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General introduction

Inflammatory bowel disease
Inflammatory bowel disease (IBD) is a chronic inflammatory disorder of the
gastrointestinal tract. The main entities are Crohn’s disease (CD) and ulcerative colitis
(UC). CD is characterized by patchy, transmural inflammation, which can present
throughout the entire gastrointestinal (GI) tract, although the ileum and colon are
most often involved. CD may result in complications such as intestinal strictures and
fistulas. In UC, the inflammation is limited to the mucosal layer of the colon and
continuous, extending from the anal margin to the proximal colon.
Geographical differences exist in incidence of IBD, with reported incidence rates
up to 29.3/100.000 for CD and 24.3/100.00 for UC in Westernized countries, and up to
5.0/100.000 for CD and 6.3/100.00 for UC in Asia and the Middle East.1 Overall, the
incidence is increasing and at present in Europe it is estimated that over 2.5 million
people suffer from IBD.2
Both CD and UC are characterized by alternating episodes of active inflammation
(i.e., flares) and remission. Disease course varies between patients with regard to
number and duration of flares and occurrence of complications.3‐5 The usually young
age at diagnosis in combination with the chronic character of the disease, requires
lifelong monitoring and therapy. The current treatment goal in IBD is to achieve and
maintain steroid free remission and to prevent complications (i.e., fistulas, abscesses,
and intestinal strictures). Traditionally, a ‘step‐up’ approach is applied, starting with
the least potent agent, often associated with fewer side effects. Subsequently,
escalation to more powerful agents in case of treatment failure (no response / loss of
response) is considered, with surgery as the final step. The rationale behind this
approach is to prevent overtreatment. An alternative strategy is the ‘accelerated step‐
up approach, implying rapid acceleration of therapeutic strategies, most often
biological treatment.6 The ‘top‐down’ approach, with early introduction of
immunomodulators and biological agents in patients with severe, or poor prognostic
factors has been shown to affect the disease course beneficially.7 Current guidelines
advise early introduction of immunomodulators and biologicals, and long‐term
stringent monitoring to prevent mucosal inflammation.8 However, it should be noted
that these drugs are associated with mild to severe side effects, such as opportunistic
infections on the short‐term, and increased risk of e.g., lymphomas on the long‐
term.6,9 Furthermore, in the population based IBD South Limburg cohort, these drugs
were found to be associated with a lower need for corticosteroid use but not with
surgery or decreased risk of disease progression.10,11 Even when treatment is
successful, many patients still perceive fatigue and decreased work productivity.12,13
This is one of the reasons that IBD has a significant impact on the (health related)
quality of life (QoL).14
Nowadays, IBD healthcare costs are mainly driven by medication, especially by
the use of biologicals.15,16 Since patients are mostly affected at young age in the
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productive years of their lives, there is also a substantial loss of work productivity,
contributing to indirect healthcare costs for society.15 For example in a study
conducted in the Netherlands, the mean healthcare costs for CD per 3 months were
€1625, of which 64% were from biological use. The mean health care costs per
3 months for UC were lower (€595), again with medication use as main cost driver
(59%).15 Total productivity losses per 3 months were €326 in CD and €395 in UC.15
Both direct and indirect healthcare costs are expected to increase even further
because of the rising incidence.17
To prevent disease progression and improve overall outcome and QoL, a better
understanding of the multifactorial pathogenesis is important.2,18 The current
hypothesis is that the chronic inflammation is caused by a complex interplay between
both the innate and adaptive immune system, the intestinal microbiota, and
environmental factors, in genetically susceptible subjects.19,20 Chronic inflammation is
caused by a dysregulated immune response, characterized amongst others by
activated effector T‐cells, increased presence of B‐cells and antibody production,
increased production of pro‐inflammatory cytokines (like tumour necrosis factor
(TNF), interferon‐, interleukin (IL)‐1β, IL‐6, Il‐18), and reduced regulatory mechanisms
and anti‐inflammatory cytokines (like IL‐10, transforming growth factor‐β).21 Over
200 genes have been associated with IBD, many of which are associated with immune
system functioning and epithelial barrier function.22 For example, a gene associated
with CD and essential for bacterial recognition is NOD2 (nucleotide‐binding
oligomerization domain‐containing protein 2), previously known as CARD15 (caspase
recruitment domain‐containing protein 15).Therefore, defective NOD2 signalling leads
to impaired bacterial clearance.23 NOD2 variants are also associated with impaired
intestinal barrier function.23 Other genes associated with CD are ATG16L1 (autophagy
related 16 like 1) and IRGM (immunity‐related GTPase family M protein), both
involved in autophagy.23 Furthermore, there is increasing evidence that the intestinal
barrier is impaired in IBD, leading to increased paracellular. transport of luminal
antigens and subsequently enhanced mucosal inflammation.24 Additionally in patients
with IBD, and in particular in CD, the intestinal microbiota diversity is lower and
changes in abundance of specific phyla (e.g., reduction in Firmicutes and increase in
Proteobacteria) and taxa (e.g., reduction in Faecalibacterium prausnitzii and increase
in Escherichia coli) have repeatedly been observed when compared with healthy
controls.25‐29 The microbiota can impact host health by its large metabolic capacity,
and by influencing the intestinal epithelium and the underlying immune system.30
Although in general the microbiota composition is rather stable over time, the
composition and especially its metabolic capacity can be affected by environmental
factors such as medication use and major changes in dietary intake.29,31
Over 200 IBD risk loci have been identified, estimated to explain only 13.1% and
8.2% of the disease risk variance in CD and UC, respectively.22 Therefore, a large role
for environmental factors and epigenetics is suggested. The involvement of
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environmental factors, including the Western lifestyle, is further supported by the
increasing incidence in developed countries, which goes along with industrialization.18
Also an increased risk of IBD in second‐generation immigrants from Asia to the United
Kingdom and Sweden has been reported, and an even higher incidence of paediatric
IBD among South Asian immigrants to Canada compared to the native population was
found.32‐35 Interestingly, a younger age of life at time of arrival among immigrants to
Canada increased the risk of IBD development, probably due to exposure to
environmental factors influencing for example the intestinal microbiota maturation
and/or trigger genetic predisposition.36 Although higher awareness and better
diagnostics will also have contributed to the increase in incidence, the increasing
incidence in line with westernization, points to an important role of diet in IBD
etiology.18,37,38
A Western‐type diet is characterized by high fat, high sugar and low fibre intake,
and may contribute to IBD by its impact on the host barrier function, innate immunity,
and/or the microbiota composition and activity.39 For example, dietary fibres are
fermented by bacteria in the colon into short chain fatty acids (SCFAs), of which
acetate, proprionate and butyrate are the most abundant. Butyrate is an important
energy source for colonocytes and regulates intestinal barrier homeostasis for
example by mucin secretion and upregulating the expression of tight junctions and
anti‐microbial proteins.40‐42 It also supports the immune system, amongst others by
inhibition of proinflammatory cytokines, differentiation of (regulatory) T cells, and
exhibits anti‐oxidative capacity.40‐42 Low dietary fibre intake leads to a reduced
saccharolytic fermentation and an increase in the less favourable fermentation of
proteins. The metabolites formed by proteolytic fermentation, next to a decrease in
total production of SCFAs, can damage intestinal epithelial cells, like branched‐chain
fatty acids, ammonia, amines, hydrogen sulfide, phenolic and indolic compounds.43 A
high fat, or high‐fat high‐sugar intake is likely to be accompanied by a low fibre diet.39
In animal studies, a high‐fat high‐sugar diet has been associated with increased
intestinal permeability, TNF‐α secretion, and intestinal microbiota dysbiosis.44,45
Furthermore, fat, which is degraded and absorbed in the small intestine, can have an
indirect effect via bile acids on the colonic microbiota.46 Also, food additives like
carboxymethylcellulose and polysorbate‐80, which are frequently present in a
Western diet, have been shown in mice studies to alter the microbiota composition,
induce intestinal inflammation and increase the intestinal permeability.47 Finally, food
components can lead to epigenetic changes, such as DNA methylation, and thereby
affect phenotypical expression of the disease.30,48 These underlying mechanisms are
supportive that diet can contribute to onset and disease course of IBD.
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Dietary intake and IBD
The majority of the studies evaluating the association between diet and IBD focus on
disease onset. In a systematic review, high intake of total fats, polyunsaturated fatty
acids (PUFA), omega‐6 fatty acids, and meat were found to be associated with an
increased risk of IBD, high fibre and fruits intake with a decreased risk of CD, and high
vegetable intake with a decreased UC risk.49 Current evidence was concluded to be
insufficient according to another review to support a direct relationship between diet
and IBD.50 In the reviews on diet and onset of IBD, many summarized and/or reported
only positive findings, not taking into account negative results in their overall
conclusions.49‐53
So far, only a limited number of studies investigated the impact of habitual
dietary intake on flare occurrence. In a prospective study among 183 UC patients in
remission with one year follow‐up, a higher intake of meat (especially red and
processed meat), protein, alcoholic beverages, sulfur, and sulfate was associated with
an increased exacerbation risk.54 These findings were not confirmed in a multicentre
study among 412 UC patients in remission on aminosalicylate monotherapy.55 In that
study, only a high dietary intake of myristic acid and α‐linoleic acid was found to be
associated with exacerbation risk. Among 76 CD patients in remission with one year
follow‐up, a higher exacerbation rate was reported for a lower intake of omega‐6
PUFA / omega‐3 PUFA ratio.56 Furthermore, a lower intake of dietary fibre was
associated with increased risk of exacerbation in CD (n=1130), but not in UC patients
(n=489) in a prospective trial with 6 months follow‐up.57 Opposite findings on dietary
fibre intake and exacerbation risk were reported in another prospective study among
135 IBD patients with a median follow‐up of 29 months (IQR 20‐48 months).58 In this
latter study, also a high (saturated) fat intake was associated with decreased
exacerbation risk.
The currently available studies are often limited by rather small numbers of
patients54,56,58 and/or by a relative short follow‐up.57 Furthermore, none of these
studies focused on dietary patterns and exacerbation risk, whereas the various
nutrients as part of a diet are likely to interact.59
In surveys, 33‐57% of the IBD patients report to believe that diet contributes to
flare occurrence.60‐62 Foods listed to be most often avoided by patients include spicy
food, fatty food, fruits and (raw) vegetables, carbonated drinks, milk and dairy
products, and alcoholic drinks.60‐62 To avoid symptoms, patients often adjust their
intake without dietary guidance, with the risk of a decrease in dietary quality, which
affects their nutritional status.

Nutritional status and IBD
IBD patients are prone to develop an impaired nutritional status, i.e., malnutrition.
This results from various factors such as a reduced intake, together with active
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inflammation, increased intestinal loss, and higher energy requirements.63‐65 A
reduced dietary intake is not only a consequence of patients’ beliefs, but can also be
due to symptoms of the disease and/or result from medication side effects. Nutrient
malabsorption can be caused by intestinal resections and chronic intestinal
inflammation.64
The reported prevalence of malnutrition in IBD patients range from 9.8‐80%.66‐72
This large variation can (in part) be explained by heterogeneity in markers and
definitions used for malnutrition and by differences in the study populations
investigated (e.g., inpatients or outpatients, active or quiescent disease, newly
diagnosed or longstanding disease duration), see Table 1.1.
Malnutrition is associated with increased morbidity and negatively influences
functional outcome and QoL. It should therefore be taken into account in the
management plan of an IBD patient as also stressed in recent guidelines.65,73‐75
Markers frequently used for the definition of malnutrition include weight loss,
body mass index (BMI), or anthropometric measurements to determine body
composition, i.e., fat mass (FM), and fat free mass (FFM). Skeletal muscle is the largest
component of the FFM, but also contains skin, tendons, and connective tissue.76,77
Up to now, defining malnutrition remains challenging and may not be captured
by a single marker. For example, patients with a normal BMI (18.5‐25 kg/m2) may
have a decrease in FFM, which can go unnoticed because of an increase in FM.78 In
2012, The Academy of Nutrition and Dietetics and American society for Parenteral and
Enteral Nutrition (ASPEN) recommended to identify malnutrition in adults by fulfilling
two of the following six criteria: low energy intake, weight loss, loss of muscle mass,
loss of subcutaneous fat, fluid accumulation, and handgrip strength.73 Using these
criteria, multiple aspects of the nutritional status are taken into account. However, no
strict cut‐off points or assessment tools were provided for the criteria given.73
Additionally, fluid accumulation can also occur as a side effect of systemic
glucocorticoids used to treat a flare in patients with IBD.
Recently, the Global Leadership Initiative on Malnutrition (GLIM) published a
consensus report to diagnose malnutrition in a standardized manner based on the
combination of one phenotypic criterium (i.e., non‐volitional weight loss, low BMI, or
reduced muscle mass) with one aetiologic criterium (i.e., reduced food intake or
assimilation, or inflammation).65 To gain better insight in the prevalence of
malnutrition among IBD patients, it is of importance to identify all patients and to use
the same definition in multiple cohorts.
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72

‐ 30 controls

625 IBD
‐ CD 241
‐ UC 361
76 IBD
‐ 23 CD
‐ 53 UC

Ciocîrlan, 201968

Mijac, 2010

333 IBD
‐ 189 CD
‐ 144 UC

‐ 80 controls

Casanova, 201766

Benjamin, 200867

NA

NA

Outpatient

IBD population Setting
(n=)
‐ 112 CD
In‐ and outpatient

Definition malnutrition

76 active disease

‐ 68.4% IBD

‐ anthropometric measurement ‐ 31.6% IBD

16% IBD
‐ anthropometric measurement
‐ BIA
‐ nutritional assessment tool
‐ clinical data
36.3%
‐ CD 41.1%
‐ UC 32.4%

Results: prevalence
malnutrition
‐ anthropometric measurement 52.6% CD
‐ 82.8% active disease
‐ 38.9% remission

Method

‐ 39.4‐68.4% IBD

‐ anthropometric measurement ‐ 25% IBD

5) Biochemical parameters ‐ albumin, prealbumin,
(no cut‐offs specified) transferrin, total cholesterol

4) Body fat
(no cut‐off specified)

‐ anthropometric measurement ‐ 26.3‐69.7% IBD
3) TSF, BSF, SsSF, SiSF or
th
MAMC <15 percentile

2) >5% weight loss in
6 months

Different definitions
2
1) BMI < 18.5 kg/m

>3 parameters abnormal
2
‐ BMI <18.5 kg/m
‐ IBW <90%
‐ TSF <90%
‐ MUAC <90%
‐ MAMC <90%
87 active disease Either
2
‐ BMI <18.5 kg/m
th
‐ FFMI <10 percentile
‐ SGA grade B or C
625 active disease >5% weight loss in 3
months

Disease status
(n=)
35 active disease

Non‐exclusive listing of studies on the prevalence of malnutrition in IBD

Author, year

Table 1.1

Chapter 1

144 IBD
‐ 94 CD
‐ 50 UC

Vadan, 201170

Valentini, 200871
Outpatients

‐ Albumin level <40 g/;

‐ SGA grade B or C

‐ biochemical parameter

‐ anthropometric measurement 26% IBD
‐ 23.7% CD
‐ 33.6 UC
‐ nutritional assessment tool

Method

Results: prevalence
malnutrition
BMI < 18.5 kg/m2 in adults ‐ anthropometric measurement 9.8% IBD
and <22 kg/m2 in elderly
‐ 12% active disease
‐2% inactive disease
‐ 14% CD
‐ 5.7% UC
BMI <20.0 kg/m2
‐ anthropometric measurement 59.3% CD

Definition malnutrition

30 active disease
(starting infliximab
therapy)
144 in remission Either:
‐ BMI <18.5 kg/m2

Disease status
(n=)
28 active disease

BIA, bioelectrical impedance analysis / BMI, body mass index / BSF, biceps skinfold / CD, Crohn’s disease / IBD, inflammatory bowel disease / IBW, ideal body weight
/ MAMC, mid‐arm muscle circumference / MUAC, mid‐upper arm circumference / n, number of patients / NA, not applicable / SsSF, subscapular skinfold / SiSF,
suprailiac skinfold / TSF, triceps skinfold / FFMI, fat free mass index / SGA, subjective global assessment / UC, ulcerative colitis.

‐ 61 controls

30 CD

Rocha, 200969

Inpatients

IBD population Setting
(n=)
102 IBC
Outpatients
‐ 50 CD
‐ 52 UC

(continued)

Author, year

Table 1.1
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Visits to the outpatient clinic are limited by time, making a non‐invasive screening tool
for malnutrition by one or two parameters of added value. In the current ECCO
guideline unintentional weight loss, and in the current standard set of outcome
measures for IBD from the International Consortium for Health Outcome
Measurement (ICHOM) BMI and changes in weight are recommended as markers for
nutritional status.74,75 Future studies should address whether these two parameters
are sufficient to capture all patients with IBD at risk for an impaired nutritional status.
Although malnutrition can also lead to deficits in specific micronutrients, most
studies focus on body composition. Disease activity in IBD patients has been reported
to affect body composition in previous cross‐sectional and longitudinal studies. This is
explained by higher energy requirements, reduced oral intake, and/or nutrient
malabsorption.67,69,79 An altered body composition can however also be seen in
patients with quiescent disease.69,71,80 These patients may be prone to an
unfavourable disease course (exacerbation, surgery, hospitalization), due to
malnutrition induced changes in the immune system and/or affected microbiota
composition and activity.81‐85 This can lead into a vicious circle, in which impaired
nutritional status and inflammation may affect each other.
Studies assessing the influence of malnutrition and disease course in IBD mainly
focus on sarcopenia. Sarcopenia, defined as loss of muscle mass together with either
low muscle strength or low physical performance,86 is found to be a predictor for the
need for surgery, and correlates with the increased rate of major postoperative
complications in IBD.87 The majority of studies have defined sarcopenia based on
radiological computed tomography (CT) findings. Unfortunately, CT scanning is
associated with radiation exposure. In Dutch clinical practice, routine magnetic
resonance (MR) enterography is used to determine disease extension, activity and/or
complications in CD patients at diagnosis. It would be interesting to use these scans
from routine clinical practice, for determination of body composition parameters.
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Aims and outline of this thesis
The important role of dietary intake on IBD disease course is supported by
epidemiological data from human studies and mechanistic studies in animal models.
Currently, there are no dietary guidelines for IBD patients, leading to unguided, not
evidence‐based dietary adjustments by patients. This puts patients at increased risk of
malnutrition. At present, described prevalences of malnutrition in IBD vary widely due
to the large variation in parameters used and populations studied.
In the present thesis our aim is to get further insight into IBD and diet, by
evaluating i) habitual dietary intake and association with flare occurrence and ii) the
assessment of malnutrition and the association with disease course.
In part I of this thesis, we aimed to get further insight into the role of habitual
dietary intake and disease course. First, current studies on habitual dietary intake in
relation to IBD onset and flare occurrence were reviewed in Chapter 2. The studies
available showed inconsistent results and focused on nutrients and/or foods.
However, nutrients are likely to act synergistically or antagonistically as part of a
whole meal. Therefore, in Chapter 3, the association of a posteriori derived dietary
patterns and flare occurrence in two geographical combined IBD outpatient cohorts
with a longitudinal follow‐up duration of two years was studied.
In part II of this thesis, we aimed to gain more insight into the occurrence of
malnutrition and the association with disease course. Therefore, in Chapter 4, several
parameters for malnutrition were analysed in IBD outpatients and related to patient
characteristics. One of the parameters found to be frequently affected, is muscle
mass. To assess myosteatosis, fatty infiltration of the muscle which can affect muscle
quality, a known prognostic factor in cancer and liver cirrhosis, CT is widely used.
However, in the Dutch clinical practice, magnetic resonance imaging (MRI) is
performed in the work‐up for CD patients. Therefore, in Chapter 5, the reproducibility
of a new method to define skeletal muscle signal intensity, as a proxy for
myosteatosis, on MRI in CD was analysed. Furthermore, an exploratory analysis on the
association of skeletal muscle signal intensity on intestinal surgery risk was
performed.
As not only disease activity (i.e., active or remission) influences the nutritional
status, but malnutrition in itself can also be a risk factor for active disease, the
association between an impaired nutritional status risk and subsequently flare
occurrence was analysed in the myIBDcoach study cohort, a telemedicine tool with
one year clinical follow‐up. The results of that study are presented in chapter 6.
In the general discussion, chapter 7, findings of the previous chapters are placed
into perspective, allowing an overview for implications in future studies on IBD and
dietary intake or nutritional status.
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Abstract
Background
The role of diet in inflammatory bowel disease (IBD) is supported by migration studies
and increasing incidences in line with Westernization.
Aim
To give a complete overview of studies associating habitual diet with onset or relapses
in ulcerative colitis (UC) or Crohn’s disease (CD).
Methods
A structured search in Pubmed, the Cochrane Library and EMBASE was performed
using defined key words, including only full text papers in English language.
Results
Forty‐one studies were identified, investigating onset (n=35), relapses (n=5), or both
(n=1). Several studies reported high intake of sugar or sugar containing foods (n=7 UC,
n=12 CD), and low intake of fruits and/or vegetables (n=5 UC, n=10 CD) to be
associated with an increased onset risk. However, these findings could not be
confirmed by similar or higher numbers of other studies. A possible protective role
was found for grain‐derived products in CD onset, but results were inconsistent for
dietary fibre in UC and CD and grain‐derived products in UC. No definite conclusions
could be drawn for unsaturated fatty acids (UFA), protein and energy intake due to
limited and/or inconsistent results. Six studies reported on diet and relapse risk, of
which only two (n=1 UC, n=1 CD) had a prospective follow‐up.
Conclusions
The current evidence is not sufficient to draw firm conclusions on the role of specific
food components or nutrients in the aetiology of IBD. Furthermore, large prospective
studies into the role of habitual diet as a trigger of relapses are needed, to identify
new therapeutic or preventive targets.
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Introduction
Crohn’s disease (CD) and ulcerative colitis (UC) are chronic inflammatory diseases of
the gastro‐intestinal tract, collectively referred to as inflammatory bowel diseases
(IBD). IBD has a multifactorial aetiology and is hypothesized to result from a
dysregulation of both the innate and adaptive immune response against the intestinal
microbiota in the genetically susceptible host.1 In addition, environmental factors are
involved in the aetiology of IBD, which is supported by increasing incidences reported
since the 1960s, the geographical variation in incidence rate, and migration studies.2‐5
For example, in prior low incidence areas, such as Eastern Europe and Asia, a clear rise
in the incidence is found since the mid‐1990s.3,5 Furthermore, a higher incidence of
IBD has been found in South Asians migrating to Canada and the UK, and successive
generations of migrants to Sweden when compared with the host populations.6‐9
Although the observed changes can partly be explained by a higher awareness and
better diagnostics for IBD, the increasing incidence in line with the adoption of a
Western lifestyle points to a major role of diet in the initiation and progression of
IBD.10,11 Further insight in the role of diet in the pathophysiology of IBD may aid in
identifying preventive or therapeutic targets.
Several reviews have been published on the role of habitual diet in the onset of
12‐16
IBD,
but their aims and inclusion criteria differ and many of them summarize
positive and/or reported findings only. However, also negative results should be
considered when drawing overall conclusions. Furthermore, studies investigating the
role of habitual diet in the development of relapses are also of interest as active
disease leads to bowel damage and complications, and thereby drives the quality of
life and health care costs.17 In addition, recent evidence supports the role of the
intestinal microbiota, which may be affected by diet, in the occurrence of
exacerbations.18‐20
Therefore, we aimed to critically review the available evidence on the role of
habitual diet in the onset and relapses in patients with UC or CD.

Methods
A structured literature search was performed in PubMed, the Cochrane Library and
EMBASE up to 1 January 2013 using the following keywords: ‘Inflammatory bowel
disease*’, ‘IBD’, ‘Crohn’s disease’ or ‘ulcerative colitis’ in any combination with ‘diet*’,
‘dietary intake’, ‘nutrient*’, ‘food component*’ or ‘food*’ and cross referenced with
‘aetiology’, ‘recurrence’, ‘risk factor*’, ‘relapse’, ‘environmental factor*’, and/or
‘disease onset’. The search was limited to full text papers and letters in English
language and resulted in a total number of 1756 hits in Pubmed, 207 hits in Cochrane
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Library and 350 hits in EMBASE. By screening titles and abstracts, studies performed in
vitro, in animals, intervention studies, uncontrolled studies, case reports, and reviews
were excluded. Intervention studies were excluded as we aimed to review the role of
habitual diet. Eligible papers were cross‐checked for references, which resulted in one
additional paper.
After scrutinizing the full text of the remaining 62 papers, another 21 studies
were excluded. Of these, 11 studies did not address the habitual diet and disease
onset (e.g., asking for changes in dietary habits since the onset or risk factors) nor
activity or relapses, 5 studies reported on patients dietary beliefs or tolerance for
specific food items, 1 study did not distinguish between UC and CD, 1 study provided
limited information in a rapid communication, and 2 studies reported on correlations
based on nationwide data. Furthermore, one study was not included to prevent
overrepresentation of the same data, because exactly the same data on dietary intake
was reported in a previous publication.
Finally, 41 studies were included in the current review (Figure 2.1). The design of
all studies, methods used for the dietary analyses, number of patients, controls, age at
study enrolment, percentage females, time between onset and study enrolment, and
the investigated diet are presented in Table 2.1 and 2.2, for disease onset and
relapses respectively. Onset was defined as ‘prior to diagnosis, symptom onset,
disease onset’ or otherwise, based on the descriptions given in the articles. Methods
for dietary intake were defined as ‘dietary history’ when the dietary intake of at least
24h was noted, and as ‘Food Frequency Questionnaire (FFQ)’ when a questionnaire on
the frequency of food items over a certain time period was used. Information on
retrospective or prospective recording of the dietary intake itself is included in the
tables. The time period addressed was indicated in the table when provided: ‘time
between onset and study enrolment’ (i.e., ‘months/years prior to diagnosis, symptom
or disease onset’) for retrospective studies or ‘time between enrolment and
subsequent diagnosis’ for prospective studies.
Studies were assumed to assess total diet unless stated otherwise (e.g., focus on
specific food components and/or meals). Most frequently reported findings are
presented and categorized by related food components or nutrients. In Tables S2.1‐
S2.4, significant associations with disease onset are presented for food components
(e.g., bread, cookies, meat, fruit, etc.) and for nutrients (e.g., carbohydrates, proteins,
fatty acids, etc.) based on the data reported in the original publications for UC (Table
S2.1 and S2.2, respectively) and CD (Table S2.3 and S2.4, respectively). Findings were
considered significant if authors reported them to be and/or when significant p‐values
(p<0.05) or 95% CI that did not include 1.00 were provided. When associations were
not reported to be significant or not reported at all, they were considered to be non‐
significant. Pooled relative risks were not calculated because of major variations in
study design and data presentation.
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Addional records idenﬁed
through reference checking of
pernent arcles (n=1)

Records idenﬁed through database
searching
-

Pubmed (n=1756)
Embase (n=350)
Cochrane Library (n=207)

Included

Eligibility

Screening

Records excluded*
(n=2252)

Figure 2.1

* Studies in vitro, in animals,
intervenons, uncontrolled
studies, case reports, or
reviews

Records screened on
tle and abstract
(n=2314)

2

Full-text arcles excluded*
(n=21)

Full-text arcles assessed
for eligibility
(n=62)

* e.g. not addressing the
habitual diet and disease
onset or relapses, or
reporng on dietary beliefs
or food tolerance

Studies included (n=41):
- 35 arcles: disease onset (CD=13 UC=6, CD and UC=16*)
- 5 arcles: relapses (CD=3, UC=2)
- 1 arcle: disease onset and relapses (CD)

*
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Flowchart study selection process. Järnerot et al. was excluded for further analysis on
disease onset and UC, as they did not present results of UC patients versus controls / CD,
Crohn’s disease / IBD, inflammatory bowel disease / UC, ulcerative colitis.
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101 (45)

Martini, 197631
Germany
James, 1977,
28
UK
Graham, 1978,
UK**,25
Rawcliffe, 1978,
35
UK
‐

‐

‐

‐

Single centre CC, FFQ (interview)
retrospective

‐

‐

Single centre CC, FFQ (interview)
retrospective
CC, retrospective FFQ

‐

‐

22 (46)

60
#
(39.6‐80.8)
66.7
(46.3‐77.0)

88% of the
patients

89.2% of the
patients
58.8
(28.0‐80.8)#

CC, retrospective FFQ

7 day weighed
food record
(recorded
prospectively)

Multicentre
Validated,
126 (47)
prospective
country specific
nested CC (EPIC) FFQ

Tjonneland, 2009,
EPIC‐cohort
(Denmark,
Germany, Italy,
47
Sweden, UK)
John, 2010, EPIC‐
Norfolk49
Multicentre
prospective
nested CC

Multicentre
prospective
nested CC
(EPIC)

Hart, 2008, EPIC‐
cohort (Denmark,
Germany, Italy,
Sweden, UK)41

37.8 ± 14.7

10‐39

§

Ulcerative colitis
N
Age
†
(% females) (years)
30 (43)
NP

Dietary history 43 (47%)
and validated
FFQ
Validated,
139 (51)
country specific
FFQ

Design
Method*
retro /
prospective
CC, retrospective Dietary history
(interview)
Multicentre CC, FFQ
retrospective

Description of study designs on diet and IBD onset.

Thornton, 1980,
UK45
Epidemiology
Group of the
Research
Committee of IBD
in Japan,
23
1994, Japan
Multicentre CC
Geerling, 2000,
the Netherlands40

Author, year,
country

Table 2.1

100 (NP)

68 (NP)

34 (53)

63 (49)

‐

‐

‐

‐

‐

NP

NP

37.2 ± 12.8

31 (20‐65)

‐

‐

‐

‐

‐

Crohn’s disease
N
Age
†
(% females)
(years)
‐
‐

¶

100 (NP

¶

74 (NP)

¶

68 (NP)

¶

633¶ (NP)

91¶ (48)

504 (NP)

NP

NP

NP

NP

37.3 ± 12.9 NP

Time between
study inclusion and
subsequent IBD
diagnosis=3.8 years
(1.7‐11.3)
NP
Time between
study inclusion and
subsequent IBD
diagnosis = 4.0
years (1.7‐11.3)
67.1
Time between
(46.0‐77.2) study inclusion and
subsequent IBD
diagnosis=4.2 years
(1.8‐8.3 years)
NP
4,5 years (average)

NP

556 (NP)

¶

37.7 ± 14.6 4 months (1‐5)

43¶ (47)

<3 years

Time between
onset and study
‡
enrolment
<3 months

10‐39

Age
†
(years)
NP

143 (45)

¶

N (% females)
30 (NP)

Controls

Before and after
onset
Prior to onset

Prior to onset
and current diet
Prior to onset

Current diet
from where
follow up for
incident cases

Current diet
from where
follow up for
incident cases

Current diet
from where
follow up for
incident cases

5 years prior to
study enrolment

One year prior to
onset

Prior to onset

Investigated diet
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Multicentre CC,
retrospective
Single centre CC, FFQ (interview)
retrospective

Pugazhendhi,
2011, India34

Validated FFQ
††
(YAQ)
‐

‐

‐

D’Souza, 2008,
‡‡,39
Canada

Validated FFQ
(YAQ) ††

Multicentre CC,
retrospective

Amre, 2007,
Canada50

‐

‐

‐

‐

‐

‐

‐

Van Kruiningen,
2005, Belgium38

Multicentre,
prospective

‐

‐

42

NP

37 (6‐68)

45 ± 17

200 (41)

149 (39)

33 (24‐45)

13.3 ± 2.3#

84 unaffected 48
family
members (52)
#
130 (41)
14.2 ± 2.7

74 CD (57)

21 families
with > 3 first
degree
relatives

242 (NP)

32 (59)

27 (48)

30 (67)

‐

‐

33 (16‐61)

Crohn’s disease
N
Age
†
(% females)
(years)
35 (57)
30.2 ± 10.9

Ulcerative colitis
N
Age
†
(% females) (years)
‐
‐

‐
5 day
consecutive food
record (recorded
prospectively)
Single centre CC, ‐
‐
retrospective

Shoda, 1996,
Japan11

Design
Method*
retro /
prospective
CC, retrospective 7 successive day
dietary history
CC, retrospective Dietary history
(interview)
Single centre CC, FFQ (interview)
retrospective
Multicentre CC, FFQ
retrospective

(continued)

Kasper, 1979,
52
Germany
Thornton 1979,
UK44
Silkoff, 1980,
43
Israel
Mayberry, 1981,
UK32

Author, year,
country

Table 2.1

<1 year

NP

NP

‐

48

27 (48)
32 (NP)

NP
12.2 ± 3.1¶ <1 month

34 (27‐44)

156 outpatients
(NP)
251 (52)

200¶ (32)

NP

12.2 ± 4.3
46 population
based¶ (55)

59 population
based (56)

10 control families
(age and gender
matched for
children)

Epidemiological
analysis

¶

¶

<1 month

<12 months

45 ± 19

30 (67)

¶

8 ± 12 years

33 (17‐63)

N (% females)
70¶ (NP)
¶

Time between
onset and study
‡
enrolment
1 year (average;
maximal 2 years
<3 months

Age
†
(years)
NP

Controls

Within the 12
months prior to
onset
Prior to onset

Within the 12
months prior to
onset

At onset and
current diet
Prior to onset,
current diet and
changes since
onset
Current diet
from where
follow up to
incident cases
10 years epoch
before onset
within a family

Prior to onset

Prior to onset

Investigated diet
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30
(continued)

53 (45)

CC, retrospective FFQ (interview)

Russel, 1998, the
Netherlands36

Multicentre CC,
retrospective

FFQ

398 (43)

54 (45)

145 (43)

196 (NP)

Single centre, CC FFQ (by mail)

Reif, 1997, Israel54 CC, retrospective FFQ

Persson, 1992,
53
Sweden
Tragnone, 1995,
48
Italy

Gilat, 1987, Italy

FFQ (interview)

30 (43)

CC, retrospective Dietary history
(interview)

Multicentre CC,
retrospective

124 (NP)

CC, retrospective Not specified

Bianchi Porro,
1985, Italy22
Thornton, 1985,
UK§§,46

24

30 (37)

CC, retrospective Dietary history
questionnaire
(interview)

§,¶¶

39 (50‐54)

30.14

39.5 ± 13.8

15‐79#

20 ± 5.2

NP

NP

34.8 ± 12.7

Ulcerative colitis
N
Age
(% females) (years)†
‐
‐

Järnerot, 1983,
Sweden29

Author, year,
country

Design
Method*
retro /
prospective
Octoratou, 2012, Single centre, CC Semi‐
33
retrospective
quantitative FFQ
Greece

Table 2.1

290 (57)

33 (39)

51 (35)

152 (59)

302 (NP)

30 (67)

109 (NP)

30 (57)

29 (24‐40)

29.12

32.2 ± 14.4

15‐79#

¶¶

20 ± 5.2

33 (16‐61)

NP

27.9 ± 15.8

Crohn’s disease
N
Age
(% females)
(years)†
28 (57)
NP

41.9 ± 14.8

30¶ (NP)
30 IBS controls
(73)
¶
250 (NP)

68, clinic based
controls (43)
616 (48)

106 UC controls
(NP)
102¶ CD controls
(NP)
76¶, population
based (37)

¶

30¶ UC controls
(NP)
¶
30 CD controls
(67)
¶
394 UC controls
(NP)
602¶ CD controls
(NP)
305¶ (52)

NP

N (% females)
¶
38 (58)

37 (29‐51)

29.5

29.4

NP

NP

15‐79

¶¶

20 ± 5.2

33 (17‐63)

NP

NP

Age
(years)†
NP

Controls

NP

The 2 years prior
to onset and
prior to
symptom onset
Prior to onset

Investigated diet

<5 year

<1 year

<6 months

<4 years

>6 months

During the 5
years prior to
onset and
current diet

Prior to onset
and current diet

5 years prior to
study enrolment.
##
At onset

On eating habits
of about 10
years old

< 3 months for both Prior to onset
UC and CD patients

NP

<6 months (n=15)
7‐36 months (n=15)

Time between
onset and study
enrolment‡
2‐4 weeks
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144 (54 )

38.5 (13‐95)

37.5 ± 15.2##

41 (41†††)

Single centre CC, Validated FFQ
retrospective
Multicentre CC, FFQ
retrospective

Maconi, 2010,
Italy30
Hansen, 2011,
51
Denmark
†††

51.4
(44.1‐63.6)

43 (100)

46 (19‐87)

Validated FFQ

125 (50)

Multicentre
prospective CC

FFQ

123 (54 )

†††

42 (41†††)

30 (100)

102 (60)

NP

18‐50

34 (10‐85)
CD controls

40.5 (11‐
86) UC
controls

<3 months

Time between
study inclusion and
subsequent UC
diagnosis 5.1 years
(2.5‐7.9)
CD diagnosis = 3.7
years (1.5‐8.1)
40.4 ± 14.6 <12 months

17 years (0‐43)

17 years (5‐53)

Time between
onset and study
‡
enrolment
<3 years

Age
†
(years)
15‐34

Stratified by
gender and 5 year
age groups
***
125 UC controls 46 (19‐87)
(50)
102*** CD controls 46 (19‐86)
(60)
67504 (100)
52.8 (41.8‐
72.0)

433 (73)

N (% females)
211¶ (36)

Controls

160¶ (39)
37.5 ±
15.2†††
¶
35.5 (10‐85) 267 (54)

50.9
(43.5‐67.6)

46 (19‐86)

18‐50

364 (63)

217 (55)

18‐50

Crohn’s disease
N
Age
†
(% females)
(years)
126 (28)
15‐34

Ulcerative colitis
N
Age
†
(% females) (years)
108 (48)
15‐34

Jantchou, 2010,
42
France

Halfvarson, 2006, Multicentre CC,
retrospective
Sweden &
Denmark26

Sakamoto, 2005,
Japan55
Bernstein, 2006,
21
Canada

Design
Method*
retro /
prospective
Multicentre CC, Validated FFQ
retrospective
Single centre CC, FFQ
retrospective

(continued)

Author, year,
country

Table 2.1

The 5 years prior
to onset
Prior to onset

Current diet
from where
follow up for
incident cases

Prior to onset

5 years prior to
study enrollment
Childhood (0‐12
years) dietary
patterns

Investigated diet
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31

32
(continued)

Multicentre CC,
retrospective

FFQ

FFQ

Method*

207 non twin
CD patients

35.2 (20‐70)

185 non
twin UC
patients
56 (48)

†

‐ 72 DC

31.0 (18‐67)

‐ 80 DC

11.9
#
(3.1‐14.9)

59 (3)

75 DZ
‐ 3 CoC

33.0 (23‐43)

82 DZ
‐ 2 CoC

12.4
(3.5‐15.4)

52 MZ
‐ 18 CoC
‐ 34 DC

30.5 (18‐42)
35.0 (16‐73)

47 MZ
‐ 8 CoC
‐ 39 DC

Controls

13.3
#
(2.9‐14.9)

13.7
(3.2‐17.2)

34.1 (14‐71)

31.5 (9‐65)

25 (22‐36)

447 (48)

10.2 (3.1‐
15.1)

Age
†
N (% females)
(years)
119 unaffected DC see
UC twins
previous
column
106 unaffected DC see
31.0 (18‐57) twin pairs
previous
28 (9‐65)
column
207 healthy
NP
controls

Crohn’s disease
N
Age
†
(% females)
(years)
127 CD twin
pairs

Ulcerative colitis
N
Age
†
(% females) (years)
129 UC twin
pairs

NP

Time between
onset and study
‡
enrolment
NP

The 1 year prior
to onset and first
year of life

Prior to onset

Investigated diet

Recorded retrospectively unless specified otherwise / Age at time of study enrolment unless stated otherwise, provided in median with range or mean with standard deviation when
‡
possible / Time between onset and study enrolment’ (i.e., ‘months/years prior to diagnosis, symptom or disease onset’) for retrospective studies or ‘time between enrolment and
subsequent diagnosis’ for prospective studies / § Age at disease onset / ¶Controls matched for age and gender / # Age at diagnosis / ** Reporting on disease onset and relapses / †† When
‡‡
50
§
44,45
¶¶
/ For all
patients younger than 12 years, mother fulfilled YAQ / The same but slightly study population as Amre et al. / Same study population as Thornton 1979 and 1980.
##
participant of the entire study (n= 197 UC patients, n=302 CD patients and n=998 controls) / If patient reported they had changed diet for or after symptom onset, they were excluded for
the study / *** Discordant twin pairs / ††† Not specified for UC and CD. CC, case control / CD, Crohn’s disease / CoC, concordant / DC, discordant / DZ, dizygotic / FFQ, food frequency
questionnaire / MZ, monozygotic / NP, not provided / UC, ulcerative colitis / YAQ, youth adolescent questionnaire.

*

Jakobsen, 2012,
27
Denmark

Design
retro /
prospective
Spehlmann, 2012, Case control
37
Germany
study,
retrospective

Author, year,
country
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FFQ

Jowett, 2004, Prospective
UK58
cohort study

183§ (48)

CC

CC

Validated semi‐ ‐
quantitative
FFQ
Validated semi‐ ‐
quantitative
FFQ
‐

‐

Current diet form were
follow up for incident
cases
The year prior to study
enrolment
The year prior to study
enrolment

8.3 years
(0.4‐25.5)

99 (60.6) 40.4 ± 14.6 116 (NP)

99 (60.6) 40.4 ± 14.6 116 (NP)

49.7 ± 11.8 11.2 ± 8.9
years
years
49.7 ± 11.8 11.2 ± 8.9
years
years

‐

Recorded retrospectively unless specified otherwise / † Age at time of study enrolment unless stated otherwise, provided in median with range or mean with
standard deviation when possible / ‡ Time between onset and study enrolment’ (i.e., ‘months/years prior to diagnosis, symptom or disease onset’) for retrospective
studies or ‘time between enrolment and subsequent diagnosis’ for prospective studies / § In remission / ¶ Reporting on disease onset and relapses / Controls
matched for age and gender / ** Same study population as Guerreiro et al.57 / CC, case control / CD, Crohn’s disease / FFQ, food frequency questionnaire / NP, not
provided / UC, ulcerative colitis.

*

Guerreiro,
2009,
Portugal57
Ferreira,
2010,
Portugal**, 56

33.5 (20‐66) ‐

76§ (20)

‐

Before and after onset

NP

NP

74# (NP)

NP

‐

68 (NP)

Current diet form were
follow up for incident
cases
Current diet

‐

‐

‐

‐

‐

‐

19‐78

‐

Investigated diet

Time
between
onset and
study
enrolment‡
6,6 years
(2,8 years –
16,3 years)
NP

Crohn’s disease
Controls
N (%
Age (years)† N
Age
females)
(%females) (years)†

51 (38‐61) ‐

Ulcerative colitis
N (%
Age
females)
(years)†

Magee, 2005, Cross‐sectional Validated 7 day 81 (47)
UK59
cohort study
diet history
(recorded
prospectively)
Graham,
CC,
FFQ
‐
1978, UK¶,25 retrospective
Tanaka, 2006, Prospective
Validated FFQ ‐
Japan60
cohort study

Method*

Description of study designs on diet and relapses in IBD.

Author, year, Design
country
retro /
prospective

Table 2.2
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Results
The 36 studies on IBD onset identified focused on food components (n=19),21‐39
nutrients (n=11),11,40‐49 and both (n=6).50‐55 In the subsequent paragraphs, studies
investigating the association of food components and/or nutrients with the onset
(n=36),11,21‐55 and/or with the occurrence of exacerbations (n=6)25,56‐60 in either UC or
CD are discussed separately. Detailed information on study results are presented in
the online supporting information (Tables S2.1‐S2.4) and an overview of significant
and non‐significant findings is provided of food components in Table 2.3 and nutrients
in Table 2.4.
Table 2.3

Reported results on food components and IBD onset.

Cereals and bread

Sugar and sugar
containing foods

UC
Significant results
Non‐significant results
+ increased risk
‐ decreased risk
Hansen et al.51
+ Gilat et al.24
Bianchi Porro et al.22 ‐ Persson et al.53
Epidemiology Group of
the Research
Committee of
Inflammatory Bowel
Disease in Japan23
Reif et al.54
Sakamoto et al.55
Bernstein et al.21
Maconi et al.30
Halfvarson et al.26
Spehlmann et al.37
Jakobsen et al.27

CD
Significant results
+ increased risk
‐ decreased risk
Persson et al.53
+
Van Kruiningen et al.38+
+
Rawcliffe et al.35

Reif et al.54

Martini et al.31

‐

Sakamoto et al.55
Bernstein et al.21
Amre et al.50
Maconi et al.30
Pugazhendhi et al.34
Octoratou et al.33
Graham et al.25
Halfvarson et al.26
Spehlmann et al.37
Gilat et al.24

Järnerot et al.29
Persson et al.53

‐
‐

Reif et al.54
Van Kruiningen et al.38

Sakamoto et al.55
Octoratou et al.33
Graham et al.25
Mayberry et al.32
Bianchi Porro et al.22
Russel et al.36
Hansen et al.51
Spehlmann et al.37
Jakobsen et al.27

‐
‐
‐
‐
‐
‐
‐
‐
‐

Bernstein et al.21
Amre et al.50
Maconi et al.30
Pugazhendhi et al.34
Kasper et al.52
Rawcliffe et al.35
Halfvarson et al.26

‐ Gilat et al.24

Sakamoto et al.
‐ Persson et al. 53
Bianchi Porro et al.22 ‐ Epidemiology Group of
the Research
Committee of
Inflammatory Bowel
Disease in Japan 23
‐ Bernstein et al.21
Russel et al.36
Halfvarson et al.26
‐ Maconi et al.30
‐ Hansen et al.51
Spehlmann et al.37
Jakobsen et al.27
‐

34

Hansen et al.51
+
Jakobsen et al.27‐ and +
Gilat et al.24
‐
James et al.28
‐
Bianchi Porro et al.22 ‐

Non‐significant results

Martini et al.31
Järnerot et al.29
Reif et al.54
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Fruits and
vegetables

(continued)
UC
Significant results
+ increased risk
‐ decreased risk
Gilat et al. 24

CD
Non‐significant results Significant results
+ increased risk
‐ decreased risk
+ Persson et al. 53
Gilat et al.24

Bianchi Porro et al.22 + Epidemiology Group of
the Research
Committee of
Inflammatory Bowel
Disease in Japan 23
+ Reif et al.54
Russel et al.36
+ Sakamoto et al.55
Hansen et al.51
+ Bernstein et al.21
Jakobsen et al.27
Maconi et al.30
Halfvarson et al.26
Spehlmann et al.37

Non‐significant results

+

Martini et al.31

Amre et al.50

+

Järnerot et al.29

Maconi et al.30
Octoratou et al.33
Kasper et al.52
Bianchi Porro et al.22
Russel et al.36
Halfvarson et al.26
Hansen et al.51
Jakobsen et al.27

+
+
+
+
+
+
+
+

Persson et al. 53
Reif et al.54
Sakamoto et al.55
Van Kruiningen et al.38
Bernstein et al.21
Pugazhendhi et al.34
Spehlmann et al.37

CD, Crohn’s disease / UC, ulcerative colitis.

One study only assessed dietary patterns39 and was therefore not included in the
review of nutrients below.

Food components and the onset of UC
In total, 14 articles were identified reporting on food components consumed prior to
or at time of UC diagnosis or symptom onset.21‐24,26,27,29,30,36,37,51,53‐55 One study was
excluded for further analysis as they did not present results of UC patients vs.
controls.29 The remaining 13 are presented in Table S2.1. Six of them addressed
specific food items only (e.g., breakfast, cereals or sugars)22,26,27,36,37,51 and the rest
was assumed to address total diet.21,23,24,30,53‐55 All were case control studies and
analysed dietary intake retrospectively. The most frequently reported food
components are summarized below.
Cereals and bread intake and the onset of UC
Associations with intake of cereals and (whole meal) bread all include grain‐derived
products and point indirectly to ‘fibre‐intake’. Only 2 of 12 studies analysing one or
more of these food components reported significant but conflicting findings. Bianchi
Porro et al.22 evaluated dietary intake in 124 UC patients and 250 healthy controls and
reported a high intake of bread to be associated with an increased risk of UC onset
(RR: 6.38, 95% CI not provided), but further information on study design, patient
characteristics and time between diagnosis and study enrolment was not provided. In
contrast, a protective effect for whole meal bread (OR: 0.42, 95% CI: 0.26‐0.70) was
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reported by Hansen et al.,51 in a study where dietary intake of specific food
components prior to diagnosis was analysed retrospectively in 144 UC patients,
included within three months after diagnosis vs. 267 controls. The remaining ten
articles did not report significant associations between cereals or bread with UC
onset.21,23,24,26,27,30,37, 3‐55
Sugar and sugar‐containing foods intake and the onset of UC
Six studies did not provide significant results on sugar and sugar‐containing foods and
UC onset,21,23,24,30,51,53 while seven studies, addressing the intake of refined
carbohydrates, carbonated drinks, soft drinks, cola drinks, commercial desserts, added
sugar, (refined) sugar, chocolate and/or confectionary, reported significant
findings.22,26,27,36,37,54,55 Bianchi Porro et al.22 found an increased risk of UC to be
associated with sugar intake (RR: 2.37, 95% CI not provided). In a twin cohort, the pre‐
illness dietary intake of specific food components was recalled in 125 discordant UC
twins after median disease duration of 17 years (5‐53 years).26 They found an
increased risk of additional sugar intake for UC (OR: 2.4, 95% CI: 1.2‐4.9).26 Reif et al.54
investigated pre‐illness diet in a small group of 54 UC patients within one year after
onset of symptoms and in 144 controls. An increased risk for developing UC was found
when high vs. low intake of soft drinks were compared and adjusted for energy intake
(OR: 3.39, 95% CI: 1.25‐9.19). Jakobsen et al.27 found an increased risk for UC onset
and soft drinks consumption more than four times a week at childhood (OR: 3.3, 95%
CI; 1.0‐10.1, p=0.05) when intake of specific food components was retrospectively
analysed of 56 UC patients and 477 controls. Furthermore, Spehlmann et al.37
reported that (non‐twin) UC patients consumed more soft drinks than healthy
controls but provided an OR of 0.51 (95% CI: 0.31‐0.82). Russel et al.36 evaluated the
average consumption of a selected group of foods 5 years before the first symptoms
of IBD as well as the current diet in 398 UC with varying degrees of disease activity
and in 616 controls. Associations were found between the consumption of cola drinks
more than once a week (OR: 1.6, 95% CI: 1.1‐2.3), and of chocolate more than once a
week (OR: 2.5, 95% CI: 1.8‐3.5) with UC onset. In addition, Sakamoto et al.55 analysed
pre‐illness dietary intake of 108 UC patients, evaluated within 3 years after diagnosis,
compared with 211 controls. An increased risk for UC was associated with the intake
of sweets adjusted for energy intake (OR: 2.86, 95% CI: 1.24‐6.57) for the highest vs.
lowest quartile of intake.
Fruits and vegetables intake and the onset of UC
Five of the 13 studies reported significant protective effects for fruits and/or
vegetables consumption. Protective effects for a frequent intake of fruit (RR: 0.38,
95% CI not provided)22 and OR: 0.56 (95% CI: 0.33‐0.95)51) and vegetables (RR: 0.30,
95% CI not provided)22 and OR: 0.51 (95% CI: 0.31‐0.84)51) were found comparing
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124 patients with 250 controls by Bianchi Porro et al.22 and comparing 144 patients
with 267 controls by Hansen et al.51. In line with these findings, Russel et al.36 found
the consumption of more than 5 citrus fruits per week to be significantly associated
with a decreased risk of UC onset (OR: 0.5, 95% CI: 0.4‐0.8). A significant decreased
risk for developing UC with high fruit and vegetable intake (for <1/day vs. ≥1/day) (OR:
0.77, p<0.01) was also found by Gilat et al.,24 using recall of dietary intake of 196
children and young adult patients in their tenth year and 394 controls. In a study of
56 paediatric UC patients (<15 years of age) and 477 controls, the dietary intake of
specific food components was analysed retrospectively on the first year of life and the
year prior to diagnosis. A protective effect for the onset of UC was found of
vegetables consumed more than once weekly at childhood (OR: 0.3, 95% CI: 0.1‐0.8).27
The remaining eight studies did not report significant associations for fruit and
vegetables consumption.21,23,26,30,37,53‐55

Nutrients and the onset of UC
Twelve studies investigated the association between pre‐illness nutrient intake and
the development of UC (See also Table S2.2),40‐42,45‐49,51,53‐55 of which two studies did
not analyse total diet but only specific nutrients.49,51 Carbohydrates, UFA, protein, and
total energy intake were most frequently reported to be significant and will be
discussed below.
Fat intake and the onset of UC
Four of the 11 studies analysing fat intake reported significant findings. Both Reif et
al.54 and Geerling et al.40 found a significant positive association of high vs. low intake
of polyunsaturated fatty acids (PUFAs) (OR: 6.54, 95% CI: 1.45‐29.68 and OR: 5.1, 95%
CI: 1.0‐26.7, p=0.05, respectively) and of monounsaturated fatty acids (MUFAs) (OR:
3.66, 95% CI: 1.06‐12.58, and OR: 33.9, 95% CI: 2.6‐443.1, respectively) with the onset
of UC. Reif et al.54 also found an increased risk of UC onset with the intake of animal
fat (OR: 4.09, 95% CI: 1.20‐13.95) and vegetable fat (OR: 2.71, 95% CI: 1.04‐7.09).
Three studies reported on subpopulations of the well‐designed European Prospective
Investigation into Cancer and Nutrition (EPIC).41,47,49 Tjonneland et al.47 compared 127
incident UC patients with 504 controls and reported an increased risk for UC onset
with the highest quartile of intake of linoleic acid (OR: 2.49, 95% CI: 1.23‐5.07)).
However, using the same study population with one extra centre where 17 additional
UC patients were diagnosed, Hart et al.41 did not report significant findings on fat
intake. In contrast, John et al.49 prospectively analysed dietary intake and found a
protective effect for docosahexaenoic acid (DHA) (OR: 0.43, 95% CI: 0.22‐0.86) in
22 UC patients diagnosed during follow‐up in the Norfolk population of the EPIC
study. In total, seven studies did not report significant findings on fat
intake.41,42,45,46,48,53,55
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Carbohydrate, protein and energy intake and the onset of UC
Carbohydrate intake (i.e., sucrose, starch or total carbohydrates) was assessed in
10 studies, of which three reported significant results. An increased risk for the onset
of UC was reported comparing high vs. low sucrose intake in 54 newly diagnosed UC
patients vs. 144 controls (OR: 4.22, 95% CI: 1.31‐13.60) by Reif et al.54 Persson et al.53
investigated dietary intake 5 years prior to study enrolment and found sucrose intake
(30‐54 g/day) to be associated with an increased risk for UC (RR 2.2, 95% CI: 1.1‐4.5) in
men only (n=82). Tragnone et al.48 evaluated dietary intake in a small group of 53 UC
patients within 6 months after disease onset and in 106 controls. A significant positive
association was found between UC diagnosis and the consumption of more than 300 g
total carbohydrates per day (RR: 8.1, 95% CI: 3.6‐18.4), more than 200 g starch per
day (RR: 6.0, 95% CI: 2.5‐14.7), and more than 100 g refined sugar (i.e., sucrose) per
day (RR: 3.2, 95% CI: 1.5‐6.9).
The remaining seven studies did not report significant results on carbohydrate
intake.40‐42,45‐47,55
Hansen et al.51 was the only of 11 studies reporting on fibre intake. A protective
effect for high fibre intake (OR: 0.38, 95% CI: 0.21‐0.68), defined as the daily intake of
at least three of the following products: fruits, vegetables, whole meal bread, at least
four pieces of bread, cornflakes or muesli was found.
Of the 10 studies reporting on total diet, significant increased associations were
found between the onset of UC and a diet rich in total protein in two studies (RR: 3.7,
95% CI: 1.6‐8.6);48 (HR: 3.2, 95% CI: 1.07‐9.84)42 and a diet rich in animal protein in
one of these (HR: 3.29, 95% CI: 1.34‐8.04).42 The first study included 53 patients and
106 controls.48 In the second prospective study among women only, 43 patients were
compared with 67504 controls.42
Furthermore, 2 of 10 studies found an increased risk for UC onset to be
associated with a high intake of total energy: a RR of 2.6 (95% CI: 1.3‐5.2) was found
for males only evaluating 145 patients and 305 controls53 and a p‐value <0.001
without reporting RR was presented in a study including 53 patients and 106
controls.48 No significant findings on total energy intake were reported in the
remaining eight studies.40‐42,45‐47,54,55

Food components and the onset of CD
Twenty‐four case control studies were identified examining the intake of food
components prior to or at time of CD diagnosis or symptom onset (See also Table
S2.3). All studies retrospectively analysed dietary intake. Eleven studies reported to
address specific meals or food items,22,25‐28,32,35‐37,51,52 and the others were assumed to
investigate total diet.21,24,29‐31,33,34,38,39,50,53‐55 The most frequently reported food
components, i.e., cereals and bread, sugar (containing foods), and fruits and
vegetables, will be discussed successively.
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Cereals and bread intake and the onset of CD
Bread or cereals were analysed by 20 studies, of which eight reported significant
findings. While frequent intake of white bread (OR: 4.9, 95% CI: 1.0‐23.4; p=0.05)27
and bread (RR: 3.76, 95% CI: not provided)22 were associated with an increased risk of
CD onset, significant protective associations were found for the consumption of whole
grain/meal bread (RR: 0.4, 95% CI: 0.2‐0.7, n=152,53 OR: 0.26, CI not provided,
n=123,51 and OR: 0.40, CI not provided, n=59)27 and for daily intake of muesli (RR: 0.2,
CI not provided, n=15253 and OR: 0.15, CI not provided, n=123).51 In line with these
findings, a significant lower intake of whole meal bread (p<0.001) and oat cereals
(p<0.01) during childhood were found to be associated with CD onset in 302 CD
patients compared to 602 controls found by Gilat et al.24
Van Kruiningen et al.38 compared 21 families containing at least three affected
first degree relatives with CD patients to 10 control families, resulting in 74 CD
patients, 84 unaffected family members and 59 healthy controls. Results on food
items were based on family interviews over the 10‐year period before onset of first
symptoms within an affected family member. Significantly less consumption of oats
(OR: 0.38, 95% CI: 0.21‐0.70), rye (OR: 0.20, 95% CI: 0.10‐0.38), and bran (OR: 0.51,
p<0.05) was reported by affected vs. control families. Finally, Rawcliffe et al.35 (100 CD
and 100 controls) and James et al.28 (34 CD and 68 controls) both retrospectively
analysed breakfast habits prior to symptom onset using exactly the same study
design. James et al.28 reported a significant higher consumption of cornflakes
(p<0.001), wheat (p<0.01) and bran (p=0.0157) by the CD patients compared to
controls, but these findings were not confirmed by Rawcliffe et al.35 who even found a
lower consumption of bran by CD patients (p=0.014). The remaining 12 articles did not
report significant results on cereals or bread intake and CD onset.21,25,26,29‐31,33,34,37,50,54,55
Sugar and sugar‐containing foods intake and the onset of CD
In 22 studies, sugar intake was investigated in relation to CD onset. Ten studies did not
report significant results,23,25,26,29,30,44,47,48,50,51 but a majority of 12 studies did.22,25,
27,29,31‐33,36,37,51,53,55
High sugar intake was associated with an increased risk for CD
onset in the study of Bianchi Porro et al.22 (RR: 2.38, 95% CI not provided, n=109) as
well as by two other studies reporting significant p‐values only for 30 and
32 patients.29,32 Graham et al.25 found a higher added sugar intake (p=0.0009) in a
small study of 68 CD patients with unknown disease onset vs. 74 controls, but did not
clearly describe whether this was pre‐ or post‐diagnosis diet.
In line with the findings on sugar intake, a positive association of the
consumption of sugar‐containing foods (including sweets, cola drinks, chocolate and
soft drinks) with the onset of CD was reported by another eight studies with
significant p‐values31,32 or ORs ranging from 1.56 till 3.50.27,33,36,37,51,55
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Consumption of fruits and vegetables and the onset of CD
Of the 19 studies assessing the intake of fruits and vegetables in CD, 10 reported
significant findings.22,24,26,27,30,33,36,50‐52 A significant protective effect of high overall
fruit intake for the onset of CD was found by five studies (OR/RR 0.2‐0.0.66 and/or
p<0.05).22,26,33,50,51 Furthermore, Russel et al.36 found a protective effect for the
consumption of more than 5 citrus fruits per week (OR: 0.5, 95% CI: 0.3‐0.7) by 290
newly diagnosed CD patients compared with 616 controls. In line with these findings,
Octoratou et al.33 also found a protective effect for the consumption of citrus fruits in
the pre‐illness diet (OR: 0.031, p=0.002) in a small study of 28 recently diagnosed CD
patients and 38 controls. Gilat et al.24 found the consumption of fruits and vegetables
more than once daily during childhood to be protective against CD onset (OR: 0.58,
95% CI: 0.37‐0.91)) investigating 302 CD patients and 602 controls. A protective effect
was also reported by six other studies for pre‐illness high vegetable consumption
(OR/RR ranging from 0.13 to 0.69)22,27,30,33,50,51 and by one study for carrot intake (OR:
0.037, p=0.003).33
Using the same but slightly extended population as Amre et al.,50 D’Souza et al.39
analysed dietary patterns in 149 CD children and 251 controls. They found that a diet
characterized by high intake of vegetables, fruits, olive oil, fish, grains and nuts was
protective for the development of CD in girls (OR: 0.3, 95% CI: 0.1‐0.9) and boys (OR:
0.2, 95% CI: 0.1‐0.5). They also reported a positive association with a western diet
(characterized by the intake of meat, fast foods, snacks and desserts) in girls (OR: 4.7,
95% CI: 1.6‐14.2)).39 Nine studies did not report on significant associations between
fruit or vegetables intake and CD onset.21,29,31,34,37,38,53‐55

Nutrients and the onset of CD
Twelve studies were identified on pre‐illness nutrient intake and the development of
CD, nine of them were assumed to assess total diet11,42,44,46,48,50,53‐55 (Table S2.4). The
majority of the studies were retrospective studies44,46,48,50‐55 and most of them
included small numbers (between 27 and 51) of CD patients.42‐44,46,48,52,54
Fat and the onset of CD
Significant associations with fat intake were reported by three of 10 studies. An
increased risk for the onset of CD was found with highest vs. lowest quartile of intake
of PUFAs (OR: 2.31, 95% CI: 1.12‐4.79), omega‐6 fatty acids (OR: 2.57, 95% CI:
1.24‐5.32), MUFAs (OR: 2.49, 95% CI: 1.23‐5.03) and omega‐3 fatty acids (OR: 3.24,
95% CI: 1.52‐6.88) in a study comparing 126 CD patients with 211 controls.55 Also
Shoda et al.11 found positive correlations between the incidence of CD and the
consumption of omega‐6:omega‐3 PUFAs ratio (r=0.792, p<0.001), omega‐6 fatty
acids (r=0.883, p<0.001), total fat (r=0.919, p<0.001), animal fat (r=0.880, p<0.001)
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and fish oil (r=0.598, p<0.005). They conducted a large prospective study in Japan,
evaluating dietary changes between 1966 and 1985 using annual dietary history
interviews of 5 consecutive days. In total, 242 incident cases were identified and
enrolled in the same year as they experienced their first symptoms suggestive for
CD.11 Amre et al.50 on the other hand, found a protective effect for an increased intake
of long chain omega‐3 fatty acids (OR: 0.44, 95% CI: 0.19‐1.00, p<0.001) and of the
long chain omega‐3:arachidonic acid ratio (OR: 0.32, 95% CI: 0.14‐0.71)50 in 130 newly
diagnosed children. The remaining seven studies did not report any significant results
on fat intake and CD onset.42,44,46,48,52‐54
Carbohydrate, protein and energy intake and onset of CD
Six of ten studies reported a significant association between carbohydrate intake prior
to diagnosis of CD or onset of symptoms. A higher consumption of total carbohydrates
(RR: 4.1, 95% CI: 1.8‐9.4)48 and p<0.0244), sucrose (RR: 2.6. 95% CI: 1.4‐5.0),53 sugar
(p<0.001),52 mono‐ and disaccharides (p<0.05),43 and refined sugar (>100 g/day;
RR: 3.5, 95% CI: 1.5‐8.1)48 were found for CD patients compared to controls.
Furthermore, an increased risk for CD onset was found with more than 200 g starch
intake per day (RR: 5.5, 95% CI: 2.1‐14.2)48 and high intake of starch (p<0.001).52
Thornton et al.46 evaluated smoking behaviour in patients of whom dietary habits
were described in previous studies. Pre‐illness diet of 30 CD patients, diagnosed
within 3 months, and of 30 matched controls was determined. Significant higher
consumption of refined sugars was reported by 9 non‐smoking CD patients compared
with 20 smoking controls (p<0.05). The remaining four studies did not report a
significant outcome between carbohydrate intake and CD onset.11,50,54,55
Ten studies reported on fibre intake, which will be addressed separately.
Thornton et al.44 reported significantly lower intake of dietary fibre (p<0.05), total fruit
and vegetable fibres (p<0.05) and raw fruit and vegetable fibres (p<0.001) in 30 newly
diagnosed CD patients compared to 30 controls. A protective effect was also found for
high vs. low intake of dietary fibres in 130 newly diagnosed children (OR: 0.12, 95% CI:
0.04‐0.37),50 high fibre consumption in 152 adults (RR: 0.5. 95% CI: 0.3‐0.9)53 and in a
combined group of both adults and children (n=123) (OR: 0.28, 95% CI: 0.15‐0.52).51 In
contrast, Kasper et al.52 found a significantly higher intake of total dietary fibre in
35 CD patients evaluated maximal 2 years after diagnosis compared with 70 controls
(p<0.05). Five of the ten studies did not report significances on fibre intake and CD
onset.11,46,48,54,55
Two of ten studies assessing total diet reported a significant positive association
between CD onset and a diet rich in total protein. Jantchou et al.42 found a HR of 3.34
(p=0.04) in a prospective study of 30 patients and 67504 controls. Shoda et al.11
reported positive correlations between the incidence of CD and the consumption of
total protein (r=0.482, p<0.05), animal protein (r=0.908, p<0.001) and milk protein
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(r=0.924, p<0.001), but found a negative correlation for vegetable protein (r=‐0.941,
p<0.001). The remaining eight studies did not report significant findings related to
protein intake.44,46,48,50,52‐55
Finally, three of ten studies found an increased risk for CD onset to be associated
with a high intake of total energy (RR: 2.5, 95% CI: 1.2‐5.653 or p<0.0548,52). The
remaining 7 studies did not find significant associations with energy
intake.11,42,44,46,50,54,55

Development of relapses
We identified six studies reporting on the association between diet and relapses (i.e.,
disease activity and/or the development of exacerbations/relapses). Because of the
limited number of studies and heterogeneity in study designs, their findings will be
discussed in more detail below for UC (n=2) and CD (n=4) separately.

Diet and relapses in UC
In a prospective study, Jowett et al.58 analysed dietary intake at inclusion by FFQ in
183 UC patients in remission. During one year follow‐up, disease activity was assessed
weekly with the simple clinical colitis activity index and 52% developed a relapse. A
high intake (top vs. bottom tertile) of meat (OR: 3.2, 95% CI: 1.3‐7.8), especially red
and processed meat (OR: 5.19, 95% CI: 2.1‐12.9), protein (OR: 3.00, 95% CI:
1.25‐7.19), alcoholic beverages (OR: 2.7, 95% CI: 1.1‐6.67), sulfur (OR: 2.76, 95% CI:
1.19‐6.4) and sulfate (OR: 2.6, 95% CI: 1.08‐6.3), was found to increase the likelihood
to develop a relapse.
Magee et al.59 performed a cross‐sectional study in 81 UC patients, who
completed a 7 day dietary history and underwent a sigmoidoscopy scored as
0 (normal mucosa) to 6 (very active disease). Each food or food group was given a
‘food sigmoidoscopy score’. Foods containing high levels of sulfite, bitter beer, white
wine, burgers, soft drink concentrates, sausages, lager and red wine were associated
with high sigmoidoscopy scores, pointing to more active disease (p<0.001). No further
studies have been published on habitual diet and disease activity in UC.

Diet and relapses in CD
In 1978 Graham et al.25 evaluated breakfast cereals and cooked food consumption in
68 CD patients and 74 age and gender matched controls. They concluded that the
consumption of cornflakes did not affect the recurrence rate of CD (p>0.5). Further
information on other food products, patient characteristics and study methods were
not provided.
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Tanaka et al.60 conducted a 1‐ year prospective cohort study in 76 CD patients. A
validated FFQ was used to investigate total dietary intake during the month prior to
inclusion. The reported 33% relapse rate was based on two consecutive Crohn’s
disease activity index scores above 150, which were completed at each regular visit
every 1‐2 months. Only an increased omega‐6 PUFAs / omega‐3 PUFAs ratio was
found to be significantly associated with relapse prevention (OR: 0.54, 95% CI: 0.30‐
0.97).
Finally, Ferreira et al.56 and Guerreiro et al.57 included the same study population
of 99 CD patients (including 36 with active disease) and 116 healthy controls, but
analysed different gene polymorphisms and their influence on disease activity and fat
intake. Both reported the same results, i.e., high intake of total fat, saturated fat,
MUFAs and a higher ratio of omega‐6/omega‐3 PUFAs to be associated with a more
active disease phenotype (p<0.05).56,57

Discussion
We performed an extensive review on the association of habitual diet with the onset
and relapses of IBD. The majority of the studies addressed the onset of IBD (n=39).
Several of them showed that a high intake of sugar and sugar‐containing foods
was associated with an increased risk of UC onset22,26,27,36,37,54,55 and a high intake of
overall carbohydrates (i.e., including sugar, sugar‐containing foods, mono‐,
disaccharides and starch) with an increased risk of CD onset.22,25, 27,29,31‐33,36,37,51,53,55 A
high intake of fruits and vegetables were associated with a decreased risk of both
UC22,24,27,36,51 and CD22,24,26,27,30,33,36,39,50‐52 onset. In line with the latter findings, a high
intake of grain‐derived products was repeatedly found to be negatively associated
with the onset of CD,24,27,28,38,53 pointing to a possible protective role of high fibre
intake. However, no definite conclusions could be drawn from studies specifically
addressing dietary fibre intake in CD44,48,54 nor from those assessing grain‐derived
products (i.e., cereals and bread) or fibre intake in UC. Also with regard to the intake
of UFA, protein, and total energy intake, studies reporting significant associations
were limited and/or results not always consistent for either UC or CD.
Although some significant associations have been reported by several studies, an
equal or even higher number of studies could not confirm the above mentioned
associations (see also Table 2.3 and 2.4) and therefore findings should be interpreted
with caution. Pooling of data is difficult because of heterogeneity in study designs and
presentation of results. Furthermore, several studies included only small study
populations (i.e., less than 100); in the majority of studies other confounding factors
(e.g., smoking status, appendectomy and socioeconomic status) were not taken into
account and a recall bias cannot be excluded due to the retrospective design and time
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between assessment of dietary intake and disease onset (i.e., ranging from less than
1 month to 17 years). It has to be noted that on one hand the exact onset of
symptoms is hard to establish and on the other hand presence of (early) symptoms
may lead to a modification in dietary habits without being involved in the aetiology.30
Most previous reviews included a selection of articles and addressed only
significant and/or reported outcomes.12‐16 We checked the diet investigated and
subsequently, also when not reported in the article, non‐significant results were taken
into account. Overall findings of the present review are consistent with a recent
systematic review by Hou et al.,12 including 19 articles evaluating the association
between pre‐illness intake of specific nutrients (fats, carbohydrates and protein) and
food groups (fruits, vegetables and meats). We included 36 articles all addressing diet
and onset of IBD, and also reviewed grain‐derived products and sugar‐containing
foods as they were frequently associated with IBD onset. Finally, the effect of diet on
relapses (i.e., disease activity) was included in the current review.
Only six studies could be identified reporting on diet and disease activity in IBD,
of which the majority included relatively small numbers of patients (i.e., <100). In UC,
a cross‐sectional study was performed correlating diet to sigmoidoscopy scores.59
Furthermore, one prospective trial found significant associations with meat, protein
and intake and alcoholic beverages with the development of an exacerbation.58
In CD, one prospective trial60 and three case control studies (of which two in the
same population)25,56,57 were published, with contrasting findings on the omega‐6 /
omega‐3 PUFAs ratio. Whether dietary changes are a cause or consequence of active
disease cannot be established comparing cases with controls at a single time point.
Both prospective studies defined the development of exacerbations by clinical indices
only and no definite conclusion can be drawn from these single studies in either UC or
CD patients. Furthermore, it has to be noted that studies on diet in relation to
relapses may be affected by changes in intake due to increases in abdominal
symptoms as reported for example for fibres.4,61‐63
Although the number of aetiological studies on the role of habitual diet in the
development of exacerbations is limited, many intervention studies have been
performed with e.g., fish oil, low sugar intake, unrefined carbohydrate or fibre‐rich
diets, and reduced ‘Fermentable Oligo‐ Di‐ and Monosaccharides and Polyols’ intake
to decrease the risk of exacerbations and/or symptoms. However, overall results of
studies64‐67 and systematic reviews14,15,68‐70 are inconclusive. Only enteral nutrition was
found to be effective for remission induction in active paediatric CD patients,18 but not
in adults.69
Most of the intervention studies focus on specific nutrients. As nutrients
consumed during a meal can interact and may act antagonistically or synergistically,
analysing dietary patterns may be more predictive for disease risk than individual food
components or nutrients.71 Differences in dietary patterns may contribute to the
development of exacerbations via epigenetic modification,72 modulation of the
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immune system73 and/or the intestinal microbiota.20,74 Recent evidence supports the
importance of the intestinal microbiota in the occurrence of exacerbations, such as
findings that diversion of the faecal stream and treatment with antibiotics improve
disease activity.75,76 Different bacterial numbers were found comparing active with
inactive IBD patients, and a different composition and less diversity was reported in
inflamed vs. non‐inflamed mucosal samples within patients,18,19,77,78 but so far,
causative bacterial species could not be identified. The discovery that enterotypes of
the gut microbiome driven by species composition were strongly associated with
diet20 indicates that the intestinal microbiota composition and functionality can be
affected by dietary intake. Functional foods such as pre‐ and probiotics are frequently
used to target the intestinal microbiota. Although overall evidence for probiotic use in
inactive and active CD and in active UC is insufficient, promising results have been
reported for prevention of exacerbations by E. coli Nissle in inactive UC patients and
for the multispecies product VSL#3 in inactive UC and ileo‐anal pouch anastomosis
patients.79 Further insight in the role of diet and the interaction with the intestinal
microbiota in the development of exacerbations, may aid in finding new leads for
therapeutic or preventive strategies.
Epidemiological studies point to a role of diet in the pathophysiology of IBD and
patients themselves often feel that diet is a risk factor for relapses.4 Although the
intake of sugar, fruit and/or vegetables may be associated with the onset of UC and
CD, the current evidence is not sufficient to draw firm conclusions on the role of
specific nutrients or food components in the aetiology of IBD. Large prospective
studies into the role of habitual diet as a trigger of exacerbations are of interest, to
identify new dietary strategies.
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energy intake

Multivariate
adjusted but not
further specified

Statistical analysis

Food components and the onset of UC.

Sakamoto,
20055

Epidemiology
Group of the
Research
Committee of
3
IBD in Japan
Reif, 19974

Persson, 19922

Gilat, 1987

1

Author, year

Table S2.1

High vs. low intake
‐ soft drinks OR 3.39 (1.25‐
9.19)
Highest vs. lowest quartile
‐ confectionaries OR 2.86
(1.24‐6.57)

Significant findings (95% confidence interval)
Cereals and Bread
Sugar and sugar containing
foods
< 1/day vs. > 1/day
‐ fruits and vegetables
combined data, adjusted
OR 0.77 (0.45‐1.35; p<0.01)

Fruits and vegetables

Low vs. medium and high intake
controls vs. patients
‐ pork OR 2.62 (1.37‐5.03)
High vs. medium and low intake
patients vs. controls
‐ unpasteurized milk OR 0.62 (0.4‐
0.97)

High vs. low intake
‐ eggs OR 4.45 (1.74‐11.34)
‐ cholesterol OR 4.57 (1.28‐16.33)

Once per week
‐ fast food RR 2.7 (1.2‐6.0)
> 2/week
‐ fast food RR 3.9 (1.4‐10.6)
1‐2 cups/day
‐ coffee RR 0.4 (0.2‐0.7)
>3 cups/day
‐ coffee RR 0.3 (0.2‐0.5)
Highest quartile
‐ western foods RR 2.1 (1.0‐4.1)
(p=0.04)
‐ margarine RR 2.6 (1.4‐5.2)

Other

Chapter 2

Supporting information

Total diet

Refined
carbohydrates and
vegetable fibre
Coffee, tea, cola
drinks, orange
juice, citrus fruits,
chocolate,
confectionery and
chewing gum.
Eggs, fast food,
bread, breakfast
cereals, coffee,
juice, tea, sugar,
and vegetables

Maconi, 20107

Bianchi
8
Porro,1985

Halfvarson,
200610

Russel, 19989

Focus on*

(continued)

Author, year

Table S2.1

Multivariate
adjusted for age at
time of questionnaire,
gender, education,
smoking and oral
contraceptive use
Multivariate
conditional

Not further specified

Multivariate
adjusted for age (5‐
year groups), sex,
years of education,
smoking status, and
BMI

Statistical analysis

High intake
†
‐ bread RR 6.38

Additional sugar on porridge
OR 2.4 (1.2‐4.9)

> once per week
‐ cola drinks OR 1.6 (1.1‐2.3)
‐ chocolate OR 2.5 (1.8‐3.5)

High intake
†
‐ sugar RR 2.37

Significant findings (95% confidence interval)
Cereals and Bread
Sugar and sugar containing
foods

High intake
†
‐ vegetables RR 0.30
‐ fruits RR 0.38†
> 5 per week
‐ citrus fruits OR 0.5 (0.4‐0.8)

Fruits and vegetables

Weekly intake
‐ Eggs OR 3.3 (1.3‐8.5)
> 3 cups/day
‐ Coffee OR 0.1 (0.03‐0.4)
1‐2 cups/day
‐ Coffee OR 0.2 (0.06‐0.8)

Moderate intake
‐ margarine OR 11.80 (1.51‐91.99)
‡
‐ “prudent” diet OR 0.32 (0.11‐0.90)
High intake
‐ margarine OR 21.37 (2.32‐196.6)
‐ fish OR 0.33 (0.11‐0.92)
‐ eggs OR 0.21 (0.06‐0.73)
‐ potatoes OR 0.24 (0.09‐0.83)
‐ “prudent” diet‡ OR 0.15 (0.04‐0.51)

Other

Diet as trigger for IBD?

2

51

52
†

> once weekly vs. < once
weekly (childhood)
‐ vegetables OR 0.3 (0.1‐0.8) ¶

Daily vs. rarer intake
‐ fruit OR 0.56 (0.33‐0.95)
‐ vegetables OR 0.51 (0.31‐
0.84)

Fruits and vegetables

‡

High consumption:
Discordant twin and non‐ twin groups
(MZ twins)
‐ processed meat including sausages
OR 5.69 (1.89‐19‐48)
(DZ twins)
‐ processed meat including sausages
OR 18.11 (7.34‐50.85)

Other

Studies were assumed to assess the total diet unless stated otherwise in the original publication / 95% CIs or p values were not provided / “Prudent” diet mainly
§
correlated to white meat, tuna fish, fish, eggs and potatoes / Univariate analysis / ¶ Multivariate analysis / DZ, dizygotic / MZ, monozygotic / UC, ulcerative colitis.

*

Jakobsen,
201113

Spehlmann,
201212

Statistical analysis

Significant findings (95% confidence interval)
Cereals and Bread
Sugar and sugar containing
foods
Fruit, vegetables, Multivariate
Daily vs. rarer intake
egg, bread, cereal, adjusted for smoking ‐ Whole meal bread OR
sugar and coffee status, appendectomy, 0.42 (0.26‐0.70)
tonsillectomy, use of
oral contraceptives
and consumption of
fibre, sugar, coffee and
eggs
Unpasteurized
Multivariate
High consumption
milk, pork,
conditional
(Non‐twin UC patients vs.
sausages and other
healthy controls)
processed meat,
‐ soft drinks OR 0.51 (0.31‐
red meat, nuts,
0.82)
sweets, soft drinks,
meat, vegetables,
fruit, bread, fast
food, sugar free
food, coffee and
alcohol
bread, vegetable, Multivariate
> 4 times/week vs. < 3
fruit, cereals, fast adjusted for gender,
times/week
food, soft drinks
‐ soft drinks OR 3.3 (1.0‐10.1;
age, socioeconomic
and candy
P=0.05) §
status, area of
residence and
ethnicity

Focus on*

(continued)

Hansen, 201111

Author, year

Table S2.1

Chapter 2

Reif, 1997

4

Tragnone,
199516

Persson, 19922

Total diet

Total diet

Total diet
Special care on
refined sugar or
dietary fibre
total diet
Special care on
refined sugar or
dietary fibre
Total diet

Thornton,
198014

Thornton,
15
1985

Focus on*

Multivariate
adjusted for energy
intake

Multivariate
adjusted for age and
when applicable
energy intake
Univariate

Univariate

Univariate

Statistical analysis

Nutrients and the onset of UC.

Author, year

Table S2.2

High vs. low
intake
‐ MUFAs OR 3.66
(1.06‐12.58)

High vs. low
intake
‐ PUFAs OR 6.54
(1.45‐29.68)

High vs. low
intake ‐ animal
fat OR 4.09
(1.20‐13.95)
‐ vegetable fat
OR 2.71 (1.04‐
7.09)

30‐54 g/day (by
men)
‐ sucrose RR 2.2
(1.1‐4.5)
> 100 g/day
> 100 g/day
‐ protein RR 3.7
‐ refined sugar
RR 3.2 (1.5‐6.9) (1.6‐8.6)
> 200 g/day
‐ starch RR 6.0
(2.5‐14.7)
>300g/day
‐ total
carbohydrate RR
8.1 (3.6‐18.4)
High vs. low
intake‐ sucrose
OR 4.22 (1.31‐
13.60)
‐ mono‐ and
disaccharides OR
3.98 (1.02‐15.52)

Significant findings (95% c Significant findings (95% confidence interval)
Fat
Carbohydrate
Protein
MUFA
PUFA
“Other”

>10.000 kJ/day
(by men)
‐ energy RR 2.6
(1.3‐5.2
Patients
>controls
‐ total energy
(P<0.001)

Energy

No significant
findings

No significant
findings

Other

Diet as trigger for IBD?
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53

54
18

Total diet

Total diet

Jantchou,
20
2010

Total diet

Tjonneland,
19
2009

Hart, 2008

Total diet

Multivariate
adjusted for age,
study area,
education, gender
and smoking habits
Multivariate
adjusted for BMI,
metabolic rate and
physical activity
Multivariate
adjusted for age at
recruitment, gender,
total energy intake,
smoking and centre
adjusted for age at
recruitment, gender,
total energy intake,
smoking, centre and
other listed fatty
acids
Multivariate
adjusted for energy
intake

Multivariate
adjusted for energy
intake

Geerling, 200017 Total diet

Sakamoto,
5
2005

Statistical analysis

(continued)
Focus on*

Author, year

Table S2.2

‐ linoleic acid OR
2.31 (0.99‐5.36)

Highest quartile
of intake
‐ linoleic acid OR
2.49 (1.23‐5.07)

Highest tertile
‐ animal protein
HR 3.29 (1.34‐
8.04)
‐ total protein
HR 3.2 (1.07‐
9.84; P=0.06)

Significant findings (95% c Significant findings (95% confidence interval)
Fat
Carbohydrate
Protein
MUFA
PUFA
“Other”
High vs. low
High vs. low
intake
intake
‐ MUFAs OR 33.9 ‐ PUFAs OR 5.1
(2.6‐443.1)
(1.0‐26.7;
P=0.05)
Energy

Highest vs. lowest
quartile
‐ vitamin C OR 0.45
(0.21‐0.99;
P=0.053)
No significant
findings

High vs. low intake
‐ vitamin B6 OR 6.9
(1.6‐30.7)

Other

Chapter 2

†

High vs. low
†
fibre intake OR
0.38 (0.21‐0.68)

Significant findings (95% c Significant findings (95% confidence interval)
Fat
Carbohydrate
Protein
MUFA
PUFA
“Other”
Trends across
tertiles
‐ DHA OR 0.47
(0.25‐0.89)
‐ DHA OR 0.43
(0.22‐0.86)

Energy

Other

Studies were assumed to assess the total diet unless stated otherwise in the original publication / High fibre defined as daily intake of 3 or more of the following categories: fruits,
vegetables, whole meal bread, >4 pieces of bread, cornflakes, muesli). Low fibre defines as less than 3 of the 6 categories / DHA, docosahexaenoic acid / MUFAs, monounsaturated fatty
acids / PUFAs, polyunsaturated fatty acids.

*

Statistical analysis

Multivariate
adjusted for
‐ energy intake,
smoking
‐ energy intake,
smoking, linoleic,
oleic, and alpha‐
linoleic acid intake
Fruit, vegetables, Multivariate
egg, bread, cereal, adjusted for smoking
sugar and coffee status,
appendectomy,
tonsillectomy, oral
contraceptive use
and consumption of
fibre, coffee and
eggs

n‐3 PUFAs

Focus on*

(continued)

11

Hansen, 2011

John, 2010

21

Author, year

Table S2.2

Diet as trigger for IBD?

2

55

56
Not specified

Statistical analysis

Total diet

Total diet

Reif, 19974

Multivariate adjusted
for energy intake

Multivariate adjusted
for age and when
applicable energy
intake

Focus on food
Multivariate
items not specified adjusted but not
further specified

Persson 19922

Gilat, 1987

1

Univariate
Järnerot, 198323 Total diet with
specific interest for
refined sugar

Total diet

Focus on

*

Food components and the onset of CD

22

Martini, 1976

Author, year

Table S2.3

Whole grain bread RR 0.4
(0.2‐0.7)
Daily
‐ muesli type breakfast
cereals RR 0.2 (0.1‐0.7)

Daily
‐ soft drinks RR 2.8 (1.6‐4.9)
Weekly
‐ soft drinks RR 1.9 (1.2‐3.1)

Significant findings (95% confidence interval)
Cereals and bread
Sugar and sugar containing
foods
Pre‐illness diet CD patients vs.
current diet controls
‐ sweets (2α <0.001)
‐ pastries (2α<0.001)
Current CD diet vs. current
control diet sweets
‐ sweets (2α <0.005)
‐ pastries (2α <0.02)
Pre‐illness CD diet vs. current
CD diet
‐ sweets (2α <0,01)
‐ pastries (2α <0.02)
CD Patients > controls / IBS /
UC patients
g/day
‐ sugar (P<0.05)
Recently diagnosed CD
patients < longstanding CD
patients
g/day
‐ sugar (P<0.05)
Patients < controls
‐ whole meal bread
(p<0.001)
‐ oat cereals (p<0.01)
Other

No significant findings

Patients > controls
>1/day
‐ fruits and vegetables OR 0.58 ‐ tea (P<0.04)
(0.37‐0.91)
Patients < controls
‐ fresh fruit juice (P<0.02)
> 2 times/week
‐ fast foods RR 3.4 (1.3‐9.3)

Fruits and vegetables

Chapter 2

*

Focus on

(continued)
Statistical analysis

Multivariate adjusted
for age, gender, total
energy and BMI

Amre, 200725
Total diet

Multivariate
adjusted for age and
sex

Bernstein, 2006 Total diet
(as no further
specification
provided)

6

Significant findings (95% confidence interval)
Cereals and bread
Sugar and sugar containing
foods
Total diet
Multivariate adjusted
Sakamoto,
Highest vs. lowest quartile
for age, study area,
20055
‐ sugars and sweeteners OR
education, gender and
2.12 (1.08‐4.17)
smoking habits
‐ confectionaries OR 2.83
(1.38‐5.83)
Multivariate
Van Kruiningen, Focus on food
Patients and their relatives
24
items not specified Adjustment not further vs. healthy controls
2005
specified
‐ oats OR 0.38 (0.21‐0.70)
‐ rye OR 0.20 (0.10‐0.38)
‐ bran OR 0.51 (0.27‐1.0;
P<0.05)

Author, year

Table S2.3

High vs. low level
‐ fruits OR 0.49 (0.25‐0.96)
‐ vegetables OR 0.69 (0.33‐
1.44; P=0.03)

Fruits and vegetables

High vs. medium / low intake
CD patients vs. controls
‐ unpasteurized milk OR 0.49
(0.33‐0.95)
High vs. low level
‐ fish and shellfish OR 0.46
(0.2‐1.06; P=0.02)

Highest vs. lowest quartile
‐ fish and shellfish OR 2.41
(1.18‐4.89)
‐ fats and oils OR 2.64 (1.29‐
5.39)
Patients and their relatives vs.
healthy controls
‐ uncooked pork OR 2.52 (1.06‐
6.0)
‐ unpasteurized milk OR 2.24
(1.10‐4.58)
‐ unpasteurized cheese OR
6.54 (1.94‐22)
‐ tap water OR 0.34 (0.18‐0.66)
‐ well water OR infinity (0‐
infinity)
Low vs. medium / high intake
controls vs. CD patients
‐ pork OR 2.48 (1.4‐4.0)

Other

Diet as trigger for IBD?
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57

58
Multivariate
adjusted for age (5‐
year groups), sex,
years of education,
smoking status, and
BMI

Multivariate
adjusted for age and
socioeconomic score

Total diet

Total diet

Maconi, 20107

Pugazhendhi,
201127

Statistical analysis

Multivariate adjusted
for age at diagnosis,
gender, energy intake
and BMI

Focus on*

(continued)

D’Souza, 200826 Total diet

Author, year

Table S2.3
Significant findings (95% confidence interval)
Cereals and bread
Sugar and sugar containing
foods

Moderate intake
‐ vegetables OR 0.26 (0.09‐
0.78)
High intake
‐ vegetables OR 0.21 (0.05‐
0.78)

Fruits and vegetables

Highest tertile girls:
‐ pattern characterized by
meats, fatty foods and desserts
OR 4.7 (1.6‐14.2)
‐ pattern characterized by
vegetables, fruits, olive oil, fish,
grains and nuts OR 0.3 (0.1‐
0.9)
Highest tertile: Boys
‐ pattern characterized by
vegetables, fruits, olive oil, fish,
grains and nuts OR 0.2 (0.1‐
0.5)
Moderate intake
‐ processed meat OR 7.8 (1.61‐
37.89)
High intake
‐ fish OR 0.18 (0.05‐0.67)
‐ tuna OR 0.25 (0.08‐0.77)
‐ cheese OR 3.7 (1.14‐12.01)
‐ potatoes OR 0.24 (0.06‐0.91)
‐ “prudent” diet† OR 0.13
(0.03‐0.51)
>1/week
‐ fish OR 0.52 (0.33‐0.80)
Patients > controls
‐ lacto‐vegetarian diet
(p=0.044) ‡
Controls > patients
‐ regular fish consumption§
(p=0.0004)

Other

Chapter 2

30

Univariate

Multivariate
adjustment not
specified

Statistical analysis

Dietary fibre,
Univariate
sugar, starch, fat,
protein, and total
energy
Graham, 197831 Breakfast cereals, Univariate
sugars and cooked
food
Rawcliffe, 1978, Breakfast eating
Univariate
32
UK
habits and sugar

Kasper, 1979

James, 1977

Breakfast

Total diet

Octoratou,
28
2012

29

Focus on*

(contined)

Author, year

Table S2.3

Patients < controls
‐ bran (P=0.014)

Patients > controls
‐ cornflakes (P<0.001)
‐ wheat (P<0.01)
‐ bran (P=0.0157)

Patients > controls
‐ teaspoonful’s of sugar per
¶
day (P=0.0009)

Significant findings (95% confidence interval)
Cereals and bread
Sugar and sugar containing
foods
‐ sugars and sweeteners OR
¶
1.561 (1.023‐2.382)

Other

Patients < controls
‐ fruits (g/day) (p<0.05)

‐ vegetables OR 0.134 (0.033‐ ‐ alcohol OR 13.493 (1.388‐
¶
0.549)
131.195) ¶
‐ fruits OR 0.297 (0.114‐0.774) ‐ margarine OR 6.305 (1.643‐
¶
42.187) ¶
‐ citrus fruits OR 0.031 (0.152‐ ‐ pasta OR 5.17 (1.665‐16.051)
¶
¶
0.652)
‐ carrot OR 0.037 (0.040‐0.333) ‐ fried OR 3.609 (1.398‐9.316)
¶
¶
‐ fats‐oil OR 3.539 (1.071‐
11.699) ¶
‐ olive OR 2.596 (1.014‐6.644)
¶
‐ milk and yogurt OR 0.649
(0.426‐0.991) ¶
‐ nuts OR 0.264 (0.860‐0.807) ¶
‐ fish and shellfish OR 0.151
(0.037‐0.623) ¶

Fruits and vegetables

Diet as trigger for IBD?
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59

60

Hansen, 201111
Multivariate adjusted
for smoking status,
appendectomy,
tonsillectomy, oral
contraceptive use and
consumption of fibre,
coffee and eggs

Multivariate
conditional

Halfvarson,
200610
Egg, fast food,
bread, breakfast
cereals, coffee,
juice, tea, sugar
and vegetables
Fruit, vegetables,
egg, bread, cereal,
sugar and coffee

Multivariate
adjusted for age at
time of questionnaire,
gender, education,
smoking and oral
contraceptive use

Not specified

Porro Refined
carbohydrates and
vegetable fibre
9
Coffee, tea, cola,
Russel, 1998
drinks, orange
juice, citrus fruits,
chocolate,
confectionary and
chewing gum

Bianchi
8
1985

Refined sugar and Univariate
sugar containing
foods

Mayberry,
198133

Statistical analysis

Focus on*

(continued)

Author, year

Table S2.3

Daily vs. rarer intake
‐ whole meal bread OR 0.26
(0.15‐0.48)
‐ muesli OR 0.15 (0.05‐0.51)

Daily vs. rarer intake
‐ additional sugar / soft drinks
OR 3.5 (1.73‐7.07); adjusted
for fibre OR 2.46 (1.15‐5.27)

>1/week
‐ cola drinks OR 2.2 (1.5‐3.1)
‐ chocolate OR 2.5 (1.8‐3.5)

Daily vs. rarer intake
‐ fruit OR 0.39 (0.22‐0.70)
‐ vegetables OR 0.41 (0.24‐
0.71)

Daily intake
‐ fruit OR 0.2 (0.1‐0.9)

>5/week
‐ citrus fruits OR 0.5 (0.3‐0.7)

Significant findings (95% confidence interval)
Cereals and bread
Sugar and sugar containing
Fruits and vegetables
foods
Patients > controls
‐ added sugar to drinks
(P<0.03)
‐ sugar containing foods
(P<0.007)
‐ weekly use of sugar to drinks
and cereals (P<0.007)
**
**
**
Bread RR 3.76
High sugar intake RR 2.38
Vegetables RR 0.36
**
Fruits RR 0.66

>1/week
‐ chewing gum OR 1.5 (1.1‐2.1)

Other

Chapter 2

Bread, vegetable,
fruits, cereals, fast
food, soft drinks
and candy

>4/week vs. <3/week
‐ soft drinks OR 2.9 (1.0‐8.5;
P<0.0001) ††

>1/week vs. <1/week
‐ whole meal bread OR 0.4
(0.2‐0.9) ††
‐ white bread OR 4.9 (1.0‐
23.4; p=0.05) ††

Multivariate
adjusted for gender,
age, socioeconomic
status, area of
residence and ethnicity

>1/week vs. <1/week
‐ vegetables OR 0.3 (0.1‐1.0;
P=0.05) ††

Fruits and vegetables

Non‐ twin IBD patients
‐ red meat OR 1.61 (1.11‐2.43)

MZ compared with healthy
twin
‐ nuts OR infinity (3.61‐infinity)

High consumption
Discordant twin and non twin
groups
(MZ twins)
‐ processed meat including
sausages OR 7.90 (2.15‐38.12)
‐ red meat OR 7.27 (2.19‐
28.82)
(DZ twins)
‐ processed meat including
sausages OR 10.75 (4.82‐25.55)
‐ red meat OR 6.90 (3.22‐
15.49)

Other

Studies were assumed to assess the total diet unless stated otherwise in the original publication / † “Prudent” diet mainly correlated to white meat, tuna fish, fish, eggs and potatoes /
Lacto‐vegetarian if he/she never ever ate eggs, meat or fish but consumed milk or milk products / § Regular fish consumption if >3 days every week / ¶ Logistic regression analysis / # Not
specified which examined diet / ** P values or 95% confidence interval not provided / †† Multivariate analysis / CD, Crohn’s disease / DZ, dizygotic / IBS, irritable bowel syndrome / MZ,
monozygotic.

‡

*

Jakobsen,
201213

Multivariate
Unpasteurized
conditional
milk, pork,
sausages and other
processed meat,
red meat, nuts,
sweets, soft drinks,
meat, vegetables,
fruit, bread, fast
food, sugar free
food, coffee and
alcohol

Spehlmann,
201212

Significant findings (95% confidence interval)
Cereals and bread
Sugar and sugar containing
foods
High consumption
(DZ twins)
‐ soft drinks OR 3.27 (1.36‐
8.43)

Statistical analysis

Focus on*

(continued)

Author, year

Table S2.3

Diet as trigger for IBD?
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61

62
Statistical analysis

Univariate

Univariate

Focus on*

Total diet
special care on
refined sugar and
dietary fibre

Total diet
special care on
refined sugar and
dietary fibre

Thornton,
197934

Thornton,
198515

Nutrients and the onset of CD

Author, year

Table S2.4
Significant findings (95% confidence interval)
Fat
MUFA
PUFA
“Other”
Patients
>controls
g/day
‐ total
carbohydrate
(P<0.02)
‐ refined sugar
(P<0.002)
‐ refined sugar in
food (P<0.02)
‐ refined sugar in
drinks (P<0.01)
Controls
>patients
g/day
‐ dietary fibre
(P<0.05)
‐ total fruit and
vegetable fibre
(P<0.05)
‐ raw fruit and
vegetable fibre
(P<0.001)
Nonsmokers CD
(n=9) > smoking
controls (n=10)
g/day
‐ refined sugar
intake (P<0.05)

Carbohydrate

Protein

Energy

Other

Chapter 2

2

35

Reif, 1997

4

Shoda, 1996

Tragnone,
16
1995

Persson 1992

Author, year

Table S2.4

Total diet

Total diet

Total diet

Total diet

Focus on*

(continued)

Multivariate
adjusted for energy
intake

Multivariate
adjustment not
specified

Univariate

Multivariate
adjusted for gender,
age and when
applicable for
energy intake

Statistical analysis

g/day
‐ omega 6 fatty
acids r = 0.883
(P<0.001)
‐ omega 6 :
omega 3 fatty
acids r = 0.792
(P<0.001)
‐ fish oil r =
0.598 (p<0.005)

g/day
‐ total fat
r = 0.919
(P<0.001)
‐ animal fat r =
0.880 (P<0.001)

Significant findings (95% confidence interval)
Fat
MUFA
PUFA
“Other”
>55 g/day
Sucrose RR 2.6
(1.4‐5.0)
>15 g/day
Fibre RR 0.5
(0.3‐0.9)
>100 g/day
‐ refined sugar
RR 3.5 (1.5‐8.1)
> 200 g/day
‐ starch RR 5.5
(2.1‐14.2)
> 300 g/day
‐ total
carbohydrate
RR 4.1 (1.8‐9.4)

Carbohydrate

g/day
‐ total protein r =
0.482 (p<0.05)
‐ animal protein
r = 0.908
(P<0.001)
‐ milk protein r =
0.924 (p<0.001)
‐ vegetable
protein
r = ‐0.941
(P<0.001)

Protein

Patients >
controls (g/day):
total energy
(P<0.05)

10.000
kilojoules/day by
men
‐ energy RR 2.5
(1.2‐5.6)

Energy

High vs. low intake
‐ vitamin C OR 0.23
(0.07‐0.83)

Other

Diet as trigger for IBD?
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63

64

Jantchou,
201020

Amre, 2007

Total diet

Total diet

Total diet

Sakamoto,
20055

25

Focus on*

(continued)

Author, year

Table S2.4

Multivariate
adjusted for energy
intake

Significant findings (95% confidence interval)
Fat
MUFA
PUFA
“Other”
Highest vs.
Highest vs.
Highest vs.
Multivariate
lowest quartile lowest quartile lowest quartile
adjusted for age,
‐ MUFAs OR 2.49 ‐ PUFAs OR 2.31 ‐ Total fat OR
study area,
(1.12‐4.79)
(1.23‐5.03)
2.86 (1.39‐5.90)
education, gender
‐ Omega‐6 fatty
and smoking habits
acids OR 2.57
(1.24‐5.32)
‐ Omega‐3 fatty
acids OR 3.24
(1.52‐6.88)
High vs. low
Multivariate
level
adjusted for age,
‐ long chain
gender, total energy
omega 3 fatty
and BMI
acids 0.44 (0.19‐
1.00; P=<0.001)
‐ higher ratio of
long chain
omega 3 fatty
acids /
arachidonic acid
OR 0.32 (0.14‐
0.71)

Statistical analysis

High vs. low
level
‐ dietary fibre
OR 0.12 (0.04‐
0.37)

Carbohydrate

Highest tertile
‐ total protein
HR 3.34 (0.9‐
12.4) P= 0.04

Protein

Energy

High vs. low level
‐ retinol OR 2.92
(1.26‐6.75)
‐ vitamin E (no
supplements) OR
0.19 (0.05‐0.66)
‐ vitamin D OR 2.77
(1.12‐6.82)
‐ niacin OR 2.88
(1.05‐7.93)
When restricting to
food consumption
only, the
associations for
retinol, vitamin D
and niacin were no
longer significant.

Highest vs. lowest
quartile
‐ Vitamin E (no
supplements) OR
3.23 (1.45‐7.17)

Other
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Fruits, preserves, Univariate
cakes, biscuits,
sweets, chocolate,
milk, ice cream
and beverage

Silkoff, 198036

Significant findings (95% confidence interval)
Fat
MUFA
PUFA
“Other”
Patients
>controls
‐ starch (g/day)
(P<0.01)
‐ noncellulosic
polysaccharides
(g/day) (P<0.05)
‐ total dietary
fibre (g/day)
(P<0.05)
‐ mono‐ and
disaccharides†
(g/day)
(P<0.001)
Patients
>controls
g
‐ mono‐ and
disaccharides†
(P<0.05)
High vs. low
fibre intake‡ OR
0.28 (0.15‐0.52)

Carbohydrate

Protein
Patients >
controls
g/day
‐ energy
(kcal/day)
(P<0.01)

Energy

Other

*
Studies were assumed to assess the total diet unless stated otherwise in the original publication / † Monosaccharides and disaccharides defined as (total) sugar / ‡ High fibre defined as daily
intake of 3 or more of the following categories: fruits, vegetables, whole meal bread, >4 pieces of bread, cornflakes, muesli). Low fibre defines as less than 3 of the 6 categories / MUFAs,
monounsaturated fatty acids / PUFAs, polyunsaturated fatty acids.

Hansen, 201111 Fruit, vegetables, Multivariate
egg, bread, cereal, adjusted for
sugar and coffee smoking status,
appendectomy,
tonsillectomy, oral
contraceptive use
and consumption of
fibre, coffee and
eggs

Univariate

Dietary fibre,
sugar, starch, fat,
protein, and total
energy

Kasper, 197930

Statistical analysis

Focus on*

(continued)

Author, year

Table S2.4
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Abstract
Background
Diet is associated with onset of inflammatory bowel disease (IBD). Up to half of IBD
patients believe that diet contributes to flares. However, studies on this topic are
sparse and merely focus on specific nutrients, food items or food groups. We aimed to
analyze the association between dietary patterns and flare occurrence in two
geographically distinct Dutch cohorts.
Methods
In this longitudinal study, 724 IBD patients (Northern cohort: n=486, Southern cohort:
n=238) were included and followed for two years. Habitual dietary intake was
obtained via semi‐quantitative food frequency questionnaires at baseline. Principal
component analysis (PCA) was conducted on 22 food groups to identify dietary
patterns. Flare occurrence was analysed in 427 patients in remission at baseline, using
multivariable COX proportional hazards.
Results
Compared to the Southern cohort, patients in the Northern cohort were younger at
diagnosis, comprised more females, and had lower overall energy intakes (all p<0.05).
PCA revealed three dietary patterns explaining 28.8% of the total variance. The most
pronounced pattern (explaining 11.6%) was characterized by intake of grain products,
oils, potatoes, processed meat, red meat, condiments and sauces, and sugar, cakes
and confectionery. Of the 427 patients, 106 (24.8%) developed an exacerbation during
follow‐up. The above dietary pattern was associated with flare occurrence (HR: 1.51,
95% CI: 1.04‐2.18, p=0.029), as was female sex (HR: 1.63, 95% CI 1.04‐2.55, p=0.032).
Conclusions
A dietary pattern, which can be seen as a “traditional (Dutch)” or ”Western” pattern
was associated with flare occurrence. Confirmation in prospective studies is needed.
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Introduction
Inflammatory bowel disease (IBD), comprising Crohn’s disease (CD) and ulcerative
colitis (UC), is a chronic relapsing‐remitting disorder of the gastrointestinal tract. The
number of flares varies largely between patients and negatively affects health‐related
quality of life in IBD patients.1 Furthermore, insufficient control of flares results in
chronic irreversible bowel damage.2 The aetiology of IBD has not been completely
elucidated and exact triggers of a flare are not clear. However, 33‐57% of IBD patients
believe that diet contributes to the development of a flare and often experiment with
their food intake to avoid symptoms.3,4
A longitudinal study in 183 UC patients found that meat (especially red and
processed meat), protein, alcohol, sulphur and sulphate intake to increase the
likelihood of a flare.5 In CD a decreased n‐6/n‐3 poly‐unsaturated fatty acid ratio
(n=76) and avoidance of dietary fibres were reported to be associated with flare
development in CD (n=1130), but not in UC patients (n=489).6,7 A more recent study in
135 IBD patients reported a positive association between dietary fibre and flare
occurrence and an inverse association with high (saturated) fat intake.8 In currently
available studies, study populations were small (between 76‐183 patients),5,7,8 follow‐
up was limited (maximum of 1 year5,7) and the definition of a flare is sometimes solely
based on a clinical symptom score.5 The study by Brotherton et al.6 did include a large
number (n=1613) of IBD patients but had a relative short follow‐up period of
6 months and focused on consumption of fibres. To gain better insight on dietary
patterns and disease course, longitudinal follow‐up in well‐defined large IBD
outpatient cohorts is important. It is of additional interest to take different
geographical regions into account, since the habitual dietary intake and relative
contribution of genetic and environmental factors in IBD phenotype may differ
between regions.9 Furthermore, the focus of the currently available studies is mainly
on nutrients, food items or food groups.5–8 However, dietary patterns are of special
interest since nutrients are likely to act synergistically or antagonistically as part of a
whole meal or daily dietary intake.10
Between 40‐70% of the IBD patients have reported to adjust their diet in order to
prevent symptoms.11 To better support and advise patients in their search for
symptom relief, research on the association of dietary patterns and flares is needed,
especially because consistent scientific evidence is largely lacking.
The aim of this study was to identify dietary patterns in habitual dietary intake of
IBD patients after diagnosis and subsequently to analyse the association between the
identified dietary patterns and the occurrence of a flare in two geographically distinct,
longitudinal IBD cohorts.
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Methods and materials
Cohort description
For the present study, baseline data on habitual dietary intake and longitudinal data
on disease course were collected of IBD patients from two geographically distinctive
cohorts from the Northern and Southern provinces of the Netherlands. Patients were
included if they had a minimum age of 18 years and fulfilled the international
diagnostic criteria for IBD.12 Patients were excluded, Figure 3.1, when diagnosed with
IBD unclassified or having an ileoanal pouch or ileorectal anastomosis, were on tube
feeding or had missing data (i.e. disease course data could not be retrieved from
medical records, patients participated in another intervention study whereby data
from IBD‐related visits could not be retrieved, or patients skipped multiple pages and
therefore had incomplete FFQ data). Furthermore, patients with implausible FFQ data
(overall intake for males <800 or >4200 kcal/day and for females <500 or >3500
kcal/day)13 were excluded. All patients were followed prospectively with a maximum
duration of two years, or until lost to follow‐up. In both cohorts, information on
demographic data, disease phenotype according to the Montreal classification,14
previous surgical procedures, disease activity (clinical symptoms, Harvey‐Bradshaw
Index (HBI),15 simple clinical colitis activity index (SCCAI),16 faecal calprotectin,
C‐reactive protein (CRP), endoscopy and radiological imaging) were retrieved
retrospectively from medical records using standardized registration forms and similar
definitions in both cohorts. The data underlying this article can be shared on
reasonable request to the principal investigators of the respective cohorts and in line
with European directives. The STROBE‐Nut checklist which is an extension of the
STROBE statement for nutritional epidemiology, was used to report the results.17

Northern cohort
The 1000IBD project18 is a cohort of IBD patients initiated to prospectively follow IBD
patients in the Northern provinces of the Netherlands. This cohort is part of the
“Parelsnoer” Initiative (PSI)19, which is established by the Dutch Federation of
University Medical Centres, to optimize clinical bio‐banking within the eight Dutch
university medical centres for research purposes. As part of PSI protocols (described
elsewhere20), IBD patients are monitored closely and followed prospectively in the
University Medical Centre Groningen (UMCG). The 1000IBD project was approved by
the medical research ethics committee of the University Medical Centre Groningen
(METC UMCG 1000IBD 2008.338). All patients provided written informed consent.
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Southern cohort
The IBD South‐Limburg (IBDSL) cohort is a well‐characterized population‐based
inception cohort in the South‐Limburg area in the Netherlands.21 The IBDSL cohort has
been used to study IBD epidemiology and disease course since 1991. IBDSL patients
visiting the outpatient clinic of Maastricht University Medical Centre+ (MUMC+) were
checked for eligibility for participation in the current study and included after
giving/providing written informed consent. This study was approved by the medical
research ethics committee of the MUMC+ (NL42101.068.12) and registered in
ClinicalTrial.gov (NCT01756963), the IBDSL cohort was also approved by the medical
research ethics committee of MUMC+ (NL31636.068.10) and registered in
ClinicalTrial.gov (NCT02130349). The IBDSL data warehouse was used to retrieve
relevant clinical data for the present study.

Clinical data collection
Every visit to the outpatient clinic or hospitalization was registered in the medical
record of a patient and was checked to assess if patients fulfilled the criteria of having
a flare. Since data has been collected retrospectively from medical records, a flare was
defined by the following criteria in line with clinical practice and previous studies22,23:
i) presence of active disease confirmed by a physician availing endoscopy and/or
radiological imaging (ultrasound, computed tomography, or magnetic resonance
imaging); ii) an increased faecal calprotectin (≥250 µg/g); iii) faecal calprotectin
≥100 µg/g with at least five‐fold increase from previous visit; iv) clinical symptoms
indicative of disease activity or increased HBI or SCCAI accompanied by a dose
escalation or initiation of a new drug; or v) if the dose escalation or initiation of a new
drug was accompanied by a CRP above the cut‐off point of the relevant hospital
(Northern cohort ≥5 mg/l, Southern cohort ≥10 mg/l). Disease activity was determined
according to the abovementioned criteria over the course of three months prior to
inclusion, at the time of inclusion and during the follow‐up period with a maximum of
2 years. When data was incompletely registered in patients records in the period
before inclusion, in addition to the abovementioned criteria, IBD‐related
hospitalization due to disease activity and IBD‐related surgery were examined to be
able to evaluate disease activity. Furthermore, time since last flare and time to flare
during follow‐up were calculated in months.

Dietary data collection
In both cohorts, the habitual dietary intake was obtained via comparable FFQs
developed (in collaboration with) and validated by the division of Human Nutrition of
Wageningen University.24–26 In the Northern cohort, the FFQ was administered to
patients between 2013 and 2016; in the Southern cohort dietary data was collected
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between 2012 and 2017. The FFQ did not record intake of nutritional supplements.
The intake over the previous month was used as a reference period. It was assessed
by scoring the frequencies of consumption on a 7 or 10‐item scale: ‘never’ till ‘7 days
per week’, or a 4‐item scale: ‘never’, ‘sometimes’, ‘often’ and ‘always’ along with the
usual amount taken in. Portion sizes were estimated using natural portions and
commonly used household measures. In the Northern cohort, the data on frequency
of foods intake was linked to the Dutch food composition table (NEVO 2011, RIVM
Bilthoven, the Netherlands), resulting in a calculated individual mean consumption of
the reported macronutrients and 110 food items. In the Southern cohort, data on
frequency was linked to the Dutch food composition table (NEVO 2010, RIVM
Bilthoven, the Netherlands), resulting in a calculated individual mean intake of the
reported macronutrients, and 148 food items. The food items of both cohorts were
grouped into 22 food groups, Table S3.1. For both cohorts, BMR% (total energy intake
as percentage of Basal Metabolic Rate (BMR))27,28 was calculated for men and women
separately using the Harris Benedict Equation: BMRwomen = 655.0955 +
(9.5634*Weight) + (1.8496*Length) − (4.6756*Age) and BMRmen = 66.4730 +
(13.7516*Weight) + (5.0033*Length) − (6.7550*Age))..

Statistical analysis
General analysis
Baseline characteristics were presented as means with corresponding standard
deviations (SD) for continuous variables and as number of patients with corresponding
percentages for categorical variables. Continuous data between the distinctive
cohorts were compared by a Student’s t‐test and categorical data by Chi‐square test
or Fisher’s exact test when appropriate. Although crude intake of food groups was
reported, statistics were conducted on √‐transformed variables when appropriate.
Principal component analysis
PCA is a form of factor analysis, whereby patterns are identified based upon the
correlation between food groups, explaining the maximum variance (i.e. complete
diet of individuals). For each “factor” individual scores are generated, which then rank
individuals based on the food group consumption by the weighting of those groups
within the factor.29
To extract a‐posteriori dietary patterns, we conducted principal component
analysis (PCA) with orthogonal (varimax) rotation to obtain optimal interpretability of
the extracted components (dietary patterns) on the 22 food groups (which are
standardized (Z‐scores) per cohort) on all IBD patients.
Before analysis, suitability of the data was tested availing a correlation matrix,
using Bartlett’s Test of Sphericity and Kaiser‐Meyer‐Olkin test. Coefficients with
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absolute values above 0.3 were considered relevant for interpretability. Scree plots
and interpretability of the components were used to determine the number of
patterns to retain. Subsequently, for each patient, a factor score per dietary pattern
was calculated as the sum of the food group weighted by the factor loadings.
Since PCA is sensitive to outliers, an additional robust PCA analysis with varimax
rotation was performed to check whether the results could be confirmed,30 using the
same assumptions.
COX proportional hazards regression analysis
To determine whether adherence to the identified dietary patterns is associated with
development of a flare during follow‐up, a multivariable COX proportional hazards
regression analysis was performed including all IBD patients being in remission at
baseline, while correcting for clinical confounders (i.e. energy intake, study cohort,
disease phenotype, gender, age at diagnosis, smoking behaviour and BMI). Patients
were excluded if a flare was detected at, or three months prior to, inclusion based on
the above‐mentioned criteria. In case of insufficient or missing data on disease status,
patients were also regarded to be not in remission at baseline, and therefore not
included for further analysis on flare development. Hazard ratios (HR), with 95%
confidence interval (95% CI), for the association between PCA derived dietary patterns
(as continuous variable) and flare development were calculated. Furthermore, again,
robust PCA was used to check whether the regression analysis results could be
confirmed. If patients were lost to follow‐up, they were censored at time of their last
clinical visit. Statistical analyses were performed using IBM SPSS statistics for Mac OS,
Version 25 (IBM, Armonk, NY) and R3.6.3 (R Core Team, 2014). The PCA orthogonal
(varimax) rotation was performed using R package psych 1.9.12.31,31 the robust PCA
was performed using R package rrcov version 1.5.232 and the COX proportional hazard
regression analysis was estimated using R package survival v3.1‐12.33,34 A two‐sided p‐
value of <0.05 was considered significant.

Results
Baseline characteristics of the cohorts
A total of 724 patients were included, Figure 3.1, Table 3.1. In the Northern cohort,
486 patients participated consisting of 284 CD and 202 UC patients. Of all these
patients, 60.7% was female, mean age at inclusion was 43.0 ± 14.4 years, disease
duration was 12.6 ± 9.2 years, and BMI was 25.6 ± 5.1 kg/m2. In the Southern cohort,
238 patients participated; 156 CD and 82 UC patients. Of these patients, 52.7% was
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female, their mean age at inclusion was 45.7 ± 14.8 years, disease duration was
11.5 ± 10.1 years, and BMI was 25.5 ± 4.2 kg/m2.
Comparing both cohorts revealed that patients in the Northern cohort were
more likely female (295 (60.7%) vs. 126 (52.9%), p=0.047), were taller (174 ± 9.9 vs.
172 ± 9.7 cm, p=0.001), had a lower age (at diagnosis) (43.0 ± 14.4 vs. 45.7 ± 14.8
years, p=0.020) and a longer time to last flare at time of inclusion (20.5 ± 6.8 vs.
18.6 ± 7.8 months, p=0.013). No differences were observed in disease phenotype, BMI
or smoking behaviour. The two cohorts showed differences in the Montreal
classification (age at diagnosis: p=0.002, location: p<0.001, upper‐GI disease modifier:
p=0.045, behaviour: p<0.001, perianal disease modifier: p=0.003 but not disease
extent: p=0.538) and IBD‐medication use (p<0.001). Patients in the Northern cohort
were more likely to have had bowel resection surgery prior to inclusion (156 (32.2%)
vs. 55 (23.1%), p=0.012) than patients in the Southern cohort

Figure 3.1

Flowchart of participant inclusion.
n, number / IBDU, IBD unclassified / Implausible intake, overall intake for males <800 or
>4200 kcal/day and for females <500 or >3500 kcal/day / PCA, Principal Component Analysis.
* Patients are “not in remission” if disease activity was detected at baseline and/or up to
three months prior to inclusion / **COX assumptions, COX proportional hazard regression
analysis requires no missing data.

When comparing patients who stayed in remission during follow‐up (n=321) with
patients who developed a flare (n=106), weight (77.5 ± 14.5 vs. 74.1 ± 16.5 kg,
p=0.045) and duration of follow‐up (22.6 ± 4.9 vs. 23.5 ± 2.4 months, p=0.009) were
significant.
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234 (53.4)
125 (28.5)
79 (18.0)
145 (22.8)

B1: non‐stricturing, non‐penetrating
B2: stricturing
B3: penetrating
P: perianal modifier

145 (51.4)
97 (34.4)
40 (14.2)
96 (20.0)

89 (57.1)
28 (17.9)
39 (25.0)
49 (31.4)

37 (23.7)
26 (16.7)
93 (59.6)
16 (10.3)

101 (37.8)
62 (23.2)
104 (39.0)
26 (5.6)

138 (32.6)
88 (20.8)
197 (46.6)
42 (6.8)

14 (5.9)
151 (64.0)
71 (30.1)

59 (12.3)
321 (66.9)
100 (20.8)

73 (10.2)
472 (65.9)
171 (23.9)

11.5 ± 10.1
22.7 ± 4.4
18.6 ± 7.8
82 (34.5)
55 (23.1)

126 (52.9)
45.7 ± 14.8
172 ± 9.7
75.5 ± 14.8
25.5 ± 4.2
48 (20.4)

12.6 ± 9.2
23.2 ± 3.9
20.5 ± 6.8
202 (41.6)
156 (32.2)

295 (60.7)
43.0 ± 14.4
174 ± 9.9
77.8 ± 16.4
25.6 ± 5.1
93 (19.5)

12.2 ± 9.5
23.3 ± 4.0
19.8 ± 7.2
284 (39.2)
211 (29.2)

L1: terminal ileum
L2: colon
L3: ileocolonic
L4: upper‐GI modifier

Clinical characteristics
Disease duration [years]
Duration follow up [months]
Time to flare [months during FU]@
Disease phenotype [UC]
Bowel resection prior inclusion [yes]
Montreal classification$
A1: ≤16 yearsr
A2: 17‐40 yearsr
A3: >40 yearsr

421 (58.1)
43.9 ± 14.6
174 ± 9.9
77.1 ± 15.9
25.6 ± 4.8
141 (19.8)

Complete
n=724

Complete sample
(as used in PCA)
North
South
n=486
n=238

Demographical and clinical characteristics of IBD patients at inclusion.

Demograhical characteristics
Sex [female]
Age [years]
Height [cm]
Weight [kg]
BMI [kg/m2]
Smoking [active]

Table 3.1

9 (8.5)
72 (67.9)
25 (23.6)
19 (27.9)
15 (22.1)
34 (50)
7 (8.1)
35 (50.0)
25 (35.7)
10 (14.3)
21 (24.1)

38 (11.8)
211 (65.7)
72 (22.4)
59 (33.0)
36 (20.1)
84 (46.9)
13 (4.6)
103 (56.3)
43 (23.5)
37 (20.2)
59 (20.4)

0.002*

0.003*

<0.001*

0.045*

<0.001*

12.1 ± 9.6
23.5 ± 2.4
11.2 ± 6.6
37 (34.9)
30 (28.3)

12.5 ± 10.0
22.6 ± 4.9
22.6 ± 4.9
138 (43.0)
87 (27.1)

0.162
0.208
0.013*
0.066
0.012*

69 (65.1)
43.3 ± 14.7
172 ± 10.0
74.1 ± 16.5
25.0 ± 4.8
22 (20.8)

176 (54.8)
43.6 ± 15.0
174 ± 9.6
77.5 ± 14.5
25.6 ± 4.4
54 (16.8)

0.047*
0.020*
0.001*
0.077
0.826
0.932

p‐value†

0.457

0.126

0.273

0.748

0.633

0.723
0.009*
<0.001*
0.142
0.810

0.064
0.82
0.057
0.045*
0.241
0.058

Selection#
(as used in cox regression)
Remission##
Flare###
p‐value††
n=321
n=106
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78
(continued)

148 (20.5)
146 (20.2)
21 (2.9)
177 (24.5)
229 (31.8)

Complete
n=724
37 (13.3)
97 (34.9)
144 (51.8)

114 (23.6)
104 (21.5)
20 (4.1)
123 (25.5)
122 (25.3)

34 (14.3)
42 (17.6)
1 (0.4)
54 (22.7)
107 (45.0)

Complete sample
(as used in PCA)
North
South
n=486
n=238
28 (14.2)
9 (11.1)
65 (33.0)
32 (39.5)
104 (52.8)
40 (49.4)

<0.001*

0.538

p‐value†

63 (19.6)
70 (21.8)
4 (1.2)
85 (26.5)
99 (30.8)

22 (20.8)
18 (17.0)
2 (1.9)
24 (22.6)
40 (37.7)

0.590

Selection#
(as used in cox regression)
Remission##
Flare###
p‐value††
n=321
n=106
16 (11.9)
4 (10.8)
43 (31.9)
16 (43.2)
0.427
76 (56.3)
17 (45.9)

Values are reported as mean ± SD or number (%) when appropriate / * Significant p‐value <0.05 / †Comparison of Northern vs. Southern cohort / †† Comparison of
patients in remission vs. with active disease / # Patients who are in remission at baseline and have shown no signs of disease activity three months prior to inclusion /
##
Patients who stay in remission during the follow‐up period of maximum 2 years / ### Patients who have a flare up of their disease during the follow‐up period of
maximum 2 years / @Only patients in remission (at baseline and/or up to 3 months prior to inclusion) / $Montreal classification: A=age, L=localization (CD only),
B=behaviour (CD only), E=extent (UC only) / 5‐ASA, 5‐aminosalicylic acid / #Patients are categorized to the “highest” category if they use multiple drugs; order (low to
high): no medication, 5‐ASA/topical steroids, systemic steroids, immunomodulators, biologicals. / PCA, Principal Component Analysis / BMI, Body Mass Index / FU,
Follow‐up period / GI, Gastro‐intestinal / UC, Ulcerative Colitis.

IBD medication at inclusion#
No medication
5‐ASA or topical steroids
Systemic steroids
Immunomodulators
Biologicals

E1: ulcerative colitis
E2: left‐sided
E3: extensive

Table 3.1
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Habitual dietary intake
Compared to the Southern cohort, patients in the Northern cohort had a lower intake
of all macronutrients; total energy intake (1930 ± 604 vs. 2180 ± 634 kilocalories,
p<0.001), total protein (0.9 ± 0.3 vs. 1.1 ± 0.3 g/kg, p<0.001), plant protein (0.4 ± 0.2
vs. 0.5 ± 0.2 g/kg, p<0.001), animal protein (0.5 ± 0.2 vs. 0.6 ± 0.2 g/kg, p<0.001), fat
(35.6 ± 5.6 vs. 36.5 ± 5.2 energy (En)%, p=0.038), carbohydrates (46.0 ± 6.5 vs. 43.8 ±
6.2 En%, p<0.001) and alcohol (1.5 ± 2.4 vs. 2.8 ± 3.6 En%, p<0.001), Table 3.2.
Moreover, they consumed less legumes (10.3 ± 20.5 vs. 17.3 ± 37.0 g/day, p=0.002),
grain products (177 ± 85.3 vs. 204 ± 86.8 g/day, p<0.001), red meat (34.1 ±19.9 vs.
55.7 ± 36.1 g/day, p<0.001), processed meat (27.8 ± 22.0 vs. 44.3 ± 34.5 g/day,
p<0.001), fish (14.0 ± 15.1 vs. 21.4 ± 22.3 g/day, p<0.001), oils (22.9 ± 18.4 vs. 30.1 ±
15.5 g/day, p<0.001), confectionery (74.1 ± 50.7 vs. 91.4 ± 61.9 g/day, p<0.001),
alcoholic beverages (55.9 ± 101 vs. 134 ± 211 g/day, p<0.001), and condiments and
sauces (29.1 ± 22.5 vs. 35.1 ± 31.5 g/day, p=0.008), but more dairy (256 ± 190 vs. 216
± 177 g/day, p=0.005), poultry (11.5 ± 11.4 vs. 10.3 ± 16.9 g/day, p<0.001), non‐
alcoholic beverages (286 ± 347 vs. 219 ± 229 g/day, p=0.009), tea (271 ± 261 vs. 248 ±
318 g/day, p=0.020), and prepared meals (31.0 ± 51.5 vs. 17.6 ± 31.0 g/day, p<0.001).
Compared to patients who got a flare during follow‐up, patients who stayed in
remission had a higher BMR% (1622 ± 249 vs. 1559 ± 254, p=0.025) but lower intakes
of total protein (0.9 ± 0.3 vs. 1.0 ± 0.3 g/kg, p=0.035) and animal protein (0.5 ± 0.2 vs.
0.6 ± 0.2 g/kg, p=0.022). Moreover, patients in remission had lower intakes of
vegetables (100 ± 66.7 vs. 117 ± 73.8 g/day, p=0.027) and red meat (38.1 ± 23.7 vs.
46.2 ± 34.8 g/day, p=0.028).

Dietary patterns
The dietary data was found to be likely factorizable based upon the Bartlett’s Test of
Sphericity (p<0.001) and Kaiser‐Meyer‐Olkin test (KMO= 0.655). Subsequently, PCA
was performed, identifying three dietary patterns explaining 11.6%, 8.9% and 8.3%,
respectively, (cumulative 28.8%) of the total variance in food group consumption for
all patients, Table 3.3, Figure S3.1. The first dietary pattern is characterized by high
intakes of potatoes, grain products, red meat, processed meat, oils, sugar, cakes and
confectionery and condiments and sauces. The second dietary pattern revealed high
intakes of red meat, processed meat, coffee, alcoholic beverages, condiments and
sauces, and snacks, and low fruits and tea consumption. The third pattern is
characterized by high intakes of vegetables, fruits, nuts, fish, eggs, and alcoholic
beverages and low consumption of non‐alcoholic beverages.
Furthermore, the additional robust PCA analysis with varimax rotation retained
the first two patterns, which were comparable to the PCA orthogonal (varimax)
rotation analysis, Table S3.2, Figure S3.2. Therefore, these two robust patterns were
used for COX proportional hazard regression analysis.

79

3

80
Habitual dietary intake of IBD patients.

Macronutrient intake
Energy [Kilocalories]
BMR%
Total protein [g/day]
g/kg
Plant protein [g/day]
g/kg
Animal protein [g/day]
g/kg
Total fat [g/day]
En%
Carbohydrates [g/day]
En%
Alcohol1 [g/day]
En%1
Food group intake [g/day]1
Potatoes
Vegetables
Legumes
Fruits
Nuts
Dairy
Grain products
Red meat
Processed meat
Poultry
Fish
Eggs

Table 3.2

1930 ± 604
1616 ± 258
68.2 ±19.7
0.9 ± 0.3
29.1 ± 10.5
0.4 ± 0.2
39.2 ± 13.4
0.5 ± 0.2
77.0 ± 29.0
35.6 ± 5.6
222 ± 78.3
46.0 ± 6.5
4.1 ± 6.5
1.5 ± 2.4
86.3 ± 64.9
103 ± 69.4
10.3 ± 20.5
132 ± 107
10.8 ± 17.3
256 ± 190
177 ± 85.3
34.1 ±19.9
27.8 ± 22.0
11.5 ± 11.4
14.0 ± 15.1
13.8 ± 13.7

2012 ± 625
1609 ± 257
71.7 ± 21.6
1.0 ± 0.3
30.9 ± 11.4
0.4 ± 0.2
40.9 ± 14.8
0.5 ± 0.2
81.1 ± 30.5
35.9 ± 5.5
227 ± 76.9
45.3 ± 6.5
5.6 ± 8.8
1.9 ± 2.9
82.7 ± 60.5
105 ± 69.1
12.6 ± 27.2
133 ± 109
11.3 ± 17.6
243 ± 187
186 ± 86.7
41.2 ± 28.2
33.2 ± 27.8
11.1 ± 13.4
16.5 ± 18.1
13.9 ± 13.8

Complete
n=724

75.4 ± 49.6
109 ± 68.5
17.3 ± 37.0
134 ± 114
12.4 ± 18.2
216 ± 177
204 ± 86.8
55.7 ± 36.1
44.3 ± 34.5
10.3 ± 16.9
21.4 ± 22.3
14.2 ± 14.0

2180 ± 634
1591 ± 254
78.7 ± 23.6
1.1 ± 0.3
34.4 ± 12.2
0.5 ± 0.2
44.3 ± 16.7
0.6 ± 0.2
89.5 ± 31.7
36.5 ± 5.2
237 ± 73.1
43.8 ± 6.2
8.7 ± 11.7
2.8 ± 3.6

Complete sample
(as used in PCA)
North
South
n=486
n=238

0.081
0.362
0.002*
0.995
0.249
0.005*
<0.001*
<0.001*
<0.001*
<0.001*
<0.001*
0.806

<0.001*
0.232
<0.001*
<0.001*
<0.001*
<0.001*
<0.001*
<0.001*
<0.001*
0.038*
0.016*
<0.001*
<0.001*
<0.001*

p‐value†

78.5 ± 54.2
100 ± 66.7
10.9 ± 16.9
136 ± 107
13.3 ± 20.7
247 ± 184
183 ± 77.8
38.1 ± 23.7
31.9 ± 25.9
10.7 ± 13.7
15.3 ± 16.9
14.3 ± 14.7

1987 ± 560
1622 ± 249
70.4 ± 19.6
0.9 ± 0.3
30.8 ± 10.1
0.4 ± 0.2
39.7 ± 14.3
0.5 ± 0.2
80.4 ± 28.4
36.0 ± 5.5
223 ± 68.8
45.1 ± 6.3
6.0 ± 8.8
2.1 ± 3.1

83.8 ± 59.0
117 ± 73.8
17.2 ± 41.7
131 ± 120
10.4 ± 15.6
233 ± 170
191 ± 93.0
46.2 ± 34.8
36.2 ± 32.3
12.4 ± 13.4
19.5 ± 23.2
13.8 ± 15.1

2044 ± 648
1559 ± 254
72.9 ± 24.3
1.0 ± 0.3
30.9 ± 12.7
0.4 ± 0.2
42.1 ± 16.8
0.6 ± 0.2
82.4 ± 32.1
35.7 ± 5.6
231 ± 73.5
45.6 ± 6.9
5.5 ± 10.1
1.8 ± 2.9

0.391
0.027*
0.134
0.691
0.177
0.489
0.349
0.028*
0.166
0.280
0.090
0.747

0.379
0.025*
0.341
0.035*
0.910
0.282
0.162
0.022*
0.542
0.631
0.314
0.431
0.651
0.326

Selection
(as used in cox regression)
Remission#
Flare##
p‐value††
n=321
n=106
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Complete
n=724
25.3 ± 17.8
79.8 ± 55.2
264 ± 315
318 ± 296
264 ± 281
81.5 ± 151
31.1 ± 25.9
48.4 ± 58.7
28.5 ± 25.2
26.6 ± 46.2

Complete sample
(as used in PCA)
North
South
n=486
n=238
22.9 ± 18.4
30.1 ± 15.5
74.1 ± 50.7
91.4 ± 61.9
286 ± 347
219 ± 229
297 ± 263
359 ± 351
271 ± 261
248 ± 318
55.9 ± 101
134 ± 211
29.1 ± 22.5
35.1 ± 31.5
46.5 ± 54.2
52.3 ± 66.9
27.3 ± 22.8
30.8 ± 29.4
31.0 ± 51.5
17.6 ± 31.0
<0.001*
<0.001*
0.009*
0.212
0.020*
<0.001*
0.008*
0.282
0.173
<0.001*

p‐value†

Selection
(as used in cox regression)
Remission#
Flare##
p‐value††
n=321
n=106
23.8 ± 14.7
25.9 ± 18.7
0.295
77.6 ± 50.2
77.9 ± 52.4
0.958
255 ± 309
276 ± 361
0.561
338 ± 308
288 ± 282
0.136
268 ± 271
234 ± 245
0.250
89.4 ± 151
78.8 ± 174
0.548
30.6 ± 27.2
31.8 ± 26.8
0.696
43.5 ± 47.5
41.2 ± 50.6
0.671
30.0 ± 25.0
26.3 ± 24.0
0.185
28.6 ± 50.4
29.0 ± 57.4
0.937

Values are reported as mean ± SD / * Significant p‐value <0.05 / † Comparison of Northern vs. Southern cohort / †† Comparison of patients in remission vs. with active
disease / # Patients who stay in remission during the follow‐up period of maximum 2 years / ## Patients who have a flare up of their disease during the follow‐up
period of maximum 2 years / 1 Crude intake reported, statistics conducted on √‐transformed variables / PCA, Principal Component Analysis. BMR%, Total energy
intake [kilocalories] as percentage of Basal Metabolic Rate (Calculated with Harris Benedict Equation / BMR women = 655.0955 + (9.5634*Weight) + (1.8496*Length)
− (4.6756*Age) / BMR men = 66.4730 + (13.7516*Weight) + (5.0033*Length) − (6.7550*Age)) / En% = Macronutrient as percentage of total energy intake (calculated
as macronutrient / kilocalories * 100).

Cooking oils and fats
Sugar, cakes and confectionery
Nonalcoholic beverages
Coffee
Tea
Alcoholic beverages
Condiments and sauces
Soups
Snacks
Prepared meals

Table 3.2
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Table 3.3

Factor loadings of PCA orthogonal (varimax) rotation derived dietary patterns.

Potatoes
Vegetables
Legumes
Fruits
Nuts
Dairy
Grain products
Red meat
Processed meat
Poultry
Fish
Eggs
Cooking oils and fats
Sugar, cakes, and confectionery
Non‐alcoholic beverages
Coffee
Tea
Alcoholic beverages
Condiments and sauces
Soups
Snacks
Prepared meals
Explained variance

Pattern 1
0.590
0.276
0.206
0.005
0.003
0.110
0.753
0.352
0.504
0.048
‐0.058
‐0.003
0.742
0.470
0.150
0.081
0.047
0.003
0.495
0.208
0.188
0.006
11.6%

Pattern 2
0.040
‐0.295
0.054
‐0.462
0.028
‐0.014
‐0.064
0.448
0.382
‐0.175
‐0.134
0.078
0.013
‐0.021
0.118
0.445
‐0.636
0.538
0.334
0.003
0.407
0.257
8.9%

Pattern 3
‐0.052
0.397
0.300
0.371
0.451
0.048
0.019
0.146
0.032
0.014
0.611
0.566
‐0.001
‐0.097
‐0.391
0.202
0.152
0.435
0.095
0.272
‐0.091
‐0.043
8.3%

Factor loadings >0.3 and <0.3 are indicated in bold / PCA, Principal Component Analysis.

COX proportional hazard regression analysis
Of the 724 patients included in the present study, 427 were in remission at baseline
and eligible for multivariable COX proportional hazard regression analysis. Of those
patients, 106 (24.8%) developed a flare during follow‐up. Adherence to the first and
most pronounced dietary pattern (explaining 11.6% of the total variation) was found
to be associated with an increased risk on flare development (HR: 1.51, 95% CI: 1.04‐
2.18, p=0.029), Table 3.4. Besides, women also had an increased hazard of flare
development (HR 1.63, 95% CI 1.04‐2.55, p=0.032). However, no interaction was
observed between the dietary pattern and sex. Furthermore, no associations were
found with other variables tested nor with the other two dietary patterns.
The first two dietary patterns (first pattern: HR 1.50, 95% CI 0.98‐2.11, p=0.062
and second pattern: HR 0.99, 95% CI 0.82‐1.20, p=0.917) derived from the robust PCA
showed comparable HRs for associations with flare development and female sex (HR:
1.59, 95% CI: 1.03‐2.45, p=0.037), Table S3.3. However, the first dietary pattern lost
significance.
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Table 3.4 Multivariable COX proportional hazard analysis on flare during follow up.
†

Dietary pattern 1
†
Dietary pattern 2
Dietary pa ern 3†
Energy intake [Kilocalories]
Cohort [Northern = ref]
Phenotype [CD = ref]
Sex [male = ref]
Age at diagnosis
Active smoker [no = ref]
BMI

Hazard Ratio
1.51
1.08
1.14
1.00
1.23
0.84
1.63
1.00
1.16
0.97

95% CI
1.04 ‐ 2.18
0.87‐1.35
0.92 ‐ 1.41
1.00 ‐ 1.00
0.80 ‐ 1.89
0.55 ‐ 1.29
1.04 ‐ 2.55
0.98 ‐ 1.01
0.70 ‐ 1.92
0.92 ‐ 1.02

p‐value
0.029*
0.469
0.229
0.318
0.336
0.427
0.032*
0.831
0.574
0.177

†

CI, confidence interval / *Significance = p‐value <0.05 / Dietary pattern extracted from Principal
Component Analysis / Ref, reference category / CD, Crohn’s disease / BMI, Body Mass Index.

Discussion

3

In this prospective study in two distinctive cohorts we found, using PCA, three dietary
patterns, cumulatively explaining 28.8% of the total dietary variance in 724 IBD
patients after diagnosis. Adherence to the first, most prominent, dietary pattern, but
not the second and third pattern, was prospectively associated with the occurrence of
flares in 427 IBD patients. To our knowledge, this is the first study investigating the
association between a‐posteriori dietary patterns and longitudinal flare development
in IBD patients during a 2‐year follow‐up period. The findings indicate the relevance
studying dietary patterns and flare occurrence and warrants for future longitudinal
studies.
The first dietary pattern we found is characterized by intake of grain products,
cooking oils and fats, potatoes, processed meat, red meat, condiments and sauces,
and sugar, cakes and confectionery, and can be regarded as a “traditional (Dutch)”
dietary pattern. A few other studies35–37 have also described a “traditional” or
“traditional Dutch” dietary pattern. Overall, the patterns described in literature were
largely comparable to our “traditional (Dutch)” pattern. However, in contrast to
dietary patterns established by Waijer et al.,36 our first pattern did not include
vegetables which are typically consumed together with potatoes and meat in the
Dutch cuisine.38 Moreover, our pattern was characterized by high intakes of sugar,
cakes and confectionery instead of the low intakes of sweets described by Vujkovic et
al..35 Using the Crohn’s disease exclusion diet (CDED)39, a whole‐food diet coupled
with partial enteral nutrition, promising results have been reported for the induction
of remission in paediatric CD.40 Interestingly, in the CDED trial, potatoes, and oils (only
olive oil, and canola oil) are allowed, which is inconsistent with our findings, whereas
processed meat, sauces, confectionery, wheat, breakfast cereals and breads are not
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allowed,41 reflecting the majority of the food groups of our fist pattern. Though, in a
recent clinical trial in which participants were instructed to follow their usual diet and
were assigned to either a high (minimum of 2 servings/week) or low (not more than 1
serving per month) red and/or processed meat consumption, no differences on
symptomatic flare development in CD was found.42
In literature, analysing dietary patterns availing PCA is increasingly used to study
combined effects of all foods consumed in an individuals’ diet.10 It is data driven which
means no a‐priori assumptions are made (except when food items are clustered into
food groups), and challenging food interactions can be accounted for. However, the
number of dietary patterns to retain is partly based on arbitrary choices (i.e. scree
plot, interpretability criteria) and the naming and characterization of dietary patterns
cannot be standardized and is therefore subjective.13 This can be demonstrated as our
first pattern is partly similar to the second dietary pattern, which is characterized by
high intakes of red meat, processed meat, coffee, alcoholic beverages, condiments
and sauces, and snacks and low intakes of fruits and tea. Red meat, processed meat,
and condiments and sauces (parts of a “Western” pattern) loaded positively on both
patterns. However, an association between this second pattern and development of a
flare was not established. However, the first pattern, which we classified as
“traditional (Dutch)” (especially due to the potato intake) also fits into the description
of a “Western” pattern since it is characterized by intakes of grain products, red meat
and processed meat, cooking oils and fats and sugar, cakes and confectionery. Since
the Netherlands is a Western country, it is not surprising that a “traditional (Dutch)”
dietary pattern is nowadays (partly) a typical “Western” diet too or could be regarded
as a variant of a “Western” dietary pattern. Subsequently, this could explain why our
finding that a “traditional” pattern is associated with flare development is similar to
literature on a “Western” dietary pattern in disease development.
Concerning the aetiology of IBD, a meta‐analysis43 showed that a “Western”
dietary pattern as defined by at least two of the following characteristics: high intake
of refined grains, red or processed meat, animal protein, animal fats, high‐fat dairy
products, or low consumption of fruit and vegetables, was associated with the
incidence of IBD (relative risk 1.92, 95% CI 1.37–2.68). Furthermore, a study by
Vasseur et al.44 found three dietary patterns and labelled these as “healthy”,
“traditional” and “Western”. They reported an inverse association between a
“healthy” dietary pattern and incident IBD (p‐trend=0.02), whereas a “Western”
dietary pattern was associated with higher risk on IBD (p‐trend=0.02). After
adjustment for covariates, those associations lost significance. Since a “Western”
dietary pattern seems to play a role in the aetiology of IBD, we did expect our second
Western pattern to be associated with disease course as well. The lack of an
association might refer to the complexity of dietary influences, which may also vary
between individuals.
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Our third dietary pattern resembles elements of a more “Mediterranean”‐type
dietary pattern, or a “prudent Dutch” dietary pattern45 since it is characterized by high
intakes of vegetables, legumes, fruits, nuts, fish, eggs and alcoholic beverages but low
intake of non‐alcoholic beverages.46 Surprisingly, no inverse association was found
between flare occurrence and this pattern, of which most of the food groups are in
line with the recent dietary guidance recommendations by the international
organization of IBD (IOIBD).47 The association of the Mediterranean diet and its health
benefits has gained interest in recent years because of its anti‐inflammatory potential
in chronic diseases such as IBD, and its ability to improve diversity and richness of the
gut microbiota and microbial metabolites (increase in faecal SCFAs).48,49 Preliminary
data of 38 patients with IBD in remission assigned and adhering to a Mediterranean
diet for six months, showed an increased quality of life and decrease of CRP.50
Furthermore, in a cross‐sectional analysis, patients with CD in remission (n=45) had a
higher Mediterranean diet score, compared to patients with active disease (n=41,
based on HBI).51
Although there is no consensus in literature on how exactly to describe a
“Mediterranean” dietary pattern, it is often characterized by high intakes of
vegetables, fruits, whole grains, legumes, nuts and seeds, olive oil, and moderate
consumption of fish, poultry and dairy foods, and little red meat. Although, over the
years, this diet has changed and has been Westernized.52 Perhaps our patients
consumed a diet resembling a more “Westernized Mediterranean” dietary pattern
instead of a “traditional Mediterranean” dietary pattern. This might be the reason
why we could not confirm a beneficial association between adherence to this dietary
pattern and flare development in the present study.
The importance of studying dietary patterns is supported by the rising incidence
of IBD in Western and newly industrialized countries, which coincides with
urbanization and adoption of a Western lifestyle, including a diet rich in fat, sugars,
animal protein, and processed foods, and low in fruit and vegetables.53 Additionally, a
higher IBD incidence among immigrants to western countries and their successive
generations54–56 as well as mechanistic animal and in vitro studies further support that
a Western lifestyle is likely to play a role in the pathophysiology of IBD. For example, a
high fat diet is reported to affect the intestinal epithelial permeability in mice.57
Others found that a high fat, high sugar diet in mice is characterized by microbial
dysbiosis and decreased concentrations of short chain fatty acids (SCFA).58 Dietary
fibres, mainly from fruits and vegetables, are fermented in the colon into SCFAs,
which serve as energy substrates for colonocytes and are important metabolites
improving, amongst others, intestinal barrier disruption and inflammation.59,60 Meat,
and especially red meat, is a source of dietary sulfur, which is fermented into
hydrogen sulfide in the gut. Hydrogen sulfide is proposed to impair the intestinal
barrier by degrading the mucus layer by reducing the disulfide bonds61 and in UC to
inhibit the butyrate production.62 Furthermore, several food additives are reported to
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affect intestinal permeability and/or immunity.63,64 Although the abovementioned
studies focus merely on elements of a Western diet, nevertheless, it shows the
importance of the role nutrition could play in the pathophysiology of IBD.
Since habitual dietary intake may differ between regions, it is of interest to take
different geographical regions into account in dietary pattern analysis.9 When
assessing the results of the FFQs, differences in the habitual dietary intake between
our cohorts were found. A lower energy intake in the Northern cohort was observed
which could not be statistically explained by the fact that this cohort includes more
females. Therefore, sex, energy and cohort were included in the regression models.
Moreover, all macronutrients (total, plant and animal protein, fat, carbohydrates and
alcohol) are higher in the Southern compared to the Northern cohort and intakes for
the majority of food groups differed as well. Besides, differences in baseline
characteristics were found between the two cohorts. This included, among others,
known disease modifiers (L4: Upper GI‐disease and P: perianal disease) indicating
worse disease extent, as well as a more frequent use of biologicals in the Southern
cohort. This may have contributed to the longer time to flare as observed in the
Northern cohort. Moreover, in the COX proportional hazard regression analysis, flare
development was also positively associated with female sex, but an interaction
between dietary pattern and gender was not found. This finding is in line with another
prospective follow‐up study in IBD patients.65 However, data regarding the influence
of sex on disease course are conflicting.66
In explorative analyses, comparable dietary patterns were found in the two
separate cohorts, pointing to the robustness of the findings. Since the sample sizes
might be too small for COX regression sub analysis and therefore warrants careful
interpretation, we choose not to show these sub analyses but included e.g. study
cohort as well as gender and disease phenotypes as confounders in the COX
regression analysis instead.
A post‐hoc power calculation was conducted after PCA,67 using an alpha of 0.05
and a power of 80% (using R package powerSurvEpi version 0.1.0). It demonstrated
our sample size to be sufficient, but we acknowledge that the exact sample size that is
needed can be different from the power analysis.68
Some limitations of the present study should be acknowledged. Both FFQs were
administered only at time of inclusion, representing the habitual dietary intake of the
preceding month. Hence, changes in dietary habits during follow‐up, which can be due
to active disease, cannot be ruled out. Nevertheless, FFQs are an appropriate tool to
assess longer‐term habitual dietary intake,13 and patients were included throughout
the year limiting seasonal influences. Furthermore, reliability between the FFQs was
not checked because, both were derived from the same FFQ, were developed by the
same research group, and have substantial overlap (Table S3.1). In addition, only four
patients were classified as under reporters and excluded based on the lower energy
cut‐off. Two of these patients would have been excluded nonetheless for having
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active disease at baseline. Therefore, our approach is expected to have little impact
on the outcome. Besides, in this study food groups were defined based on the
corresponding categories as used in the Dutch Food table69, which sometimes leads to
combining potentially healthy and unhealthy foods in the same category. It should be
noted that more detailed food grouping could be relevant in future studies. Finally, an
inevitable limitation in (nutritional) epidemiology is reverse causality; no causality
between the found association on flare occurrence and dietary patterns can be
claimed. These findings may also reflect a dietary change in intake made by patients
due to symptoms and stresses the need for repeated assessments in future
longitudinal studies. As mentioned before, PCA results are always based on arbitrary
choices of the defined food groups.
The strength of the present study is the combination of two large, geographically
distinctive, IBD outpatient cohorts with two‐year longitudinal clinical follow‐up. To our
knowledge, there are no longitudinal studies analysing the association between
dietary patterns (not habitual intake of food items or food groups) in combination
with development of flares in IBD patients. Since endoscopic reviewing all flares is not
feasible and expedient in daily clinical practice, this study avails the best possible
robust alternatives to capture flares. Furthermore, two comparable semi‐quantitative
FFQs were used to assess dietary intake. The identification of similar patterns in each
cohort separately, further strengthens the robustness of our findings. In addition, the
robust PCA, to reduce the influence of outliers30, strengthen our findings of the first
two derived patterns and their HRs with flare occurrence, although the significance of
the first dietary pattern with flare risk was lost. This study indicates the relevance of
studying the association between dietary patterns and flare occurrence, even though
classifying food items in groups is not always easy. Before recommendations for daily
clinical practice can be provided, it is important that these findings are confirmed in
larger, longitudinal studies, determining habitual dietary intake repeatedly. In the
present study, none of the dietary patterns were found to be protective for flare
occurrence. Mechanistic studies on the first dietary pattern can help us to understand
the pathophysiology and form the basis for the development of a possible beneficial
diet which subsequently can be studied in intervention trials.
To conclude, a dietary pattern characterized by intake of grain products, cooking
oils and fats, potatoes, processed meat, red meat, condiments and sauces, and sugar,
cakes and confectionery, which can be regarded as a “traditional (Dutch)” or variant
of a “Western” dietary pattern, was associated with development of flares. These
findings should be confirmed in larger studies and contribute to the evidence needed
for the development of future prospective longitudinal studies, randomized controlled
trials and dietary guidelines for patients in the future.
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Dairy

Boiled and mashed potatoes (also in
hotchpot)
Boiled cauliflower or broccoli
Other boiled vegetables
Raw vegetables
Boiled cabbage varieties (white‐, red‐,
oxheart‐, green‐, savoy‐, Chinese
cabbage, kale, sauerkraut)
Boiled onion and leak
Legumes
Citrus fruits (fresh)
Apples (fresh)
Bananas (fresh)
Other fruits (fresh)
Peanut butter and nut spreads
Peanuts and cocktail nuts
Nuts, nut mixes, trail mix
Seeds
Reduced‐fat milk
Whole milk
Buttermilk
Low‐fat milk
Quark or curd
Reduced‐fat (fruit) yoghurt
Low‐fat (fruit) yoghurt)
Whole yoghurt

Chocolate Milk

Volle (vruchten)yoghurt

Chocolademelk

French Fries,
Potato slices/croquettes, rösti, etc.

English item name
Baked potatoes (fresh potatoes)

Southern cohort (Maastricht)
Dutch item name
Gebakken aardappelen (van verse
aardappelen)
Frites
Aardappelschijfjes, ‐kroketten, rösti,
enz.
Gekookte aardappelen en puree (ook
in stamppot)
Gekookte bloemkool en broccoli
Overige gekookte groente
Rauwe groente
Gekookte koolsoorten (witte‐, rode‐,
spits‐, groene‐, savooie‐, Chinese‐,
boeren‐ en zuurkool)
Gekookte ui en prei
Peulvruchten
Citrusfruit (vers)
Appels (vers)
Banaan (vers)
Overig vers fruit
Pindakaas en notenpasta
Pinda's en borrelnoten
Noten, notenmix, studentenhaver
Zaden
Halfvolle melk
Volle melk
Karnemelk
Magere melk
Kwark en vruchtenkwark
Halfvolle (vruchten)yoghurt
Magere (vruchten)yoghurt

Categorization of food items into food groups.

Nuts and seeds (and
nut spread)

Legumes
Fruits

Vegetables

Food group
Potatoes

Table S3.1

Reduced‐fat milk
Whole milk
Buttermilk
Low‐fat milk
Quark or curd
Low‐fat (fruit) yoghurt)
Low‐fat unsweetened yoghurt
Whole yoghurt
Other types of puddings, yoghurt and
quark/curd
Chocolate Milk

Halfvolle melk
Volle melk
Karnemelk
Magere melk
Kwark/vruchtenkwark
Magere (vruchten)yoghurt
Magere naturel yoghurt
Volle naturel yoghurt
Overige soorten vla/yoghurt/kwark
Chocolademelk

Fresh fruit
Peanut butter
Peanuts and nuts added to dinner
Peanuts and nuts as snack

Vers fruit
Pindakaas
Pinda’s/noten bij warme maaltijd
Pinda’s/noten tussendoor

Fried or boiled vegetables
Boiled vegetables with butter
Fried vegetables without butter

Gewokte/gekookte groente
Gekookte groente met boter
Gekookte groente zonder boter

Legumes

Boiled and mashed potatoes

Gekookte aardappelen/puree

Peulvruchten

English item name
French Fries and baked potatoes

Northern cohort (Groningen)
Dutch item name
Frites/gebakken aardappelen
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Pasta
Rijst
Meergranen brood
Volkorenbrood
Roggebrood
Bruinbrood
All Bran
Papgranen (bv. Brinta, havermout, enz.)
Wit brood
Croissants
Rozijnen‐, krenten‐ of mueslibrood
Beschuit, knäckebröd en crackers

Pasta
Rice
Multigrain bread
Whole grain bread
Rye bread
Brown bread
All bran cereal
Porridge grains (Brinta, oatmeal, etc.)
Plain white bread
Croissants
Raisin bread, plum loaf, muesli bread
Plain rusk, Swedish crispbread and
crackers

Reduced‐fat coffee milk
Coffee whitener
Whole fat coffee milk
Regular milk added to coffee
Other types of coffee milk
Pasta
Rice

Sandwich bread, all types

Croissants and rolls
Plain Rusk, Swedish crispbread and
crackers

Sneden brood

Croissants/andere broodjes
Beschuit/knäckebröd/crackers

Cream cheese or foreign cheese

Other types of dairy drinks
Breakfast drinks
Milk‐based ice‐cream
Ready‐made porridge
Whole pudding
Whipped Cream
Cheese(/spread) 20+/30+
Cheese(/spread) 40+
Cheese(/spread) 48+
Cheese added to dinner
Cheese as snack

English item name
Sweetened dairy drink

Halvamel
Koffiecreamer
Volle koffiemelk
Gewone melk (koffie)
Overige soorten melk (koffie)
Pasta
Rijst

Cheese spread or dairy spread
Cream cheese or foreign cheese
Roomkaas/buitenlandse kaas
Crème fraiche and other cooking creams

Smeerkaas en zuivelspread
Roomkaas en buitenlandse kaas
Crème fraiche en andere
bereidingsroom
Koffiemelk en ‐creamer
Coffee milk and coffee creamer

Milkshake
Breakfast drinks
Milk‐based ice‐cream
Porridge
Custard and pudding
Whipped cream and toppings
Cheese

Milkshake
Drinkontbijt
Roomijs en ijs(jes) op melkbasis
Pappen
Vla en pudding
Slagroom en toppings
Kaas

Northern cohort (Groningen)
Dutch item name
Drinkyoghurt/zuiveldrank met smaakje
en suiker
Overige soorten zuiveldrank
Kant en klaar drinkontbijt
Roomijs/ijs op melkbasis
Kant en klaar pap
Volle vla
Slagroom
20+/30+ kaas/smeerkaas
40+ kaas/smeerkaas
48+ volvette kaas/smeerkaas
Kaas bij warme maaltijd
Kaas tussendoor

English item name
Sweetened dairy drinks

Southern cohort (Maastricht)
Dutch item name
Drinkyoghurt en andere zuiveldranken

(continued)

Grain products

Food group

Table S3.1

Chapter 3

Poultry

Ham
Liverwurst spread, pâté, liver pate, liver
cheese, Berliner liver sausage
Poultry
Kip

Cold cuts varieties (including poultry)

Cold cut sausages (beef)

Other types of pork meat
Bacon, pork belly
Cooked liver
Hamburger
Smoked sausage, frankfurters
Pork sausages
Cold cut sausages (pork)

Cold cuts varieties (beef and pork)

Other types of cold cuts
Cold cuts as snack

Worst/speksoorten (brood)

Overige soorten vleeswaren (brood)
Worst/vleeswaren tussendoor

Chicken

Smoked sausage

Bacon, pork belly, etc.

Rookworst

Slavink/speklap/spekjes etc.

Porkchops

Pork steak

Pork tenderloin, cutlet, fillet, ham steak, Hamlap/nasivlees/schnitzel etc.
etc.
Pork chops (shoulder, rib or fillet chops) Varkensfiletlap/karbonade etc.

Beef, steak

Biefstuk/rosbief/runderlap etc.

Beef olives

Other types of meat and poultry

Overige soorten vlees of gevogelte

Beef entrecote, bratwurst, sirloin steak, Blinde vink/doorregen runderlap etc.
etc.

Minced meat

English item name
Muesli and granola

Gehakt

Ham
(Smeer)leverworst, paté, leverpastei,
leverkaas, berliner
Gevogelte

Northern cohort (Groningen)
Dutch item name
Muesli/cruesli/granen voor pappen

Other types of cold cuts

English item name
Muesli and granola
Cornflakes
Other breakfast cereals, breads, etc.
Minced meat
Lamb, hogget, mutton
Other types of game meats
Organ meats, giblets
Beef steak, roast, casserole, tartare, etc.

Southern cohort (Maastricht)
Dutch item name
Muesli, cruesli
Cornflakes
Overige ontbijtproducten
Gehakt
Lamsvlees of schapenvlees
Overige soorten vlees en wild
Orgaanvlees
Runderbiefstuk, rundertartaar,
runderbaklap, runderbraadlap,
runderrosbief
Runderentrecote, runderbraadworst,
rundersukadelap, runderriblap,
doorregen runderlap
Varkenshaas, varkensschnitzel,
varkensfricandeau, varkenshamlap
Varkenskarbonade (schouder‐, rib‐ en
haaskarbonade)
Overig varkensvlees
Speklappen en spekjes
Gekookte lever
Hamburger
Rookworst of knakworst
Varkensbraadworst en slavink
Boterhamworst, gekookte worst,
palingworst, gebraden gehakt
Cervelaatworst, snijworst, metworst,
salami
Rookvlees, fricandeau, rosbief,
casselerrib, kipfilet, kiprollade
Overige soorten vleeswaar

(continued)

Processed meat

Red meat

Food group

Table S3.1
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Laagvet halvarine product
Margarine in kuipje
Margarine in pakje
Dieetmargarine
Margarine met
plantensterolen/stanolen
Vloeibare margarine
Frituurvet (vast)
Vloeibaar frituurproduct
Spekvet of rundervet

Bak en braadproduct (vast)
Vloeibaar bak en braadproduct
Olijfolie
Zonnebloemolie, sojaolie, slaolie, enz.
(geen olijfolie)
Roomboter
Halfvolle roomboter
Halvarine
Dieethalvarine
Halvarine met plantensterolen/stanolen

Southern cohort (Maastricht)
Dutch item name
Kabeljauw, schol, schelvis, koolvis, tong,
enz.
Gerookte en gestoomde vis (bv. zalm,
makreel, bokking)
Forel, tonijn, enz. (vers, diepvries, in blik)
Zalm, makreel, paling, panharing, enz.
(vers, diepvries, in blik)
Haring en sardines
Schaal‐ en schelpdieren
Vissticks
Lekkerbekje of kibbeling
Eieren

(continued)

Cooking oils and fats

Eggs

Food group
Fish

Table S3.1

Liquid margarine
Solid frying product
Liquid frying product
Bacon fat or beef fat

Butter
Reduced‐fat butter
Low‐fat margarine
Diet low‐fat margarine
Low‐fat margarine with plant sterols or
stanols
Low‐fat margarine product
Margarine (tub)
Margarine (foil)
Diet margarine
Margarine with plant sterols or stanols

Solid baking and roasting product
Liquid baking and roasting product
Olive oil
Sunflower oil, salad oil, etc.

English item name
Low‐fat white fish (cod, plaice, haddock,
pollock, sole, etc.)
Smoked or steamed fish (tuna,
mackerel, etc.)
Trout or tuna (fresh, frozen or canned)
Fatty fish (salmon, mackerel, eel, etc. ‐
fresh, frozen or canned)
Herring and sardines
Crustaceans and shellfish
Fish fingers
Fried fillet of Haddock
Eggs

Vis zelf bereid met vet

Overige soorten smeersel (brood)

Fish home‐cooked with fat

Other types of margarine

Low‐fat margarine

Other types of fish
Fried fillet of Haddock
Boiled eggs
Fried eggs

Overige soorten vis
Lekkerbekje/kibbeling
Gekookte ei
Gebakken ei

Halvarine (brood)

Salty herring

Zoute haring

Butter or margarine

Fatty fish

Vette vis

Roomboter/margarine (brood)

English item name
Low‐fat fish

Northern cohort (Groningen)
Dutch item name
Magere vis
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Coffee
Tea

Non‐alcoholic
beverages

Vruchtensap uit pak of fles of
versgeperst
Koffie
Thee

Coffee
Tea

Koffie
Thee

Coffee
Tea

Light sodas

Light frisdranken/limonade zonder
suiker

Light sodas, light lemonade
Fruit juices (fresh or bottle)

Fruit juices
Sodas

Vruchtensap/‐drank
Frisdranken/limonade met suiker

Vegetable juices
Soda, lemonade, sport drinks, energy
drinks
Light fruit drinks

Groentesap
Frisdrank, vruchtenlimonade, sportdrank
en energydrank
(Light) vruchtendrank (met zoetstof),
dubbeldrank, Multi vruchtendrank
Light frisdrank, light vruchtenlimonade

Non‐alcoholic beer

Breakfast bars, cake bars
Non‐alcoholic beer

Ontbijtkoek en koekrepen
Alcoholarm en alcoholvrij bier

Small cookies/biscuits
Breakfast bars, cake bars, nutritional
Ontbijtkoek/koekrepen/voedingsbiscuits biscuits/bars

Kleine koekjes/biscuitjes

Sugar/syrup added to yoghurt or
breakfast
Sugar/honey added to tea
Sugar added to coffee
Candy
Big cookies/biscuits
Pastry and pie

Candy bars
Chocolate
Chocolate sprinkles

Apple sauce

English item name
Sweet sandwich toppings or spreads

Alcoholvrij bier

Candy
Big cookies/biscuits
Pastry and pie
Pancakes
Small cookies/biscuits
Nutritional biscuits/bars

Suiker/honing in thee
Suiker in koffie
Snoep
Cake/grote koeken
Gebak/taart

Northern cohort (Groningen)
English item name
Dutch item name
Sweet sandwich toppings or spreads (no Overige soorten zoet beleg
chocolate toppings)
Appelmoes
Bonbon
Candy bars and M&Ms
Candybars
Chocolate
Chocolade
Chocolate sprinkles or chocolate flakes Chocoladebeleg
Chocolate spread, hazelnut
paste/spread, chocolate butter
Sugar
Suiker/siroop in yoghurt ed.

Snoep
Grote koeken en plakken cake
Gebak en taart
Pannenkoek
Kleine koekjes en biscuit
Voedingsbiscuit (liga, sultana, enz.)

Bonbons
Candybars en M&M's
Chocolade
Chocoladehagelslag of ‐vlokken
Chocoladepasta, hazelnootpasta,
chocoladeboter
Suiker

Southern cohort (Maastricht)
Dutch item name
Zoet beleg (geen chocolade)

(continued)

Food group
Sugar, cakes and
confectionery

Table S3.1
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Prepared meals

Snacks

Soup

Condiments and
sauces

Mayonnaise
Fries dipping sauces

Toast spread with fish
Toast spreads without fish
Soups with legumes
Soups without legumes
Fried snacks
Non‐fried snacks
Pizza
Crisps and salty snacks
Ready‐made meals or mixed dishes

Mayonaise
Halvanaise, fritessaus en andere niet‐
rode sauzen

Brood/borrelsalades met vis
Brood/borrelsalades zonder vis
Soep met peulvruchten
Soep (zonder peulvruchten)
Gefrituurde hartige snacks
Niet‐gefrituurde hartige snacks
Pizza
Chips en zoutjes
Kant en klaar maaltijden of
menggerechten

Gravy
Dressing

Pizza
Crisps and salty snacks
Other types of ready‐made meals

Pizza
Chips/zoutjes
Overige soorten kant en klaar
maaltijden
Chinees/Indische kant en klaar
maaltijden
Fastfood maaltijden

Fast food

Chinese or Indian ready‐made meals

Toast spreads, all types
Soups with legumes
Soups without legumes
Fried snacks

Mayonnaise added to snacks
Fries dipping sauces added to snacks

Mayonaise (snacks)
Halvanaise/fritessaus/niet‐rode sauzen
(snacks)
Salades op stokbrood/toast
Soep met peulvruchten
Soep zonder peulvruchten
Warme hartige snacks

Gravy
Other dressings
Oil‐based dressings
Mayonnaise
Fries dipping sauces

Hot sauces added to meals

English item name
Red wine
White wine
Fortified wines: Sherry, Port, vermouth,
Madeira
Beer
Spirits
Other types of alcoholic beverages

Jus
Dressing/slasaus
Heldere dressing zonder olie
Mayonaise
Halvanaise/fritessaus/niet‐rode sauzen

Warme sauzen

Tomato sauce
Hot sauces added to meals

Tomatensaus
Warme sauzen (geen satésaus of
tomatensaus)
Jus
Dressing

Bier
Sterke drank
Breezer
Satésaus

Sherry, port, vermout, enz.

Northern cohort (Groningen)
Dutch item name
Rode wijn
Witte wijn
Fortified wines: Sherry, Port, vermouth, Sherry, port, vermout, Madeira
etc.
Beer
Bier
Spirits
Gedestilleerde dranken
Breezer
Overige soorten alcoholische dranken
Satay sauce

English item name
Wine

Southern cohort (Maastricht)
Dutch item name
Wijn

(continued)

Food group
Alcoholic beverages
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Table S3.2

Factor loadings of robust PCA orthogonal (varimax) rotation derived dietary patterns.
Pattern 1
0.412
0.297
0.058
‐0.027
0.034
0.047
0.725
0.432
0.537
0.074
0.036
0.093
0.687
0.457
0.103
0.094
0.058
0.127
0.450
0.175
0.282
0.041
10.5%

Potatoes
Vegetables
Legumes
Fruits
Nuts
Dairy
Grain products
Red meat
Processed meat
Poultry
Fish
Eggs
Cooking oils and fats
Sugar, cakes and confectionery
Non‐alcoholic beverages
Coffee
Tea
Alcoholic beverages
Condiments and sauces
Soups
Snacks
Prepared meals
Explained variance

Pattern 2
0.006
‐0.412
‐0.081
‐0.721
‐0.054
‐0.204
‐0.052
0.092
0.130
0.007
‐0.445
‐0.191
‐0.022
0.146
0.323
‐0.198
‐0.276
‐0.042
0.163
‐0.225
0.494
0.228
7.4%

3

Factor loadings >0.3 and <‐0.3 are indicated in bold / PCA, Principal Component Analysis.

Table S3.3

Multivariable COX proportional hazard analysis on flare during follow up.
††

Dietary pattern 1
††
Dietary pattern 2
Energy intale (Kilocalories)
Cohort (Northern cohort = ref)
Phenotype (CD = ref)
Sex (male = ref)
Age at diagnosis
Active smoker (no = ref)
BMI

Hazard Ratio
1.44
0.99
1.00
1.27
0.86
1.59
1.00
1.20
0.97

95% CI
0.98 ‐ 2.11
0.82 ‐ 1.20
1.00 ‐ 1.00
0.84 ‐ 1.91
0.56 ‐ 1.30
1.03 ‐ 2.45
0.98 ‐ 1.02
0.73 ‐ 1.96
0.92 ‐ 1.02

p‐value
0.062
0.917
0.424
0.260
0.468
0.037*
0.959
0.477
0.186

††

CI, confidence interval / * Significance = p‐value <0.05 / Dietary pattern extracted from robust Principal
Component Analysis / Ref, reference category / CD Crohn’s disease / BMI, Body Mass Index.
,
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PCA plot. PC, principal component. Panel A: PC1 and PC2, Panel B: PC1 and PC3, Panel C: PC2
and PC3.
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Figure S3.2

Robust PCA plot. PC, principal component.
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Abstract
Background and aims
Inflammatory bowel disease (IBD) is associated with malnutrition, which can affect
disease course and quality of life. Guidelines advocate screening of patients in clinical
practice. However, the prevalence of malnutrition varies widely, due to differences in
populations included and parameters used.
The primary aim was therefore to assess the prevalence of malnutrition using various
parameters. Secondary aims were i) to evaluate the accuracy of screening
recommendations of current IBD guidelines and ii) to explore which patients are at
increased risk of malnutrition.
Methods
Malnutrition was defined by the Global Leadership Initiative on Malnutrition (GLIM)
criteria and by single parameters for impaired body composition, muscle strength or
caloric intake. Independent risk factors (i.e., clinical and demographic factors) for
malnutrition were analysed by multivariable logistic regression.
Results
Of 200 included patients (139 CD, 61 UC, 40 (20%) fulfilled the GLIM criteria, and 94
(47.0%) had at least one parameter for malnutrition impaired. The fat free mass index
was most often affected. Only 32 patients were identified when applying screening
according to current IBD guidelines. Only female sex was associated with malnutrition
(OR 2.57, 95% CI 1.40‐4.72).
Conclusion
In total, 40 patients fulfilled the GLIM criteria and almost half of the IBD outpatients
had malnutrition based on various single parameters and irrespective of disease
characteristics. The majority of these were not identified according to screening
recommendations. Therefore, screening by multiple parameters, with special
attention for fat free mass and reduced intake, is recommended for all IBD
outpatients.
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Introduction
Inflammatory bowel disease (IBD) is a chronic inflammatory disorder of the
gastrointestinal tract, with a relapsing remitting character. Crohn’s disease (CD) and
ulcerative colitis (UC) are the main entities. IBD patients are prone to develop
malnutrition due to active inflammation, an unbalanced dietary intake, disease‐
related changes in absorption and/or requirements, and nutrient drug interactions or
drug related side effects.1,2 This can lead to specific nutritional deficiencies and/or an
altered body composition,1,2 which may negatively impact patients’ quality of life
(QoL) and disease course.3 For example, sarcopenia, i.e., loss of muscle mass and
muscle strength or performance,4 can predict the need for surgical interventions in
IBD patients and correlates with increased rate of major postoperative complications.5
Malnutrition is common in IBD patients, with prevalences ranging from 9.8% to
80%.6‐10 This wide variation is partly due to differences in patient populations and
methods used, and by lack of a widely accepted definition. In most studies, the
definition of malnutrition is based on single parameters used as proxy, such as weight
loss,9 body mass index (BMI),7,11 or a combination of different parameters (e.g., BMI,
anthropometric measurements, subject global assessment, and/or albumin).6,8,10
Assessing fat mass and fat free mass (FFM) as compared to BMI and body weight
provides additional information on a patients’ body composition. FFM consists of all
non‐fat tissues, and is a marker for skeletal muscle mass.2,12 Accordingly, muscle
strength is often assessed as indicator of body (muscle) function. When analysing
nutritional status, some studies also take dietary intake into account.
In the European Crohn and Colitis Organisation (ECCO) guideline for diagnostic
assessment, monitoring of weight is recommended at every clinical review to detect
unintentional weight loss.13 Furthermore, in the current standard set of outcome
measures for IBD from the International Consortium for Health Outcomes
Measurement (ICHOM), BMI and changes in weight are recommended as screening
markers for nutritional status.14 However, an impaired FFM can be missed due to a
normal BMI.15 At present it is not clear, which combination of parameters serves best
to identify the majority of IBD patients (at risk for) malnutrition. In 2019, the Global
Leadership Initiative on Malnutrition (GLIM) published the latest consensus report
with guidelines for the diagnosis of malnutrition based on the combination of a
phenotypic (i.e., non‐volitional weight loss, low BMI, or reduced muscle mass) and an
etiologic criterium (i.e., reduced food intake or assimilation, and inflammation).2 To
our knowledge, these criteria have not been applied in the IBD population.
Therefore, the primary aim of the present study was to assess the prevalence of
malnutrition based on single or combinations of parameters. Secondary aims were to
i) evaluate screening according to current IBD guidelines, and ii) to explore which
patients have an increased risk for malnutrition.
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Methods
Patient cohort and clinical data collection
The IBD South‐Limburg (IBDSL) cohort is a well characterized population based
longitudinal cohort with standardized data collection from time of diagnosis16 to study
IBD epidemiology and disease course since 1991. Consecutive patients participating in
the IBDSL cohort and visiting the outpatient clinic were eligible for participation in the
present study. Inclusion criteria were: i) diagnosis of CD or UC based on clinical,
endoscopic, histological, and/or radiological criteria,17 ii) age between 18 and 75 years
of age.
Demographic data, disease extent, previous surgery, information on disease
activity (clinical symptoms, Harvey‐Bradshaw Index (HBI),18 Simple Clinical Colitis
Activity Index (SCCAI),19 faecal calprotectin, C‐reactive protein (CRP), medication use,
endoscopy, and radiological imaging) were retrieved from the IBDSL data warehouse.

Parameters assessing malnutrition
All measurements were assessed at time of inclusion and combined with a planned
outpatient visit and performed after an overnight fast.
The BMI (kg/m2) was calculated by body height determined by a wall‐mounted
stadiometer and body weight by use of an electronic scale.
The Bod Pod (Life measurement, Inc., Concord, CA, USA) was used to assess
FFM.20 All subjects wore tightly fitting underwear or bathing suit and a swim cap to
minimize the effect of clothes and hair on the outcome parameters. Using the
calibrated scale in the air displacement plethysmography technology the body weight
of the subjects was then measured to the nearest 0,1 kg. The body density (BD) was
calculated as body mass divided by body volume, determined by the Bod Pod. Body
volume was corrected for predicted thoracic gas volume using equations from the
software. Subsequently FFM was calculated using the 2 component model of Siri.21
The FFM was divided by the length squared (m2) to calculate the fat free mass index
(FFMI).
Cut‐off points for BMI and FFMI are being displayed in Table 4.1.
HGS was determined by an isokinetic dynamometer. The measurement was
performed in sitting position, elbow flexed at 90 degrees, and wrist in neutral
position.22 During the measurement, patients were encouraged to squeeze maximally.
Between every measurement there was a 30 seconds rest. The measurements were
completed in triplicate on both sides, and the highest value was recorded.22 HGS
below the 10th percentile, sex specific, as reported by Dodds et al.,23 was considered
to be impaired.
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At time of inclusion, patients also completed a Food Frequency Questionnaire
(FFQ) on their habitual intake over the last month, developed and validated by the
division of Human Nutrition of Wageningen University.24,25 To calculate individual
mean kilocalorie (kcal) intake per day, the data on frequency of food intake was
coupled to the Dutch food consumption table (NEVO 2010, RIVM, Bilthoven, the
Netherlands).
Reduced food intake was defined as a reported mean kcal intake per day being
lower than the calculated basal metabolic rate (BMR). The BMR was calculated by the
WHO equation26 in case of BMI ≤30 kg/m2 and with the Harris and Benedict equation
191827 in case of BMI >30 kg/m2.28
The Short Nutritional Assessment Questionnaire (SNAQ) was completed for every
patient as a screening intstrument.29,30 The SNAQ consists of the following questions i)
unintentional weight loss over a predefined period; ii) experience of decreased
appetite during the last month; iii) use of supplemental drinks or tube feeding during
the last month. The question on unintentional weight loss was used to determine
unintentional weight loss.

Defining malnutrition
The presence of malnutrition was defined by the recently GLIM criteria, based on one
phenotype criterium being positive (i.e., non‐volitional weight loss, low BMI, and
reduced muscle mass) in combination with one etiologic criterium (i.e., reduced food
intake or assimilation, and disease burden / inflammatory condition) (see Table 4.1).
In the current study, an inflammatory condition was defined by the presence of an
exacerbation in line with daily clinical practice as i) presence of active disease by
endoscopy and/or radiological imaging (ultrasound, computed tomography, or
magnetic resonance imaging); ii) an increased faecal calprotectin (>250 µg/g); iii)
faecal calprotectin >100 µg/g with at least five fold increase from previous visit; iv)
clinical symptoms indicative of disease activity or HBI18 >5 or SCCAI19 >3 accompanied
by a dose escalation or initiation of a new drug; v) dose escalation or initiation of a
new drug accompanied by a CRP >10 mg/l.
Furthermore, if patients had signs of active disease in the three months prior to
inclusion, they were considered as having active disease at time of inclusion.
Malnutrition was also determined based on single nutritional status parameters
(i.e., BMI, FFMI, handgrip strength (HGS), unintentional weight loss or reduced food
intake). If none of the parameters was impaired, patients were considered to have a
normal nutritional status.
According to current guidelines, nutritional screening was determined by a low
BMI and unintentional weight loss.13,14 Additionally, the SNAQ was completed by
every patient to screen for malnutrition.29,30
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Table 4.1 Overview of the applied GLIM criteria.
GLIM criteria
Phenotypic criteria

Defined in present study
Non‐volitional weight loss
Low BMI
Reduced muscle mass

Unintentional weight loss according to the SNAQ
2
BMI <20 kg/m <70 years,
2
BMI <22kg/m >70 years
2
FFMI <17 kg/m males,
2
FFMI <15 kg/m females

Etiologic criteria
Reduced food intake or assimilation
Disease burden/inflammatory
condition

*

Kcal intake (FFQ) < estimated BMR
In case of active disease at inclusion

BMI, Body Mass Index / BMR, basal metabolic rate / FFMI, fat free mass index / FFQ, food frequency
questionnaire / HGS, handgrip strength / Kcal, kilocalorie / SNAQ, Short Nutritional Assessment
26
2
27
Questionnaire / * BMR calculated by WHO formula BMI <30 kg/m and by Harris Benedict equation BMI
2
>30 kg/m

Ethical considerations
The present study was approved by the medical research ethics committee of the
Maastricht University Medical Centre (NL42101.068.12) and registered in
ClinicalTrial.gov (NCT01756963). Relevant clinical data was retrieved via the IBDSL
data warehouse. IBDSL cohort was approved by the medical research ethics
committee of the Maastricht University Medical Centre (NL31636.068.10) and
registered in ClinicalTrials.gov (NCT02130349). All patients provided written informed
consent prior to participation.

Statistical analysis
Baseline characteristics are presented as means with standard deviations (SD) for
parametric numerical, median with interquartile range (IQR) for nonparametric
numerical, and as number of patients with percentages for categorical variables.
For comparison between groups, the Chi‐square test was used for dichotomous,
and the independent sample t‐test and Mann‐Whitney U test for parametric and
nonparametric numerical variables, respectively.
A multivariable logistic regression analysis to identify independent risk factors,
i.e., disease phenotype, sex, age at diagnosis, disease status, smoking status, and
bowel resection prior to inclusion, for malnutrition was performed to calculate Odds
ratios (OR) with 95% confidence interval (CI).
Statistical analysis was performed using IBM SPSS statistics for Windows, Version
25 (IBM, Armonk, NY). Two‐sided p‐values ≤0.05 were considered statistically
significant.
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Results
Cohort description
For the present study, 200 IBD outpatients (n=139 CD / n=61 UC) were included, with
a median disease duration of 8.0 (IQR 4.0‐16.3) years. In total, 33.0% had an
exacerbation at time of inclusion, being 48 (35.3%) CD and 17 (27.9%) UC patients.
Active smoking was more present among CD (n=38 (27.5%)) compared to
UC patients (n=5 (8.2%); p=0.002). There were no other significant differences in
baseline characteristics comparing CD with UC at baseline (i.e., sex, age at diagnosis,
disease duration, and disease activity, Table S4.1).

Malnutrition
In total, 40 (20.0%) of the 200 IBD patients fulfilled the GLIM consensus criteria
(Figure 4.1), being 31 (22.3%) of the CD and 9 (14.7%) of the UC patients (p=0.219).
With regard to the phenotypic criteria of these 40 IBD patients, 15 (37.5%)
reported unintentional weight loss, 7 (17.5%) had a low BMI and 28 (70.0%) a low
FFMI. With regard to the etiologic criteria, 14 (35.0%) had a reduced intake and 32
(80.0%) had active disease.
At least one single malnutrition parameter was impaired in 47.0% (n=94) of the
IBD patients, being 50.4% (n=70) of the CD, 39.3% (n=24) of the UC patients (p=0.151).
Of the 94 IBD patients, 66 had one parameter affected, i.e., non‐volitional weight
loss (n=9), low BMI (n=2), impaired FFMI (n=36), reduced intake (n=17), and impaired
HGS (n=2) (Figure 4.1).
Of 28 patients two or more parameters were impaired. In those 28 patients, a
low FFMI (n=22), and reduced intake (n=15) were most often found.
When comparing patients with malnutrition based on at least one single
parameter being affected (n=94) versus those with a normal nutritional status, only
sex was found to statistically differ between groups (Table 4.2).
For the logistic regression analysis, of two patients the exact age at diagnosis
could not be retrieved, and of one other patient the smoking status was unknown.
Therefore, 197 patients were included in the analysis, of which 93 had at least one
parameter for malnutrition impaired. Female sex was found to be an independent risk
factor for malnutrition (OR 2.57, 95% CI 1.40‐4.72, p=0.002), see Table 4.3. The only
difference in baseline characteristics between male and female sex was the median
age at diagnosis (respectively 33 (23‐46), and 27 (20‐37) years, p=0.007). However, no
interaction was found between those two co‐variates in the logistic regression
analysis.
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Malnutrition based on at least one parameter impaired
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Figure 4.1

Prevalence of malnutrition based on different definitions. Malnutrition defined by GLIM
criteria and at least one parameter impaired, and the affected parameters.

Table 4.2

Baseline characteristics, stratified by malnutrition based on single parameters.
Normal
Malnutrition
nutritional
(based on at
status (n=106)
least one
parameter
affected) (n=94)
139 (69.5) / 61
70 (74.4) / 24
69 (65.1) / 37
(30.5)
(25.5)
(32.1)
107 (53.5)
60 (63.8)
47 (44.3)
*
#
#
29.0 (21‐42.5) 28.0 (22.0‐44.0) 30.0 (20.0‐41.0)
*
#
#
8.0 (4.0‐16.3)
8.0 (4.0‐17.0)
8.0 (3.0‐16.5)
#
#
43 (21.5)
21 (22.3)
22 (21.0)
66 (33.0)
37 (39.3)
29 (27.3)
50 (25.0)
26 (27.7)
24 (22.6)
IBD
(n=200)

Phenotype (CD/UC), n (%)
Female, n (%)
Age at diagnosis (years), median (IQR)
Disease duration (years), median (IQR)
Active smoker, n (%)
Exacerbation disease at inclusion, n (%)
Intestinal resection prior to inclusion, n (%)

p‐value

0.151
0.006^
0.495
0.970
0.812
0.072
0.413

CD, Crohn’s disease / IBD, inflammatory bowel disease / IQR, interquartile range / n, number of patients /
#
UC, ulcerative colitis / ^ p‐value below 0.05 / * data of 2 IBD patients missing / data of 1 IBD patient
missing.
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Table 4.3

Logistic regression analysis, risk factors for malnutrition (based on at least one parameter
affected).
Number of patients
(%) / median (IQR)
137 (69.5%)
106 (53.8%)
29.0 (21.0‐41.5)
64 (32.5%)
43 (21.8%)
49 (24.9%)

CD
Female
Age at diagnosis
#
Disease activity
#
Active smoker
#
Bowel resection

Unadjusted OR (95% CI) /
p‐value
1.68 (0.91‐3.21) / 0.100
2.29 (1.29‐4.07) / 0.005*
1.01 (0.99‐1.03) / 0.366
§
1.71 (0.94‐3.13) / 0.079
1.09 (0.55‐2.14) / 0.809
1.37 (0.72‐2.61) / 0.345

Adjusted OR (95% CI)
/ p‐value
1.56 (0.77‐3.16) / 0.213
2.57 (1.40‐4.72) / 0.002*
§
1.02 (1.00‐1.04) / 0.084
§
1.75 (0.93‐3.28) / 0.080
0.91 (0.44‐1.88) / 0.795
1.20 (0.57‐2.53) / 0.628

#

§

CD, Crohn’s disease / IQR, interquartile range / OR, Odds ratio / at inclusion / * p<0.05 / p<0.100.

Malnutrition screening
When unintentional weight loss and/or low BMI was used as screening marker for
nutritional status in line with current IBD guidelines,13,14 32 (16%) patients would have
been identified (Figure 4.2). Of those patients, two had both unintentional weight loss
and a low BMI, ten patients had only a low BMI and 20 patients reported
unintentional weight loss. Twenty of the 32 patients scored positive by the GLIM
criteria.
When using the SNAQ as screening for malnutrition, 24 (12%) out of the 200
patients had a positive score. Of these, 16 (66.7%) fulfilled the GLIM criteria and 23
(95.8%) had at least one parameter of the nutritional status impaired (Figure 4.2).
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Screening for malnutrition. Screening for malnutrition by current IBD guidelines (BMI and/or
weight loss) and SNAQ, and the detection of malnutrition by different definitions.
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Discussion
In the present study, 40 (20.0%) of the IBD outpatients were malnourished according
to the GLIM criteria, and 94 (47.0%) of the total IBD population as defined by at least
one nutritional status parameter impaired (i.e., weight loss, reduced intake, BMI,
FFMI, HGS). Screening for malnutrition by SNAQ and/or current IBD guidelines
recommendations did not identify a significant part of the patients. Besides female
sex, no independent risk factors for malnutrition were found.
The prevalence of malnutrition based on the GLIM criteria is in line with reported
prevalences in previous studies on IBD outpatients, though using different definitions
for malnutrition.6,8 The high proportion of patients with malnutrition based on single
parameters is in line with the study by Benjamin et al.,10 reporting 52.6% of both in‐
and outpatients with CD, fulfilling their definition of malnutrition based on at least
three anthropometric measurements affected. In contrast, one other study reported a
prevalence of only 16% among 333 IBD outpatients, of which 26.1% had clinically
active disease.6 In the latter study, malnutrition was defined by either a BMI
<18.5 kg/m2, a low FFMI determined by bio‐electrical impedance analysis, or
Subjective Global Assessment (SGA) grade B/C. Furthermore, Valentini et al.,8 studied
144 IBD outpatients in remission, and found a malnutrition prevalence of 26%. Their
definition was based on either a BMI <18.5 kg/m2, SGA grade B/C or albumin levels
<40 g/l. A proper comparison between studies is hindered by differences in disease
activity and in the nutritional status parameters that have been analysed, but also by
various cut‐off points used. This stresses the need for more uniform use of definitions.
The present study found a substantial number of IBD patients with impairment
on single parameters indicative for malnutrition, with FFMI being most frequently
affected. It can be debated whether the impairment of one single parameter can be
regarded as malnutrition. Though, this can be clinically relevant, as for example a loss
of muscle mass has been associated with need for surgery, postoperative
complications, bone mineral density, decreased strength, fatigue, and reduced quality
of life.5,31‐34 Therefore, it is also important to identify those patients in time and to
apply appropriate interventions like physical exercise, which can improve disease
course, but also patient overall‐wellbeing.
Current guidelines for IBD emphasize the negative impact of an impaired
nutritional status, and therefore recommend screening, by use of BMI and/or weight
loss.13,14 According to these recommendations, 62 (66.0%) patients with malnutrition
based on single parameters, would not have been identified in the present study. This
is in line with the findings by Rocha et al.,7 reporting a reduced BMI in 14.0% of the CD
and 5.7% of the UC patients, while the muscle mass was impaired in over 50% of the
patients.
When the current GLIM criteria were used to define malnutrition, more than half
of the patients with single parameters impaired were not identified. According to the
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GLIM consensus report, patients should first be screened by use of any validated
screening tool, such as the malnutrition universal screening tool (MUST) or SNAQ. In
that case, even a much lower number of patients would have been found to fulfil the
criteria, i.e., only 16 had malnutrition by the GLIM criteria after screening with a
positive SNAQ. This observation is in line with an earlier study, reporting that one
third of the IBD patients with risk of sarcopenia was not detected by the MUST to be
at risk of malnutrition.35 Therefore, we believe it is important to take into account
multiple parameters to determine the nutritional status in order to identify all
patients. Based on the current data, assessing a combination of FFMI and reduced
intake would capture the majority (i.e., 81 out of 94) of the patients. This requires
determination of energy intake and BMR, as reduced appetite as proxy captures only
40.6% of these patients (data not shown). As using Bod Pod measurements to
determine FFMI is not realistic in daily clinical practice, other reliable non‐invasive
screening tools for muscle mass evaluation are needed. Anthropometric
measurements or HGS can be considered to evaluate muscle mass, but appropriate
cut‐off values for this target population need to be determined first.36‐38
In the multivariable logistic regression analysis, female sex was found to be an
independent risk factor for malnutrition as defined by at least one parameter being
affected. The only difference in baseline characteristics between male and female sex,
was the median age at diagnosis, with no interaction between those two co‐variates.
In one study, sex was not found to be a risk factor,6 though in another study
malnutrition was associated with male sex in patients with UC.9 In the latter study,
only newly diagnosed patients with active disease were included. In cross‐sectional
studies, inconsistent results on body composition and sex were reported.8,39,40‐42
Therefore, no firm conclusions can be drawn whether sex is a risk factor for
malnutrition.
Active disease occurred more frequently in patients with at least one parameter
for malnutrition impaired, though not significant (p=0.072). Also in the multivariate
regression analysis this parameter was not significantly associated as risk factor for
malnutrition.
Our data confirm that patients with quiescent disease are also prone to have
their body composition affected.6,8,15,43 As in line with previous cross‐sectional studies,
phenotype was not found to be an independent risk factor in the present study.6,8
Based on the findings in the multivariable regression analysis, we cannot identify a
clear subgroup of patients at increased risk malnutrition. Consequently, screening for
malnutrition should be considered in all patients.
Some limitations of the present study should be addressed. Parameters
indicative for nutritional status were measured once. In future studies it would be
interesting to analyse changes over time, the relation with disease course, and patient
reported outcome measures to provide further insight into the associations with
clinical outcomes and quality of life. Secondly, though a broad set of parameters was
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included to analyse malnutrition, micronutrient deficiencies (e.g., vitamins and
minerals) were not taken into account. These parameters should be addressed in
future studies.
The difficulty for applying the GLIM criteria within the IBD population is the
criterium for inflammation. This makes patients with clinical disease activity per
definition more likely to meet the GLIM criteria. IBD is characterized by chronic
inflammation, which can alter the muscle homeostasis.44 Loss of muscle mass is
increased by protein degradation and reduced protein synthesis induced by chronic
inflammation by hormones and cytokines. This further stresses the importance of
awareness on the outpatient clinic for signs of an impaired nutritional status, even in
patients with quiescent disease.
The strength of this study is the large clinical outpatient IBD cohort, and the use
of multiple parameters for the assessment of malnutrition. Malnutrition prevalence
among IBD outpatients according to the GLIM criteria was found to be 20%. Almost
half of the IBD patients had at least one parameter for malnutrition impaired, even
when in clinical remission, with FFMI and reduced intake being most often
compromised. Screening instruments and/ or markers according to current IBD
guidelines, did not identify a substantial part of the patients. Therefore, screening for
malnutrition is recommended for all IBD outpatients by multiple nutritional status
parameters, with special attention for FFM and reduced intake.
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Supporting information
Table S4.1

Baseline characteristics stratified on disease phenotype.

Female, n (%)
*
Age at diagnosis (years) , median (IQR)
Disease duration (years), median (IQR)
#
Active smoker , n (%)
Exacerbation disease at inclusion, n (%)
Malnutrition (based on at least one parameter affected)

CD (n=139)
UC (n=61)
78 (56.1)
29 (47.5)
#
#
28.0 (20.0‐41.0) 31.0 (24.0‐47.3)
#
#
8.0 (3.8‐16.0)
10.0 (4.3‐17.8)
#
38 (27.5)
5 (8.2)
49 (35.3)
17 (27.9)
70 (50.4)
24 (39.3)

p‐value
0.263
0.093
0.506
^
0.002
0.307
0.151

CD, Crohn’s disease / IBD, inflammatory bowel disease / IQR, interquartile range / n, number of patients /
#
UC, ulcerative colitis / ^ p‐value below 0.05 / * data of 2 IBD patients missing / data of 1 IBD patient
missing.
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Abstract
Background and aims
Myosteatosis is a prognostic factor in cancer and liver cirrhosis. It can be determined
noninvasively using computed tomography or, as shown recently, by magnetic
resonance (MR) imaging. The primary aim was to analyse the reproducibility of
skeletal muscle signal intensity on routine MR‐enterographies, as indicator of
myosteatosis, in Crohn’s disease (CD) and to explore the association between skeletal
muscle signal intensity at diagnosis with time to intestinal resection
Methods
CD patients undergoing MR‐enterography within six months from diagnosis and
having a maximum of 5 years follow‐up, were included. Skeletal muscle signal
intensity was analysed on T1‐weighted fat‐saturated post‐contrast images. Intra‐ and
inter‐observer reproducibility was assessed by intraclass correlation coefficient and
Cohen’s kappa. Intra‐ and inter‐observer variability was determined by Pearson
correlation coefficient and displayed by Bland‐Altman plots. Time to intestinal
resection was studied by Kaplan‐Meier analysis.
Results
Median time between diagnosis and MR‐enterography was 5 weeks (IQR 1‐9) in 35 CD
patients. Skeletal muscle signal intensity showed good intraclass correlation and
substantial agreement (for intra‐ (ICC=0.948, =0.677) and inter‐observer
reproducibility (ICC=0.858, =0.622). Resection‐free survival was shorter in the low
skeletal muscle signal intensity group (p=0.037).
Conclusions
Skeletal muscle signal intensity on routine MR‐enterographies is reproducible and was
associated with unfavourable disease outcome, indicating potential clinical relevance.
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Introduction
Inflammatory bowel disease (IBD) is a chronic, relapsing‐remitting disease of the
gastrointestinal tract, with Crohn’s disease (CD) and ulcerative colitis (UC) as main
subtypes. Fatigue is a common symptom reported among IBD patients, not only
during flares but also in periods of quiescent disease with 40% of IBD patients still
reporting fatigue.1,2 Due to fatigue, IBD patients are less physically active.3 Immobility
as well as chronic inflammation, malnutrition, and corticosteroid use, also present in
IBD patients, have been described as risk factors for both loss of muscle mass and
strength, i.e., sarcopenia.4
A cross‐sectional study reported that 12% of the CD patients have sarcopenia.4 Muscle
strength can be affected due to fatty infiltration of the muscle, i.e., myosteatosis.5
Myosteatosis is associated with poor survival in patients with cancer as well as liver
cirrhosis.6‐9 In CD myosteatosis is associated with a more complicated disease
phenotype and in IBD patients undergoing a surgical resection with longer hospital
stay and readmission within 30 days.10,11 The effect of myosteatosis on disease
outcome parameters over time in CD patients has not been extensively studied.
Although CD patients are at risk to develop myosteatosis, based on risk factors
described in other populations like glucocorticoid treatment, immobility and systemic
inflammation response.6,12,13
A non‐invasive quantitative assessment of muscles can be performed with
computed tomography (CT) by measuring skeletal muscle radiation attenuation, a
parameter related to muscle fat content14, on a single slice at the third lumbar
vertebra (L3).15 Recently, a study reported a new non‐invasive method for the
assessment of myosteatosis by the determination of skeletal muscle signal intensity
on magnetic resonance (MR) imaging in periampullary cancer.16 The signal intensity of
the dorsal muscle group was normalized against the signal intensity of the
cerebrospinal fluid at a single slice at L3 on T2‐weighted images.16 In this study, MR
skeletal muscle signal intensity was found to correlate with CT‐derived muscle
radiation attenuation in patients with periampullary cancer (r=−0.614, p<0.001).
Magnetic resonance (MR) enterography is performed to determine disease
extension, activity, and/or complications in routine clinical practice as part of the
work‐up for CD patients, without radiation exposure. Predicting patients at risk for
unfavourable outcome at diagnosis, or at recurrence after surgery, is increasingly
important given the availability of novel drugs and treatment strategies.
The primary aim of the present study was to analyse the reproducibility for
assessing skeletal muscle signal intensity in patients with CD, on MR‐enterographies
performed as part of routine clinical care. Our secondary aim was to explore the
association of skeletal muscle signal intensity at time of diagnosis with time to
intestinal resection, as proxy for unfavourable outcome, in these patients.
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Methods
Study population
The Inflammatory Bowel Disease South Limburg (IBDSL) cohort is a Dutch population‐
based inception cohort that has been used to study IBD epidemiology and disease
course since 1991. All IBD patients over 18 years of age at diagnosis were included
and followed prospectively.17 Data on demographics, phenotype (according to the
Montreal classification18), and surgery were retrieved from medical records, using
standardized registration forms. Disease localization was determined by
ileocolonoscopy and MR‐enterography. IBDSL cohort has been approved by the Ethics
Committee of the Maastricht University Medical Centre+ (NL31636.068.10), is
registered in ClinicalTrials.gov (NCT02130349), and meets the ethical standard of the
revised declaration of Helsinki.19
Thirty‐five CD patients, participating in the IBDSL cohort with the availability of
good quality fat‐saturated post‐contrast T1 weighted MR‐enterography images within
6 months from diagnosis as part of the routine work‐up for CD, were used for the
present study. The patients had a maximum clinical follow‐up period of five years.

Imaging
MR‐enterography scans (Philips Medical Systems Intera, 1.5 Tesla, Best, The
Netherlands) with fat‐saturated post‐contrast T1 weighted images were used. Slice
thickness was either 4 or 5 mm. The injected contrast was gadolinium based and the
amount administered weight based. Two researchers, one from the department of
radiology and nuclear medicine, and one from the gastroenterology department,
evaluated the MR images. Both researchers were trained in radiologic anatomy and
body composition analysis (TL and CS). All MR images were evaluated once by one
observer (TL) and twice by the other observer (CS), the analyses were performed
independently of each other. The observers were blinded for each other’s results and
the patient’s outcome.
At first, each observer determined the L3 level, since muscle volume at this level
is representative for total body skeletal muscle mass.20,21 The L3 slice with best
visualization of both transverse processes was chosen. Subsequently the muscle area
was defined using sliceOmatic V5.0 software (Tomovision, Canada).
Only dorsal muscles were used for analysis due to quality issues of the ventral
portion of the MR images, e.g., to artefacts by movement of the abdominal wall or air
in the intestine. The dorsal muscles were defined as the muscles dorsal to a virtual
horizontal line through the most ventral tip of the L3 vertebra (Figure 5.1).
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Figure 5.1

Skeletal muscle signal intensity on MR‐enterography. MR‐enterography images showing the
region of interest of dorsal muscles (red) and cerebrospinal fluid (yellow) at the third lumbar
vertebra (L3); a and b show respectively the original and marked MR images.

MR skeletal muscle signal intensity
The area and signal intensity of the dorsal muscles were determined (Figure 5.1). The
mean signal intensity of the dorsal muscles was normalized against the mean signal
intensity of the cerebrospinal fluid. A standardized square of nine pixels with the
lowest signal intensity inside the cervical canal was marked and the mean signal
intensity of this square was used to estimate the cerebrospinal fluid signal intensity.
The normalization of the skeletal muscle signal intensity against cerebrospinal fluid
was performed because signal intensity in MR imaging is scaled per acquired
sequence.16
MR’s were derived following a standardized MR‐enterography protocol for fat
suppression post‐contrast settings on T1‐weighted images.22 This means that fatty
tissue on T1‐weighted MR‐enterography images has a low signal intensity.

Statistical analysis
Baseline characteristics are presented as medians with corresponding interquartile
ranges (IQR) for numerical variables and as number of patients with corresponding
percentages for categorical ones. For comparison between groups, Mann‐Whitney U
tests and Fisher’s exact tests were used for respectively numerical and categorical
variables.
For the determination of low MR skeletal muscle signal intensity, pointing to
muscle fat content, sex specific cut‐off points were set at the lowest twentieth
percentile. The intra‐ and inter‐reproducibility were assessed by determination of the
intraclass correlation coefficient (ICC) (two‐way mixed, absolute agreement) and
Cohen’s kappa (). In addition, the intra‐ and inter‐observer variability of the skeletal
muscle signal intensity was assessed using the Pearson correlation coefficient (r) and
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displayed by Bland‐Altman plots. For the inter‐observer analyses, the first
measurements of observer one (CS) were used.
An additional analysis was performed to determine whether region of interest
(ROI) also showed agreement. On MR there are several slices at L3. When the
identical slice at L3 in the same patient was chosen by both observers, the overlap (in
%) between ROI was calculated. Therefore, all overlapping coloured pixels of the
dorsal muscles were divided by the total number of pixels coloured by both observers
(Figure 5.2). To determine the corresponding ROI of the cerebrospinal fluid, all
overlapping coloured pixels were divided by the total number of pixels coloured by
both observers.
To explore the relevance of skeletal muscle signal intensity in relation to disease
outcome in CD, the association between skeletal muscle signal intensity and time to
intestinal resection was assessed by a Kaplan‐Meier analysis. The average value of the
two observers on skeletal muscle signal intensity was used for the analysis.
Furthermore, the association between time to intestinal resection and disease
behaviour, localization, age at diagnosis, all according to the Montreal classification,18
and increased CRP (>10 mg/l), was analysed.
Statistical analysis was performed using IBM SPSS statistics for Windows, Version
25 (IBM, Armonk, NY). A two sided p‐value ≤0.05 was considered significant. For the
ROI agreement determination, MATLAB Release 2018a (MathWorks, INC., Natick, MA)
was used.

Figure 5.2
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Region of interest White region: pixels coloured by both observers. Grey region: pixels
coloured by one of the two observers.
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Results
Patient cohort
For this study, T1 fat‐saturated post‐contrast MR images at time of diagnosis of 35 CD
patients were included. Baseline characteristics are presented in Table 5.1. Of the
35 patients, 42.9% was male, median age at diagnosis 37 years (IQR 26‐43), and
median time between diagnosis and MR 5 weeks (IQR 1‐9). For all patients 5 year
follow‐up data were available except for two, of which one was lost to follow‐up for
personal reasons. These two had a follow‐up between 2.8‐4.5 years. During the 5 year
follow‐up the disease behaviour of three patients changed from non‐stricturing non‐
penetrating into stricturing, and the disease localization of one other patient from
ileal into ileocolonic.
Table 5.1 Baseline characteristics.

Male, n (%)
†
Montreal at diagnosis
Age
A2, 17‐40 years, n (%)
A3, >40 years, n (%)
Disease location
L1, ileal, n (%)
L2, colonic, n (%)
L3, ileocolonic, n (%)
L4, upper GI only, n (%)
Disease behavior
B1, non‐stricturing non‐penetrating, n (%)
B2, stricturing, n (%)
B3, penetrating, n (%)
Perianal disease at diagnosis, n (%)
Upper GI location at diagnosis, n%
Time between diagnosis and MR‐
enterography in weeks (median, IQR)
Skeletal muscle signal intensity (median, IQR)

CD patients
(n=35)
15 (42.9%)

High SMSI
(n=29)
13 (44.8%)

Low SMSI
(n=6)
2 (33.3%)

p‐value

20 (57.1%)
15 (42.9%)

17 (58.6%)
12 (41.4%)

3 (50.0%)
3 (50.0%)

1.000
1.000

15 (42.9%)
11 (31.4%)
9 (25.7%)
0 (0%)

13 (44.8%)
9 (31.0%)
7 (24.1%)
0 (0%)

2 (33.3%)
2 (33.3%)
2 (33.3%)
0 (0%)

0.680
1.000
0.635

23 (65.7%)
10 (28.6%)
2 (5.7%)
4 (11.4%)
1 (2.9%)
5.0 (1.0‐9.0)

20 (69.0%)
8 (27.6%)
1 (3.4%)
4 (13.8%)
1 (3.4%)
5.0 (1.0‐8.5)

3 (50%)
2 (33.3%)
1 (16.7%)
0 (0.0%)
0 (0.0%)
5.0 (2.0‐16.0)

0.391
1.000
0.318
1.000
1.000
0.404

2.7 (2.4‐3.1)

2.7 (2.6‐3.2)

2.1 (1.6‐2.3)

0.680

5

CD, Crohn’s disease / GI, gastrointestinal / IQR, interquartile range / MR, magnetic resonance / SMSI,
skeletal muscle signal intensity / n, number of patients / † classifica on according to Montreal
18
Classification.

Reproducibility of image analysis
For the intra‐observer reproducibility, the ICC was 0.948 (95% CI 0.899‐0.973) and
intra‐observer agreement =0.677 (95% CI 0.328‐1). The intra‐observer variability for
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skeletal muscle signal intensity was r=0.947 (Figure 5.3A, 5.3B, including Bland‐Altman
plot).

Figure 5.3
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Intra‐ and inter‐observer variability skeletal muscle signal intensity. Panels (A), (C), (E): Pearson
correlation coefficient of skeletal muscle signal intensity for respectively both measurements by
one observer r=0.947, y=0.941x + 0.156, both observers r=0.897, y=0.985x + 0.239, and similar
slices at L3 (n=13) of both observers r=0.984, y=1.141x – 0.300. Panels (B), (D), (F): Bland‐Altman
plot for difference and mean of skeletal muscle signal intensity for both measurements by one
observer (b), mean difference displayed by solid black line (‐0.01), with limits of agreement by
the dashed lines (‐0.46 and 0.44); by both observers (D), mean difference displayed by the solid
black line (0.20), with limits of agreement by the dashed lines (‐0.41 and 0.80), and of the similar
slices at L3 (n=13) (f) by both observers, mean difference displayed by the solid black line (0.10),
with limits of agreement by the dashed lines (‐0.30 and 0.50).

Skeletal muscle signal intensity on MRI in CD

For the inter‐observer reproducibility the ICC was 0.858 (95% CI 0.627‐0.938) and
inter‐observer agreement =0.622 (95% CI 0.338‐0.906), and an inter‐observer
variability of r=0.897 (Figure 5.3C, 5.3D including Bland‐Altman plot).
In 13 patients the same slice at L3 was chosen by both observers. For these
13 MR images the ICC was 0.969 (95% CI 0.881‐0.985) and inter‐observer agreement
was =0.755 (95% CI 0.308‐1), with r=0.984 for the intra‐observer variability (Figure
5.3E, 5.3F, including Bland‐Altman plot).
The percentage of the overlapping ROI of the dorsal muscles was between 81.9%
and 92.1% (Figure 5.2). The overlap between the ROIs of the cerebrospinal fluid was
overlapping for hundred percent in three patients, fifty percent in nine patients, and
twenty percent in one patient.

Resection free survival
In total, six of the 35 patients were classified as having a low skeletal muscle signal
intensity, with sex specific cut‐off points below 2.27 and 2.42 for male (n=2) and
female (n=4) patients, respectively. There were no significant differences in baseline
characteristics between the low versus high skeletal muscle signal intensity groups.
One of the four patients with change in disease phenotype had a low skeletal muscle
signal intensity.
In the Kaplan‐Meier analysis, patients with a low skeletal muscle signal intensity
had a shorter intestinal resection‐free period (p=0.037) compared with a high skeletal
muscle signal intensity (Figure 5.4). The median intestinal resection‐free survival time
in the low skeletal muscle signal intensity was 4.3 years (IQR 1.7‐5.0) and in the high
skeletal muscle signal intensity 5.0 years (IQR 5.0‐5.0; range 0.5‐5 years).
When only the patients with a minimum follow‐up of four years were taken into
account (n=34) similar results on a shorter intestinal resection‐free period in patients
with a low skeletal muscle signal intensity were found (p=0.011).
In the study population, patients with non‐stricturing non‐penetrating disease
phenotype (n=23) had a longer intestinal resection‐free period (p=0.014) compared to
those with stricturing or penetrating (n=12) disease phenotype. Furthermore, patients
who were younger at diagnosis (age 17‐40 years; n=20) had a longer intestinal
resection‐free period compared with a higher age at diagnosis (age >40 years; n=15),
though not significant (p=0.082). No significant differences were seen on intestinal
resection‐free period and disease localization at diagnosis (colonic versus ileal or
ileocolonic) or increased CRP.
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Figure 5.4

Kaplan‐Meier analysis on intestinal resection‐free survival. Kaplan‐Meier analysis on intestinal
resection‐free survival time and high versus low skeletal muscle signal intensity.

Discussion
The present study shows that the assessment of skeletal muscle signal intensity on
routine MR‐enterographies is a reproducible method. Furthermore, as explorative
analyses, we found this to have potential clinical relevance as it was associated with
unfavourable disease outcome in CD.
To our knowledge, the used method on skeletal muscle signal intensity, as a
parameter for myosteatosis, was described only once in patients with periampullary
cancer.16 The use of MR‐enterographies to interpret muscle fat content is of special
interest, since MR‐enterographies are used in the routine clinical practice in CD
patients to assess disease extension and complications. In contrast to CT, MR‐
enterographies do not expose (often young) patients to (repeated) radiation
exposure. We found a good reproducibility based on an excellent intra‐observer ICC
and good inter‐observer ICC as well as a substantial intra‐ and inter‐observer
agreement.23,24 The inter‐observer variability was good, though selecting a different
slice at L3 for the analyses may have influenced the inter‐observer variability. The
Bland‐Altman plot indicates small systemic difference between the two observers
(Figure 5.3D). This is probably due to selecting a different level at L3, since the mean
difference is smaller when the results of only the similar slices are displayed (Figure
5.3F). The inter‐observer variability was similar to the study of van Dijk et al.16 when
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the skeletal muscle signal intensity was determined for the subjects of which the same
slice on MR was chosen by both observers, with an excellent ICC.23 The results of the
present study indicate that the outcome parameter (low versus high skeletal muscle
signal intensity) is not affected by the substantial inter‐observer agreement when
both observers determined the L3 slice independently.24 Since the outcome
parameter is not affected by the level of L3 slice, it can be considered to use the
described technique in both research and eventual clinical settings.
MR’s that are conducted following an enterography protocol, as is common
practice in CD, do not include plane T2‐weighted images. Therefore, the T1‐weighted
fat‐saturated post‐contrast MR images from the standard MR‐enterography protocol
were used for the analysis in the present study.22 The administered amount of the
gadolinium based contrast was weight dependent and since skeletal muscle signal
intensity of back muscles is relative stable during different contrast phases, the post‐
contrast phase of the T1 weighted images will not influence our results on skeletal
muscle signal intensity.25 The border of cerebrospinal fluid is harder to visualize on T1‐
weighted images compared to T2‐weigthed images, therefore the cerebrospinal fluid
was demarked by a standardized square of nine pixels. To normalize the skeletal
muscle signal intensity, the cerebrospinal fluid signal intensity was chosen because it
is available at L3, the signal intensity is similar to water, and the signal intensity of
cerebrospinal fluid is assumed to be very similar and stable between different
individuals.16
Predicting an unfavourable outcome at diagnosis or a high risk for recurrence
after surgery is of importance to select the appropriate treatment algorithm (e.g.,
accelerated step‐up or top down therapy, biological treatment to prevent
postoperative recurrence) in CD. The currently available biomarkers do not sufficiently
predict disease outcome.26 Further insight in factors affecting disease outcome are
therefore warranted. In cancer and liver cirrhosis patients, myosteatosis is found to be
a prognostic factor.6‐9 The results of our explorative analyses showed a significantly
shorter intestinal resection‐free period in the low skeletal muscle signal intensity
group, pointing to increased muscle fat content.
In this study population patients with a severe disease behaviour at diagnosis
also had a shorter intestinal resection‐free period. This finding is in line with the
results of risk factors for surgery in a population based CD cohort.27 However, we
could not confirm an effect of disease localization and age at diagnosis on intestinal
resection‐free survival28, which might be due to the small numbers of patients.
The results of myosteatosis on resection‐free survival, illustrates the potential
clinical relevance. This needs to be confirmed in future, larger studies, and compared
or combined with other predictor parameters, such as disease behaviour
In the current study, we used intestinal resection as proxy for unfavourable
disease outcome, which could reliably be retrieved from the retrospective dataset. In
future, it is relevant to add other disease outcome parameters, such as flares, change
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of disease phenotype, hospitalizations, and postoperative complications and
outcomes. These parameters are of interest since CT muscle attenuation radiation, as
a parameter related to muscle fat content, has previously been reported to negatively
affect duration of hospitalization and readmission rate after intestinal resection in IBD
patients,11 and to be associated with a complicated disease phenotype in CD.10 Due to
the small number of patients in the present methodological study, we could not
confirm the latter results.
The strength of the present study is the combination of the assessment of
reproducibility of skeletal muscle signal intensity and the possibility to link the data to
the long‐term follow‐up data of the IBDSL cohort. The association found between low
skeletal muscle signal intensity and time to surgical intervention points to the
potential of skeletal muscle signal intensity for future research as well as its clinical
relevance. It should be noted that the number of patients for this exploratory part of
the study was rather small. Due to the fat‐saturated post‐contrast T1 images, it was
not possible to reliably determine the visceral fat mass, which is a limitation of the
present technique. In future studies with larger patient groups, it would be interesting
to also measure other parameters of body composition like visceral and subcutaneous
fat, since these parameters are also reported to correlate with adverse outcomes and
complicated disease phenotype in CD on CT.10,29 There are several limitations of the
present study. Firstly, though MR‐enterographies in routine clinical care are
performed using standardized scanning protocols, the included MR‐enterographies
for the present study were conducted (in part) by three different MR scanners, all
being Philips Intera. Possible relative small differences in scan setting over time (slice
thickness 4 or 5 mm, duration in scanning time of the fat‐saturated post‐contrast T1
weighted transverse slice) may have influenced the measurements. The skeletal
muscle signal intensity was normalized against the signal intensity of the
cerebrospinal fluid to make comparison between patients and different scanner
settings possible. Secondly, as described above, we had to make some adjustments to
the assessment protocol as was described by van Dijk et al.16 since the standardized
MR‐enterography protocol does not contain plane T2‐weighted images. Furthermore,
for skeletal muscle signal intensity sex specific cut‐off points have not yet been
determined. The reported prevalence in CD of sarcopenia, comprising muscle mass
and muscle strength, ranges between 12‐41.6%.4,30 In the present study, the sex‐
specific cut‐off, to identify patients with low skeletal muscle signal intensity, was set
at the lowest 20 percent for this study.
In conclusion, we found that assessment of skeletal muscle signal intensity on
routine MR‐enterographies at diagnosis can be used with substantial to good
reproducibility in CD patients and has the potential to predict unfavourable disease
outcome. This relatively fast and simple image analysis is of relevance since MR‐
enterography is available in routine clinical practice in CD patients and does not
contain radiation exposure.
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Abstract
Background
Inflammatory bowel disease (IBD) patients are at risk of an impaired nutritional status.
The impact thereof on the IBD relapse risk is clinically relevant, though sparsely
investigated.
Aim
The aim was to explore the association between an impaired nutritional status risk
and the occurrence of disease flares in IBD outpatients participating in a longitudinal
telemedicine study.
Methods
IBD outpatients were recruited from the myIBDcoach study cohort, with one year
clinical follow‐up. Through myIBDcoach, a telemedicine tool, patients reported on
disease activity and risk of impaired nutritional status (i.e., Short Nutritional
Assessment Questionnaire >1 and/or BMI <18.5 kg/m2) every one to three months.
Data was analysed by generalized estimating equation modelling.
Results
In total, 417 patients were included. During follow‐up, 49 patients (11.8%) flared after
initial clinical remission and 53 patients (12.7%) showed an increased risk of impaired
nutritional status. The risk of impaired nutritional status was associated with flare
occurrence (OR 2.61, 95% CI 1.02‐6.69).
Conclusions
The risk of an impaired nutritional status was associated with subsequent flares in IBD
outpatients. This emphasizes the importance of monitoring disease activity in IBD
patients at risk of impaired nutritional status.
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Introduction
Inflammatory bowel disease (IBD) is a chronic inflammatory disease of the
gastrointestinal tract, with Crohn’s disease (CD) and ulcerative colitis (UC) as main
subtypes. The disease course is characterized by a wide variation in duration and
frequency of relapsing and quiescent periods between patients. Several factors have
been associated with relapse risk, such as a high frequency of flares within the first
year of diagnosis,1,2 poor medication adherence,3 and active smoking in CD patients.4
However, these do not sufficiently predict the disease course. Identification of further
factors contributing to the development of relapses is therefore warranted.
IBD patients are at risk of an impaired nutritional status due to disease related
changes in absorption and/or requirements, often in combination with an unbalanced
dietary intake.5 Reported prevalences range from 16 to 75% in IBD patients.6‐8 The
variation may be due to heterogeneity in study methods and definitions used for
defining an impaired nutritional status, in many publications often referred to as
malnutrition. Defining malnutrition remains challenging. Therefore, the American
Society of Parenteral and Enteral Nutrition (ASPEN) recommends diagnostic
characteristics to identify malnutrition in adults, by which two of the following six
criteria need to be fulfilled: i.e., low energy intake, weight loss, loss of muscle mass,
loss of subcutaneous fat, fluid accumulation, and handgrip strength.9 However,
validated screening tools to identify patients at risk of malnutrition, such as the Short
Nutritional Assessment Questionnaire (SNAQ) and the Malnutrition Universal
Screening Tool (MUST), are more often used, since these are less time consuming.10
An impaired nutritional status may impact disease course. Malnutrition, defined
by the Subjective Global Assessment, which is a nutritional assessment instrument,
has been found to be related to a diminished quality of life in hospitalized patients
with IBD.11 In addition, radiologically assessed loss of muscle mass was found to be
associated with an increased risk of intestinal resection and postoperative
complications in IBD patients.12‐15 Furthermore, higher disease activity was associated
with a lower skeletal muscle index among UC patients.13 In previous cross‐sectional
and longitudinal studies, active disease was reported to affect body composition in
both CD and UC patients.16‐18 However, both CD and UC patients with quiescent
disease can also suffer from an altered body composition (i.e., fat mass and fat free
mass).19,20 Furthermore, in a prior study, the nutritional status of recently diagnosed
IBD patients was shown to be affected negatively in a prior study.21 It can thus be
hypothesized that an impaired nutritional status could be a risk factor for the
development of disease activity. Therefore, as an explorative study, we aimed to
analyse whether the risk of an impaired nutritional status was associated with flare
occurrence in quiescent IBD outpatients in a longitudinal, observational study.
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Materials and methods
Study design
For the present longitudinal study, available data from the myIBDcoach study was
used in an explorative analysis. MyIBDcoach is a telemedicine tool, accessible on a
secured webpage through computer, tablet or smartphone, for the monitoring of IBD
patients at home.22 In the myIBDcoach trial, the effect of disease monitoring with
myIBDcoach on healthcare utilization and quality of care was investigated. All
consecutive IBD patients between 18‐75 years, with sufficient knowledge of the Dutch
language and internet access, from two tertiary referral centres and two non‐
academic hospitals in the Netherlands were eligible for inclusion for this trial and
randomized in the myIBDcoach or standard care group. All patients had an established
diagnosis of CD or UC, fulfilling the international diagnostic criteria.23
Every single month, patients in the telemedicine arm completed monitoring
modules, comprising questions on disease activity, use of medication, smoking status,
weight, and malnutrition risk based on the SNAQ. If a patient achieved remission (i.e.,
low clinical activity for three consecutive months), patients were allowed to complete
the monitoring module once every three months. The study design is described in
detail elsewhere.24
The myIBDcoach study was approved by the Medical Research Ethics Committee
of the Maastricht University Medical Centre+ (NL47697.068.14) and registered at
ClinicalTrials.gov (NCT02173002) and the study protocol conformed to the provisions
of the declaration of Helsinki. All patients gave written informed consent prior to
participation.22,24
Patients who were randomized to the myIBDcoach intervention group were
included in the present study. Baseline characteristics (e.g., height, disease
phenotype, duration, and medication use) were extracted from patient files using
standardized registration forms. During the 12 months of follow‐up, information on
weight (to determine BMI), disease activity by a symptom‐based patient reported
outcome measure (the Monitor IBD At Home (MIAH) questionnaire25), and risk for
malnutrition (by the SNAQ) was obtained every one to three months.
In line with the myIBDcoach trial, disease activity (flares) were defined as clinical
symptoms indicative of disease activity (i.e., positive score on the Monitor IBD At
Home (MIAH) questionnaire25,26 or increased symptoms during outpatient visits) in
combination with either a concurrent faecal calprotectin >250 µg/g, or disease activity
on endoscopy, magnetic resonance imaging, or computed tomography. In daily clinical
practice, in case of clinically severe symptoms suggestive of IBD disease activity, the
treating physician occasionally judged these symptoms to be evident enough to adjust
therapy. Therefore, to capture all flares, also symptoms indicative of disease activity
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resulting in dose escalation or initiation of a new drug were defined as disease
activity.22 Otherwise patients were considered to be in remission.
The SNAQ was developed as a non‐invasive screening tool to assess malnutrition
in both in‐ and outpatient settings27,28 and comprises of three questions, i.e.,
unintentional weight loss over a predefined time period (depending on weight loss:
2 or 3 points), experience of decreased appetite during the last month (1 point),
and/or use of supplemental drinks or tube feeding during the last month (1 point). For
the present study, the risk of an impaired nutritional status was defined as a SNAQ
≥2 points and/or BMI <18.5 kg/m2. Both parameters were determined every one to
three months.

Statistical analysis
Numerical variables were presented as means with corresponding standard deviation
(SD) and categorical variables as numbers with percentages. Baseline characteristics
were compared between groups (patients who relapse versus patients who do not
relapse) by the independent samples t‐test for numerical variables, and Chi‐square
test or Fisher’s exact test when appropriate, for categorical variables. Generalized
estimating equations model was used to identify an association between the risk of
impaired nutritional status and the development of flares in the following three
months. This method accounts for repeated measures within the same patient, with
an unstructured covariance pattern.
At each time‐point of measurement, flare status (yes/no), as well as the risk of
impaired nutritional status (yes/no) was recorded. In patients with quiescent disease,
the first three months were excluded from the analyses to prevent potential carry
over effects of histological inflammation in clinical inactive patients at time of
inclusion. When active disease was present at inclusion or during follow up, the
following six months were excluded from the analyses as a wash out period, and to
start the follow‐up from a remissive state onwards.
For the generalized estimating equations model, all positive values on the risk of
an impaired nutritional status in the three months preceding a flare were regarded as
possible predictors.
Since we aimed to assess the prospective association, the risk of an impaired
nutritional status measured at the same measurement moment as a flare was not
considered as a predictor. Since patients were able to complete the questionnaires
either every single or every three months, the flare status was determined for the
subsequent three months after the risk of an impaired nutritional status was assessed.
The generalized estimating equations model was adjusted for potential confounding
effects of sex, disease phenotype, disease duration at inclusion, and smoking status at
inclusion. Two‐sided p‐values ≤0.05 were considered statistically significant. Statistical
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analysis was performed using IBM SPSS statistics for Windows, Version 22 (IBM,
Armonk, NY).

Results
In total, 465 IBD patients were allocated to the intervention group in the myIBDcoach
trial.22 Patients who were not eligible, i.e., never started using the application, never
achieved a period of remission or were lost to follow‐up for other reasons were
excluded from further analyses. Finally, 417 patients were included in the present study.
Baseline characteristics at inclusion, stratified by flare status during follow up, are
presented in Table 6.1. During follow‐up, 49 (11.8%) individual patients (CD=26, UC=23)
experienced a flare after initial remission. Less active smokers were found among those
that relapsed during follow‐up compared to the ‘non‐relapsers’ (p=0.005). No other
differences in baseline characteristics were found between these groups.
Table 6.1 Patient characteristics, stratified by occurrence of disease flares.

Crohn’s disease n (%)
Male, n (%)
2
BMI (kg/m ), mean (SD)
a
Montreal at baseline
Age (CD & UC)
A1, <17 years, n (%)
A2, 17‐40 years, n (%)
A3, >40 years, n (%)
Disease location (CD)
L1, ileal, n (%)
L2, colonic, n (%)
L3, ileocolonic, n (%)
Disease behaviour (CD)
B1, non‐stricturing non‐penetrating, n (%)
B2, stricturing, n (%)
B3, penetrating, n (%)
Disease extent (UC)
E1, proctitis, n (%)
E2, left‐sided, n (%)
E3, pancolitis, n (%)
Age at inclusion (years), mean (SD)
Disease duration at inclusion (years), mean (SD)
Active disease at inclusion, n (%)
Medication use at inclusion
No medication/5‐ASA, n (%)
Immunomodulators, n (%)
Biologics, n (%)
Current smoking at inclusion, n (%)

Relapsers
(n=49)
26 (53.1)
15 (30.6)
25.37 (4.3)

Non‐relapsers
(n=368)
222 (60.3)
158 (42.9)
25.14 (4.0)

8 (16.3)
26 (53.1)
15 (30.6)

60 (16.3)
219 (59.5)
89 (24.2)

7 (26.9)
6 (23.1)
13 (50.0)

73 (32.9)
55 (24.8)
94 (42.3)

16 (61.5)
7 (26.9)
3 (11.5)

134 (60.6)
57 (25.8)
30 (13.6)

2 (8.7)
10 (43.5)
11 (47.8)
46.08 (15.2)
13.45 (10.9)
4 (8.2)

19 (12.8)
69 (46.3)
61 (40.9)
43.95 (13.7)
13.39 (10.4)
28 (7.6)

15 (30.6)
16 (32.7)
18 (36.7)
1 (2.0)

142 (39.3)
93 (25.8)
126 (34.9)
65 (17.7)

p‐value
0.331
0.100
0.705
0.600

0.741

0.958

0.768

0.313
0.971
0.908
0.434

b

0.005

n, number of patients / SD, standard deviation / BMI, body mass index / 5‐ASA, 5‐aminosalicylic acid /
a
45 b
classification according to Montreal Classification / p‐value below 0.05.
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At inclusion, six (1.4%) patients had a BMI <18.5 kg/m2, 216 (51.8%) patients had
a BMI of 18.5‐25 kg/m2, 147 (35.3%) patients had a BMI of 25‐30 kg/m2, and
48 (11.5%) patients had a BMI >30 kg/m2. In total, 53 (12.7%) individual IBD patients
were at risk of an impaired nutritional status based on a positive SNAQ score (n=45),
BMI <18.5 kg/m2 (n=5), or both (n=3) during follow‐up.
In the generalized estimating equations analyses, the risk of an impaired
nutritional status was found to be associated with the occurrence of a flare in the
following three months (OR 2.61, 95% CI 1.02‐6.69, p=0.046). Furthermore, in this
model female sex (OR 2.12, 95% CI 1.08‐4.15, p=0.029) was also identified as a risk
factor for the development of a flare, while active smoking showed a negative
association (OR 0.14, 95% CI 0.02‐0.97, p=0.047) (Table 6.2).
In the generalized estimating equations model, medication use at time of
inclusion was not incorporated as confounder due to the small number of relapsing
patients during follow up. When medication use at time of inclusion was added to the
model, a comparable increased risk was found (OR 2.48, 95% CI 0.96‐6.41, p=0.061),
though not significant.
Table 6.2

Multivariable generalized estimating equations model: association between impaired
nutritional status risk in IBD and disease flares.

Impaired nutritional status
UC phenotype
Sex, female
a
Active smoker
a
Disease duration

OR
2.61
1.43
2.12
0.14
1.01

95%‐CI
1.02‐6.69
0.78‐2.65
1.08‐4.15
0.02‐0.97
0.98‐1.04
a

p‐value
b
0.046
0.251
b
0.029
b
0.047
0.642

b

OR, Odds ratio / 95%‐CI, 95%‐Confidence Interval / at inclusion / p‐value below 0.05.

6

Discussion
In this longitudinal study in daily practice, the risk of an impaired nutritional status,
defined by a positive SNAQ or BMI <18.5 kg/m2, was found to be associated with the
occurrence of a flare.
IBD patients are at risk of an impaired nutritional status due to disease related
changes in absorption and/or requirements, especially during active inflammation,
often in combination with an unbalanced dietary intake.5 An impaired nutritional
status is thereby a consequence of the disease, although it may also further impact
disease course. Previous studies reported that a decreased skeletal muscle index
increased the risk of an intestinal resection in hospitalized CD patients with an
exacerbation12 increased the need for colectomy in UC patients,13 predicted the need
for rescue therapy in acute severe UC patients29, was associated with postoperative
complications14,15, and with anti‐TNF treatment failure in IBD patients.30 An impaired
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nutritional status may contribute to the development of a flare or worse disease
outcome by malnutrition induced changes in the immune system leading to altered GI
hormone secretion (e.g., leptin), changes in immune cell populations, and/or
increased intestinal permeability.31‐34 A mice study on the effects of fasting showed,
for example, that changes in immune response occur rather early after inducing
nutritional deficiencies.32 After 48 h, activated T cells from fasted mice showed
decreased ability to secrete IL‐2 and IFN‐y when compared with control fed mice. A
vicious circle may develop in which an impaired nutritional status and intestinal
inflammation affect each other. Furthermore, malnutrition is found to affect the
microbiota composition and activity, and thereby may also impact disease course.35
To our knowledge, the current study is the first to specifically analyse the association
of impaired nutritional status risk on subsequent flare occurrence. Future studies
should also address potential underlying mechanisms.
In the present study, the SNAQ in combination with BMI was used as screening
method for risk of an impaired nutritional status, since the SNAQ alone may lead to
underreporting in an outpatient setting.36 The SNAQ and MUST both contain
questions on unintentional weight loss and food intake. In contrast to the SNAQ, a low
BMI (18.5‐20 or <18.5 kg/m2) is taken into account in the MUST questionnaire. The
MUST may however lead to overreporting of patients at risk in the outpatient
setting.36 Therefore, in line with one of the diagnostic criteria for malnutrition by the
European Society for Clinical Nutrition and Metabolism (ESPEN)10, only a
BMI <18.5 kg/m2 was added to the SNAQ to capture all patients at risk of impaired
nutritional status in the current study. Fifty‐three patients were at risk of an impaired
nutritional status during follow up, of which the majority of the patients (n=45) had a
positive SNAQ in combination with a BMI >18.5 kg/m2, five patients had a
BMI <18.5 kg/m2 and a negative SNAQ, and three patients had both a positive SNAQ
score and a BMI <18.5 kg/m2.
The overall distribution of our patients over the different weight categories
(according to the World Health Organization definitions)37 were comparable with
percentages of overweight and obesity in a representative healthy population in
South‐Limburg, a province in the Netherlands.38 The majority of the IBD patients in
the present study had a normal BMI (51.8%) while a significant proportion was
overweight (35.3%) or obese (11.5%). Due to an unfavourable fat‐muscle ratio, which
is not necessarily reflected by BMI, it cannot be excluded that patients with a BMI
18.5‐25 kg/m2 do have a decreased muscle mass and are thereby at risk of impaired
nutritional status.
A commonly used model for analysing the body composition is the two‐
compartment model in which body weight is subdivided in fat mass and fat free mass.
Skeletal muscle mass represents a large proportion of the fat free mass. Prior studies
reported that changes in fat free mass, are not always captured by malnutrition
screening questionnaires in IBD patients.20,39 This underlines the necessity in future
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studies to combine a malnutrition screening questionnaire with a simple, non‐invasive
body composition analysis, and also, to incorporate changes in fat free mass for timely
identification of patients at risk. A technique which can be considered is the handgrip
strength, as parameter of muscle strength.40
In the present study, flare development was also found to be positively
associated with female sex and negatively with smoking status at time of inclusion. In
CD for example, smoking is found to increase the risk of a flare, whereas in UC
smoking cessation is.41 Our finding may be affected by analysis of the total IBD
population. Separate analyses for CD and UC were not performed due to the limited
sample size, but should be taken into account in future studies.
A major strength of the present study is the longitudinal design of the study in a
relatively large, unselected outpatient study population. The study population was
found to be representative for the general IBD population in the South Limburg
area.22,42 Furthermore, by the use of telemedicine, disease activity, and malnutrition
screening risk were measured repeatedly and standardized. However, some
limitations of this study should be addressed. For the present explorative study,
available data from the myIBDcoach study was used. Therefore, no sample size
calculation has been performed, and we were not able to correct for all potential
confounders for flare development, such as prior surgery, time since last flare, and
prior smoking status. The present study shows a significant association between
impaired nutritional status risk and flare occurrences in the entire IBD cohort.
Separate analyses for CD and UC were not performed due to a small number of
patients. However, these analyses are of interest since factors influencing flare
occurrence may differ between these phenotypes, and should be included in future
studies. Furthermore, ongoing histological inflammation at time of inclusion and
during follow up cannot be completely excluded, since disease activity was monitored
by clinical parameters. However, to prevent carry over effects of histological
inflammation, the first three months from patients with quiescent disease were
excluded from the analyses. Finally, it should be taken into account that flares can be
affected by enteral nutrition, particularly in CD.43 However, in the present study, use
of enteral nutrition was limited and was not found to impact our findings (data not
shown).
The aim of the present explorative study was to investigate an association
between the risk of an impaired nutritional status and flare occurrence. In clinical
practice, it has already been shown that early treatment of malnourished inpatients
for any disease or operation, based on screening, leads to a shorter length of hospital
stay and is cost‐effective.44 Since this is the first longitudinal study analysing the
association of impaired nutritional status risk on flare occurrences, our results should
be confirmed in other cohorts. Larger longitudinal studies on the impact of an
impaired nutritional status risk, incorporating body composition analysis and muscle
strength, and taking confounders and separate analysis for CD and UC into account,
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are of special interest to confirm the actual effect on disease activity. Additionally,
studies on timely dietary and/or physiotherapy interventions, aiming to improve
nutritional status and treatment outcome are warranted.
In conclusion, in the present longitudinal observational study, we found an
association between the presence of the risk of an impaired nutritional status and IBD
flare occurrence. This emphasizes the importance of monitoring disease activity in IBD
patients at risk of an impaired nutritional status.
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General discussion
The role of dietary intake on the disease course in inflammatory bowel disease (IBD) is
supported by epidemiological studies in humans, as well as mechanistic studies in
animal models. In the present thesis we aimed to gain further insight into IBD and
diet. In the first part of this thesis, we evaluated the role of habitual dietary intake on
disease course in IBD patients. Evidence from current studies on dietary intake and
onset of IBD was not sufficient to draw firm conclusions. In addition, the number of
etiological studies on the role of habitual dietary intake and flare occurrence is limited
and none of them focused on dietary patterns (chapter 2). We identified three
predominant dietary patterns of habitual intake in two combined geographically
distinctive IBD outpatient cohorts in the Netherlands, one of which was found to be
associated with flare occurrence during follow up (chapter 3).
In the second part of this thesis, we addressed the assessment of malnutrition
and the association with disease course. In chapter 4, it was shown that 20% of the
IBD patients fulfilled the Global Leadership Initiative on Malnutrition (GLIM) criteria
for malnutrition and 47% of the patients scored positive on at least one parameter
indicative for malnutrition. The parameter most often affected was the fat free mass
index (FFMI), a proxy for muscle mass. As shown in chapter 5, we reported on a new
technique to determine skeletal muscle signal intensity as a marker for myosteatosis,
Crohn’s disease (CD) patients at the time of diagnosis on MRI. The technique was
reproducible and, in an exploratory analysis, associated with intestinal resection free
survival. Finally, in a telemedicine cohort of IBD patients, we found an association
between an impaired nutritional status risk and flare occurrence in the following three
months (chapter 6). In this general discussion, findings of the studies are put into
perspective and future implications are discussed.

Nutritional epidemiology in IBD
The pathogenesis of IBD is multifactorial, involving the immune system and intestinal
microbiome, together with host genetics and environmental factors.1, 2 Over 200 IBD
risk loci have been identified, estimated to explain 13.1% and 8.2% of the disease risk
variance in CD and ulcerative colitis (UC), respectively.3 The increasing incidence of
IBD, in line with adopting a Western lifestyle, further supports the role of
environmental factors, including diet, in the pathogenesis.4 In an extensive review, we
included both positive and negative study associations and found that the high intake
of sugar, and low intake of fruit, and/or vegetables may be associated with the onset
of IBD. Conclusions on the intake of grains, unsaturated fatty acids, protein or energy
intake and IBD onset could not be made, due to methodological limitations in the
majority of the studies. The currently available evidence is not sufficient to draw firm
conclusions on the role of specific food components or nutrients and IBD onset
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(chapter 2). The majority of the studies on this topic are case‐control studies, mostly
performed within 6 months of diagnosis, in which recall bias cannot be ruled out due
to the retrospective design and (long‐term) interval between assessment of dietary
intake and disease onset. Even when asking patients at time of diagnosis about their
habitual dietary intake and/or recent adjustments, recall bias cannot be completely
prevented, due to time between symptom onset and diagnosis. Large (birth) cohorts
with longitudinal follow‐up would be the ideal setting to analyse associations on
dietary intake and IBD onset. Although this is time consuming and costly, such studies
are valuable because of the growing evidence on environmental factors associated
with a Western lifestyle in the pathophysiology of IBD.4 Air pollution and urbanization
are besides dietary intake examples of factors that coincide with a Western lifestyle
and may contribute to the rising incidence in IBD, in addition to better health care
access and diagnostics.5, 6
To optimize the methodological quality of studies on dietary intake, it is also
important to use the best possible dietary assessment instrument. In most studies
published on diet and IBD, mainly FFQs and to a lesser extent dietary histories were
used to assess the dietary intake. In contrast to dietary histories, FFQ is a less
expensive and appropriate method to assess long‐term dietary intake. Furthermore, it
provides insight in the dietary habits of a person, whereas 24h recalls or food diaries
have the advantage that a more exact recent intake of specific nutrients can be
retrieved.7, 8 Since dietary association studies often focus on overall dietary habits,
FFQs are deemed an appropriate tool in such observational cohort studies.
In general, self‐reported dietary data are sensitive for systematic biases, such as
under‐reporting and difficulties in estimating portion sizes.7, 9‐11 To overcome these
issues, FFQs could be combined with pictures of foods for reporting portion sizes
and/or validated dietary biomarkers in future studies.7, 10, 11
A substantial part of the IBD patients, 33‐58%, believes that their diet contributes
to flare development and adjust their diets accordingly.12, 13 On one hand specific
foods may trigger inflammation, but specific foods may also cause subjective
symptoms in IBD patients without inducing mucosal inflammation.14 To prevent
unguided dietary adjustments leading to increased risk of malnutrition, further insight
into the role of dietary intake and flare occurrence is important. However, the number
of studies is still limited. In our systematic review published in 2013 (chapter 2), only
six studies on dietary intake and flares were identified, of which only two studies had
a prospective follow‐up. Since then, three new prospective studies have been
published.15‐17 Those studies reported opposite findings on dietary fibre intake16, 17
and for other nutrients or foods significantly increased risks could not be confirmed by
others (such as for meat intake in UC, and findings on omega‐6/omega‐3 ratio in
CD).15, 17‐19 These five studies had a relatively short follow‐up (maximum of one
year),16, 18, 19 defined flares solely on a clinical symptom score,18 or focused on one
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specific nutrient or food group.16 Therefore, additional high quality studies on dietary
intake and flare occurrence are needed.
To our knowledge, dietary pattern analysis based on habitual dietary intake has
not been conducted before in prospective studies of IBD patients. Using principal
component analysis (PCA) of two combined geographical distinctive IBD outpatient
cohorts in the Netherlands, we were able to identify an association between one of
the three dietary patterns and flare occurrence (chapter 3). Despite the fact that no
causality can be claimed, these findings indicate the relevance to analyse dietary
patterns and disease outcomes.
Insights in dietary patterns in IBD patients is important to design intervention
trials providing evidence whether modification towards a more beneficial or anti‐
inflammatory diet can prevent flares and change the disease course. Dietary pattern
analysis is also important because of the potential to link the data to intestinal
microbiota composition. Such analyses may provide new pathophysiological insights
since it has been clearly demonstrated that major differences in dietary intake are
associated with microbiota composition and functionality. For example, the
microbiota enterotype Bacteroides is associated with a long‐term dietary pattern
characterized by high intake of proteins and animal fat, and Prevotella with
carbohydrate rich diets, especially fibre.20
Combining evidence on diet and disease course and/or onset risk from animal,
mechanistic, and intervention studies with findings of prospective cohort studies, will
strengthen the evidence of causality,7, 21 and will also provide further insight in the
pathophysiology.
Although more insight into the association between habitual dietary intake and
flare occurrence is necessary, several dietary intervention studies have been
conducted to induce and/or maintain remission in adult IBD patients. These studies
have the advantage of including more homogenous study groups and using well‐
defined clinical endpoints. Examples of studied diets include those with low red and
processed meat intake, low carbohydrate intake, fibre enriched diets, carrageenan
free diet, symptom‐guided diets, and anti‐inflammatory and exclusion diets, as nicely
summarized in a systematic review by Limketkai et al.,22 in which the studies mainly
included adults. Beneficial effects for both induction and maintenance of remission
have been reported, especially in symptom‐guided diets in CD patients when analysed
individually. In those three studies on symptom‐guided diets, flares were defined by
clinical indices.23‐25 However, due to methodological limitations and heterogeneous
studies, no firm conclusions can yet be drawn on the efficacy of dietary intervention
studies in IBD. Furthermore, it should be noted that it is not always clear whether
intervention studies primarily focus on immune modulation and flare occurrence or
subjective symptoms.
In addition, promising results have been reported on the “Crohn’s disease
exclusion diet” (CDED), a whole‐food diet coupled with partial enteral nutrition, in two
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retrospective studies, with small numbers of adults patients, and one randomized
controlled trial among 78 children for remission induction.26‐28 Furthermore, the
“Crohn’s disease treatment with eating” (CD‐TREAT), a whole food‐based diet,
replicating many effects of exclusive enteral nutrition on the intestinal microbiome
and metabolome, was potentially effective in five paediatric patients for remission
induction.29 Larger intervention studies should confirm the positive effects in the adult
population, before implementation in clinical practice of these diets can be advised.
Furthermore, it would be of interest to see if the positive effects are observed in
specific subpopulations of IBD patients, because of the multifactorial pathogenesis,
differences in disease phenotype, inter‐individual variation in dietary intake, and the
exposure to other environmental and/or lifestyle factors.
When investigating the association between diet and disease onset or disease
course, it should be taken into account that the intake can differ not only between
countries, but even between regions. This was shown in chapter 3, where differences
in dietary intake between a Northern and Southern cohort in the Netherlands were
reported. FFQ, therefore have to be culture and population specific. For our
prospective cohort study (chapter 3) we therefore used a semi‐quantitative food
frequencies questionnaires (FFQ), designed for the Dutch population, developed and
validated by the division of Human Nutrition in Wageningen University, was used.30, 31
Recently, the web‐based Groningen IBD Nutritional Questionnaire food frequency
questionnaire (GINQ‐FFQ) was developed, assessing dietary intake specifically for IBD
patients.32 It takes specific foods of interest in IBD into account,32 for example fast
food products (e.g., take‐out meals, and ready‐made meals bought in supermarkets),
were incorporated to get insight in ultra‐processed foods since these are thought to
be related to the IBD pathogenesis.33 Ultra‐processed foods often contain fats, salt,
sugar, oils, and additives to create durable and highly palatable foods.34 The additives
frequently found in processed foods, have mainly been investigated in animal or ex
vivo studies.33 As an example: relatively low concentrations of two commonly used
emulsifiers, carboxymethylcellulose and polysorbate‐80, were able to increase
intestinal permeability and cause mucus layer depletion in IL 10‐/‐ mice.35
Another important aspect when analysing dietary data, is that intake changes
over time, especially due to a change in disease activity, gastrointestinal symptoms
and IBD complications such as strictures. Unfortunately, this was not included in the
study presented in chapter 3. In future longitudinal studies it is essential to monitor
dietary intake more frequently, and to adjust for potential dietary adjustments. This
can be realized by implementing FFQ in telemedicine tools with repeated
standardized monitoring of both disease course and dietary intake.
In such tools, like “MyIBDCoach” the dietary data can not only be linked to the
disease course, but also to quality of life (QoL), smoking status, work productivity,
psychosocial factors, and fatigue.36, 37
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In addition, it remains a challenge to define disease course, and flares, in
longitudinal clinical studies. In clinical practice, disease status is determined based on
symptoms and/or clinical disease activity indices, faecal calprotectin, and/or
C‐reactive protein. When indicated (additional) radiological or endoscopic evaluation
is performed. Therefore, in chapter 3 those parameters were used to define flare
occurrence in line with clinical practice. By using telemedicine tools, disease course
could be retrieved longitudinally, in a more systematic manner, whereby the disease
status is defined based on a combination score.38

Malnutrition: definition
Due to unbalanced dietary intake, combined with disease related changes in
absorption and/or requirements, IBD patients are at increased risk of an impaired
nutritional status.39
Malnutrition negatively affects morbidity, functional capacity and Qol.40, 41
Physicians become more and more aware of the clinical importance of a good
nutritional status, a topic for which specific attention is given in current IBD
guidelines.42, 43 In clinical practice, there is an urgent need for better guidelines and
tools for a feasible, easy to perform, malnutrition assessment.
To assess the prevalence of malnutrition, a more uniform and widely accepted
definition would be helpful. Currently used definitions and parameters differ between
studies, contributing to the broad reported prevalence range observed (i.e., 9.8‐80%).44‐48
When looking at single parameters as marker for malnutrition, as reported in
chapter 4, almost half of the IBD outpatients (n=94, 47%) had at least one out of five
parameters affected. Looking at different malnutrition definitions of those 94 patients
(see table 7.1), 40 fulfilled the GLIM criteria, 12 the ESPEN definition, and 16 the
ASPEN characteristics. Only 13 patients were identified by all three definitions. The
above clearly shows that the malnutrition definition used, impacts the prevalence
found, and underlines the importance of one uniformly accepted definition. In
addition, as shown in chapter 4, we advise the current guidelines to recommend the
use of various nutritional status parameters, as a substantial proportion of the
patients with a single parameter for malnutrition affected were not identified.
The malnutrition definitions mentioned above mainly focus on body composition
and caloric intake. Another aspect of malnutrition is dietary intake of micronutrients.
In particular, CD patients with active small bowel disease and/or multiple intestinal
resections are vulnerable to develop micronutrient deficiencies.49 Careful
interpretation in case of systemic inflammation however is needed, since various
micronutrients are also acute phase reactants, e.g., iron, copper, zinc, vitamin A.49, 50
As recommended by the Dietitians European Crohn’s and Colitis Organisation working
group (D‐ECCO), dietary intake assessment and micronutrient measurements should
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be combined and additional biomarkers for micronutrient body stores are required to
overcome limitations of plasma measurements.51
Table 7.1

Non‐exclusive listing of malnutrition definitions.

Group, year
The Academy of Nutrition
and Dietetics and ASPEN,
40
2012

52

ESPEN, 2015

GLIM, 2019

41

Definition
Two out of six of the following characteristics for diagnosis
 Low energy intake
 Weight loss
 Loss of subcutaneous fat
 Muscle mass
 Fluid accumulation
 Reduced grip strength
At first: being at risk of malnutrition by any validated screening tool. If so, two
alternative ways for the diagnosis.
2
1) <18.5 kg/m
2) Unintentional weight loss
>10% indefinite over time or
>5% over the last 3 months
combined with either
2
2
 BMI <20 kg/m if <70 years, or BMI <22 kg/m if ≥70 years
2
 FFMI <15 and <17 kg/m in women and men respectively
At first: being at risk of malnutrition by any validated screening tool. If so,
diagnosis requires at least 1 phenotypic and 1 etiologic criteria.
 Phenotypic
 Weight loss
 Low BMI
 Low muscle mass
 Etiologic

Reduced food intake or assimilation

Disease burden / inflammatory condition

ASPEN, American Society for Parenteral and Enteral Nutrition / BMI, body mass index / FFMI, fat free mass
index / ESPEN, European Society of Clinical Nutrition and Metabolism / GLIM, Global Leadership Initiative
on Malnutrition

Nutritional status assessment in clinical practice
The importance of awareness for malnutrition in daily clinical practice was underlined
in chapter 6, by the observation that the risk of an impaired nutritional status
preceded subsequent flare occurrence. Longitudinal studies are needed to improve
knowledge of the bidirectional interaction between nutritional status and disease
course. Therefore, non‐invasive and easy to use tools to determine the nutritional
status in clinical practice are warranted.
In a substantial proportion of the IBD patients, with both active and quiescent
disease, the FFMI is impaired, as was seen in chapter 4. FFMI is the fat free mass
expressed as an index for height. Fat free mass consists of all non‐fat tissues, and is a
marker for skeletal muscle mass.41, 53 Another aspect of the muscle mass, is muscle
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strength, which can be affected amongst others by fatty infiltration of the muscle, i.e.,
myosteatosis.54 Muscle mass can accurately be determined by imaging modalities
such as whole body dual‐energy x‐ray absorptiometry, and computed tomography
(CT).55, 56 With the latter one, also myosteatosis, can be determined. Myosteatosis can
negatively affect muscle strength and is associated with worse disease outcomes.57‐62
CT scans are associated with radiation exposure, and in the Netherlands
therefore, disease extension and activity are generally assessed by magnetic
resonance imaging (MRI) in CD patients. Therefore, in chapter 5, a new technique to
assess skeletal muscle signal intensity as a proxy for myosteasosis on routine MRI in
CD was assessed and found to be reproducible. This marker was shown to also have
clinical potential as it was associated with time to resection‐free survival in an
explorative analysis. In a subsequently performed multi‐centre study, differences in
skeletal muscle signal intensity were seen between centres (data not shown in this
thesis). This could be explained by differences in scanning protocols like the repetition
time (TR), inversion time (TI), echo time (TE), and flip angle which can influence the
signal intensity.63, 64 Future studies should address the inter‐scanner and inter‐scan
protocol variability before this technique can be used in daily clinical practice.
In daily clinical practice, there is only limited time per patient available at the
outpatient clinic. Therefore, a screening tool has to be simple and non‐invasive to
make it feasible. By using only BMI and weight loss, as recommended in current
guidelines,42, 43 the majority of patients with malnutrition were not identified
(chapter 4). In case of an unfavourable fat‐muscle ratio, a low FFMI can be present in
patients with a BMI >18.5 kg/m2. Therefore, the use of BMI or weight loss alone as
screenings parameters is not optimal. However, single parameters are of clinical
importance. Low muscle mass for example was found to be associated with worse
surgical outcomes, bone mineral density, fatigue, and reduced QoL,65‐69 Therefore, we
consider it relevant to identify those patients. There are also questionnaires to screen
for malnutrition, like the Malnutrition Universal Screening Tool (MUST) and the Short
Nutritional Assessment Questionnaire (SNAQ).70, 71 However, as reported by Csontos
et al.,72 and also seen in chapter 4 of this thesis, IBD patients with an impaired muscle
mass are frequently undetected by these tools. Therefore, when malnutrition
screening in IBD outpatients is performed, parameters as FFMI but also energy intake
should be taken into account. Skinfold measurements and/or HGS could serve as easy
and feasible markers for the determination of FFMI in daily clinical practice.

Holisitic approach
The current IBD guidelines advise early introduction of immunomodulators and
biologicals, and long‐term stringent monitoring to prevent mucosal inflammation.73
Over the last decade, introduction of new drugs and treatment regimens have not led
to a decreased risk of disease progression as shown by data from the population
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based IBD South Limburg cohort.74 Even when treatment is successful, many patients
still perceive fatigue75 and experience decreased work productivity.76 Fatigue has been
reported to be a predictor of work impairment,77 but also a barrier to engage in
physical exercise.78, 79
In addition to dietary quality, physical activity is often reported to be impaired in
IBD patients.80‐82 Patients will benefit from regular physical exercise in terms of muscle
mass, strength, physical fatigue, and QoL.68, 69, 83 Though the evidence from current
intervention studies in adult IBD patients is sparse, due to short follow‐up time, small
number of patients, and the ability to use objective, convenient measurement tools to
register physical activity.84‐86 Nowadays, the possibility to use wearables can
overcome the difficulty to accurate determine physical activity.
Psychological disorders, such as anxiety, depression, perceived stress, and sleep
disturbance are also common in the IBD population.87‐89 It can be hypothesized to
negatively impact gut health through the brain‐gut axis90 and thereby influence
disease course, but also QoL.2, 91 The influence of psychological factors on disease
course was also observed in the myIBDcoach telemedicine cohort, including 417 IBD
patients with 1‐year follow‐up. The occurrence of life events and novel perceived
stress in the preceding 3 months was positively associated with subsequent flare
development.92
The importance of lifestyle factors in flare prediction is further supported by an
exploratory study conducted in the prospective myIBDcoach telemedicine cohort.
During a one‐year follow‐up, the included 393 patients reported information on their
disease status, but also lifestyle factors, every 1‐3 months. By use of stepwise group‐
Lasso logistic regression analysis, psychosocial and lifestyle factors were of superior
value compared with baseline variables (i.e., sex, disease phenotype, Montreal
classification, disease duration, IBD surgery at inclusion, medication use at inclusion,
ethnicity, and family history of IBD) to predict flares.93
Psychological factors, diet quality, and physical activity, and their association with
disease course vary widely between patients and are likely to be inter‐related.
Awareness of inter‐individual variation and patient‐centred care is therefore
important. Screening with, subsequent tailored advice and management, bearing in
mind patient preferences, will contribute to the optimal care for an individual patient
and will increase patient empowerment. Therefore, a holistic approach by addressing
lifestyle disease modifiers, such as diet quality, exercise, and psychosocial risk factors,
will contribute to improved disease management and patient well‐being.94‐96

Concluding remarks and future perspectives
There is growing evidence for the role of dietary intake in the pathogenesis and
disease progression of IBD. To increase the knowledge on habitual dietary intake, with
special interest for dietary patterns and impact on IBD disease course, high quality
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prospective longitudinal studies are needed. The longitudinal aspect could be
implemented in telemedicine tools, and future studies could make use of dietary
biomarkers in combinations with FFQ to optimize the accuracy of dietary intake
measurements. Findings on this topic will further support the development of dietary
guidelines, thereby preventing unguided dietary strategies by patients, putting them
at risk for malnutrition. For the assessment for malnutrition, screening should be
applied on all IBD patients, taking multiple nutritional status parameters into account,
especially FFMI and energy intake. Additionally, a holistic approach, by addressing
lifestyle disease modifiers such as diet quality, exercise, and psychosocial risk factors,
will contribute to better disease management and patient well‐being.
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Summary
Inflammatory bowel disease (IBD) is a chronic inflammatory disorder of the
gastrointestinal tract with Crohn’s disease (CD) and ulcerative colitis (UC) as main
entities. Both diseases are characterized by periods of exacerbation, i.e., flares and
remission. The pathogenesis is multifactorial. Both the innate and adaptive immune
system are compromised by a complex interplay between the intestinal microbiota,
environmental factors, and a genetic background. The increasing incidence of IBD
coincides with the adoption of a Western lifestyle and therefore environmental
factors, including diet, are thought to play an important role. In addition, IBD patients
often believe that their dietary intake influences their disease status, and adjust their
diet accordingly. However, exact dietary triggers are still not clear. Furthermore, as
there are no clear dietary guidelines for IBD patients, the dietary adaptations often
occur without guidance of a dietitian, which puts patients at risk of developing
malnutrition. Over time, different definitions for malnutrition, measurement
techniques, and study populations (i.e., CD and/or UC, in‐, and/or outpatients, active
and/or quiescent disease) were used, resulting in a wide range of the reported
prevalence.
The aim of this thesis was to gain further insight into diet and IBD by evaluating: i)
habitual dietary intake and the association with flare occurrence, and ii) the
assessment of malnutrition and its association with disease course.

Dietary intake and IBD
In chapter 2 of this thesis, we conducted an extensive literature review on the
habitual dietary intake and disease onset and/or flare occurrence in IBD patients.
Thirty‐six studies on habitual dietary intake and disease onset were identified. High
intake of sugar or sugar‐containing foods, and low intake of fruits and/or vegetables
were reported to be associated with increased risk of IBD onset by several studies.
However, these findings could not be confirmed by similar or even higher numbers of
studies. A possible protective role was found for grain‐derived products in CD onset.
Inconsistent results were reported for grain‐derived products in UC, and dietary fiber
in both CD and UC. Only six studies were identified analyzing the habitual dietary
intake and flare occurrence. Of these, only two studies had a prospective follow‐up,
and none of them focused on habitual dietary patterns.
In this regard, we decided to conduct a prospective follow‐up study on habitual
dietary patterns and flare occurrence in IBD outpatients. In chapter 3, at first, the
habitual dietary intake in two geographically distinctive IBD outpatient cohorts in the
Netherlands was analyzed. Patients in the Northern cohort (n=486) had a younger age
at diagnosis, comprised more females, and had a lower overall energy intake
compared to the Southern cohort (n=238) (all p<0.05). In the total 724 patients, three
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dietary patterns were derived by principal component analysis (PCA). The first and
most pronounced pattern (explaining 11.6% of the total variance), was characterized
by intake of grain products, cooking oils and fats, potatoes, processed meat, red meat,
condiments and sauces, and sugar, cakes and confectionery. At baseline, 427 patients
were in remission, of which 106 (24.8%) developed a flare during 2‐year of clinical
follow‐up. By multivariable COX proportional hazard analysis, correcting for clinical
confounders (kilocalorie intake, study cohort, disease phenotype, sex, age at
diagnosis, smoking behavior and body mass index (BMI)), the first dietary pattern
(hazard ratio (HR): 1.51, 95% CI: 1.04‐2.18, p=0.029) and female sex (HR: 1.63, 95% CI
1.04‐2.55, p=0.032) were associated with flare occurrence during follow up. Since PCA
is sensitive to outliers, an additional robust PCA was performed. The first two dietary
patterns were retained. Similar hazard ratios were found for flare occurrence, though
the first dietary pattern lost significance (first dietary pattern HR: 1.50, 95% CI 0.98‐
2.11, p=0.062; female sex HR: 1.59, 95% CI: 1.03‐2.45, p=0.037). No causality between
the dietary pattern and flare occurrence can be claimed, though our findings do
indicate that more and longitudinal studies on habitual dietary patterns in relation to
flare occurrence are needed. Furthermore, when analyzing dietary patterns,
geographical differences between participants of different regions should be
considered.

Nutritional status and IBD
In chapter 4, the prevalence of malnutrition was determined in a consecutive group of
IBD outpatients by use of the following two definitions: i) the recent criteria published
by the Global Leadership Initiative on Malnutrition (GLIM), and ii) at least one single
parameter indicative for malnutrition being impaired (i.e., unintentional weight loss,
BMI, fat free mass index (FFMI), handgrip strength, or food intake). Of the 200
included IBD patients, 40 (20%) fulfilled the GLIM criteria and 94 (47%) had at least
one parameter for malnutrition impaired. When screening instruments like the Short
Nutritional Assessment Questionnaire (SNAQ) or recommendations from current IBD
guidelines to monitor nutritional status (i.e., by a low BMI and/or unintentional weight
loss) were applied, only 23 (24.4%) and 32 (34.0%) of the 94 patients with at least one
impaired parameter for malnutrition were identified. FFMI, which is a proxy for
muscle mass, was most often found to be impaired in our study population.
Multivariable logistic regression analysis was used to identify independent risk factors
for malnutrition (based on at least one parameter affected). Female sex increased the
risk for malnutrition (odds ratio (OR): 2.57, 95% CI 1.40‐4.72, p=0.002), with no
significances for the other co‐variates (i.e., disease phenotype, age at diagnosis,
disease status, smoking status, prior bowel resection). Our findings indicate that a
substantial proportion of the IBD outpatients (with both flares and remissive disease)
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have at least one parameter for malnutrition impaired, especially FFMI and reduced
food intake, of which the majority was not identified by current screening guidelines.
Given the relevance of the FFMI, in chapter 5, we analyzed the reproducibility of
skeletal muscle signal intensity on magnetic resonance imaging (MRI) in CD patients.
Myosteatosis, i.e., fatty infiltration of the muscle, is associated with poor survival in
patients with cancer and liver cirrhosis, and can be determined by computed
tomography. However, in the Dutch clinical practice, MRI enterographies are used to
determine disease extent and presence of any complications in CD patients.
Therefore, a new technique to determine the skeletal muscle signal intensity, as proxy
for myosteatosis, was analyzed on MRIs of 35 CD patients within six months from
diagnosis. Analyses of fat‐saturated post‐contrast T1‐weighted images at the level of
the third lumbar vertebra were found to be reproducible, with a good intraclass
correlation and substantial agreement (for intra‐observer reproducibility, intraclass
correlation coefficient = 0.948, κ = 0.677; and inter‐observer reproducibility, intraclass
correlation coefficient = 0.858, κ = 0.622). In addition, potential clinical relevance was
indicated, as the skeletal muscle signal intensity was found to be associated with time
to resection free survival (p=0.037) in an exploratory analysis.
In chapter 6, the risk of an impaired nutritional status was studied in relation to
subsequent flare occurrence. In the myIBDcoach study cohort, an impaired nutritional
status and disease status were assessed systematically during 1‐year of clinical follow‐
up. The risk of an impaired nutritional status was defined as a BMI <18.5 kg/m2 and/or
a positive SNAQ. Disease status was defined by clinical symptoms indicative of disease
activity in combination with either a concurrent faecal calprotectin >250 μg/g or
disease activity on endoscopy or imaging, and/or medication adjustments because of
symptoms. In total, 417 IBD patients being in remission at baseline were included for
this study, of which 49 (11.8%) relapsed during follow‐up. Data was analyzed by
generalized estimating equation (GEE), and adjusted for potential confounding effects
of sex, disease phenotype, disease duration, and smoking status. The risk of an
impaired nutritional status was found to be associated with the occurrence of a flare
in the following three months (OR 2.61, 95% CI 1.02‐6.69, p=0.046). In this model
female sex was positively associated with subsequent flare occurrence (OR: 2.12, 95%
CI 1.08‐4.15, p=0.029), and active smoking negatively associated (OR: 0.14, 95% CI
0.02‐0.97, p=0.047). A sensitivity analysis also including medication use, resulted in
comparable ORs for impaired nutritional status risk and flare occurrence, although not
significant. These results emphasize the importance of closely monitoring disease
activity in patients with risk of an impaired nutritional status. Furthermore, it indicates
the relevance of monitoring and addressing lifestyle factors in relation to disease
course, which can be incorporated in telemedicine tools.
In chapter 7, we summarized the main findings of this thesis. We pointed to the
relevance of conducting longitudinal observational cohort studies on habitual dietary
pattern intake and disease course in IBD, the use of uniform widely accepted
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definitions for malnutrition and the use of various nutritional status parameters to
capture all patients at risk. Furthermore, the future directive towards a holistic patient
approach was suggested.
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Chronische inflammatoire darmziekten van het maagdarmstelsel, met de ziekte van
Crohn (ZvC) en colitis ulcerosa (CU) als twee belangrijkste ziektebeelden worden
geschaard onder de gemeenschappelijke noemer Inflammatoire darmziekten (IBD).
Het beloop van beide ziektebeelden kent perioden van ziekteactiviteit (exacerbaties)
en remissie. De oorzaak van IBD is multifactorieel. Zowel het aangeboren als het
verworven immuunsysteem zijn verstoord door een complex samenspel van de
darmmicrobiota, omgevingsfactoren, en genetische gevoeligheid.
De incidentie van IBD neemt toe en gaat gepaard met een toegenomen westerse
levensstijl, hierdoor lijken omgevingsfactoren, inclusief voeding, een belangrijke rol te
spelen.
Bovendien geven IBD‐patiënten frequent aan het gevoel te hebben dat voeding
een rol speelt in de ontwikkeling van exacerbaties en ze daarom hun voeding
aanpassen. Het is tot op heden niet exact bekend welke voedingsmiddelen het
ziektebeloop beïnvloeden. Aangezien er geen duidelijke voedingsrichtlijnen zijn voor
IBD‐patiënten, worden aanpassingen in voeding vaak zelfstandig gedaan zonder
begeleiding door een diëtist, wat bijdraagt aan een verhoogd risico op ondervoeding.
In de loop der jaren zijn verschillende definities, meettechnieken, en
studiepopulaties (zoals ZvC en/of CU, gehospitaliseerde en/of poliklinische patiënten,
met en/of zonder ziekteactiviteit) in onderzoek naar ondervoeding in IBD gebruikt,
waardoor de gerapporteerde prevalentie een grote spreiding toont.
Dit proefschrift richt zich op het verkrijgen van verder inzicht in de relatie tussen
voeding en IBD door i) de rol voeding op het ontwikkelen van exacerbaties te
onderzoeken, en ii) het bepalen van de voedingsstatus en de associatie hiervan met
het ziektebeloop bij IBD‐patiënten.

Voedingsinname en IBD
In hoofdstuk 2 van dit proefschrift, hebben we een uitgebreid literatuuronderzoek
verricht naar de voedingsinname van IBD‐patiënten en het ontstaan van IBD of het
optreden van exacerbaties. In totaal werden 36 studies geïdentificeerd die de
voedingsinname en het ontstaan van IBD beschreven. In meerdere studies werd
gevonden dat een hoge inname van suiker of suikerhoudende voedingsproducten en
een lage inname van fruit en/of groenten geassocieerd is met het ontstaan van IBD.
Echter minstens zoveel studies konden deze bevindingen niet bevestigen. Daarnaast
werd een mogelijke beschermende rol gerapporteerd voor graanproducten en het
ontstaan van de ZvC. Inconsistente resultaten werden gevonden voor graanproducten
in relatie tot het ontstaan van CU en voor voedingsvezels bij zowel ZvC als CU. Er
werden zes onderzoeken geïdentificeerd die voedingsinname en het optreden van
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exacerbaties analyseerden. Hiervan hadden slechts twee studies een prospectieve
follow‐up en geen van hen was gericht op voedingspatronen.
Vervolgens hebben wij onder poliklinische IBD‐patiënten een prospectieve studie
verricht naar de voedingsinname en het ontwikkelen van exacerbaties in de 2 jaar die
daarop volgden. In hoofdstuk 3 is als eerst de voedingsinname in twee geografische
onafhankelijk gescheiden IBD‐cohorten in Nederland geanalyseerd. Patiënten uit het
noordelijke cohort (n=486) waren jonger op het moment van diagnose, waren vaker
vrouw en hadden een lagere totale energie‐inname in vergelijking met het zuidelijke
cohort (n=239) (allen p<0.05). Bij de in totaal 724 patiënten, werden drie
voedingspatronen geïdentificeerd middels PCA (principal component analysis). Het
eerste en meest uitgesproken voedingspatroon (waarin 11.6% van de totale variatie
werd verklaard), werd gekenmerkt door de inname van graanproducten, bakoliën en
‐vetten, aardappels, bewerkt vlees, rood vlees, sauzen, suiker, cakes en snoep. Op het
moment van inclusie waren 427 patiënten in remissie, waarvan 106 (24.8%) een
exacerbatie ontwikkelde gedurende de 2‐jaar klinische follow‐up. Middels een
multivariabele COX proportional hazard analyse, waarin gecorrigeerd werd voor
klinische confounders (kilocalorie inname, studie cohort, ziekte fenotype, geslacht,
leeftijd op moment van diagnose, rookstatus en body mass index (BMI)), werd een
associatie gevonden tussen het ontwikkelen van een exacerbatie en zowel het eerste
voedingspatroon (hazard ratio (HR): 1.51, 95% CI: 1.04‐2.18, p=0.029) als het
vrouwelijke geslacht (HR: 1.63, 95% CI 1.04‐2.55, p=0.032). Aangezien PCA‐uitkomsten
gevoelig zijn voor uitschieters, werd vervolgens een aanvullende robuuste PCA
verricht, waarin de eerste twee voedingspatronen werden behouden. Dit resulteerde
in vergelijkbare hazard ratio’s voor het optreden van exacerbaties, maar de associatie
met het eerste voedingspatroon was niet meer significant (HR: 1.50, 95% CI 0.98‐2.11,
p=0.062). Op basis van de bevindingen kan geen causaliteit worden geclaimd tussen
voedingspatronen en optreden van exacerbaties, maar deze geven wel aan dat er
meer longitudinale studies naar voedingspatronen en het optreden van exacerbaties
nodig zijn. Bovendien moet bij het analyseren van het voedingspatronen rekening
worden gehouden met deelnemers uit verschillende regio’s.

Voedingsstatus en IBD
In hoofdstuk 4 werd de prevalentie van ondervoeding bestudeerd in een groep
poliklinische IBD‐patiënten aan de hand van de volgende twee definities, i) op basis
van de recent gepubliceerde criteria van het ‘Global Leadership Initative on
Malnutrition (GLIM)’ en ii) indien tenminste één parameter indicatief voor
ondervoeding was aangedaan (waaronder onbedoeld gewichtsverlies, BMI, vetvrije
massa index (VVMI), handknijpkracht, of voedingsinname). Van de 200 geïncludeerde
IBD‐patiënten, voldeden 40 (20%) patiënten aan de GLIM criteria en bij 94 (47%)
patiënten was tenminste één parameter voor ondervoeding aangedaan. Door
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screeningsinstrumenten als de ‘Short Nutritional Assessment Questionnaire’ (SNAQ)
of adviezen vanuit de huidige IBD‐richtlijnen voor het monitoren van de
voedingsstatus (lage BMI en/of onbedoeld gewichtsverlies) te gebruiken, konden
respectievelijk slechts 23 (24.4%) en 32 (34.0%) van deze 94 patiënten worden
geïdentificeerd. VVMI, een maat voor spiermassa, was het meest frequent aangedaan
in onze studiepopulatie. Om onafhankelijke risicofactoren voor ondervoeding
(gebaseerd op tenminste één aangedane parameter) te identificeren werd een
multivariabele logistische regressieanalyse verricht. Het risico op ondervoeding was
verhoogd voor het vrouwelijke geslacht (odds ratio (OR): 2.57, 95% CI 1.40‐4.72,
p=0.002). De andere co‐variabelen (ziekte fenotype, leeftijd op moment van diagnose,
ziekte status, rookstatus, darmresectie in voorgeschiedenis) waren niet significant
geassocieerd met het risico op ondervoeding. Onze bevindingen geven aan dat een
aanzienlijk deel van de poliklinische IBD‐patiënten (zowel ten tijde van een
exacerbatie alsook tijdens remissie), tenminste één aangedane parameter voor
ondervoeding heeft, waarbij de parameters VVMI en verminderde voedingsinname
het meest frequent waren aangedaan. Bovendien werd de meerderheid van de
patiënten niet geïdentificeerd door de voedingsstatus te screenen zoals geadviseerd
wordt in de huidige richtlijnen.
Gezien de relevantie van de VVMI hebben we vervolgens in hoofdstuk 5 de
reproduceerbaarheid van de skeletspier signaalintensiteit op MRI (magnetic
resonance imaging) bij ZvC patiënten onderzocht. Myosteatose, vetinfiltratie van de
spier, is geassocieerd met een slechtere overleving in zowel patiënten met kanker als
levercirrose en kan bepaald worden op CT (computed tomography). In de
Nederlandse klinische praktijk worden MRI‐enterografieën gebruikt om de
uitgebreidheid en aanwezigheid van complicaties bij de ZvC in kaart te brengen. Wij
hebben deze MRI‐beelden gebruikt om de signaalintensiteit van de skeletspieren te
bepalen als maat voor myosteatose. MRI‐beelden van 35 ZvC patiënten werden
binnen zes maanden na het stellen van de diagnose geanalyseerd. De analyses,
uitgevoerd op T1‐gewogen vetsuppressie post‐contrast beelden op L3 niveau, waren
reproduceerbaar, met een goede intra‐class correlatie en substantiële
overeenstemming (voor intra‐observer reproduceerbaarheid intraclass correlatie
coefficient = 0.948, κ = 0.677; en inter‐observer reproduceerbaarheid, intraclass
correlatie coefficient = 0.858, κ = 0.622). Bovendien was er sprake van potentiele
klinische relevantie, aangezien we in een exploratieve analyse vonden dat de
skeletspier signaalintensiteit geassocieerd was met tijd tot resectievrije overleving
(p=0.037).
In hoofdstuk 6 werd het risico op een verslechterde voedingsstatus bestudeerd
in relatie tot het optreden van exacerbaties. In het myIBDcoach studiecohort werden
een verslechterde voedingsstatus en ziektestatus systematisch beoordeeld gedurende
1 jaar klinische follow‐up. Het risico op een verslechterde voedingsstatus werd
gedefinieerd als een BMI <18.5 kg/m2 en/of een positieve SNAQ‐score. Ziektestatus
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werd gedefinieerd als klinische symptomen indicatief voor ziekteactiviteit in
combinatie met: ofwel een verhoogd fecaal calprotectine >250 μg/g of ziekteactiviteit
op endoscopie of beeldvorming, en/of medicatie aanpassingen op basis van
symptomen. In totaal werden 417 IBD‐patiënten die in remissie waren op moment
van inclusie geanalyseerd voor de studie. Van hen ontwikkelden 49 (11.8%) een
exacerbatie tijdens de follow‐up. De data werden geanalyseerd door gebruik te maken
van GEE (generalized estimating equation) en gecorrigeerd voor geslacht, ziekte
fenotype, ziekteduur en rookstatus. Er werd een associatie gevonden tussen het risico
op een verslechterde voedingsstatus en het optreden van exacerbaties in de
daaropvolgende drie maanden (OR: 2.61, 95% CI 1.02‐6.69, p=0.046). In dit model was
ook het vrouwelijk geslacht (OR: 2.12, 95% CI 1.08‐4.15, p=0.029) geassocieerd met
het optreden van exacerbaties, en was roken negatief geassocieerd (OR: 0.14, 95% CI
0.02‐0.97, p=0.047). Een sensitiviteitsanalyse waarin ook werd gecorrigeerd voor
medicatie gebruik toonde vergelijkbare ORs, maar deze waren niet meer statistisch
significant. De resultaten benadrukken het belang van het nauwlettend opvolgen van
de ziekteactiviteit bij patiënten met een verhoogd risico op een verminderde
voedingsstatus. Bovendien geeft het de relevantie aan van het monitoren en zo
mogelijk behandelen van leefstijlfactoren in relatie tot het ziektebeloop. Dit kan
bijvoorbeeld worden geïmplementeerd in telemedicine tools.
In hoofdstuk 7, hebben we de belangrijkste bevindingen van dit proefschrift
samengevat. We bespreken de relevantie van het uitvoeren van longitudinale
observationele cohortstudies naar voedingspatronen en ziektebeloop in IBD, het
gebruik van algemeen aanvaarde definities voor ondervoeding, en het gebruik van
verschillende voedingsstatus parameters om alle risicopatiënten te identificeren.
Bovendien wordt een holistische benadering van de patiënt in de toekomst
voorgesteld.

168

Impact paragraph

Impact paragraph
Inflammatory bowel disease (IBD) is a chronic, inflammatory disorder of the
gastrointestinal tract, with Crohn’s disease (CD) and ulcerative colitis (UC) as the two
main entities. Both CD and UC are characterized by episodes of active inflammation
(flares) alternated by periods of inactive disease (remission). The disease phenotype,
for instance the disease localization, but also the occurrence of intestinal
complications (like fistulas, abscesses, and strictures) and the disease course, such as
the duration and frequency of episodes with flares and remission vary widely between
patients.1‐3 This leads to extra challenges in identifying the right treatment as well as
factors influencing disease outcome. IBD is mainly diagnosed at young adulthood and
is a lifelong disease. Many patients require medications that suppress the immune
system. These are costly, can lead to mild or severe side effects, and approximately
one‐third of the patients does not respond to specific drugs.4‐6 The disease has a huge
impact on patients’ general well‐being and often leads to reduced work productivity
and absenteeism. This increases the indirect healthcare costs.7 Therefore, it is
important to gain further insight in factors playing a role in IBD onset and disease
course to improve disease outcome, quality of life, and costs.
The exact causes of IBD are not yet clear, though it has been shown that genetic
susceptibility, a disturbed immune function and the intestinal microbiota play a role.8,9
Because of the rising incidence of IBD in line with the adoption of a Western lifestyle,
environmental factors are also thought to play an important role in the
pathogenesis.10 Environmental factors are of specific interest since many of them can
be changed by lifestyle interventions. One of these environmental factors is diet,
which is considered to be an important contributor to the development of disease
flares by patients,11‐13 but which diets are associated with an increased risk of flares is
still largely unclear. Therefore, in the first part of this thesis, we aimed to gain further
insight into the habitual dietary intake of IBD patients and the association with disease
course.
Patients often take the initiative to adjust their diet to reduce symptoms. This
puts patients at increased risk for consuming an unhealthy diet, and thereby
developing malnutrition. However, in the current literature, different subpopulations
(CD and/or UC, in‐ and/or outpatients, active and/or remission disease status),
definitions and assessment methods (with different cut‐off points) were used to
define malnutrition.14‐20 As a result, there is a wide variation in the reported
prevalence of malnutrition in IBD patients, making it more difficult to define the
impact on disease outcome and patient well‐being. Therefore, in the second part of
this thesis we addressed the assessment of malnutrition in patients with IBD and the
association with disease course.
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Summary of key findings in this thesis
In the first part of this thesis we focused on the habitual dietary intake and disease
course in IBD. In an extensive review published in 2013, six studies on habitual dietary
intake and relapse risk were identified. Some association with specific food items
were found, but results were not always consistent between studies. Furthermore,
none of these studies focused on dietary patterns (chapter 2). In chapter 3, we were
able to identify three dietary patterns in two geographical distinctive IBD outpatient
cohorts in the Netherlands. An association was found between one of these dietary
patterns and the flare risk during two years of subsequent clinical follow‐up.
In the second part of this thesis, we reported on the assessment of malnutrition
by multiple parameters for nutritional status. A substantial proportion of the IBD
outpatients (47%) was found to have at least one nutritional status parameter
impaired (chapter 4). A combination of parameters is needed to identify most
patients being at risk for malnutrition. Fat free mass index (FFMI), a proxy for muscle
mass, was one of the parameters most often impaired. Muscle mass can be affected
by fat infiltration, i.e., myosteatosis, contributing to impaired muscle strength.
Normally myosteatosis is determined on computed tomography images. However, in
CD magnetic resonance imaging (MRI) is frequently used for the diagnostic work‐up.
The determination of skeletal muscle signal intensity on MRI, as a proxy for
myosteatosis, was found to be reproducible and indicated potential clinical relevance,
as it was associated with time to resection‐free survival in an exploratory analysis
(chapter 5). In chapter 6, we found the risk of an impaired nutritional status to be
associated with an increased flare occurrence risk in the subsequent three months in
a telemedicine cohort. This underscores the relevance of malnutrition as a risk factor
for worse disease course and outcome.

Implications for research
So far, most studies on diet and disease course have focused on specific foods or
nutrients, as discussed in chapter 2. However, further insight in the role of overall
dietary patterns is relevant, since nutrients are ingested as part of a whole meal and
are likely to interact. This is especially relevant since the microbiome can be affected
by major dietary changes on one hand and is associated with disease onset and
disease course on the other hand.8,9,21,22 The observed association with a dietary
pattern and flare risk during clinical follow‐up (chapter 3) can not claim causality, but
indicates the relevance of such patterns in relation to disease course. Dietary intake
was only assessed at baseline using a food frequency questionnaire in this study. In
future studies, dietary intake should be measured on regular time points during
follow‐up, in a longitudinal approach as intake can change over time, especially due to
gastro‐intestinal symptoms but also because of seasonal variation amongst others.
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Digital approaches, for example using photos of meals and packaging, may enhance
data accuracy and decrease the burden for patients.
In addition, the differences found in habitual dietary intake between the two
geographical distinctive cohorts, emphasizes the need for considering geographical
differences in intake in large cohorts. The three dietary patterns derived a‐posteriori,
showed partial similarities regarding the identified food groups. Further studies, in
larger study populations and across geographical regions with potential differences in
dietary intake are needed, to better identify the important food groups within these
patterns. Most likely this will increase the differences between the dietary patterns.
As a result, a tailored dietary advice for patients can be made. In subsequent
mechanistic studies the observed associations can be studied in more detail. The
impact on the intestinal microbiota composition and functional capacity as well on
epigenetic changes and direct immune modulating effects can be addressed.
Furthermore, the role of food additives, used to create durable and highly‐palatable
foods and found in processed foods as part of a Western diet, should be
investigated.23 Preliminary data suggest that food additives may directly affect
immune function but may also disrupt the intestinal barrier function by affecting for
example the intra‐epithelial junctional complexes.24‐26 This will become an important
research topic, as the consumption of ready‐made meals increases, and studies on
this topic are rare.
A substantial part of the IBD patients was found to have at least one nutritional
status parameter impaired, but the majority was not identified by screening
recommendations from current guidelines (chapter 4). Therefore, assessment of a
combination of nutritional status parameters is needed in all patients, with special
attention for the parameters most often impaired, like FFMI. There is still a need for
better non‐invasive, widely available and easy to apply malnutrition screening
instruments in the outpatient clinic. Anthropometric measurements or handgrip
strength are examples of proxies for muscle mass which can be considered.
Additionally, a possible association was found between myosteatosis, affecting muscle
quality, and time to resection‐free survival in an explorative analysis (chapter 5).
Therefore, better understanding of the disease course and association with muscle
mass and quality is of interest. Before applying the determination of skeletal muscle
signal intensity on MRI in daily clinical practice, future studies should address the
differences between scanners and scan protocols first.

Implications for society
Further insight into the role of dietary intake in the pathophysiology of IBD will
increase options for targeted preventive as well as therapeutic dietary strategies. This
will decrease flare occurrence, the need for medication, is of great importance for
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patients’ overall well‐being, and may improve work productivity and societal
participation. This will be beneficial for both direct and indirect healthcare costs.
Additionally, further insight into dietary patterns, can lead to the development of
beneficial meals for IBD patients. For example, meals in which specific food items
and/or additives are replaced or adjusted. This approach can be taken up and
developed by the food industry. These nutritional developments may also be relevant
for other immune‐mediated diseases, since aetiological factors of IBD and other
immune‐mediated diseases overlap. To guarantee timely development of these
meals, the most recent scientific evidence has to be used and shared between
researchers, healthcare professionals and the food industry.
Besides dietary intake, other psychosocial and lifestyle factors (e.g., sleep quality,
smoking, stress, and anxiety) are associated with the development of flares or patient
well‐being in IBD and they can interact with or add to the impact of diet.27‐29 These
should be included in future analyses and may differ between patients. To monitor
these prospectively in real life, good and trustable tools should be developed, and
should be easy to use by patients and healthcare professionals. This requires a good
cooperation between technical and healthcare employees. An example is the
telemedicine tool ‘myIBDcoach’, specifically developed to monitor IBD patients. In
addition to disease monitoring, questionnaires on quality of life, physiological
problems, (work) disability, and screening for malnutrition are completed at regular
intervals.30 By using such tools, patients and physicians will become more aware of
dietary quality and lifestyle factors and can refer patients for targeted interventions.

Implications for patients
More insight into the role of dietary patterns on flare occurrence and flare prediction
will benefit the patients for a more, tailored, dietary advice and guidance.
Lifestyle factors, like psychosocial well‐being and risk of malnutrition, can
influence the disease course and are found to precede flares in longitudinal studies
(chapter 6).31 Telemedicine can be an important tool for patients to gain better insight
in factors predicting disease flares, but also to monitor these factors for timely
interventions and to provide feedback. By telemedicine, patients can also be informed
actively on the latest developments relevant for their disease. By the implementation
of e‐learnings on beneficial lifestyle interventions (like dietary guidelines, physical
exercise), patients can acquire and apply the knowledge at a convenient moment.
Patient education by e‐learnings and dieticians on the relation between
malnutrition and adverse outcome and the relations between functional complaints
and specific dietary products, will help to prevent malnutrition and to improve disease
outcome as well as patients’ well‐being. This will further be facilitated by a better
identification of IBD outpatients with malnutrition when using a combination of
measures.
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Implications for healthcare professionals
For healthcare professionals (such as physicians, nurse practitioners and dieticians)
more insight in the role of dietary patterns on disease course will be of benefit for
dietary advice, disease management and guideline development. In turn, this will help
the healthcare professionals to provide tailored advice on dietary intake and
gastrointestinal symptoms or disease course in daily practice. In case of impairment of
diet quality or nutritional status, tailored interventions by healthcare professionals
can be applied, improving patients’ disease outcome and overall well‐being. For
example, as the FFMI is often impaired (chapter 4), physiotherapist can play an
important role in the guidance of physical exercise.
By use of a more holistic approach, addressing modifiable lifestyle factors by
patient education and in collaborations between healthcare professionals like diet
quality (by a dietician), physical exercise (by a physiotherapist), but also psychosocial
factors (by a psychologist), will contribute to an individualised approach and increase
patient empowerment. Especially, when future studies can confirm lifestyle factors as
important flare predictors and modifiers of patient reported outcome measures.
When monitored systematically, treating physicians can initiate timely interventions,
provide referrals or learning modules when risk factors for flare development are
present.
It is important that researchers publish and share their latest findings with
healthcare professionals. A national network can be used to ensure that healthcare
professionals specialized in IBD (like physicians, dieticians, physiotherapists, and
psychologists) are regularly updated on the latest developments. In addition, patient
associations can also play a role in these initiatives, and ensure that the latest
developments reaches their target group.
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In de afgelopen jaren heb ik met veel mensen samengewerkt voor de totstandkoming
van dit proefschrift. Dit is de plek om daarbij stil te staan. Ten eerste ontzettend
bedankt aan alle patiënten die hebben deelgenomen aan de onderzoeken.
Dr. Pierik, lieve Marieke, tijdens mijn wetenschappelijke stage heb je me enthousiast
gemaakt voor het vakgebied MDL. Bovendien zag je, samen met Daisy, de kans om
verder onderzoek te doen naar de vragen die belangrijk zijn voor de IBD‐patiënten
zelf. Bedankt voor je begeleiding, de tijd vinden voor het kritisch beoordelen van de
manuscripten, en de interesse die je in mij als persoon toonde.
Prof. dr. Jonkers, lieve Daisy, ontzettend bedankt voor je begeleiding. Ik heb veel
geleerd van je kritische commentaar, maar ook van je manier van relativeren. Door de
jaren heen heb je me goed leren kennen en wist je goed om te gaan met mijn
struikelblok, definitieve keuzes maken. Bedankt voor je steun en de gesprekken die
we hier, maar ook over luchtigere zaken tussen alle afspraken door (en soms op de
fiets) gedurende de afgelopen jaren hebben gevoerd.
Prof. dr. Masclee, beste Ad, bedankt voor de begeleiding gedurende het
promotietraject en de opleiding. Je gaf me vertrouwen in mijn sterke punten. Ik ben je
zeer dankbaar voor je begrip en steun voor mijn carrière keuze.
Dank aan de leden van de beoordelingscommissie, prof. dr. Stassen, prof. dr. van
Tubergen, prof. dr. Witteman, dr. Plasqui en dr. Gisbertz voor het kritisch beoordelen
van dit proefschrift en de bereidheid zitting te nemen in de beoordelingscommissie.
Ook dank aan alle co‐auteurs voor de totstandkoming van de manuscripten in dit
proefschrift. In het bijzonder wil ik Evelien bedanken. Tijdens mijn afwezigheid op de
universiteit heb je alles op een zeer overzichtelijke manier voor me bijgehouden. Je
was altijd ontzettend behulpzaam. De laatste jaren hebben we gelukkig ook wat vaker
echt samen kunnen werken. Dank voor alles. Vera, we werkten al enige tijd samen,
voordat we elkaar voor het eerst “echt” ontmoetten op de UEGW in Barcelona.
Contact verliep altijd zeer gemakkelijk, en ondanks dat het digitaal was leerden we
elkaar goed kennen. We vulden elkaar goed aan als team; bedankt voor het “knopen
hakken”. Marjo, bedankt voor de prettige samenwerking en de tijd die je hiervoor
nam. Ondanks de geografische afstand verliep dit altijd zeer vlotjes. Dear Rui, I also
want to thank you for the pleasant collaboration during the last year. Because of your
point of view, I am convinced that many great projects will follow within the “IBD‐
team”.
Toine, bedankt voor de prettige samenwerking en het snelle, kritische commentaar
dat je gaf op het manuscript. Drs. Bakers, beste Frans, bedankt voor de begeleiding en
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technische uitleg. Beste Martijn, bedankt voor de kritische epidemiologische blik en
de snelle respons op mijn vragen.
Bedankt aan alle stafleden, en arts‐assistenten, met wie ik de afgelopen jaren heb
samengewerkt in het Atrium MC, Orbis MC, MUMC+ en Catharina ziekenhuis, voor de
leerzame tijd en de gezellige momenten in het ziekenhuis maar ook op congressen. In
het bijzonder, Chantal bedankt voor je begeleiding als mentor, je interesse en tijd die
je voor me nam. Daniel, “ik twijfel, dus ik besta”, bedankt voor je geduld en adviezen.
Jeoffrey, je kritische vragen hebben me gebracht waar ik nu ben, waarvoor dank.
Dijkie, bedankt voor de gezellige samenwerking en de vriendschap die daaruit
voortgevloeid is. Henny en Mia, bedankt voor al jullie hulp in de afgelopen jaren.
Mietsie, Elly, en Nienke, bedankt voor het regelen van alle afspraken. Tiny, bedankt
voor je hulp bij de lay‐out van dit proefschrift.
Met tussenpozen was ik ook werkzaam op de “UNS”. Ik ga geen poging wagen alle
namen van de mensen met wie ik heb samengewerkt hier te noemen. Ik ben ervan
overtuigd dat ik iemand zou vergeten te noemen. Daarom voor iedereen van jullie:
bedankt voor de gezellige lunches om 12 uur, de koffiepauzes, de feestjes. Fijn dat
jullie nooit genoeg gekregen om “weer” een afscheidsetentje of borrel voor mij te
organiseren.
Een speciale dank aan kamer 5.567, jullie hebben mij meer dan eens verwelkomd.
Tijdens de 10 uur koffiepauzes konden we bijkletsen over alles. Ook niet te vergeten
het “get lekkers” en de tijd dit te compenseren met kantoor fitness.
Uiteraard ook dank aan het “IBD‐team”. Bedankt voor het overnemen van de “poep
diensten” tijdens mijn werkzaamheden in de kliniek. Gelukkig was er ook tijd voor
gezelligheid tijdens de congressen die we samen in Barcelona en San Diego (inclusief
Tijuana) hebben bezocht.
Tim, voor mijn wetenschapsstage belandde ik met jou als begeleider in de “skihut”. Ik
ben blij dat we de afgelopen jaren contact zijn blijven houden voor updates en
relativerende gesprekken tijdens een koffie of een lunch.
Collega's van het skillslab, ondanks dat ik pas kort bij jullie werk en door de huidige
maatregelen nog niet heel veel gezien heb voel ik mij al helemaal thuis. Bedankt voor
het warme welkom.
Natuurlijk ook dank aan de waardevolle vriendschappen die tevens voor een welkome
afleiding tijdens het promotie‐traject hebben gezorgd. Sommige al bestaand sinds de
basis‐ of middelbare school. Lindy, Inge, Lotte, Sam, wat is het bijzonder dat we sinds
het “uitwaaieren” na het Eckart altijd contact zijn blijven houden.
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Jacqueline, dank voor je optimisme, het introduceren bij “de Hippo’s”, voor de
gezellige Grey’s anatomy avonden welke tegenwoordig zijn omgeruild voor
spelletjesavonden.
Val Thorens 7.0, dat wij als aanhang mee mochten op de ski‐trips, al was het voor mij
soms bikkelen om jullie ski‐tempo bij te houden. Alex bedankt voor je hulp bij zowel
de verbouwing, als Engelse corrector, en als technisch ondersteuner. De bezoekjes
samen met Marloes zorgen altijd voor veel gezelligheid.
Uiteraard ook bedankt aan Kimbria 1. Tom, Marloes, Stijn, Caroline, en Lonneke, na
intensieve tenniswedstrijden is er altijd tijd voor gezelligheid met jullie.
Lieve Annemiek, Anne, Christel, Liv, Mariëlle, en Melanie, wat hebben we veel aan
elkaar gehad tijdens onze Orbis‐tijd, altijd de mogelijkheid voor een moment van
reflectie in de auto of op de wielrenfiets. Deze momenten werden afgewisseld met
zeer geslaagde borrels en natuurlijk het uitje naar St. Anton. Het is altijd weer gezellig
om jullie te zien en bij te kunnen kletsen.
Lieve Janneke, Ray‐Michelle, Bouke, Yvette, Maartje, jullie heb ik tijdens mijn
studententijd leren kennen. Na de feestjes in de studententijd, hebben we mooie
weekendjes, festivals, en vakanties beleefd. De groep is de afgelopen jaren uitgebreid
waardoor de activiteiten alleen maar gezelliger worden met alle mannen en kinderen.
Fabian ontzettend bedankt voor het ontwerp van de cover van dit proefschrift!
Lieve Marieke, Claudia, Britt, Simone, Marlieke, wat hebben we veel mooie
momenten samen beleefd tijdens onze studententijd, en niet te vergeten New York!
Al wonen jullie niet meer in Maastricht, ik ben ontzettend dankbaar voor jullie
vriendschap.
Lieve Lonneke, ik weet bijna niet beter of je woont in Maastricht bij mij om de hoek.
Er is altijd tijd voor een kopje thee, waarbij je een luisterend oor biedt. Lieve Laura,
naast bemoedigende woorden afgewisseld met humor, weet je ook altijd mijn maag
goed te vullen met heerlijke maaltijden. Lonneke en Laura, dankjewel voor de steun
die jullie de afgelopen jaren hebben geboden. Ik ben ontzettend trots dat jullie als
paranimf op dit belangrijke moment achter me staan.
Frans, Mieke, Linda en Rik jullie zorgen ervoor dat ik me altijd welkom voel. Ik weet
dan ook zeker dat er nog veel gezellige uitjes zullen volgen. Lieve Susan, kom je snel
weer logeren en gaan we dan naar de trein kijken? Emma, Lieke, en Benthe, jullie zijn
altijd vrolijk en enthousiast. Altijd fijn om jullie weer te zien, en hoe gek jullie op jullie
neefje en nichtje zijn.
Lieve Oma, als ik uit school kwam zat je altijd klaar, en verwende je me met
croissants, wentelteefjes, pannenkoeken, en koppen warme chocolademelk. Zelfs nu
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nog zorg je er voor een lekkere maaltijd of reep chocola om mee te nemen naar
Maastricht. Ontzettend bedankt voor alles wat je voor me hebt gedaan.
Lieve Flip, je bent altijd behulpzaam, lief, en hebt ontzettend veel humor. Daarnaast
zal je me met alles wat ik je vraag komen helpen (behalve dan misschien de PAX‐kast
weer een verdieping verplaatsen). Je bent een top broer! Lieve Chantal, je vult Flip
fantastisch aan, en brengt nog meer gezelligheid in het gezin, en jullie mogen trots zijn
op Gijsje, ons lieve nichtje.
Marleen, allerliefste zus, je hebt een speech gegeven tijdens de diploma‐uitreiking en
op onze bruiloft. Je begint altijd met een grappige anekdote om het ijs te breken. Het
lukt me niet om dat te evenaren, maar ik wil je bedanken voor alle winkel momentjes
(jij hebt echt een goede smaak), gezelligheid, en adviezen die je me altijd geeft.
Lieve Mama, hierbij mijn excuses voor de taal‐ of grammaticale fouten, ze zullen er
vast tussen zitten. Je hebt me altijd gesteund in de keuzes die ik heb gemaakt. De
laatste jaren realiseer ik me des te meer hoe knap en bijzonder het is op welke wijze jij
ons drie hebt grootgebracht. Je zorgde ervoor dat het ons aan werkelijk niets ontbrak.
Als oma zet jij dit nu voort, en heb je alles voor de kleintjes en voor ons over! Ik kan je
hiervoor niet genoeg bedanken.
Lieve Maarten, ik kan altijd op je bouwen en je hebt een eindeloos geduld (behalve als
ik een vraag voor de dertigste keer stel misschien). Dank je voor al je steun en het
positieve van situaties te laten inzien. Je bent een super vader! Lieve Thijme, lieve
Lise, jullie weten altijd een lach op mijn gezicht te toveren. Hoe jullie de wereld
ontdekken laat mij zien hoe ontzettend leuk de “kleine dingen” in het leven zijn.
Maarten, Thijme en Lise, wat is het fijn dat we het leven met zijn vieren mogen
vieren!
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