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ORIGINAL RESEARCH ARTICLES - CLINICAL

Trajectories of Fatigue in Inflammatory Bowel Disease

Birte Klusmann, MSc,*® Joke Fleer, PhD,* K. Annika Tovote, PhD,* Rinse K. Weersma, MD, PhD,*
Hendrik M. van Dullemen, MD, PhD,” Gerard Dijkstra, MD, PhD,"* and Maya J. Schroevers, PhD*®

Background: Fatigue is one of the most frequently reported symptoms by patients with inflammatory bowel disease (IBD), both during active
disease phases as well as during clinical remission. This study addressed whether different trajectories of fatigue over time can be identified among
patients with IBD. Subsequently, we compared the demographic and clinical characteristics between trajectories.

Methods: The current study included 849 patients with IBD diagnosed with either Crohn disease (CD; n = 511) or ulcerative colitis (UC;
n = 338) who visited the University Medical Center in Groningen (the Netherlands) at least 3 times during a 9-year follow-up. We conducted la-
tent class growth analyses to identify distinct trajectories.

Results: In all patients with IBD (and in the subgroup with CD), we found 5 trajectories for fatigue. In the UC subgroup, we found 4 fatigue
trajectories. One trajectory present in both patients with CD (11.45%) and patients with UC (4.75%) was characterized by chronic elevated levels
of fatigue across time. Women and parents were more prevalent in trajectories with higher fatigue severity. We also found significant associations
among the fatigue trajectories with disease activity and psychological well-being.

Conclusions: The results clearly showed the existence of distinct fatigue paths over time in patients with IBD. Those reporting more chronic elevated
levels of fatigue also reported greater disease activity and reduced well-being. Therefore, reducing disease activity may be important for the treatment of

fatigue. In addition, given the significant association with well-being, it is possible that reducing fatigue may improve self-reported well-being.

Key Words: inflammatory bowel disease, Crohn disease, ulcerative colitis, fatigue, psychological well-being, disease activity, trajectories

INTRODUCTION

Inflammatory bowel diseases (IBD), primarily including
Crohn's Disease (CD) and ulcerative colitis (UC), are chronic
relapsing diseases of the gastrointestinal tract of unknown eti-
ology.! Both CD and UC are characterized by inflammation
and ulcerations that in UC are limited to the superficial mu-
cosa of the colon and rectum and in CD are transmural and
can affect the entire gastrointestinal tract but are predominant
in the distal ileum and colon. Both UC and CD share clin-
ical symptoms such as abdominal pain, diarrhea, constipation,
anemia, and weight loss.?

One of the most frequently reported complaints by pa-
tients with CD or UC, in active disease phases and during clin-
ical remission, is persistent fatigue.’ Persistent fatigue can have
a far-reaching impact on a person’s life. Individuals who experi-
ence fatigue report lower stress tolerance, more hypersensitivity,
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longer periods to recover from overexhaustion, or an inability
to multitask.* Chronic fatigue has been identified as inter-
fering with work-related abilities, subsequently causing lower
employment rates and increased health care costs.’ Prevalence
rates of fatigue range from 26% to 83% for patients with IBD
in remission,’ with 44% to 86% of patients with moderate to
severely active IBD reporting fatigue.®

Approximately a decade ago, research on IBD fatigue
was still scarce, as pointed out by van Langenberg and Gibson.?
Their systematic review, which is still the most recent, showed
that only 10 studies focused on fatigue in patients with IBD,
with only 1 measuring fatigue as its primary outcome. However,
during the past few years, several studies have been published
assessing IBD fatigue, its experience, and management,® yet
the majority of these studies have methodological weaknesses,
such as using cross-sectional designs, small sample sizes, and
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assessment of fatigue in patients with CD or UC at the group
level.” Only 3 studies so far have examined fatigue longitudinally
among patients with IBD.*!° Graff et al’ found a steady increase
in fatigue in patients with a recent IBD disease onset over a span
of 2 years. The other longitudinal study, by Banovic and col-
leagues® in 52 patients with CD, found stable levels of fatigue over
a l-year period. Conley and colleagues'® clustered symptoms of
IBD patients cross-sectionally’ and longitudinally.!" Their find-
ings suggest a large group with several symptoms, including fa-
tigue, that remain stable over a 1-year period. However, there is
still a lack of a good understanding of the specific development
of fatigue in patients with IBD and which patients’ characteris-
tics impact the severity and course of fatigue.

Specific demographics, such being younger or female,
and clinical characteristics have been consistently linked to
higher levels of fatigue in chronic diseases'? but recently also in
patients with IBD."® Even though fatigue occurs in patients of
all ages and both sexes, a greater burden has consistently been
suggested for women. Younger patients or those with a lower
educational background have been found to report greater fa-
tigue severity in previous studies among patients with IBD,!
although not in all.’> Among clinical factors, a shorter disease
duration was related to greater fatigue by Vogelaar and col-
leagues'® among patients with CD. Still, one of the most noted
clinical factors associated with fatigue in IBD is disease ac-
tivity. Previous research has shown that inflammation has been
closely linked to fatigue in chronic conditions, such as rheu-
matic diseases, cancer, and systemic autoimmune disease,!” but
also in IBD.® Both CD and UC follow unpredictable courses,
with alternating periods of active inflammatory processes and
periods without any symptoms. Hence, one would hypothesize
that in patients with IBD, higher disease activity is associated
with fatigue severity. Several cross-sectional studies have found
disease activity as a risk factor for greater fatigue severity® '8,
In a longitudinal study, Graff et al® showed that mean fatigue
levels increased among patients with IBD even when patients
were in remission. A study by Grimstad and colleagues' found
that the severity of fatigue was independent of disease activity.
However, their cohort consisted of only patients newly diag-
nosed with IBD.

The relationship between disease activity and fatigue is
not yet completely understood. This circumstance is underlined
by the observation of several scholars that a substantial group
of patients in remission still report high levels of fatigue per-
sistent over time.” * Research on how different trajectories of
disease activity may relate to fatigue over time has not been
conducted.

A close link between fatigue and the psychological
well-being of patients has been suggested because of the re-
strictions on daily and work-related functioning in active di-
sease.”? In patients with IBD in remission, fatigue has also
been associated with impaired psychological well-being.® 2! 2

Given the cross-sectional design of most of these studies,
there is a lack of insight into how fatigue and well-being in-
teract over time.

To overcome the methodological shortcomings in the
study of fatigue in patients with IBD, the current longitudinal
study examined the course of fatigue over a 9-year period in
more than 800 patients with CD or UC. Rather than looking
at average group levels of fatigue over time, the purpose of the
current study was (1) to identify distinct subgroups of patients
with different trajectories of fatigue, (2) to assess the associa-
tion among demographic (age, sex, cultural background, edu-
cation, having children) and clinical factors (eg, smoking status,
disease, disease duration) and defined fatigue trajectories, and
(3) to explore how trajectories of fatigue relate to disease ac-
tivity and patients’ psychological well-being. Such examin-
ations have not yet been undertaken.

MATERIALS AND METHODS
The dataset analyzed during the current study is not pub-
licly available because of patient confidentiality but is available
from the authors upon reasonable request.

Design

The current study had a longitudinal design, using pro-
spectively collected data from patient records collected during
visits to an IBD outpatient clinic.

Cohort

Study participants were patients (N = 849) diagnosed
with either UC (n = 338) or CD (n = 511) who received care at
the IBD outpatient clinic at the University Medical Centrum
Groningen (Groningen, the Netherlands) and were included
within the Groningen 1000IBD project.”® At each visit to the
clinic, patients were examined and asked for demographic,
clinical, and psychological information by the treating nurse
or doctor. The staff documented all received information
and electronically filed the data in the 1000IBD database.”
Inclusion criteria of the current study were a documented di-
agnosis of either UC or CD (based on accepted clinical endo-
scopic outcomes); 23 recorded visits between January 1, 2009
and December 31, 2018 (with valid entries of all 3 outcome
measures, ie, fatigue, disease activity, and well-being), and age
>18 years. On average, patients with CD were assessed 7.2
times (maximum 38 consults; 5037 total consults), and pa-
tients with UC were assessed 6.3 times (maximum 51 consults;
2789 total consults). Power analysis methods have yet to be
standardized for latent class analyses (LCA), but experts state
that samples of 100 to 300 participants are recommended to
run LCA.?*? The total cohort included 849 patients, with sub-
cohorts for UC and CD of 338 and 511 patients, respectively.
It was therefore adequate to perform LCA.
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Variables and Measures

Demographic and clinical factors

Demographic variables included age (at first con-
sult to clinic), sex, educational level, cultural background,
and having children (yes/no). Educational level was subdiv-
ided into 3 levels based on the Dutch educational system.>
Clinical variables included smoking status (being a smoker
at TO); type of IBD diagnosis; disease duration (at first con-
sult to clinic); Montreal classification according to disease
type: A (age at diagnosis), B (behavior), E (extent), L (lo-
cation), and S (severity); fistulas; localization (ileum/colon);
and having a stoma or pouch (in general, at baseline, type).
If any information on the mentioned variables was missing
at a patient’s first visit, then data saved on a subsequent visit
were included.

Fatigue

The primary outcome measure was fatigue, patient-rated
and evaluated by a single item ( “How fatigued has the patient
been during the last 24 hours?”), based upon a visual ana-
logue 10-point Likert scale at each consult (I = not fatigued,
10 = very fatigued).

Disease activity

The modified Harvey-Bradshaw Index (HBI?’) for CD
(Supplementary Questionnaire 1) and the Simple Clinical
Colitis Activity Index (SCCAI*®) for UC (Supplementary
Questionnaire 2) were used to measure self-reported disease
activity. These clinical indices ask for the frequency of bowel
movements, the presence of blood in the stool, extra-intestinal
manifestations of IBD, and overall health. The following cutoff
points were used to identify active disease: HBI >5 and SCCAI
>2.5.%

Psychological well-being

Psychological well-being within the last 24 hours was
rated by the patient and assessed by a single item (“How does
the patient feel [during the last 24 hours]?”), based on a visual
analogue 10-point Likert scale (1 = very bad, 10 = excellent).

Statistical Analysis

Data from the overall cohort, and from the CD and
UC cohorts specifically, were described using distributions,
means, medians and standard deviations, and frequencies, as
appropriate (Table 1). Time was handled as a continuous vari-
able as suggested by Singer and Willett.*® The number of days
since the start of the study (T0; January 1, 2009) to each visit
at the clinic was divided by the total number of days of the
study’s timeframe (eg, May 19th 2011 => 868 days/3287 days
= 0.264; number of days from January Ist 2009 to May 19th
2011 = 868 days). To classify the different trajectories of fa-
tigue over time and to associate these with disease activity and

psychological well-being, latent class growth analyses (LCGA)
were performed in the statistical program LatentGold, version
5.1. The syntax used to run the analyses can be found in the
Supplementary Syntax 1. Researchers have found LCGA to be
a useful tool to find inherent differences in growth trajectories
over time.

Dependent on the added value for model estimation
calculated using means of deviance tests (see Supplementary
Table 1), time was added as a predictor with different levels, ie,
linear, quadratic, and/or cubic. To find the most representative
models, we compared models with 1 to 8 classes for fatigue,
disease activity levels, and psychological well-being separately.
We fitted the models multiple times using random seed values
to avoid convergence on local maxima. The best-fitting classifi-
cation model was based on information criteria, including the
Bayesian Information Criterion (BIC), which is a criterion cal-
culated from the log-likelihood of the model and the number of
parameters in the model, and the Akaike Information Criterion
(AIC), which estimates out-of-sample prediction error. The
AIC is used as an indicator for the relative quality of a statis-
tical model.’" 32 Lower values of the BIC and AIC suggest a
better model fit.

Entropy was used to inspect latent class separation.
Higher entropy levels (at least 0.6) reflect better separation be-
tween classes. An added class should also contain a substantial
number of people (at least 5%).* In line with recommenda-
tions, we used a combination of the above-mentioned criteria
and nonstatistical criteria for the final model classification.?
These included the conceptual meaning and interpretability of
a model when adding an extra class, because statistical criteria
do not always correspond.’* ¥

After the most suitable model had been selected, pa-
tients’ class membership (based on most likely posterior
probabilities) was exported to SPSS version 25.0 for further
analyses. This procedure allowed us to assess the number
of patients who fell within a particular subgroup. To de-
termine whether demographic and clinical characteristics
differed among identified subgroups, %> tests and analyses
of variance were performed to compare the trajectories for
each variable. Nonparametric tests were used if the assump-
tion of normality was not met. Cross-tabulations of the
final models for fatigue, disease activity, and psychological
well-being were created and tested for independence using y>
tests. Based on the assumption that disease activity scores,
calculated by the indices of HBI and SCCAI, cannot be
combined, no modeling of disease activity for the total IBD
cohort was performed.

Ethical Considerations
Informed consents were obtained from all patients at
their first recorded visit and documented in the database. This
study received approval by the medical ethical committee of
the University Medical Center Groningen (METc-nr MEC
08/279).
3
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TABLE 1. Sociodemographic and Clinical Characteristics for Total IBD Cohort and per Disease Type

Total Cohort (N = 849)

CD (n = 511)

UC (n = 338)

Significant Difference

Age, M (SD)
Female sex, n (%)
Education, n (%)
No/lower
Secondary
Higher
Other
Ethnicity, n (%)
Dutch Caucasian/White European
Smoking status, n (%)
Yes
Having children, n (%)
Yes
Disease duration, median (range)
Montreal classification A (age at diagnosis), n (%)
Al:<l6y
A2:17y-40y
A3:>40y
Montreal classification B (behavior), n (%)
B1: nonstricturing, nonpenetrating
B2: stricturing
B3: penetrating
B1P: nonstricturing, nonpenetrating + perianal
B2P: stricturing + perianal
B3P: penetrating + perianal
Montreal classification E (extent), n (%)
El: ulcerative proctitis
E2: distal UC
E3: extended UC (pancolitis)
Montreal class L (location), n (%)
L1: terminal ileum
L2: colonic
L3: ileocolonic
L4: upper GI
L1+L14
L2+ 14
L3+ 14
Montreal classification S (severity), n (%)
S1: clinical remission
S2: mild UC
S3: moderate UC
S4: severe UC
Stoma/pouch, n (%)
Ever
Current
Type stoma/pouch, n (%)
Colostoma
Ileostoma
Pouch

40.13 (14.87)
525 (61.8)

152 (17.9)

372 (43.8)

253(29.8)
33(3.9)

762 (89.8)

196 (23.1)

415 (48.9)
7.00 (0-50)

118 (13.9)
530 (62.4)
182 (21.4)

161 (19.0)
115 (13.5)

30 (3.5)
122 (14.4)
8(0.9)

38.77 (14.47)
338 (66.1)

86(17.8)

237 (46.4)

141 (27.6)
19 (3.7)

453 (88.6)

154 (30.1)

227 (44.4)
8.00 (0-46)

81 (15.9)
333 (65.2)
92 (18.0)

208 (40.7)
92 (18.0)
53(10.4)
56 (11.0)
61 (11.9)

39(7.6)

180 (35.2)

97 (19.0)

182 (35.6)
10 (2.0)
16 (3.1)
9(1.8)
12(2.3)

100 (19.6)
66 (12.9)

27(5.3)
68 (13.3)
4(0.8)

42.18 (15.25)
187 (55.3)

66 (19.5)

135 (39.9)

112 (33.1)
14 (4.1)

309 (91.4)

42 (12.4)

188 (55.6)
7.00 (0-50)

37(10.9)
197 (58.3)
90 (26.6)

46 (13.6)
113 (33.4)
169 (50.0)

33(9.8)
91 (26.9)
115 (34.0)
82 (24.3)

61 (18.0)
49 (14.5)

3(0.9)
54 (16.0)
4(1.2)

*

*
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TABLE 1. Continued

Total Cohort (N = 849) CD (n =511) UC (n = 338) Significant Difference
Stoma because of perineal fistula 1(0.1) 1(0.2) 0(0.0)
Fistulas n (%) 81(9.5) 77 (15.1) 4(1.2) *

For CD, Montreal Classifications A, B, and L were collected; For UC, Montreal Classifications A, E, S were collected.

*P < 0.05 comparing CD and UC cohorts.
150 out of 849 patients were missing.

RESULTS

Cohort Characteristics

The demographic and clinical data are presented in
Table 1. Across the total cohort, approximately two-thirds
were female, with a mean age of 40 years. The majority
of patients were Dutch/Caucasian, with a median disease
duration of 7 years. Significant differences between the
cohorts were found for age, sex, smoking status, disease du-
ration, Montreal classification A, type of stoma/pouch, and
fistulas.

Fatigue Trajectories

Total cohort

Based on BIC, AIC, and entropy, a model with 8§ classes
could be considered. However, given a group size of <5% in
models with 6 to 8 classes, we decided to use a 5-class model:
FAT _totall (M = 4.52; standard error [SE] = 0.033; 29.63% of
patients), FAT_total2 (M = 5.42; SE = 0.058; 25.01%), FAT_
total3 (M = 6.21; SE = 0.0518; 19.31%), FAT _total4 (M = 3.01;
SE = 0.049; 16.65%), and FAT_total5 (M = 7.92; SE = 0.067;
9.39%). Four of the 5 fatigue trajectories depicted stable levels
of fatigue over time (Fig. 1), with only 1 class (FAT_total2)
steadily decreasing in fatigue over time.

cD

As in the total group, both BIC and AIC hinted toward
a model with 8 classes in patients with CD. However, given a
group size of <5% in models with 6 to 8 classes, the final model
included 5 classes. The 5 classes were FAT_CD1 (M = 4.61;
25.09%), FAT_CD2 (M = 5.50; 24.34%), FAT_CD3 (M = 6.36;
22.30%), FAT_CD4 (M = 3.10; 16.82%), and FAT_CDS5
(M = 7.97; 11.45%). Four of the 5 trajectories showed rather
stable levels of fatigue (Fig. 2), with only 1 trajectory (FAT_
CD2) representing 24.34% of patients with CD, decreasing in
fatigue levels over time.

ucC

In contrast to patients with CD, a model selection based
on statistical indicators was less evident in patients with UC.
With BIC and AIC decreasing and entropy levels still high,
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FIGURE 1. 5-class model for fatigue (FAT) in total cohort.

we looked into the model parsimony and clinical relevance of
models with 4, 5, and 6 classes. We decided to use a model with
4 classes, even though the added class held less than 5% of pa-
tients. This model was clinically the most informative and in
line with previous outcomes in the literature. It identified a class
with high levels of fatigue severity (M = 8.12), which we also
observed in the total and the CD groups. The following 4 classes
for fatigue in patients with UC were distinguished: FAT_UCI
(M =5.79; 38.68%), FAT_UC2 (M = 4.43; 34.25%), FAT_UC3
(M = 3.34; 22.83%), and FAT_UC4 (M = 8.12; 4.24%). As de-
picted in Fig. 3, the 4 subgroups of the final model for UC were
comparable to the subgroups of the final model for CD, with
the exception of an added class (FAT_CD3) that was not found
for UC. All LCGA statistics for models of fatigue can be found
in Supplementary Tables 2-4.

Demographic and Clinical Characteristics of
Fatigue Trajectories

Total cohort

Significant associations between fatigue class and the fol-
lowing demographic variables were found: age (F [4,848]=3.251;
P = 0.021), female sex (x> [4, n = 849] = 42.434; P < 0.001;
V' = 0.224), and being a parent (y*> [4, n = 624] = 10.200;
P =0.037; V=0.128). The oldest patients were observed within
FAT_total3 (mean age = 42.06, SD = 14.27), and the youngest
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FIGURE 2. 5-class model for fatigue (FAT) in CD.

were observed in FAT_total5 (mean age = 37.91, SD = 14.93).
Greater proportions of women fell within the class with highest
fatigue scores (85.2%), and the lowest proportions of women
were observed within the group with the lowest fatigue scores
(FAT _total4). We found that 78.6% of patients classified with
highest fatigue were parents.

For clinical variables, smoking status (y> [4,
n = 822] = 23.475; P < 0.001; V= 0.169) and disease duration
differed across the groups with the highest mean rank score for
FAT _total3 (3[4, n = 840] = 13.028; P =0.028; JV'=0.013), and
disease duration based on Montreal classification A (disease
onset; x>, [8, n =830] = 19.883; P = 0.011; V" = 0.109) was
found to associate significantly with fatigue trajectories. For
Montreal classification A, 74.4% patients in FAT_total5 were
in the subgroup A2.

CD cohort

Within the CD cohort, female sex (x> [4,n = 511]=25.478;
P <0.001; '=0.228), having children (y* (4, n = 358) = 14.099;
P =0.007; ¥=0.198), and smoking status were found to signifi-
cantly differ in proportions among fatigue classes. Patients who
smoked were more likely to be classified in fatigue classes with
a higher mean score (smoking status: x> [4, n = 494] = 17.826;
P =0.001; = 0.190). The same accounted for patients with
CD who were suffering from fistulas (at TO—first recorded
visit; y%, [4,n =435] = 11.552; P = 0.021; V' = 0.163).

UC cohort

In line with the total cohort and the CD cohort, female
sex (x2 [3, n = 338] = 8.540; P = 0.036; V' = 0.159) and having
children (y* [3, n = 266] = 12.435; P = 0.006; V' = 0.216) was
found to significantly associate with the 4 fatigue classes found
in patients with UC. Furthermore, disease onset (Montreal A
classification) was found to have a significant association with
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FIGURE 3. 4-class model for fatigue (FAT) in UC.

fatigue classes (x> [6, n = 324] = 13.249; P = 0.011; V' =0.143).
84.6% of patients classified within the trajectory FAT_UC4
had a disease onset between ages 17 and 40 years (subgroup
A2). No additional significant associations with patient char-
acteristics and fatigue class membership were found (P > 0.05).

Disease Activity Trajectories

Total sample

As mentioned above, we did not perform LCGA for di-
sease activity across the total cohort because it cannot be as-
sumed that the sum scores of the HBI and SCCALI are equally
interpretable.

cb

Neither statistical indicators nor group size depicted a
clear indicator for a suggested final model for disease activity.
Considering the literature and the interpretability and clinical rel-
evance, we decided on a final model of 5 classes for disease activity
(Fig. 4): HBI_CDI1 (M = 2.65; 34.77%), HBI_CD2 (M = 5.14;
24.29%), HBI_CD3 (M = 0.083; 20.48%), HBI_CD4 (M = 9.53;
10.46%), and HBI_CDS5 (M = 0.0, 10.00%). Two of the 5 classes
steadily remained under the cutoff score of 5, with 1 class char-
acterized by no disease activity at all (HBI_CDS, 10.00%). The
HBI_CDI1, HBI_CD2, and HBI_CD4 classes showed great
fluctuations in HBI scores over time, with HBI_CD?2 oscillating
around the cutoft score and HBI_CD#4 fluctuating far above the
cutoft score, with a slight decrease during the last 2 years.

ucC

For disease activity based on SCCALI scores for patients
with UC, a model with 8 classes could have been considered ac-
cording to statistical measures of BIC, AIC, and entropy. We
inspected models with 5 and 6 classes and decided that a final
model with 5 classes seemed most parsimonious. The added
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FIGURE 4. 5-class model for disease activity (based on HBI in CD.

class of the 6-class model did not pose a significant extension to
the 5-class model. The following classes were observed: SCCAI_
UCI (M = 2.00; 35.27%), SCCAI_UC2 (M = 0.68; 25.20%)),
SCCAI_UC3 (M = 4.61; 18.93%), SCCAI_UC4 (M = 0.0;
14.51%), and SCCAI_UCS (M = 2.79; 6.09%). As can be seen in
Fig. 5, 3 trajectories of the 5 groups remained below the cutoff
of 2.5 for the SCCAI scale. Overall, classes remained stable,
with 1 class (SCCAI_UC3) steadily increasing over time.

Well-Being Trajectories

Total cohort

Statistical indicators of BIC, AIC, and entropy de-
picted no clear indication on a final model for psychological
well-being in the total cohort. Based on clinical meaningful-
ness and the models’ parsimony, we decided for a final model
including 5 classes (Fig. 6): WB_totall (M = 6.10; SE = 0.033;
39.45%), WB_total2 (M = 7.89; SE = 0.044; 26.79%), WB_
total3 (M = 6.90; SE = 0.032; 21.76%), WB_total4 (M = 8.00;
SE = 0.003; 6.85%), and WB_total5 (M = 4.13; SE = 0.070;
5.16%). Four classes showed a stable course of well-being over
time, with a slight increase for class WB_total2. Some fluctua-
tion within the class with the lowest mean score of psycholog-
ical well-being (WB_total5) was observed.

@D)

Similar to findings in the total group, statistical indica-
tors, ie, BIC and AIC, continued to decrease the more classes
a model held. Therefore, the selection of a fit model for psy-
chological well-being in patients with CD patients was thus
primarily based on its parsimony and clinical meaningful-
ness. As a result, we decided on a final model with 5 classes
(see Fig. 2): WB_CDI1 (M = 6.09; SE = 0.043; 41.08%), WB_
CD2 (M = 7.01; SE = 0.038; 27.07%), WB_CD3 (M = 8.16;
SE =0.089; 17.53%), WB_CD4 (M = 4.17; SE = 0.077; 7.64%),
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FIGURE 6. 5-class model for well-being (WB) in total cohort.

and WB_CD5 (M = 8.00; SE = 0.004; 6.68%). Four of the 5
classes followed a stable course of well-being over time, with
WB_CD4, the class with the lowest mean well-being score,
oscillating the most (Fig. 7).

V@

With BIC and AIC scores continuing to drop, we also
considered model parsimony and clinical relevance. We thus de-
cided on a final model of psychological well-being in patients
with UC that included the following 5 classes (Fig. 8): WB_
UC1 (M = 6.57; SE = 0.049; 39.87%), WB_UC2 (M = 7.91;
SE = 0.073; 30.02%), WB_UC3 (M = 5.59; SE = 0.101;
15.83%), WB_UC4 (M = 8.0; SE = 0.006; 7.14%), and WB_
UCS5 (M = 7.00; SE = 0.005; 7.14%). All 5 classes followed a
stable course over time. All LCGA statistics for disease activity
and psychological well-being can be found in Supplementary
Tables 5-9.
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FIGURE 7. 5-class model for well-being (WB) in CD.

Associations of Fatigue Trajectories With
Trajectories of Disease Activity and Well-Being
For both CD and UC, we found a significant associ-
ation of fatigue classes with the course of disease activity
((*ep [16, 1 = 511] = 197.579; P < 0.001; V' = 0.311; % (12,
n =338]=81.728; P <0.001; V= 0.284), showing that patients
with more severe fatigue courses were more likely to fall within
classes of higher disease activity (Tables 2, 3). Moreover, for
the total cohort and for both CD and UC, a significant rela-
tionship between classes of fatigue and classes of psychological
well-being was observed, showing that patients with more se-
vere fatigue courses were more likely to fall within classes with
a lower well-being course ((’y, ., qmpe [16> 1 = 849] = 632.62;
P <0.001; V'=0.432; %’ [16, n= 511] = 397.050; P < 0.001;
V'=0.441; 2 [12, n = 338] = 148.700; P < 0.001; V"= 0.383).
Per Tables 2 and 3, we ordered classes according to average
scores from lowest to highest. For the total cohort, the cross
tabulations for classes of fatigue and disease activity as well as
well-being can be found in Supplementary Table 10.

DISCUSSION

We performed a large longitudinal study with prospec-
tively collected data that assessed fatigue trajectories in IBD
over a course of 9 years. We found distinct classes of fa-
tigue courses persisting in severity over time among patients
with IBD with either CD or UC. Five classes were identified
in patients with CD, of which 4 were comparable to those
for patients with UC. Fatigue trajectories remained overall
stable with distinctions in their level of severity. Notably,
we observed 1 class of patients with persistently high levels
of fatigue across time, more so in CD (11.45%) than in UC
(4.75%). Across all 3 cohorts, being female or having chil-
dren was identified as being associated with higher fatigue

—
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FIGURE 8. 5-class model for well-being (WB) in UC.

severity. Being a smoker or suffering from fistulas was asso-
ciated within the CD cohort as a risk factor. Among patients
with UC, the highest proportion of severe fatigue fell within
the fatigue trajectories of the highest severity. Patients clas-
sified in fatigue trajectories with a higher severity were more
likely to fall within the class of higher disease activity scores
and lower well-being.

Four comparable stable fatigue trajectories were found
in both CD and UC, which differed in their levels of fatigue
severity. An additional subgroup with approximately 25% of
patients was identified within the CD cohort. Overall, trajec-
tories were characterized by their stability, which is in line
with previous longitudinal research in chronic diseases, such
as rheumatoid arthritis,’ but also in IBD. Banovic et al® found
stable fatigue courses over time across 1 year at the group level
in 52 patients with CD. Our current cohort held more than
500 patients with CD and followed them across a longer time
span, thereby extending Banovic and colleagues’ findings by
showing the distinct trajectories that fatigue may take in pa-
tients with IBD. A subgroup including 25% of patients with
CD and 38.68% of patients with UC was characterized by a
slight decrease over time in fatigue scores, although fatigue
levels remained at approximately scores of 5 on a scale from
1 to 10. Such an observed decline is in contrast to findings by
Graff et al,” who reported actual fatigue levels intensifying
over a timespan of 2 years. This finding may stem from dif-
ferences in cohorts in that Graff and colleagues only included
patients with recent disease onset, with 2 assessments over a
timespan of 2 years. In our cohort, patients had on average
a disease duration of 7 years. Adjusting to the disease and
receiving medication to alleviate symptoms may be a struggle
for patients in the beginning but lessen with time. Conley,
Jeon, and colleagues!® also pointed out that fewer symptoms
were observed in patients with IBD with a longer disease
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TABLE 2. Coded by Shade of Cross-Tabulation Fatigue x Disease Activity/Psychological Well-Being of CD Cohort

FAT_CD4 FAT_CD1 FAT_CD2 FAT_CD3 FAT_CD5

(M =3.10) (M = 4.61) (M = 5.50) (M = 6.36) (M=17.97) Total
HBI_CD5 (M = 0.0) n (%) 30 (34.5) 17 (12.7) 3(2.7) 1(0.8) 0(0.0) 51
HBI_CD3 (M =083)  n (%) 30 (34.5) 39(29.1) 18 (16.1) 15 (12.6) 2(3.4) 104
HBI_CDI (M=2.65)  n (%) 22(25.3) 55 (41.0) 42 (37.5) 54 (45.4) 10 (16.9) 183
HBICD2 (M =5.14)  n (%) 5(5.7) 20 (14.9) 37 (33.0) 34(28.6) 28 (47.5) 124
HBI_CD4 (M =9.53) 1 (%) 0(0.0) 3(2.2) 12 (10.7) 15 (12.6) 19 (32.2) 49
WB_CD4 (M =4.16) (%) 0(0.0) 0(0.0) 2(1.8) 7(5.9) 26 (44.1) 35
WB_CDI (M=6.09)  n (%) 2(2.3) 28 (20.9) 74 (66.1) 75 (63.0) 31(52.5) 210
WB_CD2 (M = 7.01) n (%) 22(25.3) 71 (53.0) 17 (15.2) 35(29.4) 1(1.7) 146
WB_CDS5 (M = 8.00) n (%) 19 (21.8) 11(8.2) 2(1.8) 1(0.8) 1(1.7) 34
WB_CD3 (M = 8.16) n (%) 44 (50.6) 24(17.9) 17 (15.2) 1(0.8) 0(0.0) 86
Total 87 134 112 119 59 511

Darker shades of grey indicate higher frequency.

CD, based on Crohn’s disease sub-cohort; FAT, Fatigue; HBI, Harvey-Bradshaw Index; SCCALI, Simple Clinical Colitis Activy Index; Total, based on total cohort; UC, based on
ulcerative colitis sub-cohort; WB, Well-being. Example: WB_CD4 = 4th class/trajectory for well-being among CD patients.

TABLE 3. Coded by Shade Cross-Tabulation Fatigue x Disease Activity/Psychological Well-Being of UC Cohort

FAT_UC3 FAT_UC2 FAT_UC1 FAT_UC4

(M =3.34) (M = 4.43) (M =5.79) (M =8.12) Total
SCCAI_UC4 (M = 0.00) n (%) 23 (31.9) 19 (15.1) 5(4.0) 2(14.3) 49
SCCAI_UC2 (M = 0.68) n (%) 22 (30.6) 42 (33.3) 22(17.5) 1(7.1) 87
SCCAI_UCI (M = 2.00) n (%) 23 (31.9) 44 (34.9) 50 (39.7) 2(14.3) 119
SCCAI_UCS (M = 2.79) n (%) 1(1.4) 11 (8.7) 6(4.8) 2(14.3) 20
SCCAI_UC3 (M = 4.61) n (%) 3(4.2) 10 (7.9) 43 (34.1) 7(50.0) 63
WB_UC3 (M = 5.59) n (%) 4(5.6) 4(3.2) 36/(28.6) 6 (42.9) 14.8
WB_UCI (M = 6.57) n (%) 6(8.3) 5 (46.0) 71 (56.3) 4(28.6) 139
WB_UCS5 (M = 7.00) n (%) 2(2.8) 15(11.9) 4(32) 3(21.4) 24
WB_UC2 (M = 7.91) n (%) 38(30.2) 12.(9.5) 0(0.0) 101
WB_UC4 (M = 8.00) n (%) 9(12.5) 11 (8.7) 3(2.4) 7(7.1) 24

72 126 126 14 338

Darker shades of grey indicate higher frequencies.

CD, based on Crohn’s disease sub-cohort; FAT, Fatigue; HBI, Harvey-Bradshaw Index; SCCAI, Simple Clinical Colitis Activy Index; Total, based on total cohort; UC, based
on ulcerative colitis sub-cohort; WB, Well-being. Example: WB_CD4 = 4th class/trajectory for well-being among CD patients. Example: SCCAI_UCI = 2nd class/trajectory for
disease activity based on Simple Clinical Colitis Acitvity Index (SCCAI) among UC patients.

duration. In our study, patients may have had more time to
adjust to their disease, including living with the challenges of
IBD. However, significantly elevated fatigue levels across the
patient subgroups for CD and UC remained.

For CD, approximately 58% of patients were classified
in trajectories characterized by fatigue levels >5 on a 10-point
scale, with 1 out of 10 patients with CD having persistently ele-
vated fatigue levels of 8. For UC, approximately 43% of patients

followed trajectories with fatigue levels >5. A smaller subgroup
than in CD, 1 out of 20 patients with UC, experienced persist-
ently high levels of fatigue over time. Our finding of subgroups
including patients experiencing chronic high levels of fatigue is
in line with previous studies showing that severe fatigue is more
prevalent in CD than in UC, although with comparable levels
in severity between the two conditions. These results are also in
line with findings by Villoria and colleagues.'’
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Women and patients with children were at greater risk of
a severe fatigue trajectory over time, accounting for both CD
and UC. The finding that women are more at risk of fatigue was
expected and in line with several other studies.'> ' However,
higher proportions of parents were classified within the trajec-
tory of greatest fatigue, in contrast with Norton et al,*” who
actually reported lowered fatigue at the group level for patients
with IBD with children. One possible explanation may be the
methodological setup of our study in contrast to the cross-sec-
tional approach of Norton et al.¥’ Unfortunately, we lacked
more in-depth information on having children (eg, hours spent
with children).

Smoking was only a risk factor for more severe fatigue
levels in patients with CD but not with UC, in line with pre-
vious research.?? Interestingly, smoking has been found to have
a buffering effect on disease outcomes in patients with UC. In
our cohort, however, only a very small number of patients with
UC indicated that they were smokers (12.4%).

We found that patients suffering from fistulas were also
more likely to report elevated but not the highest recorded
levels of fatigue over time. Fistulas occur much more often in
CD than in UC, with a risk of fistula appearance after 20 years
of CD of approximately 50%. Treatment can be very difficult
and carries a high risk of reoccurrence and failure. The avail-
able data on fistulas were limited, so the outcomes need to be
treated with caution.

Within the UC cohort, disease onset was found to asso-
ciate with different fatigue trajectories, but results were incon-
clusive in the subgroup with the highest fatigue levels over time.
In contrast to previous cross-sectional and longitudinal studies,
lower education did not have an impact on the severity of fa-
tigue trajectories. Possible explanations may include the clas-
sification used for educational level, with 3 levels according to
the Dutch standard. Many other studies have not described in
detail in what way educational levels were considered.!

As hypothesized, a strong association between fatigue
and disease activity was found. In detail, we observed a large
proportion of patients, especially in CD, who experienced con-
stant levels of disease activity. These patients were also the most
likely to be classified within the subgroup with the highest fa-
tigue severity. In contrast, patients with no disease activity at
all across the entire time span were most likely to experience
the lowest fatigue severity over time, with no one in this group
classified in the group of patients with severely fatigue in the
CD cohort and only a small group in the UC cohort. Our find-
ings are in line with several other studies® * 3 but further extend
the previous work by showing that (1) such a strong relation-
ship holds over an extensive course of time, and (2) disease ac-
tivity trajectories relate distinctively to different trajectories of
fatigue. Furthermore, note that we also observed subgroups of
patients reporting only very low levels of IBD symptomatology
but who still experienced persistent fatigue over time. This
finding is in accordance with findings of other scholars® 2> 3 ¥
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and underlines that disease activity cannot be seen as the only
risk factor for IBD fatigue but is still a strong contributor.

In line with other research, we observed that on the one
hand, patients with persistent severe fatigue over time reported
the lowest levels of well-being, and on the other hand, a large
proportion of patients with the lowest fatigue scores reported
the highest well-being experience. This accounted for both CD
and UC. Although we cannot draw causal conclusions, our
findings further underline the far-reaching impact of fatigue on
psychological well-being as noted by other scholars.”! Such a
strong relationship has also been found in other patient popu-
lations with chronic diseases; this impact stresses the need for
suitable fatigue management options in patients with IBD.

Strengths and Limitations

The main strengths of this study are that we investigated
trajectories of fatigue longitudinally and examined their rela-
tionship with disease activity and psychological well-being in
a large cohort across a period of 9 years. This framework re-
sulted in a more comprehensive understanding of the course
of fatigue and correlates than any previous research. Advanced
analyses (ie, LCGA) were used to capture the unobserved het-
erogeneity in the growth or development of fatigue courses over
time, helping to classify patients with IBD into distinct sub-
groups. The advantage of this method is its person-centered ap-
proach. We were able to identify heterogeneous subgroups of
individuals with different patterns of change.

However, when interpreting the results, several limita-
tions need to be considered. First, there is no gold standard
for model selection in LCGA. We considered different statis-
tical indicators but foremost relied on a model’s parsimony and
clinical relevance based on knowledge extracted from previous
literature. Second, fatigue and well-being were assessed with a
single item. Although both items showed high content validity,
it can be argued that we overlooked the importance of distinct
aspects of fatigue (eg, affective, cognitive, physiological) and of
psychological well-being. More comprehensive and validated
measures should be considered in future research, such as the
PROMIS measure used by Conley, Proctor, and colleagues.’
Third, we only used self-reported clinical disease activity scores
every time fatigue was assessed. Applying objective measures
for inflammation, by means of fecal calprotectin or endoscopic
assessment, could also have been considered for a more valid
approach to measure disease activity. Fourth, even though we
examined a wide range of correlates of fatigue in patients with
IBD, we did not include factors such as anemia level, medica-
tion, diet, weight, and alcohol consumption. We suggest that
future research examine these factors in relation to the devel-
opment, levels, and course of fatigue in patients with IBD over
time. Fifth, all data used in the current study were collected at 1
outpatient clinic in the northern part of the Netherlands, so our
sample was mainly characterized by Caucasians. This limitation
reduces the generalizability of our outcomes. We suggest that
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these analyses should be replicated based on data from other
clinics, in the Netherlands and internationally, and include a
more diverse population with regard to sociodemographic
characteristics, to further strengthen the validity of outcomes.

With this study, we took a first step and explored how
different sociodemographic and clinical factors relate to the
courses of fatigue. As a follow-up step, it would be highly
valuable to address how psychological factors, such as coping
strategies and personality traits, may be associated with the
different identified trajectories of fatigue. Such an approach
may help clinicians and physicians better understand whether
a psychological intervention is necessary and at what point in
time. In line with this suggestion, understanding the possible
need for psychological care among patients with IBD cannot
be disregarded in this context. Furthermore, we suggest that
future research needs to shift toward a more frequent and
detailed approach. Even though it is much more time-con-
suming, intensive longitudinal research including diary
studies would allow for simultaneous monitoring of dif-
ferent factors, such as fatigue, disease activity, psychological
well-being, medication intake and adherence, and day-to-day
activities (eg, smoking behaviors, child care, working hours)
in patients’ daily life. Diary studies allow for an exploration
of day-to-day fluctuations and on how different factors af-
fect other factors, and they could provide more information
on the development and persistence of fatigue in detail. In
addition, monitoring may assist in the identification of or
even predictive markers for future flare-ups and to provide
treatment options to the patient as early as possible. Such a
web-based application, which is filled in via smartphone by
a patient, was recently introduced at the IBD Centrum in
Groningen.*

The impact of fatigue in IBD cannot be disregarded
in clinical practice because it may manifest within patients
more persistently than so far acknowledged. Based on our
finding that patients with active IBD or flare-ups were more
likely to experience greater fatigue over time, we recommend
that first-line treatment should still entail alleviating disease-
related physical symptoms and disease activity,*’ comple-
mented by simultaneous and frequent monitoring of fatigue.
Practitioners need be aware of the proposed impact of fa-
tigue, specifically on patients’ psychological well-being, so
that suitable management options can be recommended to
patients.

For patients with chronic fatigue, cognitive-behavioral
therapy** and mindfulness-based interventions (eg, mindfulness-
based cognitive therapy [MBCT]) may be promising for allevi-
ating fatigue symptoms, especially for patients in remission but
with continually high rates of fatigue. Previous research has
already proposed that MBCT can work effectively in patients
with IBD, improving their quality of life.* We recently finished
a multicenter MBCT trial in patients with severe chronic fatigue.

We emphasize that fatigue management options need
to be offered in specific to individuals at greater risk, in-
cluding women, parents, and patients with CD. In addi-
tion, smoking cessation needs to be considered within the
subgroup of patients with CD. It is still an underused man-
agement strategy in primary and secondary care. However,
promising programs are available (eg, counseling, nicotine
replacement therapy*).

CONCLUSIONS

Distinct trajectories can be distinguished that report
differing levels of fatigue over time. Because elevated, con-
sistent fatigue is strongly related to greater disease activity,
treatment should first be focused on reducing disease activity
as much as possible, with an additional offering of psycholog-
ical interventions to reduce fatigue and help patients learn to
manage fatigue in daily life. It is important to identify elevated
levels of fatigue early, given the strong association of elevated
fatigue with reduced well-being. Future research is necessary
to elucidate the complex and dynamic phenomenon of fatigue
in IBD in detail, which will help researchers and physicians
gain conclusive and important knowledge for clinical practice.

SUPPLEMENTARY DATA

Supplementary data are available at Inflammatory Bowel
Diseases online.
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