those with a high education level [33]. As diet quality is related to 

gender, education level, and various other lifestyle factors [34], this could mean that 

on average, our study sample had a more healthy diet than that of the average IBD 

patient, corresponding with a lower DII (more anti-inflammatory). Although, the 

range in DII was wide enough to find associations with disease activity, putting more 

effort into recruiting patients with more active disease or an unhealthy diet would be 

recommendable for the future. However, we do not think that selection bias 

negatively affected our study results. Another limitation is that we could not perform 

the complete calculation of the DII, because not all food parameters could be 

assessed with the FFQ or were not available in the food composition database. Those 

food parameters, mainly flavonoids, herbs and spices, all had anti-inflammatory 

effect scores. Therefore, our results were probably more directed towards pro-

inflammatory scores. Using less food parameters generally also results in a lower 

variation in DII [11]. However, all other studies that calculated the DII also were 

unable to include all 45 food parameters and used a number of food parameters that 

was comparable to our study [12-14, 20, 21]. The DII only consists of food parameters, 

supplement use is not included. In our study, more than 40% of the participants used 

a food supplement, including vitamin supplements. Most vitamins and minerals do 

have anti-inflammatory effect scores, which might have led to an underestimation of 

the DII in our study. As we did not have information about brands and dosages of 
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the supplements, it was not possible to incorporate these in the calculation of the 

DII. However, supplement use was equal in CD and UC participants as well as all 

disease activity groups, which makes it less likely that supplement use affected the 

association between DII and disease activity. Finally, for the outcome disease activity, 

we did not use an objective marker, but based it on a questionnaire, which was filled 

in by the participant instead of a physician. However, previous studies have validated 

the sCDAI and P-SCCAI and concluded that both are reliable and feasible for disease 

activity measurement. For both participant-based disease activity questionnaires, 

significant correlations were found with the physician-based questionnaires as well 

as biomarkers such as CRP [15, 16]. 

 

Conclusions 

In conclusion, we found an association between the inflammatory potential of diet 

and disease activity in Crohn’s disease, but not in ulcerative colitis. Although this 

association does not prove a causal relationship, for daily practice it suggests that a 

diet high in anti-inflammatory nutrients such as fibre, n-3 fatty acids, vitamins and 

minerals, which is a diet in line with current nutritional guidelines for healthy adults, 

seems to be equally prudent in IBD patients, especially Crohn’s disease. Longitudinal 

studies are needed to further investigate the effect of diet on the course of disease. 
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Abstract 

 

Background Physical activity may affect disease activity in patients with 

inflammatory bowel disease. We used a survey to investigate this association and 

performed interviews to get a better understanding of patient experiences, and 

therefore the nature of this association. 

Methods Patients with Crohn’s disease (CD, n=176) and ulcerative colitis (UC, n=162) 

completed the short Crohn’s Disease Activity (sCDAI) or Patient Simple Clinical Colitis 

Activity Index (P-SCCAI) and the Short Questionnaire to Assess Health-enhancing 

physical activity (SQUASH). Associations were investigated by multiple linear 

regression. Semi-structured interviews (7 CD, 7 UC) were conducted to assess patient 

experiences with the role of physical activity in their disease. 

Results The majority of survey participants were in remission (70%) and adhered to 

the Dutch physical activity guidelines (61%). In Crohn’s disease, the total physical 

activity score was inversely associated with disease activity, even after adjustment for 

confounders (β = -0.375; p=0.013). No association between physical activity and 

disease activity was found in ulcerative colitis. Of the interviewees, 86% experienced 

beneficial effects of physical activity, such as improved general fitness, quality of life 

and self-image. However, during periods of active disease they struggled to find the 

motivation and perseverance to be physically active due to physical barriers. 

Conclusions Crohn’s disease participants with a higher physical activity level had a 

lower disease activity. This inverse association was not found in ulcerative colitis. 

Interviews revealed that IBD patients generally experience beneficial effects from 

physical activity, although the barriers caused by active disease may put them off to 

be physically active.  
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Background 

Physical activity might have a protective role in the development of Crohn’s disease 

(CD) and ulcerative colitis (UC), and possibly also supports maintenance of remission 

and improves quality of life in patients with one of these inflammatory bowel 

diseases (IBD) [1]. An increasing number of studies suggest that low to moderate 

intensity exercise might be beneficial for IBD patients by increasing health-related 

quality of life and reducing inflammation [2]. Although the exact mechanism is 

unknown, modification of the gut microbiota and influence of physical activity on 

immunological processes have been proposed as possible routes of action [3, 4]. 

Another way in which physical activity might be beneficial, is by reducing 

psychological stress. In a longitudinal study in sixty UC patients in remission, 

researchers found that stressful events were associated with higher chances of 

relapse [5]. Moreover, some studies suggest that physical activity might reduce 

fatigue levels in patients with IBD [6, 7]. 

 

Despite the potential beneficial effects of exercise, a recent cross-sectional study 

showed that patients were significantly less physically active after their IBD diagnosis 

than before. It is not clear whether this was due to discomforts from their disease or 

to a certain fear that exercise would worsen their disease progression or symptoms 

[8]. In surveys, patients report to experience barriers to exercise due to conditions 

related to their IBD such as fatigue, joint pain and weakness, and fear for symptom 

exacerbation [9]. They also report complaints during physical activity such as an 

increased urgency and abdominal pain, making it hard to complete the exercise [9, 

10]. However, interviews explicitly addressing patient experiences are lacking. 

 

Since IBD patients experience less complaints during remission than during active 

disease, it is vital to sustain remission as long as possible [11]. Although medication 

is the predominant form of treatment [12], physical activity could be a 

complementary therapy that can be implemented easily in a patient’s daily routine. 

Consequently, it is valuable to understand the relation between physical activity and 

disease activity in IBD patients, and how this affects well-being. Therefore, the aim of 

this study was to assess the association between physical activity and disease activity 

in a large group of IBD patients including both CD and UC patients, and to explain 

the nature of this association by interviews. 
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Methods 

Study design and study population 

This study consisted of an online survey and interviews. The online survey was part 

of a larger survey about lifestyle factors and disease activity [13], which was 

conducted between July and October 2018. The survey was composed of questions 

regarding disease activity, physical activity and participants’ characteristics. IBD 

patients aged 18 years or older, diagnosed with either CD or UC, were included. 

Details about recruitment can be found elsewhere [13]. In total, 397 patients showed 

interest in the study and received access to our online survey. We excluded 

participants with indeterminate colitis, unknown IBD type or incomplete physical 

activity data.  

 

For the interviews, participants who had not taken part in the survey were recruited 

between December 2019 and July 2020 via the outpatient clinic of Hospital Gelderse 

Vallei, Ede, the Netherlands. The same in- and exclusion criteria as applied for the 

survey were used. The interviews focussed on effects of physical activity on disease 

activity, fatigue and quality of life, and vice versa. In total, fourteen interviews were 

conducted. This sample size was chosen because data saturation is typically reached 

between ten to fifteen semi-structured interviews [14, 15], which also applied to this 

study. 

 

The medical ethical committee of Wageningen University decided that no formal 

ethical approval was needed, due to the low burden and risk of the study. All 

participants provided digital or written informed consent. 

 

Data collection 

Survey 

The short Crohn’s Disease Activity Index (sCDAI) and the Patient Simple Clinical 

Colitis Activity Index (P-SCCAI) were used to assess disease activity [16, 17]. Disease 

activity was used as a continuous outcome measure and classified into remission, 

mildly, moderately and severely active disease using previously validated cut-off 

points [16, 18]. 

 

Physical activity was assessed using the validated Short Questionnaire to Assess 

Health-enhancing physical activity (SQUASH). The SQUASH contains questions 
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regarding multiple activities during an average week in the past month, namely 

commuting activities, leisure time activities, household activities and activities at 

work or school. The number of days per week, average time per day and intensity of 

every activity was reported [19]. The total physical activity score was calculated by 

summing up the different activity scores which were calculated by the number of 

minutes per week of that activity times the corresponding metabolic equivalent of 

task (MET) [20]. The total physical activity score was used to investigate the 

association between physical activity and disease activity. 

 

Besides, information was collected on age, gender, height and weight, level of 

education, type of IBD, age at diagnosis, current medication, previous IBD-related 

surgeries and smoking. 

 

Interviews 
Interviews were explorative and semi-structured according to an interview guide 

(Appendix 1), and were all performed by the same researcher. The interviews mainly 

consisted of open-ended questions about IBD-related complaints, physical activity 

in general, the link between physical activity and IBD, fatigue, and quality of life. 

These questions could lead to follow-up questions, which were impromptu. This 

semi-structured method is suitable for interpretation and exploration of wishes, 

attitudes, perceptions, and opinions of interviewees [21]. Nine interviews were held 

face-to-face and five interviews were conducted via telephone due to COVID-19. All 

interviews were recorded after which they were transcribed verbatim. Recordings 

were removed immediately after full transcription and were not shared with persons 

outside the research team. During transcription, names were coded to ensure 

anonymity. All interviews were conducted in Dutch. Quotes originating from the 

interviews were translated into English. 

 
Data analysis 

Survey 
Data are presented as mean ± standard deviation (SD) for normally distributed 

continuous data or median with interquartile range (IQR) when skewed. Categorical 

data are presented as counts and percentages. To test for differences between CD 

and UC and between disease activity groups, independent samples t-test and one-

way analysis of variance (ANOVA) were performed for continuous variables, or 
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Kruskall-Wallis test when not normally distributed. Post-hoc analyses for disease 

activity groups were performed using the Bonferroni multiple comparisons test. For 

categorical data, Chi-square tests were performed. Multiple linear regression was 

used to determine associations between total physical activity score and disease 

activity, and was adjusted for age, gender, BMI and education level in the first model, 

and also for age at diagnosis, medication use and previous IBD-related surgery in 

the second model. Results were reported as β-coefficients (per 100 point change in 

total physical activity score) with 95% confidence intervals (95% CI). A p-value of 

<0.05 was considered statistically significant. Statistical analysis was carried out using 

IBM SPSS Statistics version 24. 

 

Interviews 
Analysis of the transcripts was done by inductive coding with Atlas.ti 8. In vivo codes 

and codes assigned by the researcher were used to code the data. Four main themes 

emerged from the analysis. Within these themes, results were analysed on 

corresponding and contradicting answers.  
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Results 

Participants’ characteristics 

For the survey, 338 participants were included in the analysis of which 176 

participants (52%) had CD and 162 participants (48%) had UC (Figure 1). About two-

thirds of participants were female and close to half of participants was highly 

educated and had experienced no flare-ups in the last year. As only two UC 

participants were classified as having severely active disease, they were included in 

the moderately active disease group. About two-thirds of participants were in 

remission. CD participants were slightly younger at diagnosis, used more 

immunosuppressants and biologicals, and had more IBD-related surgeries than UC 

participants (Table 1). Interviews were conducted with fourteen IBD patients of which 

seven had CD and seven had UC. The interviewees were 25 to 78 years of age (median 

61 years), and the number of males and females was equal. Mean body mass index 

(BMI) of the interviewees was 26.3 ± 7.1 kg/m2 and they were low (n=4), middle (n=5) 

and highly (n=5) educated (Appendix 2 – Supplementary Table 1). 

 
Figure 1. Flowchart of individuals included in analysis 
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Survey 

Significant differences were found between CD and UC regarding total physical 

activity scores and total minutes per week, with UC participants being more 

physically active than CD participants (p = 0.035) and performing activities with a 

higher intensity resulting in a higher total physical activity score (p = 0.025) (Table 

2). In CD participants, multiple linear regression showed an inverse association 

between the total physical activity score and disease activity scores in the crude 

model (β = -0.406; p = 0.007) (Table 3). This suggests that CD participants who are 

more physically active and probably perform activities with a higher intensity, have a 

lower disease activity. After adjustment for age,  gender, BMI and education level, 

and additionally age at diagnosis, medication use and previous IBD-related surgery, 

this association remained (β = -0.375; p = 0.013) (Table 3). No significant association 

was found between the total physical activity score and UC disease activity scores (β 

= -0.006; p = 0.162) (Table 3). Across disease activity groups, the total physical activity 

score was significantly lower in CD when disease activity was higher (p = 0.035), with 

a significant difference between the remission and moderately active disease group 

after post-hoc analyses (p = 0.046) (Table 2/Figure 2). When disease activity is higher, 

the number of minutes per week spent on physical activity is the same as for the 

lower disease activity groups, but participants seem to choose activities with a lower 

intensity (Table 2/Figure 2). 
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Figure 2. Total physical activity score (top) and total minutes per week (bottom) of CD and UC 
participants stratified for disease activity, divided into light, moderate and vigorous physical 
activity. 

 
Total physical activity score was calculated by summing up the different activity scores which were 
calculated by the number of minutes per week of that activity times the corresponding metabolic 
equivalent of task (MET). * p<0.05. Abbreviations: CD: Crohn’s disease, UC: ulcerative colitis 
  

Table 3. Results of multiple linear regression of the association between physical activity with 
disease activity as continuous variables, for CD and UC 

  CD (n=176) UC (n=162) 

  β-coefficient (95% CI)§ p-value β-coefficient (95% CI)§ p-value 

Total physical 
activity score 

Crude -0.406 (-0.698 - -0.114) 0.007 -0.006 (-0.015 – 0.003) 0.162 

 1 -0.395 (-0.693 - -0.097) 0.010 -0.005 (-0.014 – 0.004) 0.293 

 2 -0.375 (-0.668 - -0.081) 0.013 -0.003 (-0.013 – 0.006) 0.490 

Abbreviations: CD: Crohn’s disease, UC: ulcerative colitis, CI: confidence interval 
CD disease activity scores can range from 0 to >450 and UC disease activity scores can range from 0 to 19.  
Bold values are significant. 
 
§ Per 100 point increase in total physical activity score 
Model 1: adjusted for age (years),  gender (m/f), BMI (kg/m2) and education level (low/middle/high) 
Model 2: as model 1 plus age at diagnosis (years), medication use (yes/no) and previous surgery (yes/no) 
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Interviews 

Thirteen out of the fourteen interviewees reported to adhere to the Dutch physical 

activity guidelines of 150 minutes of moderate to high intensity exercise per week 

spread over several days. All in all, twelve out of the fourteen participants (86%) 

mentioned some kind of beneficial effect of physical activity. Regarding the role of 

physical activity in their disease, the difficulties experienced during physical activity 

were identified as one theme, whereas effects on disease activity, fatigue and quality 

of life were identified as three other themes. These four themes will be discussed in 

more detail below. Numbers do not always add up to fourteen, since interviewees 

could experience positive, negative or no effect of physical activity on disease activity, 

fatigue and quality of life, or sometimes they did not have an opinion about the 

effect. 

 

Difficulties during physical activity 
All interviewees reported to have experienced difficulties related to IBD that hindered 

their physical activity. Most commonly mentioned obstacles were frequent toilet use, 

pain and fatigue. Nine interviewees explained that the proximity of a toilet is 

important because they have unpredictable and urgent bowel movements.  

 

“When I was a teen, the disease was such a burden I could not exercise at all. I 
was very dependent on the presence of a toilet. Physical activity affects my 

bowel movements. When someone asked me: “Do you want to come over and 
play soccer?”, I could not join because I knew there were no toilets anywhere 

nearby. Things like that can really have an influence in times of active disease.” 
(Interviewee 10) 

 

Seven interviewees also mentioned that bowel movements can be induced by 

physical activity. One interviewee said that she would always bring some toilet paper 

with her when she would go for a run just in case, although her disease was not very 

active. Pain was also mentioned as a reason to not be physically active. Three 

interviewees were afraid of exercise-induced abdominal pain, and others already 

suffered from muscle pain and did not want to aggravate this. Six interviewees 

reported that they often are too fatigued to exercise. They said they could feel so 

tired they just wanted to lay down. In this case they found it very hard to gather 

enough motivation to exercise, so they would not do any physical activity. 
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Effects of physical activity on disease activity 

Eight interviewees mentioned that physical activity can have positive effects on their 

disease activity, while five interviewees mentioned the opposite. Most commonly 

mentioned positive effects were that physical activity can help to improve overall 

fitness and muscle strength, making the body more resilient. Two interviewees also 

said that this resilience would help the body to recover quicker and better from flare-

ups. 

 

“I think it can have a positive effect in the sense that my body is always strong 

and fit, and I recover more quickly when I have a flare-up. The past six months 
my disease was very active. The doctors and I think that me being very physically 

active has prevented me from a colectomy and a stoma. We could keep trying 
different things without my body giving in, because it was strong.” (Interviewee 

2) 

 

Four interviewees also mentioned positive effects of physical activity on mental 

health. The distraction by physical activity is very important, this would take their 

mind off the pain they experience. Another interviewee mentioned that physical 

activity helps him to get a better mindset to help him cope with the disease. He 

mentioned that mind-body exercises are very important for him and help him to be 

aware of his body. 

 

Negative effects were that physical activity, especially when including movements of 

the abdomen, can induce abdominal pain and bowel movement. Sit-ups, bending 

over, and jogging were mentioned as being too painful as the abdomen would move 

too much. Exercise-induced bowel movements were also mentioned as a negative 

effect. One interviewee mentioned she had to go to the toilet immediately when she 

tried to exercise, making physical activity very uncomfortable. 

 

“When I start exercising, I have to go to the toilet. I get cramps and need to sit 
on the toilet for half an hour. Afterwards, I am all sweaty and I do not feel like 

exercising anymore.” (Interviewee 4) 
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Effects of physical activity on fatigue 

Four interviewees were convinced physical activity could reduce fatigue. They 

mentioned it is harder to start exercising when they are fatigued, but they always feel 

more energetic after exercise than before. 

 

“Sometimes when I come home from work, I feel like I cannot go any further. I 
am so extremely fatigued, something I do not recognise from before the 

diagnosis. Then I think, I have to train, and if I just do it, I always feel better 
afterwards. So, I think it is definitely good, even if you exercise on a lower level 

or speed. It requires a lot of discipline though. I totally understand that people 
with this disease do not feel like exercising anymore. It requires a lot of effort, it 

hurts, and you are tired. But I know it is good for me and if I do it, I feel better 
afterwards.” (Interviewee 2) 

 

One interviewee said that when he is too tired, he would not exercise which only 

worsens his fatigue. He called it a vicious cycle. 

 

Effects of physical activity on quality of life 
Twelve interviewees noticed positive effects of physical activity on their quality of life. 

Physical activity leads to the feeling of being in shape, that they are healthier and can 

handle more physical setbacks. When interviewees felt physically fit, this also had a 

positive effect on their mental health, and it reduced stress levels. The social aspect 

of physical activity was also mentioned to be important for quality of life. Two 

interviewees said that they enjoyed physical activity because of the friends they cycle 

with, or the cup of coffee after a workout in the gym. Lastly, one interviewee 

mentioned that physical activity can help to recover quicker from a flare-up and 

thereby can improve her quality of life dramatically, from a score of 1 during severely 

active disease, to an 8 during remission. All twelve interviewees that noticed positive 

effects of physical activity on their quality of life indicated that when they are not 

able to exercise because of their disease activity, their quality of life is lower. 

 

“When I can be more physically active, this would definitely have a positive 
effect. It would make me feel stronger, more in shape. You walk a bit more 

upright and you dare to show that you are there.” (Interviewee 7) 
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Discussion 

In this study, the level of physical activity was inversely associated with disease 

activity in participants with Crohn’s disease. This association was not found in 

participants with ulcerative colitis. Crohn’s disease participants who are less 

physically active seem to have a higher disease activity. Whether this association is 

causal remained unclear from the survey. However, interviews to gain insight in the 

nature of this association showed that most interviewees (86%) experience some kind 

of beneficial effect of physical activity. They reported that physical activity is very 

important to improve general fitness, quality of life, and self-image. However, in 

periods of active disease they found it is hard to find the motivation and 

perseverance to be physically active, since there are many physical barriers limiting 

physical activity. The proximity of a toilet was mentioned as a necessity for being able 

to exercise, and pain and fatigue were mentioned as obstructing factors. 

 

Our data confirm that disease activity is associated with physical activity. A 

comparable result was found in a prospective study of 1857 IBD patients in remission. 

Patients with higher physical activity levels, measured by the Godin leisure-time 

activity index, were less likely to develop active disease at 6 months [22]. We showed 

that physical activity has the same association with disease activity in a more diverse 

patient group of CD patients, not only patients in remission, as we used the same 

questionnaires and cut-off points for disease activity. When comparing the physical 

activity rates of participants in our study to those in other studies, we found that 

physical activity rates vary widely between IBD cohorts, which may be explained by 

the heterogeneity of physical activity quantification and risk of selection bias [1, 9, 

10, 23, 24]. Only one study used total activity scores and minutes per week to classify 

physical activity [24], just as in our study, whereas others only reported the times and 

degree of physical activity per week. The association found in CD, and the lack of an 

association in UC, is in line with previous studies: significant results are more 

commonly found in CD [22]. For each type of IBD a different disease activity 

questionnaire had to be used, which may induce bias. However, we found a similar 

distribution of disease activity groups in CD and UC, which makes it unlikely that the 

different questionnaires account for the difference in associations between CD and 

UC. The difference in associations might be explained by defective autophagy, which 

is only present in Crohn’s disease. It has been well established that exercise can 

induce autophagy, thereby it might exert a positive effect on disease activity [25, 26]. 
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When looking into the nature of the association between physical activity and 

disease activity, interviewees reported that IBD-related complaints limit their physical 

activity for various reasons. Most commonly mentioned barriers were fatigue, 

exercise-induced pain, irregular and unpredictable bowel movements, and no 

proximity to a toilet; barriers that were also mentioned in previous studies [9, 24]. 

Several interviewees also mentioned immediate effects of physical activity on their 

symptoms. Inducement of bowel movement was mentioned the most, which could 

also result in cramps and abdominal pain. Similar exercise-induced symptoms were 

described in other studies, although these studies specifically focussed on high-

intensity exercise [9, 27]. In the current study, not all interviewees defined the 

intensity of the exercise that caused symptom exacerbation but rather the mode of 

exercise. For example, running was mentioned to aggravate symptoms, whereas 

swimming was mentioned as an exercise mode that patients could endure for a long 

time without symptom aggravation. However, based on the MET scores, both are 

qualified as vigorous intensity exercise [20]. This indicates that not only the intensity 

of physical activity might influence symptoms, but the mode of exercise plays a 

crucial role. This is supported by, for example, runner’s diarrhoea, which is a common 

phenomenon in the general population, and this type of diarrhoea can also be 

present in IBD patients [28]. 

 

Besides immediate aggravation of symptoms, interviewees also mentioned 

alleviation of symptoms as a result of physical activity. Alleviation of fatigue was 

mentioned as an immediate effect. Interviewees often felt fatigued, but at the same 

time energized after physical activity. This finding is in line with a review 

supplemented with a case series which aimed to explore issues that clinicians may 

need to consider when giving exercise advice to IBD patients [7]. This study also 

reported that physical activity improved the mood of IBD patients. Mood 

improvement was also mentioned in the current study, as were long-term positive 

effects for example improved overall fitness, resilience, and positive effects on mental 

health. All these long-term effects were reported to have a beneficial effect on the 

quality of life of the interviewees, which is in line with existing literature [29, 30]. 

Interviewees mentioned that their quality of life could be improved by physical 

activity, but only when disease activity was low enough. Although not mentioned by 

the interviewees in this study, literature suggests that stress could aggravate disease 

activity and high stress levels can lead to a flare-up [5, 31, 32]. In line with previous 
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studies, interviewees in the current study suggested that physical activity could 

reduce stress levels [33]. This could potentially mean that physical activity could 

reduce disease activity and the frequency of flare-ups by lowering stress levels and 

improving quality of life. However, more research on this topic is needed to confirm 

this hypothesis. 

 

Strengths of this study include the combination of an online survey with interviews, 

with a large number of participants in the survey part, which enabled us to perform 

analyses for CD and UC separately, and the use of validated questionnaires to 

determine disease activity and physical activity. However, some limitations should be 

mentioned. Since the survey was cross-sectional any association could be due to 

reverse causality. In our case, it is probable that patients with more severe disease 

are less likely to be physically active, which was supported by the interviews, so we 

cannot conclude that lack of physical activity leads to higher disease activity. Next to 

this, our sample mainly included participants in remission. The power to find 

associations would have increased with an equal number of participants in each 

disease activity category. Another drawback is that we could not verify participants’ 

physical activity compliance. However, compliance applies to all participants at all 

times, and this systematic bias would not affect the association. An advantage of 

interviews is that they allowed us to discuss effects of physical activity during every 

disease stage, in contrast to the surveys in which only current disease activity was 

discussed. Another limitation of the survey is that we based disease activity on a 

questionnaire instead of an objective marker. However, previous studies validated 

the sCDAI and P-SCCAI and concluded that both are reliable and feasible for disease 

activity measurement [16, 17]. Final limitation of the survey is the self-reported data 

on medication and previous IBD-related surgery which could not be verified with 

medical records. A limitation of the interviews is that the intercoder reliability is small 

because the interviews were coded by one researcher only. However, all interviews 

were also performed by one researcher, which increases the comparability of the 

interviews, and regular discussion of the analysis within the research team acted as a 

quality control measure. Finally, separate analysis of the interviews for CD and UC 

would have been better to support the survey findings, but this was not possible 

since data saturation was not reached in these separate groups. However, our 

interviewees form a representative group of IBD patients. 
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Conclusions 

In conclusion, we found an inverse association between physical activity and disease 

activity in Crohn’s disease, but not in ulcerative colitis. No causal relationship has 

been proven with this association, but interviews with IBD patients suggest that it is 

prudent to stimulate IBD patients to be more physically active, as they generally 

experience beneficial effects from physical activity. When disease activity does not 

hinder IBD patients to be physically active, they experience an improved quality of 

life, reduced stress levels, less fatigue and a general feeling of fitness. Intervention 

studies are needed to further investigate the effect of lifestyle factors like physical 

activity on the course of disease. 
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Appendix 1 - Interview guide 

 

Introduction 

This interview is part of a study that investigates the influence of physical activity on 

complaints related to Crohn's disease or ulcerative colitis. To get a good and 

complete picture of what physical activity does to people with one of these 

inflammatory bowel diseases, it is important to hear the experiences of these people. 

The interview will take about half an hour. During this time we will discuss a number 

of topics; IBD and experienced complaints, physical activity, the link between IBD and 

physical activity and lastly the relation between IBD, quality of life, fatigue and 

physical activity. The interview will be recorded with your approval, for the sole 

purpose of transcribing the interview. The recordings will not be shared with people 

outside the research team and will be deleted directly after transcribing.  

If you have any questions or comments, you can always ask or report them during 

the interview. 

 

(Fill in informed consent form) 
(Start voice recorder) 

 

To begin with, I have a few questions to get a sense of the population I am 

interviewing 

- What is your age? 

- What is your highest level of education? 

 

IBD and experienced complaints 

- Do you have Crohn's disease or ulcerative colitis? 

- Do you currently experience CD/UC related complaints? 

- How do you notice IBD in your daily life? 

o What causes this? 

 

Physical activity in general 

- How physically active are you on an average day? 

- Do you meet the advised level of physical activity of 30 minutes moderately 

intensive physical activity per day for at least 5 days a week? (Examples could 

be cycling to work or walking briskly) 
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- What is your profession? 

o Are you physically active at work? 

o How many days a week do you work? 

- Do you perform many household activities and chores in and/or around the 

house? 

- If you exercise, what kind of sports do you do? 

o  Why? 

 

Link between IBD and physical activity 

- Do you feel that physical activity affects your IBD related disease burden? 

o If so: What is specifically affected? 

o Do you have a possible explanation for this? 

- Are there things that prevent you from being physically active? 

o Does IBD play a role in this? 

- Do you feel that physical activity affects your disease activity or vice versa; 

that your disease activity affects the degree to which you are physically 

active? 

 

Quality of life and fatigue 

- From one to ten, how would you rate your quality of life right now? 

o Which factors do you take into account when determining this 

rating? 

o What is the role of IBD in this rating? 

o Do you think physical activity plays a role in this rating? 

- Do you suffer from fatigue? 

o If so: Do you feel that physical activity can affect fatigue? 

o If so: How does this work for you? 

 

- Would you like to clarify or add something else? 

 

Closing 

This is the end of this interview. Is there anything you would like to explain further 

because you think I might be able to misinterpret it? Do you have any other 

questions? Or other things you would like to say? 
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Appendix 2 

Supplementary Table 1. Characteristics of the interview study population consisting of 7 CD 
and 7 UC participants 

 

Type of IBD 
CD / UC 

Gender 
male / female 

Age 
years 

BMI  
kg/m2 

Education# 

low / middle / high 

Interviewee 1 UC female 63 27,1 high 

Interviewee 2 UC female 35 20,0 high 

Interviewee 3 UC female 78 26,5 middle 

Interviewee 4 CD female 26 18,0 high 

Interviewee 5 CD male 64 21,4 low 

Interviewee 6 CD female 25 34,4 middle 

Interviewee 7 CD male 50 21,6 high 

Interviewee 8 UC male 70 46,7 low 

Interviewee 9 CD female 71 23,0 low 

Interviewee 10 UC male 29 26,1 middle 

Interviewee 11 CD male 74 27,8 high 

Interviewee 12 UC male 63 25,7 middle 

Interviewee 13 CD female 56 25,7 low 

Interviewee 14 UC male 58 23,4 middle 

Abbreviations: CD: Crohn’s disease, UC: ulcerative colitis, BMI: body mass index 
# Education level: no education, primary or lower vocational education and lower general secondary 
education (low); secondary vocational education and higher general secondary education (middle); 
higher vocational education and university (high). 
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Abstract 

 

Background and objectives The role of exercise in the management of 

inflammatory bowel disease (IBD) is inconclusive as most research focused on short 

or low-intensity exercise bouts and subjective outcomes. We assessed the effects of 

repeated prolonged moderate-intensity exercise on objective inflammatory markers 

in IBD patients. 

Methods In this study, IBD patients (IBD walkers, n=18), and a control group (non-

IBD walkers, n=19), completed a 30, 40 or 50 km walking exercise on four consecutive 

days. Blood samples were taken at baseline and every day post-exercise to test for 

the effect of disease on exercise-induced changes in cytokine concentrations. A 

second control group of IBD patients who did not take part in the exercise, IBD non-

walkers (n=19), was used to test for the effect of exercise on faecal calprotectin. Both 

IBD groups also completed a clinical disease activity questionnaire. 

Results Changes in cytokine concentrations were similar for IBD walkers and non-

IBD walkers (IL-6 p=0.95; IL-8 p=0.07; IL-10 p=0.40; IL-1β p=0.28; TNF-α p=0.45), 

with a temporary significant increase in IL-6 (p<0.001) and IL-10 (p=0.006) from 

baseline to post-exercise day 1. Faecal calprotectin was not affected by exercise 

(p=0.48). Clinical disease activity did not change in the IBD walkers with ulcerative 

colitis (p=0.92), but did increase in the IBD walkers with Crohn’s disease (p=0.024). 

Conclusion Repeated prolonged moderate-intensity walking exercise led to similar 

cytokine responses in participants with or without IBD, and it did not affect faecal 

calprotectin concentrations, suggesting that IBD patients can safely perform this type 

of exercise. 
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Introduction 

Inflammatory bowel disease (IBD), including Crohn’s disease (CD) and ulcerative 

colitis (UC), are characterized by a clinical course with periods of active disease 

alternating with periods of remission [1]. Environmental factors like exercise may 

influence the course of IBD [2]. A recent study showed that IBD patients were 

significantly less physically active after their IBD diagnosis than before [3]. Patients 

experience barriers to exercise due to IBD-related limitations such as fatigue, 

diarrhea, joint pain, weakness and fear for symptom exacerbation [4]. However, small 

prospective studies showed that low-intensity exercise appears to be safe and well 

tolerated with minimal risk of symptom exacerbation in patients in remission or with 

mildly active disease [2, 5, 6]. Moreover, a large observational study showed that 

patients in remission with higher exercise levels were significantly less likely to 

develop active disease after six months follow-up [7]. 

 

Exercise may have beneficial effects on IBD by changing the intestinal microbiota and 

by release of cytokines, but the exact mechanism is unknown [8, 9]. Exercise can 

enrich the microbiota diversity, stimulate proliferation of bacteria that modulate 

mucosal immunity and improve barrier functions of the gut, which all seem to be 

beneficial in an inflamed intestine [10]. By contraction of skeletal muscles, myokines 

such as IL-6 are released which are known to exert anti-inflammatory effects and 

inhibit the release of proinflammatory cytokines such as IL-1β and TNF-α [9]. It is 

known that cytokine concentrations can increase directly after exercise [11-13]. In 

healthy individuals, this increase seems to depend on the intensity and duration of 

exercise [10, 14]. In a previous study during the Nijmegen Four Days Marches it was 

suggested that there is an adaptive response of the body to prolonged and repeated 

exercise, since they found a gradual decrease in cytokine concentration in healthy 

individuals after a peak on the first exercise day [15]. It is unknown whether this 

pattern is the same in IBD patients and to what extent an increase in cytokine 

concentrations is actually a sign of IBD activity or whether it is all related to exercise. 

Therefore, it is of interest to also study faecal calprotectin as a more specific measure 

of IBD activity to be able to differentiate between exercise and disease effects. Faecal 

calprotectin is a marker of intestinal inflammation and correlates significantly with 

endoscopic disease activity [16, 17]. So far, only a few studies on exercise in IBD 

patients assessed faecal calprotectin and they found no changes [18-21]. Based on 

these studies on cytokines and faecal calprotectin, we expected that repeated 
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prolonged exercise would not lead to a clinically relevant increase in inflammatory 

markers. 

 

Previous studies on exercise in IBD mainly focused on short bouts of exercise or low-

intensity exercise, while health enhancing effects of exercise are generally more 

noticeable after repeated bouts of exercise [2, 5]. In addition, studies often explore 

patient well-being and disease activity without objective markers of inflammation. 

Therefore, the aim of this study was to assess the effects of repeated bouts of 

prolonged moderate-intensity walking exercise on inflammatory markers (i.e. 

cytokines and faecal calprotectin) in patients with inflammatory bowel disease. 

Besides this, we investigated the effect of repeated prolonged moderate-intensity 

exercise on clinical disease activity.  
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Materials and methods 

Study population 

We included 19 IBD patients who participated in the 2019 edition of the Nijmegen 

Four Days Marches, the IBD walkers. Additionally, we included two control groups: a 

control group of 19 Nijmegen Four Days Marches participants without a history of 

IBD, the non-IBD walkers, to test for the effect of disease, and a control group of 19 

IBD patients who did not participate in the exercise event, the IBD non-walkers, to 

test for the effect of exercise. IBD walkers and non-IBD walkers were recruited via the 

Nijmegen Exercise Study database of Radboud University Medical Centre, Nijmegen, 

The Netherlands, via social media and via word-of-mouth promotion. IBD non-

walkers were recruited via the outpatient clinic of Hospital Gelderse Vallei, Ede, The 

Netherlands. Inclusion criteria for all IBD patients were age ≥18 years and diagnosis 

of Crohn’s disease or ulcerative colitis made by a gastroenterologist. IBD patients 

were excluded when they used specific biologicals (infliximab, adalimumab, 

golimumab, ustekinumab) as these might reduce cytokine concentrations. Non-IBD 

walkers were included when they were ≥18 years of age and they were excluded 

when they had a history of IBD or other gastro-intestinal diseases. The non-IBD 

walkers and IBD non-walkers were comparable with the IBD walkers for age (± 5 

years) and gender. This study was approved by the Medical Ethical Committee region 

Arnhem-Nijmegen (CMO registration number: 2019-5375) and by the Medical 

Ethical Committee of Wageningen University. All participants provided written 

informed consent. This study was conducted in accordance with the Declaration of 

Helsinki and was registered at trialregister.nl as NL7872. 

 

Study design 

Measurements were performed one or two days prior to the first exercise day 

(baseline) and within 30 minutes post-exercise at the four consecutive exercise days. 

At baseline, body weight and height were measured, participant characteristics were 

registered, and questionnaires regarding physical activity and, in case of IBD 

participants, clinical disease activity were completed. Blood samples from IBD walkers 

and non-IBD walkers were collected at baseline and every exercise day directly after 

finishing to determine cytokine concentrations. Besides that, faecal samples were 

collected by IBD walkers and IBD non-walkers at baseline, at day 2 or 3 and at the 

end of the exercise event to determine calprotectin. Non-IBD walkers did not collect 

faecal samples. IBD walkers and non-IBD walkers walked 30, 40 or 50 km at a self-
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selected pace at four consecutive exercise days. Start and finish time were registered 

and used to calculate walking speed, without correction for breaks. Their heart rate 

was measured every 5 km during the first exercise day using a 2-channel ECG chest 

band system. Heart rate (HR) was used to estimate exercise intensity as a percentage 

of the maximum HR (exercise intensity = measured HR / expected maximal HR x 

100%, where expected max HR = 208 – (0.7 x age)) [22]. Heart rate measurements 

and blood sampling were not performed in IBD non-walkers. At the end of the 

exercise event, IBD walkers and IBD non-walkers completed a clinical disease activity 

questionnaire for the second time.  

 

Participant characteristics and physical activity questionnaires 

All participants completed a general questionnaire on demographics, level of 

education, smoking and medication use, and the validated Short Questionnaire to 

Assess Health enhancing physical activity (SQUASH) [18]. IBD walkers and non-IBD 

walkers also completed a questionnaire on their preparations for the exercise event. 

IBD walkers and IBD non-walkers completed an extended general questionnaire with 

additional questions on type and extent of IBD, age of disease onset, number of flare-

ups, previous IBD-related surgeries and their opinion on the influence of physical 

activity on their IBD.  

  

Blood samples 

Blood samples were taken at baseline and within 30 minutes post-exercise at the 

four consecutive exercise days. A venous blood sample was collected in a 10 mL 

EDTA vacutainer (Becton-Dickinson, New Jersey, USA). The vacutainer was put on 

melting ice water and centrifuged at 1200 rcf for fifteen minutes at 4°C. Plasma was 

then transferred to polypropylene tubes and stored at -80°C until analysis. IL-6, IL-8, 

IL-10, IL-1β and TNF-α concentrations were determined using the MesoScale 

Discovery (MSD) MULTI-SPOT Assay System (Proinflammatory Panel 1 (human) Kits, 

K15049D) according to the manufacturers’ instructions. The lower detection limits 

varied per plate and were 0.136-0.432 (IL-6), 0.052-0.138 (IL-8), 0.039-0.213 (IL-10), 

0.013-0.080 (IL-1β) and 0.066-0.229 (TNF-α) pg/ml. All values below these lower 

detection limits were considered as missing’s. The percentages of missing values 

were 3.8% for IL-8 and TNF-α, 8.6% for IL-6 and IL-1β and 20.5% for IL-10. These 

values were imputed during statistical analysis. All standards for the calibration curve, 

control samples, and 10% of the plasma samples from participants were measured 
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in duplicate. Accuracy and precision were evaluated by controls across multiple runs 

and multiple lots as described in the manufacturer’s protocol. 

 

Faecal samples 

Faecal samples were collected at baseline, halfway and at the end of the exercise 

event. Participants were provided with materials and instructions to collect the 

samples at home. Samples were stored in a refrigerator before transfer to the study 

laboratory for analysis. Faecal calprotectin was determined using a sandwich 

enzyme-linked immunosorbent assay (ELISA). Faecal calprotectin concentrations for 

this assay ranged from 0 to 2500 µg/g. 

 

Clinical disease activity questionnaire 

IBD walkers and IBD non-walkers completed a clinical disease activity questionnaire 

at baseline and at the end of the last exercise day. Depending on their type of IBD, 

this was the Patient Harvey Bradshaw Index (P-HBI) for Crohn’s disease and the 

Patient Simple Clinical Colitis Activity Index (P-SCCAI) for ulcerative colitis [23, 24]. 

 

Statistical analysis 

Normally distributed data are presented as mean ± standard deviation (SD), skewed 

data as median with interquartile range (IQR) and categorical data as frequency with 

proportion. Differences between groups for participant and exercise characteristics 

were analyzed with a chi-square test for categorical data, and an independent 

samples t-tests for continuous data. One-way analysis of variance (ANOVA) was used 

to examine differences in exercise characteristics over time within groups. Post-hoc 

analyses were performed using the Bonferroni multiple comparisons test. The main 

outcomes, cytokine responses and faecal calprotectin, were analysed using linear 

mixed models to account for missing values, after log10 transformation to obtain 

normality [25]. Participant was used as a random factor and sampling days, groups 

and their interaction were used as fixed factors. A random intercept was used with 

an unstructured covariance structure for cytokines and an identity covariance 

structure for faecal calprotectin for covariance of timepoints. Baseline values were 

used as reference. Changes in clinical disease activity scores were analyzed with a 

Wilcoxon signed-ranks test within groups and with an independent samples t-test 

and a Mann-Whitney U test between groups. A p-value of <0.05 was considered 
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statistically significant. Statistical analysis was performed using IBM SPSS Statistics 

version 24. 
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Results 

Participant and exercise characteristics 

In total, 56 participants were included in the data analysis: 18 IBD walkers, 19 non-

IBD walkers and 19 IBD non-walkers. One male IBD walker dropped out after the first 

exercise day, due to a fall, and was excluded from further analysis. Another IBD walker 

withdrew during the second exercise day due to abdominal pain and frequent loose 

stools. Since this might have been related to her IBD, she was included in further 

analysis. The mean age of the study population was 54 ± 12 years and the average 

BMI of all participants was 26.0 ± 3.8 kg/m2. In each group 11 participants were 

female. No significant differences were found between IBD walkers and non-IBD 

walkers or IBD non-walkers regarding participant characteristics, except for training 

distance during the last two weeks before the walking event (IBD walkers vs non-IBD 

walkers, p=0.03, Table 1a). The average heart rate during the first exercise day was 

114 ± 12 bpm, resulting in an average exercise intensity of 67 ± 8%, which fulfills the 

definition of moderate-intensity exercise [26]. This is supported by the subjective rate 

of perceived exertion which was 5.0 [IQR 3.0 – 7.0], indicating that participants scored 

the prolonged walking exercise as a moderate activity [27]. No differences in heart 

rate and exercise intensity were found between IBD walkers and non-IBD walkers 

(p=0.96 and p=0.99, respectively). Walking distance did not differ between groups 

(p=0.35) and walking speed did also not differ between groups or between days 

(p=0.50 and p=0.15, respectively, Table 1a). IBD non-walkers were more often treated 

with immunosuppressants compared to IBD walkers (6% vs 47%, p=0.004). 

Furthermore, IBD non-walkers reported not to experience an effect of physical 

activity on their IBD, while IBD walkers were positive about the effect of physical 

activity (Table 1b). 
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Table 1a. Characteristics of the study population consisting of IBD walkers, compared to 
non-IBD walkers for effects of disease and to IBD non-walkers for effects of exercise 

 IBD walkers non-IBD walkers IBD non-walkers 

Subjects, n 18 19 19 

Gender, n (%)    

Female 11 (61) 11 (58) 11 (58) 

Age (years) 54 ± 11 54 ± 14 54 ± 13 

BMI (kg/m2) 25.7 ± 3.8 26.0 ± 4.5 26.2 ± 3.2 

Education#, n (%)    

Low 3 (17) 5 (26) 7 (37) 

Middle 7 (39) 6 (32) 7 (37) 

High 8 (44) 8 (42) 5 (26) 

Smoking, n (%)    

Never  9 (50) 13 (68) 14 (74) 

Current 1 (6) 0 (0.0) 2 (11) 

Former 8 (44) 6 (32) 3 (16) 

Walking distance per day, n (%)    

30 km 5 (28) 2 (11) - 

40 km 11 (61) 13 (68) - 

50 km 2 (11) 4 (21) - 

Average walking speed (km/h)¥ 4.5 ± 0.8 4.4 ± 0.7 - 

Physical activity    

Total activity score§ 10147 ± 5030 9919 ± 4291 7559 ± 3918 

Training distance last 2 weeks 
before walking event (km) 

37 ± 34* 68 ± 49* - 

Continuous data are presented as mean ± SD. Categorical data are presented as n (%). * p <0.05 
Abbreviations: BMI: body mass index, IBD: inflammatory bowel disease 
# Education level: no education, primary or lower vocational education and lower general secondary 
education (low); secondary vocational education and higher general secondary education (middle); 
higher vocational education and university (high). 
¥ Number of kilometres (30, 40 or 50) divided by finish time minus start time, no correction for breaks.  
§ Total activity score represents intensity factors per activity (MET-scores) multiplied by the minutes per 
week spent on each activity as derived from the SQUASH 
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Table 1b. IBD specific characteristics, IBD walkers compared to IBD non-walkers 

 IBD walkers IBD non-walkers 

Age at diagnosis (years) 33 ± 13 40 ± 15 

CD disease location, n (%) 8 8 

Ileum 2 (25) 0 (0) 

Colon 2 (25) 4 (50) 

Ileum and colon 2 (25) 4 (50) 

Unknown 2 (25) 0 (0) 

UC disease location, n (%) 10 11 

Pancolitis 2 (20) 3 (27) 

Left-sided colitis 3 (30) 2 (18) 

Proctitis 5 (50) 6 (55) 

Flare-ups in past 12 months, n (%)   

None 8 (44) 7 (37) 

1-2 flare-ups 6 (33) 10 (53) 

3-4 flare-ups 2 (11) 0 (0) 

More than 4 flare-ups 2 (11) 2 (11) 

Medication use, n (%)   

5-ASA, oral 9 (50) 6 (32) 

5-ASA, rectal 4 (22) 1 (5) 

Corticosteroids, oral 4 (22) 3 (16) 

Corticosteroids, rectal 2 (11) 0 (0) 

Immunosuppressants 1 (6)* 9 (47)* 

No medication use 7 (39) 3 (16) 

Surgery, n (%) 1 (6) 2 (11) 

Perceived effect of physical activity on IBD, n (%)   

Very negative 0 (0) 0 (0) 

Negative 1 (6) 0 (0) 

No effect 3 (17)* 11 (58)* 

Positive 12 (67) 7 (37) 

Very positive 2 (11) 1 (5) 

Continuous data are presented as mean ± SD. Categorical data are presented as n (%). * p <0.05 
Abbreviations: 5-ASA: 5-aminosalicylic acid, CD: Crohn’s disease, IBD: inflammatory bowel disease, 
UC: ulcerative colitis 

 



86 
 

Cytokines 

No differences in cytokine concentrations were found between IBD walkers and non-

IBD walkers (F-test: IL-6 p=0.95; IL-8 p=0.07; IL-10 p=0.40; IL-1β p=0.28; TNF-α 

p=0.45) in the linear mixed model analysis. From baseline until post-exercise day 4, 

all IL-8 concentrations were higher in IBD walkers compared to non-IBD walkers, 

though not significant (p=0.07, Figure 1/Appendix 1 – Supplementary Table 1). When 

combining the two groups, differences between days were found (F-test: IL-6 

p<0.001; IL-8 p=0.012; IL-10 p<0.001; IL-1β p=0.008; TNF-α p=0.018). For IL-6 and 

IL-10, a significant increase was seen between baseline and post-exercise day 1 

(p<0.001 and p=0.006, respectively). Hereafter, both concentrations decreased, and 

from day 3 onwards IL-10 did not significantly differ anymore from baseline (p=0.21), 

while IL-6 remained significantly higher throughout the days compared to baseline 

(p<0.001, Figure 1/Appendix 1 – Supplementary Table 1). IL-8 concentrations 

increased between baseline and post-exercise day 1 in both groups and further 

increased on exercise day 2 in non-IBD walkers. From post-exercise day 2 onwards, 

IL-8 concentrations remained quite stable and significantly higher compared to 

baseline (p=0.033, p=0.029 and p=0.040, respectively, Figure 1/Appendix 1 – 
Supplementary Table 1). Concentrations of IL-1β and TNF-α stayed rather stable 

during the event and concentrations did not differ from baseline (all p-values ≥0.10, 

Figure 1/Appendix 1 – Supplementary Table 1). 
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Figure 1. Estimated marginal mean cytokine concentrations (pg/mL) after back 
transformation, at baseline and day 1 to day 4, for IBD walkers and non-IBD walkers. 

 

Cytokine concentrations are presented in picogram per millilitre. * p <0.01 ** p<0.05. Data are presented 
as mean ± standard error and were derived from a linear mixed model analysis. All statistical tests were 
performed on the log10 scale. Hereafter, data were back transformed for presentation in this figure.  
Differences between groups were never statistically significant and therefore groups were combined to 
test for differences between days, using baseline as reference. 
Abbreviations: IBD: inflammatory bowel disease, IL: interleukin, TNF: tumor necrosis factor 
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Faecal calprotectin 

Faecal calprotectin concentrations showed a wide-range and skewed distribution, 

ranging from 0 to 1054 µg/g (Figure 2). With use of linear mixed models, no 

differences were found between IBD walkers and IBD non-walkers (F-test: p=0.73) 

nor over time (F-test: p=0.48). A remarkable increase was observed in one IBD walker 

and in two IBD non-walkers. Faecal calprotectin concentrations of the IBD walker 

increased from 419 at baseline to 1054 μg/g at the end of the exercise event. Despite 

this increase, the participant was able to complete the exercise event. Concentrations 

of the two IBD non-walkers increased from baseline to the end of the exercise event 

from 234 to 465 μg/g and from 156 to 266 μg/g (Figure 2). 

 

Figure 2. Column scatter of faecal calprotectin concentrations (μg/g) at baseline, halfway 
(day 2 or 3) and at the end of the exercise event, for IBD walkers and IBD non-walkers 

 

Faecal calprotectin concentrations are presented in microgram per millilitre. All statistical tests were 
performed on the log10 scale using baseline as a reference.  
Red lines represent medians.  
Abbreviations: IBD: inflammatory bowel disease 
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Clinical disease activity 

P-SCCAI scores, ranging from 0 to 13, were not different between UC walkers and 

UC non-walkers at baseline and at the end of the exercise event (p=0.42 and p=0.20, 

respectively), nor did they change within groups (p=0.92 and p=0.75) or between 

groups (p=0.81, Table 2). P-HBI scores ranging from 0 to 15, were also not different 

between CD walkers and CD non-walkers at baseline and at the end of the exercise 

event (p=0.82 and p=0.10, respectively), nor did they change over time in CD non-

walkers (p=0.50). Yet, P-HBI scores increased significant over time in CD walkers 

(p=0.024) and therefore became significantly different between CD walkers and CD 

non-walkers (p=0.046), indicating that clinical disease activity worsened during the 

exercise event in participants with CD (Table 2). 
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Discussion 

We found that repeated bouts of prolonged moderate-intensity exercise results in 

comparable changes in cytokine concentrations in IBD walkers and non-IBD walkers, 

suggesting that the cytokine response is only affected by exercise rather than disease 

activity. Furthermore, stable and comparable faecal calprotectin in IBD walkers and 

IBD non-walkers also suggests that repeated prolonged moderate-intensity exercise 

does not lead to disease exacerbation. These objective findings are supported by 

self-reported P-SCCAI scores, though not by P-HBI scores. Our results suggest that 

repeated prolonged moderate-intensity exercise does not appear to have harmful 

effects on disease activity in ulcerative colitis and probably not in Crohn’s disease 

either. It seems that IBD patients can safely perform this type of exercise without 

significant exacerbation of inflammation. 

 

To the best of our knowledge, this is the first study to investigate the effect of 

repeated prolonged moderate-intensity exercise on IBD patients. At the moment it 

is unknown which exercise type, intensity and duration is safe and beneficial in IBD 

patients. Our study revealed that cytokine responses to repeated prolonged 

moderate-intensity exercise in IBD patients were comparable to the responses in 

non-IBD controls and these responses are in line with literature. In two comparable 

studies, cytokine concentrations increased and decreased in a similar manner as 

cytokine concentrations in our study [15, 28]. In these studies and ours, a peak in IL-

6 and IL-10 concentrations was seen post-exercise day 1 compared to the other 

exercise days despite rather similar durations of exercise on the four consecutive 

exercise days. This might be due to training adaptation of the body [29]. The strong 

increase of IL-6 and IL-10 between baseline and post-exercise day 1 indicates a 

substantial increase in production and secretion of myokines which is primarily 

regulated by skeletal muscles. Therefore, the increase in IL-6 and IL-10 might be 

explained by the walking exercise rather than other factors such as gender, fitness 

level or (type of) IBD [11, 29]. Contrary to IL-6, IL-8 and IL-10, there were barely any 

changes in IL-1β and TNF-α between baseline and the four consecutive exercise days, 

which is also in line with literature. The majority of studies showed that the 

concentrations of IL-1β and TNF-α remain unchanged following exercise [13, 30]. 

Two studies specifically investigated cytokine responses in IBD patients. A pilot study 

in 15 paediatric CD patients and 15 healthy controls showed that IL-6 increased 

significantly in both groups during 60 minutes of moderate-intensity cycling, but not 
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after short bouts of high-intensity cycling. Within 60 minutes after exercise, IL-6 

returned to baseline. No change was found in TNF-α comparable to our observations 

[30]. The fact that IL-6 only increased after moderate-intensity cycling could be 

explained by the production and secretion of myokines by skeletal muscles, which is 

predominantly influenced by the duration rather than the intensity or mode of 

exercise [29]. A randomized cross-over trial in 17 IBD patients found no changes in 

IL-6, IL-8, IL-10 and TNF-α after eight weeks of moderate-intensity aerobic and 

resistance training three times per week [31]. As cytokines seem to return to baseline 

within minutes to hours after exercise, changes might have been missed due to 

timing of blood sampling since they sampled before and after the eight week 

intervention period. Our study with a prolonged duration of exercise and blood 

sampling within 30 minutes post-exercise therefore adds new insights to the current 

literature on cytokines in IBD patients. 

 

We found comparable faecal calprotectin concentrations in IBD walkers and IBD non-

walkers and no change over time. This is in line with the results of a randomized 

clinical trial on moderate-intensity running and two pilot studies on yoga classes and 

high-intensity interval training or moderate-intensity continuous training. In these 

studies, all types of exercise were performed three or four times per week during 

eight to twelve weeks and no significant changes in faecal calprotectin were found 

[19-21]. Even though repeated prolonged moderate-intensity exercise did not 

significantly change faecal calprotectin concentrations in our study, noticeable 

changes were observed in some participants. The observed increase in calprotectin 

concentrations in three participants (one IBD walker and two IBD non-walkers) may 

be a sign of disease exacerbation, since calprotectin is a sensitive biomarker of 

intestinal inflammation [16, 17]. However, as an increase was seen in both groups, it 

is not likely that the repeated bouts of prolonged moderate-intensity exercise caused 

this increase. It has been hypothesized that calprotectin concentrations depend on 

the amount of blood in stool and stool consistency, which varies widely between 

stools in IBD patients with active disease and causes natural day-to-day variation in 

faecal calprotectin [32-35]. Thus, the fact that a considerable number of participants 

had active disease is a likely explanation for the high variability of faecal calprotectin 

concentrations in our study. 
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To date, the majority of studies examined the effect of exercise on IBD by subjective 

measures such as self-perceived disease activity and quality of life. It was found that 

low-intensity exercise significantly improves self-perceived disease activity in IBD 

patients in remission or with mildly active disease [36, 37]. Regarding moderate-

intensity exercise, self-perceived disease activity did not change in the previously 

mentioned randomized controlled trial on moderate-intensity running or in the 

randomized cross-over trial on moderate-intensity aerobic and resistance training 

[19, 31]. Another randomized controlled trial also found no change in self-perceived 

disease activity after 10 weeks of mind-body therapy including moderate-intensity 

exercise in 30 UC patients in remission of with mildly active disease [38]. In the 

current study, we found that changes in P-HBI scores were higher in walking CD 

patients compared to the CD non-walkers, suggesting worsening of clinical disease 

activity during the exercise event. However, these changes were not reflected in 

faecal calprotectin. Therefore, the chance that clinical disease activity increased due 

to the exercise event is small, since faecal calprotectin better correlates with 

endoscopic disease activity than clinical disease activity questionnaires, especially in 

patients with colonic disease which applied to the majority of our patient group [39-

41]. 

 

The strengths of this explorative study are the use of objective inflammatory markers 

on the systemic as well as the intestinal level combined with self-reported validated 

questionnaires, in comparable groups in terms of age, gender and disease type. 

Moreover, the inclusion of CD as well as UC with a variety of disease states widens 

the applicability of the results. However, some limitations should be taken into 

account. First, due to the explorative nature of this study no proper sample size 

calculation was performed and the sample size was relatively small. As a result, it was 

not possible to compare subgroups (CD vs UC or remission vs active disease) or to 

correct for confounders such as BMI or IBD specific medication. However, our sample 

size was large enough to detect a change in calprotectin of 40 µg/g as calculated in 

a post-hoc power analysis. Second, we excluded IBD patients that used specific 

biologicals which resulted in a select group of participants regarding medication use 

that does not accurately reflect the current IBD population. Though only a minority 

of the IBD population uses biologicals. Third, during the exercise event we only took 

post-exercise blood samples. Therefore, we do not know whether cytokine 

concentrations completely recovered overnight. Also, baseline blood samples were 
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not collected on the same day and same time of day across participants, which could 

have led to some variability due to normal daily variation in cytokine concentrations. 

However, these biases were equal for IBD walkers and non-IBD walkers and are 

therefore not likely to have affected cytokine responses. Fourth, we did not find 

harmful effects during the marches, though it would have been interesting to have 

follow-up data of the weeks or months after the marches to see whether harmful 

effects would appear at a later time.  

 

In conclusion, we found a comparable change in cytokine concentrations after 

repeated prolonged moderate-intensity exercise in IBD walkers compared to non-

IBD walkers, and stable and comparable faecal calprotectin in IBD walkers compared 

to IBD non-walkers. These results suggest that IBD patients can safely perform this 

type of exercise without significant exacerbation of inflammation. More studies, 

preferably with larger sample sizes and a follow-up period, are needed to further 

investigate the effects of this type of exercise. 
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Appendix 1 

Supplementary Table 1. Estimated marginal mean cytokine concentrations (pg/mL) after 
back transformation, at baseline and day 1 to day 4, for IBD walkers and non-IBD walkers 

 Baseline Day 1 Day 2 Day 3 Day 4 

IL-6      

IBD walkers 0.74 ± 0.11 5.75 ± 1.08 4.08 ± 0.72 2.37 ± 0.48 2.31 ± 0.40 

Non-IBD walkers 0.63 ± 0.09 6.18 ± 1.13 3.88 ± 0.67 2.75 ± 0.53 2.46 ± 0.40 

IL-8      

IBD walkers 6.09 ± 0.67 8.34 ± 0.80 7.88 ± 0.71 7.91 ± 0.68 7.01 ± 0.61 

Non-IBD walkers 5.15 ± 0.54 6.03 ± 0.57 6.53 ± 0.58 6.28 ± 0.51 6.17 ± 0.51 

IL-10      

IBD walkers 0.22 ± 0.02 0.53 ± 0.08 0.25 ± 0.05 0.30 ± 0.04 0.27 ± 0.05 

Non-IBD walkers 0.21 ± 0.02 0.34 ± 0.05 0.29 ± 0.05 0.25 ± 0.03 0.24 ± 0.03 

IL-1β      

IBD walkers 0.15 ± 0.02 0.13 ± 0.02 0.15 ± 0.02 0.17 ± 0.02 0.12 ± 0.02 

Non-IBD walkers 0.13 ± 0.02 0.10 ± 0.01 0.15 ± 0.02 0.12 ± 0.01 0.12 ± 0.02 

TNF-α      

IBD walkers 1.62 ± 0.14 1.54 ± 0.14 1.69 ± 0.16 1.75 ± 0.18 1.64 ± 0.15 

Non-IBD walkers 1.81 ± 0.15 1.66 ± 0.15 1.89 ± 0.18 1.82 ± 0.18 1.85 ± 0.16 

Cytokine concentrations are presented in picogram per millilitre. Data are presented as mean ± standard 
error and were derived from a linear mixed model analysis. All statistical tests were performed on the 
log10 scale. Hereafter, data were back transformed for presentation in this table. 
Abbreviations: IBD: inflammatory bowel disease, IL: interleukin, TNF: tumor necrosis factor 
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Abstract 

 

Background Despite the potential benefits of diet and physical activity, evidence for 

beneficial effects of a combined lifestyle intervention is lacking in patients with 

inflammatory bowel disease (IBD). We therefore assessed its effects on impact of 

disease on daily life, clinical disease activity, fatigue and health-related quality of life 

(HRQoL) in patients with IBD. 

Methods A 6-month single-arm intervention study was performed in adult IBD 

patients in remission or with mildly active disease. Participants received personal 

dietary and physical activity advice from a dietician and a physiotherapist in six 

consults. At baseline and over time, questionnaires on diet quality, physical activity 

and disease-related outcomes were completed and faecal calprotectin was 

determined. Data were analysed by linear mixed models. 

Results During the intervention, diet quality significantly increased (p<0.001), but 

level of physical activity remained the same. Over time, impact of disease on daily 

life reduced (p=0.009) and fatigue decreased (p=0.001), while clinical disease activity, 

HRQoL and faecal calprotectin did not change. Improvement in diet quality was 

significantly associated with a lower impact of disease on daily life (β=0.09, 95%CI 

0.03; 0.15, p=0.003) and less fatigue (β=-0.13, 95%CI -0.20; -0.07, p<0.001), but not 

with clinical disease activity, HRQoL and faecal calprotectin. No associations were 

found with physical activity. 

Conclusions This combined lifestyle intervention significantly improved diet quality 

and this improvement was associated with a reduction in the impact of disease on 

daily life and fatigue in patients with IBD in remission or with mildly active disease. 
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Introduction 

Westernization of lifestyle, characterized by unhealthy dietary habits and decreased 

physical activity, not only has been linked to the increased incidence and prevalence 

of inflammatory bowel disease (IBD), but may also affect the disease course in 

patients with established IBD [1-3]. IBD is mainly treated with medication. In addition 

to medication, many IBD patients look for supportive and adjunctive therapies [4-6]. 

They frequently ask their physicians for advice on diet and lifestyle to improve or 

even cure their disease [7]. Several studies suggest influence of various lifestyle 

factors, including diet and physical activity, on the course of disease. A healthy 

lifestyle may support maintenance of remission and improve health-related quality 

of life (HRQoL) [2, 3], which is important since IBD is characterized by a clinical course 

with periods of active disease alternating with periods of remission and has a 

significant impact on daily life [8]. One study even found a healthy lifestyle, in terms 

of a healthy diet and weight and a sufficient level of physical activity, to be associated 

with reduced mortality in IBD patients [9]. 

 

Many different types of exclusion diets have been proposed in the treatment of IBD, 

such as the Specific Carbohydrate Diet (SCD) and CD-TREAT [7]. However, adherence 

can be a challenge and large controlled trials are lacking to conclude if these 

restrictive exclusion diets benefit IBD patients [7]. Furthermore, restrictive diets can 

also have potential adverse effects. For example, reducing fibre intake might have 

detrimental effects on the microbiota by less prebiotic actions, and there is a risk of 

undernutrition when insufficient attention is paid to nutritional adequacy [7]. 

However, some studies have shown that the exclusion of certain food components 

seems to benefit IBD patients, such as industrialized, processed foods, animal fat and 

red and processed meat [10, 11]. Excluding these foods may not only reduce 

proinflammatory processes but is also in line with the general dietary guidelines on 

healthy eating. These guidelines recommend a diet rich in vegetables, fruit and fibre 

which also appears to benefit IBD patients [4]. 

 

In addition to dietary interventions, several studies have evaluated different physical 

activity interventions and limited but promising evidence suggests that physical 

activity can benefit overall health, physical well-being and HRQoL [5]. Regular 

physical activity is associated with an increased biodiversity of the gut microbiome 

and release of protective myokines like IL-6 from working skeletal muscles, both 
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promoting an anti-inflammatory state [12, 13]. In a prospective cohort study, a higher 

level of physical activity was associated with a lower risk of relapse among IBD 

patients in remission [14]. In a review, it was recommended to maintain an active 

lifestyle consisting of endurance and resistance exercise [6]. Combining all evidence, 

regular physical activity of low-moderate intensity, including cardio and resistance 

exercise, may positively affect HRQoL and inflammation in IBD patients [4]. 

 

Although studies have been performed assessing the effects of diet or physical 

activity interventions, little information is available on combined lifestyle 

interventions in IBD patients. In other chronic conditions such as type 2 diabetes and 

obesity, interventions in which diet and physical activity are combined seem to be 

more effective than diet-only or physical-activity-only interventions [15]. So far, two 

combined lifestyle intervention studies have been performed in IBD patients by a 

research group from Germany. Their intervention focused on psychological aspects 

such as stress reduction and management, while diet and physical activity were 

secondary aspects of which changes were not reported, and their intervention lasted 

only 10 weeks [16, 17]. No studies to date have examined effects of a lifestyle 

intervention focusing on diet and physical activity in IBD patients. Therefore, we 

performed a 6-month combined lifestyle intervention study in which we provided 

personal dietary and physical activity advice to improve the lifestyle of IBD patients. 

The aim of this study was to investigate the effect of this 6-month lifestyle 

intervention primarily on the impact of disease on daily life and secondarily on 

clinical disease activity, HRQoL and fatigue. In addition to these subjective measures, 

changes in faecal calprotectin were investigated. Patient experiences with the 

combined lifestyle intervention were also evaluated in this study. 
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Materials and methods 

Study population 

Participants were recruited between February 2020 and February 2021 via the 

outpatient clinic of Hospital Gelderse Vallei in Ede, the Netherlands. Inclusion criteria 

were a histologically proven diagnosis of Crohn’s disease (CD) or ulcerative colitis 

(UC, total or left-sided) at least two years before recruitment, age 18-70 years, 

remission or mildly active disease that did not require immediate medication change 

and at least one flare-up in the past two years. Participants were excluded when they 

already adhered well to the Dutch dietary guidelines (Eetscore-FFQ >120 points), 

used prednisone, had a stoma or pouch, and when they already participated in 

another intervention study. This study was approved by the Medical Ethical 

Committee of Wageningen University (METC nr. 19/18) and conducted in accordance 

with the Declaration of Helsinki and registered at trialregister.nl (NL8267). All 

participants provided written informed consent. 

 

Study design 

A 6-month single-arm intervention study was performed. Participants were 

intensively supervised by a dietician and a physiotherapist for three months. During 

these first three months the focus was to change lifestyle. Five consults were 

scheduled for each participant of which three were planned to be performed at the 

hospital and two by telephone. Due to COVID-19 restrictions, two hospital consults 

were replaced by video consults for the majority of participants (Figure 1). After three 

months, participants were followed up for another three months. During these 

second three months the focus was to maintain lifestyle change; participants had one 

follow-up telephone consult to support them in maintaining their lifestyle change 

and to answer questions. Between consults, participants had the opportunity to email 

their dietician or physiotherapist with questions. Several measurements were 

performed at four time points (baseline and 1 month, 3 and 6 months after baseline) 

to assess the effects of the intervention. 
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Figure 1. Overview of study design 

 

 

Lifestyle intervention 

During the 6-month combined lifestyle intervention, participants adhered as well as 

possible to a healthy diet and physical activity level through intensive advice from a 

dietician and a physiotherapist. Dietary recommendations were based on the Dutch 

dietary guidelines with a few adjustments [18]. In short, the recommended diet was 

mainly plant-based rich in vegetables, fruits, wholegrains and nuts. Tea, coffee and 

water were the preferred drinks. Furthermore, participants were advised to limit their 

intake of red and processed meat, soft drinks and other processed foods. The 

recommended intake of vegetables (>300 grams per day) was higher than the Dutch 

dietary guidelines to achieve a higher fibre intake that is known for its beneficial 

effects on IBD symptoms and the gut microbiota [19]. Besides, there was a stricter 

limit on red meat intake (max. 100 grams per week) because red meat seems to be 

associated with disease relapse and detrimental effects on the gut microbiota [20]. 

Physical activity recommendations were based on the Dutch physical activity 

guidelines: exercise at moderate intensity for 30 minutes per day at least 5 days per 

week [21]. A combination of cardio (e.g. walking, running, cycling and swimming) 

and resistance exercise was advised and the statement “more exercise is better” 

applied. The exact dietary and physical activity adjustments were expected to vary 

per person since baseline diet quality and level of physical activity would differ per 

person, but the targets were the same. Therefore, a personalized approach was 

applied and discussed between participant, dietician and physiotherapist. By setting 

goals, giving feedback, shaping knowledge and repeating advice, the goal was to 

achieve a long-term behaviour change [22]. Throughout the study, participants were 

supported by a booklet with dietary and physical activity guidelines, an app with 

recipes and a booklet with examples of physical activity exercises. 
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Study assessments 

Assessment of diet quality and level of physical activity 

Diet quality was assessed using the Eetscore Food Frequency Questionnaire 

(Eetscore-FFQ). This is a short FFQ which is scored with the Dutch Healthy Diet 2015-

index that is based on the Dutch dietary guidelines [23]. Dietary assessment by the 

Eetscore-FFQ is based on 16 food components (vegetables, fruit, wholegrain 

products, legumes, nuts, dairy, fish, tea, fats and oils, coffee, red meat, processed 

meat, sweetened beverages and fruit juices, alcohol, salt and unhealthy choices) with 

a score from 0 to 10 per component, resulting in a total score between 0 and 160. 

Higher scores indicate better adherence to the dietary guidelines. 

 

Physical activity was assessed using the Short Questionnaire to Assess Health-

enhancing physical activity (SQUASH) [24]. The SQUASH contains questions 

regarding multiple activities during an average week in the past month, namely 

commuting activities, leisure time activities, household activities and activities at 

work or school. Number of days per week, average time per day and intensity of 

every activity were reported. The total level of physical activity was calculated by 

summing up different activity scores which were calculated by the duration of an 

activity in minutes per week times the corresponding metabolic equivalent of the 

task (MET). Higher scores indicate a higher level of physical activity. 

 

Assessment of clinical effects of lifestyle intervention 
Several questionnaires were used to assess clinical effects of the lifestyle intervention. 

The primary outcome, impact of disease on daily life, was assessed using the 

inflammatory bowel disease disability index (IBD-DI), a 28-item questionnaire 

covering limitations across five domains: overall health, body functions (sleep, mood, 

abdominal pain, defecation, weight), body structures (blood in stool, arthralgia), 

activity participation (work/education, interpersonal activities) and environmental 

factors (effects of medication, food, family and health care) [25, 26]. The total score 

ranges from -80 (maximum degree of disability) to 22 (no disability), thus higher 

scores represent less impact of disease on daily life. 

 

Clinical disease activity was assessed using the patient Harvey Bradshaw Index (P-

HBI) for participants with CD and the patient Simple Clinical Colitis Activity Index (P-

SCCAI) for participants with UC [27, 28]. Higher scores represent more active disease. 
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Health-related quality of life (HRQoL) was assessed using the Inflammatory Bowel 

Disease Questionnaire (IBDQ), a 32-item questionnaire to assess disease specific 

HRQoL with a score range from 32 to 224 [29]. Higher scores represent better HRQoL. 

Fatigue was assessed using the inflammatory bowel disease fatigue (IBD-F) patient 

self-assessment scale which consists of two parts: 5 questions about the frequency, 

duration and severity of fatigue followed by 30 questions about the impact of fatigue 

on daily life [30]. Scores of the first part range from 0 to 20 and of the second part 

from 0 to 120. Higher scores represent more (impact of) fatigue. 

 

Assessment of biochemical effects of lifestyle intervention 
Inflammation was assessed by faecal calprotectin. Participants were provided with 

materials and instructions to collect faecal samples at home at baseline, and at 3 and 

6 months. Samples were stored in participants’ refrigerators before transfer to the 

study laboratory for analysis. Faecal calprotectin was determined using a sandwich 

enzyme-linked immunosorbent assay (ELISA). Faecal calprotectin concentrations for 

this assay ranged from 0 to 2500 µg/g. 

 

Assessment of participant characteristics 
All participants completed a general questionnaire on demographics, level of 

education, smoking, medication use and previous IBD-related surgeries. Disease 

phenotype according to the Montreal classification was derived from their medical 

records. 

 

Evaluation of lifestyle intervention 
After 6 months, participants completed a questionnaire consisting of questions 

about meeting expectations, number and timing of consults, and feasibility of dietary 

and physical activity advice to gain insight into their experiences with the 

intervention. 

 

Sample size calculation and statistical analysis 

Sample size calculation revealed that a sample of 24 participants was needed to 

detect a change in IBD-DI of 10 points with a standard deviation of 17 points, a 5% 

significance level and a power of 80%. Accounting for a 20% drop-out, a total of 30 

participants needed to be enrolled. 
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Normally distributed data are presented as mean ± standard deviation (SD), skewed 

data as median with interquartile range (IQR) and categorical data as counts and 

percentages. Linear mixed models were used to analyse changes in diet quality, 

physical activity and disease-related outcomes within subjects over time (fixed main 

factor) to account for repeated measures. Baseline values were used as reference. If 

effect of time was significant, pairwise comparisons between baseline and each 

subsequent time point were performed with Bonferroni correction to adjust for 

multiple comparisons. Further linear mixed models were performed to assess 

whether changes in diet quality and physical activity (fixed main covariates) were 

associated with changes in the disease-related outcomes (dependent variables). 

Again, baseline values were used as reference with time as repeated measure. A 

random intercept was used with an identity covariance structure. Linear mixed model 

data are reported as the fixed effect estimates with 95% confidence intervals or 

standard error. A p-value of <0.05 was considered statistically significant. Statistical 

analysis was performed using IBM SPSS Statistics version 24.  
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Results 

Participant characteristics  

In total, 29 participants were included. Within two weeks after the start, one 

participant required extra medication for active disease and was therefore excluded 

from the study. It was unlikely that her flare-up was due to the lifestyle intervention, 

as we learned afterwards that she withheld information about increasing complaints 

before the start of the study. During the study, three female participants withdrew 

after respectively two, three and eight weeks because of time constraints. One other 

female participant dropped out after eight weeks because she was diagnosed with 

breast cancer. In total, 24 participants (83%) completed the study. For the analysis, 

all participants with at least two measurements were included, resulting in 26 

participants for the analysis. Baseline characteristics of these participants are shown 

in Table 1. Most participants were female (58%), had UC (54%) and were highly 

educated (61%). Their 

median age was 36 years 

[IQR 30-52], mean BMI was 

26.4 ± 3.8 kg/m2 and 

median disease duration 

was 11 years [IQR 5-14]. 

 

 

 

 

Table 1. Baseline characteristics of study population 
 n = 26 

Female, n (%) 15 (58) 

Age (years), median [IQR] 36 [30-52] 

BMI (kg/m2), mean ± SD 26.4 ± 3.8 

Level of education#, n (%)  

Low 2 (8) 

Intermediate 8 (31) 

High 16 (61) 

Current smoker, n (%) 2 (8) 

Crohn’s disease, n (%) 12 (46) 

A1 - Diagnosis <16 years 1 (8) 

A2 - Diagnosis 17-40 years 9 (75) 

A3 - Diagnosis >40 years 2 (17) 

L1 - Ileum 4 (33) 

L2 - Colon 2 (17) 

L3 - Ileocolon 6 (50) 

L4 - Upper GI tract 1 (8) 

B1 - Non-stricturing, non-penetrating 9 (75) 

B2 - Stricturing, non-penetrating 2 (17) 

B3 - Stricturing, penetrating 1 (8) 

Perianal 1 (8) 
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Table 1. Continued 
 n = 26 

Ulcerative colitis, n (%) 14 (54) 

E1 - Proctitis 0 (0) 

E2 - Left-sided colitis 7 (50) 

E3 - Pancolitis 7 (50) 

Disease duration (years), median [IQR] 11 [5-14] 

Medication use, n (%)  

5-ASA 10 (38) 

Corticosteroids 1 (4) 

Immunomodulators 11 (42) 

Biologicals 14 (54) 

None 0 (0) 

Prior IBD-related surgery, n (%)  3 (12) 
# Education level: no education, primary or lower vocational 
education and lower general secondary education (low); 
secondary vocational education and higher general secondary 
education (intermediate); higher vocational education and 
university (high). 
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Assessment of diet quality and level of physical activity 

At baseline, mean diet quality was 94.4 ± 3.1 and mean total physical activity score 

was 8006 ± 936 (Figure 2 / Appendix 1 – Supplementary Table 1). During the 

intervention, diet quality improved in all participants. Mean diet quality significantly 

improved with 39 points to 133.5 ± 3.1 after 1 month (p<0.001) and was still 128.5 ± 

3.2 after 6 months (p<0.001). When looking at the different components of diet 

quality, a significant increase was seen in the intake of vegetables, fruit, wholegrain 

products, legumes, nuts, dairy, and fish (p<0.01 for all), while a significant decrease 

was seen in the intake of red meat, processed meat, sweetened beverages, alcohol, 

and unhealthy choices (p<0.01 for all) (Figure 3). The intake of fat and oils (p=0.76) 

and salt (p=0.08) did not 

significantly change. We also 

observed no significant changes in 

total physical activity score or in 

the amounts of low, moderate and 

high intensity physical activity. 

However, mean BMI significantly 

decreased from 26.4 ± 3.8 kg/m2 at 

baseline to 25.0 ± 3.9 kg/m2 after 6 

months (p<0.001). 

 

 

  

Figure 2. Diet quality and physical activity at 
baseline, 1 month, 3 and 6 months 

 

 

Data are presented as estimated marginal mean ± 
standard error as derived from linear mixed model 
analysis with time as main fixed factor. Diet quality 
scores can range from 0 to 160. * p<0.001 
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Assessment of clinical effects of lifestyle intervention 

The estimated marginal means and standard errors of all disease-related outcomes 

at each time point are shown in Figure 4 (Appendix 1 – Supplementary Table 1). 

Impact of disease on daily life (IBD-DI, p=0.009) and fatigue (IBD-F, p=0.001) 

significantly reduced over time, while no change was found for clinical disease 

activity and HRQoL. In pairwise comparisons between baseline and subsequent time 

points, mean IBD-DI significantly increased between baseline and 3 months 

(p=0.037) and baseline and 6 months (p=0.011), although not between baseline and 

1 month (p=0.38). Pairwise comparisons for IBD-F showed a significant decrease in 

mean IBD-F between baseline and 3 months (p=0.002) and baseline and 6 months 

(p=0.008), although not between baseline and 1 month (p=0.07).  

 

When looking at associations between lifestyle change and change in disease-related 

outcomes, linear mixed models showed that improvement in diet quality over time 

was significantly associated with impact of disease on daily life (β = 0.09, 95%CI 0.03; 

0.15, p=0.003) and fatigue (β = -0.13, 95%CI -0.20; -0.07, p<0.001) (Table 2). These 

associations remained when corrected for physical activity. Physical activity alone was 

not associated with any of the disease-related outcomes. Overall, the association 

between diet quality and disease-related outcomes was small with each 10-point 

increase in diet quality being associated with a 0.9-point reduction in impact of 

disease on daily life and a 1.3-point decrease in fatigue. 
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Figure 4. Disease-related outcomes at baseline, 1 month, 3 and 6 months 

 

 

 
Data are presented as estimated marginal mean ± standard error as derived from linear mixed model 
analysis with time as main fixed factor. *p < 0.05, **p < 0.01  
Impact of disease on daily life scores can range from -80 to +22: higher scores represent less disabilities 
and thus less impact of disease on daily life. Fatigue scores can range from 0 to 120. HRQoL scores can 
range from 32 to 224. 
Faecal calprotectin (n = 24): statistical tests were performed on the log2 scale. Hereafter, data were 
back transformed for presentation in this figure. Median faecal calprotectin: baseline 15 ug/g [IQR 5-
42], 3 months 18 ug/g [IQR 8-31], 6 months 12 ug/g [IQR 4-54]. 
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Assessment of biochemical effects of lifestyle intervention 

At baseline, median faecal calprotectin was 15 ug/g [IQR 5-42], which reflects that all 

participants were in remission. No significant change was found over time (p=0.69, 

Figure 4 / Appendix 1 – Supplementary Table 1) and no associations were found with 

diet quality and physical activity (p=0.85 and p=0.62, Table 2). 

 

Evaluation of lifestyle intervention 

The lifestyle intervention was rated with a 8.4 out of 10 and 79% of participants would 

recommend the lifestyle intervention to other patients with IBD. Consults with the 

dietician were rated with a 4.5 ± 0.5 and consults with the physiotherapist were rated 

with a 4.4 ± 0.7 on a 5-point Likert scale. Time interval between consults was rated a 

4.1 ± 0.8 on a 5-point Likert scale. Participants found the physical activity advice more 

feasible and easy to apply in daily life than the dietary advice (8.1 out of 10 vs 7.4 out 

of 10). After 6 months, the extent to which participants felt able to continue the 

recommendations without guidance of a dietician and physiotherapist was rated with 

a 7.9 out of 10.   
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Discussion 

In this single-arm intervention study in IBD patients in remission or with mildly active 

disease, we found that a lifestyle intervention that combined dietary and physical 

activity advice significantly improved diet quality while level of physical activity 

remained the same. Over time, a significant decrease was found in impact of disease 

on daily life and fatigue, while no significant change was observed in clinical disease 

activity, health-related quality of life and faecal calprotectin. Improvement in diet 

quality was associated with a reduction in impact of disease on daily life and fatigue. 

No association was found with clinical disease activity, health-related quality of life 

and faecal calprotectin, nor was physical activity associated with any of the outcomes. 

The majority of participants would recommend this lifestyle intervention to other 

patients with IBD. 

 

To our knowledge, this is the first study in IBD patients to examine the effects of a 

combined lifestyle intervention focussing on diet and physical activity. Therefore, it 

is difficult to compare the current study to previous lifestyle studies, since they all 

differ in treatment approach, patient inclusion, outcomes and follow-up. 

Nevertheless, one research group performed two other combined lifestyle 

intervention studies in IBD patients. Those consisted of a 10-week training program, 

including stress management, moderate exercise, moderate Mediterranean diet and 

behavioural techniques [17, 31]. In their first study, no effect was found on HRQoL or 

disease status in 15 UC patients 3 months after completion of the intervention [31]. 

Their second study only included UC patients with a reduced HRQoL (IBDQ <170) 

and showed a significant improvement in HRQoL in 47 UC patients at week 12, while 

disease status did not change [17]. Whether the intervention actually changed the 

lifestyle of these patients is unknown, since changes in diet and level of physical 

activity were not reported. In both studies, only patients in remission or with mildly 

active disease were included. As known from other studies, disease status at baseline 

clearly determines the room for improvement [32-34]. Also in our study, the 

participants were in remission or had only mildly active disease which most likely 

explains the lack of an effect on clinical disease activity and faecal calprotectin since 

these were already low at baseline. 

 

As shown in previous studies, exclusion of certain food components may reduce 

proinflammatory processes and thereby benefit IBD patients [10, 11]. In our study, 
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participants improved their diet quality and reduced the inflammatory potential of 

their diet by increasing their intake of products high in anti-inflammatory 

components, such as vegetables, fruit, wholegrain products, legumes, fish and nuts, 

while decreasing their intake of products high in pro-inflammatory components, 

such as red and processed meat, sweetened beverages and alcohol. Adherence to 

such an anti-inflammatory dietary pattern has the potential to prevent intestinal 

inflammatory processes via the gut microbiome [35]. Moreover, it is associated with 

less inflammation and a lower disease activity [36], which is associated with a lower 

impact of disease [26]. Therefore, reduction of the inflammatory potential of diet 

might have decreased the impact of disease on daily life and fatigue in our study 

population, since the improvement in diet quality was followed by improvement of 

those disease-related outcomes. Moreover, our intervention diet is not a restrictive 

exclusion diet but in line with the general dietary guidelines on healthy eating [18]. 

Therefore, the diet is more acceptable for patients, has a lower risk of nutritional 

deficiencies and undernutrition, and also has broader health effects [37]. 

 

In contrast to the effect of our lifestyle intervention on diet quality, we found no 

improvement in level of physical activity. This may be explained by the limited room 

for improvement since a large percentage of participants already exercised regularly 

compared to another cohort of IBD patients [38]. Another explanation for the lack of 

improvement in level of physical activity may be the COVID-19 pandemic [39]. 

Participants reported that their possibilities to be physically active were restricted 

due to COVID-19 measures. Gyms and sports clubs were closed, so physical activity 

was generally limited to walking, cycling, running and at home resistance exercises. 

Level of physical activity might have improved if we had included supervised exercise 

training as was done in other physical activity interventions instead of only providing 

participants with recommendations and examples [33, 34]. However, this is more 

difficult to implement in daily life and more expensive. 

 

The evaluation revealed that participants were satisfied with the lifestyle intervention 

and would recommend it to other patients with IBD. Although we did not find 

changes in level of physical activity, participants found the physical activity advice 

more feasible and more easy to apply than the dietary advice. This can be explained 

by our study population already exercising regularly. Furthermore, difficulty to 

comply with the dietary advice may in part be explained by the social aspects of 
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eating and drinking. Participants reported to experience difficulties with dietary 

adherence when going out for dinner or when having something to celebrate, since 

in those situations the consumed foods and drinks are generally not (fully) in line 

with dietary guidelines. 

 

During the lifestyle intervention, mean BMI of our participants significantly decreased 

which is likely the result of their healthier lifestyle. In addition to the benefits of a 

reduced inflammatory potential of diet, improvement in BMI may further decrease 

low grade inflammation and is associated with broader health benefits [40]. 

 

As mentioned previously, to our knowledge, this is the first study in IBD patients to 

examine a combined lifestyle intervention focussing on diet and physical activity. 

Other strengths of this study are the follow-up of 6 months, the personalized 

approach and the inclusion of a representative group of IBD patients including 

comparable numbers of CD and UC, males and females, and patients of all ages. This 

study also has limitations that should be considered. We did not include a control 

group because there is no ideal placebo treatment. Several types of control groups 

were considered, but all had their drawbacks leading to bias. As a result, we could 

not correct for natural changes over time and we could not determine whether diet 

quality solely improved because of our intervention or also as a result of dietary 

awareness. However, dietary awareness would also be a positive result of our 

intervention. Furthermore, participants may have given socially desirable answers to 

the diet and physical activity questionnaires. However, the fact that we found a 

change in diet quality but not in level of physical activity suggests that the degree of 

social desirability is limited. Nevertheless, memory bias and estimation error may still 

have occurred during completion of the diet and physical activity questionnaires [41]. 

Another limitation is that we only included patients in remission or with mildly active 

disease, as high disease activity would require more intense pharmacological 

treatment or even surgery which would distort the results of lifestyle changes. In that 

case, we would not be able to distinguish between medication and lifestyle effects 

anymore. Also, we excluded patients with a stoma or pouch in situ as these patients 

might have specific dietary needs that may interfere with our dietary 

recommendations. As a result of this participant selection, our results cannot be 

extrapolated to the whole IBD population. It remains unknown whether patients with 

high disease activity would benefit from our lifestyle intervention. Finally, this study 
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started just before the COVID-19 pandemic and finished during the pandemic. 

COVID-19 measures not only restricted the possibilities to be physically active, but 

also limited social activities which might have led to an underestimation of social 

limitations because of IBD complaints. Moreover, we can speculate about the impact 

of psychosocial aspects, such as anxiety and depression, on our outcomes as a result 

of the pandemic. 

 

Conclusions 

We found that a combined lifestyle intervention significantly improved diet quality. 

This improvement in diet quality was associated with a reduction in impact of disease 

on daily life and fatigue in patients with IBD in remission or with mildly active disease. 

The level of physical activity remained the same, and no associations with disease-

related outcomes were found. This combined lifestyle intervention was mainly based 

on general dietary and physical activity guidelines meant for healthy adults. The 

study results suggest that these general guidelines, when actively supervised while 

applying, might also benefit IBD patients. To further support these findings, future 

studies should be performed outside pandemic times to ensure representative daily 

life, in patients with a low diet quality and level of physical activity, and in larger study 

populations. 
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Appendix 1 

 

Supplementary Table 1. Estimated marginal means of outcomes at the various time points 

 Baseline 1 month 3 months 6 months p-value 

Diet quality (Eetscore-FFQ)  94.4 ± 3.1 133.5 ± 3.1 132.9 ± 3.2 128.5 ± 3.2 <0.001 

Physical activity (SQUASH) 8006 ± 936 7990 ± 936 8241 ± 949 7990 ± 949 0.98 

Impact of disease on daily life (IBD-DI) 0.7 ± 1.6 3.7 ± 1.6 5.2 ± 1.7 5.9 ± 1.7 0.009 

Clinical disease activity       

CD (P-HBI) 1.9 ± 0.6 1.6 ± 0.6 1.6 ± 0.7 2.8 ± 0.7 0.55 

UC (P-SCCAI) 1.2 ± 0.4 0.7 ± 0.4 0.9 ± 0.4 0.7 ± 0.4 0.51 

Fatigue (IBD-F) 20.1 ± 2.6 15.6 ± 2.6 13.2 ± 2.6 14.1 ± 2.6 0.001 

Health-related quality of life (IBDQ) 192 ± 3.3 197 ± 3.3 197 ± 3.4 196 ± 3.4 0.37 

Faecal calprotectin#  39.8 ± 21.5 - 53.0 ± 21.5 46.1 ± 21.5 0.69 

Data are presented as estimated marginal mean ± standard error as derived from linear mixed model 
analysis with time as main fixed factor. Bold values are significant. 
Impact of disease on daily life scores can range from -80 to +22: higher scores represent less disabilities 
and thus less impact of disease on daily life. Fatigue scores can range from 0 to 120. Health-related quality 
of life scores can range from 32 to 224. 
# n = 24, statistical tests were performed on the log2 scale. Hereafter, data were back transformed for 
presentation in this table. Median faecal calprotectin: baseline 15 ug/g [IQR 5-42], 3 months 18 ug/g [IQR 
8-31], 6 months 12 ug/g [IQR 4-54]. 
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Abstract 

 

Time to evaluate diet quality and give dietary advice is limited in clinical IBD practice. 

The Eetscore is a web-based tool that assesses diet quality according to the Dutch 

dietary guidelines and provides personalised dietary advice. We aimed to assess diet 

quality of IBD patients using the Eetscore and to study changes in diet quality, health-

related quality of life (HRQoL) and clinical disease activity over time. A prospective 

cohort study was performed in 195 adult IBD patients. Participants were invited to 

fill out questionnaires (Eetscore-FFQ, short IBDQ and p-HBI/p-SCCAI) at baseline and 

after 1 and 4 months. The Eetscore calculates diet quality based on 16 food 

components (10 points per component, total score 0-160; the higher the better) and 

provides dietary advice per component based on the assessment. At baseline, mean 

diet quality was 98±19. Diet quality was positively associated with age, female gender 

and level of education. Component scores were highest for red meat, wholegrain 

products, and sweetened beverages, and lowest for legumes, nuts, and processed 

meat. Over time, diet quality increased to 107±21 at 4 months (p<0.001). Each 10-

point improvement in diet quality was associated with an increase in HRQoL (β=0.4 

(95%CI 0.02; 0.7), p=0.04). Clinical disease activity did not change. In conclusion, diet 

quality of IBD patients significantly improved following personalised dietary advice 

of the Eetscore. Improvement of diet quality was associated with a slight 

improvement in HRQoL. The Eetscore is a practical and useful tool to monitor and 

support a healthy diet in IBD patients. 
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Introduction 

Crohn’s disease (CD) and ulcerative colitis (UC) are chronic inflammatory bowel 

diseases (IBD) with a complex aetiology including genetic, microbial, immune and 

environmental factors [1]. Increasing evidence suggests that a person’s diet is an 

important environmental factor contributing to the development of IBD and its 

disease course [2]. Dietary components may influence the pathogenesis of IBD 

through their effects on the microbiome, mucosal barrier and immune response [2]. 

Although many IBD patients believe diet affects the course of their disease and is at 

least as important as medication in their IBD treatment, evidence supporting 

beneficial effects of specific dietary patterns in adult IBD patients is limited [3, 4].  

 

Recently, the International Organization for the Study of Inflammatory Bowel 

Diseases attempted to establish a consensus document stating which foods may be 

either beneficial, harmful or safe to consume [5]. Due to lack of evidence, 

recommendations were limited but in line with the general guidelines for a healthy 

diet, such as to consume more fruit, vegetables and omega-3 fatty acids, and to 

consume less saturated, trans, and dairy fat and red and processed meat [5]. 

Therefore, general dietary guidelines may also be recommended to patients with IBD.  

In the Netherlands, the composition of a healthy diet is described by the Health 

Council in the Dutch dietary guidelines [6, 7]. These guidelines advise to adopt a 

more plant-based and less animal-based dietary pattern by eating sufficient fruit, 

vegetables, and wholegrain products, moderating the intake of meat, varying 

between fish, legumes, nuts and eggs and taking sufficient dairy products and fluids. 

In clinical practice, IBD patients are interested in the beneficial effects of diet on the 

course of their disease. However, time is limited to assess a patients’ food intake and 

to support a healthy diet. It would be helpful if patients could assess their own diet 

quality and receive personal advice outside the consultation room.  

 

A web-based tool that may be used to assess diet quality and to support a healthy 

diet is the Eetscore (“Eatscore”) [8]. This is a validated tool to assess adherence to the 

Dutch dietary guidelines, i.e., diet quality [9]. Based on the assessment, the Eetscore 

provides personalised dietary advice to eat healthier and more in line with the Dutch 

dietary guidelines. It can also be used to monitor diet quality over time. So far, the 

Eetscore has only been used in healthy populations and cardiovascular disease 

patients, but not in IBD patients [10, 11]. 
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We used the Eetscore tool to assess diet quality of IBD patients, to evaluate if diet 

quality improves after personalised dietary advice and to study factors associated 

with diet quality in IBD patients. In addition, we aimed to evaluate whether changes 

in diet quality resulted in changes in HRQoL and clinical disease activity. We also 

evaluated the experiences of IBD patients with the Eetscore tool. 
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Materials and Methods 

Study population and design 

A prospective cohort study was performed in adult IBD patients. Participants were 

recruited between October 2020 and February 2021 from the outpatient clinics of 

Hospital Gelderse Vallei in Ede and Rijnstate Hospital in Arnhem, the Netherlands. 

Both are secondary care referral centres, with IBD-dedicated gastroenterologists and 

nurses, and are collaborative partners of the Nutrition & Healthcare Alliance, an 

expert centre in nutrition and healthcare. Inclusion criteria were diagnosis of Crohn’s 

disease (CD), ulcerative colitis (UC) or IBD-unclassified (IBD-U), 18 years of age or 

older, ability to read and understand the Dutch language, and access to an e-mail 

address and a device to complete the online questionnaires. Exclusion criteria were 

current dietary counselling by a dietician or lifestyle coach, allergy for nuts, peanuts, 

fish or cow’s milk protein (to protect them from potential harmful recommendations 

to consume these products), adherence to a vegan lifestyle (to avoid invalid dietary 

assessment as the Eetscore does not assess plant-based alternatives) and 

participation in another intervention study. This study was approved by the Medical 

Ethical Committee of Wageningen University (METC nr. 20/16) and conducted in 

accordance with the Declaration of Helsinki and registered at trialregister.nl 

(NL8784). All participants provided written informed consent. 

 

Data collection 

After the informed consent form was signed, participants were invited via e-mail to 

complete questionnaires assessing diet quality, HRQoL and clinical disease activity. 

Participants that completed the baseline assessment were invited to complete the 

questionnaires again after 1 and 4 months. These timepoints were chosen to assess 

short-term changes in diet quality as well as to evaluate effects at longer term. At 

baseline, participants were also asked about their level of education, smoking 

behaviour, dietary restrictions, and height and weight. At 4 months, participants were 

also invited to complete an evaluation about the Eetscore. Non-responders were 

reminded 5, 10 and 15 days after each invitation. 

 

Relevant participant and disease characteristics were retrieved from medical records, 

including age, gender, diagnosis, disease duration, disease phenotype according to 

the Montreal classification, extra-intestinal manifestations, IBD medication used and 
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IBD-related surgeries. The highest treatment step was documented, classified as 5-

aminosalicylic acids, steroids, immunomodulators and biologics.  

 

Eetscore 

The Eetscore is a validated web-based tool that consists of: 1) a short Food Frequency 

Questionnaire assessing food intake (Eetscore-FFQ), 2) a diet quality score calculated 

by using the Dutch Healthy Diet 2015 (DHD15)-index, and 3) personalised dietary 

advice based on the assessment [8-10].  

 

The Eetscore-FFQ assesses intake of the following 16 components: vegetables, fruit, 

wholegrain products, legumes, nuts, dairy, fish, tea, fats and oils, coffee, red meat, 

processed meat, sweetened beverages and fruit juices, alcohol, salt and unhealthy 

choices. Participants reported their intake frequency of each component during the 

past month (‘never’ to ‘every day’) together with portion size (standard and natural 

portions (e.g., piece of fruit) or commonly used household measures (e.g., spoons or 

cups). It takes approximately 10-15 minutes to complete the Eetscore-FFQ. 

 

The DHD15-index is calculated based on a person's food intake as assessed by the 

Eetscore-FFQ. The criteria to calculate the DHD15-index have been described in 

detail elsewhere and are summarized in Table 1 [9]. Components are categorised into 

five types: adequacy, ratio, optimum, qualitative and moderation component. Scores 

range from 0 to 10 points with cut-offs for each component based on the dietary 

guidelines (Table 1). In the total score all 16 components are combined, resulting in 

a score range of 0 to 160. Higher scores indicate better adherence to Dutch dietary 

guidelines. 

 

The Eetscore tool provides personalised dietary advice every time the Eetscore-FFQ 

is completed and aims to improve a person's adherence to the Dutch dietary 

guidelines. The dietary advice is automatically personalised based on the calculated 

diet quality score and is provided per component. It consists of general healthy diet 

information and practical advice to improve the intake of each component. 

Participants are presented their total diet quality score (Appendix 1 - Supplementary 
Figure 1) and diet quality score per component together with dietary advice 

(Appendix 1 - Supplementary Figure 2). In addition, the tool presents an overview of 

results to monitor changes in diet quality over time. 
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Health-related quality of life 

Health-related quality of life (HRQoL) was assessed with the validated short 

inflammatory bowel disease questionnaire (SIBDQ). It consists of 10 items each with 

a 7-point Likert scale resulting in a possible score range of 10-70. Higher scores 

indicate better HRQoL [12].  

 

Clinical disease activity 

Clinical disease activity was assessed with the Patient Harvey Bradshaw Index (P-HBI) 

for participants with CD and the Patient Simple Clinical Colitis Activity Index (P-

SCCAI) for participants with UC and IBD-U [13, 14]. Clinical remission was defined as 

a P-HBI score ≤4 and a P-SCCAI score ≤2 [15, 16].  

 

Evaluation 

Participants’ experiences with the Eetscore tool were evaluated with a self-composed 

evaluation consisting of questions about the Eetscore-FFQ and the personalised 

dietary advice. 

 

Statistical analysis 

Participants that completed baseline and at least one follow-up assessment were 

included in the analysis. Normally distributed data are presented as mean ± standard 

deviation (SD), skewed data as median with interquartile range (IQR) and categorical 

data as counts and percentages. 

 

Linear mixed models were performed to assess changes in diet quality within subjects 

over time (fixed main factor) and to account for missing values. Baseline values were 

used as reference. If effect of time was significant, pairwise comparisons between the 

different time points were conducted with Bonferroni correction to adjust for 

multiple comparisons. 

 

Multivariate linear regression analysis was performed to identify factors associated 

with diet quality at baseline. First, the following variables were evaluated in 

univariable analysis: age, gender, BMI, level of education, smoking behaviour, 

diagnosis, disease duration and clinical disease activity. Factors with a p-value < 0.2 

in the univariable analysis, and BMI and clinical disease activity were included in the 

multivariable analysis. Linear mixed models were performed to identify factors 
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associated with diet quality over time with an identity covariance structure and 

indicating time as repeated measure. Diet quality was the dependent variable and 

the same variables as in the regression analysis were added as fixed main effects to 

the model. 

 

Linear mixed models were performed to assess changes in HRQoL and clinical 

disease activity within subjects over time (fixed main factor) and to account for 

missing values. Pairwise comparisons were performed similar to the analysis of diet 

quality. If HRQoL or clinical disease activity significantly changed over time, further 

linear mixed model analyses were performed to assess if those changes resulted from 

changes in diet quality (main fixed covariate) with an identity covariance structure 

and indicating time as repeated measure. After univariate analysis, the following 

variables were evaluated as fixed main effects: age, gender, BMI, level of education, 

biologics as highest step-up in IBD medication and clinical disease activity. Variables 

with a p-value < 0.2 were included in the multivariable analysis. 

 

Linear mixed model data are reported as fixed effect estimates with 95% confidence 

intervals. A p-value of <0.05 was considered statistically significant. Statistical 

analysis was performed using IBM SPSS Statistics version 25.0.
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Results  

In this study, 212 participants were invited for baseline questionnaires (Figure 1). 

Participants that completed the baseline questionnaires (n = 204) were invited for 

follow-up assessments after 1 and 4 months. In total, 195 participants completed at 

least one follow-up assessment and were included in the analysis.  

 

Figure 1. Flowchart of participant screening and inclusion 

* At 4-month follow-up, 180 participants completed the evaluation about the Eetscore. 

 

Of the 195 participants, 60% was female, median age was 47 years [IQR 32 – 57] and 

BMI 25 kg/m2 [IQR 22 – 28] (Table 2). The non-responders (n = 17) were slightly 

different in terms of gender (41% female) and age (37 years [27 – 47]) while BMI was 

comparable. Median disease duration of participants was 10 years [IQR 4 – 18] and 

half of the participants had Crohn’s disease. At baseline, 77% of participants used 

IBD medication and 72% was in clinical remission. In their habitual diet, 28% of 

participants applied certain dietary restrictions. Most common restrictions were 
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exclusion or limitation of meat and lactose products. Other frequently mentioned 

restrictions were exclusion or limitation of gluten, carbohydrates, added sugar and 

ultra-processed food products. 

 

 

 

 

 

Table 2. Participant characteristics of the total study population 

 n = 195 

Female 117 (60) 

Age: years, median (IQR) 47 (32 – 57) 

BMI: kg/m2, median (IQR) 25 (22 – 28) 

Level of education*  

   Low 41 (21) 

   Middle 71 (36) 

   High 83 (44) 

Currently smoking   17 (8.7) 

  

Diagnosis  

   Crohn’s disease (CD) 97 (50) 

   Ulcerative colitis (UC) 89 (46) 

   IBD-unclassified (IBD-U) 9 (4.6) 

Disease duration: years, median (IQR) 10 (3.6 – 18) 

Age at diagnosis CD  

   A1 ≤ 16 years  9 (9.3) 

   A2 17 – 40 years 62 (64) 

   A3 > 40 years 26 (27) 

Disease localisation CD  

   L1 Terminal ileum 25 (26) 

   L2 Colon 23 (24) 

   L3 Ileocolon 48 (49) 

   L4 Upper gastrointestinal 1 (1.0) 

Disease behaviour CD  

   B1 Non-stricturing, non-penetrating 65 (67) 

   B2 Stricturing, non-penetrating 25 (26) 

   B3 Stricturing, penetrating 7 (7.2) 

Perianal disease CD 19 (20) 
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 Table 2. Continued 

 n = 195 

Disease extent UC and IBD-U  

   E1 Ulcerative proctitis 11 (11) 

   E2 Left-sided distal colitis 38 (39) 

E3 Extensive pancolitis 49 (50) 

Extra-intestinal manifestations 33 (17) 

IBD medication currently used†  

   None  44 (23) 

5-aminosalicylic acid 71 (36) 

   Steroids 31 (16) 

   Immunomodulators 52 (27) 

   Biologics  58 (30) 

Highest step up in IBD medication  

   5-aminosalicylic acid 22 (11) 

   Steroids 31 (16) 

   Immunomodulators 58 (30) 

   Biologics  83 (43) 

Prior IBD-related surgery 34 (17) 

Clinical disease activity‡  

   Remission 140 (72) 

   Active disease 55 (28) 

  

Dietary restrictions† 53 (27) 

   Vegetarian or limited meat intake 20 (10) 

   Gluten-free or limited gluten intake 5 (2.6) 

   Lactose-free or limited lactose intake 14 (7.2) 

   Low in carbohydrates 5 (2.6) 

   Other  16 (8.2) 

Values expressed as number (%), unless stated otherwise. * Level of 
education: no education, primary or lower vocational education and lower 
general secondary education (low); secondary vocational education and 
higher general secondary education (intermediate); higher vocational 
education and university (high). † Multiple options possible per participant. 
‡ Defined by Patient Harvey Bradshaw Index ≤ 4 or Patient Simple Clinical 
Colitis Activity Index ≤ 2 and expressed as number (%). 
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Mean diet quality at baseline was 98 ± 19 points out of 160 points. Component 

scores were highest for red meat, alcohol, salt, sweetened beverages, and wholegrain 

products, suggesting that the intake of these food groups was (almost) in line with 

dietary recommendations (Figure 2). Component scores were lowest for legumes, 

nuts, processed meat, and unhealthy choices. Median intake per food component in 

grams per day is described in Supplementary Table 1 (Appendix 2). As reflected in 

diet quality scores, participants’ median intake of vegetables, fruit, legumes, nuts, 

dairy and fish was lower than recommended, while the median intake of processed 

meat was higher than recommended. 

 
Figure 2. Eetscore per food component at baseline, 1 month and 4 months 

 

After using the Eetscore, diet quality increased to 103 ± 21 points after 1 month and 

107 ± 21 after 4 months (Table 3). This increase was significant between baseline and 

1 month (p < 0.001), baseline and 4 months (p < 0.001) and 1 month and 4 months 

(p = 0.005). Biggest improvements were seen in legumes, unhealthy choices, nuts 

and sweetened beverages (Figure 2).  

 

Diet quality at baseline was positively associated with age, female gender and level 

of education (Table 4). For example, each 10-year increase in age was associated with 

a 3-point higher diet quality. The same factors were positively associated with diet 
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quality over time. BMI and clinical disease activity were not associated with diet 

quality.  

 

At baseline, median HRQoL was 54 [IQR 46 – 61] points (Table 3). HRQoL of 

participants significantly increased during the study. This increase was only 

significant between baseline and 1 month (p < 0.001). At baseline, median P-HBI was 

2.5 [1.0 - 4.3] points and median P-SCCAI was 1.0 [0.0 - 3.0] points. Clinical disease 

activity did not change during the study. 

Table 3. Diet quality, health-related quality of life and clinical disease activity at baseline, 1 
month and 4 months 

 

Baseline 
n = 195 

1 month 
n = 189 

4 months 
n = 178 

p-value 

Diet quality * 98 ± 19 103 ± 21 107 ± 21 < 0.001 

Health-related quality of life #  54 [46 – 61] 56 [48 – 62] 56 [45 – 62] 0.001 

Clinical disease activity †     

   Crohn’s disease  2.5 [1.0 - 4.3] 3.0 [1.0 - 5.0] 3.0 [1.0 - 5.0] 0.878 

   Ulcerative colitis and IBD-U  1.0 [0.0 - 3.0] 1.0 [0.0 - 2.8] 1.0 [0.0 - 3.0] 0.133 

Bold values are significant. * Total mean ± SD Eetscore. # Total median [IQR] short Inflammatory Bowel 
Disease Questionnaire score. † Total median [IQR] Patient Harvey Bradshaw Index for Crohn’s disease 
and Patient Simple Clinical Colitis Activity Index for ulcerative colitis and IBD-U. 

 
Table 4. Factors associated with diet quality at baseline and with change in diet quality 
over time 

 Diet quality at baseline  Diet quality over time 

Variable * β 95%CI p-value  β 95%CI p-value 

Age (in years) 0.31 0.12; 0.50 0.001  0.34 0.16; 0.52 < 0.001 

Female gender (vs. male) 9.30 4.04; 14.57 0.001  9.33 4.23; 14.43 < 0.001 

BMI (kg/m2) –0.28 –0.85; 0.29 0.34  –0.41 –0.96; 0.14 0.15 

Intermediate level of 
education (vs. low) 

9.05 1.78; 16.31 0.015  9.63 2.60; 16.66 0.008 

High level of education (vs. 
low) 

13.70 6.59; 20.82 < 0.001  15.73 8.84; 22.62 < 0.001 

Clinically active disease (vs. 
clinical remission) 

–1.21 –7.03; 4.62 0.68  –1.46 –4.52; 1.61 0.35 

Bold values are significant. R2 = 15% for diet quality at baseline. * Smoking behaviour, diagnosis and 
disease duration were not associated with diet quality in univariable analysis and therefore not 
included in the multivariable model. 
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Linear mixed model analysis showed that each 10-point improvement in diet quality 

was associated with a 0.5-point increase in HRQoL over time (β = 0.5, 95%CI 0.1; 0.9, 

p = 0.007). This association remained statistically significant in the multivariate model 

adjusting for age, gender, BMI, clinical disease activity and previous or current use of 

biologics with each 10-point increase in diet quality resulting in a 0.4-point increase 

in HRQoL (β = 0.4, 95%CI 0.02; 0.7, p = 0.04) (Appendix 2 - Supplementary Table 2).  

 

After the last assessment at 4 months, 180 participants completed an evaluation 

about the Eetscore tool (Figure 3). Of these participants, 23% reported the Eetscore-

FFQ lacked regularly consumed food components such as eggs, and lactose-free and 

soy products. Also, 55% did not eat or drink all food components of the Eetscore-

FFQ given allergies, intolerances or dietary restrictions (28%), personal taste (52%) or 

gastro-intestinal symptoms (40%). Almost all participants (96%, n = 173) had 

reviewed their Eetscore results of which 92% believed these results gave insight into 

how healthy their intake was per food component. 

 

Most participants (93%, n = 167) had reviewed the personalised dietary advice of the 

Eetscore (Figure 3). After reviewing their dietary advice, 96% of participants knew 

what to do to eat healthier. Although the primary aim of the advice was to improve 

diet quality, 47% of participants also believed to know what to do to have less gastro-

intestinal symptoms. Putting the dietary advice into practice helped 35% of 

participants to have less symptoms. To eat healthier, 65% would like to receive 

additional information such as practical advice with examples (22%), healthy recipes 

(35%), explanation about why certain food is healthy (23%) or information about 

portion sizes (19%).  
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Discussion 

In this study, we used the web-based Eetscore tool to assess diet quality of IBD 

patients and to provide personalised dietary advice supporting a healthy diet. At 

baseline, intake of red meat, wholegrain products and sweetened beverages was 

close to the Dutch dietary guidelines, while intake of dairy, legumes, nuts and 

processed meat was not. Diet quality significantly improved following personalised 

dietary advice. IBD patients who were older, female, and higher educated had a 

better diet quality over time. Improvement of diet quality was associated with a small 

improvement in HRQoL. Clinical disease activity did not change. The Eetscore can 

provide IBD patients insight into how healthy their habitual diet is and what to do to 

better adhere to the Dutch dietary guidelines. 

 

To date, the current Eetscore-FFQ has only been used once in a general, healthy 

population cohort of 751 Dutch participants [10]. Compared to this general cohort, 

diet quality was lower in our IBD cohort (mean 98 ± 19 vs. 111 ± 18) with lower scores 

on fruit, legumes, processed meat, sweetened beverages and unhealthy choices. This 

may be explained by differences in characteristics of the study populations. Many of 

their participants were highly educated (65%), few smoked (6%) and few were 

overweight or obese (27% and 8%) indicating a health-conscious population. In line 

with our study, older age, female gender and higher level of education were 

positively associated with diet quality [10]. Using the web-based Eetscore, diet quality 

of participants improved by 10-points (i.e., 6% out of a maximum of 160 points). This 

better adherence to the Dutch dietary guidelines has been associated with a lower 

all-cause mortality and a reduction in the risk of stroke, depression and colorectal 

cancer [17]. 

 
Consistent with our findings, previous studies in IBD patients also reported a 

consumption of dairy and nuts [18-20] below the recommendations, an 

overconsumption of processed meat and an adequate consumption of red meat [18]. 

In contrast to our results, previous studies in IBD patients indicate a sufficient intake 

of legumes [18, 19]. IBD patients often avoid lactose products and legumes as they 

believe this prevents abdominal pain, bloating and disease flares, which may explain 

the low dairy and legume intake [3, 21]. In our study, 7% of participants reported to 

consume little or no lactose products and while they may have compensated for this 

with alternatives such as soy milk, this cannot be entered in the Eetscore-FFQ. The 
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reason for a nut consumption below the recommendations is unclear. In our study, 

participants did not report specific reasons for avoiding nuts and those allergic to 

nuts were excluded.  

 

A recent study showed that long-term dietary patterns enriched with legumes, 

vegetables, fruits and nuts, more plant-based instead of animal-based products, and 

avoidance of alcoholic beverages, high-fat processed meats and soft drinks have the 

potential to prevent intestinal inflammatory processes via the gut microbiome [22]. 

This potentially favourable dietary pattern for IBD patients is in line with the Dutch 

dietary guidelines and the Eetscore can provide insight in adherence to these 

guidelines. Moreover, IBD patients consider dietary guidance to be important, while 

only a minority feels to have received adequate information from their physician [23]. 

The Eetscore can fulfil this need for dietary guidance of IBD patients. 

 

Several studies investigated dietary patterns and their association with HRQoL and 

clinical disease activity [18, 24, 25]. A Western dietary pattern characterized by the 

intake of refined grains, red and processed meat, condiments and sauces, and 

unhealthy choices was associated with flare occurrence [18], while adherence to a 

Mediterranean dietary pattern characterized by a high consumption of vegetables, 

fruit, wholegrains and nuts, and a low consumption of red and processed meat and 

processed foods was associated with a higher HRQoL and lower disease activity [24, 

25]. Our observations support that better adherence to the Dutch dietary guidelines, 

which share characteristics with the Mediterranean diet, is associated with improved 

HRQoL. In contrast to previous studies, we did not find an association between diet 

quality and clinical disease activity. This might be explained by the relatively short 

follow-up time and low number of participants with clinically active disease.  

 

Relatively few participants reported that use of the Eetscore tool helped to reduce 

their gastro-intestinal symptoms. During this study, the majority of participants did 

not experience gastro-intestinal symptoms. Besides, many participants commented 

to already know very well which foods work best for them to reduce or prevent 

gastro-intestinal symptoms after several years of living with IBD. Also, the Eetscore 

tool is not designed to help reduce gastro-intestinal symptoms. For example, IBD 

patients often avoid certain food components because of abdominal complaints and 

the Eetscore does not provide alternatives (e.g., for dairy products or legumes) [26]. 
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Dietary advice of the Eetscore may be optimized for IBD patients by suggesting 

alternative products to achieve a better diet quality while limiting abdominal 

complaints. 

 

Main strength of this study is its prospective nature with repeated dietary assessment 

and advice in a clinical setting using the Eetscore. In addition, the Eetscore is a quick 

and easy tool to assess diet quality compared to commonly used extensive FFQ’s. 

Besides, we included a large, representative cohort of IBD patients with varying ages 

and different disease phenotypes. Finally, the response rate was very high (92%) 

thereby limiting the risk of non-response bias. However, this study was limited by the 

absence of a control group. Therefore, we cannot conclude whether diet quality 

improved as a result of the personalised dietary advice of the Eetscore or as a result 

of increased dietary awareness. In line with this, studies on lifestyle factors are prone 

to socially desirable answers, which may have led to an overestimation of diet quality. 

However, participation was anonymous and results were not shared with 

participants’ gastroenterologist or IBD nurse. Also, completing the Eetscore several 

times may have induced a learning curve with participants being aware of the correct 

answers when completing the Eetscore for the second or third time. However, a 

previous study showed no change in diet quality when the Eetscore-FFQ was 

completed twice within four months in the absence of dietary advice [10]. 

Additionally, memory bias and estimation error may have occurred as these are 

inherent to using food frequency questionnaires [27]. Lastly, the Eetscore-FFQ covers 

approximately 85% of dietary intake, is based on regularly consumed food products 

and does therefore not assess plant-based alternatives of meat and dairy [8, 9].  

 

In conclusion, web-based dietary assessment and advice helps IBD patients to 

improve their diet quality. The Eetscore tool is easy to use, gives practical insight into 

dietary intake and supports a healthy diet in IBD patients. It may be further optimized 

by adding healthy alternatives for food products that are commonly avoided by IBD 

patients. 
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Appendix 1 – Supplementary figures 

 
Supplementary Figure 1. Diet quality score of an individual participant as shown in the 
Eetscore tool 

 
Supplementary Figure 2. Personalised dietary advice of an individual participant as 
shown in the Eetscore tool 
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Appendix 2 – Supplementary tables 
 

Supplementary Table 1. Intake of relevant food components in grams per day 

 

Intake at baseline 
n = 195 

Recommended 
intake 

Vegetables 126 [72 – 183] g/day ≥ 200 g/day 

Fruit 139 [59 – 176] g/day ≥ 200 g/day 

Wholegrain products 129 [87 – 189] g/day ≥ 90 g/day 

Legumes 4.4 [0.0 – 17] g/day ≥ 10 g/day 

Nuts 4.3 [1.4 – 16] g/day ≥ 15 g/day 

Dairy* 169 [84 – 316] g/day 300-450 g/day 

Fish 9.6 [5.8 – 15] g/day ≥ 15 g/day 

Red meat 22 [7.2 – 43] g/day ≤ 45 g/day 

Processed meat 25 [9.5 – 49] g/day 0 g/day 

Values expressed as median [IQR]. *Including milk, yoghurt and cheese products. 

 
Supplementary Table 2. Factors associated with change in health-related quality of life 
over time 
Variable * β 95% CI p-value 

Diet quality (total Eetscore) 0.04 0.002; 0.07 0.04 

Age (in years) 0.09 0.01; 0.17 0.02 

Female gender (vs. male) – 2.79 – 5.02; – 0.56 0.02 

BMI (kg/m2) – 0.43 – 0.67; – 0.19 < 0.001 

Biologics as highest step-up – 1.28 – 3.51; 0.95 0.26 

Clinically active disease (vs. clinical remission) – 6.58 – 5.85; – 5.32 < 0.001 

Bold values are significant. * Level of education was not associated with health-related quality of life in 
univariable analysis and therefore not included in the multivariable model. 

 





General discussion

Chapter 7
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Besides medication, diet and physical activity can be complementary therapies in the 

treatment of IBD. However, implementing these lifestyle factors in a patient’s daily 

routine requires sustained changes in habits which may not be easy. Moreover, diets 

and physical activity programs can deviate greatly from the usual, especially when 

special foods or supplements are advised, making integration in social life and 

adherence in the long-term difficult. With sustainable and feasible recommendations 

based on the Dutch dietary and physical activity guidelines, adherence should be 

easier. Besides, special guidelines can make patients feel isolated whereas following 

general guidelines might make them feel less like a patient. Moreover, following 

these recommendations might also lead to an improved well-being of IBD patients, 

exert positive effects on the disease course and decrease their risk of other (chronic) 

diseases. 

 

All currently available evidence regarding beneficial effects of nutrients and physical 

activity in IBD is in line with the Dutch guidelines for a healthy diet and physical 

activity, suggesting that disease-specific guidelines might not be necessary. 

However, these Dutch guidelines have not been investigated in IBD yet. Therefore, 

the aim of this thesis was to investigate the health effects of the Dutch dietary and 

physical activity guidelines as part of treatment in IBD patients. 

 

Main findings 

We found that the inflammatory potential of the diet and level of physical activity 

are associated with disease activity in CD patients, while no associations were found 

in UC patients (Chapter 2 and 3). Besides, moderate intensity physical activity does 

not appear to have harmful effects on IBD and can be safely performed (Chapter 4). 

When applying the Dutch dietary and physical activity guidelines, impact of disease 

on daily life and fatigue decreased; likely as a result of a substantial improvement in 

diet quality (Chapter 5). Also, when informing patients about the Dutch dietary 

guidelines via web-based dietary assessment and advice, diet quality improved 

(Chapter 6). A more detailed overview of the main findings of this thesis can be 

found in the table on the next page.  
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Overview of the main findings of this thesis per chapter 

Chapter Study population Methods Main findings 

2 CD/UC patients 

with varying 

disease status 

(n=329) 

Survey 

 FFQ  Dietary 

Inflammatory Index 

 sCDAI / P-SCCAI 

 Inflammatory potential of 

diet was associated with 

clinical disease activity in CD 

 No association in UC  

3 CD/UC patients 

with varying 

disease status 

(n=338 / n=14) 

Survey 

 SQUASH 

 sCDAI / P-SCCAI 

Interviews 

 Level of physical activity was 

inversely associated with 

clinical disease activity in CD 

 No association in UC 

 Beneficial effects experienced 

from physical activity 

 Barriers caused by active 

disease put off to be 

physically active 

4 CD/UC patients 

with varying 

disease status 

(n=37) / Controls 

without IBD (n=19) 

Observational study 

 Cytokines 

 Faecal calprotectin 

 P-HBI / P-SCCAI 

 Similar cytokine responses to 

repeated prolonged 

moderate-intensity walking 

exercise in CD/UC patients 

and controls without IBD 

 No change in faecal 

calprotectin 

 Slight increase in clinical 

disease activity in CD, no 

change in UC 

5 CD/UC patients in 

remission or with 

mildly active 

disease (n=27) 

Intervention study 

 IBD-DI 

 P-HBI / P-SCCAI 

 IBDQ 

 IBD-F 

 Faecal calprotectin 

 Lifestyle intervention 

improved diet quality, level 

of physical activity remained 

the same 

 Improved diet quality was 

associated with reduced 

impact of disease on daily 

life and fatigue 

 No change in clinical disease 

activity, HRQoL and faecal 

calprotectin 
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6 CD/UC/IBD-U 

patients with 

varying disease 

status (n=195) 

Intervention study 

 Eetscore 

 P-HBI / P-SCCAI 

 Short IBDQ 

 Diet quality improved with 

web-based dietary 

assessment and advice 

 Improved diet quality was 

associated with slight 

improvement in HRQoL 

 No change in clinical disease 

activity 

Abbreviations: CD, Crohn’s disease; UC, ulcerative colitis; FFQ, food frequency questionnaire; sCDAI, 

short Crohn’s Activity Index; P-SCCAI, Patient Simple Clinical Colitis Activity Index; SQUASH, Short 

Questionnaire to Assess Health-enhancing physical activity; P-HBI, Patient Harvey Bradshaw Index; 

IBD-DI, IBD disability index; IBDQ, Inflammatory Bowel Disease Questionnaire; IBD-F, Inflammatory 

Bowel Disease fatigue patient self-assessment scale; HRQoL, health-related quality of life. 

 

Dutch dietary and physical activity guidelines in IBD 

Nowadays, plenty of information on lifestyle in IBD is available online, especially 

regarding diet. Since lifestyle information was regarded as the least adequately 

addressed by health care professionals [1], IBD patients searching the internet for 

information is a logical consequence. Based on online non-scientific information, 

several special diets are claimed to cure IBD, and different supplements like vitamins, 

herbs, and pre- and probiotics, are advocated to further support a healthy life. With 

all these exciting and special recommendations, IBD patients might feel not to be 

taken seriously by their health care professionals when they provide them with the 

Dutch dietary and physical activity guidelines. However, we found that lifestyle advice 

according to these guidelines can benefit IBD patients by reducing impact of disease 

on daily life and fatigue (Chapter 5). Moreover, the Dutch dietary guidelines are in 

line with the recently published dietary recommendations of the International 

Organization of IBD [2]. As shown in a recent systematic review and meta-analysis, 

adherence of IBD patients to basic healthy eating guidelines is suboptimal [3]. 

Moreover, the majority of IBD patients do not engage in physical activity at the 

generally recommended level [4]. An unhealthy lifestyle can sustain a symptom like 

fatigue that commonly remains despite being in remission with medication, and 

results in a decreased quality of life and impaired work productivity [5]. Before 

applying additional interventions, it seems important to pay attention to the general 

lifestyle basics. 
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We found the intake of vegetables, fruit, legumes, nuts, dairy and fish to be below 

the recommendations (Chapter 6), which is in line with previous studies in which 

they found that IBD patients seem to have a poorer dietary intake compared with 

healthy individuals [3]. Generally, energy and fibre intake are inadequate, and also 

the intake of micronutrients like fat-soluble vitamins, folate, calcium and potassium 

is frequently suboptimal or inadequate. This is probably caused by an inadequate 

intake of major food groups such as dairy, legumes and nuts (Chapter 6) [3], which 

is likely the result of self-imposed food restrictions [6]. The majority of IBD patients 

has such restrictions as they believe some foods can worsen or induce symptoms or 

even relapse [6, 7]. Most common restrictions are avoidance of lactose containing 

products, gluten and added sugar (Chapter 2 and 6). However, as these restrictions 

can result in a poorer dietary intake causing nutritional deficiencies, it may become 

a vicious circle. 

 

It is the job of health care professionals to inform patients about the sense and 

nonsense of information on the internet and to make them aware of the possible 

detrimental effects of applying online lifestyle information. Instead of just stating 

that all information on the internet is bad, health care professionals should discuss 

lifestyle with their patients and focus on the similarities between information on the 

internet and the general Dutch guidelines. A good example in this respect is the 

Mediterranean diet. This diet is considered to be a dietary option for IBD patients, 

according to research as well as IBD patients themselves [8-10]. The Mediterranean 

diet is frequently referred to as an anti-inflammatory diet, amongst others because 

of its ability to improve the diversity of the gut microbiota and thereby to increase 

the production of short-chain fatty acids (SCFAs) [11]. The anti-inflammatory 

potential of the Mediterranean diet is confirmed when calculating the Dietary 

Inflammatory Index (DII) [12]. Intake of foods high in fibre, vitamin A, B3, C, E, 

magnesium, and poly-unsaturated fatty acids, mainly n-3 fatty acids, characteristics 

of a Mediterranean diet, results in a more anti-inflammatory DII score [12]. The Dutch 

dietary guidelines share a lot of characteristics with the Mediterranean diet with a 

high consumption of vegetables, fruits, legumes, and nuts, a moderate consumption 

of fish and dairy, and a low consumption of red meat [13, 14]. The main difference 

seems to be the recommendation regarding alcohol consumption, which is stricter 

in the Dutch dietary guidelines. Moreover, a recent study showed that a long-term 

dietary pattern which is rich in vegetables, fruits, legumes and nuts, more plant-
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based instead of animal-based, and in which intake of alcoholic beverages, high-fat 

processed meat and soft drinks is avoided, has the potential to prevent intestinal 

inflammatory processes via the gut microbiota [15]. This potentially favourable 

dietary pattern for IBD patients is in line with the Mediterranean diet and the Dutch 

dietary guidelines [14]. Patients should be made aware of all these similarities to 

stimulate improvement of their diet quality. 

 

Regarding physical activity, there is no evidence that patients with IBD cannot 

perform regular physical activity. On the contrary, it seems important to break a cycle 

of physical inactivity to prevent a reduction in muscle mass and physical fitness since 

patients with IBD already have a reduced muscle mass compared with healthy 

controls, likely due to chronic inflammation [16-18]. Being physically active will 

increase muscle mass and physical fitness and thereby reduce fatigue and improve 

quality of life [19]. Low to moderate intensity physical activity seems to be safe and 

well tolerated for this purpose [19, 20]. In addition, we showed that repeated and 

prolonged moderate-intensity physical activity does also not appear to have harmful 

effects (Chapter 4). The safety of high-intensity physical activity is currently not clear 

[20], but performing this type of physical activity does not seem to be necessary for 

health benefits. Low to moderate intensity physical activity is the basis of the Dutch 

physical activity guidelines [21]. Patients should be advised to be physically active for 

at least 30 minutes per day. Three to five times per week this should be of moderate-

intensity, meaning a heart rate between 60-80% of the maximum heart rate, since 

this is key to improve inflammation [19]. A combination of endurance and resistance 

exercise is favourable. To increase the probability of maintaining this level of physical 

activity, patients should engage in enjoyable activities, optionally in a group to 

increase motivation [19]. The proximity of a toilet was mentioned as a necessity to 

be physically active (Chapter 3), which can be covered with at home exercises, 

activities close to home or sport clubs where these facilities are available. 

 

Besides all the possible health benefits of the Dutch guidelines, another very 

important aspect is to make a sustainable change when changing lifestyle. A lifestyle 

change should not feel like following a diet and activities should not feel like an 

obligation. Patients should make their lifestyle their daily routine. To achieve this, 

diets should not be too restricted and should not include dietary formula or special 

foods. In a direct comparison between the Specific Carbohydrate Diet and the 
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Mediterranean diet in CD patients, the latter was preferred because of the greater 

ease of following [10]. Moreover, suggestions for physical activities should be made 

that are possible without going to a gym or sports club. 

 

Challenges of diet and physical activity intervention studies 

Recommendations are preferably based on scientifically sound evidence from well-

performed intervention studies. However, several challenges are faced when 

designing and executing dietary and physical activity intervention studies. These 

challenges include amongst others the complex nature of diet and physical activity, 

(monitoring of) adherence to the intervention, choice of the comparator group, 

blinding, quality control and reproducibility, and generalizability [22, 23]. In this 

thesis, some of these challenges were also faced in the interventions described in 

Chapter 5 and 6. 

 

In contrast to drugs, diet and physical activity are no isolated chemical compounds 

with well-known characteristics and dynamics. They are heterogeneous, multifaceted 

components that may affect the outcome of interest but also exhibit several off-

target properties [23]. Moreover, adherence to the intervention influences its 

effectiveness. In lifestyle interventions, many factors such as tolerability, ease of 

preparation or activity, availability of foods or activities, costs, and cultural and social 

acceptability may influence adherence [22]. In controlled on-site studies, adherence 

can be monitored relatively easy, but such studies have a high participant burden 

and are relatively inflexible [24]. Moreover, a less controlled study situation results in 

a better representation of what is achievable in a real-life setting [25]. For these 

reasons, we decided to perform a lifestyle study solely based on intensive supervision 

by a dietician and physiotherapist (Chapter 5). 

 

Besides these aspects, the choice of the comparator group is challenging. For our 

lifestyle intervention, we decided to perform a single-arm study since an ideal control 

group does not exist (Chapter 5). In most trials, intervention diets are compared to 

‘usual’ diets, which are quite variable and might already approximate the study diet, 

or to diets intentionally including the opposite of the intervention such as a low fibre 

or high refined carbohydrate diet when investigating a high fibre or low refined 

carbohydrate diet [26, 27]. In the latter situation, observed differences may be caused 

by the study diet, control diet or both. The same is seen in physical activity trials. An 
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intervention group is generally compared to a control group performing their regular 

physical activities [19, 20]. However, it is likely that participants in the control group 

implement some aspects of the intervention when an intervention is compared to 

the usual situation [22]. Participants being aware of the intervention results in a 

greater risk for bias. However, blinding is almost always impossible when an 

intervention is built around the entire diet or the level of physical activity. Limiting 

participant’s knowledge about the intervention can reduce this [22]. However, 

participating in an intervention study regarding lifestyle will lead to awareness. It is 

likely that this awareness will result in lifestyle changes regardless of knowledge 

about the intervention and participation in either an intervention or control group. 

This is an effect that we can also not rule out in our studies. The improvements we 

found regarding diet quality might be the result of our interventions but might also 

be a result of dietary awareness (Chapter 5 and 6). This awareness does not 

necessarily have to be a negative aspect as it might help to further improve diet 

quality which is in the end the aim of the interventions. 

 

Quality control and reproducibility are other challenges. In both our intervention 

studies, participants only received advice and examples (Chapter 5 and 6). Foods 

were not provided and their physical activity was not supervised. Unless foods are 

provided to participants, food source and preparation method will differ among 

participants and influence dietary exposure in terms of actual nutrient composition 

and amount of consumption [22, 24]. Regarding physical activity, speed of walking, 

cycling and running may differ and general daily activities such as work and 

household activities can generally not be changed for research purposes. Moreover, 

costs that come along in a self-directed study may impose financial constraints on 

participants leading to differences between participants with a lower and higher 

economic status.   

 

Most dietary and physical activity interventions have been performed in small and 

specific study populations which limits the power and generalizability of the results 

[19, 26]. As in our lifestyle intervention study (Chapter 5), generally patients in 

remission or with mildly active disease are included. A reason for this might be that 

dietary and physical activity interventions are affected by other therapies like 

medication. We decided to only include patients in remission or with mildly active 

disease as they would likely use the same medication throughout the study and 
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therefore impact of medication on outcome measures would be reduced (Chapter 

5). As a result of this patient selection, the results cannot be extrapolated to the 

whole IBD population.  

 

Methodological considerations 

Despite efforts to overcome limitations in our studies, some methodological 

considerations should be taken into account when interpreting the results. We will 

discuss considerations regarding study designs and populations, assessment of 

dietary intake and physical activity, and assessment of disease activity. 

 

Study designs and populations 

In this thesis, we included patients with different types of IBD, mainly CD and UC, and 

varying disease status. In general, most patients for the studies in this thesis were 

recruited via the outpatient gastroenterology clinic of Hospital Gelderse Vallei, Ede, 

the Netherlands. For Chapter 2 and 3, we also recruited patients via a digital 

newsletter and the website of the Dutch IBD patient association. This allowed us to 

include a broad sample of patients representative of the Dutch IBD population and 

a large enough sample size to conclude about associations. For Chapter 4, most 

participants were recruited via the Nijmegen Exercise Study database of Radboud 

University Medical Center, Nijmegen, the Netherlands. This is a longitudinal study to 

examine the impact of a physically active lifestyle on health, quality of life, and 

development and progression of various (chronic) diseases. All people in this 

longitudinal study have ever participated in the Nijmegen Four Days Marches. 

Therefore, this database was the perfect source to recruit IBD patients as well as 

healthy controls for our Four Days Marches study. However, the IBD patients in this 

database are likely not a good representation of the whole IBD population. 

Moreover, as this was an explorative, observational study, the study population was 

not based on a sample size calculation. Therefore, we cannot conclude about the 

power of the study. The patients included in Chapter 5 were solely recruited via the 

outpatient gastroenterology clinic of Hospital Gelderse Vallei. This allowed us to 

perform an intervention study with frequent consultations and a limited number of 

health care professionals involved. The study described in Chapter 6 was in 

collaboration with Rijnstate Hospital, Arnhem, the Netherlands. About half of the 

participants was recruited via the outpatient gastroenterology clinic of that hospital 

which led to a more divers study population. In both intervention studies (Chapter 
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5 and 6), we did not include a control group which is needed to draw more firm 

conclusions. 

 

In Chapter 4, 5 and 6, analyses were performed for the whole study population. No 

distinctions were made between CD and UC, while differences might be expected 

and also have been observed in previous studies. Those differences are most likely 

the result of different disease locations and types of inflammation (transmural vs 

superficial) [28]. Ideally, analyses were also performed separately for CD and UC, but 

this was not possible in our studies because of small sample sizes and therefore lack 

of power in case of separate analyses.  

 

Assessment of dietary intake and physical activity 

Consistent and accurate assessment of dietary intake and physical activity is one of 

the biggest challenges in lifestyle-related research. Various subjective and objective 

measures are available, each having its own limitations and biases [29]. In this thesis, 

the aim was to assess diet and physical activity by using validated methods that 

would provide the best possible reflection of diet and physical activity to be able to 

fulfil the aims of the studies.  

 

Dietary intake 

In Chapter 2 of this thesis, we used an FFQ to assess dietary intake of the past month 

since we wanted to test for associations between habitual dietary intake and disease 

activity. An FFQ is the most efficient option in a large online study since it is perfect 

for ranking individuals according to their intake rather than estimating their absolute 

intake. Also in previous studies investigating associations, FFQs were frequently used 

to assess dietary intake [30, 31]. In Chapter 5, we wanted to improve diet quality of 

participants in a long-term lifestyle intervention. Since improving diet quality in the 

long-term is about changing a habitual pattern, we also used an FFQ. For this study, 

we used a short FFQ, the Eetscore [32]. This short FFQ was preferred over a regular 

FFQ as it takes only 10-15 minutes to complete. The Eetscore showed good to 

excellent reproducibility and was considered an acceptable screener for diet quality 

compared with full-length FFQ [32]. Moreover, the Eetscore provides a score for diet 

quality which makes it easy to determine dietary improvement over time. In previous 

dietary intervention studies, dietary assessment and adherence to the dietary 

recommendations were often not reported. When adherence was monitored, this 
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was mainly done through periodic interviews [26]. Finally in Chapter 6, we wanted 

to assess diet quality and provide web-based personalised dietary advice. For this 

purpose, so far only the Eetscore is available. 

 

Physical activity 

In Chapter 3 of this thesis, we used the SQUASH to assess level of physical activity. 

No objective measures could be used as it was an online study. Questionnaires are 

frequently used when investigating associations of physical activity with various 

outcomes [4, 20]. In the Four Days Marches study, we used subjective and objective 

measures of physical activity (Chapter 4). The SQUASH was used to assess the 

general level of physical activity of our participants to check for baseline differences 

between groups that might explain any difference in baseline inflammatory markers. 

Besides this subjective assessment, the participants wore a heart rate monitor on the 

first walking day to determine exercise intensity. As the aim was to investigate 

moderate-intensity exercise, we wanted to objectively determine whether this aim 

was met. In Chapter 5, we wanted to improve level of physical activity of participants 

in a long-term lifestyle intervention. Again, the SQUASH was used to assess physical 

activity because of the long-term aspect of the intervention. It was considered 

impossible and too much of a burden for participants to let them wear a device for 

a 6-month period. Wearing a device at random days was considered to be of little 

value, since this might induce the wearer to be more active and monitoring time 

needs to be sufficient for a reliable assessment [33, 34]. In previous studies on 

physical activity, adherence to the intervention was not reported or they investigated 

a supervised intervention [19, 20]. 

 

Assessment of disease activity 

Disease activity was assessed in all studies in this thesis. Mainly questionnaires were 

used for this purpose. In Chapter 4 and 5, disease activity was also assessed by 

measuring faecal calprotectin. It would have been better to also objectively assess 

disease activity in the other studies instead of only subjectively. However, this was 

impossible because of the nature of those studies (Chapter 2, 3 and 6). Therefore, 

we used questionnaires that have been validated in previous studies in which it was 

concluded that they are reliable and feasible for disease activity measurement. 

Despite some significant correlations with biomarkers such as CRP, self-reported 

disease activity sometimes correlates poorly with endoscopic disease activity, 
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especially in CD, which should be taken into account when interpreting the results 

[35-37]. 

 

Implications for clinical practice 

Diet and physical activity are important in IBD and many patients are interested in 

lifestyle as part of their IBD treatment [1, 38]. However, limited or absent dietary and 

physical activity guidance makes IBD patients vulnerable to try out diets and activities 

derived from non-scientific sources like the internet to manage their symptoms [7]. 

Several implications can be extracted from this thesis to support IBD patients in 

clinical practice. 

 

In clinical practice, it seems to be important to lower the inflammatory potential of 

the diet and to improve the level of physical activity (Chapter 2 and 3). For this 

purpose, advising the Dutch dietary and physical activity guidelines seems to be a 

good starting point, with positive effects on impact of disease on daily life and 

fatigue (Chapter 5). Currently, adherence to these guidelines is suboptimal and 

recommendations are not met, which can result in increased inflammation, poorer 

recovery from illness, fatigue and a decreased quality of life [3, 4]. It is important to 

improve the basics first, before advising specific adjustments. 

 

There is often no time in clinical practice to assess a patient’s food intake and to 

support a healthy diet, while it is important to discuss the personal beliefs of patients 

and their possible restrictive dietary behaviours [6]. IBD patients consider dietary 

guidance to be important, while only a minority feels to have received adequate 

information from their physician [1, 38]. Fulfilling this need for dietary guidance in a 

time-efficient manner is possible with web-based dietary assessment and advice 

(Chapter 6). Health care professionals can further support their patients by guiding 

them in which steps to take first and by providing them with additional advice related 

to abdominal complaints. 

 

Future research recommendations 

Several directions for future research have been indicated in this thesis. In general, 

more longitudinal studies in larger study populations and with a longer follow-up 

time are needed. Preferably RCTs with separate analysis of CD and UC patients are 

performed to further evaluate effects of diet and physical activity on the disease 
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course. Despite the follow-up time of 6 months in our intervention study (Chapter 

5), which is already longer than the average follow-up time of lifestyle intervention 

studies, it is still a relative short period considering IBD is a chronic disease. Moreover, 

the focus of future studies should be on a long-term sustainable lifestyle change. 

Although diet and physical activity are often referred to as easy modifiable factors, 

actually changing patients’ habits is one of the hardest things regarding a healthy 

lifestyle. Therefore, the main goal of a lifestyle intervention should be the 

maintenance of a healthy, active lifestyle. For this purpose, attention should be paid 

to behaviour change when designing lifestyle interventions besides providing 

lifestyle recommendations. Future studies should use psychological techniques to 

enable patients to actually change their lifestyle in the long term, to make it their 

new daily routine instead of just a temporary intervention, and to prevent returning 

to old lifestyle habits [39]. 

 

Another aspect that requires attention when designing an intervention study is the 

composition of the intervention. As in our study, the focus should be on diet and 

physical activity as a whole instead of single food components or single activity 

bouts. Moreover, other lifestyle factors such as sleep and stress should be included. 

To be effective when implemented outside of a trial, we suggest limited control of 

the study situation as this will give a good representation of what is achievable in a 

real-life setting. In analogy with the Eetscore, activity trackers that provide direct 

feedback can be used to stimulate physical activity. Furthermore, attention should 

be paid to a thorough baseline assessment of diet and physical activity since this will 

affect the effectiveness of the intervention (Chapter 5), and it may affect the 

outcome in the control group if included [19, 23]. Regarding dietary assessment, the 

accuracy might be increased by including healthy alternatives for food products that 

are commonly avoided by IBD patients (Chapter 6). 

 

Conclusion 

Within this thesis, we aimed to investigate the health effects of the Dutch dietary and 

physical activity guidelines as part of treatment in IBD patients. Before applying these 

guidelines, habitual diet and physical activity were investigated. We can conclude 

that the inflammatory potential of the diet and level of physical activity are associated 

with disease activity in CD patients, while no associations were found in UC patients. 

Besides, moderate-intensity physical activity does not appear to have harmful effects 
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on IBD and can be safely performed. The Dutch dietary guidelines are consistent with 

a more anti-inflammatory potential of the diet. When applying the Dutch dietary and 

physical activity guidelines, impact of disease on daily life and fatigue decreased; 

likely as a result of a substantial improvement in diet quality. Also, when informing 

patients about the Dutch dietary guidelines via web-based dietary assessment and 

advice, diet quality improved. Future research should focus on randomized 

controlled trials in larger study populations combining several subjective and 

objective disease-related outcomes. This way further insight into application of the 

Dutch dietary and physical activity guidelines will come available to optimize the 

lifestyle of IBD patients. 
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Inflammatory bowel disease (IBD) is a chronic inflammatory disorder of the 

gastrointestinal tract of which Crohn’s disease (CD) and ulcerative colitis (UC) are the 

main subtypes. Both are characterized by a variable and unpredictable disease course 

with periods of active disease alternating with periods of remission. The 

pathogenesis of IBD seems to be a complex interaction between the gut microbiota, 

immune system, genetics and environmental factors like diet and physical activity. 

Besides the likely contribution to the development of IBD, diet and physical activity 

also significantly impact the disease course and clinical outcomes in patients with 

established IBD. However, evidence-based guidelines in clinical IBD practice are 

lacking, which hampers the guidance of IBD patients who are interested in diet and 

physical activity as part of their treatment. All currently available evidence regarding 

beneficial effects of nutrients and physical activity in IBD is in line with the Dutch 

guidelines for a healthy diet and physical activity. However, these guidelines as a 

whole have not been investigated in IBD yet. Therefore, the aim of this thesis was to 

investigate the health effects of the Dutch dietary and physical activity guidelines as 

part of treatment in IBD patients. 

 

In Chapter 2, we used an online survey to investigate associations between the 

habitual diet of IBD patients and disease activity. The Dietary Inflammatory Index 

(DII) was used to determine the inflammatory potential of the diet. A higher DII 

indicates a more pro-inflammatory diet that is not in line with the Dutch dietary 

guidelines, while a lower DII indicates the opposite: a more anti-inflammatory diet 

that is in line with the guidelines. We found that the inflammatory potential of the 

diet was associated with clinical disease activity in Crohn’s disease patients, meaning 

that patients who consumed a diet more in line with the Dutch dietary guidelines 

had a lower disease activity and vice versa. No significant association was found in 

ulcerative colitis patients. 

 

We also used an online survey to investigate associations between level of physical 

activity of IBD patients and disease activity in Chapter 3. We found that the level of 

physical activity, based on the number of minutes per week and the intensity of 

activities, was inversely associated with clinical disease activity in Crohn’s disease 

patients, while no significant association was found in ulcerative colitis patients. 

Interviews performed to further elucidate the association between physical activity 

and clinical disease activity revealed that IBD patients generally experience beneficial 
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effects of physical activity, such as improved general fitness, quality of life, and self-

image. However, barriers caused by active disease like pain, fatigue and urgency may 

put them off to be physically active. 

 

In Chapter 4, the results of an observational study during the Nijmegen Four Days 

Marches are described. In that study, we assessed whether moderate-intensity 

physical activity is safe for IBD patients since this type of physical activity is an 

important part of the Dutch physical activity guidelines. We found that cytokine 

responses during this repeated prolonged moderate-intensity walking exercise were 

not different in IBD patients compared to controls without IBD. Furthermore, faecal 

calprotectin was not affected by the walking exercise when comparing 

concentrations of IBD patients who participated in the marches to concentrations of 

IBD patients who did not. In contrast to these objective findings, there was a slight 

increase in subjective clinical disease activity in CD patients who participated in the 

marches, but not in UC patients. Since faecal calprotectin better correlates with 

endoscopic disease activity than clinical disease activity questionnaires, we overall 

concluded that it seems safe for IBD patients to perform repeated prolonged 

moderate-intensity exercise without substantial exacerbation of inflammation. 

 

We then performed a combined lifestyle intervention study based on the Dutch 

dietary and physical activity guidelines of which the results are described in Chapter 

5. During this 6-month study, personal dietary and physical activity advice was 

provided by a dietician and physiotherapist. This resulted in a substantial 

improvement of diet quality, while the level of physical activity remained the same. 

Over time, impact of disease on daily life reduced and fatigue decreased, while 

clinical disease activity, health-related quality of life and faecal calprotectin did not 

change. Improvement in diet quality was associated with a lower impact of disease 

on daily life and less fatigue. No associations were found between physical activity 

and disease-related outcomes. 

 

Lastly, in Chapter 6 we investigated the use of a web-based tool, the Eetscore, to 

assess diet quality and provide personalized dietary advice to IBD patients based on 

the Dutch dietary guidelines. In this prospective cohort study, diet quality of IBD 

patients improved following dietary advice of the Eetscore and this improvement was 

associated with a slight improvement in health-related quality of life. The Eetscore 
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seems to be a practical and useful tool to monitor and support a healthy diet in IBD 

patients. 

 

From this thesis, we conclude that the inflammatory potential of the diet and level of 

physical activity are associated with disease activity in CD patients, while no 

associations were found in UC patients. Besides, moderate-intensity physical activity 

does not appear to have harmful effects on IBD and can be safely performed. The 

Dutch dietary guidelines are consistent with a more anti-inflammatory potential of 

the diet. When applying the Dutch dietary and physical activity guidelines, impact of 

disease on daily life and fatigue decreased; likely as a result of a substantial 

improvement in diet quality. Also, when informing patients about the Dutch dietary 

guidelines via web-based dietary assessment and advice, diet quality improved. 

Future research on diet and physical activity in IBD should focus on randomized 

controlled trials in larger study populations combining several subjective and 

objective disease-related outcomes. This way further insight into application of the 

Dutch dietary and physical activity guidelines will come available to optimize the 

lifestyle of IBD patients. 
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Inflammatoire darmziekten (IBD) zijn chronische ontstekingsziekten van het 

maagdarmkanaal waarvan de ziekte van Crohn en colitis ulcerosa de belangrijkste 

subtypes zijn. Beiden worden gekenmerkt door een wisselend en onvoorspelbaar 

ziektebeloop waarbij perioden van actieve ziekte en remissie elkaar afwisselen. De 

pathogenese van IBD lijkt een complexe interactie te zijn tussen de darm microbiota, 

het immuunsysteem, genetica en omgevingsfactoren zoals voeding en bewegen. 

Voeding en bewegen hebben naast een bijdrage aan het ontstaan van IBD ook een 

belangrijke invloed op het ziektebeloop en de klinische uitkomsten bij patiënten die 

reeds IBD hebben. Bovendien zijn IBD patiënten geïnteresseerd in voeding en 

bewegen als onderdeel van hun behandeling. Wetenschappelijk onderbouwde 

richtlijnen ontbreken echter wat de begeleiding van IBD-patiënten bemoeilijkt. Al het 

bewijs dat momenteel beschikbaar is met betrekking tot gunstige effecten van 

voeding en bewegen bij IBD is in overeenstemming met de Nederlandse richtlijnen 

voor goede voeding en bewegen. Deze richtlijnen als geheel zijn echter nog niet 

onderzocht in IBD. Daarom was het doel van dit proefschrift om de 

gezondheidseffecten van de Nederlandse richtlijnen voor goede voeding en 

bewegen als onderdeel van de behandeling van IBD-patiënten te onderzoeken. 

 

In hoofdstuk 2 hebben we een online vragenlijst gebruikt om associaties te 

onderzoeken tussen het gebruikelijke dieet van IBD-patiënten en ziekteactiviteit. De 

Dietary Inflammatory Index (DII) werd gebruikt om het inflammatoire potentieel van 

het dieet te bepalen. Een hogere DII wijst op een meer pro-inflammatoir dieet welke 

niet in lijn is met de richtlijnen goede voeding, terwijl een lagere DII op het 

tegenovergestelde wijst: een meer anti-inflammatoir dieet welke wel in lijn is met de 

richtlijnen. Wij vonden dat het inflammatoire potentieel van het dieet geassocieerd 

was met klinische ziekteactiviteit in patiënten met de ziekte van Crohn. Dit betekent 

dat patiënten van wie het voedingspatroon meer in lijn was met de richtlijnen goede 

voeding een lagere ziekteactiviteit hadden en vice versa. Er werd geen significante 

associatie gevonden in patiënten met colitis ulcerosa. 

 

Met een online vragenlijst hebben we ook associaties tussen de mate van 

lichamelijke activiteit van IBD-patiënten en ziekteactiviteit onderzocht, zoals 

beschreven in hoofdstuk 3. We vonden dat de mate van lichamelijke activiteit, 

gebaseerd op het aantal minuten per week en de intensiteit van de activiteiten, 

omgekeerd geassocieerd was met klinische ziekteactiviteit in patiënten met de ziekte 
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van Crohn, terwijl er geen significante associatie werd gevonden in patiënten met 

colitis ulcerosa. Interviews die gedaan zijn om de associatie tussen lichamelijke 

activiteit en klinische ziekteactiviteit verder te verduidelijken onthulden dat IBD-

patiënten over het algemeen gunstige effecten ervaren van lichamelijke activiteit, 

zoals een betere algehele fitheid, kwaliteit van leven, en zelfbeeld. Echter, 

belemmeringen veroorzaakt door actieve ziekte, zoals pijn, vermoeidheid en sterke 

en frequente aandrang voor ontlasting, kunnen hen ervan weerhouden om 

lichamelijk actief te zijn. 

 

In hoofdstuk 4 worden de resultaten beschreven van een observationele studie 

tijdens de Nijmeegse Vierdaagse. In die studie hebben we gekeken of matig 

intensieve lichamelijke activiteit veilig is voor IBD-patiënten, omdat dit type 

lichamelijke activiteit een belangrijk onderdeel is van de Nederlandse 

beweegrichtlijnen. Wij vonden dat herhaald en langdurig matig intensief wandelen 

vergelijkbare cytokine responsen gaf in IBD-patiënten in vergelijking met controles 

zonder IBD. Bovendien werd het fecaal calprotectine niet beïnvloed door het 

wandelen wanneer de waarden van IBD-patiënten die deelnamen aan de Vierdaagse 

werden vergeleken met de waarden van IBD-patiënten die dat niet deden. In 

tegenstelling tot deze objectieve bevindingen was er een lichte toename in de 

ervaren klinische ziekteactiviteit in patiënten met de ziekte van Crohn die deelnamen 

aan de Vierdaagse. Deze toename werd niet waargenomen in patiënten met colitis 

ulcerosa. Aangezien het fecaal calprotectine beter correleert met endoscopische 

ziekteactiviteit dan vragenlijsten over ziekteactiviteit, concludeerden wij dat het veilig 

lijkt voor IBD-patiënten om herhaald en langdurig matig intensief te wandelen 

zonder substantiële verergering van inflammatie. 

 

Hierna hebben we een gecombineerde leefstijlinterventie gebaseerd op de 

Nederlandse richtlijnen voor voeding en bewegen onderzocht waarvan de resultaten 

zijn beschreven in hoofdstuk 5. Tijdens dit 6 maanden durende onderzoek werden 

persoonlijke voedings- en beweegadviezen gegeven door een diëtist en een 

fysiotherapeut. Dit resulteerde in een substantiële verbetering van de dieetkwaliteit, 

terwijl de mate van lichamelijke activiteit gelijk bleef. Gedurende de studie 

verminderde de invloed van de ziekte op het dagelijks leven en nam de vermoeidheid 

af, terwijl de klinische ziekteactiviteit, de gezondheid-gerelateerde kwaliteit van leven 

en het fecaal calprotectine gelijk bleven. De verbetering in dieetkwaliteit was 
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geassocieerd met een lagere impact van ziekte op het dagelijks leven en minder 

vermoeidheid. Er werden geen associaties gevonden tussen lichamelijke activiteit en 

ziekte-gerelateerde uitkomsten. 

 

Tenslotte onderzochten we in hoofdstuk 6 het gebruik van een online applicatie, de 

Eetscore, om de kwaliteit van het dieet te beoordelen en IBD-patiënten 

gepersonaliseerd voedingsadvies te geven op basis van de richtlijnen goede 

voeding. In deze prospectieve cohort studie verbeterde de dieetkwaliteit van IBD-

patiënten na dieetadvies van de Eetscore en deze verbetering was geassocieerd met 

een lichte verbetering in gezondheid-gerelateerde kwaliteit van leven. De Eetscore 

lijkt een praktisch en bruikbaar hulpmiddel te zijn om een gezond dieet bij IBD-

patiënten te monitoren en te ondersteunen. 

 

Uit dit proefschrift concluderen wij dat het inflammatoire potentieel van het dieet en 

de mate van lichamelijke activiteit geassocieerd zijn met ziekteactiviteit in patiënten 

met de ziekte van Crohn, terwijl er geen associaties werden gevonden in patiënten 

met colitis ulcerosa. Matig intensieve lichamelijke activiteit lijkt geen schadelijke 

effecten te hebben op IBD en dit kan veilig worden gedaan. De Nederlandse 

voedingsrichtlijnen komen overeen met een meer anti-inflammatoir dieet. Door 

toepassing van de Nederlandse voedings- en beweegrichtlijnen verminderde de 

invloed van de ziekte op het dagelijks leven en nam de vermoeidheid af wat 

waarschijnlijk het gevolg is van een substantiële verbetering van de dieetkwaliteit. 

Ook bij toepassing van de Nederlandse voedingsrichtlijnen via een online applicatie 

met dieetadvies verbeterde de dieetkwaliteit. Toekomstig onderzoek naar voeding 

en bewegen bij IBD moet zich richten op gerandomiseerde gecontroleerde trials in 

grotere studiepopulaties waarbij verschillende subjectieve en objectieve ziekte-

gerelateerde uitkomsten worden gecombineerd. Op die manier zal er meer 

onderbouwing komen voor de toepassing van de Nederlandse voedings- en 

beweegrichtlijnen om de leefstijl van IBD-patiënten te optimaliseren. 
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Crohn´s and Colitis Organisation (ECCO) Congress, virtual. (poster presentation) 

 

Lamers CR, de Roos NM, Heerink HH, van de Worp - Kalter LA, Witteman BJM (2021). 

Short term effects of a combined lifestyle intervention in patients with Inflammatory 

Bowel Disease. European Crohn´s and Colitis Organisation (ECCO) Congress, virtual. 

(poster presentation) 

 

Lamers CR, van Erp LW, Slotegraaf AI, Groenen MJM, de Roos NM, Wahab PJ, 

Witteman BJM (2021). Eetscore in patients with Inflammatory Bowel Disease: an 

online tool to assess diet quality and provide personalised dietary advice. Digestive 

Disease Days (DDD), virtual. (poster presentation) 

 

Lamers CR (2020 / 2021). Voeding bij MDL problematiek. Nursing Maag- Darm- 

Levercongres, Ede, NL. (oral presentation) 

 

Lamers CR, van der Woerd WL, van der Ent CK, Houwen RHJ (2018). Transient 

elastography is superior to APRI score in detection of Cystic Fibrosis Related Liver 

Disease. Annual Meeting of the ESPGHAN, Genève, CH. (poster presentation, Young 

Investigator Award) 
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Overview of completed training activities 
 

Discipline specific courses and activities Organizer; location Year 

ESPGHAN 51st Annual Meeting ESPGHAN; Geneva, CH 2018 

Multiple GE training evenings Various organizers; NL 
2018-
2021 

Digestive Disease Days NVGE; online 2021 

16th Congress of ECCO ECCO; online 2021 

National Initiative on Crohn’s and Colitis 
day 

ICC; Amsterdam, NL 2021 

 

General courses and activities Organizer; location Year 

Reviewing a Scientific Paper WGS; Wageningen, NL 2018 

Supervising BSc and MSc thesis students WGS; Wageningen, NL 2018 

Competence assessment WGS; Wageningen, NL 2018 

Searching and Organising Literature WGS; Wageningen, NL 2018 

Good Clinical Practice course 
TAPAS group; Den Bosch, 
NL 

2018 

Communication with the Media and the 
General Public 

WGS; Wageningen, NL 2020 

Last Stretch of the PhD Programme & 
Writing propositions for your PhD 

WGS; Wageningen, NL 2021 

Posters & Pitching WGS; Wageningen, NL 2021 

Scientific Writing WGS; Wageningen, NL 2021 

Webinar & Workshop: How to present 
online? 

VLAG; Wageningen, NL 2021 

 

Other activities Organizer; location Year 

Preparation of research proposal Wageningen, NL 2018 

Chair group meetings 
Wageningen UR; 
Wageningen, NL 

2018-
2021 

PhD tour to Canada Wageningen UR; CA 2019 
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MOOC Nutrition and Health: Human 
microbiome 

Wageningen UR; online 2020 

MOOC Nutrition, Exercise and Sports Wageningen UR; online 2020 
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