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General introduction and outline thesis
Inflammatory bowel diseases (IBD), including Crohn’s disease (CD) and ulcerative colitis
(UC), are chronic inflammatory disorders primarily affecting the gastrointestinal tract.
Although the exact etiology of IBD is unknown, a growing body of evidence suggests
that IBD results from a disregulated mucosal immune response to commensal gut flora
in genetically susceptible individuals.1
In the Netherlands, the incidence is 3.9-9.2/100,000 for CD and 6.8-14.1/100,000 for
UC.3,7,9 The peak age of onset is 20-30 and 30-40 years for CD and UC, respectively.11
Although some studies have reported a bimodal distribution of IBD incidence, with
a second peak at 60-70 years, this could not be confirmed in other studies. Overall,
5-25% of IBD patients develop during childhood or adolescence (pediatric-onset) and
10-15% of IBD patients will be diagnosed >60 years of age (elderly-onset).12-16
Although the disease course of IBD is heterogeneous, it is generally characterized by
alternating episodes of relapses (flares) and remissions. Flares are often accompanied
by debilitating symptoms such as abdominal pain, diarrhea, rectal bleeding, and systemic or extraintestinal manifestations. Arthropathies, affecting axial and/or peripheral joints, are the most common extraintestinal manifestations, with a prevalence of
approximately 30%.17-19 UC involves the rectum and colon and extends in a continuous
retrograde fashion. At diagnosis, 30-50% of patients have distal colitis (rectum or sigmoid colon), 20-30% have left-sided colitis, and around 20% have pancolitis.20 Twenty
years after diagnosis about 25-50% patients with distal colitis progresses to more
extensive forms of the disease.21 Within 10 years of diagnosis up to 40% of UC patients
require a colectomy.22,23 CD may involve any part of the digestive tract, from mouth to
anus, but commonly involves the terminal ileum or colon. Location of CD at diagnosis
varies across different age groups. Although ileocolonic disease is most prevalent in
adult-onset CD, colonic disease is predominant in both pediatric- and elderly-onset
CD.24-32 Whereas the anatomical site of CD tends to be very stable over time, disease
behavior changes during the disease course. In a population-based study 51% of CD
patients were found to progress from an inflammatory to a more aggressive disease
phenotype (e.g., stricturing or penetrating disease) at 20 years after diagnosis.33 Within
10 years of diagnosis approximately half of CD patients require surgery.34-38
Medical management traditionally aims to achieve clinical and/or endoscopic remission (mucosal healing). Currently, patient-reported outcome measures (PROMs) such
as disability and quality of life (QOL) are increasingly taken into account.39 In addition
to traditional outcomes, PROMs encompass the perception of patients with regard to
the course and outcome of their illness.
Although treatment with immunosuppressive (steroids) or immunomodulator agents
(thiopurines and biological agents) are generally successful, these agents may be asso-
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ciated with serious infections.40-42 Therefore, before initiation of these agents, screening
for latent infections, including latent tuberculosis (TB) and hepatitis B virus (HBV), is
recommended. Medical management can be further optimized by improving
adherence to medication.
Scope of the present thesis
In the present thesis we endeavored to provide a comprehensive picture of the burden
related to IBD, both from an individual and a societal perspective. As it is not feasible
to cover all aspects of the burden related to IBD, the following aims were defined:
1.

To assess adherence rates of anti-TNF agents, risk factors for non-adherence,
and the association between non-adherence and clinical outcomes;

2.

To assess the influence of clinical characteristics, illness perceptions and coping
on various PROMs, including QoL, disability and adherence;

3.

To assess the influence of disability, aging, and infection screening on healthcare
costs in IBD

Part I:
Adherence to anti-tumor necrosis factor agents
Adherence to medication is defined as the extent to which a patient acts in accordance
with the prescribed interval and dose of a dosing regimen.43,44 Non-adherence to oral
medication (mainly mesalazine) in IBD ranges between 7% and 72%, and has important clinical and financial implications.45 UC patients that are non-adherent to 5-ASA
have a five-fold increased risk of clinical relapse.46 This may lead to a two- to threefold
increase in healthcare costs for non-hospitalized patients and a 20-fold increase in
healthcare costs for hospitalized patients.47
Medication adherence is a complex and multifactorial issue, involving different demographic, clinical and treatment-related risk factors.48 However, behavioural, educational
and multi-dimensional interventions targeted at these risk factors are moderately effective. This may be explained by the fact that none of these risk factors are consistently associated with non-adherence. Furthermore, these interventions are not targeted
at specific barriers to adherence for the individual patient. Therefore, a new approach
to non-adherence has emerged, in which non-adherence can be divided into intentional and unintentional non-adherence, both of which are influenced by practical and
perceptual barriers.48 Practical barriers include dosing regimen, size of pills, and route
of delivery (e.g., rectal or parenteral). Perceptual barriers include patients’ held beliefs
about the necessity of the medication and concerns about potential side-effects.50 As
these beliefs about medicines are potentially modifiable factors, they may provide a
relevant target for interventions. Although the TNFα-inhibitors infliximab and adalimumab play a central role in the treatment of patients with IBD, data on adherence
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to these agents are scarce. In chapter 2 we therefore report a systematic review and
meta-analysis on adherence to TNFα-inhibitors and predictors for non-adherence to
these agents. To date, there is no consensual standard as to how adequate adherence
is defined.44 Although adherence rates for TNFα-inhibitors greater than 80% are generally considered to be acceptable, this cut-of point is not based on clinical outcomes.51
Therefore, in chapter 3 we present the results of a prospective cohort study, aimed at
assessing the impact of non-adherence to TNFα-inhibitors on clinical outcomes such
as surgery, hospitalization, dose intensification or discontinuation of TNFα-inhibitor.
Furthermore, we aimed to define a threshold adherence level above which the risk of
clinical outcomes significantly decreased. Additionally, we report on modifiable predictors of non-adherence, such as the beliefs about medicines and beliefs about the
illness (illness beliefs or illness perceptions).
When used adequately, TNFα-inhibitors effectively induce and maintain clinical remission in IBD. However, safety concerns have been raised with regard to the occurrence
of serious infections.40-42 Therefore various clinical guidelines recommend screening
for one or more serious infections, most notably tuberculosis (TB) and hepatitis B virus
(HBV), prior to initiating therapy with TNFα-inhibitors.52-54 Although screening for these
potentially life-threatening infections seems relevant, the actual yield of screening is
strongly determined by the adherence of healthcare providers to the screening strategy.56 In chapter 4 we determine the adherence to screening for tuberculosis (TB) and
viruses (in particular hepatitis B virus, HBV) prior to anti-TNF therapy and the yield of
screening in a cohort of patients with CD treated with either infliximab or adalimumab.
Part II:
Patient-reported outcome measures; Quality of life
Patient Reported Outcome Measures (PROMs) are standardised, validated questionnaires intended for completion by patients in order to measure patients’ perceptions of
their own functional status and well-being.39 The routine use of PROMs in clinical practice is recommended in order to support patient-centered care, guide clinical decisions
and improve quality of care.57-58 In addition to traditional outcomes, PROMs address
the perception of patients with regard to the course and outcome of their illness.
Presently, quality of life (QoL) measurement tools are the most frequently used PROMs
in IBD. QoL represents the functional effect of an illness and its consequent therapy
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upon a patient, as perceived by the patient.59 QoL is determined by socio-demograph-
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ic, clinical and behavioral factors.60,61 These factors can be used to target interventions
aimed at improving QoL. In chapter 5 we report a systematic review and meta-analysis on the factors determining QoL of CD patients. A well-validated model to examine
the impact of socio-demographic, clinical and behavioral factors on QoL (or other
health outcomes) is Leventhal’s Common Sense Model of self-regulation.62,63 The Com-

mon Sense Model states that an individual generates both cognitive and emotional
representations (known as illness perceptions) in response to a perceived health threat
(characterized by clinical factors such as disease activity). Illness perceptions provide a
framework for patients to make sense of their symptoms and create a coherent view of
their illness. This in turn guides coping strategies, such as avoidance or seeking social
support, with potential impact on QoL and other health outcomes. In chapter 6 we
use this model to examine the impact of illness perceptions and coping, in addition to
socio-demographic and clinical factors, on the QoL of CD patients. In chapter 7 we
use this model to examine the impact of illness perceptions and coping, in addition to
socio-demographic and clinical factors, on the QoL and work productivity of patients
with IBD-associated arthropathy.
Part III: Costs and disability
IBD is a potentially disabling disease, associated with a high economic burden to society. Disability is defined as chronic limitation(s) that interfere with the ability to engage
in usual daily activities. In general terms, disability may include a physical impairment
(a problem in body function or structure), an activity limitation (a problem in executing a task or action), and a participation restriction (a problem in involvement in life
situations).64 Costs can be divided in direct costs (e.g., costs related to medication, hospitalization, surgery, diagnostics) and indirect costs. The latter are costs attributed to
productivity loss (presenteeism), sick leave (absenteeism), and work disability.65 Due to
its early onset and chronic character, indirect costs of IBD may be substantial accounting for almost 50% of the total costs.66 In the current era of growing healthcare costs
and constraints on healthcare budgets, gastroenterologists need to be aware of major
cost drivers and strategies to control costs, e.g. when ordering expensive screening
or diagnostic tests (see below), initiating expensive lifetime maintenance medications
such as TNFα-inhibitors or educating patients about the importance of adherence to
Recently a new PROM, called the IBD disability index, has been introduced in IBD. This
tool comprehensively measures patients’ physical, psychological, familial, and social
limitations and restrictions associated with IBD.67 Disability and QoL are different
concepts, but not mutually exclusive. Practically speaking, disability refers to the
problems that patients have in different health domains, whereas QoL refers to how
these limitations and restrictions are perceived by patients. In chapter 8 we assess the
determinants of self-reported disability and the impact of self-reported disability on
direct healthcare costs in a nationwide cohort of IBD patients.
On a population level, IBD is one of the most expensive chronic gastrointestinal
diseases in the Western world. Extrapolating the highest IBD prevalence rates to the
populations of Europe and North America indicates that 3.7 million Europeans and 1.5

General introduction and outline thesis

medication as it results in better health outcomes and lower costs.
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million North Americans were diagnosed with IBD in 2011, accounting for respectively
€17.9 and €7.4 billion annual direct healthcare costs.68-71 Approximately one-third of the
IBD population is 60 years or older72, and this subpopulation will expand substantially
due to ageing of the baby boom generation.73 Yet, the additional impact of ageing on
healthcare costs, next to rising prices and healthcare utilization, is currently unknown.
Therefore, in chapter 9 we assess the current and future impact of aging on direct
healthcare costs attributed to IBD.
Although cost-of-illness studies may identify relevant cost drivers in IBD, cost-effectiveness studies may help clinicians in deciding whether the costs of a test or treatment
outweigh its effect. In this regard, we were interested whether the costs of universal screening for TB and HBV outweigh the prevention of active infections in a low
endemic setting. Based on the low prevalence of TB and HBV in the Netherlands, we
hypothesize that the benefits of universal screening for TB and HBV (i.e., prevention of
active infections) do not outweigh the costs (i.e., costs of screening and infection treatment) and may lead to potential harms (i.e., overtreatment). In chapter 10, we test this
hypothesis by using a cost-utility analysis.
In chapter 11 of this thesis, the results are summarized. Finally, the results are discussed

Chapter 1

and suggestions for further studies are given in chapter 12.
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ABSTRACT
Aim:
To investigate adherence rates in TNFα-inhibitors in Crohn’s disease (CD) and
rheumatoid arthritis (RA) by systematic review of medical literature.
Methods:
A structured search of PubMed between 2001 and 2011 was conducted to identify
publications that assessed treatment with TNF-α inhibitors providing data about
adherence in CD and RA. Therapeutic agents of interest where adalimumab, infliximab and etanercept, since these are most commonly used for both diseases. Studies
assessing only drug survival or continuation rates were excluded. Data describing
adherence with TNF-α inhibitors were extracted for each selected study. Given the
large variation between definitions of measurement of adherence, the definitions as
used by the authors where used in our calculations. Data were tabulated and also
presented descriptively. Sample size-weighted pooled proportions of patients adherent
to therapy and their 95%CI were calculated. To compare adherence between infliximab, adalimumab and etanercept, the adherence rates where graphed alongside two
axes. Possible determinants of adherence were extracted from the selected studies and
tabulated using the presented OR.
Results:
Three studies on CD and three on RA were identified, involving a total of 8147 patients
(953 CD and 7194 RA). We identified considerable variation in the definitions and
methodologies of measuring adherence between studies. The calculated overall
sample size-weighted pooled proportion for adherence to TNF-α inhibitors in CD
was 70% (95%CI: 67%-73%) and 59% in RA (95%CI: 58%-60%). In CD the adherence
rate for infliximab (72%) was higher compared to adalimumab (55%), with a relative
risk of 1.61 (95%CI: 1.27-2.03), whereas in RA adherence for adalimumab (67%) was
higher compared to both infliximab (48%) and etanercept (59%), with a relative risk
of 1.41 (95%CI: 1.3-1.52) and 1.13 (95%CI: 1.10-1.18) respectively. In comparative studies
in RA adherence to infliximab was better than etanercept and etanercept did better
than adalimumab. In three studies, the most consistent factor associated with lower
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adherence was female gender. Results for age, immunomodulator use and prior TNF-α
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inhibitors use were conflicting.
Conclusions:
One-third of both CD and RA patients treated with TNF-α inhibitors are non-adherent.
Female gender was consistently identified as a negative determinant of adherence.

INTRODUCTION
Crohn’s disease (CD) and rheumatoid arthritis (RA) are chronic inflammatory conditions
characterized by episodes of remission and flare-ups that have a major impact on the
patient’s physical, emotional and social well-being. The management of these diseases
has been profoundly modified by the introduction of tumor necrosis factor α (TNFα)
inhibitors, i.e., infliximab, adalimumab and etanercept (only in rheumatoid arthritis),
and these agents have become an integral part of the therapeutic arsenal. In RA
TNFα inhibitors have shown to rapidly improve symptoms, retard radiographic disease
progression and improve functional status and health-related quality of life1. Also in
Crohn’s disease TNFα inhibitors are highly efficacious for induction and maintenance
therapy and reduce rates of hospitalization and surgery2.
Clinical effectiveness of TNFα inhibitors is dependent on adequate adherence, and
failure to stick to the prescribed drug regimen contributes to failure of treatment and
disease recurrence. For both rheumatoid arthritis and Crohn’s disease, good adherence is associated with more effective treatment, including limited loss of response3,4.
failure of TNFα inhibitors was 61% less in patients with good adherence4.
For patients with inflammatory bowel disease, reported non-adherence rates for oral
medication range in most studies between 30-45%5. Low adherence has an impact on
healthcare budgets by increasing number of treatment failures, subsequent diagnostic
procedures and unnecessary change of therapy. A Cochrane review on adherence
concluded that improving medicine intake may have a far greater impact on clinical
outcomes than an improvement in treatments6. In line with this statement Kane et al.
(2009) pointed out that all-cause and Crohn’s disease-related medical costs were 81%
and 94% higher, respectively, for non-adherent patients in comparison to adherent
patients7.
Although it has been 15 years since TNFα inhibitors were introduced for the treatment
of Crohn’s disease and rheumatoid arthritis, our understanding of patient’s compliance
to TNFα inhibitors is minimal and reported rates of adherence vary widely, depending
on the definition of adherence. In order to assess the adherence rates for TNFα inhibitors in Crohn’s disease and rheumatoid arthritis, we systematically reviewed literature
and performed meta-analysis.
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MATERIALS AND METHODS
We conducted a structured search of PubMed to identify potentially relevant English-language publications that assessed adherence to TNFα inhibitors in Crohn’s
disease. In our search strategy, the following keywords and search strings were used:
(infliximab OR Remicade OR adalimumab OR Humira OR etanercept OR Enbrel OR anti-TNF OR biological) AND Crohn AND (adherence OR compliance). In the same way,
we conducted a search of PubMed to identify potentially relevant publications that
assessed adherence with TNFα inhibitors in rheumatoid arthritis, thereby substituting
the search term ‘Crohn’ for ‘rheumatoid arthritis. During the whole process the exact
reporting guidelines as described in the PRISMA statement (www.prisma-statement.
org) were followed.
Two investigators (HF and MS) independently reviewed identified titles and abstracts
of all citations in the literature search results. Potentially relevant studies were retrieved
and the following predefined inclusion criteria were applied: i) original research article;
ii) adult patients; iii) definition of adherence provided; iv) methodology of measurement of adherence described; and v) data based on number of patients. From
selected abstracts, full articles were retrieved, reviewed and included if they contained
data regarding adherence to TNFα inhibitors in Crohn’s disease or rheumatoid arthritis.
Disagreements between reviewers were adjudicated by discussion and consensus with
a third-party arbiter (MvO).
The following information was extracted for each selected study: TNFα inhibitors used,
study design, sample size, definition of adherence measurement and the levels of
adherence reported. We also sought for determinants of adherence in included studies, and tabulated the following factors of interest by using the presented odds ratio:
gender, age, duration of disease and therapy, prior and concomitant therapy. The data
obtained from the selected articles describing adherence with TNFα inhibitors were
tabulated and also presented descriptively.
Given the large variations in definitions and methodologies of measurement of adherence and patient samples of the studies included, we used the definitions of adherence
used by the authors in order to calculate the sample size-weighted pooled proportions
of patients that were adherent to therapy and to compare adherence rates between
adalimumab, infliximab and etanercept. To portray these data for each therapeutic
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agent, we graphed them alongside two axes; adherence rate reported by the selected
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study for each agent and number of patients included.

RESULTS
Literature search
The search identified 11 studies regarding Crohn’s disease and 35 regarding rheumatoid arthritis, of which respectively 7 and 32 articles were excluded in two selection
procedures. The main reason for exclusion of studies on Crohn’s disease was the
absence of data on adherence or compliance (Figure 1).8 Exclusion of studies on rheumatoid arthritis was mainly based on the fact that these studies assessed drug survival
or continuation rates only, but not compliance and/ or adherence4, 9-13. Three other
studies were excluded: two studies based their data on episodes of medication use
instead of number of patients14,15 and one study only reported adherence as a factor
in regression analysis.16 Six articles that met our inclusion criteria remained, three on
Crohn’s disease7, 17,18 and three on rheumatoid arthritis19-21. Characteristics of included
studies are shown in Tables 1a and b.
Crohn’s disease
one on adalimumab17. There were no comparative studies. We identified considerable
variation in the definitions and methodologies of measuring adherence between studies. The adherence rate for all TNFα inhibitors as calculated by the sample size-weighted pooled proportion was 70% (95% CI 67%-73%). For adalimumab, the reported
adherence rate was 55%17 and for infliximab the reported rates were 66%7 and 85%18
(Table 1a). Adherence to adalimumab (55%) was statistically significantly lower than
infliximab (72%) therapy, with a relative risk of 0.76 (95% CI 0.64 – 0.91).
Rheumatoid arthritis
For rheumatoid arthritis we only found comparative studies: two of the included studies assessed adherence to both etanercept and infliximab20,21 and one study compared
etanercept with adalimumab.21 In rheumatoid arthritis, measurement of adherence
was based on medication possession ratios in two studies and one study measured
adherence as the proportion of days covered. Medication possession rate (MPR) is defined as the sum of days supply for all fills in period divided by the number of days in
a period. Proportion of days covered (PDC) is the number of days in a period covered
by medication divided by the days in a period. In all studies patients were considered
adherent if MPR or PDC was > 0.8.
Reported adherence rates ranged from 32% to 81% (Table 1b)19-21. The overall adherence rate was 59% (95% CI 58%-60%), as calculated by the sample size-weighted
pooled proportion. In the two studies comparing infliximab to etanercept adherence
to infliximab was consistently higher (Fig.3)20,21. In the study comparing etanercept to
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adalimumab, patients using etanercept were slightly more adherent than adalimumab
users19. After pooling the published adherence rates, we found the highest adherence
rate for adalimumab (67%) compared to both infliximab (48%) and etanercept (59%),
with a relative risk of 1.41 (95% CI 1.3 – 1.52) and 1.13 (95% CI 1.10 – 1.18) respectively.
Predictors
Five studies have formally explored possible predictors of (non)adherence to TNFα
inhibitors (Table 2)7,19-21. The most consistent factor associated with lower adherence
(reported by three studies) was female gender7,20,21. Increasing duration of therapy was
reported as a factor negatively associated with adherence and duration of disease as
factor associated with better adherence7,18. Results for age, immunomodulator use and
prior TNFα inhibitors use were conflicting7-19.

DISCUSSION
We systematically reviewed adherence rates to TNFα inhibitors in Crohn’s disease and
rheumatoid arthritis. Although literature on adherence rates to TNFα inhibitors in other
rheumatological diseases exists, we did not assess adherence for these diseases given
the relatively small patient numbers. Given the central position of TNFα inhibitors in
the management of Crohn’s disease and rheumatoid arthritis and the importance
of adherence for effective treatment, the total number of six studies that adequately assessed adherence to anti-TNF therapy was surprisingly low. Our analysis of the
included studies on Crohn’s disease and rheumatoid arthritis has three key findings.
First, we found that adherence to TNFα inhibitors in Crohn’s disease and rheumatoid
arthritis is low, with only two-thirds of the patients being adherent to therapy. Second,
adherence rates for adalimumab were lower compared to infliximab in Crohn’s disease.
Last, we found that female gender was consistently associated with non-adherence to
TNFα inhibitors.
Our findings of rather low adherence to TNF-α inhibitors are in line with figures
reported for adherence to oral medication in inflammatory bowel disease, that range
between 28% and 93% of patients adherent to prescribed therapy5,22,23. In a comparative cohort study mesalazine and azathioprine were associated with the lowest compliance24. In RA the adherence rates for TNF-α inhibitors has been reported between
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are especially worrisome since long treatment intervals are associated with infusion
reactions and loss of response as result of increased antibody formation against TNF-α
inhibitors26-28. Moreover, non-adherence in adalimumab treated patients predicts higher hospitalization rates and increased medical service costs7. Adherence to continuous
maintenance treatment with TNF-α inhibitors is important for the efficacy of treatment.

Although the different routes and schedules of administration of TNFα inhibitors and
the different measures of adherence across studies may impede a direct comparison,
we found lower adherence rates with adalimumab and etanercept. In rheumatoid
arthritis, pooling the adherence rates gave higher adherence for adalimumab over
infliximab but all comparative studies reported higher adherence rates for infliximab
as well. Differences in patient numbers between studies and a difference between the
number of studies used for calculating the pooled adherence rates for the single treatment modalities are underlying this conflicting finding. In addition, Li et al.21 assesses
adherence rates with etanercept and infliximab by using the PDC, which is a more
conservative estimate for adherence compared to the MPR . Discrepant adherence between treatment options may be explained by a number of reasons including dosing
frequency and route of administration. Etanercept and adalimumab are self-administered subcutaneously, whereas infliximab is administered intravenously, by a healthcare
professional in a clinical setting. As patients need to visit infusion sites, adherence is
more controllable in favor of infliximab. Indeed, in the two comparative studies between infliximab and etanercept20,21, higher adherence was found for the intravenously
administered infliximab. In the study of Bohra et al.10 adherence of etanercept -which
self-administered using a bi-weekly schedule. But still, even for the more controllable
intravenously administered modalities, adherence rates are well below 100%.
In order to improve adherence, it is essential to identify and understand risk factors for
non-adherence. Although several factors were reported as determinants of adherence
by the reviewed studies, we did not find any of these factors consistently associated
with non-adherence, with the exception of female gender. This is in contrast with a
previous study on oral therapies in inflammatory bowel disease that identified female
gender as a positive determinant of adherence.25 Also in other fields of medicine
attempts to identify clinical, demographic and treatment factors that consistently
predict adherence have proven quite disappointing.6 Jackson et al. who systematically
reviewed factors associated with non-adherence to oral medication specifically for
inflammatory bowel disease pointed out that that simple factors such as demographics or treatment regimens could not reliably predict adherence.26 Far more important
determinants were psychological distress, patients’ beliefs about therapy, and doctor–
patient interactions.5,26 For the clinician, it is essential to be aware of the importance
of psychological factors in non-adherence and that significant improvement in terms
of adherence may be achieved by fine-tuning doctor-patient communication and
addressing patients’ individual beliefs about disease and medications.
Our study has several strengths and limitations. We provided a detailed and systematic
review of published literature and studied adherence rates on both Crohn’s disease
and rheumatoid arthritis with TNFα inhibitors. Koncz et al. reviewed compliance and
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persistence for TNFα inhibitors only in rheumatoid arthritis patients.27 Contrary to this
review we included only studies that assessed adherence rates based on number of
patients included and reported individual adherence results. Furthermore, we identified potential predictors of adherence. In the evaluation of potential predictors of
adherence, we had no access to original research data and therefore we were dependent on the analyses performed by others and could not perform an individual patient
data meta-analysis. The major drawback of this approach is the lack of agreement in
terminology and methodologies for measurement of therapy behaviour, making the
results of studies assessing this issue difficult to interpret and compare. Compliance,
persistence and adherence are definitions used for assessing this. The medication
possession ratios of infliximab, etanercept and adalimumab ranged between 63 and
90% and the proportion of days covered (PDC) around 40%. The PDC provides a more
conservative estimate of adherence compared to MPR when patients are switching
drugs or using dual-therapy in a class. The differences between these terms have
been defined in a report for the National Institute for Health Research by Horne et al.28
Compliance can be defined as ‘the extent to which the patients’ behaviour matches
the prescriber’s recommendations’ quantified as ‘a percentage of number of doses
taken or therapy days available in relation to a fixed period of time’. Persistence refers
to how long the patient takes the medicine for and is therefore measured by units of
time. Adherence covers both these aspects of medication taking behaviour. Although
these definitions seem clear, methodologies of measurement vary and therefore hinder
comparability of findings. These differences in measurement of adherence cannot be
shrugged aside, but at this stage, based on currently available literature, we provided
more insight in the TNFα therapy behaviour of patients with CD and RA. Despite the
mentioned limitations, it is still clear that adherence with TNFα therapy is low for all different modalities. However, there is no clarity on what levels of adherence are required
for optimal results of therapy yet and these levels might vary depending on disease
activity and localization. Therefore, in the future adherence should be assessed in
combination with therapy outcome in order to determine optimal treatment schedules
by using uniform definitions of compliance, adherence and persistence.
In conclusion, through systematic review we found that only two-third of the patients
with Crohn’s disease and rheumatoid arthritis receiving TNFα inhibitors were adherent
to therapy. Developing methods that properly assess medication adherence could
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provide tools for improvement of therapy outcome. Although female gender was

22

identified as a negative determinant of adherence, one should be aware that mechanisms underlying adherence are complicated and probably not determined by simple
patient’s and treatment characteristics.
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Figure 3.
Adherence rates reported by the included studies on rheumatoid arthritis
for infliximab, adalimumab and etanercept. The vertical axis rank-orders
the therapeutic agents by the adherence rates and the horizontal axis by
number of patients included.
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Figure 2.
Adherence rates reported by the included studies on Crohn’s disease for
infliximab and adalimumab. The vertical axis rank-orders the therapeutic
agents by the adherence rates and the horizontal axis by number of
patients included.

29

CHAPTER 3

M. van der Have, B. Oldenburg, A.A. Kaptein,
J.M. Jansen, R.C.H. Scheffer, S.A. van Tuyl,
A.E. van der Meulen-de Jong, M. Pierik,
P.D. Siersema, M.G.H. van Oijen, H.H. Fidder

30

Non-adherence to
anti-TNF therapy
predicts clinical
outcomes in
outpatients with
inflammatory bowel
disease: results from
a prospective
multicentre study

31

ABSTRACT
Background:
Non-adherence to anti-tumor necrosis factor (TNF) agents in patients with inflammatory
bowel disease (IBD) is a serious problem. In this study, we assessed risk factors for
non-adherence and examined the association between adherence to anti-TNF
agents and loss of response in outpatients with IBD.
Methods:
In this multicentre, 12-month observational study, outpatients with IBD were included.
Demographic and clinical characteristics were recorded using self-administered questionnaires. Adherence was measured with the Modified Morisky Adherence Scale-8
and 12-month pharmacy refills (medication possession ratio, MPR). Risk factors included
demographic and clinical characteristics, medication beliefs and illness perceptions.
Cox regression analysis was performed to determine the association between adherence (MPR) and loss of response to anti-TNF, IBD-related surgery or hospitalization,
dose intensification or discontinuation of anti-TNF.
Results:
In total, 128 patients were included (67 IFX, 61 ADA), mean age 37 (±SD 14) years, 71
(56%) females. Median disease duration was 8 (IQR 4-14) years. Clinical disease activity
was present in 41/128 (32%) patients, 36/128 (28%) patients had a MMAS-8 <6 (“low
adherence”) and 26/93 (28%) patients had a MPR<80% (non-adherence). Risk factors
for non-adherence included adalimumab use (OR 8.15, 95%CI 2.50-26.53), and the
illness perception “emotional response” (OR 1.26, 95% CI 1.02-1.51). Non-adherence
(OR 0.14, 95%CI 0.03-0.63) and co-treatment with corticosteroids (OR 2.93, 95%CI
1.16-7.41) were significantly associated with loss of response.
Conclusions:
Non-adherence to anti-TNF agents is strongly associated with loss of response to
anti-TNF agents, adalimumab use and illness perceptions. The latter may provide an
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important target for future interventions.
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INTRODUCTION
The introduction of anti-tumor necrosis factor (TNF) agents, including infliximab and
adalimumab, has greatly improved the treatment options in patients with Crohn’s
disease (CD) and ulcerative colitis (UC). Both agents are highly efficacious for induction
and maintenance of remission1 and have shown to reduce rates of hospitalization and
surgery.2-4
The clinical efficacy of anti-TNF agents has been reported to depend on medication
adherence.5,6 In two retrospective claims analyses it was found that non-adherence to
infliximab was associated with a higher rate of hospitalization and increased healthcare
costs.5,6 Yet, there is no consensual standard with regard to the definition of clinically
relevant adherence.7 For example, in HIV-infected patients, adherence to protease
inhibitor therapy of 95% or greater has been associated with sustained virologic
suppression,8 whereas in patients with dyslipidaemia, adherence to clofibrate of 80%
lower five-year mortality.9 To date, no prospective study has evaluated the association
between adherence to anti-TNF agents and clinical outcomes in patients with inflammatory bowel disease (IBD).
According to two systematic reviews, non-adherence to anti-TNF agents in patients
with IBD ranges from 17 to 45%.10,11 Several factors have been associated with non-adherence to anti-TNF agents in IBD including female gender, smoking, maintenance
dosing, constraints related to treatment, anxiety, and moodines.10,11 Yet, no consistent
association between these risk factors and non-adherence to anti-TNF agents have
been found. Additionally, few of these risk-factors can be corrected, and interventions
have not achieved significant improvements in non-adherers.12,13
In contrast, treatment beliefs and illness perceptions are modifiable factors and have
been consistently associated with non-adherence to medication across a range of
chronic illnesses, including IBD.14-17 Treatment beliefs constitute patients’ beliefs about
the necessity of their medication for controlling their illness and their concerns about
potential side-effects.18 Illness perceptions constitute patients’ views, cognitive or
emotional, about several components of the illness such as the causes, clinical course,
daily consequences, curability and emotional impact.19 Treatment beliefs and illness
perceptions are believed to play a key role in determining non-adherence and may
offer targets for interventions.
In this multicentre prospective study we assessed: 1) risk factors for non-adherence to
anti-TNF agents, and; 2) the association between the level of adherence and loss of response, leading to hospitalization, surgery and dose intensification or discontinuation
of anti-TNF agents in outpatients with IBD.
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PATIENT AND METHODS
Patient population and design
Between May 2012 and May 2013, adult (age ≥ 18 years) ambulatory patients with
an established diagnosis of IBD20,21 receiving infliximab (intravenous) or adalimumab
(subcutaneous) as induction or maintenance treatment were invited to participate in
the study. Patients were recruited from three university hospitals (University Medical
Centre Utrecht, Leiden University Medical Centre, Maastricht University Medical Centre)
and three general hospitals (Jeroen Bosch Hospital, Den Bosch, Diakonessenhuis,
Utrecht, Onze Lieve Vrouwe Gasthuis, Amsterdam) in the Netherlands. At baseline,
patients completed a baseline questionnaire, which included demographic data, clinical disease activity, treatment beliefs, illness perceptions and adherence behavior as
described below. Clinical data were collected from electronic medical records. Patients
were then prospectively followed for 12 months. Clinical outcomes were also collected
from electronic medical records. Local patient pharmacies were contacted for medication refills during follow-up. The study was centrally approved by the Ethics Committee
of the University Medical Centre Utrecht. All patients signed informed consent.
Risk factors of non-adherence to anti-TNF agents
Potential risk factors for non-adherence to anti-TNF agents were selected based on
two systematic reviews.10,11 Demographic risk factors included gender, age, smoking
status (current smoker, ex-smoker, non-smoker), and education level (low versus high).
Low education included no education, primary education, secondary education and
technical or professional school, whereas high education included higher vocational
education and university.
Clinical risk factors included age at diagnosis, disease duration, disease localisation,
perianal disease, concomitant medication (mesalazine, corticosteroids, immunomodulators), anti-TNF agent, and duration of anti-TNF treatment at enrolment. Clinical
disease activity was measured with the validated Harvey-Bradshaw Index (10 items,
excluding question about abdominal mass)22 and the Simple Clinical Colitis Activity Index (9 items)23 for patients with CD and UC, respectively. A score more than 4 indicated
clinically active disease.
Behavioural risk factors included illness perceptions and treatment beliefs. Illness
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perceptions were assessed with the Brief Illness Perception Questionnaire.24 This nine-
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item questionnaire explores the cognitive and emotional representations of illness
across eight dimensions: Consequences, Timeline, Personal Control, Treatment Control,
Identity, Concerns, Understanding, and Emotional Response. Items are assessed on
an 11-point Likert scale, for example “How much does your illness affect your life?”: 0
[“not at all”] – 10 [“severely affects my life”]. Treatment beliefs were assessed with the

Beliefs about Medicines Questionnaire specific (BMQ-specific).25,26 This questionnaire
consists of two subscales assessing patients’ beliefs about the necessity of the prescribed medication for controlling their illness, and their concerns about the potential
adverse consequences of taking it. For example: “My health at present depends on this
medicine” or “I sometimes worry about becoming too dependent on this medicine.”
Patients indicate their degree of agreement with each statement on a 5-point Likert
scale, ranging from strongly disagree (1) to strongly agree (5). A mean score for each
subscale is calculated by dividing total scores by the number of items in the scale,
resulting in a mean score range of 1-5 for both necessity (8 items) and concerns scale
(9 items).
Adherence measures
Adherence to anti-TNF agents was measured with an 8-item self-reported measure
(Morisky Medication Adherence Scale-8, MMAS-8)27 and pharmacy refills. At basemedication-taking behaviour, including failure to remember and problems with the
complexity of anti-TNF regime. It has been reported to correlate well with patients’
adherence as measured with pharmacy refills in IBD.28 A score less than 6 points is
interpreted as low adherence, 6-7 points as medium adherence and 8 points as high
adherence.
Medication refills were assessed over 12 months. By tracking refills over a 12-month
period patients’ refill activity was averaged and accounted for “pill hoarding” and premature refills. Pharmacy refill adherence was calculated by dividing the number of days
supplied within the refill interval (based on the dosing regimen) by the number of days
in the actual refill interval over 12 months and expressed as percentage. Pharmacy
refills are considered a suitable “gold standard” to measure patient adherence.29
Outcome measures
The main outcome measure included the association between adherence to anti-TNF
agents and loss of response. No exact definition of loss of response exist.30 In the present study, loss of response was defined by clinical worsening leading to IBD-related
surgery (bowel resection, strictureplasty or ostomy or perianal surgery31), IBD-related
hospitalization, dose intensification or discontinuation of anti-TNF agent. Dose intensification was defined as either an increase in dose (from 5 to 10mg/kg for IFX; from
40 mg to 80 mg for ADA) or as a decrease of the interval between infusions (ranging
from four to eight weeks) or injections (from every other week to every week).

Non-adherence to anti-TNF therapy predicts clinical outcomes in outpatients with
inflammatory bowel disease: results from a prospective multicentre study

line patients were asked to fill out the MMAS-8. This tool addresses several factors of

35

Statistical analysis
Data analyses were performed using SPSS 20.0 and SAS 9.2. Descriptive statistics were
used to characterize IBD patients. Means and medians were reported with a standard
deviation (SD) and interquartile range (IQR), respectively. Comparisons between adherent and non-adherent IBD patients according to pharmacy refills were analysed with
Student-t test for continuous variables and χ2 test for dichotomous variables. Association between MMAS-8 and MPR percentage was assessed by means of Spearman’s
correlation analysis. In order to determine factors associated with non-adherence, we
performed univariate logistic regression analysis with demographic, disease and behavioural characteristics. Characteristics that were associated (p<0.10) with non-adherence following univariate analysis were included in the multivariate logistic regression
analyses to identify independent risk factors for adherence. Cox proportional hazards
regression analysis was performed to determine the association between adherence
and time to loss of response. We estimated that after 12 months, 70% of all anti-TNF
users will have maintained clinical response.32,33 With an alpha of 0.05 and a power of
90% we were able to have an area under the receiver operating curve of 0.75 (with
standard error of 0.05) if we included 32 ant-TNF users without clinical response. Based
on 70% maintained clinical response, the inclusion of 107 anti-TNF users was required.
After adjustment for missing values and lost to follow-up we decided to include a total
of 130 anti-TNF users.

RESULTS
Patient population
Between May 2012 and May 2013, 128 patients were prospectively enrolled while 12
patients declined to participate. Patients who declined to participate had a lower mean
age (27.3±7.7 versus 36.6±13.6 years, p=0.02) as compared to patients who did participate (table 1). There were no statistically significant differences between both groups
with regard to relevant demographic and clinical characteristics. Obviously, data on
clinical disease activity, illness perceptions, and treatment beliefs of non-responders
could not be obtained for patients who declined to particpate. Of the 128 patients,
104 (81%) had CD and 24 (19%) had either UC or IBD-unclassified, with a mean age of
36.6 (±SD 13.6) years, and a median disease duration of 8 (IQR 4-14) years. Sixty-sev-
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en (46%) and 61 (54%) patients received infliximab and adalimumab, respectively.
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Twenty-two (17%) patients were concomitantly treated with mesalazine, 21 (16%) with
corticosteroids, and 62 (47%) with immunosuppressive agents. Overall, 27/61 (44%)
adalimumab users and 33/67 (49%) infilixmab users were concomitantly treated with
immunosuppressive agents (p=0.60). Forty-one (32%) patients had clinically active
disease as measured with the clinical index score. During follow-up, 12 patients (9.3%)

were lost to follow-up because of no response to induction treatment (4), death (1),
transfer (3) or unknown (4). Thus, 116 patients were left for further data analysis.
Adherence
The median adherence score on the MMAS-8 was 7.00 (IQR 5.75-7.75) (table 1). There
were 36 patients (28%) with a score of < 6 (“low adherer”), 61 (48%) with a score of
6 to 8 (“medium adherer”), and 30 (24%) with a score of 8 (“high adherer”). Patients
who were lost to follow-up had not a significantly different median adherence score on
the MMAS-8 (7.75, IQR 6.00-8.00 versus 7.00, IQR 5.75-7.75; p=0.15). Twelve-month
pharmacy refills were available for 93 patients. The median medication possession ratio
(MPR) percentage was 92% (IQR 75 to 98%). There were 26 patients with MPR ≤ 80%,
of whom 21 patients (81%) received adalimumab and 5 patients received infliximab
(19%). The correlation coefficient between the MMAS-8 and MPR percentage was 0.28
(p=0.014), indicating a weak association between the survey score at baseline and the

Risk factors of non-adherence
In univariate analysis, protective factors for non-adherence (MPR<80%) to anti-TNF
agents were an age at diagnosis of 16-40 years (OR 0.55, 95% CI 0.32-0.76), strong
beliefs that IBD will have negative consequences for one’s life (illness consequences)
(OR 0.82, 95% CI 0.68-0.98), and more concerns about IBD (OR 0.83, 95% CI 0.700.99) (table 2). Risk factors for non-adherence were adalimumab use (OR 9.17, 95% CI
3.05-27.78) and strong beliefs about how the illness affects one’s emotional well-being
(emotional response) (OR 1.27, 95% CI 1.07-1.51). The only factors that were independently associated with non-adherence in multivariate analysis were adalimumab
use (OR 8.15, 95% CI 2.50-26.53) and emotional response (OR 1.26, 95% CI 1.02-1.51).
Association between adherence and loss of response
During a median follow-up of 1.4 years (IQR 0.8-2.2) 59 IBD patients lost response to
an anti-TNF agent (46/100 patient years), which resulted in IBD-related surgery and
hospitalization in 9 patients, dose intensification in 35 patients, and discontinuation
of anti-TNF agent in 15 patients. In univariate analysis, risk factors for loss of response
were Crohn’s disease (OR 2.58, 95% CI 1.37-4.87), clinically active disease at baseline
(OR 2.12, 95% CI 1.20-3.77), co-treatment with corticosteroids (OR 3.41, 95% CI 1.637.12), and low MPR percentage (OR 0.14, 95% CI 0.03-0.63) (table 3). Co-treatment
with an immunosuppressive agent was not associated with loss of response (OR 0.88,
95% CI 0.48-1.61). Factors that were independently associated with loss of response
included co-treatment with corticosteroids (OR 2.93, 95% CI 1.16-7.41) and low MPR
percentage (OR 0.08, 95% CI 0.02-0.42).
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DISCUSSION
In this 12-month observational study non-adherence rates were significantly higher
in patients treated with adalimumab than with infliximab. Non-adherence to anti-TNF
agents was strongly determined by adalimumab use and – to a minor extent – by
negative beliefs about how IBD affects one’s emotional well-being (i.e., a stronger
emotional response). Additionally, we found that non-adherence was significantly
associated with loss of response to anti-TNF agents.
To our knowledge, this is the first study exploring the influence of illness perceptions on
adherence to anti-TNF agents and prospectively examining the association between
adherence to anti-TNF agents and loss of response. The overall non-adherence rate
for anti-TNF agents was 28% (defined as a medication possession ratio <80%), which is
similar to the rates reported by two large systematic reviews (17 to 45%).10,11 Non-adherence rates, as measured with the Modified Morisky Adherence Scale-8 (MMAS-8)
and pharmacy refills, were significantly higher for adalimumab than for infliximab,
i.e. 32-50% versus 10-25%. The significantly higher non-adherence rate for adalimumab may be explained by the fact that adalimumab is self-administered, whereas
infliximab is administered intravenously by a healthcare professional in a controlled
setting. Although one might presume that adalimumab users are more likely to have a
non-adherent behavior, this was not found with the MMAS-8 tool. Additionally, there
were no significant differences between adalimumab and infliximab users with regard
to illness perceptions and treatment beliefs, which could have explained the difference
in non-adherence rates. Notwithstanding, confounding by indication may still have
occurred, as adalimumab users might have different (unfavourable) self-management
skills as compared to infliximab users.
We found that the MMAS-8 tool correlated significantly with patients’ refill behaviour.
Yet, with a correlation coefficient of only 0.28, this correlation was weak, limiting the
use of the MMAS-8 as a useful screening tool to predict patients’ medication adherence behaviour. However, the MMAS-8 may be a useful tool to assess patients’ reasons
for non-adherence and differentiate between intentional and unintentional non-adherence.34
This finding is in line with a study that examined the correlation between the MMAS8 tool and pharmacy refills among 150 IBD patients receiving different drug classes,
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including 5-ASA, budesonide, immunomodulators, and anti-TNF agents.28 A significant
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association between the MMAS-8 tool and pharmacy refills was found with regard to
immunomodulators (r = 0.26, p=0.02), but not to anti-TNF agents (r = -0.04, p=0.85).
In contrast, other studies which excluded patients receiving anti-TNF agents, observed
a significant association between the MMAS-8 tool and pharmacy refills.27,35 These differences may be explained by the fact that the MMAS-8 tool was originally developed

in patients on daily medication. Additionally, several questions on the MMAS-8 simply
do not apply for intravenous medication (infliximab), for example: “Have you cut back
your medication without telling your doctor?”
In order to improve medication adherence researchers and physicians increasingly
focus on modifiable factors such as frequency of dosing, route of administration, measures to reduce anxiety and depression, and beliefs about medication. Beliefs about
medication may play a key role in determining non-adherence. A cross-sectional study
of 1871 IBD patients reported more doubts about the personal need for maintenance
treatment and more concerns about potential adverse effects in non-adherent patients
(according to the four-item Medication Adherence Report Scale).26 These findings
were confirmed by a cross-sectional study of 356 IBD patients in which adherent
patients had a higher belief of necessity to take medication and a trend towards lower
concerns about medication.17 There is no clear explanation for the non-significant
association between beliefs about medication and non-adherence in the present study.
tential adverse effects, our study might have been underpowered to detect significant
differences between adherent and non-adherent patients with regard to beliefs about
medication. Interestingly, we demonstrated in our study that illness perceptions, in particular negative perceptions about how IBD affects a patient’s emotional wellbeing (i.e.,
emotional response), were significantly associated with non-adherence. This concurs
with previous studies showing a negative impact of emotional responses (feelings of
anxiety, anger and depression) on medication adherence in patients with hypertension.36,37 Additional, it corroborates the Common Sense Model of self-regulation, in
which it is stated that individual’s personal beliefs about IBD play a major role in the
adjustment to the illness, i.e., taking the medication as prescribed.19,38
Finally, we demonstrated that adherence was linearly associated with loss of response,
i.e., every 10% increase in MPR corresponded with a 22% decreased risk of losing
response to an anti-TNF agent. In contrast to previous studies in patients with dyslipidaemia and HIV/Aids, we have not identified a threshold adherence level above which
the risk of losing response significantly decreased.8,9 This may be partly due to the
complex pharmacological metabolism of anti-TNF agents (e.g., production of anti-TNF
antibodies and routes of administration) in respect to the more “simple” oral lipid-lowering and antiretroviral drugs. Additionally, in the present study adherence was linked
to clinical outcomes, whereas previous studies used “intermediate” outcomes such as
virological failure and lipid reduction.
This study has several strengths. First, this study was powered to detect a statistically
significant association between adherence and loss of response. Second, two methods
of adherence measurement, the MMAS-8 tool and pharmacy refills, were combined in
order to maximize accuracy. Third, patients were prospectively followed for 12 months,
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which enabled to assess predictors of non-adherence and loss of response. Fourth,
patients were included from both university and general hospitals, thereby in our view,
reliably representing the average IBD patient in the Netherlands.
Some limitations of this study need to be addressed as well. First, although the
MMAS-8 tool was modified in order to measure adherence to anti-TNF agents, some
questions may not be applicable to non-oral medication. Second, as trough levels and
anti-TNF antibodies were not obtained at regular time-points, we could not assess
their role in measuring adherence or ascertaining loss of response. Finally, nine percent
of eligible patient declined to participate. These patients may represent a selected
patient group with different adherence behaviour as compared to the enrolled group.
In conclusion, our results show a linear association between adherence to anti-TNF
agents and loss of response. Additionally, adherence is substantially lower in patients
treated with adalimumab and in patients with negative beliefs about how IBD affects
one’s emotional wellbeing. As illness perceptions are potentially modifiable factors,
they may provide a relevant target for interventions aimed at improving adherence
and other health outcomes. Future studies should focus on the use of trough levels
as a reliable measure of adherence and on the development of adherence enhancing
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interventions targeted at modifiable factors such as treatment and illness beliefs.
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TABLE 1
Characteristics of 140 patients with IBD (responders: n = 128;
nonresponders:
n = 12)of 140 patients with IBD (﴾responders: n = 128; nonresponders: n = 12)﴿
Table 1. Characteristics
Characteristic:

Responders:

Nonresponders:

p value

Age, mean (﴾±SD)﴿

36.6 (﴾13.6)﴿

27.3 (﴾7.7)﴿

0.02

Female gender, n (﴾%)﴿

71 (﴾56)﴿

4 (﴾33)﴿

0.23

Smoking, n (﴾%)﴿

25 (﴾20)﴿

Low education, n (﴾%)﴿

80 (﴾63)﴿

Diagnosis, n (﴾%)﴿
Crohn’s disease

104 (﴾81)﴿

11 (﴾92)﴿

0.47

Ulcerative colitis, IBD-‐u

24 (﴾19)﴿

1 (﴾8)﴿

0.47

Disease duration, median (﴾IQR)﴿

8 (﴾4-‐14)﴿

Large bowel

29 (﴾28)﴿

3 (﴾25)﴿

0.55

Small bowel

20 (﴾19)﴿

3 (﴾25)﴿

0.42

Both large and small bowel

55 (﴾53)﴿

6 (﴾50)﴿

0.76

Clinical active disease, n (﴾%)﴿

41 (﴾32)﴿

Perianal disease, n (﴾%)﴿

74 (﴾71)﴿

Anti-‐TNF agent, n (﴾%)﴿
Infliximab

67 (﴾52)﴿

8 (﴾67)﴿

0.38

Adalimumab

61 (﴾48)﴿

4 (﴾33)﴿

0.38

5-‐ASA

22 (﴾17)﴿

2 (﴾17)﴿

1.00

Corticosteroid

21 (﴾16)﴿

1 (﴾8)﴿

0.69

Immunosuppressive agent

62 (﴾47)﴿

4 (﴾33)﴿

0.38

Concomitant medication, n (﴾%)﴿

2

MMAS-‐8 score, median (﴾IQR)﴿

7.00 (﴾5.75-‐7.75)﴿

<6 (“low adherer”), n (%)

36 (﴾28)﴿

6-‐8 (“medium adherer”), n (%)

61 (﴾48)﴿

8 (“high adherer”), n (%)

31 (﴾24)﴿

3

IBDQ-‐9 score, median (﴾IQR)﴿

41 30-‐52)﴿

1)﴿ Crohn’s disease patients; 2)﴿ Modified Morisky Adherence Scale-‐8; 3)﴿ Inflammatory Bowel
Disease Questionnaire
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TABLE 2
Univariate and multivariate analysis of factors associated with non-adherence
Table 2. Univariate and multivariate analysis of factors associated with non-‐adherence (﴾MPR <80%)﴿
(MPR
<80%) in patients with IBD (n = 93)
in patients with IBD (﴾n = 93)﴿
Adherent

Non-‐

Unadj. OR (﴾95%

n = 67

adherent

CI)﴿

Adj. OR (﴾95% CI)﴿

n = 26
Demographic factors:
Female gender, n (﴾%)﴿

36 (﴾46)﴿

16 (﴾62)﴿

1.37 (﴾0.55-‐3.35)﴿

Smoking, n (﴾%)﴿

20 (﴾15)﴿

7 (﴾27)﴿

2.10 (﴾0.00-‐6.29)﴿

Low education, n (﴾%)﴿

36 (﴾54)﴿

16 (﴾62)﴿

1.38 (﴾0.00-‐3.47)﴿

55 (﴾82)﴿

26 (﴾100)﴿

∞

< 16

17 (﴾25)﴿

13 (﴾50)﴿

1.00

16-‐40

41 (﴾61)﴿

13 (﴾50)﴿

0.55 (﴾0.32-‐0.76)﴿*

>40

9 (﴾14)﴿

0 (﴾0)﴿

∞

< 10

45 (﴾67)﴿

17 (﴾65)﴿

1.00

10-‐20

8 (﴾12)﴿

6 (﴾23)﴿

0.57 (﴾0.15-‐2.22)﴿

Clinical factors:
Crohn’s disease, n (﴾%)﴿
Age at diagnosis, n (﴾%)﴿

0.45 (﴾0.15-‐1.40)﴿

Disease duration, n (﴾%)﴿

14 (﴾21)﴿

3 (﴾12)﴿

0.29 (﴾0.06-‐1.47)﴿

Clinical active disease (﴾%)﴿

> 20

15 (﴾22)﴿

8 (﴾31)﴿

1.54 (﴾0.56-‐4.17)﴿

Adalimumab, n (﴾%)﴿

21 (﴾31)﴿

21 (﴾81)﴿

9.17 (﴾3.05-‐27.78)﴿***

Anti-‐TNF induction, n (﴾%)﴿

22 (﴾33)﴿

6 (﴾23)﴿

0.58 (﴾0.21-‐1.67)﴿

7 (﴾10)﴿

3 (﴾12)﴿

1.12 (﴾0.27-‐4.76)﴿

<6 (﴾“low adherer”)﴿

18 (﴾27)﴿

10 (﴾38)﴿

1.00

6-‐8 (﴾“medium adherer”)﴿

34 (﴾51)﴿

13 (﴾50)﴿

0.36 (﴾0.08-‐1.55)﴿

8 (﴾“high adherer”)﴿

15 (﴾22)﴿

3 (﴾12)﴿

0.57 (﴾0.14-‐2.30)﴿

Corticosteroids, n (﴾%)﴿

8.15 (﴾2.50-‐26.53)﴿***

Behavioural factors:
MMAS-‐8 score, n (﴾%)﴿

Treatment beliefs, mean (﴾±SD)﴿
Necessity belief

4.0 (﴾0.7)﴿

3.7 (﴾0.9)﴿

0.91 (﴾0.81-‐1.02)﴿

Concerns

2.7 (﴾0.8)﴿

2.5 (﴾0.8)﴿

0.92 (﴾0.82-‐1.04)﴿

Consequences

6.3 (﴾2.5)﴿

4.9 (﴾2.9)﴿

0.82 (﴾0.68-‐0.98)﴿**

Timeline

9.6 (﴾0.99)﴿

8.9 (﴾2.4)﴿

0.77 (﴾0.56-‐1.04)﴿

Personal control

5.3 (﴾2.5)﴿

6.0 (﴾2.3)﴿

1.14 (﴾0.93-‐1.37)﴿

Treatment control

8.2 (﴾1.4)﴿

8.0 (﴾2.3)﴿

0.94 (﴾0.73-‐1.22)﴿

Identity

5.7 (﴾2.5)﴿

5.1 (﴾2.6)﴿

0.92 (﴾0.77-‐1.10)﴿

Illness beliefs, mean (﴾±SD)﴿
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Concerns

6.1 (﴾2.7)﴿

4.7 (﴾2.7)﴿

0.83 (﴾0.70-‐0.99)﴿**

Understanding

7.2 (﴾2.0)﴿

6.9 (﴾2.5)﴿

0.93 (﴾0.75-‐1.15)﴿

Emotional response

4.5 (﴾2.4)﴿

6.3 (﴾2.8)﴿

1.27 (﴾1.07-‐1.51)﴿***

* = p value <0.10, ** = p value <0.05, *** = p value <0.01

0.98 (﴾0.71-‐1.36)﴿ 7	
  

1.04 (﴾0.81-‐1.32)﴿

1.26 (﴾1.02-‐1.51)﴿*

TABLE 3
Univariate and multivariate analysis of factors associated with loss of response
Table 3. Univariate and multivariate analysis of factors associated with loss of response (﴾LOR)﴿ in
(LOR)
in patients with IBD (n = 114)
patients with IBD (﴾n = 114)﴿
LOR

No LOR

Unadj. OR (﴾95%

n = 59

n = 57

CI)﴿

Female gender, n (﴾%)﴿

37 (﴾63)﴿

26 (﴾46)﴿

1.69 (﴾0.95-‐3.03)﴿

Smoking, n (﴾%)﴿

12 (﴾20)﴿

9 (﴾16)﴿

1.37 (﴾0.70-‐2.66)﴿

53 (﴾90)﴿

40 (﴾71)﴿

2.58 (﴾1.37-‐4.87)﴿***

< 16

16 (﴾27)﴿

16 (﴾28)﴿

1.00

16-‐40

35 (﴾59)﴿

35 (﴾61)﴿

0.57 (﴾0.23-‐1.40)﴿

8 (﴾14)﴿

6(﴾11)﴿

0.65 (﴾0.28-‐1.48)﴿

39 (﴾66)﴿

40 (﴾70)﴿

1.00

Adj. OR (﴾95% CI)﴿

Demographic factors:

Clinical factors:
Crohn’s disease, n (﴾%)﴿

1.74 (﴾0.68-‐4.49)﴿

Age at diagnosis, n (﴾%)﴿

>40

< 10
10-‐20

8 (﴾14)﴿

9 (﴾16)﴿

1.18 (﴾0.58-‐2.38)﴿

> 20

12 (﴾20)﴿

8 (﴾14)﴿

1.06 (﴾0.40-‐2.81)﴿

Clinical active disease (﴾%)﴿

22 (﴾37)﴿

14 (﴾25)﴿

2.12 (﴾1.20-‐3.77)﴿**

Perianal disease (﴾%)﴿

29 (﴾71)﴿

37 (﴾65)﴿

0.97 (﴾0.49-‐1.90)﴿

Adalimumab, n (﴾%)﴿

29 (﴾49)﴿

27 (﴾47)﴿

0.64 (﴾0.37-‐1.12)﴿

Corticosteroids, n (﴾%)﴿

11 (﴾19)﴿

5 (﴾9)﴿

3.41 (﴾1.63-‐7.12)﴿***

Immunosuppressive agent, n

26 (﴾44)﴿

27 (﴾47)﴿

0.88 (﴾0.48-‐1.61)﴿

<6 (﴾“low adherer”)﴿

19 (﴾32)﴿

14 (﴾25)﴿

1.00

6-‐8 (﴾“medium adherer”)﴿

27 (﴾46)﴿

30 (﴾53)﴿

1.29 (﴾0.60-‐2.79)﴿

8 (﴾“high adherer”)﴿

12 (﴾20)﴿

13 (﴾23)﴿

1.13 (﴾0.54-‐2.39)﴿

85 (﴾63-‐99)﴿

94 (﴾86-‐98)﴿

0.14 (﴾0.03-‐0.63)﴿**

1.63 (﴾0.80-‐3.31)﴿

2.93 (﴾1.16-‐7.41)﴿**

(﴾%)﴿
Adherence:
MMAS-‐8 score, median (﴾IQR)﴿
MMAS-‐8 score, n (﴾%)﴿

MPR percentage, median (﴾IQR)﴿

0.08 (﴾0.02-‐0.42)﴿***

* = p value <0.10, ** = p value <0.05, *** = p value <0.01
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ABSTRACT
Background:
Screening for opportunistic infections prior to starting biological therapy in patients
with inflammatory bowel disease is recommended.
Aims:
To assess adherence to screening for opportunistic infections prior to starting biological therapy in Crohn’s disease patients and its yield.
Methods:
A multicenter retrospective study was conducted in Crohn’s disease patients in whom
infliximab or adalimumab was started between 2000 and 2010. Screening included
tuberculin skin test, interferon-gamma release assay or chest X-ray for tuberculosis. Extended screening included screening for tuberculosis and one or more viral infections.
Patients were followed until three months after ending treatment. Primary endpoints
were opportunistic and serious infections.
Results:
611 patients were included, 91% on infliximab. 463 (76%) patients were screened
for tuberculosis, of whom 113 (24%) underwent extended screening. Screening for
tuberculosis and hepatitis B increased to, respectively, 90-97% and 36-49% in the last
two years. During a median follow-up of two years, 64/611 (9%, 3.4/100 patient-years)
opportunistic infections and 26/611 (4%, 1.6/100 patient-years) serious infections were
detected. Comorbidity was significantly associated with serious infections (hazard ratio
3.94).
Conclusions:
Although screening rates for tuberculosis and hepatitis B increased, screening for
hepatitis B was still suboptimal at the end of the study period. More caution is required
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when prescribing biologicals in patients with comorbid conditions.
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INTRODUCTION
Anti-tumor necrosis factor (TNF) therapy has been an effective therapeutic strategy
for the induction and maintenance of remission in inflammatory bowel disease (IBD)1-4.
Irrespective of its benefits, safety concerns have been raised with regard to the occurrence of serious infections in patients on anti-TNF therapy 5,6, most notably reactivation
of latent tuberculosis (TB)7.
Although the association between anti-TNF therapy and serious infections in IBD is
not as clear as in rheumatoid arthritis8-12, international guidelines advise pre-treatment
screening for opportunistic infections to prevent complications13-15. Screening for latent
TB, mainly by using a tuberculin skin test (TST) and/or interferon-gamma release assay
(IGRA), prior to anti-TNF therapy has proven to be effective in reducing the number
of active TB-infections16,17. Although IGRAs may be associated with less false positive
results as compared with TST, the high initial costs associated with IGRAs may impair
as well19 but data on human immunodeficiency virus (HIV), hepatitis C and herpes
viruses, such as varicella zoster virus (VZV), are less convincing14,20.
The yield of screening is highly dependent on the adherence of healthcare providers
to various pre-treatment screening strategies. To date, only one study assessed the
adherence to recommended screening in IBD patients and found it to be relatively low
(65% for TB and 25% for hepatitis B), but improving over time21. Additionally, the yield
of screening is dependent on the prevalence rate of opportunistic infections in the
background population, which shows great variation between countries worldwide22,23.
In the present study we aimed to assesses adherence to screening prior to anti-TNF
therapy and its yield in a cohort of patients with Crohn’s disease (CD) treated with
either infliximab or adalimumab.
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their cost-effectiveness18. Screening for hepatitis B is generally considered to be useful
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METHODS
Patient population and data collection
A multicenter retrospective cohort study was performed in three large referral centers
for IBD in the Netherlands: the University Medical Center Utrecht, the Academic
Medical Center in Amsterdam and the University Medical Center Groningen. Anti-TNF
therapy-naive patients with CD receiving their first administration of infliximab or adalimumab between 2000 and 2010 were included.
Data regarding demographic characteristics, comorbidity, disease characteristics,
pre-treatment screening, anti-TNF therapy, immunosuppressive comedication and opportunistic and serious infections during follow-up were obtained from the electronic
medical record (EMR). Comorbidity was considered to be present if a patient had one
or more of the following diseases: chronic renal failure, congestive heart failure, chronic
obstructive pulmonary disease (COPD), diabetes mellitus, or chronic liver disease.
Patients were followed up from screening prior to first administration of infliximab or
adalimumab until three months after discontinuation of anti-TNF therapy, death or end
of study period (2011-06).
Definitions and outcomes
Screening for hepatitis B was not yet adopted in national and international guidelines
during most of the study period. Therefore, recommended screening was defined as
performing at least a tuberculin skin test (TST), interferon-gamma release assay (IGRA)
or chest X-ray for detection of latent TB, within three months prior to the start of treatment. TST was positive in case of an induration >10 mm, or >5 mm if immunosuppressing comedication was used. If a patient had been vaccinated with Bacille Calmette
Gúerin (BCR), a cut-off of 15 mm was used and a chest X-ray was routinely performed.
Latent TB was defined as a positive result on TST (induration >10 mm, or >5 mm if
immunosuppressive comedication was used), IGRA or chest radiograph (calcification
>5 mm, pleural thickening).
Extended screening was defined as TB-screening plus one or more serological tests
for the detection of viral pathogens. Virological tests consisted of HBsAg and anti-HBc
for hepatitis B virus, anti-HCV for hepatitis C virus, p24 antigen and HIV-antibodies
for HIV and IgM and IgG antibodies and PCR for detection of Epstein-Barr virus (EBV),
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and VZV were considered positive in the case of active infection (detectable IgM-antibodies or DNA). Primary outcomes were opportunistic and serious infections. Opportunistic infections were defined as infections caused by micro-organisms that have no
or limited pathogenic capacity under normal circumstances, but can cause disease in
case of decreased immunity14. Serious infections were defined as infections requiring

or prolonging hospital admission, leading to permanent disability or death11. Both
opportunistic and serious infections had to occur during or within three months after
anti-TNF treatment to be considered treatment-related12. Perianal and (postoperative)
CD-related intra-abdominal abscesses were not taken into account.
Statistical analysis
Descriptive statistics were used to characterize the studied patient population. Means
and medians were reported with a standard deviation (SD) and interquartile range
(IQR), respectively. Linear regression analysis was used to assess the adherence to
screening over time. Cox proportional hazard analysis was used to assess associations
(expressed as hazard ratio’s, HR) between demographic and clinical characteristics, and
serious infections. Different types of immunomodulating comedications were included as time-dependent variables. If a variable appeared to be associated with serious
infections in the univariate analysis (p<0.10), it was further evaluated in the multivariate
rate (IR) for both opportunistic and serious infections, stated as the number of events
per 100 person years of follow up.

RESULTS
Patient characteristics
A total of 611 patients with CD starting infliximab or adalimumab between 2000 and
2010 were included. Of the included patients, 396 (64.8%) patients were female with a
median age of 33.0 years (range 23.8-42.0 years) (Table 1). Forty-seven (7.7%) patients
had a comorbid condition, including 12 (25.5%) with COPD, 8 (17.0%) with chronic liver
disease, and 7 (14.9%) with diabetes mellitus. The majority of patients were treated with
infliximab (91%) and 80% of patients used one (63%) or two (18%) immunosuppressive
comedications, mostly thiopurines (59%).
Pre-treatment screening and prevalent infections
Of 611 CD patients, 463 (75.8%) were screened for latent TB-infection prior to start of
anti-TNF therapy: 177 (29.0%) with either TST or chest X-ray, 183 (30.0%) with both TST
and chest X-ray and 103 (16.8%) employing an IGRA (Table 2). The latter was always
used in combination with chest X-ray, with (2%) or without (15%) TST.
Of 463 patients screened for tuberculosis, 15 (3.2%) were found to have a probable
latent TB-infection, all detected by TST. Among patients tested with TST the proportion
of positive outcomes was significantly lower in the group of patients using any comedication versus no comedication (9/282, 3.2% versus 6/66, 9.1%, p=0.03).
All 15 patients with positive TST outcomes also had a chest X-ray. Two of them showed
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abnormalities on chest X-ray and were treated with isoniazid (INH) prior to the start
of TNF inhibitor treatment. Six of the remaining 13 patients with positive TST results,
but normal chest X-rays, were treated or had previously been treated with INH. The
other seven patients with positive TSTs were not treated. One of the untreated patients
was followed-up by regularly scheduled chest X-rays. No positive results were seen in
patients tested with IGRA. In five cases the test was repeatedly reported as non-interpretable. In all five patients TST and chest X-ray were negative and thus latent TB was
considered to be not present.
Virological screening was performed less often than TB-screening. Tests for hepatitis B,
hepatitis C, and HIV were performed in 80 (13.1%), 78 (12.8%), and 57 (9.3%) patients,
respectively. The only detected abnormality was one case of a cleared hepatitis B infection. Testing for herpes viruses, including CMV, EBV, VZV, was performed in up to 41
(6.7%) patients. Three active EBV-infections were found, but not treated with antiviral
drugs, and one patient had an EBV-CMV co-infection and treated with valganciclovir.
Of the four patients with an active EBV-infection, three received co-treatment with
either azathioprine or methotrexate, and one patient received co-treatment with both
azathioprine and corticosteroids.
The proportion of patients screened for TB increased over time, with an annual increase of 6.4% (95% CI 1.8%-6.8%, p<0.01) (figure 1). Similarly, both screening for hepatitis B and overall virological screening were more frequently performed over time,
with annual increases of 3.7% (95% CI 1.1%-6.3%, p=0.01) and 4.3% (95% CI 1.8%-6.8%,
p<0.01), respectively.
Incident opportunistic and serious infections
During a median follow-up of two (range 0.3-10.9) years, 64 opportunistic infections
were found in 56 (9.2%) patients and 26 serious infections in 26 patients (4.3%) (Table
3). Eight of 64 (12.5%) opportunistic infections were serious. Incidence rates were 3.4
per 100 patient-years for opportunistic infections and 1.6 per 100 patient-years for
serious infections.
Three patients died during or within three months after discontinuation of anti-TNF
therapy. Two female patients with severe comorbidity both died of pneumosepsis: one
with spastic tetraplegia and one with an EBV-associated B-cell non-Hodgkin lymphoma, for which she was treated with chemotherapy. One patient with a history of a not
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Infection types - Opportunistic infections
The majority of opportunistic infections consisted of herpes virus-infections, mostly
varicella zoster and herpes simplex, and fungal infections, mainly candidiasis (Table 4).
Serious infections

Three patients were admitted because of viral infections: one patient with genital
herpes simplex, one patient with extremely painful herpes zoster and one febrile
patient with general illness due to CMV-reactivation. Three cases of active TB occurred
during follow-up. All three had been screened for latent TB-infection prior to anti-TNF
therapy. One 34-year old male patient, who had negative outcomes of all three tests
at screening, developed pulmonary and cerebral miliary tuberculosis during adalimumab treatment, successfully treated with quadruple therapy. The two other patients,
both suffering from pulmonary TB, were screened at baseline using TST and chest
X-ray. One of them had a positive TST, but was nevertheless started on infliximab
therapy without TB-prophylaxis. The other one had negative outcomes for both tests.
Both patients were effectively treated with combination therapy. Serious infections
compromised mostly pneumonias caused by different and often unknown pathogens,
including only one case of confirmed pneumococcal infection. Other serious infections

Risk factor analysis
In univariate analysis, factors associated with the occurrence of serious infections were
longer disease duration (HR 1.05, 95% CI 1.02-1.05), ileal disease (HR 3.22, 95% CI
1.25-8.33) and presence of comorbidity (HR 4.93, 95% CI 1.95-12.50) (Appendix A). The
hazard ratios (HRs) for the use of steroids and the use of two comedications at a time
were 1.86 (95% CI 0.54-6.37) and 1.38 (95% CI 0.29-6.59), respectively. The only factors
that were independently associated with serious infections in multivariate analysis were
comorbidity, with a HR of 3.94 (95% CI 1.40-11.14) and ileal disease (HR 2.96, 95% CI
1.12-7.82) (Table 5).

DISCUSSION
This study demonstrates that screening for TB prior to the start of anti-TNF therapy in
CD was performed in three quarters of patients, of whom one quarter was additionally tested for at least one viral infection. Seventeen percent of TB-screened patients
were screened for hepatitis B. Screening rates have clearly increased over time. The
incidence rates of serious and opportunistic infections were, respectively, 9% and 6%.
Comorbidity was the strongest predictor for the occurrence of serious infections.
Three percent of patients screened for latent TB-infection had positive test results
necessitating treatment prior to starting infliximab or adalimumab. Approximately half
of these patients were treated with isoniazid. One of the untreated patients developed
active TB-infection during infliximab treatment. In line with previous data [11], negative
screening results did not preclude the occurrence of TB-infection during anti-TNF
treatment as two patients with negative outcomes for TST and chest X-ray developed

Screening prior to biological therapy in Crohn’s disease: Adherence to guidelines
and prevalence of infections. Results from a multicentre retrospective study

were complicated urinary tract infections and bacteremias of various origins.

53

active TB during treatment.
The negative screening results in our cohort might be explained by the fact that active
TB represented a de novo infection instead of a reactivation of latent TB. Yet, none
of the patients who developed active TB had a history of contact with TB patients or
prolonged stay in countries where TB is endemic. A more likely explanation is that
patients with CD were anergic, due to the disease itself24 or the use of immunosuppressive medication, resulting in false-negative TST results25. This is underlined by the
lower rate of positive outcomes of TST among patients using immunosuppressive
comedication in our study. In order to lower the rate of false-negative TST results,
some authors advocate TB-screening at the initial consultation of IBD, thus, before the
start of immunomodulator or corticosteroid treatment25,26. The outcome of TST is also
influenced by previous vaccination with Bacille Calmette Gúerin (BCG), which can lead
to false-positive results. In the Netherlands the BCG-coverage is low, because since
the 1950s universal BCG vaccination has been replaced by BCG-vaccination targeted
at high-risk groups27. Because of the low BCG-coverage in our cohort, the outcome of
TST can hardly been affected by previous BCG vaccinations. Although BCG-vaccination
status was not routinely recorded during screening, it was always assessed in case of
positive TST results.
When evaluating the risk of latent TB, it is of major importance not to solely rely on
TST or chest X-ray outcomes, but to carefully take a medical history as well28. Unfortunately, this could not be completely ascertained from the electronic medical records.
Interferon-gamma release assays (IGRAs) may be of additional value. These assays
measure the T-cell production of interferon gamma in response to in vitro stimulation
of antigens specific for Mycobacterium tuberculosis and absent in BCG and atypical
mycobacteria. IGRAs may therefore result in less false-positive results as compared
with TST. Yet, the cost-effectiveness of IGRAs are affected by their high initial costs, in
particular in countries with a low prevalence of latent TB18.
Adherence to screening was consistent with the results of a previous study21. This study
demonstrated that respectively 65% and 25% of 287 IBD-patients starting anti-TNF
agents between 1998 and 2010 were appropriately screened for TB and hepatitis B.
Additionally, a similar trend of increased screening over time was found. Most important factors associated with non-adherence to screening for latent TB and hepatitis B
included initiation of anti-TNF therapy before 2006 and 2010, respectively. At these
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orated in international guidelines13,15. Obviously, in our cohort adherence to screening
was significantly higher in patients using adalimumab, which was registered in the
Netherlands for the treatment of CD in 2007.
Incidence rates of opportunistic and serious infections were in line with previously
reported data10-12,29. The most important risk factors for serious infections found in

previous cohort studies11-12 and one case-control study30 were the use of corticosteroids
or more than one comedication. Although the HR was also increased for the use of
comedication in our study, comedication was not significantly associated with serious
infections. The most important independent predictor for the occurrence of serious
infections was comorbidity. Comorbidities, in particular COPD and diabetes mellitus,
are clearly associated with serious infections in rheumatic arthritis patients on anti-TNF
therapy31,32. Although this association has not previously been observed in IBD, results
from a large hospitalization database indicate that co-morbidity is associated with
infection-related hospitalization33. In contrast to previous observational studies29,30,34,
no independent association was observed between advanced age and the occurrence
of serious infections. These contradicting results might be caused by the relatively
small number of older patients in our cohort. Alternatively, results of other observational studies may be confounded as comorbidity was not included in the multivariate
analysis. Therefore, age may serve as a proxy for comorbidity. With the growth of the
clinicians will increasingly be confronted with IBD patients with comorbid conditions.
Thus, clinicians should be cautious when prescribing TNF-α inhibitors in (elderly) IBD
patients with comorbid conditions.
Another finding of our study is that 20 out of 26 (77%) serious infections were caused
by bacterial pathogens. To prevent bacterial infections it has been recommended
to perform an extensive work-up prior to initiating immunomodulator or anti-TNF
therapy, encompassing a history of bacterial infections, blood tests and urine analysis.
Additionally, all patients should receive pneumococcal vaccination19,31. Of note, 9 out
of 20 (45%) serious bacterial infections were not caused by pneumococcal bacteria.
As these bacterial infections are very likely to represent de novo infections, vigilant
monitoring for signs and symptoms of urinary, pulmonary, or gastrointestinal infections
during anti-TNF therapy is warranted. Empirically, such an approach may be more
effective instead of testing all patients for latent bacterial infections prior to initiating
anti-TNF therapy.
The strengths of our study are the large number of included patients and the multicentric design, thereby reliably reflecting screening practice as performed in academic
centres.
Our study has several limitations. First, the small number of patients screened for
tuberculosis and hepatitis B precludes definitive conclusions regarding the protective
effect of screening. However, universal screening for hepatitis B did not seem to be
very useful in our cohort, probably because of the low prevalence of hepatitis B in the
Dutch background population (i.e., 0.2%34). Second, vaccinations were not taken into
account in this study. The most recent multidisciplinary Dutch guideline on the use of
biologicals was published in 2011 and recommends vaccinating patients for influenza
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and optionally S. pneumoniae. This guideline was implemented after closure of our
study. Vaccination against influenza would probably not have affected our outcomes.
Conversely, pneumococcal vaccination might have prevented one or more of the
serious infections observed in our cohort. Third, the retrospective design may have
led to an underestimation of the actual adherence to TB-screening, as TST-outcomes
were mostly reported non-electronically. Since it is very unlikely for positive results of
TST not to be reported in the EMR, we do not feel that this has had a major influence
on our data. Fourth, according to our data, IBD patients with comorbidity have an
increased risk of serious infections, irrespective of age, disease duration and disease
localization. Yet, it is difficult to quantify how much of this increased risk is due to anti-TNF or underlying comorbid conditions.
In conclusion, at least three quarters of CD-patients were screened for TB prior to the
start of anti-TNF therapy, of whom a quarter were additionally screened for one or
more viral infections. Although screening rates clearly increased over time, adherence
to screening for hepatitis B was still suboptimal at the end of the study period. Only
three percent of patients screened for TB were shown to have a latent TB-infection,
but a negative TST did not always rule out the possibility of an active TB-infection later
on. This study extends our knowledge on the safety of anti-TNF therapy, by showing
that comorbidity is an important risk factor for the occurrence of serious infections.
Therefore, caution is required when prescribing anti-TNF compounds in patients with
comorbidity. This is especially relevant since the elderly population with IBD is growing
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TABLE 1
Baseline characteristics of Crohn’s disease patients (n = 611)
Table 1. Baseline characteristics of Crohn’s disease patients (﴾n = 611)﴿
N = 611 (﴾%)﴿
Male gender

215 (﴾35.2)﴿

Median age, years (﴾range)﴿

33.0 (﴾23.8-‐42.0)﴿

Median disease duration, years (﴾range)﴿
Montréal A
A1

125 (﴾20.5)﴿

A2

423 (﴾69.2)﴿

A3

63 (﴾10.3)﴿

Montréal L

b

L1

147 (﴾24.1)﴿

L2

188 (﴾30.8)﴿

L3
+ L4

265 (﴾43.4)﴿
c

71 (﴾11.6)﴿

Montréal B

d

B1

241 (﴾39.4)﴿

B2

157 (﴾25.7)﴿

B3

163 (﴾26.7)﴿

B2 and 3
+ Bp

8 (﴾1.3)﴿

e

217 (﴾35.5)﴿

Comorbidity

12 (﴾25.5)﴿

Chronic liver disease

8 (﴾17.0)﴿

Diabetes mellitus

7 (﴾14.9)﴿

Chronic renal disease

4 (﴾8.5)﴿

Congestive heart failure

2 (﴾4.3)﴿

f

Alcohol use

189 (﴾30.9)﴿
g

Previous abdominal surgery
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47 (﴾7.7)﴿

Chronic obstructive pulmonary disease

Smoking

	
  

6.5 (﴾2.4-‐13.4)﴿

a

194 (﴾31.8)﴿
h

256 (﴾41.9)﴿
54 (﴾8.8)﴿

12	
  

Comedication

489 (﴾80.0)﴿

Methotrexate use

101 (﴾16.5)﴿

Thiopurine

360 (﴾58.9)﴿

Steroid use
a

i

j

135 (﴾22.1)﴿

Age at diagnosis. A1 = <17 years, A2 = 17-‐40 years, A3 = >40 years.

b

Disease localization: L1 = ileal, L2 = colonic, L3 = ileocolonic. Unknown in

1.4% and 1.9% of unscreened and screened patients, respectively.
c

Affection of the upper gastrointestinal tract.

d

Disease behaviour: B1 = non-‐stricturing, non-‐penetrating, B2 = stricturing, B3

= penetrating. Unknown in 1.4% and 4.3% of unscreened and screened
patients, respectively.
e

Perianal disease. Data were not available for one of three referral centres.

Smoking at baseline, irrespective of amount.

g
h
i

Alcohol use at baseline, irrespective of amount.

Bowel surgery prior to baseline.

Use of immunomodulating comedication during anti-‐TNF therapy,

irrespective of type and number.
j

Oral or intravenous glucocorticosteroid
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TABLE 2
Screening practice, outcomes and treatment
Table 2. Screening practice, outcomes and treatment
Screening test

Patients (﴾%)﴿

Outcomes

a

Treatment

Positive

Non-‐specific

b

Chest X-‐ray

388 (﴾63.5)﴿

2 (﴾0.5)﴿

1 (﴾0.3)﴿

2 INH

TST

348 (﴾57.0)﴿

12 (﴾3.4)﴿

3 (﴾0.9)﴿

6 INH

IGRA

103 (﴾16.9)﴿

0 (﴾0.0)﴿

5 (﴾4.9)﴿

No treatment

c

Hepatitis B

80 (﴾13.1)﴿

1 (﴾1.3)﴿

0 (﴾0.0)﴿

No treatment

d

Hepatitis C

78 (﴾12.8)﴿

0 (﴾0.0)﴿

0 (﴾0.0)﴿

Not applicable

HIV

57 (﴾9.3)﴿

0 (﴾0.0)﴿

0 (﴾0.0)﴿

Not applicable

EBV

41 (﴾6.7)﴿

4 (﴾10.0)﴿

3 (﴾7.3)﴿

1 valganciclovir

CMV

40 (﴾6.5)﴿

1 (﴾2.5)﴿

1 (﴾2.5)﴿

1 valganciclovir

VZV

9 (﴾1.5)﴿

0 (﴾0.0)﴿

0 (﴾0.0)﴿

Not applicable

HSV

3 (﴾0.5)﴿

0 (﴾0.0)﴿

0 (﴾0.0)﴿

Not applicable

e

6

INH, isoniazid; TST, tuberculin skin test; IGRA, interferon-‐gamma release assay; HIV, human
immunodeficiency virus; EBV, Epstein-‐Barr virus; CMV, cytomegalovirus; VZV, varicella zoster virus; HSV,
herpes simplex virus.
a

Only outcomes that were not negative are displayed

b
c

Outcome was neither negative nor positive

In the patients with non-‐interpretable outcomes, there was no suspicion for latent TB based on chest X-‐ray

and/or TST
d
e
f

No treatment was indicated: the patient had a cleared infection

One patient with an EBV-‐CMV co-‐infection was treated with valganciclovir

A positive outcome for VZV was defined as negative IgG-‐serology. Treatment would have consisted of
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TABLE 3
Incidence of opportunistica and serious infectionsb in Crohn’s disease patients
(n = 611)
a
b

Table 3. Incidence of opportunistic and serious infections in Crohn’s disease patients (﴾n = 611)﴿
N = 611 (﴾%)﴿
Patients with opportunistic infections (﴾%)﴿

56 (﴾9.2)﴿

Patients with serious infections (﴾%)﴿

26 (﴾4.3)﴿

Sum of follow-‐up, years (﴾range)﴿

1624

Median follow-‐up, years (﴾range)﴿

2.0 (﴾0.8-‐3.8)﴿

Opportunistic infections / 100 PY

3.4

Serious infections / 100 PY

1.6

Lethal infections (﴾%)﴿

2 (﴾0.3)﴿

PY, patient-‐years of follow up.
Opportunistic infections = infections caused by micro-‐organisms that
have no or limited pathogenic capacity under normal circumstances,
14
but can cause disease in case of decreased immunity
b
Serious infections = infections requiring or prolonging hospital
11
admission, leading to permanent disability or death
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TABLE 4
Type of opportunistic and serious infections of 611 Crohn’s disease patients
(nTable
= 611)
4. Type of opportunistic and serious infections of 611 Crohn’s disease patients (﴾n = 611)﴿
Infection type

a

d

e

Opportunistic infections (﴾%)﴿

Serious infections (﴾%)﴿

Herpes simplex

16 (﴾25.0)﴿

1 (﴾3.8)﴿

Herpes zoster

16 (﴾25.0)﴿

1 (﴾3.8)﴿

Candidiasis or other fungal

16 (﴾25.0)﴿

0 (﴾0.0)﴿

EBV

9 (﴾14.1)﴿

0 (﴾0.0)﴿

CMV

4 (﴾6.3)﴿

1 (﴾3.8)﴿

3 (﴾4.7)﴿

3 (﴾11.5)﴿

0 (﴾0.0)﴿

11 (﴾42.3)﴿

Complicated UTI

0 (﴾0.0)﴿

5 (﴾19.2)﴿

Bacteraemia

0 (﴾0.0)﴿

4 (﴾15.4)﴿

Total

64

26

Tuberculosis
Pneumonia

b

c

EBV, Epstein-‐Barr virus; CMV, cytomegalovirus; UTI, urinary tract infection.
a
Infections can be opportunistic, serious, or both. In case the numbers in both columns are ≥1, overlap
exists.
b
Including one case of miliary tuberculosis
c
Including one case of Coxiella burnetii infection
d
Opportunistic infections = infections caused by micro-‐organisms that have no or limited pathogenic
14
capacity under normal circumstances, but can cause disease in case of decreased immunity
e
Serious infections = infections requiring or prolonging hospital admission, leading to permanent disability
11
or death

TABLE 5
a
Multivariate
analysis
of factors
associated
withserious
serious
infectionsa
Table 5. Multivariate
analysis
of factors
associated with
infections
Hazard Ratio

95%-‐confidence interval

p-‐value

Age at inclusion

0.99

0.95-‐1.03

0.67

Disease duration

1.04

0.99-‐1.10

0.09

2.96
1.82
Reference
3.94

1.12-‐7.82
0.66-‐5.08
Reference
1.40-‐11.14

0.03
0.25
0.19
0.01

a

Montreal L
L1
L2
L3
Comorbidity
a

Chapter 4

Serious infections = infections requiring or prolonging hospital admission, leading to permanent disability
11
or death
b
Disease localization. L1 = ileal, L2 = ileocolic, L3 = ileocolonic
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Figure 1.
Adherence to screening over time
Figure 1. Adherence to screening over time
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ABSTRACT
Methods
The databases PubMed, EMBASE, the Cochrane Library, PsycINFO and CINAHL were
searched for English abstracts, related to socio-demographic, psychological, clinical and treatment-related determinants of HRQOL in CD disease. Two independent
reviewers extracted study characteristics and assessed the methodological quality
according the criteria of Hayden et al. The main outcome was the number of studies
showing a statistically significant association between the above-mentioned determinants and HRQOL. A meta-analysis was performed to quantify the relationship
between disease activity and HRQOL.
Results
Of the 2,060 articles identified, 29 eligible studies were included. The majority of
studies was cross-sectional and had a moderate to high quality. Data on psychological determinants were scarce. Work disability, increased disease activity, number of
relapses, corticosteroid treatment and hospitalization rate were significantly associated
with a lower HRQOL in the majority of included studies. Biological treatment positively
influenced HRQOL. The pooled data on the association between disease activity and
HRQOL resulted in a weighed mean correlation coefficient of -0.61 (CI -0.65 to -0.57).
Conclusions
HRQOL of adult CD patients is consistently determined by markers of active disease,
including work disability, increased disease activity, number of relapses, biological treatment and hospitalization rate. As disease activity contributed to only 37% of HRQOL,
there remains a need for additional, possibly modifiable, determinants. These determi-
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nants may refine possibilities to improve HRQOL.
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INTRODUCTION
Crohn’s disease (CD) is a chronic, progressive and potentially disabling disease. CD
patients often deal with unpredictable and potentially debilitating symptoms, including
diarrhoea, fatigue and urgency. In addition, they require long-term treatment with frequent adverse effects, the need of surgery and hospitalizations.1 Therefore, CD patients
report a lower HRQOL compared with healthy individuals.2
HRQOL represents the functional effect of an illness and its consequent therapy upon
a patient, as perceived by the patient. It encompasses several dimensions of life, including physical functioning, psychosocial functioning, role functioning, mental health
and general health perceptions.3 HRQOL is determined by socio-demographic, clinical
and psychological and treatment-related determinants.4,5 Although disease activity is
an important determinant of HRQOL in CD, even asymptomatic patients report a lower
HRQOL, suggesting a role for other determinants.6,7
A comprehensive understanding of the above-mentioned determinants of CD patients’
HRQOL may facilitate clinicians in clinical decision making, defining risk groups and
allowing more accurate prediction of HRQOL.8 This latter is especially relevant when
choosing between two interventions with an equal clinical efficacy or when treating
asymptomatic patients.9
social determinants of HRQOL in CD have been meticulously described – however
none have performed a systematic search strategy.4,5 This may have resulted in an
incomplete retrieval of articles, thereby biasing results. In addition, the methodological
quality of included studies has not been ascertained, making it difficult to interpret and
compare results.
Therefore, we conducted a systematic review to assess and critically appraise the
socio-demographic, clinical, psychological and treatment-related factors determining
HRQOL in adult CD patients.
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MATERIAL & METHODS
This systematic review was conducted in line with the Preferred Reporting Items for
Systematic reviews and Meta-Analyses (PRISMA) statement.10
Search strategy (Supplementary; Table 1)
In collaboration with a librarian a search strategy was designed to identify articles
concerning determinants of HRQOL in adult CD. PubMed (since 1966), EMBASE (since
1966), Cochrane Library (since 1996), PsycInfo (since 1960) and CINAHL (since 1982)
were systematically searched for titles and abstracts published between inception date
of the database and July 9th, 2012. The search strategy contained a combination of keywords (and their synonyms) and Medical Subject Headings (MESH)/ EMTREES (in the
case of EMBASE), including “Crohn’s disease”, “determinant”, and “health-related quality
of life”. Both search strategy and search filter were modified for each database. The
search strategy was supplemented with reference tracking from all included studies,
relevant reviews and by using Web of Science.
Study selection
Titles and abstracts were identified as potentially eligible by two independent reviewers
[KA, MH]. Titles and abstracts meeting the following inclusion criteria were selected for
full-article review:
1.

English language article

2.

Population: adult Crohn’s disease patients (≥18 years)

3.

Outcome: health-related quality of life measured with a validated instrument 		
(Table 1)

4.

Determinant: any reported determinant related with HRQOL

5.

Article published in a peer reviewed journal

Case reports, case series (<50 patients), editorials, commentaries, economic evaluation
studies, diagnostic studies, experimental studies, validation studies, induction trials,
trials not correcting for relevant covariates, and qualitative studies were excluded. Review articles were excluded as well – however - their reference lists were searched for
eligible articles. All retrieved full-text articles were again independently reviewed by the
reviewers [KA, MH], according to the same predefined inclusion and exclusion criteria.
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obtained through discussions with a third arbiter [HF].

Quality appraisal
A quality appraisal was performed in order to minimize bias and improve the reliability
of our findings. Two reviewers [KA, MH] independently assessed the quality of each
study by scoring 33 items divided into six sources of bias: study participation, study
attrition, prognostic factor measurement, outcome measurement, confounding measurement and analysis (Supplementary; Table 2).11 Bias was considered present if the
majority of items within a potential source of bias pointed in this direction. The quality
of the study was rated “high” if there was low or moderate risk of bias in all sources
of bias. The quality of a study was rated “moderate” if there was a high risk of bias in
one source. The quality of a study was rated “low” if there was a high risk of bias in at
least two sources. Differences in quality appraisal between the reviewers were evaluated. When consensus could not be accomplished, agreement was obtained through
discussions with a third arbiter [HF].
Data synthesis and analysis
Of all studies both reviewers extracted data concerning study characteristics and associations between determinants and HRQOL. All studies were reviewed for information
about any reported socio-demographic, clinical, psychological and treatment-related
determinants of both generic and disease-specific HRQOL. When possible, determinants that seemed to describe similar characteristics were merged into one factor
of studies showing a significant association between these determinants and total
HRQOL. Determinants that were measured, but not included in the univariate or
multivariate analysis, were classified as “not assessed”. Disparities in results between the
reviewers were discussed and if necessary, discussed with the arbiter.
Given the heterogeneity in study design we stratified for cross-sectional studies and
prospective studies (including randomized controlled trials) and separately assessed
the associations within these strata. Given the relatively high number of cross-sectional
studies, we further stratified for cross-sectional studies with either a low or moderate
to high risk of bias.
Data on the association between disease activity and HRQOL were pooled by using R
statistical software version 2.13.2.Heterogeneity of the studies was evaluated by using
the Cochrane Q-test.12
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RESULTS
Search strategy and selection criteria (figure 1)
The search strategy yielded 2,060 published articles. Removal of all duplicates resulted
in 1,610 articles that were screened on title and abstract following the predefined
inclusion and exclusion criteria. Incorrect study design and mixed IBD population were
the main reasons for exclusion. In total, 1,339 articles were excluded, leaving 217 for
full-text screening. After full-text review, 27 studies were included in the systematic review.13-39 Consensus between the two independent reviewers [KA, MH] was reached
in 83% of cases. Reference tracking retrieved two additional articles.40,41
Baseline characteristics (table 2)
Of the 29 studies, nine studies utilized data from three study populations. Four studies,
of which three were published by Bernklev et al.16-18 and one by Høivik et al.29, utilized
data from the Inflammatory Bowel South-Eastern Norway (IBSEN) cohort. Høivik et al’s
study was considered as an original study as they analysed a subgroup of CD patients
after ten years of follow-up, whereas the remaining three studies analysed data from
IBD patients after five years of follow-up.29 In addition, Casellas et al. published three
studies utilizing data from the same Spanish cohort.22-24 Two Dutch studies utilized data
from the same South-Limburg Cohort.34,35 Therefore, 24 original studies remained,
which were suitable for extracting study characteristics.13-16,19-22,25-33,35-41
Most studies originated from Europe (15/24; 63%),14-16,19-22,28-31,35-37,39 others were performed in the USA,13,25,38 Canada,33 Australia,27 or in multiple nations worldwide.26,32,40,41
Most studies had a cross-sectional design (11/24; 46%).20,22,25,27,30,31,33,36-39 Other types
of study design were: cohort studies (5/24; 21%),15,16,19,29,34 case-control studies (4/24;
17%)13,14,21,28 and randomized controlled trials (4/24; 17%).26,32,40,41 Seventeen out of 24
studies (67%) were mulicentre studies,14,16,19-22,26,27,29,32,35-41 and all studies recruited outpatients, of which nine studies (38%) also recruited inpatients.19,20,22,25,26,32,33,40,41 Sample sizes varied between 52 and 628 patients, with a majority of females (3,576/ 5,735; 62%)
and with mean/median ages ranging from 29 to 45 years.13-16,19-20,22,25-33,35-41 Disease
duration varied from six months to twenty years.13,14,16,19,21,22,25-31,36,37,39-41
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ease-specific HRQOL measures (13/24; 54%).14,16,19,22,25-27,29,30,32,37,40,41 The most frequently
used disease-specific and generic measures were the IBDQ (15/24; 61%)16,20-22,2632,35,37,40,41

and the Short Form-36 (13/24; 54%),14-16,19,22,26,29,30,32,37,38,40,41 respectively (table 2).

Associations between determinants and HRQOL were mainly analysed using multivariate statistics (16/24; 75%)14,16,19-22,25,27,29-31,35-39 of which multiple linear or logistic regression analysis was the most frequently used statistical method (9/16; 56%).16,19-22,29,30,37,39

Critical appraisal (table 3, Supplementary; table 2)
Although some studies utilized data from the same study population,16-18,22-24,34,35 studies
differed regarding reporting and presentation of the results. Therefore, each of the 29
studies was assessed separately.
The overall interobserver agreement regarding quality assessment (risk of bias) was
90%. Twelve studies were considered to be of high quality (“low risk of bias”),13,16-18,2023,29,34,37,38 15

studies were considered to be of moderate quality,14,19,24-28,30-32,35,36,39-41 and

two studies were considered to be of low quality (“high risk of bias).15,33
With regard to each of the six sources of bias, methodological shortcomings most
frequently observed were: no clear description of recruitment methods (item 1c,
Supplementary; Table 2), no information about dropouts (item 2b), no information
about missing data for prognostic factors (item 3d), no information about standardized
methods and outcome measurement for all participants (item 4c), incomplete data for
potential confounders (item 5a), no description of a conceptual model, supporting the
analytic strategy (item 6b).
Determinants of HRQOL
Instead of overall HRQOL, one studies used different domains of HRQOL as outcome
measures.33 Therefore this study was excluded, leaving 23 studies for further analysis.13-16,19-22,25-32,35-41
For all studies reporting a significant association between any one socio-demographic
determinant (except work disability) and HRQOL there were at least as many studies
reporting no significant association between that determinant and HRQOL. As reported by four articles, female gender was found to be significantly associated with a lower
HRQOL.16,19,22,37 Work disability was reported twice,13,16 smoking status (smoking versus
non-smoking) was reported twice,19,35 and age once,21 as having a significant impact on
total HRQOL. Being female, of older age, being a smoker and reporting IBD-related
work disability adversely affected HRQOL.
Psychological determinants
Two studies examined the association between psychological distress, personality
traits and disease-specific HRQOL. Boye et al. found that “social conformity” (decent,
keeping order, doing things right and keeping social norms at a high level) was significantly associated with HRQOL.20 Van der Eijk et al. showed that psychological distress,
including anxiety and depression, and the occurrence of stressful life events all had a
significant negative impact on HRQOL.39
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Clinical determinants (figure 3)
With regard to disease activity and the number of relapses, there were more studies
reporting a significant than a non-significant association with HRQOL. HRQOL was
negatively influenced by an increased disease activity in ten studies16,19,21,22,27,29,34,36,37,39
and by an increased relapse rate in two studies.18,22 Other clinical determinants found
to be significantly associated with HRQOL were extra-intestinal manifestations36 and
shorter disease duration.31
Treatment-related determinants (figure 4)
With regard to biological treatment and CD-related hospitalizations, there were more
studies reporting a significant than a non-significant association with HRQOL. HRQOL
was negatively influenced by CD-related hospitalizations in two studies,19,22 whereas
HRQOL was positively influenced by biological treatment, including infliximab, adalimumab, natalizumab and certolizumab in four studies.26,32,40,41 In four out of nine studies
HRQOL was negatively associated with corticosteroids treatment.18,19,34,37
When stratifying for cross-sectional studies20,22,25,27,30,31,33,36-39 and prospective studies15,16,19,26,29,32,34,40,41, it was found that female gender, work disability and increased
disease activity were consistently associated with a lower HRQOL in both strata. Only
prospective studies reported a significant association between disability and HRQOL16
and between biological treatment and HRQOL.26,32,40,41 When stratifying for cross-sectional studies with either a low20,22,37,38 or moderate to high risk of bias,25,27,30,31,33,36,39 no
discrepancies were found regarding determinant-HRQOL associations between these
strata.
Meta-analysis
Six studies reported a correlation coefficient for the association between disease activity and overall HRQOL and were included for meta-analysis.17,24,27,28,31,36 Although there
was a slight difference in the instruments used to assess disease activity and HRQOL,
data seemed comparable and thus eligible for pooling of results. In a random-effects
model, the weighted mean correlation found was of -0.61 (95% CI -0.654 – - 0.5684).
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DISCUSSION
This systematic review of 29 studies, including 24 original studies with a total of 5,735
participants, is the first systematic review assessing the determinants of HRQOL in
adult patients with CD. Overall, the methodological quality of these studies was moderate to high, indicating that there was a low to moderate risk of biased results. HRQOL
was consistently impaired by work disability, increased disease activity, number of
relapses and hospitalization rate. Biological treatment was significantly associated with
an improved HRQOL. Disease activity contributed to 37% of patients’ HRQOL. There
was a paucity of psychological data, which precluded us from identifying consistent
associations between psychological factors and generic or disease-specific HRQOL.
To date, two iterative reviews have carefully summarized data on determinants of
HRQOL in the mixed IBD population.4,5 One review particularly assessed the influence
of disease activity on HRQOL,4 whereas the other assessed the influence of psychosocial factors on HRQOL.5
In line with our results, Cohen et al. found that HRQOL was impaired in CD patients
with clinically active disease, and that disease activity was negatively correlated with
HRQOL. Contrary to our results, Cohen et al. also found a negative association
between surgery and the HRQOL of CD patients.4 This negative association was only
included studies did not report this negative association. Possibly, in these studies
the post-operative follow-up period was too short to reveal a decreased HRQOL. In
addition, HRQOL appeared to improve shortly after surgery, but not in the long term.42
This is consistent with the fact that in most studies disease activity eventually recurs
after surgery.43-45
Sainsbury et al. conducted a search for studies which evaluated psychological, social
and demographic characteristics of adult IBD patients, yielding 107 relevant studies.5
This remarkably high number of included studies is mainly attributable to including
studies of mixed IBD populations and studies with small sample sizes (<50 patients),
which were excluded in our study. In their review, Sainsbury et al. found a number of
psychological and social factors to be related with a lower HRQOL in IBD patients,
including female gender, lower socioeconomic status, ethnicity and perceived stress.5
In line with our results, female gender was associated with a lower HRQOL. Several hypotheses for this finding exist. Psychosocial factors may play a greater role in females
than males.19 Others state that females have greater disease-related concerns and
worries about being a burden of being treated differently as a result of their illness.46
Furthermore, females are also more likely to report concerns related to attractiveness,
body image and feeling alone.33 Noteworthy, females also report poorer HRQOL than
males across various chronic illnesses - including asthma,47 rheumatoid arthritis48 and
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diabetes49 and even in the general healthy population.50
The negative influence of low socioeconomic status, ethnicity and higher perceived
stress on HRQOL in CD patients could not be corroborated in our study, as these
factors were reported by any of the included studies.
Psychological factors, such as illness perceptions and psychological distress (anxiety
and depression), were underrepresented in the included articles, but warrant further
research. Previous studies in IBD have found that illness perceptions contributed to
4-21% of patients’ HRQOL, in addition to socio-demographic and clinical determinants.51-53 More importantly, as these illness perceptions are modifiable, they provide
potential targets for HRQOL enhancing interventions. In addition, anxiety and depression are highly prevalent in IBD patients, and have been found to be related with
HRQOL.39,54-56
HRQOL was significantly impaired by work disability in two out of three studies. Noteworthy, work disability rates of IBD patients range between 1.3 and 34%,13,16,57-63 with
even higher rates in CD patients under 40 years of age.63 As work disability leads to
a heavy psychosocial and financial burden for patients, all efforts should be made to
prevent work disability and to help work disabled patients back into the labour market.
Although we found a negative association between corticosteroid treatment and
HRQOL in four out of nine studies, this finding should be interpreted with caution. First
of all, this negative association was mainly based on cross-sectional studies, thereby,
a potential positive or negative influence of corticosteroid treatment on HRQOL over
time could not be determined.20,35,38 Furthermore, not all studies appropriately corrected for disease activity, making it impossible to determine an independent association
between corticosteroid treatment and HRQOL.19,38 It is known that corticosteroids are
frequently associated with specific side effects, including cosmetic side effects and
sleep and mood disturbances, with a possible negative effect on HRQOL.64 However, whether these corticosteroid-specific side effects are responsible for the negative
association between corticosteroid use and HRQOL remains a matter of debate. As
HRQOL measures have been available in IBD management since the early 1980s,
appropriate studies assessing the influence of conventional immunosuppressants, such
as thiopurines and methotrexate, on CD patients’ HRQOL were lacking. The available
evidence from our analyses that HRQOL is positively influenced by biological treatment
is relatively strong, as this evidence was mainly based on prospective randomized
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the positive impact of biological treatment on HRQOL in daily clinical practice.
Our study has several important strengths. The strength of the association between
any of the determinants and HRQOL was assessed, indicating which of the variables
significantly contributed to the HRQOL of CD patients. In addition, evidence on the
determinants of HRQOL in CD is systematically summarized and critically appraised,

showing all evidence available and revealing areas in which further research is required. As stated in the introduction, a comprehensive understanding of the determinants of HRQOL may guide clinical decision making. Important clinical decision, such
as top-down versus step-up therapy, ileocolonic resection versus anti-TNF therapy and
anti-TNF mono-therapy versus combination anti-TNF plus thiopurine therapy, should
ideally be based on this kind of evidence, as these decisions may have significant consequences to patients’ daily lives.
Our study has some limitations as well. As we included studies with heterogeneous
sample sizes, study designs, determinant and outcome measures, we were unable to
quantify the relationships between other determinants, besides disease activity, and
HRQOL. Although the pooled association between disease activity and HRQOL was
relatively strong, this finding should be interpreted with caution as the meta-analysis
indicated significant heterogeneity across the included studies. Furthermore, as we
excluded abstracts and unpublished studies, publication bias cannot be completely
ruled out. However, as most of the available and reviewed studies had a moderate to
high quality, we feel that the contribution of unpublished studies would be minimal. Of
note, all randomized controlled trials received financial support by a pharmaceutical
company, which might suggest publication bias. However, none these companies were
involved in the data analysis.
In conclusion, determinants that were found to consistently impact the HRQOL of adult
activity, increased relapse rate, biological treatment and hospitalization. Unfortunately,
these determinants are not very helpful for clinicians when dealing with asymptomatic
CD patients or when choosing between treatments with a comparable clinical efficacy
(for example clinical remission). As disease activity contributed to only 37% of HRQOL,
there remains a need for additional, possibly modifiable, determinants. Therefore,
in order to improve our understanding of HRQOL and to facilitate clinical decision
making, more long-term prospective data on, preferably, modifiable determinants of
HRQOL are highly needed. Ultimately, this will improve HRQOL in an important subset
of patients, leading to a decrease in health care and society costs.65
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TABLE 1
Disease-specific and generic health-related quality of life instruments used in
patients with Crohn’s disease
Table 1. Disease-‐specific and generic health-‐related quality of life instruments used in patients with
Crohn’s disease
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Disease-‐specific HRQOL questionnaire:
Cleveland Clinic Questionnaire
Inflammatory bowel Inflammatory Bowel
Disease Questionnaire 32
(﴾IBDQ-‐32, -‐36, -‐9)﴿
McMaster IBDQ
Rating Form of Inflammatory bowel
disease Pattern Concerns (﴾RFIPC)﴿
Short IBDQ (﴾SIBDQ)﴿
Ulcerative Colitis and Crohn’s Disease
Health Status Scales
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Generic HRQOL questionnaire:
Euroqol-‐5D (﴾EQ-‐5D)﴿
Nottingham Health Profile (﴾NHP)﴿
Psychological General Well Being Scale
(﴾PGWB)﴿
Quality of Well-‐Being Index (﴾QWB)﴿
Short form 36, -‐12, -‐20 (﴾SF-‐36, -‐12 or -‐20)﴿
Sickness Impact Profile (﴾SIP)﴿
Time trade-‐off
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TABLE 2
Characteristics of included studies (n = 29)

Table 2. Characteristics of included studies (﴾n = 29)﴿
Study characteristics
Design
Setting

Ananthakrishnan
2008
USA
[13]

CCS

Andersson P.
2003
SE
[14]

CCS

Banovic I.
2010
FR
[15]

PC

Bernklev T.
2006
NO
[16]

PC

Bernklev T.
2004
NO
[17]

PC

Bernklev T.
2005
NO
	
  [18]

PC

Blondel-‐Kucharski F.
2001
FR
[19]

PC

Boye B.
2008
NOR
[20]

CS

Canavan C.
2006
UK
[21]
Casellas F.
2005
ES
[22]

CCS

Casellas F.
2005
ES
[23]

CS

Casellas F.
2001
ES
[24]
Drossman D.
1989
USA
[25]

CS

Feagan F.G.

RCT

	
  

Tertiary hospital

Follow-‐
up,
years

Characteristics CD participants
Sample
Mean/medi
size
an age,
years
(﴾SD, IQR)﴿
IBD
CD

Sex
Ratio,
M/F

-‐

185

82/103

Multicenter
Outpatients

-‐

Outpatients

1

Multicenter
Outpatients

-‐

383

52

495

185

127

52

161

42.8
±14.1

44
(﴾18-‐78)﴿

56/71

41.1
±12.5

23/29

Mean/
median
disease
duration,
years
(﴾SD, IQR)﴿
13.7
±10.9

16 (﴾8-‐25)﴿

NS

38.6
±15.5

49%
a
female

5

38.6
±15.5

83/86

5

38.6
±15.5

83/86

29
(﴾17-‐78)﴿

99/132

38.1
(﴾18-‐60)﴿

14/40

NS

90/131

IBSEN Cohort

Multicenter
Outpatients

-‐

497

169

IBSEN Cohort
Multicenter
Outpatients

-‐

497

169

5

IBSEN Cohort

CS

CS

Multicenter
Inpatients/
outpatients

1

Multicenter
Inpatients/ patient
organizations

-‐

Multicenter
Outpatients

-‐

Multicenter
Primary and
tertiary hospitals
Inpatients/
outpatients
Multicenter
Primary and
tertiary hospitals
Inpatients/
outpatients
Inpatients/
outpatients

-‐

Inpatients/
outpatients

-‐

Multicenter

-‐

-‐

1

231

110

221

1156

198

289

150

110

231

54

221

628

198

129

87

110

6.3
(﴾0.3 – 41.8)﴿

NS

> 20 years
< 10 years

34
(﴾26-‐44)﴿

274/
354

5 (﴾1.8-‐13.4)﴿

30
(﴾23-‐38)﴿

76/122

3 (﴾0.4-‐6.8)﴿

33
(﴾24-‐40)﴿

44/85

35.0
±12.2

33/54

37 ±12

205/130

4.1 (﴾1.2-‐8.3)﴿

11.6
±9.1

9.6 ±7.5

Determinant
Determinant

Measure

HRQOL
Questionnaire

Demographics

NS

SIBDQ

Clinical data

HBI

Psychiatric
comorbidity

DSM-‐IV

Work disability
Socio-‐demographics

Interview

Disease activity

CDAI

Self-‐perceived
general health
Socio-‐demographics

VAS

Disease activity

CDAI

Fatigue

MFI

Sleep disturbances

ISI, PSQI

Anxiety, depression
Socio-‐demographics

HADS
Interview

Sick leave,
unemployment,
disability

Interview

Clinical data
Socio-‐demographics

Interview
Interview

Clinical data

Interview, Vienna

Socio-‐demographics

Interview

Medication
Extra intestinal
manifestations

Hospital records
Interview and
physical examination

Disease course
Socio-‐demographics

Interview
NS

Clinical data

Predefined definition

Global disease
course
Socio-‐demographics

GDCS, VAS

Personality

BPA, EPQ, LOC, TAS

Clinical data
Socio-‐demographics

HBI
CDISR

Clinical data

Self-‐reported

Socio-‐demographics

NS

Clinical data

HBI

Socio-‐demographics

NS

Clinical data

HBI, Vienna

Socio-‐demographics

HBI

Clinical data

NS

Socio-‐demographics

Self-‐reported
questionnaire

SIP
RFIPC

Clinical data

Self-‐reported
questionnaire,
physician rating
NS

SF-‐36

Socio-‐demographics

NS

NS

SF-‐36
PGWB

SF-‐36

SF-‐36
IBDQ-‐32

IBDQ-‐32

IBDQ-‐32
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SF-‐36
RFIPC

IBDQ-‐32

IBDQ-‐32
RFIPC

EQ-‐5D
IBDQ-‐36

IBDQ-‐36
EQ-‐5D
PGWB

PGWB
IBDQ-‐36
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First author
Year of Publication
Country
Reference
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TABLE 2
Characteristics of included studies (n = 29)
Table 2. Characteristics of included studies (﴾n = 29)﴿
Article
2003
First author
Multinational
Year of Publication
[40]
Country
Reference
Feagan F.G.
2007
Multinational
Ananthakrishnan
[41]
2008
Feagan
USA F.G.
2009
[13]
Multinational
[26]
Gibson P.R.
2007
AUS
Andersson P.
[27]
2003
SE
Guassora
A.D.
[14]
2000
DK
[28]
Banovic
I.
Høivik
M.L.
2010
2011
FR
NOR
[15]
[29]

Study characteristics
IFX
single
Inpatients/
Design
Setting
dose
outpatients
IFX 5mg
IFX 10mg
RCT
Multicenter
NAT
Inpatients/
vs.
outpatients
CCS
Tertiary hospital
placebo
RCT CER
Multicenter
vs.
Inpatients/
placebo
outpatients

Iglesias M.
2010
ES
[30]
BernklevS.T.
Jaghult
2006
2011
NO
SE
[16]
[31]

CS

Loftus EV et al.
Bernklev T.
2008
2004
Multinational
NO
[32]
[17]

RCT
PC
ADA

	
  
	
  

Maunder R et al.
1999
CAN
[33]
Romberg-‐Camps
M.J.L.
2010
NL
[34]

Russel M.G.
1996
NL
[35]
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Schirbel A.
2010
DE
[36]

CS
CCS
CCS

PC
PC
IBSEN
Cohort

PC
CS

1.2
-‐
0.5

Characteristics CD participants
113
Sample113
Mean/medi
112
size 112
an age,
years
(﴾SD, IQR)﴿
IBD
CD
168
168
37 ±13
171
171
37 ±12
185
185
42.8
±14.1
215
215
37.6 ±12.1
210
210
37.5 ±11.3

Multicenter
Tertiary hospitals
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ABSTRACT
Background and aims
Crohn’s disease (CD) negatively impacts patients’ health-related quality of life (HRQOL).
We used the Common Sense Model to examine the contribution of illness perceptions
and coping to HRQOL, in addition to clinical and socio-demographic characteristics.
This provides insight into potential targets for psychological interventions aimed at
improving HRQOL.
Methods
Consecutive CD patients undergoing colonoscopy were included. Disease activity was
assessed by a clinical and an endoscopic index. Patients completed questionnaires assessing illness perceptions (IPQ-R), coping (Utrecht Coping List), self-perceived health,
neuroticism, and HRQOL. Hierarchical multiple regression analyses were performed to
assess the contribution of illness perceptions and coping to HRQOL. Illness perceptions
were compared to patients with rheumatoid arthritis, myocardial infarction (MI), and
head and neck cancer (HNC).
Results
Of 82 CD patients, mean age was 42±14 years. Clinical and endoscopic active disease
was present in 42 (52%) and 49 (60%) patients, respectively. HRQOL was strongly
impaired by clinical active disease (r =-0.79), self-perceived health (r =-0.60), and
perceived consequences of CD (r =-0.54), but correlated poorly with endoscopic disease activity (r =-0.29). Illness perceptions significantly contributed 3-27% to HRQOL.
Coping had no contributory role. CD patients perceived similarly strong consequences
of their illness as patients with MI and HNC and had the strongest thoughts about the
chronic nature of their illness.
Conclusions
CD has a similar impact on patients’ daily lives as was observed in patients with MI and
HNC. Illness perceptions contribute to HRQOL and should therefore be incorporated
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in clinical practice, thereby improving HRQOL.
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INTRODUCTION
Crohn’s disease (CD) is a chronic, progressive and potentially disabling disease. Its early
age of onset1, unpredictable clinical course2, and disease and treatment-related complications pose problems for patients’ physical, psychological and social functioning:
health-related quality of life (HRQOL).3 CD patients have a worse HRQOL than healthy
individuals and patients with ulcerative colitis, but a similarly impaired HRQOL as patients with rheumatoid arthritis.3,4 The importance of HRQOL in CD has been increasingly recognized, because of its implications for patients’ psychological well-being,
their social adjustment to the illness, and the use of health resources.5,6 Nevertheless,
less is known about the determinants of HRQOL in CD disease.
A low HRQOL has been related to socio-demographic and clinical variables, including
higher age, female gender, lower education level, irritable bowel syndrome (IBS)-like
symptoms, longer disease duration and increased disease activity.6-9 However, HRQOL
is not strongly determined by these variables.10 A substantial amount of empirical evidence supports the contributory role of behavioural variables, such as illness perceptions and coping behaviour.11,12 In contrast to static variables such as age, gender, and
disease duration, behavioural variables are potentially modifiable through psychological interventions.
A well-validated model to examine the impact of socio-demographic, clinical and
behavioural variables on HRQOL (or other outcomes) is Leventhal’s Common Sense
Model of self-regulation.13,14 The Common Sense Model states that an individual
generates both cognitive and emotional representations (known as illness perceptions)
ceptions provide a framework for patients to make sense of their symptoms and create
a coherent view of their illness. This in turn guides coping strategies, such as avoidance
or seeking social support, with potential impact on clinical outcomes (i.e. HRQOL).
In inflammatory bowel diseases (IBD), data on illness perceptions are scarce. A
PubMed search performed on May 8th 2012, using “illness perceptions” AND “inflammatory bowel diseases” OR “ulcerative colitis” OR “Crohn”, yielded 65 studies, of which
5 studies examined illness perceptions properly.15-19 These five studies are summarized
in Table 1. Sample sizes of these studies varied between 3817 and 21119, with only one
study restricted to CD patients.18 Two studies of different methodology have examined
the utility of the Common Sense Model in IBD-patients, of which one used HRQOL as
an outcome measure.15, 18 In this study of 80 IBD patients, Dorrian et al. demonstrated that maladaptive illness perceptions had a significant adverse impact on HRQOL,
whereas coping had no significant additional effect on this outcome.15
The aims of this study were to: 1) examine associations between socio-demographic,
clinical and behavioural variables, and HRQOL; 2) examine the contribution of illness
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perceptions and coping to HRQOL, controlling for various socio-demographic and
clinical variables, including endoscopic disease activity, in a carefully phenotyped group
of CD patients; and 3) compare illness perceptions and coping behaviour of our CD
cohort with various reference groups.

MATERIALS AND METHODS
Patients
Adult patients with a confirmed diagnosis of CD for at least 6 months and a clinical
indication for colonoscopy were invited to participate in the study. Patients with a (sub)
total colectomy or endostomy were excluded.
Study Protocol and measurements
Participants were asked to fill out the Crohn’s Disease Activity Index (CDAI) diary before
they underwent colonoscopy. In addition, socio-demographics - including gender,
level of education, marital status and age at inclusion - and smoking status, were
obtained. Clinical variables were obtained from medical records: disease duration, localisation and behaviour of the disease (Montréal classification20), current and previous
medication use and surgeries. Finally, patients were asked to complete questionnaires
directed at the diagnosis of functional gastrointestinal disorders.21,22 The research protocol was approved by the institutional Medical Ethics Committee.
Disease activity
Disease activity was determined by the Crohn’s Disease Activity Index23 and the Crohn’s
Disease Endoscopic Index of Severity (CDEIS).24 The CDAI is a well-validated index
of clinical disease activity. Clinical remission is defined by a CDAI score less than 150.
The CDEIS is based on the presence of mucosal lesions (pseudopolyps, ulcers, and
stenosis) and the percentage of the surface involved in 5 segments of the gut (ileum,
right colon, transverse colon, left and sigmoid colon and rectum). Inactive disease is
frequently defined as a CDEIS score of less than 3.25
Self-perceived health and neuroticism

Chapter 6

Patients rated their perceived health on a single general health item from the Med-
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ical Outcomes Survey Short-Form 36 (SF-3626): “How would you feel your health
is in general?” Responses ranged from “excellent” (1), to “very poor” (5). In addition,
patients were asked “How do you feel your health is, compared with other people of
your age?” Responses are categorized into “better” (1), “about same” (2), and “worse”
(3). Negative moods were assessed by the Neuroticism (or Inadequacy) subscale of

the Dutch Personality Questionnaire (NPV-IN). Patients were asked whether the 21
statements of this subscale applied to them (“yes” or “no”).27 For example: “I often hate
myself.” Higher scores indicate a higher tendency toward emotional instability.
Illness perceptions
The Revised Illness Perception Questionnaire (IPQ-R) contains three parts.32 In the first
part, Illness identity was assessed by using a 12-item checklist of common symptoms.
Patients were asked whether or not they have experienced symptoms after being
diagnosed, and if they believe these symptoms can be attributed to the illness (“yes”
or “no”). The summed yes-rated items on the second question constitute the Identity
scale, with higher scores indicating a stronger belief that the experienced symptoms
are part of the patient’s illness. The second part includes 38 statements which are all
scored on a five-point Likert scale and provides separate scores for the following seven
subscales: Consequences, Timeline (divided into cyclical and acute/chronic timeline),
Control (divided into personal and treatment control), Illness coherence and Emotional
representations. The third part includes 18 questions about the following four causal
attributions (considered as subscales): Psychological factors (for example stress), Risk
factors (for example smoking), Immunity (for example a germ of virus), and Accident
or Chance (for example chance or bad luck). Again, all items are scored on a five-point
Likert scale. The internal reliability (Cronbach’s alpha) for each subscale ranged from
0.67 to 0.93, except for the causal attributions Immunity and Accident or Chance,
which showed a low internal reliability (< 0.50), and were therefore excluded from

Coping
The Utrecht Coping List (UCL28) has been validated and applied in patients with various chronic diseases, including vestibular schwannoma, rheumatoid arthritis, psoriasis, chronic obstructive pulmonary disease, chronic fatigue syndrome, and Addison’s
disease.29-31 It includes 47 statements divided into 7 subscales: Active coping (score
ranging from 7-28), Seeking distraction (score ranging from 8-32), Avoidance (score
ranging from 7-28), Seeking social support (score ranging from 6-24), Passive coping
(score ranging from 7-28), Expressing emotions (score ranging from 3-12) and Reassuring thoughts (score ranging from 5-20). All statements are scored on a four-point
Likert scale, ranging from “seldom/never” to “often”. The higher the score on each
subscale, the greater the extent to which this coping style is employed. The internal
reliabilities (Cronbach’s alpha) for the subscales ranged between 0.74 and 0.86.
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Outcomes
Health-related quality of life was measured by the Inflammatory Bowel Disease
Questionnaire, encompassing 32 items (IBDQ-3233), with a graded response range of
“worst” (1) to “best” (7) and a possible total score of 32-224. The 32 items can be divided
into four dimensional scores, including Bowel symptoms (10 items), Systemic symptoms
(5 items), Emotional well-being (12 items) and Social function (5 items).
Reference groups
Illness perceptions and coping behaviour of CD patients were compared to those of
various reference groups. Reference groups of well-know acute (life-threatening) and
chronic illnesses were chosen in order to accentuate and validate our findings.
Illness perceptions of CD patients were compared to those of 75 out-patients with
rheumatoid arthritis (25 males, 50 females, mean age 59 years SD 15)34, 202 patients
with a recently diagnosed myocardial infarction (144 males, 58 females, mean age
64 years SD 15)35, and 68 patients with head and neck cancer (48 males, 20 females,
median age 60 years IQR 31-84).36
Coping behaviour of CD patients was compared to those of three reference groups,
namely an a-select group of 712 women28, 84 out-patients with rheumatoid arthritis30,
and 525 patients receiving psychological care in a primary care setting.37 The first
group consisted of nurses with a mean age 30 years and a random selection from the
Dutch population with a mean age 47 years. The minority of RA patients were male
(21/84; 25%), with a mean age of 52 years (SD 13). The group of patients receiving
primary psychological care consisted of 525 Dutch, mainly female patients (329/525;
63%), with a mean age of 37 years (SD 12).
Statistical analysis
Means were calculated for all subscales of the UCL and the IPQ-R and compared between CD patients and reference groups, using Student’s t test. To correct for multiple
testing, the level of significance was set at p < 0.01. Associations between socio-demographics, clinical variables, behavioural variables and HRQOL were assessed by means
of Pearson’s (parametric), and Spearman’s (non-parametric) correlation analyses. To
examine the contribution of socio-demographic, clinical and behavioural variables (ill-
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analyses were performed. Behavioural variables showing both a significant association
and a correlation coefficient of 0.20 or above were entered in the regression model,
with socio-demographic and clinical variables as controlling variables.

RESULTS
Socio-demographics and clinical characteristics (table 2)
Eighty-two CD patients underwent a colonoscopy23 (28%) for surveillance and 59
(72%) for assessing disease activity. The majority of patients were female (52/82; 63%),
with a mean age of 42 years (SD 14). Regarding education level and marital status, CD
patients were representative of the general Dutch population.38
Health-related quality of life
Associations (table 3)
HRQOL showed a moderate inverse association with female gender and disease duration, and a strong inverse association with self-perceived health, clinical disease activity,
and neuroticism. Endoscopic disease activity was poorly correlated with HRQOL. In
addition, the IPQ-R dimensions Identity, Consequences, Timeline cyclical, and Emotional representations, were all significantly inversely correlated with HRQOL. More
specifically, fewer symptoms attributed to CD, less perceived consequences, less strong
thoughts about its cyclical nature and less strong emotional response were significantly
associated with a higher HRQOL. The UCL subscales Fostering reassuring thoughts and
Passive coping were significantly inversely associated with HRQOL.
Contribution of illness perceptions and coping to HRQOL (table 4, figure 1)
To determine the contribution of socio-demographic, clinical and behavioural variables
Systemic, Social and Emotional symptoms), multiple hierarchical regression analyses
were performed. These variables were force-entered in a step-wise fashion as different
blocks. Socio-demographic and clinical variables - including age, sex, disease duration,
education level, CDEIS and CDAI (block 1) - contributed to a significant proportion of
the variance in all IBDQ domains (38% to 67%). Adding IBS-like symptoms as a clinical
variable had no additional effect on HRQOL and was therefore excluded from further
analysis. Illness perceptions significantly added to the variance explained in Systemic
symptoms (9%), Emotional symptoms (27%) and Social symptoms (7 %). No significant
additional effect on Bowel symptoms was found (3%, p = 0.14). Coping had no significant additional effect on any of the IBDQ domains.

Substantial impact of illness perceptions on quality
of life in patients with Crohn’s disease

(illness perceptions and coping behaviour) to various domains of the IBDQ-32 (Bowel,

95

Comparison with reference groups
Illness perceptions (table 5)
CD patients’ beliefs about the consequences of their illness were similarly strong as
those of patients with head and neck cancer and patients with myocardial infarction.
CD patients had significantly stronger beliefs about the chronic nature of the illness
than patients from other reference groups, and significantly stronger beliefs about the
cyclical nature than patients with head and neck cancer and patients with myocardial
infarction. Furthermore, CD patients perceived significantly less strong personal control
than patients with rheumatoid arthritis and patients with myocardial infarction and less
strong treatment control than patients with head and neck cancer and patients with
myocardial infarction.
Coping (table 6)
CD patients had similar scores on all coping scales as RA patients. CD patients had
significantly lower scores on the Active coping and Seeking social support scale, compared with an a-select sample of the Dutch population, and similar scores on these
scales compared with patients receiving psychological care in a primary care setting.
Finally, CD patients had significantly lower scores on the Passive coping scale and
significantly higher scores on the Fostering reassuring thoughts scale, compared with
patients receiving psychological care.

DISCUSSION
In the present study we examined the contribution of illness perceptions and coping behaviour of CD patients to their HRQOL, controlling for socio-demographics
and clinical variables. It was found that illness perceptions but not coping behaviour
contributed significantly to HRQOL, except for bowel symptoms. Illness perceptions accounted for 11% of variance in the overall HRQOL score (i.e. IBDQ-32 total), compared
with 21% as reported by Dorrian et al.15 This difference may be explained by the fact
that we used the original CDAI in stead of the modified CDAI, which lacks information
from physical and laboratory examination (extraintestinal complications, body mass
index, abdominal mass, hematocrit) and information regarding the use of antidiarrhoeal drugs.39 Coping behaviour had no contributory role. Consistent with previous
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assumption of the Common Sense Model that coping is a mediating factor between
illness perceptions and outcomes (including HRQOL), could not be corraborated.15, 30
Possibly, the generic coping questionnaires that were employed in these studies were
not sensitive enough to measure disease-specific coping strategies.
As expected, we found a strong association between clinical disease activity (r = -0.79)

and HRQOL.6-9,15-18 In contrast, endoscopic disease activity was poorly associated with
HRQOL (r = -0.29). Several hypotheses for this discrepancy exist. First, the construct
validity of the IBDQ-32 was proven by comparing its performance with that of the
CDAI. Second, clinical and behavioural factors may play a mediating role between endoscopic disease activity and HRQOL. In line with previous studies, a strong correlation
was found between neuroticism and HRQOL.40-41 Neurotic patients are more prone to
experience negative emotions such as fear, sadness and anger in response to stressful
life events (e.g. illness), which lowers their HROQL.42-43 As the self-perceived health
questionnaire measures general well-being, our finding that this variable was strongly associated with HRQOL, did not come as a surprise. On the other hand, it clearly
demonstrates that one third of patients’ HRQOL can be explained simply by asking two
questions: “How would you feel your health is in general?” and “How do you feel your
health is, compared with other people of your age?” In accordance with previous studies, a strong emotional response16 or illness identity17,19, and strong beliefs about the
consequences17,19, showed a significant moderate to strong association with HRQOL.
In contrast with previous research14, perceptions of personal and treatment control
were not significantly associated with HRQOL. This may be explained by the fact that
the IPQ-R has not been validated in IBD patients. Therefore, other factors related to
personal and treatment control, such as the frequency of exacerbations or hospitalizations (personal control) and adherence (treatment control), may not be measured by the IPQ-R.
This is the first study that compared illness perceptions and coping behaviour of CD
disease patients with various reference groups. Patients with CD, head and neck cancer,
and patients recently diagnosed with myocardial infarction, had similar strong perimpact on patients’ daily lives, relationships and financial matters. The strong impact of
IBD on patients’ lives has recently been corroborated in a large multinational European
study. This study found that 34% of patients believed their IBD had caused the end of
their relationship. Furthermore, 96% and 83% of patients felt tired, weak, and worn out
in daily life during a flare and in remission, respectively.44
Furthermore, CD patients had the strongest beliefs regarding the unpredictable cyclical
nature of their disease. This may explain the fact that CD patients perceived less personal control than patients with RA and myocardial infarction, and less treatment control than patients with head and neck cancer and myocardial infarction.34-36 Previously,
it has been shown that the uncertain nature of CD was one of patients’ main worries,
besides worries concerning the need for surgery/endostomy or low energy.45 Accordingly, many CD patients in this group struggle with their unpredictable and chronic
illness with all its implications for HRQOL, adherence, and medical management.
Although CD patients and RA patients had a similar coping behaviour, adaptive coping
strategies - including active coping and seeking social support – were less frequently
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ceptions about the consequences of their illnesses. This indicates that CD has a major
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employed by CD patients compared with healthy Dutch controls.28,30 Patients in primary care psychology services reported similar scores on active coping and seeking social
support as CD patients.37 This suggests that both CD patients and patients receiving
primary psychological care were similarly less capable to disentangle problems in
order to purposefully solve them and that CD patients similarly sought less comfort
and understanding from others and therefore probably received less social support.37
Furthermore, CD patients were less overwhelmed by the problems and they were
more optimistic about the future compared with patients receiving primary psychological care.37
Our study has several important strengths. First, we obtained many relevant socio-demographic, clinical, and behavioural variables, including IBS-like symptoms, neuroticism, self-perceived health, illness perceptions and coping behaviour. Contrary to
similar studies, disease activity was also assessed endoscopically.15,16,18 Second, our hierarchical regression analyses were strongly supported by the well-validated Common
Sense Model of self-regulation.
Our study has limitations as well. Due to the cross-sectional character of this study it
was not possible to make statements about causalities between socio-demographic,
clinical and behavioural variables and HRQOL. Furthermore, a sample size of over
140 is sometimes suggested for this study design (i.e. 10 cases of data per predictor).46
However, as our study and its statistical strategy were guided by the theoretically and
empirically solid Common Sense Model, it was likely that the associations we found
were causal. For the same reason, a smaller sample size seemed to be appropriate.
Our findings underscore the importance of addressing and understanding patients’
perceptions of CD. This relevant information allows clinicians to guide counseling
and tailor psychological interventions to patient’s specific needs. Earlier studies have
already shown that psychological interventions based on the Common Sense Model
of self-regulation, can change illness perceptions of patients after myocardial infarction
and patients with end-stage renal disease, and thereby improve major components of
HRQOL (e.g., return to work).47-50 According to our results, psychological interventions
should incorporate patients’: 1) beliefs about the symptoms attributed to the illness;
2) beliefs about the (cyclical) nature of CD; 3) the perceived consequences in daily life
and in relationships; and 4) the emotional response.
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In conclusion, our results clearly show the additive value of illness perceptions in
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explaining HRQOL of patients with CD. Further research should focus on identifying
disease-specific coping strategies which may influence HRQOL. Subsequently, psychological interventions incorporating illness perceptions as stated above should be
tested in clinical trials for their efficacy at enhancing patient-reported outcomes such
as HRQOL, adherence and healthcare use.
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tabel 1.
Summary of 5 studies on illness perceptions in IBD patients
Table 1. Summary of 5 studies on illness perceptions in IBD patients
First author
Year of
publication
Country
Reference
Dorrian
2009
IRE
[15]

Num ber of
patients
Type of
IBD

Outcom e(﴾s)﴿

M ain results

80
Crohn and
UC

Han
2004
UK
[16]
Kiebles
2010
USA
[17]

111
UC

Quality of life
Psychological
Distress
Functional
independence
Quality of life

38
Crohn and
UC

Quality of life
Disability
Psychological
functioning

Illness perceptions, particularly perceptions of
consequences of IBD, were the most consistent
variables explaining outcomes. Coping did not
mediate between illness perceptions and
outcomes
Illness perceptions accounted for 4-‐14% of the
observed variation in quality of life scores.
Disease activity was the major explanatory
variable
All outcomes were strongly correlated with an
emotional representation of illness and coping

Knowles
2011
AUS
[18]

96
Crohn

Anxiety
Depression

Taft
2009
USA
[19]

211
Crohn and
UC

Quality of life
Psychological
distress

28	
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Disease activity had an indirect impact on
outcomes via illness perceptions and, in turn
coping. Emotion-‐ and problem-‐focused
coping styles acted as mediators between
illness perceptions and depression
Perceived stigma accounted for 10-‐22% of the
variance in quality of life and 4-‐16% for
psychological distress
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tabel 2.
Socio-demographic, clinical and behavioural variables (n=82)
Table 2. Socio-‐demographic, clinical and behavioural variables (﴾n=82)﴿
Socio-‐dem ographic variables
Age (﴾years)﴿, mean (﴾SD)﴿
Male (﴾%)﴿
Education (﴾scalea)﴿, mean (﴾SD)﴿
Married (﴾%)﴿
Smoker (﴾%)﴿
Clinical variables
Age of onset (﴾years)﴿, mean (﴾SD)﴿
Disease duration (﴾years)﴿, median (﴾IQR)﴿
Montréal classification:
Involved location (﴾%)﴿

Disease behaviour (﴾%)﴿

Active disease
Clinical (﴾%)﴿
Endoscopic (﴾%)﴿
IBS-‐like symptoms
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42 (﴾14)﴿
30 (﴾37)﴿
2.2 (﴾0.2)﴿
50 (﴾61)﴿
51 (﴾62)﴿
28 (﴾10)﴿
12 (﴾7-‐22)﴿
Ileal
Colonic
Ileocolonic
Ileocolonic + upper GI disease
+ Perianal disease
Inflammatory
Stricturing
Penetrating
Both

8 (﴾10)﴿
19 (﴾23)﴿
53 (﴾65)﴿
2 (﴾2)﴿
17 (﴾21)﴿
46 (﴾56)﴿
18 (﴾22)﴿
6 (﴾7)﴿
12 (﴾15)﴿

CDAI < 150
CDAI ≥ 150
CDEIS < 3
CDEIS ≥ 3
Yes
No
None
5-‐ASA
Steroids
Immunosuppressive drugsb
Anti-‐TNF compounds

39 (﴾48)﴿
42 (﴾52)﴿
33 (﴾40)﴿
49 (﴾60)﴿
43 (﴾52)﴿
36 (﴾48)﴿
6 (﴾7)﴿
51 (﴾62)﴿
28 (﴾34)﴿
42 (﴾52)﴿
18 (﴾22)﴿

29	
  

tabel 3.
Table 3.orPearson’s
or Spearman’s
correlations
between socio-‐demographic, clinical and behavioural
Pearson’s
Spearman’s
correlations
between socio-demographic,
clinical
and
behavioural
variables,
and
HRQOL
variables, and HRQOL

Socio-‐dem ographic
Age at inclusion
Female
Disease duration
Education
Clinical
Clinical Disease Activity Index (﴾CDAI)﴿
Crohn’s Disease Endoscopic Index of
Severity (﴾CDEIS)﴿
IBS-‐like symptoms
Behavioural
Self-‐perceived health
Dutch Personality Questionnaire-‐IN
(﴾neuroticism)﴿
Illness Perceptions
Illness identity
Consequences
Timeline
Acute/chronic
Cyclical
Control
Personal control
Treatment control
Illness coherence
Emotional representations
Psychological factors
Risk factors
Coping
Seeking distraction
Expressing emotions
Seeking social support
Avoiding
Fostering reassuring thoughts
Passive coping
Active coping

HRQOL
(﴾IBDQ-‐32)﴿
0.08 (﴾NS)﴿
-‐0.44**
-‐0.34**
0.10 (﴾NS)﴿
-‐0.79**
-‐0.29*
-‐0.32**
-‐0.60**
-‐0.52**
-‐0.41**
-‐0.54**
0.00 (﴾NS)﴿
-‐0.39**
0.10 (﴾NS)﴿
0.07 (﴾NS)﴿
0.25*
-‐0.41**
-‐0.19 (﴾NS)﴿
-‐0.11 (﴾NS)﴿
-‐0.27*
-‐0.11 (﴾NS)﴿
-‐0.16 (﴾NS)﴿
-‐0.16 (﴾NS)﴿
-‐0.31**
-‐0.47**
0.10 (﴾NS)﴿
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tabel 4.
Summaries of hierarchical multiple regression analyses testing the
Table 4. Summaries of hierarchical multiple regression analyses testing the significance of change in
significance of change in explained variance on IBDQ-32 domains
explained variance on IBDQ-‐32 domains

IBDQ-‐32
dom ain
Total
Bowel
System ic
Em otional
Social

Step 1:
Dem ographic and
clinical variables a
2
R
∆R 2
F of
change
0.68
-‐
24.7***
0.67
-‐
24.4***
0.60
-‐
17.9***
0.38
-‐
7.2***
0.60
-‐
17.6***

Step 2:
IPQ-‐R subscales b
R2

∆R 2

0.79
0.70
0.69
0.65
0.67

0.11
0.03
0.09
0.27
0.07

F of
change
7.2***
1.9 (﴾NS)﴿
3.9**
9.9***
3.4*

Step 3:UCL
Subscales b
R2

∆R 2

0.80
0.70
0.72
0.67
0.67

0.01
0
0.03
0.02
0

F of
change
0.7 (﴾NS)﴿
0.2 (﴾NS)﴿
2.3 (﴾NS)﴿
1.1 (﴾NS)﴿
0.3 (﴾NS)﴿

tabel 5.
Mean scores (SD) of the Revised Illness Perception Questionnaire (IPQ-R)
subscales
of patients
with
Crohn’s
(CD) (n=82),
rheumatoid
arthritisof
Table 5. Mean
scores (﴾SD)﴿
of the
Revised disease
Illness Perception
Questionnaire
(﴾IPQ-‐R)﴿ subscales
(RA)
(n=75),
head
and
neck
cancer
(HNC)
(n=68)
and
myocardial
infarction
patients with Crohn’s disease (﴾CD)﴿ (﴾n=82)﴿, rheumatoid arthritis (﴾RA)﴿ (﴾n=75)﴿, head and neck cancer
(MI) (n=202)
(﴾HNC)﴿ (﴾n=68)﴿ and myocardial infarction (﴾MI)﴿ (﴾n=202)﴿
IPQ-‐R subscales
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Identity
Consequences
Timeline:
Acute/chronic
Cyclical
Control:
Personal control
Treatment control
Illness coherence
Emotional
representations
Causal attributions
Psychological
	
   factors
Risk factors
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CD
Cronbach’s M ean (﴾SD)﴿
α
NA
6.2 (﴾2.6)﴿
0.82
19.0 (﴾5.1)﴿

RA
M ean (﴾SE a )﴿

HNC
M ean (﴾SD)﴿

MI
M ean (﴾SD)﴿

7.3 (﴾0.4)﴿**
21.4 (﴾0.6)﴿**

2.3 (﴾2.5)﴿**
19.4 (﴾4.3)﴿

NR
18.2 (﴾4.6)﴿

0.67
0.77

25.7 (﴾3.2)﴿
14.8 (﴾3.3)﴿

23.4 (﴾0.6)﴿**
13.8 (﴾0.4)﴿

17.1 (﴾4.4)﴿**
9.9 (﴾3.1)﴿**

20.0 (﴾5.4)﴿**
10.8 (﴾2.9)﴿**

0.69
0.70
0.80

17.9 (﴾3.9)﴿
15.5 (﴾3.3)﴿
18.2 (﴾4.1)﴿

20.0 (﴾0.5)﴿**
16.7 (﴾0.4)﴿
16.8 (﴾0.6)﴿

18.8 (﴾3.8)﴿
17.5 (﴾2.9)﴿**
15.8 (﴾3.8)﴿**

21.3 (﴾3.9)﴿**
18.1 (﴾3.2)﴿**
17.9 (﴾3.9)﴿

0.93

15.3 (﴾5.9)﴿

NR

19.2 (﴾5.5)﴿**

16.7 (﴾4.8)﴿

0.82
0.71

13.8 (﴾5.1)﴿
15.3 (﴾4.2)﴿

15.9 (﴾0.6)﴿
12.2 (﴾0.4)﴿**

NR
NR

NR
NR
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Self-‐perceived
health/ neuroticism /
coping
Self-‐perceived healtha
Neuroticismb
UCL subscalesc:
Active coping
Seeking distraction
Avoiding
Seeking social
support
Passive coping
Expressing emotions
Fostering reassuring
thoughts

	
  

CD

M ean (﴾SD)﴿

A-‐select sam ple
Dutch
population
M ean (﴾SD)﴿

RA

M ean (﴾SD)﴿

Prim ary care
psychological
services
M ean (﴾SD)﴿

6.1 (﴾1.3)﴿
13.4 (﴾9.0)﴿

NR
NR

NR
NR

NR
NR

17.3 (﴾3.8)﴿
17.4 (﴾3.7)﴿
16.6 (﴾3.3)﴿

19.3 (﴾5.1)﴿**
17.3 (﴾6.1)﴿
15.2 (﴾6.0)﴿

18.0 (﴾4.1)﴿
18.6 (﴾4.1)﴿
16.2 (﴾2.9)﴿

16.5 (﴾3.7)﴿
17.7 (﴾4.1)﴿
17.1 (﴾3.7)﴿

12.5 (﴾3.4)﴿
12.3 (﴾3.8)﴿

14.5 (﴾4.9)﴿**
10.9 (﴾5.4)﴿

11.7 (﴾3.4)﴿
11.3 (﴾3.1)﴿

13.5 (﴾4.3)﴿
15.3 (﴾3.7)﴿**

5.6 (﴾1.9)﴿

6.4 (﴾2.3)﴿

5.2 (﴾1.4)﴿

6.3 (﴾2.0)﴿

12.8 (﴾2.8)﴿

12.1 (﴾3.80)﴿

13.1 (﴾2.9)﴿

11.6 (﴾2.7)﴿**
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ABSTRACT
Background and Aims
Back and joint pain are the most common extraintestinal symptoms reported by
patients with inflammatory bowel disease (IBD). We assessed the impact of back/joint
pain, illness perceptions and coping on quality of life (QOL) and work productivity in
patients with IBD.
Methods
Our cohort included 155 IBD patients with and 100 without arthropathy. Arthropathy
was defined as daily back pain for ≥ three months and/or peripheral joint pain and/
or joint swelling over the last year. At baseline and at 12 months, patients completed
questionnaires on the extent of back/joint pain, IBD disease activity, illness perceptions,
coping, QOL, and work productivity. The impact of back/joint pain, illness perceptions
and coping on QOL and work productivity was determined, using linear mixed models.
Results
In total, 204 IBD patients (72% Crohn’s disease, 40% male, mean age 44±14 years)
completed questionnaires at both time points. At both time points, IBD patients with
back/joint pain reported a significantly lower QOL and work productivity compared
to IBD patients without back/joint pain. Predictors of low QOL were back/joint pain
(ß -1.04, 95% CI -1.40,-0.68), stronger beliefs about the illness consequences (ß-0.39,
95% CI -0.59,-0.18) and emotional impact of IBD (ß -0.47, 95% CI -0.66,-0.28), and the
coping strategy “decreasing activity” (ß -0.26, 95% CI-0.48,-0.03). Predictors of work
productivity were back/joint pain (ß 0.22, 95% CI 0.07,0.37) and illness consequences
(ß 0.14, 95% CI 0.06,0.22).
Conclusion
Back/joint pain, illness perceptions and coping are significant predictors of QOL and

Chapter 7

work productivity, after controlling for disease activity.
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INTRODUCTION
Arthropathies are the most common extraintestinal manifestations in patients with
inflammatory bowel disease (IBD), with prevalence rates ranging between 1% and
46%.1-10 In general, arthropathies affect young IBD patients at the peak of their working
life and, therefore, are potentially associated with high morbidity and increased costs.11
IBD-associated arthropathy is considered a subtype of spondylarthropathy and may
involve both peripheral and axial joints. Back and joint pain (hereafter referred to as
“back/joint pain”) are the most important clinical manifestations of IBD-associated
arthropathy.
Although back/joint pain is major problem in patients with IBD-associated arthropathy,
data on the impact of back/joint pain on patients’ well-being are scarce. According
to a population-based study3 and a cross-sectional study,4 quality of life (QOL) was
significantly reduced in IBD patients with non-inflammatory joint pain and self-reported arthritis, respectively. Yet, the impact of back/joint pain on work productivity and
the relationships between back/joint pain, illness perceptions, coping, and important
outcomes such as QOL and work productivity has not been assessed before.3,4
with the disease itself, but also with factors such as illness perceptions and coping. The
relationships between disease characteristics, illness perceptions, coping, and health
outcome are supported by the Common Sense Model.16,17 According to this model,
patients generate both cognitive and emotional representations (known as illness perceptions) in response to a perceived health threat or illness. Illness perceptions provide
a framework for patients to make sense of their symptoms and create a coherent view
of their illness. This in turn guides coping strategies, such as decreasing or pacing
activities, with potential impact on health outcomes such as QOL and work productivity. Thus, the impact of illness perceptions on health outcomes may be attenuated by
adopting a certain coping strategy.
The efficacy and validity of the Common Sense Model has been evident in patients
with various chronic illnesses such as rheumatoid arthritis and multiple sclerosis.18,19 Previous studies in IBD have also found strong relationships between illness perceptions,
coping and various health outcomes, including QOL, psychological distress (depression
and anxiety), sexual health, and disability.20-28
Improving our understanding of the relationships between back/joint pain, illness perceptions and coping behaviours in patients with IBD may provide possible targets for
biopsychosocial interventions aimed at reducing morbidity and costs and increasing
patients’ QOL.
In this prospective study we aimed to examine the impact of back/joint pain, illness
perceptions, and coping on QOL and work productivity in a carefully selected group of
IBD patients, after controlling for demographic and clinical characteristics.
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It has been shown clearly that QOL and other health outcomes are not only associated
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MATERIAL & METHODS
Patient population and study design
Between July 2009 and February 2010, 258 IBD patients were systematically assessed
by a multidisciplinary team of gastroenterologists and rheumatologists at the JOINT
outpatient clinic of the Leiden University Medical Centre. The systematic assessment
consisted of a medical history (extraintestinal manifestations, family history, medication
use), physical examination (palpation of the joints, entheses, and digits), laboratory
tests (C-reactive protein, HLA-B27), and radiological examinations of affected joints
(optional). Based on this assessment 155 (60.1%) patients with and 100 (38.8%) patients
without arthropathy were identified. Arthropathy was defined as chronic back pain for
at least three months, and/or peripheral joint pain/swelling at presentation or during
previous year. Three patients (1.1%) with fibromyalgia were excluded.
Patients were then prospectively followed for 12 months. At baseline and at 12 months
of follow-up, patients filled-out a web-based or postal questionnaire covering demographic characteristics (age, gender, and working status), the presence and extent
of back/joint pain, illness perceptions, coping strategies, QOL, work productivity and
activity impairment (see below). Variables concerning IBD subtype and the Montréal
classification were obtained from medical records.
As we were primarily interested in the impact of current back/joint paint on QOL and
work productivity, the patient population was divided in patients with and without
back/joint pain as reported at baseline. Obviously, as we relied on self-reported data,
the presence of joint swelling could not be ascertained.
The study was centrally approved by the Ethics Committee of the Leiden University
Medical Centre. All patients signed informed consent.
Predictors
Back/joint pain and IBD clinical disease activity
Back/joint pain was quantified using two 11-point numeric rating scales one for back
pain and one for joint pain, ranging from 0 (“no back/joint pain”) to 10 (“worst imaginable back/joint pain”) during the previous week. The mean score was used for patients
reporting both back and joint pain. IBD clinical disease activity was measured with the
well-validated Harvey-Bradshaw Index (10 items, excluding question about abdominal
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mass)29 and the Simple Clinical Colitis Activity Index (9 items)30 for patients with CD and
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UC, respectively. A score above four indicated active disease.

Illness perceptions
Illness perceptions were measured with the Revised Illness Perception Questionnaire (IPQ-R).31 For the present study eight subscales of the IPQ-R were used: Illness
identity (the number of symptoms that patients associate with IBD), Timeline chronic
(the expected duration of IBD), Timeline cyclical (the expected cyclical symptomatology of IBD), Consequences (negative consequences for the patients’ lives), Personal
control (perceived personal control over IBD), Treatment control (perceived efficacy
of treatment), Emotional representations (negative emotions resulting from IBD), and
Coherence (personal understanding of IBD). The Illness identity subscale is calculated
by summing the symptoms (range 0–14) that patients associate with IBD. For the other
subscales items are rated on a five-point Likert scale (“strongly disagree” – “strongly
agree”). To facilitate interpretation of these subscales, mean scores are presented. Subscales showed a high internal reliability (Cronbach’s alpha ranging from 0.76 to 0.89),
except for the Treatment control subscale (0.59), which was therefore excluded from
further analysis.
Coping
(CORS), covering eight coping strategies directed at the most important stressors of
immune-mediated inflammatory disease (e.g., IBD), including pain, limitations, and
dependency.32,33 Coping strategies directed at pain included Comforting cognitions
(self-encouragement, putting the pain into perspective, 9 items), Decreasing activities
(8 items), and Diverting attention (thinking about something nice, 8 items). Coping
strategies directed at limitations included Optimism (5 items), Pacing (adapting one’s
level of activity, 10 items), and Creative solution seeking (finding creative solutions to
cope with limitations in work, household activities, leisure time, and hobbies, 8 items).
Coping strategies directed at dependency included Accepting (making effort to accept
one’s level of dependency, 6 items) and Consideration (thoughtful concern for others,
7 items). For each item patients reported how often they employed a particular coping
strategy (1 = “seldom or never”, 2 = “sometimes”, 3 = “often”, 4 = “very often”). Higher
scores indicate more frequent use of a particular coping strategy. Internal reliability
within the subscales was high (Cronbach’s alpha ranging from 0.78 to 0.86).
Health outcomes: QOL, work productivity and activity impairment
QOL was measured with both a disease-specific and a generic questionnaire. The
Short Inflammatory Bowel Disease Questionnaire (SIBDQ) was developed as a short
version of the IBDQ, and is a simple, validated 10-item questionnaire that assesses
disease-specific QOL of patients with IBD.34,35 Total scores range from 10 to 70, with a
higher score indicating better QOL. The Short-Form 36 (SF-36) is a generic question-
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naire, comprising 36 items, grouped within a Physical Component Score (PCS) and a
Mental Component Score (MCS).36 PCS consist of physical functioning, role of limitations due to physical health problems, bodily pain, and general health perception.
MCS consists of vitality, social function, role limitations due to personal or emotional
problems, and mental health. Each component score has a score ranging from 0 to
100, with a high score indicating better functional status.
The Work Productivity Activity Impairment questionnaire (WPAI) assesses the impact
of IBD on work productivity and daily activities during the previous seven days.37,38 The
WPAI generates four component scores: percentage of work time missed (absenteeism), percentage of impairment while working (presenteeism), percentage of overall
work impairment (absenteeism and presenteeism combined), and percentage of activity impairment. Unemployed patients only answered questions relating to employment
status and activity impairment. WPAI scores range from 0% (“no impairment”) to 100%
(“total loss of work productivity/activity”).
Statistics
Data analyses were performed using SPSS 20.0 and SAS 9.2. Descriptive statistics were
used to characterize CD and UC patients. Means and medians were reported with
a standard deviation (SD) and interquartile range (IQR), respectively. Mean baseline
differences with regard to QOL, work productivity, and activity impairment between
patients with and without back/joint pain were determined using the paired Student
t-test. Univariate analyses were performed to assess associations between back/joint
pain, illness perceptions, coping, and outcomes, including QOL, work productivity,
and activity impairment. To correct for multiple testing, the level of significance was
set at p<0.007 (0.05/7) and p<0.006 (0.05/8) for the illness perceptions (seven IPQ-R
subscales) and coping (8 CORS subscales), respectively. Linear mixed models with
random intercept were used to assess the independent effect of back/joint pain, illness
perceptions, and coping on QOL, work productivity, and activity impairment. Independent variables that reached significance in univariate analyses were included. Based
on previous data39, gender and disease activity were included as covariates. To assess
whether back/joint pain, illness perceptions, and coping contributed towards explained
variance of outcomes multiple linear mixed models were performed. With the Common Sense Model as theoretical framework, back/joint pain was entered in the first
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step, illness perceptions in the second step, and coping strategies in the third step. The
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likelihood ratio test (difference in -2 Log Likelihood between two steps) was performed
to assess whether each step significantly improved our model.

RESULTS
Baseline characteristics of study population
The baseline questionnaire was completed by 245/255 (response rate: 96.1%) patients,
of whom 204 patients also completed the follow-up questionnaire at 12 months (loss
to follow-up: 16.7%) (Figure 1). Thus, the 204 patients who completed questionnaires
on both time points represented our study population.
Of the 204 patients, 146 (71.6%) had CD and 58 (28.4%) had UC, with a mean age of
44.3 (SD ±13.7) years, and median disease duration of 15.0 (IQR 7.0-24.0) years (Table
1). In CD, ileocolonic disease (65/146; 44.5%) and inflammatory behaviour (62/146;
42.5%) were the most common disease phenotypes. In UC, pancolitis (34/58; 58.6%)
was the dominant disease phenotype. Based on the numeric rating scale, back/joint
pain was present in 113/204 (55.4%) patients, of whom 41 (36.3%) had peripheral joint
pain, 8 (7.1%) had back pain, and 64 (56.6%) had mixed complaints. Online Supplementary A shows data on baseline demographic and clinical variables in completers
and non-completers. Except that non-completers had a significantly younger mean
age (38.4 versus 44.3 years, p=0.011), there were no relevant statistical significant

Baseline levels of quality of life, work and activity impairment
IBD patients with back/joint pain had significantly lower levels of disease-specific QOL
(SIBDQ: 47.8±10.7 vs. 55.1±8.7) and generic QOL (SF-36-PCS: 41.9±8.9 vs. 52.1±7.6;
SF-36-MCS: 45.1±10 vs. 48.7±8.6) at baseline as compared to IBD patients without
back/joint pain (Figure 2). Additionally, IBD patients with back/joint pain had significantly higher levels of Work impairment (45.0±9.9 vs. 22.0±3.3) and Activity impairment
(37.0±8.1 vs. 19.0±2.9) at baseline as compared to IBD patients without back/joint pain
(Figure 2).
Predictors of QOL and work activity impairment
Based on the univariate analyses (Online Supplementary B), each of the illness perceptions and coping strategies were significantly associated with QOL, work and activity
impairment and, therefore, were included in multiple linear mixed models.
In the first step of our multivariate model we assessed whether back/joint pain was
associated with disease-specific QOL (SIBDQ), generic QOL (SF-36 PCS and 36-MCS),
Work impairment, and Activity impairment (table 2-4), while controlling for gender
and IBD activity. Back/joint pain was significantly associated with SIBDQ (ß -1.04, 95%
CI: -1.40, -0.68), SF-36 PCS (ß -1.69, 95% CI: -2.00, -1.38), SF-36-MCS (ß -0.48, 95% CI:
-0.87, -0.10), Work impairment (ß 0.22, 95% CI: 0.07, 0.37), and Activity impairment (ß
0.48, 95% CI: 0.39, 0.58).
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In the second step of our multivariate model we assessed whether the addition of
illness perceptions significantly improved our first model, using the likelihood ratio test
(difference in -2 Log Likelihood between both models). The addition of illness perceptions improved the first model for all health outcomes (p=0.01). Illness consequences
were significantly associated with SIBDQ (ß -0.39, 95% CI: -0.59, -0.18), SF-36 PCS (ß
-0.59, 95% CI: -0.77, -0.40), Work impairment (ß 0.14, 95% CI: 0.06, 0.22) and Activity
impairment (ß 0.13, 95% CI: 0.07, 0.18), meaning that low QOL and work and activity
impairments were associated with stronger beliefs that IBD will have negative consequences for the person’s life. Emotional representations were significantly associated
with SIBDQ (ß -0.47, 95% CI: -0.66, -0.28), SF-36-MCS (ß -0.72, 95% CI: -0.93, -0.52),
and Activity impairment (ß 0.06, 95% CI: 0.01, 0.12), meaning that low QOL and high
activity impairments were associated with negative beliefs about how the illness affects
one’s emotional well-being.
In our third model we assessed whether the addition of coping significantly improved
our second model. The addition of coping improved the second model across SF-36
PCS (p=0.00), SF-36 MCS (p=0.00), and Activity impairment (p=0.00). Decreasing
activity was significantly associated with SIBDQ (ß -0.26, 95% CI: -0.48, -0.03), SF36-PCS (ß -0.21, 95% CI: -0.41, -0.01), SF-36 MCS (ß -0.42, -0.66, -0.18), and Activity
impairment (ß 0.10, 95% CI: 0.04, 0.17). In addition, we assessed whether the impact of
illness perceptions on health outcomes was mediated by particular coping strategies.
Decreasing activity mediated the impact of Illness Identity and Illness Consequences on
both SF-36 PCS and 36-MCS.

DISCUSSION
In this prospective study of patients with IBD-associated arthropathy, we found that
back/joint pain had a negative impact on QOL and work productivity. This negative
impact on QOL and work productivity remained significant during a follow-up of 12
months, after controlling for gender and IBD activity. Additionally, the QOL and work
productivity of IBD patients were also highly determined by several illness perceptions
and – to a lesser extent – by coping.
To our knowledge, this is the first study to date assessing the impact of illness perceptions and coping on QOL and work productivity in patients with IBD-associated
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Although QOL and work productivity were mainly determined by back/joint pain and
activity of IBD, illness perceptions contributed significantly to the explained variance of
these outcomes. Our findings are in line with previous studies in CD and UC assessing
the impact of disease characteristics and illness perceptions on various health outcomes.20,21,26 In these studies, disease characteristics (mainly disease activity) contrib-

uted to 49-68%20,21,26 and 23%20 of the explained variance of QOL and disability,
respectively. Illness perceptions contributed to an additional 9-21%20,21,26 and 23% of
explained variance of QOL and disability, respectively. In this study we have demonstrated that a decrease in QOL was highly associated with stronger beliefs that IBD will
have negative consequences for one’s life (i.e., illness consequences), and negative
beliefs about how IBD affects one’s emotional well-being (i.e., emotional representations). The strong impact of illness consequences and emotional representations has
been confirmed by previous studies in IBD. For instance, in a study of 80 IBD patients, it
has been shown that illness consequences were moderately to strongly associated with
different aspects of adjustment to their disease, including psychological distress, QOL
and functional independence.20
We also examined whether coping added significantly to explained variance of health
outcomes, after controlling for gender, disease activity and remaining illness perceptions. Coping is defined as ongoing cognitive or behavioural efforts to manage
psychological distress.40,41 Coping strategies (or styles) can either be active (problem-based) or passive (emotion-based). Active coping (creative solution seeking,
decreasing activities, and pacing) aims to alter or eliminate the source of stress, while
tress caused by the situation. Patients with IBD are more likely to rely on passive coping
strategies.42-44 Consistent with previous evidence in IBD, we found that coping significantly added to the explained variance of QOL and impairments in daily activity.23,28
Yet, other studies in IBD did not observe a contributory role of coping with respect to
QOL, psychological distress and functional independence.20,26 This may be explained
by the fact that in these studies, coping was assessed with a generic coping questionnaire, which tends to obscure associations between illness-specific coping, QOL
and activity and work impairments. In the present study we used the disease-specific
coping questionnaire, which addresses coping strategies directed at the most important stressors of immune-mediated inflammatory diseases, including pain, limitations,
and dependency.
Additionally, we found that the behavioural coping strategy “decreasing activities” was
negatively associated with QOL and activity impairments. This association has not been
observed in IBD before. In patients with rheumatoid arthritis and ankylosing spondylitis, decreasing activity has been clearly found to be negatively associated with QOL45,
functional status46,47 and work productivity.48 It has been postulated that avoidance (i.e.,
decreasing activities) may have beneficial effects on the short term by facilitating healing in rheumatoid arthritis. However, in the long term it becomes a maladaptive coping strategy by limiting joint movement and inducing muscle weakness and disuse.49-51
Finally, we have demonstrated that the impact of illness perceptions, in particular illness
identity and illness consequences, on QOL is reduced when patients do not decrease
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activity in order to cope with pain. This mediating effect supports the Common Sense
Model16,17, which states that the impact of illness perceptions on health outcomes may
be attenuated by adopting a particular coping strategy.
This study has several important strengths. First, all patients were systematically examined by a multidisciplinary team of gastroenterologists and rheumatologists. Second,
patients were prospectively followed for 12 months, which enabled us to assess the
predictive value of back/joint pain, illness perceptions and coping on several important patient-reported health outcomes. Third, the results of our multiple linear mixed
models strongly support the well-validated Common Sense Model.
This study has also several limitations. First, our study included a selected patient
group, thereby, not reliably representing the average IBD patient. However, the
primary aim of the present study was to determine associations between back/joint
pain, illness perceptions and coping which are also applicable for population-based
samples. Second, attrition bias may have occurred due to differences between patients
who did and did not complete the follow-up period. However, demographic and
disease characteristics were similar between both groups, except for a lower age of the
non-completers. We expect that this difference has not affected our outcomes, since
age was not found to be associated with QOL and work productivity (Online Supplementary B). Third, as the CORS has not been validated in patients with IBD-associated
arthropathy, coping strategies directed at IBD-specific stressors such as abdominal
pain, urgency and diarrhea might have been missed. However, the CORS has been
extensively validated in patients with rheumatoid arthritis, a comparable immune-mediate inflammatory disease with regard to pathogenesis, stressors and treatment.
Besides, IBD studies that used a generic – though validated – coping questionnaire
failed to identify relevant coping strategies.
If these limitations are taken into consideration, we feel that this prospective study
provides valuable data for clinical practice. Arthropathies are the most common extraintestinal manifestation in IBD, leading to significant morbidity, disability and societal
costs. Recently, it has been reported that self-reported joint pain is a major predictor
of work disability in patients with IBD patients.52 Work disability is major cost driver, accounting for 18-69% of overall costs in IBD.53,54 Thus, adequate treatment of back/joint
pain may lead to reduced work disability and associated costs. Nevertheless, many
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patients with IBD-associated arthropathy remain undiagnosed.55 Apart from providing
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these patients with the appropriate medical treatment, their QOL and work productivity can be further improved by behavioural interventions. These interventions should
be aimed at eliciting and addressing patients’ illness perceptions and stimulating adaptive coping strategies. Previous studies have already shown that behavioural interventions based on the Common Sense Model can change illness perceptions and coping

strategies of patients after myocardial infarction and patients with end-stage renal
disease, and thereby improve major components of QOL (e.g., return to work).56-59
In conclusion, back/joint pain persistently and negatively impacts the QOL and work
productivity of patients with IBD-associated arthropathy. Illness perceptions and coping
also had a significant impact on QOL and work productivity. As potentially modifiable
factors, illness perceptions and coping may provide additional targets for behavioural
interventions, aimed at improving QOL and increasing work productivity. Multidisci-
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tabel 1.
Demographic and clinical variables of the study population
Table 1. Demographic and clinical variables of the study population
Variable:

IBD (﴾n=204)﴿

Type IBD, n (﴾%)﴿
Crohn’s disease

146 (﴾71.6)﴿

Ulcerative colitis

58 (﴾28.4)﴿

Age (﴾years)﴿, mean (﴾SD)﴿

44.3 (﴾13.7)﴿

M ale gender, n (﴾%)﴿

82 (﴾40.2)﴿

Current smoker, n (﴾%)﴿

47 (﴾23.0)﴿

Disease duration (﴾years)﴿, m edian (﴾IQR)﴿

15.0 (﴾7.0-‐24.0)﴿

Em ployed, n (﴾%)﴿:

128 (﴾62.2)﴿

M ontreal classification:
Location CD, n (﴾%)﴿
L1 ileal

36 (﴾24.7)﴿

L2 colonic

33 (﴾22.6)﴿

L3 ileocolonic

65 (﴾44.5)﴿

L1-‐3+L4 upper

12 (﴾9.5)﴿

Behavior CD, n (﴾% )﴿
B1 non-‐stricturing/penetrating

62 (﴾42.5)﴿

B2 stricturing

22 (﴾15.1)﴿

B3 penetrating

21 (﴾14.4)﴿

+ perianal disease

41 (﴾28.1)﴿

Extension UC, n (﴾%)﴿
E1 ulcerative proctitis

4 (﴾6.9)﴿

E2 left sided UC

20 (﴾34.5)﴿

E3 extensive UC (﴾pancolitis)﴿

34 (﴾58.6)﴿
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Current medication use, n (﴾%)﴿

120

5-‐ASA

44 (﴾21.6)﴿

Steroids

10 (﴾4.9)﴿

Im m unom odulators

45 (﴾22.1)﴿

Anti-‐TNF agents

56 (﴾27.5)﴿

Axial and/or peripheral joint com plaints,

113 (﴾55.4)﴿

n (﴾% )﴿

	
  

Peripheral joint com plaints only

41 (﴾36.3)﴿

Back pain only

8 (﴾7.1)﴿

M ixed complaints

64 (﴾56.6)﴿
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tabel 2.
Linear mixed model with SIBDQ as outcome variable and demographic/
clinical variables (step 1), illness perceptions (step 2), and coping (step 3) as
Table 2. Linear
mixed model with SIBDQ as outcome variable and demographic/clinical variables
independent
variables
(﴾step 1)﴿, illness perceptions (﴾step 2)﴿, and coping (﴾step 3)﴿ as independent variables
Quality of life
Predicting variables:

Beta

95% CI

Disease activity

-‐1.17***

-‐1.41, -‐0.93

Joint pain

-‐1.04***

-‐1.40, -‐0.68

Identity

-‐0.17

-‐0.48, 0.14

Consequences

-‐0.39***

-‐0.59, -‐0.18

Personal control

-‐0.08

-‐0.27, 0.10

Illness coherence

0.14

-‐0.08, 0.35

Timeline cyclical

-‐0.36**

-‐0.63, -‐0.10

Emotional representations

-‐0.47***

-‐0.66, -‐0.28

Decreasing activity

-‐0.26*

-‐0.48, -‐0.03

Pacing

0.11

-‐0.06, 0.28

Step 1: dem ographic & clinical variables

Step 3: coping

* = p value < 0.05, ** = p value <0.01, *** = p value <0.001
SIBDQ = Short Inflammatory Bowel Disease Questionnaire

Back/joint pain, illness perceptions and coping are important predictors
of quality of life and work productivity in patients with inflammatory
bowel disease: a 12-month longitudinal study
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tabel 3.
Linear mixed models with SF-PCS and SF-MCS as outcome variables and
demographic/clinical
variables
illness
perceptions
2), and
and
Table 3. Linear mixed models
with (step
SF-‐PCS1),and
SF-‐MCS
as outcome(step
variables
coping
(step
3)
as
independent
variables
demographic/clinical variables (﴾step 1)﴿, illness perceptions (﴾step 2)﴿, and coping (﴾step 3)﴿
as independent variables
SF-‐PCS
Predicting

SF-‐M CS

Beta

95% CI

Beta

95% CI

Gender

-‐

-‐

-‐0.90

-‐2.84, 1.03

Disease activity

-‐0.63***

-‐0.84, -‐0.42

-‐0.58***

-‐0.84, -‐0.31

Joint pain

-‐1.69***

-‐2.00, -‐1.38

-‐0.48*

-‐0.87, -‐0.10

Identity

-‐0.34*

-‐0.62, -‐0.06

-‐0.01

-‐0.34, 0.31

Consequences

-‐0.59***

-‐0.77, -‐0.40

-‐0.21

-‐0.42, 0.00

Personal control

0.20*

0.03, 0.37

0.09

-‐0.11, 0.29

Illness coherence

-‐

-‐

0.30**

0.08, 0.52

Timeline cyclical

-‐

-‐

-‐0.04

-‐0.32, 0.23

0.08

-‐0.07, 0.24

-‐0.72***

-‐0.93, -‐0.52

Decreasing activity

-‐0.21*

-‐0.41, -‐0.01

-‐0.42**

-‐0.66, -‐0.18

Pacing

-‐0.17

-‐0.35, 0.00

0.23

-‐0.05, 0.51

Creative solutions

-‐

-‐

0.03

-‐0.16, 0.22

variables:
Step 1:
dem ographic &
clinical variables

Step 2: illness
perceptions

Emotional
representations
Step 3: coping

Chapter 7

* = p value < 0.05, ** = p value <0.01, *** = p value <0.001SF-‐36-‐PCS = Short Form-‐36 Physical
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tabel
4.
Table 4. Linear mixed model with work and activity impairment (﴾WPAI)﴿ as outcome variable and
Linear mixed model with work and activity impairment (WPAI) as outcome
demographic/clinical variables (﴾step 1)﴿, illness perceptions (﴾step 2)﴿, and coping (﴾step 3)﴿ as independent
variable and demographic/clinical variables (step 1), illness perceptions
variables
(step 2), and coping (step 3) as independent variables

W ork productivity
Predicting

Beta

95% CI

Activity impairment
Beta

95% CI

0.26

-‐0.22, 0.75

variables:
Step 1:
dem ographic &
clinical variables
Gender
Disease activity

0.41***

0.29, 0.53

0.19***

0.12, 0.25

Joint pain

0.22**

0.07, 0.37

0.48***

0.39, 0.58

Identity

0.05

-‐0.08, 0.19

0.10*

0.01, 0.19

Consequences

0.14**

0.06, 0.22

0.13***

0.07, 0.18

-‐0.03

-‐0.08, 0.02

Step 2: illness

Personal control
Illness coherence

-‐0.08

-‐0.17, 0.01

0.01

-‐0.05, 0.07

Timeline cyclical

-‐0.00

-‐0.11, 0.10

0.02

-‐0.06, 0.09

0.04

-‐0.04, 0.12

0.06*

0.01, 0.12

Decreasing activity

0.07

-‐0.02, 0.16

0.10**

0.04, 0.17

Pacing

0.04

-‐0.04, 0.11

0.02

-‐0.03, 0.07

Emotional
representations
Step 3: coping

* = p value < 0.05, ** = p value <0.01, *** = p value <0.001
WPAI = Work Productivity Activity Impairment
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ABSTRACT
Background
The IBD disability index has recently been introduced to measure patients’ physical,
psychological, familial, and social limitations associated with IBD. We assessed factors
related to self-reported disability, and the relationship between disability and direct
healthcare costs (DHC).
Methods
A large cohort of patients with Crohn’s disease (CD) and ulcerative colitis (UC) was prospectively followed for two years by three-monthly web-based questionnaires. At two
years, patients completed the IBD disability index, with a lower score indicating more
disability. Linear regression analysis was used to examine the impact of demographics,
clinical characteristics and illness perceptions on self-reported disability. Trends in DHC
across the disability severity groups minimal, mild, moderate and severe, were tested.
Results:
A total of 554 CD and 424 UC patients completed the IBD disability index (response
rate 45%). Both clinical characteristics and illness perceptions significantly contributed
to self-reported disability (45%-47%, p=0.000; and 8%-12%, p=0.000, respectively). CD
patients scored lower on the self-reported IBD disability index than UC patients (0.255
versus 3.890, p<0.000), indicating more disability in CD patients. Factors independently
associated with higher self-reported disability rates were increased disease activity, and
illness identity (higher number of symptoms attributed to IBD), and stronger emotional response. Disease duration and disease phenotype were not associated with
self-reported disability. DHC increased with the worsening of self-reported disability
(p=0.000).
Conclusions
More disability was reported by CD than by UC patients. Self-reported disability in IBD
was mainly determined by clinical disease activity and illness perceptions, but not by
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disease duration or disease phenotype.
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INTRODUCTION
The natural history of Crohn’s disease (CD) and ulcerative colitis (UC) is characterized
by periods of relapse and remission, potentially leading to intestinal damage, and surgery over time.1,2 This may induce a wide spectrum of physical, psychological, familial,
and social problems.3,4 Both widely-used symptom-assessment tools and quality of
life (QOL) questionnaires cannot provide a reliable assessment of these problems.5,6
Therefore, Peyrin-Biroulet et al. recently developed the IBD disability index in order to
objectively and comprehensively cover the range of functional limitations in inflammatory bowel disease (IBD).7 This tool is thought to be useful for clinical practice, disease
modification trials and health reporting in IBD.7,8
The IBD disability index is based on the WHO’s International Classification of Functioning, Health, and Disability (ICF).9 This classification describes the impact of an illness on
a patient as a dynamic interaction between illness, personal and environmental factors.
Functioning is subdivided into the activity and the participation component, including
regulating defecation, interpersonal activities, and work. The health-related component
consists of body structures such as blood in stool and arthritis/arthralgia, and body
functions such as energy, sleep, and body image. Personal and environmental factors
nents.
Important mediating factors are the patient’s illness perceptions. According to the
Common Sense Model,10 these illness perceptions or patient beliefs may attenuate the
impact of clinical characteristics on clinical outcomes, including disability, quality of life,
and distress.11-13
In contrast to other chronic illnesses such as rheumatoid arthritis,14 data on disability
in IBD are scarce. Most studies in IBD on this topic have a retrospective design,15,16 are
small or are focused on work disability.17,18 In a prospective validation study of 166
participants, the interview-based IBD disability index has been reported to be reliable,
reproducible, sensitive for detecting disability, with a good correlation with the Crohn’s
Disease Activity Index (CDAI), Mayo index, and Inflammatory Bowel Disease Questionnaire (IBDQ).19
The present study aimed to assess: 1) the severity of self-reported disability and functional limitations; 2) determinants of self-reported disability; 3) the impact of self-reported disability on direct healthcare costs and QOL in a nationwide cohort of IBD
patients.

Self-reported disability in patients with inflammatory bowel disease
largely determined by disease activity and illness perceptions

are recognized as mediating factors for the association between these two compo-
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METHODS
Patient population and study design
The Costs Of Inflammatory bowel disease In the Netherlands (“COIN”) cohort was
established in 2010. This is an ongoing study of adult CD and UC patients from seven
general and eight university hospitals in the Netherlands who were identified between 2007 and 2010, using Diagnosis-Treatment-Combination codes (DTCs). Patients
completed three-monthly web-based questionnaires including questions about
demographics, clinical characteristics, and resource utilization. The cohort is described
in more detail in a previous report.20 The study was centrally approved by the Ethics
Committee of the University Medical Center Utrecht, Utrecht.
The primary outcome of interest, self-reported disability (hereafter referred to as “disability”), was measured with the IBD disability index 24 months after study entry. Most
information on demographic and clinical and behavioural determinants of disability
was collected concurrently. Data concerning smoking, education, comorbid conditions,
and disease localisation were assessed at baseline. Of the 3,015 patients who were
included in the COIN study, 505 (17%) were lost to follow-up. Patients who were lost to
follow-up were more likely to be female (p=0.021), smoker (p=0.000) and had a lower
education level (p=0.000) than those IBD patients who were not lost to follow-up.
Determinants
Determinants of disability were based on previous studies on factors independently
associated with work disability or a disabling disease course, encompassing stricturing
or penetrating disease, requiring abdominal surgery or immunomodulators (Supplementary Table 1).
Demographic determinants included gender, age, smoking status (current smoker,
ex-smoker, non-smoker), and education level (low versus high). Low education included no education, primary education, secondary education and technical or professional school, whereas high education included higher vocational education and university.
Clinical determinants included comorbid conditions (self-reported depression, joint
complaints, chronic back pain), age at diagnosis, disease duration, localization at enrolment for CD (ileal, colonic, ileocolonic), penetrating disease course for CD (defined
as perianal fistula or other fistula), previous IBD-related surgery, stoma, pouch, and
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medical treatment at enrolment (mesalazine, corticosteroids, immunomodulators,
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anti-TNF agents). Previous IBD-related surgery compromised intestinal resections and
perianal operations.
Behavioural determinants included illness perceptions, which were assessed with the
Brief Illness Perception Questionnaire.21 This nine-item questionnaire explores the
cognitive and emotional representations of illness across 8 dimensions: Consequences,

Timeline, Personal Control, Treatment Control, Identity, Concerns, Understanding, and
Emotional Response. Items are assessed on an 11-point Likert scale, for example “How
much does your illness affect your life?”: 0 [“not at all”] – 10 [“severely affects my life”].
IBD disability index
The IBD disability index consists of 28 questions, exploring limitations across five ICF
domains: Overall Health, Body Functions (sleep/energy, affect, body image, pain,
diarrhea, body mass index, weight loss), Activities and Participation (regulating defecation, looking after one’s health, interpersonal activities, and work/education), Body
Structures (blood in stool, arthralgia/arthritis), and Environmental Factors (exacerbating
effect of medication, food, family, and healthcare professional).7
A validated scoring system was used to measure the presence and severity of disability in the previous week with lower or negative scores indicating greater disability
(Supplementary A).19 The total score on the IBD disability index ranges between -80
(maximum degree of disability) and 22 (no disability). The severity of disability was
categorized into minimal (>-10), mild (-10 to -19), moderate (-20 to -35), and severe (≤
-35).19 The majority of questions are scored by patients on a 5-point Likert scale (“no”,
“mild”, “moderate”, “severe or extreme limitations”), whereas other questions included a

Direct healthcare costs and QOL
Direct healthcare costs included costs related to outpatient hospital visits, diagnostic
procedures medication use, stoma appliance use, IBD-related hospitalizations and
IBD-related surgeries. Direct healthcare costs were calculated by multiplying self-reported units of resource utilization by their unit costs.22
QOL was measured by the validated Dutch translation of the IBDQ-32, encompassing
32 items, with a graded response range of “worst” (1) to “best” (7) and a possible total
score of 32–224.6,23
Statistical analysis
Data analyses were performed using SPSS 20.0 and SAS 9.2. Descriptive statistics were
used to characterize CD and UC patients. Means and medians were reported with
a standard deviation (SD) and interquartile range (IQR), respectively. Comparisons
between CD and UC were analysed with Student-t test for continuous variables and χ2
or Fisher’s exact test for dichotomous variables. The IBD disability index was translated
into the self-reported IBD disability index by four authors (BO, HHF, AAK, MH), following the forward-backward-forward technique. Two randomly selected groups of 10
outpatients with IBD filled-out the self-reported IBD disability index, followed one week
later by an interview-based IBD disability index (group 1) or vice versa (group 2). The
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reproducibility of the IBD disability index was assessed with the reliability coefficient
by Bland and Altman.24 Correlation analyses were performed to assess associations
between demographic, clinical and behavioural determinants, and the IBD disability
score. Variables that reached at least a borderline statistical significance (p<0.10) in the
correlation analyses were included in the hierarchical linear regression analysis, which is
based on the Common Sense Model.10 Tests for trends in direct healthcare costs across
the categories minimal, mild, moderate and severe disability were conducted by using
the median value in each category as a continuous variable in the linear regression
models.

RESULTS
Patient population
In total, 1,108 IBD patients (response rate: 45%) were enrolled, including 554 CD patients (50%), 424 UC patients (38%), and 130 patients with “IBD-unknown/unclassified”
(12%) (Figure 1). Patients with “IBD-unknown/unclassified” were excluded from further
analyses.
Supplementary Table 2 shows data on baseline demographic and clinical characteristics in both the responders (CD: n=554 and UC: n=424) and non-responders
(CD: n=726 and UC: n=479). There were no relevant statistical significant differences
between both groups.
CD patients were more likely to be female (58% versus 45%, p=0.000), smoker (20%
versus 7%, p=0.000), had a lower age at diagnosis (30.7 versus 36.0 years, p=0.000), a
higher probability of having a stoma (14% versus 5%) and a lower probability of having
a pouch (2% versus 9%, p=0.000) as compared with UC patients. CD patients were
more frequently treated with immunomodulators (31% versus 21%, p=0.000) and/or
anti-TNF agents (21% versus 4%, p=0.000) as compared to UC patients.
Self-reported IBD disability index: internal consistency, reproducibility
The internal consistency/reliability (Cronbach’s alpha) for the 5-point Likert questions
was 0.872. The total scores showed a good reproducibility between the patient-reported and interview-based IBD disability index, with a 95% probability that the total
score on the second IBD disability index fell within the Bland and Altman co-efficient of
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repeatability. Reproducibility was comparable for group 1 and group 2.
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Severity of disability and functional limitations
CD patients scored significantly lower on the self-reported IBD disability index as
compared to UC patients (0.255 versus 3.890, p<0.000), indicating a greater disability
in CD. Problems that were most frequently reported by both CD and UC patients were

related to sleep and abdominal pain (figure 2). CD patients reported significantly more
problems related to abdominal pain (55% versus 44%, p=0.022), regulating defecation
(43% versus 30%, p=0.027), looking after one’s health (45% versus 38%, p=0.000),
participation in the community (42% versus 29%, p=0.000), personal relationships
(33% versus 25%, p=0.005), and work (50% versus 35%, p=0.000) as compared to UC
patients.
Determinants of disability
Multiple hierarchical regression analyses were performed to assess the contributory
role of demographic (step 1), clinical (step 2) and behavioural (e.g., illness perceptions)
determinants (step 3) in determining the IBD disability index total and its domain
sub-scores. In patients with CD, demographic, clinical and behavioural determinants
contributed towards a significant proportion of explained variance in total IBD disability
score, namely 1.0% (p<0.05), 44,7% (p<0.001), and 12,0% (p<0.001), respectively (figure
3). Factors that were independently associated with greater disability included clinical disease activity (ß -5.696, 95% CI -8.763, -2.629), previous CD-related surgery (ß
2.279, 95% CI 0.647, 3.912), self-reported depression (ß -5.696, 95% CI -8.763, -2.629),
and the illness perceptions Personal Control (ß 0.354, 95% CI 0.047, 0.661), Identity
-0.094) (table 2). In patients with UC, demographic, clinical and behavioural determinants contributed towards a significant proportion of explained variance in total IBD
disability score, namely to 4.2% (p<0.001), 46.8% (p<0.001), and 7.5% (p<0.001), respectively (figure 4). Factors that were independently associated with greater disability
included clinical disease activity (ß -2.891, 95% CI -3.385, -2.396) and the illness perceptions Identity (ß -0.643, 95% CI -1.218, -0.067), and Emotional response (ß -0.497,
95% CI -0.926, -0.068) (table 2).
Relationship between mean direct healthcare costs, QOL, and self-reported IBD
disability severity
Of the total 1,108 IBD patients, minimal, mild, moderate and severe disability were
present in, respectively, 901 (81.3%), 129 (11.6%), 70 (6.3%) en eight (0.7%) patients
(Supplementary Figure 1). A statistically significant increasing linear trend (p=0.000) in
direct healthcare costs as disability increased was demonstrated. In addition, a statistically significant decreasing linear trend (p=0.000) in mean QOL scores as disability
increased was demonstrated
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DISCUSSION
In this Dutch nationwide cohort we observed that disability was mainly determined by
clinical disease activity and illness perceptions. Typical characteristics of a complicated
disease course, including disease duration, penetrating disease, ileal involvement or
surgery, were not associated with disability. Additionally, we found that greater disability was associated with higher direct healthcare costs and a lower QOL.
To our knowledge, this is the largest study to date, assessing functional disability in
IBD patients with the recently introduced IBD disability index. This index has previously demonstrated to be reliable, reproducible and sensitive for detecting disability.19 It
has also shown to have a good correlation with existing symptom-assessment tools
and with the IBDQ. However, as the IBD disability index needs to be completed by a
physician, implementation into clinical practice is challenging. Therefore, we studied
the agreement between the patient-reported and interview-based IBD disability index
and found a good reproducibility (repeatability coefficient ≥ 0.95) between these two
indices.
It seems plausible that a complicated disease course in IBD - characterized by strictures, fistulas and surgeries - leads to intestinal dysfunction, surgery, and a progressive
deterioration of the functional status.25 Yet, in line with previous studies15,26 we found
that disability was mainly determined by clinical disease activity and illness perceptions,
but not by characteristics of a complicated disease course.
In a small pilot study of 38 IBD patients, it has been found that perceived disability (as
measured with the Perceived Disability Scale), was moderately to strongly associated
with bowel health, systemic health, more abdominal pain, less engagement in daily
activities, higher perceived stress and a higher number of gastroenterologist visits.15
Perceived disability was not significantly associated with disease duration, hospitalizations, and history of surgeries. In a recent study among 244 patients with long-term
IBD from the population-based Manitoba Cohort study, it has been found that disability (as measured with World Health Organization Disability Assessment Schedule) was
associated with long-term clinical disease activity and a history of major depression,
but not with disease duration, previous IBD surgeries or disease phenotype.26
In addition, we found that disability was strongly associated with several illness perceptions. Illness perceptions accounted for 1-13% of the explained variance in disability, in
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addition to demographic (1-5%) and clinical characteristics (13-47%). This finding is in
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line with the results of a previous study which showed that illness perceptions accounted for 23% of the explained variance in disability (as measured with the Functional
Limitations Profile), in addition to demographic variables (23%) and coping (6%).16 Our
findings corroborate the Common Sense Model, in which it is stated that individual’s
personal beliefs about IBD play a major role in the adjustment to the illness.10,27

In both CD and UC patients, illness identity was strongly and independently associated
with disability. This indicates that IBD patients who associate a wide range of symptoms
to their illness, experience a greater disability. It has been postulated that patients
misattribute unrelated symptoms to IBD, leading to a perception of greater disease
activity and subsequently to disability.10 Our finding are in line with previous studies in
IBD and other immune-mediated inflammatory diseases demonstrating illness identity
to be strongly associated with increased disability (IBD16; RA11,28 and psoriasis12,28),
reduced quality of life (IBD29,30; RA28 and psoriasis12), and psychological distress
(RA31). Emotional response was also strongly and independently associated with
disability in patients with CD and UC. The latter finding concurs with previous studies in
IBD patients,15,29,30 and indicates that negative beliefs about the effects of illness on the
patient’s emotional status (in terms of anxiety, depression), result in the perception of a
greater disability.
Personal control was strongly and independently associated with disability in CD, but
not in UC patients. This suggests that CD patients with less personal controllability of
their illness experience a greater disability. The fact that personal controllability was not
statistically significantly associated with disability in UC, might be explained by the fact
CD patients were more likely to have a stoma. Patients with a stoma can be expected
which may compromise their control over the illness.32 It may also be possible that the
impact of personal control on disability in UC is cancelled out by other factors, including the relapse rate. In our cohort, the relapse rate during two years of follow-up was
significantly higher in UC compared to CD patients (data not shown).
Finally, we have demonstrated that mean direct healthcare costs increased and mean
QOL scores decreased significantly with increasing of disability in IBD patients. These
findings strongly suggest that preventing disability in IBD may be a useful strategy in
order to reduce future direct and indirect healthcare costs and burden to society.
This study has several strengths. First, the self-reported IBD disability index showed a
good reliability and agreement with the interview-based disability index. Therefore, the
self-reported IBD disability index can be used in web-based questionnaires, which may
facilitate clinical research. Second, the large sample size enabled us to assess a large
panel of potential determinants of disability. Third, patients were included from both
university and general hospitals, thereby in our view, reliably representing the average
IBD patient in the Netherlands.
Several limitations of this study need to be addressed as well. First, an inherent limitation to the web-based design of this study is sampling bias. Although one might
assume that disabled patients are more willing to fill-out the questionnaires we did not
observe statistically significant differences between responders and non-responders
with regard to relevant demographics, disease characteristics, direct healthcare costs.
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Second, self-reported data on comorbid conditions (e.g., depression) may be inaccurate. Third, potential determinants of functional disability, including endoscopic and
laboratory markers of disease activity (CRP, faecal calprotectin), were not available.
Fourth, as we performed a cross-sectional analysis, correlations between demographic,
clinical and behavioural variables and disability do not imply causality. For example,
the inverse correlation that was found between anti-TNF treatment and disability may
be caused by confounding by indication. Fifth, although we assessed the agreement
between the patient-reported and interview-based IBD disability index, further studies
are required to determine the construct validity, discriminant ability, test-retest reliability, and responsiveness of the patient-reported IBD disability index.
Our findings underscore the importance of addressing and understanding patients’
symptoms and perceptions of IBD. This relevant information allows clinicians to guide
counselling and tailoring medical and biopsychosocial interventions to a patient’s specific needs, potentially resulting in less disability, lower healthcare costs and a higher
QOL. Previous studies have already shown that behavioural interventions based on the
Common Sense Model of self-regulation, can change illness perceptions of patients
after myocardial infarction and patients with end-stage renal disease, and thereby
improve major components of QOL (i.e., return to work).33,34
In conclusion, our results clearly show that disability in IBD is associated with clinical
disease activity and illness perceptions, but not with a longer disease duration or an
unfavourable disease phenotype. Greater disability is associated with higher costs and
lower QOL. As illness perceptions are potentially modifiable factors, they may provide a relevant target for interventions aimed at improving disability and other health
outcomes. Future studies should focus on the additional value of the IBD disability
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compared to current symptom-assessment tools.

140

1) Cosnes J, Gower-Rousseau C,
Seksik P, et al. Epidemiology and
natural history of inflammatory
bowel diseases. Gastroenterol
2011;140:1785–94.
2) Peyrin-Biroulet L, Loftus EV
Jr, Colombel JF, et al. The natural
history of adult Crohn’s disease in
population-based cohorts. Am J
Gastroenterol 2010;105:289-97.
3) Graff LA, Walker JR, Clara I,
et al. Stress coping, distress, and
health perceptions in inflammatory
bowel disease and community
controls. Am J Gastroenterol
2009;104:2959-69.
4) Rogola L, Miller N, Graff L, et
al. Population-based controlled
study of social support, self-perceived stress, activity and work
issue, and access to health care
in inflammatory bowel disease.
Inflamm Bowel Dis 2008;14:526–35.
5) Harvey RF, Bradshaw JM. A
simple index of Crohn’s disease
activity. Lancet. 1980;1:514.
6) Guyatt GH, Mitchell A, Irvine
EJ, et al. A new measure of health
status for clinical trials in inflammatory bowel disease. Gastroenterol
1989;96:804-810.
7) Peyrin-Biroulet L, Cieza A,
Sandborn WJ, et al. Disability and
health international classification of
functioning, inflammatory bowel
disease based on the international
classification of functioning, disability and health. Gut 2012;61:241-7.
8) Peyrin-Biroulet L, Cieza A,
Sandborn WJ, et al. Disability in
inflammatory bowel diseases: developing ICF Core Sets for patients
with inflammatory bowel diseases
based on the International Classification of Functioning, Disability,
and Health. Inflamm Bowel Dis
2010;16:15-22.

9) World Health Organization.

2009;15:47–55.

International Classification of

17) Siebert U, Wurm J, Gothe

Functioning, Disability and Health

RM, et al. Predictors of temporary

(ICF). Geneva: WHO, 2001. http://

and permanent work disability

www.who.int/classifications/icf/en

in patients with inflammatory

(accessed Dec 2013).

bowel disease: results of the Swiss

10) Leventhal H, Brissette I,

inflammatory bowel disease

Leventhal EA. The Common-Sense

cohort study. Inflamm Bowel Dis

Model of self-regulation of health

2013;19:847-55.

and illness. In: Cameron LD, Lev-

18) Høivik ML, Moum B, Solberg

enthal H, eds. The Self-Regulation

IC, et al. Work disability in inflam-

of Health and Illness Behaviour.

matory bowel disease patients

London, Routledge, 2003:42–65.

10 years after disease onset:

11) Bijsterbosch J, Scharloo M,

results from the IBSEN Study. Gut

Visser AW, et al. Illness perceptions

2013;62:368-75.

in patients with osteoarthritis:

19) Leong R, Huang T, Ko Y, et

change over time and association

al. Prospective validation study of

with disability. Arthritis Rheum

the International Classification of

2009;61:1054-61.

Functioning, Disability and Health

12) Scharloo M, Kaptein AA,

score in Crohn’s disease and

Weinman J, et al. Patients’ illness

ulcerative colitis. J Crohns Colitis

perceptions and coping as predic-

2014; S1873-9946(14)00101-9. doi:

tors of functional status in psoriasis:

10.1016/j.crohns.2014.02.028.

a 1-year follow-up. Br J Dermatol

20) Van der Valk ME, Mangen MJ,

2000;142:899-907.

Leenders M; on behalf COIN study

13) Dalbeth N, Petrie KJ, House M,

group and the Dutch Initiative on

et al. Illness perceptions in patients

Crohn and Colitis. Healthcare costs

with gout and the relationship with

of inflammatory bowel disease

progression of musculoskeletal dis-

have shifted from hospitalisation

ability. Arthritis Care Res (Hoboken)

and surgery towards anti-TNFα

2011;63:1605-12.

therapy: results from the COIN

14) Coenen M, Cieza A, Stamm

study. Gut 2014;63:72-9.

TA, et al. Validation of the Interna-

21) Broadbent E, Petrie KJ, Main

tional Classification of Functioning,

J, et al. The brief illness perception

Disability and Health (ICF) Core

questionnaire. J Psychosom Res

Set for rheumatoid arthritis from

2006;60:631–7.

the patient perspective using

22) Hakkaart-van Roijen L, Tan

focus groups. Arthritis Res Ther

SS, Bouwmans CAM. Handleiding

2006;8:R84.

voor kostenonderzoek, methoden

15) Kiebles JL, Doerfler B, Keefer

en standaard kostprijzen voor

L. Preliminary evidence supporting

economische evaluaties in de

a framework of psychological

gezondheidszorg. [Manual for

adjustment to inflammatory

Costing: Methods and Reference

bowel disease. Inflamm Bowel Dis

Prices for Economic Evaluations in

2010;16:1685-95.

Healthcare] College voor zorgver-

16) Dorrian A, Dempster M,

zekeringen Geactualiseerde versie.

Adair P. Adjustment to inflamma-

Diemen 2010.

tory bowel disease: the relative

23) Russel MG, Pastoor CJ,

influence of illness perceptions

Brandon S, et al. Validation of the

and coping. Inflamm Bowel Dis

Dutch translation of the inflamma-

Self-reported disability in patients with inflammatory bowel disease
largely determined by disease activity and illness perceptions

REFERENCES

141

tory bowel disease questionnaire

distress in rheumatoid arthritis.

(IBDQ): a health-related quality

Psychol Health Med 2012;17:427-

of life questionnaire in inflam-

39.

matory bowel disease. Digestion

32) Carlsson E, Bosaeus I, Nor-

1997;58:282–8.

dgren S. What concerns subjects

24) Bland JM, Douglas GA.

with inflammatory bowel disease

Statistical methods for assessing

and an ileostomy? Scand J Gastro-

agreement between two methods

enterol 2003;38:978-84.

of clinical measurement. Lancet

33) Petrie KJ, Cameron LD, Ellis CJ,

1986;1:307-10.

et al. Changing illness perceptions

25) Allen PB, Peyrin-Biroulet L.

after myocardial infarction: an

Moving towards disease modifica-

early intervention randomized

tion in inflammatory bowel disease

controlled trial. Psychosom Med

therapy. Curr Opin Gastroenterol

2002;64:580–6.

2013;29:397-404.

34) Karamanidou C, Weinman

26) Israeli E, Graff LA, Clara I,

J, Horne R. Improving haemodi-

et al. Low prevalence of disability

alysis patients’ understanding of

among patients with inflammatory

phosphate-binding medication:

bowel disease a decade after diag-

a pilot study of a psycho-educa-

nosis. Clin Gastroenterol Hepatol

tional intervention designed to

2014; S1542-3565(13)01935-6. doi:

change patients’ perceptions of the

10.1016/j.cgh.2013.12.009.

problem and treatment. Br J Health

27) Hagger MS, Orbell S. A

Psychol 2008;13:205-14.

meta-analytic review of the
common sense model of illness
representations. Psychol Health
2003;18:141–84.
28) Scharloo M, Kaptein AA,
Weinman J, et al. Illness perceptions, coping and functioning in
patients with rheumatoid arthritis,
chronic obstructive pulmonary
disease and psoriasis. J Psychosom
Res 1998;44:573-85.
29) Han SW, McColl E, Barton JR,
et al. Predictors of quality of life
in ulcerative colitis: the importance of symptoms and illness
representations. Inflamm Bowel Dis
2005;11:24-34.
30) Van der Have M, Minderhoud
IM, Kaptein AA, et al. Substantial
impact of illness perceptions on

Chapter 8

quality of life in patients with

142

Crohn’s disease. J Crohns Colitis
2013;7:e292-301.
31) Van Os S, Norton S, Hughes
LD, et al. Illness perceptions
account for variation in positive
outlook as well as psychological

143

Self-reported disability in patients with inflammatory bowel disease
largely determined by disease activity and illness perceptions

Table 4. Linear mixed model with work and activity impairment (﴾WPAI)﴿ as outcome variable and

tabel
1.
demographic/clinical variables (﴾step 1)﴿, illness perceptions (﴾step 2)﴿, and coping (﴾step 3)﴿ as independent
Demographic
and clinical characteristics of the study population
variables

W ork productivity
Predicting

Beta

95% CI

Activity impairment
Beta

95% CI

0.26

-‐0.22, 0.75

variables:
Step 1:
dem ographic &
clinical variables
Gender
Disease activity

0.41***

0.29, 0.53

0.19***

0.12, 0.25

Joint pain

0.22**

0.07, 0.37

0.48***

0.39, 0.58

Identity

0.05

-‐0.08, 0.19

0.10*

0.01, 0.19

Consequences

0.14**

0.06, 0.22

0.13***

0.07, 0.18

-‐0.03

-‐0.08, 0.02

Illness coherence

-‐0.08

-‐0.17, 0.01

0.01

-‐0.05, 0.07

Timeline cyclical

-‐0.00

-‐0.11, 0.10

0.02

-‐0.06, 0.09

0.04

-‐0.04, 0.12

0.06*

0.01, 0.12

Decreasing activity

0.07

-‐0.02, 0.16

0.10**

0.04, 0.17

Pacing

0.04

-‐0.04, 0.11

0.02

-‐0.03, 0.07

Step 2: illness
perceptions

Personal control

Emotional
representations
Step 3: coping

* = p value < 0.05, ** = p value <0.01, *** = p value <0.001
WPAI = Work Productivity Activity Impairment
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tabel 2.
Independent determinants of self-reported disability in patients with CD (n=554)
and UC (n=424)
Table 2. Independent determinants of self-‐reported disability in patients with CD (﴾n=554)﴿ and UC (﴾n=424)﴿
B

95% CI

p value

B

Crohn’s disease

95% CI

p value

Ulcerative colitis

Dem ographics
Gender

0.938

-‐0.669, 2.545

0.252

-‐0.399

-‐2.000, 1.202

0.625

Current smoker

0.688

-‐1.314, 2.690

0.500

-‐3.019

-‐6.101, 0.064

0.055

Clinical determinants
Age at diagnosis

-‐0,006

-‐0.071, 0.058

0.847

-‐

-‐

-‐

Clinical disease activity

-‐5.696

-‐8.763, -‐2.629

0.000

-‐2.891

-‐3.385, -‐2.396

0.000

-‐

-‐

-‐

2.279

0.647, 3.912

0.006

Previous CD-‐related
surgery
Pouch

1.887

-‐3.492, 7.265

0.491

-‐

-‐

-‐

Depression

-‐5.696

-‐8.763, -‐2.629

0.000

-‐0.440

-‐3.505, 2.624

0.778
0.880

Back pain

-‐

-‐

-‐

0.206

-‐2.473, 2.885

Arthralgia

-‐0.622

-‐2.481, 1.237

0.511

-‐0.895

-‐2.883, 1.093

0.377

-‐

-‐

-‐

-‐0.142

-‐3.343, 3.059

0.930

0.015

-‐1.822, 1.851

0.987

0.139

-‐4.291, 4.570

0.951

Consequences

-‐0.401

-‐0.862, 0.06

0.088

-‐0.399

-‐0.894, 0.097

0.114

Personal control

0.354

0.047, 0.661

0.024

0.155

-‐0.135, 0.444

0.294
0.094

Steroids
Anti-‐TNF agents
Illness perceptions

Treatment control

0.171

-‐0.135, 0.477

0.273

0.274

-‐0.046, 0.594

Identity

-‐0.940

-‐1.464, -‐0.416

0.000

-‐0.643

-‐1.218, -‐0.067

0.029

Concerns

-‐0.420

-‐0.855, 0.016

0.059

-‐0.160

-‐0.623, 0.302

0.496

Understanding

0.0450

-‐0.300, 0.389

0.799

-‐0.004

-‐0.337, 0.329

0.981

Emotional response

-‐0.522

-‐0.949, -‐0.094

0.017

-‐0.497

-‐0.926, -‐0.068

0.023
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Figure 1.
Study flow-chart
Figure 1. Study flow-‐chart
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ABSTRACT
Background
Population aging is expected to result in a substantial additional burden on healthcare
resources in the near future. We aimed to assess the current and future impact of aging on direct healthcare costs (DHC) attributed to inflammatory bowel disease (IBD).
Methods
IBD patients from a Dutch multicenter cohort filled out three-monthly questionnaires for two years. Elderly (≥ 60 years) and younger (18-60 years) IBD patients were
analyzed for differences in three-monthly DHC, productivity losses and out-of-pocket
costs. Prevalence rates were obtained from a health insurance database. Estimates of
annual DHC and prevalence rates were applied to the total Dutch adult population in
2011 and then projected to 2040, using predicted changes in population demography,
prices, and volume.
Results
IBD-attributable DHC were lower in elderly than in younger IBD patients with respect
to three-monthly DHC (€359 versus €978, p<0.01), productivity losses (€108 versus
€456, p<0.01) and out-of-pocket costs (€40 versus €57, p<0.01). Between 2011 and
2040, the percentage of elderly IBD patients in the Netherlands has been projected to
rise from 24% to 35%. Between 2011 and 2040, DHC of the total IBD population in the
Netherlands are projected to increase from €161 to €661 million. Population aging accounted for 1% of this increase, next to rising prices (29%), and volume growth (70%).
Conclusion
Population aging has a negligible effect on IBD-attributable DHC of the IBD population in the near future, because the average costs incurred by elderly IBD patients are
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considerably lower than those incurred by younger IBD patients.
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INTRODUCTION
Inflammatory bowel disease (IBD), encompassing Crohn’s disease (CD) and ulcerative
colitis (UC), is one of the most prevalent chronic gastrointestinal diseases in the Western world.
Extrapolating the highest IBD prevalence rates to the populations of Europe and North
America indicates that there were 3.7 million Europeans and 1.5 million North Americans diagnosed with IBD in 2011, accounting for respectively €17.9 and €7.4 billion
annual direct healthcare costs.1-4
Currently, 16-27% of IBD patients is older than 60 years, hereafter referred to as “elderly IBD patients”.5 This subpopulation will expand as a result of the aging of the baby
boom generation.
Eurostat estimated that in Europe the elderly population will increase by 50%, from
116 million in 2010 to 175 million in 2040.6 According to a recent survey of U.S. hospital
discharges, elderly IBD patients accounted for a disproportionate number of hospitalizations and had a higher postoperative morbidity and mortality compared to younger
patients.7, 8 Therefore, the growing subpopulation of elderly IBD patients may increasingly burden healthcare resources.
In an era of budgetary constraints, more data on the economic impact of IBD are
required for proper allocation of the limited healthcare resources. These data allow
healthcare providers, policy makers and clinicians to create a Pareto optimum, defined
Previous cost-of-illness studies were mainly limited to single centers, reported only
direct healthcare costs (DHC), and were conducted in a pre-biological era or relied on
mathematic modelling.10-16 Therefore, we initiated the “Costs Of Inflammatory bowel
disease in the Netherlands” or “COIN” study in 2010.4 We used the COIN database to
compare the IBD-attributable DHC (DHC-IBD) and productivity losses of elderly IBD
patients with those of younger IBD patients. Based on these data we estimated the
2011 DHC-IBD of the total adult IBD population in the Netherlands and projected those
to 2040.
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in economics as a reallocation of resources for the benefit of all individuals.9
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MATERIAL & METHODS
Patient population
Details on the patient population are available elsewhere.4 Briefly, adult CD and UC
patients from seven general and seven university hospitals were identified between
2007 and 2010, using Diagnosis-Treatment-Combination codes (DTC). DTC’s are based
on the International Classification of Disease, Ninth Revision,17, 18 and have been found
to reliably identify IBD patients.19, 20 In accordance with previous studies,5, 7 patients ≥60
years were defined as “elderly IBD patients”, whereas those <60 years were defined as
“younger IBD patients”. The study was centrally approved by the Medical Ethics Committee of the University Medical Center Utrecht.
Study protocol and measurements
A secured web-based questionnaire was developed to obtain baseline characteristics
and three-monthly cost data during two years of follow-up. Demographic characteristics included gender, age, age at diagnosis, education level, work status, family history,
and smoking status. Clinical characteristics included subtype of IBD, disease duration
and localisation, penetrating disease course (perianal or other fistula), stoma or pouch
and clinical disease activity. Clinical disease activity was measured by the well-validated
Short Crohn’s Disease Activity Index21 and the Modified Truelove and Witts Severity Index22, 23 for CD and UC patients, respectively. Finally, quality of life (QOL) was measured
by the EQ-5D23, 24 and the IBDQ-32.25, 26
DHC-IBD, productivity losses and out-of-pocket costs attributable to IBD
DHC-IBD were obtained and classified as: 1) outpatient visits, including the number of
outpatient physician consultations; 2) diagnostic procedures, including endoscopies
and radiological examinations; 3) medication use, including IBD-specific drugs (mesalazine, steroids, immunosuppressants and anti-TNFα antibodies); 4) stoma-related
costs; 5) IBD-related hospitalizations, defined as the number of days hospitalized, and
6) IBD-related surgeries, including intestinal resections and perianal operations. In line
with the Dutch guidelines for economic evaluations, patient’s costs were calculated by
multiplying self-reported units of resource utilization by their unit costs.27
To assess productivity losses we used sick leave of patients and their caregivers from
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both paid and unpaid work as outcome measure (absenteeism). Employed patients,
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partially disabled patients with a paid job and patients with an unpaid job (voluntary
work) reported the number of sick leave days within the previous three months. In
addition, patients were asked to report whether their caregivers were absent from
paid work in order to take care of them, and if so, for how many days. Hours of work
absence (paid and unpaid) of patients and caregivers was multiplied with the corre-

sponding unit prices as reported previously.4
Patients reported IBD-related out-of-pocket costs within the previous three months,
including patient’s deductibles for healthcare insurance, over-the-counter drugs
(vitamins, antidiarrheals, analgetics, probiotics, and minerals), travel costs and subscriptions of patient organizations. More details on the calculation method are provided
elsewhere.4
Non-responders
As reported previously,4 there were no statistical differences between responders and
non-responders from one participating center with regard to demographic (age,
gender) and clinical characteristics (disease duration, penetrating disease course and
abdominal surgery in the past).
Projection of prevalence rates and DHC-IBD of IBD
The projections were made as follows. First, IBD prevalence rates and annual DHCIBD per person were generated for each age- (18-39, 40-59, ≥60 years), gender- and
IBD subtype-specific group. The prevalence rate for each age-, gender- and IBD
subtype-specific group was estimated by dividing the number of IBD patients by the
total number of policy holders of the Agis Health Insurance Company28 registered in
July 1st 2011, and were conservatively assumed to remain constant between 2011 and
2040. Then, these prevalence rates were applied to the Census projections of population counts for the years 2011 to 2040 to generate the total IBD population for the
by four and by the corresponding number of IBD patients of the above-mentioned
groups, to generate the total annual DHC-IBD of the IBD population for the years 2011
to 2040 (Supplementary Table 1).
In our base-case analysis we projected the DHC-IBD of the total IBD population from
2011 to 2040, taking into account the cumulative effects of population aging, rising
prices and volume growth (increased healthcare utilization) on the DHC-IBD. Prices
and volume of overall healthcare expenditure were assumed to increase at the same
rate for the next 30 years: averaging an annual rate of 4.9% (2.2% due prices; 2.7%
due to volume). But as the increase in volume is debatable, we conducted a scenario
analysis, in which we only accounted for the effects of population aging and rising
prices (2.2%) on the DHC-IBD.30, 31
Finally, one-way sensitivity analyses were performed, varying IBD prevalence rates and
mean DHC-IBD of each age-, gender- and IBD subtype-specific group, using the lower
and upper ends of the 95% CI, to assess the uncertainty of the projected DHC-IBD
between 2011 and 2040. The projection method is described in full detail in Supplementary Methods.
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Statistical analysis
Data analyses were performed using SPSS 20.0 and SAS 9.2. Descriptive statistics were
used to characterize CD and UC patients according to their age. Means and medians
were reported with a standard deviation (SD) and an interquartile range (IQR) respectively. Comparisons between elderly versus younger IBD were analysed with Student’s
t-test for continuous variables and χ2 or Fisher’s exact test for dichotomous variables.
Costs were expressed as mean costs with 95% CI estimated using non-parametric
bootstrap sampling. To identify cost drivers of high healthcare costs, we included
demographic, clinical, and treatment-related characteristics into a two-part mixed
model. This model takes into account that cost data are right-skewed with a substantial proportion of zero values and consists of two parts: 1) a generalised linear mixed
model assessing the odds of costs being positive and; 2) a linear mixed model with
log-normal link assessing the height of costs given that costs were actually incurred. To
account for repeated measures within subjects, a random intercept was fitted to both
parts of the model.
Projections were modelled in MS Excel 2010.

RESULTS
Patient population
In total, 3,015 IBD patients filled-out the baseline questionnaire, including 1,551 patients
with CD (51%), 1,051 patients with UC (35%) and 413 patients with either IBD-unspecified or “IBD-unknown” (14%). “IBD-unknown” included patients who did not know
their IBD-subtype, reported UC with ileal involvement or fistulas. As there were no
significant differences between patients with “IBD-unknown”/-unspecified and UC with
regard to demographic (age, gender) and clinical characteristics (disease duration,
abdominal surgery, stoma, pouch, and medication use), these groups were analyzed
together (hereafter referred to as UC). Three-hundred seven out of 1,551 CD patients
(20%) and 354 out of 1,464 UC patients (24%) were older than 60 years.
The proportion of patients lost to follow-up was comparable between elderly and
younger IBD patients, namely 15.0% versus 15.4% (p=0.78). Both elderly and younger IBD patients who were lost to follow-up were more likely to be female (p=0.02),
smoker (p<0.01), and had a lower education level (p<0.01) than those IBD patients who
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Elderly CD patients were more likely to be male (p<0.01), had a higher probability of a
positive history of abdominal surgery (p<0.01), and a current stoma (p<0.01) compared to younger CD patients (Table 1). Younger CD patients were more likely to be
smoker (p=0.01), had a higher incidence of clinical active disease (p=0.01), and were
more frequently treated with immunosuppressants (p<0.01) and anti-TNFα antibod-

ies (p<0.01). Elderly UC patients were more likely to be male (p<0.00) compared to
younger UC patients (Table 2). Younger UC patients had a higher incidence of clinical active disease (p=0.01), were more frequently treated with immunosuppressants
(p<0.01) and anti-TNFα antibodies (p=0.04).
DHC-IBD costs in CD and UC
The mean DHC-IBD per patient per three months were lower in elderly than in younger IBD patients, i.e., €982 versus €1428 (p<0.01) in CD, and €637 versus €995 (p<0.01)
in UC (Figure 1). Medication use was the major cost driver in both elderly CD and UC
patients, accounting for 62% and 60% of total DHC respectively. The costs attributable
to anti-TNFα antibodies were consistently lower in elderly than in younger IBD patients
(€523 versus €962, p<0.01 in CD, and €287 versus €608, p<0.01 in UC).
In elderly CD, the only significant predictor of high costs was anti-TNFα therapy (Odds
Ratio (OR) 15.30, 95% CI 12.61-18.56). Significant predictors of high costs in elderly UC
were anti-TNFα therapy (OR 18.70, 95% CI 14.40-24.27), stoma use (OR 9.30, 95% CI
6.51-13.29), steroid therapy (OR 1.28, 95% CI 1.10-1.49), immunosuppressive therapy
(OR 1.25, 95% CI 1.10-1.42), and current flares (OR 1.17, 95% CI 1.08-1.27).
Productivity losses and out-of-pocket costs in CD and UC
Productivity losses due to sick leave of paid work were lower in elderly than in younger
CD and UC patients (€97 versus €420 (p=0.04), and €54 versus €392 (p<0.01) respectively). Productivity losses due to sick leave of unpaid work were higher in elderly than
in younger CD, but comparable between elderly and younger UC patients (€25 versus
lower in elderly than in younger CD and UC patients (€48 versus €75 (p<0.01), and
€4 versus €37 (p<0.01) respectively) (Figure 2, Supplementary Table 2, Supplementary
Table 3).
DHC-IBD costs in 2011
Costs were lower in elderly versus younger IBD patients with respect to three-monthly
DHC-IBD (€359 versus €978, p<0.01), productivity losses (€108 versus €456, p<0.01)
and out-of-pocket costs (€40 versus €57, p<0.01). Within elderly IBD patients, costs
were higher in patients aged 60-70 years versus patients aged 70 years or older with
respect to DHC-IBD (€432 versus €241, p=0.000), productivity losses (€119 versus €14,
p=0.001), and out-of-pocket costs (€46 versus €19, p=0.001).
Projections of IBD population and DHC-IBD
The total IBD population in the Netherlands is expected to increase from 43,953 in
2011 to 46,894 individuals in 2040, an increase of 7%. The total number of elderly IBD
patients will increase from 10,658 in 2011 to 16,323 in 2040, a growth of 53% (Supple-
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mentary Table 1).
According to our base-case analysis (population aging + rising prizes + volume), the
DHC-IBD of the total adult IBD projection are projected to increase from €161 million to
€661 million in 2040, a 4.1-fold increase. The contributions of population aging, price
inflation and volume to this increase were respectively 1%, 29% and 70% (Figure 3).
According to our scenario analysis (population aging + rising prizes), the DHC-IBD of
the total adult IBD projection are projected to increase from €161 million to €310 million
in 2040, a 1.9-fold increase.
When using the low and high boundaries of the estimated DHC-IBD and the IBD
prevalence rates in our base-case analysis, the projected DHC-IBD of the adult IBD
population in 2040 varied between €559 and €763 million (Figure 3) and between
€580 and €741 million respectively.

DISCUSSION
Healthcare costs have significantly increased over the recent years. This has been
attributed to an overall increase in prices of healthcare expenditure, volume growth
and population aging. The latter contributes to higher healthcare costs because of the
increasing likelihood of chronic illness with age and a general increased healthcare
utilization. In IBD, however, we found that the impact of population aging on the DHCIBD of the total adult IBD population, - presuming status quo in treatment - is mitigated by two factors: 1) the relatively low healthcare utilization by elderly IBD patients, and
2) a reduced proportion of relatively expensive middle-aged (40-60 years) IBD patients
due to the declining birth rate since the baby boom.
COIN-cohort
Several reasons may explain the lower healthcare utilization, productivity losses and
out-of-pocket costs in elderly IBD patients as compared with younger IBD patients.
Consistent with previous studies, expensive anti-TNFα antibodies were less frequently
prescribed for elderly than for younger IBD patients,4, 32-34 which may suggest a milder
disease course in elderly IBD patients. Accordingly, in our study elderly IBD patients
reported a lower disease activity at baseline and a higher QOL at baseline and during
follow-up than younger IBD patients (Supplementary Table 4). A milder disease course,
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when aged, has been reported by other authors showing lower requirements of
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immunosuppressants and anti-TNFα antibodies,33, 35 reduced rates of hospitalization,36,
37

and disease progression,35, 38 and better treatment response.39 Additionally, clinicians

may hesitate to prescribe anti-TNFα antibodies in elderly patients, because of doubts
related to the efficacy or the demonstrated increased risk of potential side effects of
these compounds in elderly, such as (opportunistic) infections40, 41 and cancer.42

Second, overall productivity losses were lower in elderly than in younger IBD patients,
obviously because most elderly IBD patients were retired.
Third, most elderly IBD patients were captured at a later stage of their disease as
reflected by the long median disease duration and were therefore exempted from high
costs that are usually incurred in the first years after diagnosis.43, 44
Projection of IBD-attributable DHC until 2040
Productivity losses could not reliably be extrapolated due to ongoing policy changes
with respect to retirement age and were therefore excluded. However, according to
previous and current data, productivity losses contribute to only one-fourth of the
total healthcare costs.4 In line with recent data from high-incidence countries showing
a stabilization of the IBD prevalence, we assumed that the current IBD prevalence will
remain constant for the next 30 years.3, 45
Next to population aging, we assessed the impact of increasing prices and volume
on the growth of DHC-IBD, thereby identifying potential targets for cost containment
interventions and putting the effect of population aging on the growing DHC-IBD into
perspective.
According to our projections, the DHC-IBD would quadruple from €161 million to €661
million between 2011 and 2040. Only 1% of this growth is attributable to population
aging. The limited effect of population aging on the DHC-IBD is due to the fact that
elderly IBD patients utilize considerably less IBD-attributable healthcare compared to
their younger counterparts. In addition, due to population aging the proportion of
35% in 2040.
Another important finding was that 70% of the growth in DHC-IBD is attributable
to volume. We suggest that technological innovations - frequently cited as a major
volume-generating factor46, 47 - are mainly responsible for this growth. In IBD, biologicals are considered important technological innovations. The expanding indications
for the use of existing biologicals (mainly anti-TNFα antibodies) and the introduction
of new compounds48 may generate additional volume and, thereby, increase the DHCIBD even more. Although biosimilars, that are generally priced 15-30% below their
reference products, may reduce the total costs related to the use of biologicals/biosimilars,49-51 in our opinion, this will likely have a minor effect on the expected utilization of
these compounds in the future.
The future healthcare utilization of elderly IBD patients might increase for several
reasons. First, as younger IBD patients will continue to use expensive biologicals while
they age, more elderly IBD patients may be expected to use these compounds in the
future. Second, as experience with the use of biologicals in elderly IBD patients grows,
clinicians may be less concerned about potential side-effects and prescribe biologicals
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more frequently. Whether this increased healthcare utilization would disproportionately
affect elderly IBD patients remains a matter of debate, and if so, the effect of population aging on DHC as we reported might be underestimated. However, we feel that
more aggressive or treat-to-target treatment of younger IBD patients will also lead
to a higher healthcare utilization in this subpopulation, which will counterbalance the
potential increase in healthcare utilization in elderly IBD patients.
This study has several limitations. First, the web-based design of this study may be
prone to sampling error, as elderly people may have a relatively limited access to internet. However, since 90% of elderly people in the Netherlands currently has access to
internet,52 we do not feel that this aspect has biased our study. Second, our projections
may be subject to sampling error as our prevalence rates were based on information
from a health insurance database.53 Yet, coding errors in this database are regularly
excluded by random checks and auditing28 and prevalence rates are consistent with
those from surrounding countries in Europe and North America.54, 55 Third, attrition
bias may have occurred as patients who were lost to follow-up were more likely to be
female, smokers, and had a lower education. Nevertheless, none of these characteristics were found to be significantly associated with higher costs. Fourth, indirect costs
resulting from polypharmacy, drug-drug interactions or side effects of medications
might have been missed. This may have led to an underestimation of total indirect
healthcare costs, especially of those in elderly patients with IBD.
This study provides valuable information on current and future healthcare costs of
elderly patients with IBD that will be useful to 1) inform decision makers as they plan
to meet future healthcare demands in the elderly in general; 2) provide cost data to
assess the cost-effectiveness of treatment strategies in elderly patients with IBD.
In conclusion, although population aging is generally considered an important cost
driver, this does not hold true for IBD. In IBD, the impact of aging is mitigated, because
of the lower ratio of DHC-IBD for elderly versus younger patients. This lower ratio
may also be found in other immune-mediated inflammatory diseases (IMIDs) such
as rheumatoid arthritis, where elderly patients are also less likely to receive expensive
biological treatment.56, 57 Therefore, we feel that our data may be generalizable to other IMIDs. Further comparative cost-of-illness studies are needed to confirm this state
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tabel 1.
Main baseline characteristics of younger (< 60 years) versus elderly
(≥ 60 years) CD patients

Demographic characteristics:
Male gender (﴾%)﴿
Age – years (﴾±SD)﴿
Age at diagnosis – years (﴾±SD)﴿
Low education (﴾%)﴿
Positive family history (﴾%)﴿
Current smoker
Employment status (﴾%)﴿

Employed
Fully work disabled
Partially work disabled
Retired
Homemaker
Student
Clinical characteristics:
Disease duration – median (﴾IQR)﴿

Younger CD
n = 1244
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a

p value

408 (﴾32.8)﴿
42.2 (﴾10.8)﴿
26.7 (﴾9.8)﴿
777 (﴾62.5)﴿
265 (﴾21.3)﴿
279 (﴾22.4)﴿

164 (﴾53.4)﴿
66.0 (﴾5.0)﴿
40.2 (﴾14.9)﴿
223 (﴾72.6)﴿
71 (﴾23.1)﴿
49 (﴾16.0)﴿

0.00
0.00
0.00
0.00
0.50
0.01

706 (﴾56.8)﴿
153 (﴾12.3)﴿
208 (﴾16.7)﴿
7 (﴾0.6)﴿
108 (﴾8.7)﴿
62 (﴾5.0)﴿

31 (﴾10.0)﴿
22 (﴾7.2)﴿
55 (﴾17.9)﴿
173 (﴾56.4)﴿
26 (﴾8.5)﴿
-‐

0.00
0.01
0.62
0.00
0.91
0.00

13.9 (﴾6.9-‐22.8)﴿

24.9 (﴾13.9-‐
37.5)﴿

0.00

335 (﴾26.9)﴿
241 (﴾19.4)﴿
630 (﴾50.6)﴿
38 (﴾3.1)﴿

92 (﴾30.0)﴿
66 (﴾21.5)﴿
134 (﴾44.6)﴿
15 (﴾4.9)﴿

0.29
0.40
0.03
0.11

146.5 (﴾85.2)﴿
177 (﴾153-‐196)﴿
71 (﴾61-‐80)﴿
658 (﴾52.9)﴿
137 (﴾11.0)﴿
21 (﴾1.7)﴿

119.5 (﴾69.7)﴿
176 (﴾155-‐198)﴿
70 (﴾60-‐80)﴿
150 (﴾48.9)﴿
54 (﴾17.6)﴿
7 (﴾2.3)﴿

0.01
0.48
0.46
0.21
0.00
0.49

713 (﴾57.3)﴿
281 (﴾22.6)﴿
82 (﴾6.6)﴿
118 (﴾9.5)﴿
136 (﴾10.9)﴿
96 (﴾7.7)﴿

233 (﴾75.9)﴿
79 (﴾25.7)﴿
35 (﴾11.4)﴿
43 (﴾14.0)﴿
41 (﴾13.4)﴿
35 (﴾11.4)﴿

0.00
0.17
0.00
0.02
0.28
0.04

221 (﴾21.4)﴿
81 (﴾7.8)﴿
359 (﴾34.6)﴿
262 (﴾25.3)﴿

67 (﴾25.1)﴿
26 (﴾9.7)﴿
59 (﴾22.1)﴿
35 (﴾13.1)﴿

0.20
0.32
0.00
0.00

Disease localization (﴾%)﴿
Large bowel
Small bowel
Both large and small bowel
Unknown
Clinical disease activity – mean score on short
-‐ CDAI
IBDQ total – median (﴾IQR)﴿
EQ-‐5D VAS – median (﴾IQR)﴿
Penetrating disease course (﴾%)﴿
Stoma (﴾%)﴿
Pouch (﴾%)﴿
Treatment-‐related characteristics:
Type of abdominal surgery in the past (﴾%)﴿
Ileocecal resection
Resection neo-‐terminal ileum
Partial small bowel resection
Partial large bowel resection
Subtotal resection
Medication use (﴾%)﴿a
Mesalazine
Steroids
Immunosuppressants
Anti-‐TNFα antibodies

Elderly CD
n = 307

= Medication use was obtained three months after inclusion. In total, 1035 younger CD patients
and 267 elderly CD patients reported their medication use.
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tabel 2.
Table
2. Maincharacteristics
baseline characteristics
of younger
(﴾< 60 years)﴿
elderly (﴾≥ 60
Main
baseline
of younger
(< 60 years)
versusversus
elderly
(≥years)﴿
60 years)
UC
patients
UC patients

Employed
Fully work disabled
Partially work disabled
Retired
Homemaker
Student
Clinical characteristics:
Disease duration – median (﴾IQR)﴿
Clinical disease activity – mean score on
MTWSI (﴾±SD)﴿
IBDQ total – median (﴾IQR)﴿
EQ-‐5D VAS – median (﴾IQR)﴿
Stoma (﴾%)﴿
Pouch (﴾%)﴿
Treatment-‐related characteristics:
Subtotal colectomy in the past (﴾%)﴿
Medication use (﴾%)﴿b
Mesalazine
Steroids
Immunosuppressants
Anti-‐TNFα antibodies

Elderly UC a
n = 354

p value

503 (﴾45.3)﴿
44.1 (﴾10.3)﴿
30.8 (﴾10.8)﴿
647 (﴾58.3)﴿
224 (﴾20.2)﴿
127 (﴾11.4)﴿

245 (﴾69.2)﴿
66.7 (﴾5.6)﴿
48.2 (﴾14.0)﴿
239 (﴾67.5)﴿
76 (﴾21.5)﴿
28 (﴾7.9)﴿

0.00
0.00
0.00
0.02
0.44
0.06

755 (﴾68.0)﴿
128 (﴾11.5)﴿
93 (﴾8.4)﴿
15 (﴾1.4)﴿
95 (﴾8.6)﴿
24 (﴾2.2)﴿

57 (﴾16.1)﴿
16 (﴾4.5)﴿
48 (﴾13.6)﴿
212 (﴾59.9)﴿
21 (﴾5.9)﴿
-‐

0.00
0.00
0.00
0.00
0.12
0.00

11.2 (﴾5.9-‐19.9)﴿

16.3 (﴾6.9-‐28.9)﴿

0.00

4.2 (﴾2.8)﴿
184 (﴾160-‐202)﴿
74 (﴾65-‐81)﴿
80 (﴾7.2)﴿
119 (﴾10.7)﴿

3.8 (﴾2.4)﴿
189 (﴾166-‐204)﴿
73 (﴾65-‐80)﴿
27 (﴾7.6)﴿
19 (﴾5.4)﴿

0.01
0.01
0.71
0.82
0.00

126 (﴾11.4)﴿

23 (﴾6.5)﴿

0.01

551 (﴾59.3)﴿
44 (﴾4.7)﴿
205 (﴾22.1)﴿
49 (﴾5.3)﴿

197 (﴾62.5)﴿
18 (﴾5.7)﴿
47 (﴾14.9)﴿
7 (﴾2.2)﴿

0.35
0.59
0.00
0.04

a

Including patients with UC and patients with IBD-‐unspecified/ “IBD-‐unknown”

b

Medication use was obtained three months after inclusion. In total, 929 younger UC patients
and 315 elderly UC patients reported their medication use.
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Demographic characteristics:
Male gender (﴾%)﴿
Age – years (﴾±SD)﴿
Age at diagnosis – years (﴾±SD)﴿
Low education (﴾%)﴿
Positive family history (﴾%)﴿
Current smoker
Employment status (﴾%)﴿

Younger UC a
n = 1110
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tabel 3.
Estimations of adult IBD cases in the Dutch population from 2011 to 2040
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Figure 1.
Mean direct healthcare costs per three months in 2011 and cost drivers of
both elderly and younger CD and UC patients
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The effect of aging on healthcare costs of inflammatory
bowel disease: a glimpse into the future

Figure 3.
Projections of IBD-‐attributable direct healthcare (﴾DHC-‐IBD)﴿
costs in the Dutch adult population from 2011 to 2040, considering the
cumulative effects of population aging, rising prices, and volume
growth
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Optimizing
screening for
tuberculosis and
hepatitis b prior to
starting TNF-α
inhibitors in Crohn’s
disease patients:
A cost-utility analysis
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ABSTRACT
Background and aims
Treatment with TNF-α inhibitors in patients with Crohn’s disease (CD) is associated with
potentially serious infections, including tuberculosis (TB) and hepatitis B virus (HBV).
We assessed the cost-effectiveness of extensive TB screening and HBV screening prior
to initiating TNF-α inhibitors in CD.
Methods
We constructed two Markov models: 1) comparing tuberculin skin test (TST) combined
with chest X-ray (conventional TB screening) versus TST and chest X-ray followed by
the Interferon-Gamma Release Assay (extensive TB screening) in diagnosing TB; and 2)
HBV screening versus no HBV screening. Our base-case included an adult CD patient
starting with infliximab treatment. Input parameters were extracted from the literature. Direct medical costs were assessed and discounted following a third-party payer
perspective. The main outcome was the incremental cost-effectiveness ratio (ICER).
Sensitivity and Monte Carlo analyses were performed over wide ranges of probability
and cost estimates.
Results
At base-case, the ICERs of extensive screening and HBV screening were €64,340 and
€75,760 respectively to gain one quality-adjusted life year. Sensitivity analyses concluded that extensive TB screening was a cost-effective strategy if the latent TB prevalence
is more than 12% or if the false positivity rate of TST is more than 20%. HBV screening
became cost-effective if HBV reactivation or HBV-related mortality is higher than 37%
and 62% respectively.
Conclusions
Extensive TB screening and HBV screening are not cost-effective compared with conventional TB screening and no HBV screening respectively. However, when targeted at
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high-risk patient groups, these screening strategies are likely to become cost-effective.
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INTRODUCTION
Opportunistic infections in patients with Crohn’s disease (CD) have become an important issue, particularly with the increasing use of immunosuppressants and TNF-α
inhibitors.1 Therefore various guidelines recommend screening for one or more opportunistic infections - including tuberculosis (TB) and hepatitis B virus (HBV) - prior to
initiating therapy with TNF-α inhibitors1-3.
An important safety concern related to the TNF inhibitors is the reactivation of TB. In
Europe the estimated incidence of active TB ranges from 10 to 99 per 100,000 inhabitants4. Worldwide one third of the population is infected with latent TB. As reported by
various post-marketing surveillance registries and one meta-analysis, CD and rheumatoid arthritis patients treated with TNF-α inhibitors have a four- to 20-fold increased
risk of active TB, with a mortality up to 14%5-9.
In addition, TNF-α inhibitors have been associated with reactivation of HBV. Chronic
HBV is the most common chronic viral infection of the liver, affecting 350 million people worldwide. High rates of HBV (HBsAg-prevalence ≥ 8%) are found in some parts of
South America and Sub-Sahara Africa. In the Middle East and Indian subcontinent, an
Screening for TB using chest X-ray and tuberculin skin test (TST) effectively reduces
the occurrence of TB in patients treated with TNF-α inhibitors11. Presently, the additive
value of the Interferon-Gamma Release Assay (IGRA) in TB screening remains unclear.
Although the utilization of IGRA may reduce the rate of false positive results, this
comes with higher costs12. The cost-effectiveness of HBV screening is unclear.
In this study we assessed the cost-effectiveness of screening for TB and HBV prior to
initiating infliximab treatment in CD patients, using a Markov model.

Optimizing screening for tuberculosis and hepatitis b prior to starting
TNF-α inhibitors in Crohn’s disease patients: A cost-utility analysis

estimated 2–7% of the general population is chronically infected10.
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MATERIAL &METHODS
Model Structure (Figure 1)
Our base-case consisted of a hypothetical cohort of 30-60 year old patients with luminal CD, reflecting the average patient included in the ACCENT trials13,14. The following
screening options were compared: 1) Conventional TB screening – including TST and
chest X-ray – versus extensive TB screening, including initial screening with TST and
chest X-ray followed by an IGRA (Quantiferon -TB Gold In - Tube); and 2) HBV screening (HBsAg, HBcAb) versus no HBV screening.
Patients were followed over three-month Markov cycles over a time horizon of 5 years.
At the end of each cycle patients could move to the next health state, or remain in the
same health state. Patients, in whom screening revealed latent TB or HBV (HBsAg-positive), were treated with prophylactic isoniazid (INH) or lamivudine (LAM) respectively,
prior to initiating infliximab treatment. In patients with negative screening results,
infliximab treatment was directly initiated1.
Infliximab treatment was discontinued in CD patients receiving infliximab in whom a reactivation of latent TB or HBV occurred and infection treatment was initiated according
to international guidelines1,15-17. Patients not responding to either infliximab or infection
treatment underwent surgery, which was followed by starting standard care, including
immunosuppressants (thiopurines or methotrexate, 50%), TNF-α inhibitors (12.5%), a
combination (12.5%) or treatment without medication (25%), according to the treating
physician’s opinion.
Assumptions
We assumed that patients were treated with intravenous infusions of infliximab 5mg/kg
at weeks zero, two and six (induction treatment) followed by infusions every eight weeks
(maintenance treatment). Latent TB was defined as a positive result on TST (induration
diameter of ≥ 5mm), chest radiograph (calcification > 5mm, pleural thickening or linear
opacities) or IGRA. Patients with latent TB were treated for 6 months with isoniazid
300mg1,16,17. Infliximab was started 12 weeks after isoniazid treatment has begun. Irrespective of the HBV-DNA level, HBsAg-positive patients were treated with prophylactic
lamivudine 100mg, two weeks before the introduction of infliximab. HBsAg-negative HB-
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cAb-positive patients (occult carriers) were monitored with HBsAg and HBV-DNA testing
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during infliximab treatment, but received no prophylaxis1,15. When latent TB reactivated or
when a HBV-related acute liver failure occurred (defined as a sudden and severe impairment of liver function based on worsening laboratory results such as bilirubin (>2 mg/
dl), albumin (<34 g/l) or abnormal prothrombin time) during infliximab treatment, the
treatment was discontinued18. We assumed that these patients developed a flare of CD,
which was treated with surgery, including ileocecal resection or (segmental) colectomy.

Probabilities (Table 1)
The prevalence of HBV was derived from five large European population-based
cross-sectional studies. The sample-size weighted mean prevalence of HBsAg-positive
patients (total study population: 1792) was 1% (95% CI 0.4-2%)19-23. The detection rate
of latent TB with conventional TB screening was derived from five observational studies
(total study population: 875). The sample-size weighted mean detection rate of latent
TB during conventional TB screening was 9% (95% CI 5-14%)24-28. The concordance
between TST/chest X-ray and IGRA was derived from a systematic review of six studies
showing a greater proportion TST+/IGRA- (range 3.9–25%) results compared to TST-/
IGRA+ (range 1.3%–6.5%) results11.
The latent TB reactivation rate in CD patients treated with infliximab treatment was
calculated by multiplying the average annual TB reactivation risk of 0.11%28 by a relative
risk of 12 for patients treated with infliximab6-9. The HBV reactivation rate with or without prophylaxis were derived from a Spanish prospective cohort study. For unscreened
CD patients treated with infliximab, the HBV reactivation rate was estimated at 42%,
whereas this rate was 17% for CD patients receiving co-treatment with infliximab and
lamivudine17. Efficacy estimates regarding lamivudine and anti-tuberculosis treatment
were extracted from trials and one cost-effectiveness study29-31.
tion-based studies, showing significantly increased standardized mortality ratio (SMR)
of 1.39 (95% CI: 1.30–1.49)32. To calculate mortality rates, we multiplied the SMR by the
average risk of death for a 30-60 year aged Dutch citizen33. Post-operative mortality
of ileocolonic surgery were obtained from a record linkage study (colectomy) and a
systematic review (ileocecal resection)34,35. Finally, mortality rates of patients developing a reactivation of latent TB or HBV during infliximab treatment were derived from a
cohort study (HBV) and a phase 4 clinical trial (TB) respectively6,17.
Costs estimates (Table 2)
Health care costs were estimated from the third-party payer perspective, meaning that
only direct medical costs were included. Costs of diagnostic and therapeutic procedures were derived from the Dutch Healthcare Authority36. The costs of drugs were
derived from the Dutch Health Care Insurance Board (HCIB) and included cost prizes
and taxes37. The costs of drug acquisition were calculated assuming an average body
weight of 60 kg based on the NICE guideline38. Standardized cost prizes were used for
outpatient visits and inpatient hospital stay, following the Dutch Health Care Insurance
Board guidelines39. All costs were discounted at an annual rate of 3%.
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Health outcomes and utilities (Table 3)
Health outcomes in the Markov model were estimated as discounted quality-adjusted
life years (QALYs). The Incremental Cost-Effectiveness Ratio (ICER) was calculated by
dividing the difference in costs by difference in QALYs of all screening strategies.
Health state specific utilities were derived from several studies in which the healthrelated quality of life was estimated by using validated generic instruments, such as
the EuroQol-5D and the Short Form-3640-43. The utilities of combined health states –
for example CD and chronic HBV – were calculated by the multiplicative method44.
Health outcomes (QALYs) were discounted at an annual rate of 3%.
Sensitivity analyses
By performing one-way sensitivity analyses, taking the low and high ranges of the
most influential estimates, we evaluated the robustness of our model results. Reliable
ranges were determined by applying the variability that was found in the literature. The
ICER was compared to a willingness-to pay level acceptable for the Netherlands. The
acceptable willingness-to pay threshold varies between €20,000 and €80,000, depending on the severity of illness or other criteria such as the characteristics of the patient
or the context of the intervention (e.g., risk to the public health)37,45,46. Acknowledging
these criteria we applied a threshold of €50,000 per QALY gained. To estimate the
uncertainty around the ICER’s of screening strategies, we used Monte Carlo simulation
in which we simultaneously sample from distributions assigned to all the input variables shown. Bèta and gamma distributions were assumed for proportions and costs
respectively.

RESULTS
Base-case results
In the conventional TB screening strategy, an estimated 0.29 per 1000 patients would develop
TB, and 0.02 per 1000 patients would die as a result of TB. With extensive TB screening, the
incidence of TB was 0.15 per 1000 patients, and the incidence of TB-related deaths was 0.01
per 1000 patients. Using a threshold of €50,000 per QALY gained, the model calculated that
extensive TB screening in CD patients starting with infliximab treatment was not cost-effective
compared to conventional TB screening, with an ICER of €64,340 per QALY gained.
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174

reactivation, and 0.7 per 1000 patients would die as a result of HBV-related liver failure. With
HBV screening, the incidence of HBV reactivation was 1.7 per 1000 patients and the incidence
of HBV-related deaths was 0.3 per 1000 patients. Using the same threshold, HBV screening
was also not cost-effective compared to no screening, with an ICER of €75,760 per QALY
gained (Table 4).

Sensitivity analyses (Table 5)
One-way sensitivity analyses revealed that extensive TB screening became cost-effective if the prevalence of latent TB is more than 12% or if the proportion of TST+/IGRAresults is more than 20%. The model was relatively insensitive to the TB reactivation
rate or mortality due to TB reactivation. Extensive TB screening became cost-effective if
the screenings costs fell below €100.
In addition, HBV screening became increasingly cost-effective with increases in the
prevalence of chronic HBV. HBV screening became both less costly and more effective
than no HBV screening if the HBV reactivation was more than 62%. HBV screening became cost-effective if the mortality due to HBV reactivation was more than 37%. HBV
screening became increasingly cost-effective with decreasing HBV screening costs.
Figure 2A and B represent the results of the Monte Carlo simulation (probabilistic sensitivity analysis) in the form of cost-effectiveness acceptability curves, which describe
the probability that screening (and no screening) is cost-effective at different willingness-to-pay thresholds. Figure 2A shows an 80% probability of conventional TB screening being cost-effective with a €50,000 threshold. With a threshold of €55,000, the
probability that extensive TB screening was cost-effective was equal to the probability
that conventional TB screening was cost-effective. Above the €55,000 threshold, extenscreening being cost-effective with a €50,000 threshold. With a threshold of €85,000
the probability that no HBV screening was cost-effective was equal to the probability
that HBV screening was cost-effective.

DISCUSSION
Incidence and mortality rates of active TB and HBV reactivation were lower in extensive
versus conventional TB screening and HBV screening versus no screening respectively.
However, extensive TB screening and HBV screening were not cost-effective compared
to their comparators, reflected by ICER’s of €64,340 and €75,760 per QALY gained.
Under several conditions extensive TB screening and/or HBV screening are likely to
become cost-effective.
According to our sensitivity analysis, extended TB screening became cost-effective if
the prevalence of latent TB is above 12%. This indicates that extended TB screening
targeted at populations at risk of latent TB may be more cost-effective than a universal screening strategy. High-risk patient groups, who may benefit from extended TB
screening, include patients who have lived in or travelled through high-endemic countries, patients who had a close contact with TB or patients with a history of active or
latent TB. Especially in Europe and the USA, which are continents with large immigrant
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populations from high-endemic areas such as North Africa or South America, this
targeted screening strategy may well be beneficial7.
In addition, the cost-effectiveness of extensive TB screening was affected by the
accuracy of TST. If the proportion of TST+/IGRA- results is more than 20%, extensive
TB screening became cost-effective, as patients with a false positive TST start unnecessary treatment with isoniazid and effective infliximab treatment is postponed.
The false-positivity rate of TST is caused by the nonspecific nature of purified protein
derivative (PPD) leading to cross reactivity with non-tuberculosis mycobacterium and
the booster phenomenon of serial TST testing48,49. In a recently published meta-analysis of nine studies comparing TST with different IGRAs, Shahidi et al. showed a modest
to strong agreement between TST and IGRA. However, particularly in the immunosuppressive treatment-naive IBD population, this agreement was highly affected by the
Bacille Calmette Guèrin (BCG) vaccination status. As BCG increases the false-positivity
rate of TST, IGRA may have an additive value in IBD patients who are BCG vaccinated
11

. This is further strengthened by a recent cost-effectiveness analysis showing that

among multiple screening strategies - including TST alone, IGRA alone and sequential
screening of TST followed by IGRA - using IGRA in BCG vaccinated individuals is the
most cost-effective screening strategy50.
Although no threshold was identified, HBV screening became increasingly cost-effective with an increasing prevalence of HBV. Therefore, it is particularly important
to focus HBV screening efforts on high-risk patient groups, such as immigrants from
Sub-Sahara Africa or some parts of South America (HBsAg-prevalence ≥ 8%). In
addition, the cost-effectiveness of HBV screening was affected by the HBV reactivation (HBVR) risk and HBVR-related mortality. If the HBVR risk is more than 62%, HBV
screening became cost-effective. Similarly, HBV screening became cost-effective if the
HBVR-related mortality is more than 37%. Comparable thresholds were found in a
cost-effectiveness study of HBV screening in patients beginning with chemotherapy for
solid tumors (67% and 41%, respectively). Although CD patients and cancer patients
are not entirely comparable with regard to their clinical and treatment characteristics
(infliximab versus chemotherapy), these findings indicate that CD patients that are
severely immune-compromised as a result of co-treatment with steroids or other immunosuppressive drugs, malnutrition or serious co-morbidities, may benefit from HBV
screening prior to initiating infliximab treatment.
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infliximab treatment in CD. Only one abstract reported on a cost-minimisation analysis,
comparing a no screening strategy with screening for TB and HBV. This study found
that HBV screening was cost-saving whereas TB screening was more costly (cost-saving
in Southern Europe). As effectiveness data were not available, the cost-effectiveness of
screening strategies could not be determined51. Comparable studies are only available
in oncology research. One of these studies found that universal screening for HBsAg

and HBcAb in patients starting with chemotherapy for solid tumors is not cost-effective
52

. In contrast, Zurawska et al. reported that universal HBV screening was cost-effective

in patients starting treatment with R-CHOP (rituximab plus cyclophosphamide, doxorubicin, vincristine, and prednisone) chemotherapy for lymphoma53. This difference may
be explained by the fact that HBsAg-positive lymphoma patients treated with R-CHOP
have a 51% probability of developing HBV-related hepatitis without prophylaxis, which
is considerably higher than the 23% found in patients with solid tumors and – to a
lesser extent – the 42% found in our study.
This study has some limitations. First, our base case estimates were derived from the
literature, including studies with heterogeneous designs, populations and follow-up
times. In some cases, estimates were based on expert opinion, but were then tested
over a wide range of values in one-way and probabilistic sensitivity analyses.
Second, various assumptions imposed by our model may not completely reflect reality.
For example, an infection that occurred during infliximab treatment was considered as
a reactivation of an occult infection, instead of a de novo infection. This assumption
may have resulted in an overestimation of the cost-effectiveness of screening. Furthermore, we assumed that all CD patients who did not respond to anti-TNF therapy
such as the occurrence of isoniazid-related toxicity, patients undergoing a liver transplantation due to HBV-related liver failure and the outbreak of active TB. Although
these events are very costly, we feel that these downstream events are very unlikely
and, therefore, would not have altered the cost-effectiveness of extensive TB screening
or HBV screening.54
Third, recommendations regarding a vaccination strategy prior to initiating TNF-α
inhibitors were not included in our model. According to the European consensus it is
recommended to check the vaccination status and - if necessary - administer vaccines
for hepatitis B (in seronegative patients) and other pathogens, including diphtheria,
tetanus, poliomyelitis, influenza (yearly), pneumococcal disease (every five years)55.
Recent data showed that the response rate to HBV vaccination (anti-HBs >10 IU/l) and
revaccination (anti-HBs >100 IU/l) were 59% and 42% respectively. The response rate
was even lower in IBD patients treated with TNF-α inhibitors, i.e.: 46% versus 62% (p
< 0.05). Considering this poor response, we believe that by excluding HBV vaccination
from our model the cost-effectiveness of HBV screening was hardly impaired. Although
HBV vaccination at diagnosis of IBD may be (more) effective, this needs to be confirmed in future studies56.
If these limitations are taken into consideration, we feel that this study may provide
valuable data for clinical decision makers when advising on cost-effective screening
strategies in CD. For example, extended TB screening may become cost-effective in
patients with a risk of latent TB above 12% or in patients who have an increased prob-

Optimizing screening for tuberculosis and hepatitis b prior to starting
TNF-α inhibitors in Crohn’s disease patients: A cost-utility analysis

would require ileocolonic surgery. Finally, we did not account for uncommon events

177

ability of a false positive TST, for example BCG vaccinated CD patients. Negative results
on TST and/or IGRA in immuno-compromised CD patients need to be interpreted with
caution, as latent TB cannot conclusively be ruled out. The decision whether to treat
these patients with isoniazid should be based on thorough history taking. HBV screening may become cost-effective in severely immuno-compromised patients in whom
occult HBV is very likely to reactivate. In order to assess the feasibility of implementing a targeted screening strategy, long-term prospective study comparing different
screening and vaccination strategies are required. Data from these studies may further
refine our model.
In conclusion, extensive TB screening and HBV screening are not cost-effective compared with conventional TB screening and no HBV screening respectively. However,
when targeted at high-risk patient groups, these screening strategies are likely to
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become cost-effective, which may be relevant for clinical decision makers.
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The cohort was followed through 3-‐month Markov cycles over a time horizon of 5 years. Health states are
represented by ovals and include both a costs estimate and a utility score. Clinical probability estimates are
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Figure 2.
Cost-‐effectiveness acceptability curves. (﴾A)﴿ TB screening;
(﴾B)﴿ HBV screening
Figure 2. Cost-‐effectiveness acceptability curves. (﴾A)﴿ TB screening; (﴾B)﴿ HBV
screening
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Summary
Inflammatory bowel disease (IBD), including Crohn’s disease (CD) and ulcerative colitis
(UC), are chronic inflammatory disorders of the gastrointestinal tract. The early onset,
fluctuating disease course and requirement of lifelong (medical) treatment place a substantial burden on patients’ lives. Several patient-reported outcome measures (PROMs)
have been developed to address the personal burden related to IBD.1 Additionally, the
increasing prevalence of IBD, reduced workforce participation and the treatment with
expensive biologicals has a substantial impact on the healthcare system and society.2
The general aim of this thesis was to provide a comprehensive picture of the burden
related to IBD, both from an individual and a societal perspective.
Part I: Adherence to anti-tumor necrosis factor agents
Anti-tumor necrosis factor (TNF) agents, including infliximab and adalimumab, are
highly efficacious for induction and maintenance of remission, reducing rates of
hospitalization and surgery, and improving quality of life (QoL).3-6 However, clinical
efficacy of anti-TNF agents has been reported to depend on medication adherence.7,8
In chapter 2 available data on adherence to anti-TNF agents in Crohn’s disease (CD)
were summarized and compared with corresponding data in patients with rheumatoid arthritis (RA). In this particular systematic review of six studies with a total of 8,147
participants, we reported that one-third of both CD and RA patients treated with
anti-TNF agents was non-adherent. No consistent risk factor for non-adherence could
be identified. Although it has been suggested that improving medication adherence
may have a far greater impact on clinical outcomes than any improvement in specific medical treatment (e.g., introduction of new drugs).9 it is unclear which level of
adherence is required to prevent adverse clinical outcomes such as loss of response
to anti-TNF agents. This prompted us to conduct a prospective multicenter study of
IBD patients treated with anti-TNF agents. In chapter 3 we assessed risk factors for
non-adherence and the association between adherence to anti-TNF agents and loss
of response in outpatients with IBD. We found that non-adherence to anti-TNF agents
was associated with adalimumab use and negative beliefs about how IBD affects one’s
emotional well-being (i.e., a stronger emotional response). Additionally, we found that
non-adherence was significantly associated with loss of response to anti-TNF agents.
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No level of adherence associated with loss of response could be determined, possibly
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as a result of the complex pharmacological metabolism of anti-TNF agents and the
involvement of many confounding variables.
Adherence is also an important issue for physicians, as adherence to guidelines may
improve quality of care. An important quality indicator encompasses the screening for
tuberculosis (TB) and hepatitis B virus prior to initiating anti-TNF therapy.10

In chapter 4 we found that screening rates for TB and HBV increased to approximately
90% and 50%, respectively, from 2000 to 2010. Opportunistic and serious infections
occurred in 9% and 4%, respectively. The occurrence of serious infections was strongly
determined by comorbid conditions.
Part II: Patient-reported outcome measures; Quality of life
PROMs are standardized, validated questionnaires intended for completion by
patients in order to measure patients’ perceptions of their own functional status and
well-being.11 Presently, quality of life (QoL) measurement tools are the most frequently
used PROM in IBD. Nevertheless, data on predictors/determinants of QoL in IBD are
relatively limited. As this information may provide key targets for future QoL enhancing interventions, we conducted a systematic review and meta-analysis on socio-demographic, psychological, clinical and treatment-related determinants of QoL in IBD.
In chapter 5 we found that QoL of adult CD patient was consistently determined
by parameters of active disease, including work disability, increased clinical disease
activity, number of relapses, biological treatment and hospitalization rate. As disease
activity contributed to only 37% of variance in QoL, there remains a need for additional, possibly modifiable, determinants. We hypothesized that potentially modifiable
determinants of QoL, such as illness perceptions and coping may refine possibilities to
improve QoL. Therefore, in chapter 6 we assessed the influence of illness perceptions
and coping on QoL, in addition to socio-demographic and clinical characteristics,
employing the previously discussed Common Sense Model (CSM) of self-regulation.12,13
The main findings were that QoL was strongly determined by clinically active disease,
self-perceived health, and perceived consequences, whereas endoscopic disease
activity was poorly associated with QoL. Additionally, illness perceptions contributed
significantly to the explained variance of QoL. Coping had no contributory role. These
findings confirmed our hypothesis, and reinforce the need for illness perceptions to be
incorporated in clinical practice. The CSM was additionally used in a prospective study
(chapter 7) in which we assessed the influence of back/joint pain, illness perceptions
and coping on QoL and work productivity in patients with IBD-associated arthropathies. Although arthropathies are the most common extraintestinal manifestations in
patients with inflammatory bowel disease (IBD),14,15 data on the impact of back/joint
pain on QoL and work productivity in this subgroup of patients are scarce. We found
that back/joint pain persistently and negatively impacts the QoL and work productivity
of patients with IBD-associated arthropathy. Additionally, illness perceptions and – to a
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minor extent - coping also had a significant impact on QoL and work productivity.
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Part III: Costs and disability
From a societal perspective, IBD encompasses one of the most expensive chronic gastrointestinal diseases in the Western world and a potentially disabling disease leading
to significant reductions in workforce participation. Although disability is generally considered an important cost driver and PROM, it has been insufficiently investigated in
patients with IBD. In chapter 8 we assessed the severity of self-reported disability, determinants of self-reported disability and the impact of self-reported disability on direct
healthcare costs and QoL in the COIN cohort16 (see general discussion). We found
that CD patients reported more disability as compared with UC patients, particularly
with regard to regulating defecation, community particiation, personal relationships,
and work. Additionally, clinical disease activity and illness perceptions strongly determined self-reported disability, whereas disease duration and disease phenotype were
not associated with self-reported disability. Several reasons for these surprising findings
are possible. First, as the COIN cohort consists of patients with relatively long disease
duration, most patients were captured during a stable stage of their disease. Second,
as patients were followed up for two years, few patients may have progressed towards
a more severe disease phenotype. From our studies, we feel that the impact of clinical
characteristics on disability (and other health outcomes) may be mediated by the way
on how patients provide a coherent view of the IBD-related problems and how this
view guides their (coping) behaviour. Lastly, we found that mean direct healthcare
costs increased and mean QoL scores decreased significantly with increasing disability
in IBD patients. We hypothesized that – additionally to disability – aging of the IBD
population may increasingly burden healthcare and society, as the subpopulation of
elderly patients with IBD will dramatically grow as a result of ageing of the baby boom
generation. In chapter 9 we reported a cost-of-illness study in which the current and
future impact of aging on direct healthcare costs attributed to IBD was assessed. We
found that aging has a negligible effect on IBD-attributable direct healthcare costs of
the IBD population in the near future, because the average costs incurred by elderly
(≥60 years) IBD patients are considerably lower than those incurred by younger (<60
years) IBD patients. The lower average costs result from the lower prescription rate
of expensive anti-TNF agents, lower productivity loss, and the fact that elderly IBD
patients were captured at later, more stable, stage of their disease. Although cost-ofillness studies may identify relevant cost drivers in IBD, cost-effectiveness studies may
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help clinicians to decide whether the costs of a test or treatment outweigh its effect.
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In this regard, in chapter 10 we compared the cost-effectiveness of extended TB
screening (tuberculin skin test, chest X-ray, and interferon-gamma release assay) and
screening for HBV with the cost-effectiveness of conventional TB screening (tuberculin
skin test and chest X-ray) and no HBV screening, respectively. We found that extended
TB screening and HBV screening are not cost-effective as compared with conventional

TB screening and no HBV screening, respectively. Notably, both extended TB screening and HBV screening are likely to become cost-effective when targeted at high-risk
groups. Therefore, we feel that a risk-stratified screening approach may be more
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cost-effective as compared with universal screening strategy.
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Summary in Dutch: Nederlandse samenvatting
Chronische inflammatoire darmziekten (“Inflammatory bowel disease”, hierna afgekort
met IBD), waartoe de ziekte van Crohn en colitis ulcerosa behoren, zijn chronische ontstekingsziekten van het maagdarmkanaal. Het ontstaan van IBD op de vroege leeftijd,
het wisselende ziektebeloop en de noodzaak tot levenslange (medische) behandeling
brengen een aanzienlijke belasting met zich mee voor de individuele patiënt, maar
ook voor de maatschappij. Een aantal patiënt-gerapporteerde uitkomstmaten zijn
ontwikkeld om deze belasting te meten. De algemene doelstelling van dit proefschrift
is om een veelomvattende weergave te geven van de belasting van IBD, zowel vanuit
het perspectief van de individuele patiënt als ook vanuit het perspectief van de samenleving. De belangrijkste resultaten worden in drie categorieën besproken: (1) Therapietrouw van anti-tumor necrose factor middelen; (2) Patiënt-gerapporteerde uitkomstmaten; kwaliteit van leven, en (3) Kosten en functioneringsproblemen (“disability”).
Deel I: Therapietrouw van anti-tumor necrose factor middelen
Anti-tumor necrose factor (TNF) middelen (middelen die het ontstekingseiwit TNF
remmen), waaronder infliximab (Remicade) en adalimumab (Humira), zijn effectief
in het teweegbrengen en onderhouden van remissie, het beperken van het aantal
ziekenhuisopnamen en operaties en het verbeteren van de kwaliteit van leven. Echter,
de klinische effectiviteit van anti-TNF middelen is afhankelijk van therapietrouw. In
hoofdstuk 2 werden de beschikbare data met betrekking tot therapietrouw van anti-TNF middelen bij patiënten met de ziekte van Crohn samengevat en vergeleken met
vergelijkbare gegevens van patiënten met reumatoïde artritis. In deze systematische
literatuurstudie van zes studies met in totaal 8.147 deelnemers werd duidelijk dat één
derde van de patiënten met de ziekte van Crohn en reumatoïde artritis therapieontrouw is. Duidelijke risicofactoren voor therapieontrouw konden niet worden geïdentificeerd. Hoewel gesuggereerd is dat het verbeteren van therapietrouw een grotere
invloed heeft op klinische uitkomsten dan de introductie van een nieuwe behandeling,
is het onduidelijk welk niveau van therapietrouw nagestreefd moet worden om klinische uitkomsten, zoals verlies van respons op anti-TNF middelen, te voorkomen. Om
dit nader uit te zoeken hebben wij een prospectieve, multicentrische studie uitgevoerd
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met IBD patiënten die behandeld worden met anti-TNF middelen. In hoofdstuk 3
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hebben we risicofactoren voor therapieontrouw, het verband tussen therapietrouw
voor anti-TNF middelen en verlies van respons onderzocht bij een groep van IBD
patiënten. Hieruit bleek dat therapieontrouw voor anti-TNF middelen hoger was in
adalimumab gebruikers en tevens was geassocieerd met negatieve gedachten van
patiënten over hoe IBD hun emotionele welbevinden beïnvloedt. Daarnaast lieten
we zien dat therapieontrouw significant geassocieerd was met verlies van respons op

anti-TNF middelen. Een specifieke afkapwaarde van therapietrouw dat geassocieerd
was met verlies van respons hebben we niet aangetoond. Dit wordt mogelijk veroorzaakt door het complexe farmacologisch metabolisme van anti-TNF middelen en de
betrokkenheid van veel confounders.
Therapietrouw is een belangrijk onderwerp omdat het naleven van wetenschappelijke
richtlijnen de kwaliteit van zorg verbetert. Een belangrijke kwaliteitsindicator is het
screenen op tuberculose (TBC) en hepatitis B virus (HBV), voorafgaand aan de start
van anti-TNF behandeling. In hoofdstuk 4 vonden we dat de screeningspercentages
van tuberculose en hepatitis B tussen 2000 en 2010 toenamen tot, respectievelijk, 90%
en 50%. Opportunistische en ernstige infecties komen voor in, respectievelijk, 9% en
4% van de patiënten. Het optreden van ernstige infecties werd sterk bepaald door de
aanwezigheid van andere ziekten naast de IBD.
Deel II: Patiënt-gerapporteerde uitkomstmaten; Kwaliteit van leven
Patiënt-gerapporteerde uitkomstmaten (“patient-reported outcome measures”, hierna
afgekort met PROMs) zijn gestandaardiseerde, gevalideerde, vragenlijsten voor
patiënten om hun functioneren en welbevinden te meten. Momenteel zijn meetinstrumenten die het begrip kwaliteit van leven beogen te meten de belangrijkste PROM
in IBD. Echter, data met betrekking tot voorspellers/ determinanten van kwaliteit van
leven zijn relatief schaars. Deze voorspellers/determinanten van kwaliteit van leven zijn
een potentieel belangrijk doelwit voor toekomstige interventies gericht op het verbeteren van de kwaliteit van leven. Daarom verrichtten we een systematische literatuurstudie en meta-analyse naar de socio-demografische, psychologische, klinische en
behandel-gerelateerde determinanten van kwaliteit van leven in IBD. In hoofdstuk 5
eenduidig werd bepaald door parameters van actieve ziekte, namelijk arbeidsongeschiktheid, toegenomen klinische ziekteactiviteit, aantal exacerbaties, behandeling met
biologicals (waaronder anti-TNF middelen) en aantal ziekenhuisopnames. Aangezien
ziekteactiviteit verantwoordelijk was voor slechts 37% van de variatie in kwaliteit van
leven, is er behoefte aan het vinden van additionele, mogelijk beïnvloedbare, determinanten. We veronderstellen dat potentieel beïnvloedbare determinanten van kwaliteit
van leven, zoals ziektepercepties en coping, de mogelijkheden om kwaliteit van leven
te verbeteren kunnen doen toenemen. Derhalve onderzochten we in hoofdstuk 6
wat de invloed was van ziektepercepties en coping op kwaliteit van leven, naast de
invloed van socio-demografische en klinische factoren. Hierbij is gebruik gemaakt van
het Common Sense Model van zelfregulatie. Belangrijkste resultaten waren dat de
kwaliteit van leven sterk werd bepaald door klinische ziekteactiviteit, de gepercipieerde
gezondheid en consequenties van IBD, terwijl endoscopische ziekteactiviteit matig
geassocieerd was met de kwaliteit van leven. Daarnaast droegen ziektepercepties in
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belangrijke mate bij aan de kwaliteit van leven. Coping had geen aanvullende waarde.
Deze resultaten bevestigden onze hierboven genoemde hypothese en benadrukken het belang van het integreren van ziektepercepties in de klinische praktijk. Het
Common Sense Model werd tevens gebruikt in een prospectieve studie (hoofdstuk
7) waarin we onderzochten wat de invloed is van rug- en gewrichtspijn, ziektepercepties en coping op de kwaliteit van leven en arbeidsproductiviteit in patiënten met
IBD-gerelateerde artropathie (gewrichtsklachten samenhangend met de IBD). Hoewel
artropathie de meest voorkomende extra-intestinale uiting is in patiënten met IBD, zijn
data met betrekking tot de invloed van rug- en gewrichtspijn op de kwaliteit van leven
en arbeidsproductiviteit schaars. We laten zien dat rug- en gewrichtspijn een aanhoudende en negatieve invloed uitoefenden op de kwaliteit van leven en arbeidsproductiviteit in patiënten met IBD-gerelateerde artropathie. Daarnaast hadden ziektepercepties, en in mindere mate, coping een significante invloed op de kwaliteit van leven en
arbeidsproductiviteit.
Deel III: Kosten en functioneringsproblemen (“disability”)
Vanuit het perspectief van de samenleving is IBD één van de meest kostbare chronische maag-darmziekten in de Westerse wereld. Daarnaast is het een potentieel invaliderende ziekte leidend tot een significante afname van de arbeidsparticipatie. Hoewel
functioneringsproblemen (of “ziektehinder”) algemeen beschouwd worden als een
belangrijke kostenpost en PROM, zijn deze problemen onvoldoende onderzocht in
patiënten met IBD. In hoofdstuk 8 richtten we ons op het vaststellen van de ernst van
zelf-gerapporteerde functioneringsproblemen, determinanten van functioneringsproblemen en de invloed van functioneringsproblemen op gezondheidszorgkosten en de
kwaliteit van leven in het COIN-cohort (een groot cohort van patiënten met IBD die in
verschillende academische en perifere ziekenhuizen in Nederland onder behandeling
zijn). We vonden dat patiënten met de ziekte van Crohn meer functioneringsproblemen rapporteerden dan patiënten met colitis ulcerosa, vooral met betrekking tot het
reguleren van de ontlasting, participeren aan de samenleving, persoonlijke relaties en
werk. Daarnaast waren ziektepercepties en klinische ziekteactiviteit in belangrijke mate
van invloed op zelf-gerapporteerde functioneringsproblemen. Daarentegen waren
ziekteduur en de verschijningsvorm van de ziekte (fenotype) niet geassocieerd met
zelf-gerapporteerde functioneringsproblemen. Verschillende redenen kunnen hier-
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patiënten met een relatief lange ziekteduur. Hierdoor verkeerden de meeste patiënten
in een rustig stadium van hun ziekte ten tijde van het onderzoek. Ten tweede, klinische
karakteristieken hebben naast een direct ook een indirecte invloed op functioneringsproblemen (en andere gezondheidsuitkomsten). Deze indirecte invloed wordt
onder meer bepaald door de manier waarop patiënten een samenhangend beeld

hebben van hun functioneringsproblemen en hoe dit beeld richting geeft aan het
(coping)gedrag. Tot slot, vonden we dat een toename van de functioneringsproblemen gepaard ging met een toename van de gemiddelde gezondheidszorg-kosten en
een afname van de kwaliteit van leven in patiënten met IBD. We veronderstelden dat
veroudering van de IBD populatie, naast functioneringsproblemen, een toenemende
belasting zal vormen voor de gezondheidszorg en samenleving. In hoofdstuk 9
wordt een ziektekosten studie beschreven waarin de huidige en toekomstige invloed
van veroudering op IBD-geassocieerde gezondheidszorgkosten werd onderzocht.
Hieruit bleek dat veroudering een verwaarloosbaar effect heeft op IBD-geassocieerde
gezondheidszorgkosten in de nabije toekomst, aangezien oudere (≥ 60 jaar) IBD patiënten gemiddeld genomen aanzienlijke lagere kosten maken dan jongere (<60 jaar)
IBD patiënten. Deze gemiddeld lagere kosten worden veroorzaakt door het lagere
gebruik van dure anti-TNF middelen door ouderen, lagere arbeidsproductiviteitsverliezen en het feit dat oudere IBD patiënten (met een navenant langere ziekteduur) niet
de hoge kosten maken die normaliter in de eerste jaren na diagnose gemaakt worden.
Terwijl ziektekosten studies belangrijke kostenposten van IBD kunnen identificeren,
zijn kosten-effectiviteitsstudies van belang om te bepalen of de kosten van een test of
behandeling opwegen tegen (of in verhouding staan met) de effecten. In dit verband,
werd in hoofdstuk 10 de kosten-effectiviteit van uitgebreide TBC screening (Mantoux
test, longfoto en Quantiferon) en HBV screening vergeleken met de kosten-effectiviteit
van, respectievelijk, conventionele TBC screening (Mantoux test en longfoto) en geen
screening op HBV. We lieten zien dat uitgebreide TBC screening en HBV screening niet
kosten-effectief zijn in vergelijking met, respectievelijk, conventionele TBC screening
en geen HBV screening. Hierbij dient opgemerkt te worden dat zowel uitgebreide TBC
op groepen met een hoog risico op TBC en HBV. Daarom kan geconcludeerd worden
dat risico-gestratificeerde screening meer kosten-effectief is dan universele screening.
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General Discussion
Main findings
In the present thesis we explored the personal and societal burden of inflammatory
bowel disease (IBD), particularly, with regard to medication use, quality of life (QoL),
disability and their effects on healthcare costs. Our findings are more extensively summarized in chapter 11. Briefly, we found that one-third of IBD patients is non-adherent
to anti-TNF agents and that non-adherence is associated with adalimumab use, illness
perceptions, and loss of response. Additionally, we observed that QoL and disability are mainly determined by clinical disease activity and illness perceptions. Crohn’s
disease (CD) patients reported more disability as compared with ulcerative colitis (UC)
patients, particularly, with regard to regulating defecation, participation in the community, personal relationships, and work. Lastly, greater disability is associated with
increased healthcare costs.
Study quality
In many of the studies in this thesis we used Leventhal’s Common Sense Model (CSM)
of self-regulation.12,13 This model provides an instrumental framework to understand
the association between the illness (IBD), illness perceptions, coping strategies, and patient-reported outcome measures (PROMs) such as QoL, disability and adherence. The
efficacy and validity of the CSM is corroborated by an extensive meta-analytic review17
and by our findings as reported in chapters 3, 6-8. Yet, several caveats with regard
to the CSM should be noted. First, the premise that illness perceptions are related to
coping strategies, and via these strategies to outcomes, could not be consistently confirmed in the above-mentioned studies. For instance, in chapter 3 coping behavior did
not mediate the impact of illness perceptions on CD patients’ QoL. As coping was assessed in a global, generic fashion, the mediating effect of coping behavior may have
been obscured. Additionally, the mediating effect of coping behavior may have been
obscured by the direct influence of illness perceptions on health outcomes or other
unmeasured factors. Second, contextual factors (e.g., education, self-management,
support of family and friends, organization of healthcare) are not clearly integrated
into the CSM.13 Contextual factors are part of other biopsychosocial models such as the
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In this model the impact of an illness on a patient is depicted as a dynamic interaction
between illness, personal and environmental factors. Therefore, in chapter 8 the ICF
model was used in order to account for these contextual factors.
In this thesis we strongly relied on patient-reported data, which reflect patients’
perceptions with regard to the course and outcome of their illness and supplement
information obtained from clinical, laboratory, and endoscopic outcomes. National

surveys of patient-reported data are currently an aspect of NHS regulations and the
drug industry acknowledge the use of PROMs in labeling (efficacy) claims to promote
market acces.21-23 Patient-reported data were provided by several cohorts, including
the COIN cohort (Costs Of Inflammatory bowel disease In the Netherlands)16 and
smaller cross-sectional and prospective cohorts. Although self-reported data were
mainly obtained by using well-known, validated, questionnaires/tools, these data
may be subject to several sources of bias, including sampling, social desirability, and
recall bias. Sampling bias may have occurred as non-adherent patients and elderly
patients were less likely to have been included. For instance, patients who declined to
participate may have self-selected themselves because of different adherence behaviors as compared to the enrolled patient group. This form of bias was determined by
comparing data between responders and non-responders. Social desirability bias may
have occurred in chapter 3 where patients may have overestimated their adherence
to anti-TNF agents. In line with other studies,24-26 self-reported tools tend to overestimate adherence. Whereas different methods of measuring adherence (i.e., self-reported tool27 and pharmacy refills) were used, social desirability bias cannot be completely
ruled out as a true gold standard of adherence is lacking. Lastly, recall bias may have
occurred as the recall of information (e.g., clinical outcomes, adherence behaviour)
may have been different between patient groups (e.g., non-adherent versus adherent
patients or elderly versus younger IBD patients). Recall bias was minimized by using a
maximum interval between two measurements of three months and words that do not
have blame implications, and by explaining questions in simple, familiar, words.
Suggestions for future studies
Based on the results from our studies the following recommendations for future
studies can be formulated. First, additional research is indicated in the area of developing existing tools and finding other reliable tools to measure adherence. To enhance
their incorporation into clinical practices, these tools should be brief (up to 10 questions), easy to administer and interpret, and able to differentiate between intentional
and non-intentional non-adherence. While we found the MMAS-8 tool to be poorly
associated with pharmacy refills (which can be considered the “gold standard” measure
of adherence27), other studies have concluded the opposite.28,29 Future studies should
aim to clarify these discrepant findings. Second, future studies should identify modifiment beliefs. Apart from the CSM, the necessity-concerns framework30 may provide
an instrumental tool to understand the role of perceptual barriers to adherence. This
framework postulates how adherence is affected by the interplay between a patient’s
belief in the necessity of their medication and their concerns relating to it. Third, intervention studies aimed at improving adherence and other health outcomes (QoL, work
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productivity, disability) are needed to test the clinical applicability of the CSM and necessity-concerns framework. In this regard, it is of utmost importance that these intervention studies are targeted at patients’ inaccurate or unhelpful illness perceptions and
treatment beliefs, dynamic, and easy to administer by healthcare providers.31 Fourth,
future studies should aim to further validate the patient-reported disability index, and
examine whether specific treatments (e.g., disease-modifying anti-inflammatory bowel
disease drugs, DMAIDS) may ameliorate disability in IBD patients.32,33 This requires
long-term studies over several years. Fifth, as indirect costs have not been accurately
measured in previous studies, additional studies should examine the total burden to
society and associated direct and indirect costs. Sixth, future long-term prospective
studies should also examine the true impact of interventions (mainly anti-TNF agents)
upon the overall costs in IBD.
Practical implications
Our results may be translated into clinical practice as follows. First, several PROMs
that have been explored in this thesis can be used as a screening tool for adherence
(MMAS-827), illness perceptions (Brief‐Illness Perception Questionnaire34), and treatment beliefs (Beliefs about Medicines Questionnaire35), with follow-up of scores above
a predetermined threshold. For instance, the 9‐item B-IPQ (available from: http://www.
uib.no/ipq/) could easily be administered in order to elicit and change patients’ illness
perceptions. Second, QoL measurements (e.g., the 9-item IBDQ) can be administered
serially to monitor patients’ progress and facilitate problems. For clinicians to use
PROMs in clinical practice, PROMs should ideally be obtained, scored, and interpreted prior to the consultation, without interrupting the clinical workflow. This requires
integration of PROMs with electronic medical records, for example by using a secure
patient portal. Third, although the self-reported disability index that has been recently
developed is too comprehensive to be used in clinical practice, knowledge about this
index may enable clinicians to use some of its questions. That is, if a clinician knows
that problems with sleeping or body image result in greater disability (and increased
costs), he or she may start to routinely/regularly ask patients about these problems
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Conclusion
In conclusion, this thesis has extended our knowledge on predictors of adherence to
anti-TNF agents and the association between non-adherence and loss of response.
Additionally, this thesis has shed new light on the role of patients’ perceptions in determining relevant PROMs such as QoL, adherence, and disability. As illness perceptions
are potentially modifiable factors, they may provide an additional target for interventions aimed at improving these PROMs. Lastly, our findings underscore the impact of
disability on direct healthcare costs. Additional cost-of-illness studies should incorporate indirect costs, thereby, accurately reflecting overall costs related to IBD.
Main findings and remarks:
This thesis described the personal and societal burden of IBD, particularly, with regard
to adherence, quality of life (QoL), disability and their effects on healthcare costs.
Our main findings were:
• One-third of IBD patients is non-adherent to anti-TNF agents;
• Non-adherence to anti-TNF agents is strongly associated with loss of response
to anti-TNF agents, adalimumab use and illness perceptions;
• Adherence to screening recommendations with regard TB and HBV prior to
initiating anti-TNF agents in IBD patients is suboptimal;
• QoL of CD patient is mainly determined by clinically active disease, biological
treatment and illness perceptions, whereas endoscopic disease activity and coping
seem to play a minor role;
• Back/joint pain persistently and negatively impacts the QoL and work productivity
of patients with IBD-associated arthropathy;
• Self-reported disability of IBD patients is mainly determined by clinically active
disease and illness perceptions, whereas disease duration or disease phenotype
were not associated with self-reported disability;
• A greater self-reported disability of IBD patients is associated with increased
direct healthcare costs and a reduced QoL;
• Aging has a negligible effect on direct healthcare costs of the IBD population in
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Chapter
Screening4prior to biological therapy in Crohn’s disease: Adherence to

Screening
to biological
therapyResults
in Crohn’s
Adherence to guidelines and
guidelines prior
and prevalence
of infections.
from adisease:
multicentre
retrospectiveofstudy
prevalence
infections. Results from a multicentre retrospective study

Univariate
analysisofof
factors
associated
with serious
Univariate analysis
factors
associated
with serious
infectionsinfections
Hazard Ratio

95%-‐confidence interval

Male gender

1.85

0.85-‐4.01

0.12

Age at inclusion

1.02

1.00-‐1.05

0.07

Disease duration

1.05

1.02-‐1.10

0.01

A1

Reference

Reference

Reference

A2

1.62

0.55-‐4.74

0.38

A3

1.15

0.21-‐6.31

0.87

0.02

Montreal A

Montreal L

a

b

L1

3.22

1.25-‐8.33

L2

1.59

0.58-‐4.40

0.37

L3

Reference

Reference

Reference

1.05

0.32-‐3.53

0.93

B1

Reference

Reference

Reference

B2

0.76

0.26-‐2.19

0.61

B3

1.29

0.53-‐3.13

0.57

+L4

c

Montreal B

+Bp

d

e

Comorbidity
Smoking

f

Alcohol use

g

Previous surgery

h

0.56-‐2.76

0.59

1.95-‐12.50

<0.01

1.43

0.65-‐3.16

0.37

0.63

0.26-‐1.58

0.33

1.65

0.76-‐3.56

0.21

1.22

0.28-‐5.24

0.79

TB screening

0.73

0.32-‐1.67

0.46

Virological screening

1.29

0.48-‐3.45

0.62

Reference

i

No comedication

Reference

Reference

1 comedication

0.88

0.38-‐2.03

0.77

2 comedications

1.38

0.29-‐6.59

0.69

Comedication, type

j

No comedication

Reference

Reference

Reference

Thiopurines

0.76

0.32-‐1.81

0.53

	
  Methotrexate

0.93

0.31-‐2.76

0.89

1.86

0.54-‐6.37

0.33

Steroids
a
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1.25
4.93

Adalimumab

Comedication, number

210

p-‐value

Age at diagnosis. A1 = <17 years, A2 = 17-‐40 years, A3 = >40 years.

b
c

Disease localization: L1 = ileal, L2 = colonic, L3 = ileocolonic.

Affection of the upper gastrointestinal tract.

d
e
f

j
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Disease behaviour: B1 = non-‐stricturing, non-‐penetrating, B2 = stricturing, B3 = penetrating.

Perianal disease. Data were not available for one of three referral centres.

Smoking at baseline, irrespective of amount.

g
h

Alcohol use at baseline, irrespective of amount.

Bowel surgery prior to baseline.

i

Periods with use of 0, 1 and 2 immunomodulating comedications during anti-‐TNF therapy were compared

j

Periods with use of no comedication, thiopurines, methotrexate and oral or intravenous

glucocorticosteroids were compared

Chapter 7
Back/joint pain, illness perceptions and coping are important predictors of quality of
life and work productivity in patients with inflammatory bowel disease: A 12-month
longitudinal study
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Demographic and clinical characteristics of completers (n = 204) and non-completers (n = 41)
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Appendix B.
Univariate analysis

Appendix B. Univariate analysis
Variable:
SIBDQ
Estimate
p value

Demographic and
clinical characteristics:
Female gender
Current smoker
Active disease
Joint pain
Illness perceptions:
Identity
Timeline
Consequences
Personal control
Illness coherence
Timeline cyclical
Emotional representations
Coping:
Comforting cognitions
Decreasing activity
Diverting attention
Optimism
Pacing
Creative solutions
Accepting
Consideration
a
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SF-‐36 PCS
Estimate
p value

Outcome:
SF-‐36 MCS
Estimate
p value

Work impairment
Estimate
p value

Activity impairment
Estimate
p value

-‐5.579
-‐1.790
-‐1.512
-‐1.820

0.000
0.116
a
0.000
a
0.000

a

-‐4.008
-‐1.213
-‐1.114
-‐2.099

0.000
0.230
a
0.000
a
0.000

a

-‐2.235
-‐0.414
-‐0.727
-‐0.849

0.026
0.687
a
0.000
a
0.000

a

0.073
0.236
0.437
0.394

0.854
0.563
a
0.000
a
0.000

1.084
0.070
0.324
0.601

0.000
0.819
a
0.000
a
0.000

-‐1.531
-‐0.253
-‐1.134
0.369
0.703
-‐1.255
-‐1.008

0.000
0.094
a
0.000
a
0.006
a
0.000
a
0.000
a
0.000

a

-‐1.472
-‐0.241
-‐1.015
0.542
0.292
-‐0.991
-‐0.502

0.000
0.072
a
0.000
a
0.000
0.015
a
0.000
a
0.000

a

0.421
-‐0.212
-‐0.808
0.421
0.880
-‐0.656
-‐1.039

0.001
0.120
a
0.000
a
0.001
a
0.000
a
0.000
a
0.000

a

0.321
-‐0.138
0.271
-‐0.032
-‐0.173
0.241
0.200

0.000
0.009
a
0.000
0.506
a
0.000
a
0.000
a
0.000

a

0.425
0.049
0.289
-‐0.136
-‐0.115
0.269
0.199

0.000
0.227
a
0.000
a
0.000
a
0.001
a
0.000
a
0.000

-‐0.027
-‐0.870
-‐0.250
0.453
-‐0.470
-‐0.310
0.229
-‐0.343

0.808
a
0.000
0.042
0.011
a
0.000
0.011
0.114
0.019

-‐0.121
-‐0.870
-‐0.275
0.091
-‐0.676
-‐0.418
-‐0.110
-‐0.348

0.218
a
0.000
0.012
0.564
a
0.000
a
0.000
0.392
0.007

0.162
-‐0.774
-‐0.037
0.626
-‐0.332
-‐0.112
0.128
-‐0.080

0.105
a
0.000
0.743
a
0.000
a
0.000
0.313
0.329
0.547

-‐0.022
0.203
-‐0.008
-‐0.073
0.145
0.073
-‐0.003
0.101

0.568
a
0.000
0.859
0.248
a
0.000
0.118
0.954
0.053

-‐0.021
0.266
0.032
-‐0.098
0.175
0.070
0.003
0.015

0.484
a
0.000
0.334
0.041
a
0.000
0.032
0.947
0.695

Variables were entered into the linear mixed model.

a

a
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Chapter 8
Self-reported disability in patients with inflammatory bowel disease largely determined
by disease activity and illness perceptions
Supplementary A:
IBD disability index scoring system (personal communication with professor Rupert W. Leong)
Question 1

Question 17: Blood in stool?

•

Very good = 0 score

•

None = +1 score

•

Good = -1 score

•

Little = -1 score

•

Moderate = -2 score

•

A lot = -2 score

•

Bad = -3 score

•

Very Bad = -4 score

Question 18:
•

Yes = -1 score

•

None = 0 score

•

No = +1 score

•

Mild = -1 score

•

Moderate = -2 score

Questions 19-26

•

Severe = -3 score

Positive/ alleviating effects

•

Extreme = -4 score

•

Not applicable = +4 score

•

No positive effect = 0 score

Question 14:

•

Mild positive effect = +1 score

Number of liquid/very soft

•

Moderate positive effect = +2 score

stools in last week

•

Severe positive effect = +3 score

•

0 = +1 score

•

Extreme positive effect = +4 score

•

1-4 = -1 score

•

5-8 = -2 score

Negative/ worsening effects

•

9-12 = -3 score

•

Not applicable = 0 score

•

>12 = -4 score

•

No negative effect = 0 score

•

Mild negative effect = -1 score

Question 15: BMI

•

Moderate negative effect = -2 score

•

<15 = -2 score

•

Severe negative effect = -3 score

•

15.1 – 19.9 = -1 score

•

Extreme negative effect = -4 score

•

20 – 24.9 = 0 score

•

25 – 29.9 = -1 score

Questions 27 and 28

•

>30 = -2 score

•

No = -1 score

•

Yes= +1 score

Question 16:
Do you feel that you’ve lost
weight in the last week?
•

Yes = -1 score

•

No = +1 score

SUPPLEMENTARY MATERIAL

IIs arthritis or arthralgia present?
Questions 2-13
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Supplementary
Table 2.
Supplem entary Table 2: Comparison between responders and non-‐responders
Comparison between responders and non-responders

Socio demographics:
Male gender (﴾%)﴿
Age – years (﴾±SD)﴿
Current smoker (﴾%)﴿
Low education (﴾%)﴿
University hospital (﴾%)﴿
Clinical
characteristics:
Age at diagnosis –
years (﴾±SD)﴿
Disease duration –
median (﴾IQR)﴿

Chapter 14

Disease localization (﴾%)﴿
Large bowel
Small bowel
Both large and small
bowel
Unknown
Penetrating disease
course (﴾%)﴿
Stoma (﴾%)﴿
Pouch (﴾%)﴿
Previous IBD-‐related
surgery (﴾%)﴿
Medication use (﴾%)﴿
Mesalazine
Steroids
Immunosuppressants
Anti-‐TNFα agents
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Crohn’s disease
Responders
Non-‐
(﴾n=554)﴿
responders
(﴾n=726)﴿

p
value

Ulcerative coliti
Responders
Non-‐
(﴾n=424)﴿
responders
(﴾n=479)﴿

232 (﴾42)﴿
55.0 (﴾13.4)﴿

247 (﴾34)﴿
45.2 (﴾13.4)﴿

0.004
0.000

234 (﴾55)﴿
56.4 (﴾12.6)﴿

108 (﴾19)﴿
345 (﴾62)﴿
366 (﴾66)﴿

151 (﴾21)﴿
453 (﴾62)﴿
479 (﴾66)﴿

0.575
1.000
0.974

30.7 (﴾12.7)﴿

28.7 (﴾11.6)﴿

19.5
(﴾10.5-‐31.5)﴿

p
value

28 (﴾7)﴿
232 (﴾55)﴿
199 (﴾47)﴿

231 (﴾48)﴿
47.5
(﴾13.5)﴿
44 (﴾9)﴿
274 (﴾57)﴿
204 (﴾43)﴿

0.039
0.000
0.176
0.493
0.190

0.001

36.0 (﴾13.5)﴿

33.1 (﴾13.3)﴿

0.001

16.5
(﴾10.5-‐26.5)﴿

0.000

16.5
(﴾9.5-‐24.2)﴿

14.5
(﴾8.5-‐23.5)﴿

0.169

165 (﴾30)﴿
119 (﴾21)﴿

187 (﴾26)﴿
137 (﴾19)﴿

0.115
0.260

255 (﴾46)﴿
15 (﴾3)﴿

378 (﴾52)﴿
24 (﴾3)﴿

0.037
0.624

283 (﴾51)﴿
76 (﴾14)﴿
13 (﴾2)﴿

364 (﴾50)﴿
75 (﴾10)﴿
10 (﴾1)﴿

0.680
0.067
0.209

21 (﴾5)﴿
40 (﴾9)﴿

29 (﴾6)﴿
41 (﴾9)﴿

0.560
0.727

313 (﴾56)﴿

387 (﴾53)﴿

0.258

74 (﴾17)﴿

91 (﴾19)﴿

0.605

131 (﴾24)﴿
47 (﴾9)﴿
170 (﴾31)﴿
115 (﴾21)﴿

153 (﴾21)﴿
56 (﴾8)﴿
245 (﴾34)﴿
178 (﴾25)﴿

0.278
0.678
0.2561
0.123

281 (﴾66)﴿
27 (﴾6)﴿
87 (﴾21)﴿
15 (﴾4)﴿

302 (﴾63)﴿
17 (﴾4)﴿
108 (﴾23)﴿
21 (﴾4)﴿

0.329
0.062
0.467
0.610
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Supplementary Table 3.

Supplem entary Table 3. Correlation analyses with IBD disability as dependent variable

Correlation analyses with IBD disability as dependent variable

Demographics:
Age
Female
Current smoker
Low education
Clinical
determinants:
Age at diagnosis
Disease localisation
Disease duration
Disease phenotype
Clinical disease
activity
Depression
Chronic back pain
Joint complaints
Previous IBD-‐related
surgery
Stoma
Pouch
Steroids
Immunomodulators
Anti-‐TNFα agents
Illness perceptions:
Consequences
Timeline
Personal control
Treatment control
Identity
Concerns
Understanding
Emotional response

	
  

Crohn’s disease
Correlation
p value
(﴾rho)﴿

Ulcerative colitis
Correlation
p value
(﴾rho)﴿

0.021
-‐0.105
-‐0.092
0.069

0.654
0.022
0.044
0.133

0,125
-‐0.165
-‐0.118
0.000

0.013
0.001
0.018
0.996

0.014
0.011
0.010
-‐0.042
-‐0.677

0.755
0.815
0.831
0.361
0.000

0.084
-‐
0.059
-‐
-‐0.696

0.093
-‐
0.238
-‐
0.000

-‐0,244
-‐0,169
-‐0,253

0.000
0.000
0.000

-‐0.173
-‐0.024
-‐0.145

0.001
0.631
0.004

-‐0.070
0.018
0.030
-‐0,089
-‐0,062
-‐0.122

0.126
0.696
0.516
0.053
0.174
0.007

-‐0.113
-‐0.012
-‐0.104
-‐0.076
-‐0.025
-‐0.119

0.025
0.814
0.037
0.129
0.618
0.018

-‐0,595
-‐0.024
0,363
0,165
-‐0,644
-‐0,488
0,161
-‐0,537

0.000
0.596
0.000
0.000
0.000
0.000
0.000
0.000

-‐0.560
-‐0.019
0.278
0.186
-‐0.602
-‐0.468
0.135
-‐0.495

0.000
0.700
0.000
0.000
0.000
0.000
0.007
0.000
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Supplementary Figure 1.
Mean 3-monthly DHCa (€) and QOL scores (IBDQb) in IBD patients with minimal
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(n=901), mild (n=129), moderate (70), and severe (n=8) self-reported disability
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Chapter 9
The effect of aging on healthcare costs of inflammatory bowel disease:
A glimpse into the future
Supplementary methods:
Projected direct healthcare costs attributable to IBD
Supplementary Table 1.
Projections of Dutch adult population with IBD and total DHC-IBD from 2011 to 2040
according to gender (male/female), disease subtype (CD/UC) and age group (1839/40-59/≥60 years)
Supplementary Table 2.
Productivity losses (€) and out-of-pocket costs (€) in younger (<60 years) and elderly
CD (≥60 years) patients
Supplementary Table 3.
Productivity losses (€) and out-of-pocket costs (€) in younger (<60 years) and elderly
UC (≥60 years) patients
Supplementary Table 4 a & b.
Clinical outcomes of younger (< 60 years) versus elderly (≥ 60 years) CD and UC patients as observed during two years of follow-up in the COIN-study. Clinical outcomes
included the number of IBD-related hospitalisation, self-reported flares and IBD-related
surgery, and quality of life (total score on the IBDQ)
Supplementary methods:
projected direct healthcare costs attributable to IBD
Projections of IBD prevalence rates
Prevalence rates of IBD were estimated with data from the Agis Health Database
(AHD). The Agis Health Insurance Company is one of the largest health insurance
companies in the Netherlands. It provides healthcare coverage for more than 1.5
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million policy holders. Random samples from this database have been shown to be
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representative for the Dutch population with regard to gender and age distribution.
The AHD contains data on demographics, diagnostic and therapeutic provisions, pharmaceutical prescriptions and Diagnosis-Treatment-Combination (DTC) codes. Coding
errors within this database are excluded by random checks and a comprehensive
program of material auditing.1

The DTC codes were used to identify patients with either Crohn’s disease or ulcerative
colitis. The prevalence rate for each age-, gender- and IBD subtype-specific group was
estimated by dividing the corresponding number of IBD patients by the total number
of policy holders registered in July 1st 2011. Prevalence rates were then applied to the
Census projections of population counts for the years 2011 to 2040 to generate the
total IBD population for the years 2011 to 2040. Projected population counts for the
years 2011 to 2040 were obtained from the 2010 population projections of the Dutch
population generated by the Dutch Census Bureau (Statistics Netherlands).2 The 2010
population projections are based on assumptions about future changes in fertility, life
expectancy, and migration and were generated by a cohort-component model.3
Projection of direct healthcare costs
The data source for generating projections of direct healthcare costs of IBD was the
current “Costs Of Inflammatory bowel disease in the Netherlands” or “COIN” study.4
The direct healthcare costs per person per three months in 2011 for each age-, genderand IBD subtype-specific group were estimated using a two-part mixed model. This
model takes into account that cost data are right-skewed with a substantial proportion
of zero values and consists of two parts: 1) A generalised linear mixed model assessing the odds of costs being positive and; 2) a linear mixed model with log-normal link
assessing the height of costs given that costs were actually incurred. To account for
repeated measures within subjects, a random intercept was fitted to both parts of the
model. Direct healthcare costs per person per three months were then multiplied by
four and applied to the Census projections of IBD population for the years 2011 to
2040 to generate the total annual direct healthcare costs of the IBD population for the
years 2011 to 2040.
In our base-case analysis we projected the DHC-IBD of both the total IBD population
from 2011-2040, taking into account the cumulative effects of population ageing, rising
prices and volume growth on the DHC-IBD of both populations. Prices and volume of
overall healthcare expenditure were expected to increase at the same historical rate
(2001-2011) for the next 30 years: averaging an annual rate of 4.9% (2.2% due prices;
scenario analysis, whereby we only accounted for the effects of population ageing and
rising prices (2.2%) on the DHC.5,6
Finally, one-way sensitivity analyses were performed, varying IBD prevalence rates and
mean DHC-IBD of each age-, gender- and IBD subtype-specific group, using lower
and upper bound of the 95% CI, to assess the uncertainty of the projected DHC-IBD
between 2011 and 2040.
The model used to project IBD-DHC at population level for the years 2011 up to 2040
was built in MS Excel 2010.
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2030

2025

2020

2015

Prevalence
b
Dutch pop (﴾million)﴿
IBD patients
c,d
Mean DHC-‐IBD
Total costs (﴾million, €)﴿
a
Prevalence
b
Dutch pop (﴾million)﴿
IBD patients
c
Mean DHC
Total costs (﴾million, €)﴿
a
Prevalence
b
Dutch pop (﴾million)﴿
IBD patients
c
Mean DHC
Total costs (﴾million, €)﴿
a
Prevalence
b
Dutch pop (﴾million)﴿
IBD patients
c
Mean DHC
Total costs (﴾million, €)﴿
a
Prevalence
b
Dutch pop (﴾million)﴿
IBD patients
c
Mean DHC

2011

a

Estimate

Year
167
12.73
43,953
917,33
161.29
167
13.04
44,816
1100,17
197.23
167
13.37
45,611
1387,88
253.22
167
13.69
46,253
1752,09
324.16
167
13.86
46,510
2206,67

All

IBD

152
2.09
3,177
1,534
19.50
152
2.07
3,145
1,858
23.37
152
2.12
3,218
2,359
30.37
152
2.17
3,305
2,997
39.63
152
2.17
3,302
3,807

18-‐39

Male
40-‐
59
132
2.46
3,243
1,398
18.13
132
2.44
3,223
1,692
21.82
132
2.32
3,068
2,149
26.38
132
2.17
2,864
2,731
31.29
132
2.05
2,700
3,469
104
1.69
1,762
1,164
8.21
104
1.88
1,959
1,410
11.05
104
2.12
2,205
1,791
15.80
104
2.37
2,463
2,275
22.41
104
2.57
2,678
2,890

≥60

CD

257
2.07
5,326
1,748
37.24
257
2.05
5,268
2,117
44.61
257
2.09
5,384
2,689
57.90
257
2.15
5,524
3,416
75.48
257
2.15
5,515
4,339

275
2.42
6,666
1,142
30.45
275
2.43
6,688
1,383
37.00
275
2.34
6,430
1,757
45.18
275
2.21
6,065
2,232
54.14
275
2.10
5,765
2,835

Female
18-‐39 40-‐59
143
2.00
2,866
763
8.75
143
2.17
3,097
924
11.44
143
2.38
3,405
1,173
15.98
143
2.62
3,742
1,490
22.31
143
2.82
4,037
1,893

≥60
120
2.09
2,508
714
7.16
120
2.07
2,483
864
8.58
120
2.12
2,540
1,097
11.15
120
2.17
2,610
1,394
14.55
120
2.17
2,607
1,771

18-‐39

Male
40-‐
59
178
2.46
4,373
427
7.47
178
2.44
4,347
517
9.00
178
2.32
4,137
657
10.87
178
2.17
3,863
835
12.90
178
2.05
3,641
1,060
195
1.69
3,304
316
4.17
195
1.88
3,672
382
5.62
195
2.12
4,135
485
8.03
195
2.37
4,618
617
11.39
195
2.57
5,021
783

≥60

UC

137
2.07
2,839
581
6.60
137
2.05
2,808
704
7.90
137
2.09
2,870
894
10.26
137
2.15
2,945
1,135
13.37
137
2.15
2,940
1,442

18-‐39

Female
40-‐
59
213
2.42
5,163
503
10.38
213
2.43
5,180
609
12.61
213
2.34
4,980
773
15.40
213
2.21
4,697
982
18.45
213
2.10
4,465
1,247
136
2.00
2,726
296
3.23
136
2.17
2,946
359
4.23
136
2.38
3,238
456
5.90
136
2.62
3,559
579
8.24
136
2.82
3,839
735

≥60

Supplementary Table 1. Projections of Dutch adult population with IBD and total DHC-‐IBD from 2011 to 2040 according to gender
(﴾male/female)﴿, disease subtype (﴾CD/UC)﴿ and age group (﴾18-‐39/40-‐59/≥60 years)﴿
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Supplementary Table 4 a & b. Clinical outcomes of younger (﴾< 60 years)﴿ versus elderly
(﴾≥ 60 years)﴿ CD and UC patients as observed during two years of follow-‐up in the COIN-‐
study. Clinical outcomes included the number of IBD-‐related hospitalisation, self-‐reported
flares and IBD-‐related surgery, and quality of life (﴾total score on the IBDQ)﴿

a. Crohn’s disease
IBD-‐related
hospitalisation
Self-‐reported flare
HRQOL

OR
0.89

95% CI
0.55-‐1.09

p value
0.54

0.79
a
2.71

0.62-‐1.02
0.39-‐5.04

0.07
0.02

OR
0.54

95% CI
0.33-‐0.87

p value
0.01

0.73
0.26
a
4.31

0.58-‐0.91
0.08-‐0.86
2.15-‐6.47

0.01
0.03
<0.00

b. Ulcerative colitis
IBD-‐related
hospitalisation
Self-‐reported flare
IBD-‐related surgery
HRQOL
a

	
  

Absolute reduction in the total score on the IBDQ in elderly versus younger IBD patients
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Dankwoord
Dit proefschrift zou niet zijn gerealiseerd, zonder de steun van collega’s, vrienden,
familie en schoonfamilie. In dit hoofdstuk wil ik iedereen die mij op welke manier dan
ook gesteund heeft in de afgelopen drie jaar hartelijk bedanken.
Beste prof. dr. P.D. Siersema, beste Peter. Hartelijk dank dat je mij in de gelegenheid
hebt gesteld om mijn wetenschappelijke stage een vervolg te geven met een promotietraject bij de afdeling Maag-, Darm, en Leverziekten. Ik heb veel geleerd van jouw
brede wetenschappelijke kennis en vooruitziende blik. Hopelijk kunnen we onze goede
samenwerking voortzetten gedurende de aankomende jaren waarin ik mijn opleiding
tot Maag-, Darm, en Leverarts op jouw afdeling zal voltooien.
Beste dr. H.H. Fidder, beste Herma. Als copromotor heb jij mij ruim drie jaar begeleid.
Wekelijks spraken we elkaar tijdens het werkoverleg. In korte tijd werden dan de doelstellingen van die week “afgetikt” en spraken we over andere wereldse zaken. Hierbij
waren een kop koffie en snoep van Ferring vaak onmisbaar. Jouw directheid en gevoel
voor humor heb ik altijd zeer gewaardeerd. Dit laatste kwam onder andere tot uiting
tijdens mijn buluitreiking, waarbij je aan Tim doodserieus voorstelde om de toespraak
in het Hebreeuws voor te dragen. Gelukkig heb je dit achterwege gelaten. Zowel als
arts en als persoon heb ik veel respect voor je. Als arts, zoals je jouw enorme wetenschappelijke kennis vertaalt naar de klinische praktijk. En als persoon, zoals je jouw
rollen als moeder, vrouw en hardwerkende arts weet te combineren. Hopelijk kunnen
we onze samenwerking nog lang voortzetten!
Beste dr. B. Oldenburg, beste Bas. Onze samenwerking begon met de combistage in
jaar 6 van de studie Geneeskunde bij de afdeling Maag-, Darm, en Leverziekten. Deze
combistage bestond uit een wetenschappelijke en semi-arts stage. Met vooruitziende
blik had jij bedacht dat Tim en ik beide stages zouden afwisselen en tegelijk een grote
IBD database zouden opzetten. Dit bleek al gauw een slimme zet en zodoende was
de “Tim-en-Mike-show” geboren. Mijn enthousiasme voor IBD heb ik grotendeels aan
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jou te danken. Dit begon met de inspirerende hoorcolleges over IBD en werd versterkt
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door de vele gesprekken en discussies die we hebben gevoerd over onderzoeksresultaten en toekomstige wetenschappelijke projecten. Ik heb bewondering voor de wijze
waarop je ingewikkelde projecten weet te vertalen naar “manuscriptje”, “protocolletje”
of “laaghangend fruit”. Mede dankzij jouw sturende commentaar, kennis en onuitputbare energie werden deze projecten altijd succesvol afgerond!

Beste prof. dr. A.A. Kaptein, beste Ad. Onze paden kruisten elkaar tijdens het onderzoek naar kwaliteit van leven, ziektepercepties en coping van patiënten met IBD. Mede
dankzij jouw expertise op deze gebieden, prikkelende commentaar en enthousiasme
resulteerde dit onderzoek in een aantal mooie publicaties. Ook als de resultaten tegenvielen wist je mij altijd weer te motiveren met de woorden: “Altijd maar weer doorgaan, Mike”! Als geen ander heb jij me overtuigd van de verwevenheid tussen lichaam
en geest. Immers, individu betekent niet voor niets “dat wat niet deelbaar is”!
Beste dr. M.G.H. van Oijen, beste Martijn. Als onervaren onderzoeker liep ik ruim vier
jaar geleden jouw kamer binnen om een onderzoek op te zetten naar de kosten-effectiviteit van screening op infecties voorafgaand aan de start van anti-TNF middelen
bij patiënten met IBD. Met behulp van jouw “Treeage” skills werd er in mum van tijd
een ingewikkeld computermodel opgesteld, waarna ik “alleen nog maar” de kansen,
kosten en QALY’s moest toevoegen. Dankzij jouw geduld, wetenschappelijke blik en
contacten resulteerde dit project drie jaar na dato (sic) in een mooie publicatie. Onze
prettige samenwerking werd voortgezet met het onderzoek naar therapietrouw voor
anti-TNF middelen. Naast jouw belangrijke wetenschappelijke inbreng wil ik je ook
graag bedanken voor je persoonlijke adviezen!
Beste dr. M.J. Mangen, beste José. Als kostenexpert was je nauw betrokken bij het
onderzoek naar de invloed van veroudering op de zorgkosten van patiënten met IBD.
Bedankt voor al je vrijblijvende adviezen en detaillistische input!
Beste dr. I.M. Minderhoud, beste Itta. Dank dat je jouw data aan mij hebt toevertrouwd
en voor je no-nonsense aanpak en directheid!
Beste Janette, hartelijk dank voor je inspanningen bij de inclusie van patiënten voor
de “Adherence” studie. Zonder deze inspanningen was dit project niet zo voortvarend
verlopen!
Beste Linda en Ada, hartelijk dank voor jullie hulp bij alle administratieve en organisatorische zaken, zoals het inplannen van werkbesprekingen, het organiseren van de
jullie tijd voor een gezellig praatje, waarvoor veel dank!
Beste leden van de “Initiative of Crohn’s and Colitis” en de COIN-studie, dank voor al
jullie inspanningen bij de inclusie van patiënten, warme ontvangst op jullie afdelingen
en bijdrage aan de totstandkoming van wetenschappelijke publicaties!
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IBD-patiënten dag en de administratieve afhandeling van mijn promotie. Altijd hadden
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Lieve onderzoeks-collega’s. Mede dankzij jullie collegialiteit en gezelligheid heb ik
een fantastische onderzoekstijd beleefd, waar ik nu als arts-assistent nog veelvuldig
aan terugdenk. Tim, dankzij onze gezamenlijke start aan het promotietraject en onze
overeenkomsten, werden wij gekscherend al gauw de “Tim-en-Mike-show” genoemd.
Dank voor de gezamenlijke fietstochtjes naar het UMC Utrecht, de partijtjes squash
(die ik meestal helaas verloor), de vele borrels en avondjes voetbal kijken en, bovenal,
je vriendschap! Max, hoewel ik pas een jaar na onze ontmoeting ontdekte dat jij het
broertje was van mijn vroegere tennismaatje Hugo Leenders, hebben wij inmiddels
een hechte vriendschap opgebouwd. Dank voor de statistische bijstand die je mij zo
vaak hebt verleend! Beste Mirthe, Fiona, Meike, Romy, Lotte en Nicolette, dank voor
jullie gezelligheid, wijze adviezen en het goede voorbeeld dat jullie hebben gesteld.
Beste Daisy, Suzanne, Christine, Femke, Erik, Vincent, Jan-Steven, Jorrit en Wouter,
dank voor het delen van humoristische Youtube filmpjes (“yes yes girl”), de krokettenvrijdagen, vrijdagmiddag borrels, “Gastro in the snow” en gezelligheid tijdens congressen. Vooral het Oktoberfeest in de bierfabriek was een onvergetelijke ervaring.
Suzanne, dank dat jij ons als chaperonne veilig naar het Centraal Station hebt begeleid.
Lieve vrienden, familie en schoonfamilie. Zonder jullie steun en empathie was mijn
promotie onmogelijk geweest. Het was vaak een verademing om samen met jullie
eens niet over werk of promotie te praten!
Tot slot mij allerliefste Maaike. Afgelopen jaren heb ik veel vrije tijd aan mijn
proefschrift besteed. Desalniettemin kon ik altijd op je rekenen en hield je mij met
beide benen op de grond. Dank voor je motivatie, geduld en grenzeloze liefde. Ik
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verheug me op onze toekomst samen en op 1 april 2015! Ik hou van je.
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