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Abstract
Background Fatigue is a frequent complaint in patients with inflammatory bowel disease. Biological drugs have demonstrated 
beneficial effects on some extraintestinal manifestations, but the effect on fatigue is not clear.
Objective This study investigated the effects of biological and small molecule drugs approved for inflammatory bowel 
disease on fatigue.
Methods We performed a systematic review and meta-analysis of randomized, placebo-controlled trials reporting Federal 
Drug Agency (FDA)-approved biological and small molecule drugs for use in ulcerative colitis and Crohn’s disease in which 
measures of fatigue were recorded before and after treatment. Only induction studies were included. Maintenance studies 
were excluded. We searched Embase (Ovid), Medline (Ovid), PsycINFO (Ovid), Cinahl (EBSCOhost), Web of Science Core 
Collection, Cochrane Central Register of Controlled Trials, and ClinicalTrials.gov in May 2022. Risk of bias was analyzed 
using the Cochrane risk-of-bias tool. Standardized mean difference was used to measure the treatment effect.
Results A total of seven randomized controlled trials composed of 3835 patients were included in the meta-analysis. All of 
the studies included patients with moderately to severely active ulcerative colitis or Crohn’s disease. The studies used three 
different generic fatigue instruments: the Functional Assessment of Chronic Illness Therapy-Fatigue and the Short Form 
36 Health Survey Vitality Subscale versions 1 and 2. Overall treatment with biological or small molecule agents showed a 
beneficial effect compared with placebo, with a standardized mean difference of 0.25 (95% confidence interval 0.15–0.34, 
p < 0.001). The effect was independent of type of drug or subtype of inflammatory bowel disease.
Discussion The risk of bias was considered to be low for all domains except for missing outcome data. Even though the 
included studies were of high methodological quality, the review is limited by the small number of studies included and that 
the available studies were not designed to evaluate fatigue specifically.
Conclusion Biological and small molecule drugs used in inflammatory bowel disease have a consistent, though small, 
beneficial effect on fatigue.
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Key Points 

Fatigue is a major extraintestinal complaint in patients 
with IBD.

Biological and small molecule drugs reduce fatigue in 
inflammatory bowel disease.

Fatigue should be assessed in future drug efficacy studies 
in IBD.
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1 Introduction

Inflammatory bowel disease (IBD) is made up of ulcera-
tive colitis and Crohn’s disease, which are chronic inflam-
matory diseases in the gastrointestinal tract. Although 
the etiology is not completely understood, an interplay 
between genetic and environmental factors in a geneti-
cally susceptible host and a dysregulated immune response 
are regarded as essential elements in the pathogenesis. 
Many patients also experience a range of manifestations 
not directly related to the gastrointestinal tract, such as 
joint pain, erythema nodosum, pyoderma gangrenosum, 
episcleritis, uveitis, and fatigue. These phenomena fre-
quently have a negative impact on quality of life and can 
occur independent of disease activity [1]. Treatment of 
extraintestinal manifestations can be challenging. How-
ever, biological agents, such as tumor necrosis factor 
inhibitors (anti-TNF agents) and integrin receptor antag-
onists have shown promising results in the treatment of 
several manifestations outside the gut, including cutaneous 
lesions and joint pain [2].

Fatigue can be defined as an “overwhelming sense of 
tiredness, lack of energy, and feeling of exhaustion” [3] 
and is one of the most frequently reported extraintesti-
nal manifestations in IBD, affecting approximately 50% 
of newly diagnosed patients [4]. Fatigue is frequent in all 
chronic inflammatory, malignant, and neurodegenerative dis-
eases and can, from a biological basis, be understood as a 
major component of the “sickness behavior response”. This 
response occurs in animals and humans when exposed to 
pathogens or conditions with bodily harm and is considered 
an evolutionarily conserved survival mechanism. The sick-
ness behavior response encompasses several orchestrated 
processes, including fatigue, depression, social withdrawal, 
lack of grooming, hunger, and thirst [5]. The mechanisms 
underlying this response involve proinflammatory cytokines 
and biomolecular activation of cerebral neurons [6–8]. In 
chronic inflammatory conditions, this response is constantly 
active, leading to chronic fatigue, which manifests as a long-
lasting, limiting, and purposeless phenomenon.

Although many patients with IBD report fatigue as their 
most bothersome complaint, it remains to be used as the 
primary endpoint in IBD-related drug trials. The reasons for 
this are probably diverse and include its subjective nature, 
the need for a commonly accepted fatigue measure, and dif-
ferent opinions on the significance and concept. Tradition-
ally, the outcome measures of IBD studies have been closely 
related to disease activity or inflammatory measures, such 
as clinical, endoscopic, or biochemical/biomarker remis-
sion and response, as well as mucosal healing. However, 
there is a growing interest in patient-reported outcome 
measures (PROMs) in IBD, and quality of life was recently 

recommended to be included as an endpoint in future treat-
ment studies [9]. In rheumatological diseases, fatigue has 
been implemented as a core outcome measure in drug trials 
for the last 15 years [10]. Although this has not generally 
been the case for drug studies in IBD, fatigue has recently 
been put forward among the top 10 research questions in 
IBD [11]. Moreover, an ongoing initiative to develop a core 
outcome set for trials of IBD strongly encourages sponsors 
to measure relevant PROMs, including fatigue [12].

No therapeutic strategy has been established for the man-
agement of fatigue in IBD. Although biological agents, as 
well as the emerging small molecule drugs in the form of 
JAK inhibitors and S1PR modulators, have shown promising 
antiinflammatory effects, their influence on fatigue severity 
is not clear.

The effect of biological treatment on quality of life has 
previously been reviewed in patients with IBD, in whom 
treatment with infliximab, adalimumab, certolizumab, and 
natalizumab showed significant improvement compared 
with placebo [13]. A recent Cochrane review evaluated the 
efficacy of a range of different interventions on fatigue in 
IBD, including adalimumab, electroacupuncture, cognitive 
behavioral therapy, physical activity, and ferric maltol, but 
no firm conclusions could be made [14].

In the present study, we aimed to investigate the effects 
of biological and small molecule treatment on fatigue 
in IBD in general and in disease subtypes, and to assess 
whether efficacy varies between drug classes. We wanted to 
look at induction studies to investigate treatment versus no 
treatment, and excluded maintenance studies because the 
patient population is usually selected on the basis of previ-
ous response to the drug in such studies.

2  Methods

We performed a systematic review and meta-analysis of 
randomized controlled studies comparing biological or 
small molecule agents with placebo in which measures of 
fatigue were recorded before and after treatment. The rec-
ommendations of the Preferred Items for Reporting of Sys-
tematic Reviews Meta-Analysis (PRISMA) statement were 
followed [15]. Ethical approval and informed consent were 
not required for this study, as no patient information was col-
lected and patient treatment was not influenced. The review 
was not registered, and a protocol was not prepared.

2.1  Eligibility Criteria

All US Food and Drug Administration (FDA)-approved 
biological or small molecule interventions with an indica-
tion for ulcerative colitis and/or Crohn’s disease as of April 
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2022 were included in this study. These drugs included anti-
TNF-α agents (i.e., adalimumab, infliximab, golimumab, 
and certolizumab pegol), IL-12/23 inhibitor (ustekinumab), 
anti-integrins (i.e., vedolizumab and natalizumab), JAK 
inhibitors (i.e., tofacitinib and upadacitinib), and sphin-
gosine-1-phosphate receptor modulator (ozanimod). We 
included randomized, placebo-controlled trials that had pub-
licly available outcome data for fatigue and used validated 
fatigue scoring scales. Only studies that compared treatment 
with placebo were included, and maintenance studies were 
excluded.

2.2  Search Strategy

A systematic literature search was performed in May 2022 
in collaboration with a senior librarian (EHM). We searched 
the following databases: Embase (Ovid), Medline (Ovid), 
PsycINFO (Ovid), Cinahl (EBSCOhost), Web of Science 
Core Collection, Cochrane Central Register of Controlled 
Trials, and ClinicalTrials.gov. The search strategies con-
sisted of search terms for IBD, including Crohn’s disease and 

ulcerative colitis, combined with search terms for fatigue, 
quality of life, and the following biological agents and small 
molecule agents: adalimumab or infliximab or golimumab 
or certolizumab pegol or ustekinumab or vedolizumab or 
natalizumab or tofacitinib or upadacitinib or ozanimod. 
Relevant controlled subject headings, such as MeSH terms, 
were included where applicable. We also added search strat-
egies for identifying controlled trials to some of the searches 
[16–18]. Results were limited to the English language. No 
date limits were applied. The complete search strategies are 
described in the supplementary material (Supplementary 
Information 1).

2.3  Data Collection

Two authors (BMS and IMS) independently screened all 
records. Studies that were not relevant to the review were 
excluded on the basis of title and abstract. The remaining 
records were examined for eligibility based on the prede-
fined inclusion criteria. Full-text papers were retrieved for all 
studies that appeared to meet the inclusion criteria (Fig. 1).

Fig. 1  Preferred Reporting 
Items of Systematic Reviews 
and Meta-Analyses (PRISMA) 
flow diagram of studies 
included in the meta-analysis
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Information was extracted independently from all relevant 
publications by BMS and ID. If baseline information was 
not provided in the paper, we used the underlying original 
publication, supplementary material, or protocol to retrieve 
this information. The following data were recorded for each 
study: study design, number of participants, participant 
age and sex, disease duration, measure of disease activity, 
C-reactive protein (CRP), subtype of IBD (ulcerative coli-
tis or Crohn’s disease), follow-up time, comparator group, 
fatigue instrument used, mean score on the fatigue rating 
scale, number of patients lost to follow-up, and method for 
handling missing data.

2.4  Fatigue Instruments Used in the Included 
Studies

Medical Outcomes Study 36-item Short-Form Health Sur-
vey (SF-36) is a generic multi-item instrument yielding eight 
different subscores, including vitality. The vitality subscale 
(SF-36 vitality) consists of four questions addressing energy 
and fatigue within the last 4 weeks, yielding scores between 
0 and 100, with a higher score indicating less fatigue [19]. 
The SF-36v2 differs from the original SF-36 vitality in that 
the final score ranging from 0 to 100 is standardized into 
norm-based T-scores with a mean of 50 and standard devia-
tion of 10 for the US general population. In addition, the 
SF-36v2 only addresses the prior week [20]. The Functional 
Assessment of Chronic Illness Therapy-Fatigue (FACIT-F) 
is a generic fatigue measure in which 13 items regarding 
fatigue are graded from 0 to 4, yielding scores between 0 and 
52, with higher scores reflecting less fatigue. The FACIT-F 
addresses fatigue during the last 7 days [21].

2.5  Quality Assessment

A quality assessment was performed using version 2 of the 
Cochrane risk-of-bias tool for randomized trials [22]. This 
tool addresses the randomization process, including the con-
cealment of allocation and allocation sequence, the blinding 
of participants and outcome measures, handling of miss-
ing data, risk of bias in measurement of the outcome, and 
selective reporting. We used information from the included 
articles and underlying articles [23–26], as well as from 
the protocols of two of the studies [26, 27], to perform this 
assessment. Risk of bias summary table is found in Supple-
mentary Information 2.

2.6  Statistical Analysis

The identified studies used different fatigue scoring scales; 
therefore, standardized mean differences (SMDs) were 
applied as scale-free measures of the treatment effect after 

estimating the “raw” mean differences (MDs) with standard 
errors (SEs), which was achieved by various approaches 
according to the data available from the papers.

For most studies [28–30], we were able to identify the 
mean change in SF-36 vitality, the standard deviation (SD) 
of the change, and number of patients in the treatment and 
control groups. For these studies, the MD was estimated 
as the difference in the mean changes, and SE was esti-
mated from the pooled SD of the changes [31]. However, 
the UNITI-1 and two studies reported by Sands [29] both 
contained two dosage groups, which were first combined by 
averaging the means and SDs of the change [32].

For the OCTAVE Induction 1 and 2 trials [33], so-called 
least squares (LS) mean changes (i.e., marginal mean 
changes in SF-36 vitality scores after adjusting for baseline 
SF-36 vitality scores plus other baseline variables) were 
reported with SEs for each group. The MD was estimated 
as the difference in LS mean changes. The SE of the MD was 
estimated conservatively as the square root of the sum of the 
squared individual SEs, assuming no correlation between 
the adjusted mean change estimates. These SEs gave Wald 
p-values that were consistent with the p-values reported by 
Panés [33].

Ghosh [34] reported observed mean changes in the 
FACIT-F score for four dosage groups plus placebo, accom-
panied only by sample sizes and indications of p-values 
within different thresholds from what is assumedly Wald 
tests within an ANCOVA including all dosage groups and 
adjusting for the baseline fatigue score. MDs were esti-
mated as differences in the reported observed mean changes. 
Approximate SEs for MDs between three dosage groups and 
placebo were conservatively based on worst case p-values 
(e.g., for “statistically significant at 0.01 level,” we assumed 
p = 0.01) and using methods for Wald z-tests [35] while 
assuming that adjusted differences in the mean change were 
the same as the observed differences. These SEs ranged from 
2.33 to 2.58. For the lowest dose group in comparison with 
placebo, for which we only know p > 0.1, we assumed an SE 
of 2.42, which is the average of the SEs for the other group 
comparisons. We combined the dosage groups by averaging 
the individual MDs and by estimating the SE for the com-
bined group as the square root of the sum of the individual 
squared SEs and dividing by the number of SEs (i.e., con-
servatively assuming independence).

From the studies that reported baseline SDs for SF-36 
vitality scores, one study by Dudley–Brown [30] reported 
SDs of approximately 20, whereas the four studies by Sands 
and Panés [29, 33] reported SDs of approximately 10. All 
of these studies were reasonably large, and the most likely 
explanation for the difference between them was that Sands 
and Panés applied stricter inclusion criterion than Dudley-
Brown, in that the included participants had an inadequate 
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response or intolerance to other therapy. Ghosh [34] used 
similarly strict inclusion criteria but did not report the base-
line SD for FACIT-F. In this situation with likely true dif-
ferences in variance, the recommendation is to standardize 
using common, possibly external, estimates of SD [36]. 
For FACIT-F, Danese et al. [37] reported baseline SDs of 
11.3 and 11.7 (average 11.5) for two equally sized groups 
of 220 patients with moderate-to-severe Crohn’s disease in 
the STARDUST trial. To match the inclusion criteria of this 
trial, we used the baseline SDs reported in Dudley–Brown 
[30] for SF-36 vitality (i.e., 19.4 for n = 259 in the treat-
ment arm and 19.3 for n = 250 in the placebo arm, with a 
weighted average of 19.4). In summary, to calculate SMDs 
and accompanying SEs, we divided by an SD of 11.5 for 
FACIT-F and an SD of 19.4 for SF-36 vitality, giving SMDs 
that are generalizable to populations with moderate-to-
severe IBD.

Given the differences between the studies with regard to 
the disease population, intervention medications, and dos-
age schemes, we opted to perform a random effects meta-
analysis using the DerSimonian and Laird method [38]. With 
this method, we assume that the observed treatment effects 
are a random sample from a distribution of treatment effects 
with a variance of τ2, the estimate of which is included in 
the calculation of study weights. Heterogeneity was further 
assessed using the I2 statistic, which estimates the percent-
age of between-study heterogeneity attributable to variabil-
ity in the true treatment effect rather than sampling variation, 
and tested it using χ2 [38]. With substantial heterogeneity, 
various subgroup analyses were explored, though without 
pursuing a full meta-regression due to the small number of 
studies.

Forest plots of the estimated SMDs and 95% confidence 
intervals (CIs) were used to visualize the range of effects, 
with the relative size of the markers indicating the weight 
of each point estimate in the calculation of the combined 
estimate. Possible small study effects were illustrated using 
a funnel plot and tested with the Egger test. Supplementary 
analyses were performed with within-study dosage groups 
treated separately while sharing the placebo comparator 
group. An overall MD based on the studies applying SF-36 
vitality as fatigue instrument were estimated. All analyses 
were performed using Stata v.17.0 functions metan and 
metafunnel.

2.7  Funding Source

This work was supported by a grant from Stavanger Uni-
versity Hospital. The funding source had no role in the 
design of the study or in the analyses or interpretation of 
the data.

3  Results

The literature search was completed in May 2022, and 
the search identified 1654 records. Of the 1427 records 
screened, 5 publications reported results from seven rand-
omized controlled trials. These trials were composed of a 
total of 3835 patients, including 1774 with Crohn’s disease 
and 2061 with ulcerative colitis, who fulfilled the inclu-
sion criteria (Fig. 1). Baseline characteristics were compa-
rable between studies regarding age and sex. Patients with 
Crohn’s disease had longer disease duration compared with 
the patients with ulcerative colitis, and CRP levels were 
higher in the Crohn’s disease cohort presented by Dudley-
Brown et al. [30] The disease activity scores were com-
parable within patient groups (Table 1). Fatigue measures 
were performed at baseline and the follow-up visit, which 
in most studies (6 of 7) was at 8 weeks. An overview of the 
available data used for estimating effect size and 95% CIs 
is given in Table 2.

All of the included studies were multicenter, double-
blind, randomized, and placebo-controlled studies. Two 
studies included patients with Crohn’s disease [29, 30], 
whereas the others included patients with ulcerative coli-
tis [28, 33, 34]. Fatigue was not defined as a primary out-
come except for in the conference abstract by Ghosh [34]. 
The remaining studies assessed quality of life using SF-36 
and SF-36v2, and the fatigue data were collected from the 
reported vitality subscales.

Two of the publications reported data from two separate 
trials: UNITI-1 and -2 and OCTAVE-1 and -2 [29, 33]. The 
results from these trials are presented separately in Tables 1 
and 2.

3.1  Risk of Bias

All of the studies had a low risk of bias for all quality assess-
ment domains, except for missing outcome data, and were 
considered to be of high methodological quality. With 
respect to missing outcome data, two of the studies were 
deemed as being at low risk of bias [29, 30], whereas the 
remaining studies had some concerns for risk of bias. Miss-
ing follow-up data in the included studies were handled 
using two different approaches, either by last observation 
carried forward or by complete case analysis. The lost-to-
follow-up numbers were not explicitly stated in the included 
articles, but were retrieved from the underlying articles, sup-
plementary material, and graphics (Table 2). Overall, the 
trial is judged to raise some concerns for bias with regard 
to missing data, but there is not high risk of bias for any 
domain.
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3.2  Treatment Regimens

The biological and small molecule agents tested in the 
included articles were ustekinumab, infliximab, natali-
zumab, tofacitinib, and upadacitinib. Treatment regimens 

for ustekinumab were 130 mg or 6 mg/kg at week 0; for inf-
liximab 5 mg/kg or 10 mg/kg at weeks 0, 2, and 6; for natali-
zumab 300 mg at weeks 0 and 4; for tofacitinib 10 mg twice 
daily; and for upadacitinib 7.5 mg, 15 mg, 30 mg, or 45 mg 
once daily. Relevant data for fatigue in trials of adalimumab, 

Table 2  Outcome data on fatigue in the included trials

CC complete case analysis, CI confidence interval, FACIT-F Functional Assessment of Chronic Illness Therapy-Fatigue, LOCF last observation 
carried forward, SD standard deviation, SE standard error, SF-36 VS Medical Outcomes Study 36-item Short-Form Health Survey Vitality sub-
scale, SF-36v2 VS Medical Outcomes Study 36-item Short-Form Health Survey version 2 Vitality subscale, SMD standardized mean difference
a Data presented as the SD of the mean change unless otherwise specified
b Missing data estimated from drop-out number at week 46 as presented in underlying article and assumed equal drop-out rate throughout the 
study [23]
c Missing data collected from flowchart in underlying article [24, 25]
d Data presented as SE
e Missing data not explicitly stated, but calculated from graphics in the article
f Missing data collected from online supplementary material of the underlying article [26] number of total participants differs slightly, probably 
due to lack of baseline data for SF-36 in the reported population in the Sands article

Study, year Fatigue instru-
ment

Assessment 
point (week)

Intervention 
(drug/dose)

Data used to calculate SMD, SE, 95% CI Lost to follow-
up, N (%)

Method for 
handling 
missing dataSample size 

(N)
Mean change SD of  changea

Feagan, 2007, 
ACT-1 and 
ACT-2 [28]

SF-36 VS 8 Placebo 244 11.5 20.7 18 (7.3%)b LOCF
Infliximab 

5 mg/kg
242 16.6 22.0 5 11 (4.5%)b

Infliximab 
10 mg/kg

242 20.0 22.7 11 (4.5%)b

Dudley-
Brown, 2009, 
ENCORE [30]

SF-36 VS 12 Placebo 250 5.8 18.9 42 (16.8%)c LOCF
Natalizumab 

300 mg
259 12.2 21.3 39 (15.1%)c

Panés, 2017, 
OCTAVE-1 
[33]

SF-36v2 VS 8 Placebo 122 3.2 0.9d 6 (4.9%)e CC
Tofacitinib 

10 mg TD
476 8.3 0.5d 33 (6.9%)e

Panés, 2017,
OCTAVE-2 

[33]

SF-36v2 VS 8 Placebo 112 5.8 1.0d 14 (12.5%)e CC
Tofacitinib 

10 mg TD
429 8.8 0.5d 32 (7.5%)e

Ghosh, 2018
(conference 

abstract), 
U-ACHIEVE 
[34]

FACIT-F 8 Placebo 46 3.2 5 (10.9%)c LOCF
Upadacitinib 

7.5 OD
47 6.9 p > 0.1 2 (4.3%)c

Upadacitinib 
15 mg OD

49 9.2 p < 0.01 4 (8.2%)c

Upadacitinib 
30 mg OD

52 10.4 p < 0.001 6 (11.5%)c

Upadacitinib 
45 mg OD

56 10.5 p < 0.001 6 (10.7%)c

Sands, 2018, 
UNITI-1 [29]

SF-36 VS 8 Placebo 224 3.3 8.12 7/247f (2.8%) LOCF
Ustekinumab 

130 mg
231 4.5 9.43 7/245f (2.9%)

Ustekinumab 
6 mg/kg

232 5.0 9.05 9/249f (3.6%)

Sands, 2018, 
UNITI-2 [29]

SF-36 VS 8 Placebo 189 3.8 9.17 9/210f (4.3%) LOCF
Ustekinumab 

130 mg
193 7.2 10.46 3/209f (1.4%)

Ustekinumab 
6 mg/kg

196 7.6 10.32 2/209f (1.0%)
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certolizumab pegol, golimumab, vedolizumab, or ozanimod 
were not available. The following drugs were administered 
at lower doses than currently recommended: ustekinumab 
130 mg and upadacitinib 7.5 mg, 15 mg, and 30 mg.

3.3  Fatigue Scores

All of the included trials reported significant improve-
ment in fatigue scores compared with placebo. Overall, 
treatment with biological or small molecule agents com-
pared with placebo led to a small reduction in fatigue with 
a pooled SMD of 0.25 (95% CI 0.15–0.34, p < 0.001; 
Table 3, Fig. 2) [39]. Trial SMDs varied between 0.08 [29] 
and 0.53 [34]. I2 was estimated to be 78.4% (p < 0.001), 
indicating high heterogeneity in treatment effects [40, 41]. 
The between-trial variance in SMD was 0.013.

3.4  Subgroup Analysis

Treating ulcerative colitis and Crohn’s disease separately, 
we found SMDs of 0.18 (95% CI 0.05–0.30, p = 0.005) for 
Crohn’s disease and 0.30 (95% CI 0.17–0.44, p < 0.001) 
for ulcerative colitis. However, the test for between-group 
heterogeneity was not significant (p = 0.17; Table 3, Sup-
plementary Information 3, Fig. S1). Similar subgroup 
analyses were performed for biological versus small mol-
ecule, broad versus narrow inclusion criteria, and SF-36 
vitality versus FACIT-F instrument (Table 3 and Supple-
mentary Information 3 Fig. S2–S4). We saw indications of 
higher SMDs with small molecule agents, broad inclusion 
(not significant), and a substantially higher effect using 
FACIT-F compared with SF-36 vitality (SMD 0.53 versus 
0.21, p = 0.005). We did a supplementary analysis where 
the different dosing regimens were presented separately 
and not combined as in the main analysis (Supplemen-
tary Information 3, Fig. S5). For the studies that reported 
on more than one dose settings, we observed tendencies 
toward better effect with higher dosages, however, none 
of these differences were statistically significant. When 
analyzing lower dose regimens (ustekinumab 130 mg and 
upadacitinib ≤ 30 mg) versus currently recommended dose 
regimens (all other drugs and doses) no difference was 
revealed between the groups (p = 0.89) (Supplementary 
Information 3, Fig. S6). None of the studies involving dif-
ferent dosage groups [28, 29, 34] reported statistically sig-
nificant differences between these groups. On the basis of 
the data presented, Feagan [28] had a statistical power of 
31% for detecting a difference in changes between dosage 
groups of 3 points (i.e., MID of SF-36 vitality [42]) on a 
two-sided 5% significance level. Sands [29] had a power of 
94% (UNITI-1) and 81% (UNITI-2) for detecting the same 
differences. Comparing two dosage groups of n = 48, as in 
Ghosh [34], would yield statistical power of 27–44% for 
differences of MID 3–4 points [43]. Apart from the Ghosh 
findings [34], only slight (non-clinically important) differ-
ences were seen between dosage groups.

The funnel plot showed a substantial small study effect 
(p = 0.005) with smaller studies reporting larger effects 
(Supplementary Information 3, Fig. S7) [44]. In the 

Table 3  Effects of biological and small molecule treatment compared 
with placebo.

CI confidence interval, SMD standardized mean difference

SMD (95% CI) p-Value Difference 
between groups 
p-value

I2 (%)

Overall 0.25 (0.15–0.34) < 0.001 78.4
Disease group
 Crohn’s dis-

ease
0.18 (0.05–0.30) 0.005 0.17 75.5

 Ulcerative 
colitis

0.30 (0.17–0.44) < 0.001 72.5

Type of drug
 Biological 0.22 (0.09–0.34) 0.001 0.46 77.7
 Small mol-

ecule
0.30 (0.12–0.47) 0.001 79.7

Inclusion criteria
 Broad inclu-

sion
0.34 (0.22–0.47) < 0.001 0.14 0.0

 Narrow inclu-
sion

0.22 (0.11–0.33) < 0.001 81.3

Fatigue instrument
 SF-36 vitality 0.21 (0.13–0.29) < 0.001 0.005 70.2
 FACIT-F 0.53 (0.32–0.74) < 0.001 –

Fig. 2  Forest plot illustrating 
the effects of biological and 
small molecule drugs on fatigue 
vs. placebo. CI confidence inter-
val, SMD standardized mean 
difference
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smallest study, three of the drug regimens used were lower 
than currently recommended (7.5 mg, 15 mg, and 30 mg 
upadacitinib) [34]. The study was the main outlier, and the 
only study applying FACIT-F as the fatigue instrument.

By including only the studies that used SF-36 vital-
ity as fatigue instrument, we found a MD of 4.0 (95% CI 
2.4–5.7) (Supplementary Information 3, Fig. S8).

4  Discussion

In this study, we provide an overview of the effects of bio-
logical and small molecule drugs on fatigue in patients with 
IBD. The meta-analysis including seven randomized con-
trolled trials revealed a small, but consistent, reducing effect 
on fatigue compared to placebo. For SF-36 vitality we found 
a MD of 4.0, which slightly exceeds the previously published 
“minimally important differences” threshold of 3 [42], indi-
cating that the difference is clinically meaningful.

When separating patients according to diagnosis (ulcera-
tive colitis and Crohn’s disease groups), there was a similarly 
significant reduction in fatigue severity in both groups. A 
tendency toward a better effect in the ulcerative colitis group 
appeared, though this difference did not reach statistical sig-
nificance. Moreover, when comparing the effects on fatigue 
of biological versus small molecule agents, no significant 
differences were seen. This finding in IBD overall, as well 
as in the ulcerative colitis and Crohn’s disease groups, is 
in agreement with other meta-analyses of the effect of bio-
logical drug treatment regimens on fatigue in patients with 
rheumatoid arthritis and psoriasis [45, 46].

The mechanisms underlying the beneficial effects of 
these drugs on fatigue are not fully understood but are 
likely due to reduced production of proinflammatory 
cytokines and a lessened central-nervous-system-driven 
sickness behavior response. Inhibition of IL-1β improves 
fatigue in both animals and humans and provides good evi-
dence of how this cytokine is important [47–51]. However, 
other factors also influence fatigue. Notably, even with the 
most optimal treatment with biological agents in rheuma-
toid arthritis and IBD, fatigue persists in many patients 
who achieve remission [52, 53]. This indicates that other 
pathways are involved in the generation of fatigue, and two 
factors that are always associated with fatigue are pain and 
depression [54]. Therefore, fewer intestinal symptoms and 
less concern in IBD patients in remission could also be a 
factor that contributes to reduced fatigue.

The influence of disease activity on fatigue is a frequent 
topic of discussion. Some studies have reported an asso-
ciation between disease activity and fatigue, but studies 
employing generic and unidimensional fatigue instruments 
fail to confirm such a relationship [4, 55, 56]. Neverthe-
less, the consistent beneficial effect from biological and 

small molecule drugs on fatigue is an important aspect to 
consider in patients with IBD. The included studies were 
quite homogenous when it comes to study population, and 
we believe the inflammatory burden (assessed as moder-
ate-to-severe disease activity in all study participants) is 
comparable across studies.

Aerobic exercise and cognitive behavioral therapy 
are other options for treatment of fatigue and have been 
reported to have beneficial effects across many diseases 
[57, 58]. However, this is beyond the scope of this article.

The most frequently used instrument to measure qual-
ity of life in IBD is the Inflammatory Bowel Disease 
Questionnaire (IBDQ). The IBDQ contains two questions 
regarding fatigue/energy loss, but the results from these 
questions are usually not reported separately; they are 
combined into a “systemic symptoms” score together with 
the assessment of sleep quality and whether patients feel 
“generally unwell” [59, 60]. Therefore, it is not regarded as 
a valid fatigue measure. Moreover, disease-specific fatigue 
instruments may record elements of disease activity that 
could lead to false associations between fatigue and dis-
ease activity.

Most pharmacological IBD studies do not employ fatigue 
as one of the primary outcomes, however, SF-36 is a generic 
measure of quality of life and has been used in many IBD 
studies. The SF-36 vitality subscale is a unidimensional, 
generic fatigue measure, and even though previous IBD 
studies have primarily applied SF-36 as a quality of life 
measure, the SF-36 vitality subscale is regarded as a valid 
fatigue measure. However, in most of the studies, only the 
combined mental component summary and physical com-
ponent summary were reported, implying that even though 
researchers used an instrument suitable in assessing fatigue, 
these results were generally not retrieved and presented. In 
articles that used SF-36, we searched for further results 
at ClinicalTrials.gov but could not retrieve any additional 
information regarding the subscores.

The included studies differed from those in a recent 
Cochrane review on interventions for fatigue in IBD, as 
fatigue had to be explicitly stated in the aims, content, or as 
a primary or secondary endpoint for the study to be eligible 
[14]. Thus, only one biological treatment regimen, main-
tenance therapy with TNFα-inhibitor adalimumab, was 
evaluated, indicating a reduction of fatigue. In the current 
study, we chose to evaluate the effects of treatment versus no 
treatment on fatigue in induction studies, excluding reports 
involving maintenance therapy [37, 61–63].

Some of the identified reports had insufficient or incom-
plete data on fatigue and were excluded from this review. 
One of these was a crossover study in which the partici-
pants received placebo for 2 weeks before switching to inf-
liximab. Because fatigue scores had not returned to baseline 
before commencing infliximab treatment, we excluded this 
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study [64]. Another study evaluated the meaningfulness of 
improvements in health-related quality of life using the SF-36 
questionnaire but did not present the actual fatigue data [65]. 
One study presented IBDQ subscores but only in graphics 
[66]. One study presented the same patient population as in 
the Ghosh abstract [34] but used a non-validated subscore of 
the Ulcerative Colitis Symptoms Questionnaire [67].

All studies included in this review used biological 
agents approved by the FDA for treatment of IBD as of 
April 2022. Notably, there were no studies matching our 
inclusion criteria reporting fatigue data for adalimumab, 
certolizumab pegol, golimumab, vedolizumab, or ozani-
mod. There was a tendency toward a better effect of small 
molecule drugs compared with biological drugs, though 
this did not reach statistical significance. Disease entity 
may be a confounder in this analysis, as small molecule 
agents approved by the FDA are currently only recom-
mended in ulcerative colitis. We found a difference in the 
SMD when comparing fatigue instruments; FACIT-F dem-
onstrated a higher effect, but only one of the studies used 
the FACIT-F score, which must be taken into consideration.

Some of the studies reported different dosage regimens. 
When doing analysis separated by dose there was no sig-
nificant difference between higher versus lower doses. 
Defining each dosage as “recommended” or “lower dose 
than currently recommended,” we were able to combine 
the studies. However, whereas the statistical power was 
thus increased, the potential impact of confounding fac-
tors was also very much so. Due to the small number of 
studies and the lack of power for detecting differences 
between different dosage groups, as well as confounding 
factors (disease type, different fatigue instruments, num-
ber of patients), it is difficult to draw any firm conclusion 
regarding effect of different doses.

The strengths of this study are that we performed an 
extensive literature search using a systematic approach in 
the selection of relevant articles, and that the identified and 
included articles were of high methodological quality with 
a low risk of bias. The limitations of this review are the 
small number of studies included, and we were not able to 
make adjusted comparisons (e.g., difference between small 
molecule drugs and biological drugs after accounting for 
differences in the disease population, inclusion criteria, 
and fatigue instrument). The studies were not designed to 
evaluate fatigue specifically, though all of the studies had a 
change in quality of life as a prespecified secondary or ter-
tiary outcome measure, and SF-36 vitality serves as a good, 
generic, unidimensional fatigue instrument. We only evalu-
ated the effects from induction therapy, and the long-term 
effect of biological treatment on fatigue in IBD is unknown 
and should be evaluated in future studies. The asymmetry 
in the funnel plot implies a possible overestimation of the 
overall effect, as small studies with small or negative results 

seem underreported. On the contrary, heterogeneity between 
studies is also a possible explanation, though our rather 
small sample of studies prevented a thorough investigation 
of the heterogeneity. We did, however, observe a signifi-
cantly larger effect for FACIT-F in the subgroup analysis of 
SF-36 vitality versus FACIT-F, which could indicate that 
FACIT-F is not directly comparable to SF-36 vitality, despite 
standardization.

5  Conclusion

The biological and small molecule drugs investigated in this 
review have a small effect in reducing fatigue in patients 
with ulcerative colitis and Crohn’s disease. As fatigue is of 
great importance to both patients and society, it should be 
addressed in future studies of drug effects in IBD.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s40265- 023- 01888-3.
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