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Depression influences fatigue in 
inflammatory bowel disease amongst other 
factors: a structural modelling approach
Alex Barnes , Robert V. Bryant, Sutapa Mukherjee, Jane M. Andrews, Peter Bampton, 
Robert J. Fraser and Réme Mountifield

Abstract
Objectives: Fatigue is common in people with inflammatory bowel disease (IBD) and 
is associated with IBD activity, sleep disturbance, anxiety and depression. The relative 
contribution of these factors to fatigue is unclear. This study aimed to investigate the 
relationship between fatigue and these factors through a novel approach using structural 
equation modelling.
Design: Online questionnaire circulated via three tertiary IBD centres and Crohn’s Colitis 
Australia.
Methods: Fatigue was assessed using the Functional assessment of chronic illness 
measurement system fatigue subscale. Validated measures of sleep, anxiety, depression and 
IBD activity were included. Following correlation analyses, a structural equation model was 
developed for the outcome of the fatigue score. Direct and indirect effects were calculated.
Results: There were 630 complete responses to the online questionnaire. The median age 
of respondents was 41 with the majority female and over half (52%) on biologic medication. 
Structural equation models for Crohn’s disease and ulcerative colitis demonstrated a good 
fit. In Crohn’s disease, the relationship between IBD activity and fatigue was mostly mediated 
indirectly through the influence of IBD activity on sleep, anxiety and primarily depression. 
Sleep quality mediated the influence of IBD activity and the indirect effects of depression 
on fatigue, but not anxiety. Unlike in Crohn’s disease, the direct influence of IBD activity on 
fatigue in ulcerative colitis was non-negligible, although remained of lesser magnitude than 
the indirect effect of IBD activity on fatigue. Depression was the primary indirect mediator of 
the influence of IBD activity on fatigue in ulcerative colitis.
Conclusion: In Crohn’s disease, IBD activity leads to fatigue through its influence on sleep 
quality and mental health. The data suggest treatment of clinically significant depression, in 
both ulcerative colitis and Crohn’s disease, may result in the largest decline in fatigue score 
compared to other variables. Treatment algorithms for fatigue should consider depression a 
priority.

Plain language summary 
Depression influences fatigue in inflammatory bowel disease

Fatigue is common in people with inflammatory bowel disease. Studies investigating the 
causes of fatigue in people with inflammatory bowel disease have consistently identified 
depression, anxiety, sleep quality and IBD activity as factors associated with fatigue. People 
with inflammatory bowel disease were asked about their fatigue levels, sleep quality, 
depression, anxiety and inflammatory bowel disease activity. These responses were 
used to generate a model to explain the interaction between these factors and how they 
influence fatigue. The contribution of each of these factors to fatigue was then determined. 
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Introduction
Inflammatory bowel disease (IBD) is a chronic 
relapsing-remitting immune disorder that can 
affect any part of the gastrointestinal tract and 
may also lead to extra-intestinal manifestations 
such as joint and skin disease. Fatigue is common 
in IBD patients with a prevalence of 48%.1 The 
pathophysiology of fatigue in IBD is poorly 
understood2,3 although frequently reported asso-
ciations include IBD activity, sleep disturbance, 
anxiety and depression.4–8 Whether these factors 
directly cause fatigue or act via secondary mecha-
nisms is currently unclear.

There has been increasing interest in a potential 
bidirectional relationship between sleep and IBD. 
Abnormal sleep patterns have been associated 
with poor health incomes including cardiovascu-
lar disease9 and all-cause mortality.10 Meta-
analyses indicate that poor sleep is prevalent in 
patients with IBD,11 more common than in con-
trols12 and worse in those with clinically active 
disease.13 It is also associated with mental health 
conditions14,15 and poorer quality of life.16,17 
Longitudinal studies suggest that sleep distur-
bance is associated with fatigue18 and disease 
activity.19–21 Furthermore in Crohn’s disease, 
sleep disturbance increases the risk of hospitalisa-
tion.22 Whilst anxiety and depression are preva-
lent in people with IBD,23 it is the depression but 
not anxiety that is associated with poor sleep.24

The aetiology of fatigue is complex and likely 
multifactorial. The frequently seen associations 
with fatigue in IBD (IBD activity, sleep, depres-
sion and anxiety) have the potential to influence 
each other along with their influence on fatigue. 
This leads to a complex inter-connected web of 
cause and effect between these different factors. It 
is consequently unclear what the value of target-
ing a single cause of fatigue would be and what 
potential flow-on effects it may have on other fac-
tors that also influence fatigue.

Structural equation modelling (SEM) is a tech-
nique that allows the testing of hypotheses about 
relationships between variables and is increas-
ingly used to understand multivariate relation-
ships. Path analysis is a subset of SEM that 
involves the development of a model incorporat-
ing causal paths between variables based on the 
relevant literature. The model is then evaluated 
based on observational data and modified in an 
iterative process with paths or variables added or 
removed to improve model fit. Direct and indi-
rect effects of variables on other variables can 
then be calculated based on the paths in the 
model. Amongst other applications, SEM has 
been used in IBD to examine the influence of 
social support on disease activity and distress,25 
investigate the relationship between depression 
and Crohn’s disease,26 evaluate patient satisfac-
tion in IBD27 and examine the factors influencing 
pain interference in IBD.28

This study aimed to investigate the relationship 
between fatigue, sleep and IBD activity through 
SEM. We hypothesised that the effects of IBD 
activity and depression on fatigue are predomi-
nantly mediated via sleep quality.

Materials and methods
An online questionnaire was circulated to patients 
with IBD using tertiary hospital patient email 
lists, private gastroenterology practice email lists 
and social media with individuals, with a self-
reported diagnosis of IBD and over 18 years of 
age, invited to participate. Demographic data 
such as age and sex were captured, along with 
IBD-related data including current treatment, 
disease duration and previous surgery. The study 
was approved by the Southern Adelaide Human 
Research Ethics Committee (203.20). The study 
has been reported according to the Checklist for 
reporting results of internet E-surveys.29 Two 
consumer advocates (people with IBD) were 

Depression had the largest overall contribution. The influence of inflammatory bowel 
disease activity on fatigue occurred mostly through its impact on other factors such as 
depression and sleep quality. Consideration should be given to screening for and treating 
depression in people with inflammatory bowel disease and fatigue.
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asked to provide feedback on the proposed 
research.

Potential participants received online information 
regarding the study, including the expected dura-
tion and completion of the questionnaire was 
accepted as consent. No incentive was offered to 
complete the questionnaire. The questionnaire 
was available from January 2022 to December 
2022. The questionnaire included 7 screens with 
an average of 15 items per screen. Participants 
were able to review and change their answers 
prior to survey completion. Neither cookies nor 
IP address tracking was used to identify duplicate 
entries. The data were examined by age, height 
and weight – with matching entries examined for 
duplicates.

Fatigue was measured using the functional assess-
ment of chronic illness measurement system – 
fatigue (FACIT-F) scale which is a subscale of 
the Functional assessment of chronic illness 
measurement system. The FACIT-F subscale has 
been validated as a measure of fatigue in an IBD 
population.30 This comprises 13 questions with 
responses recorded on a 5-point Likert scale, with 
a score ranging from 0 to 52, with lower scores 
indicating worse fatigue and a score less than 30 
indicating severe fatigue.31 Of the many fatigue 
scores previously used in IBD populations, 
FACIT-F was included due to its use in a variety 
of different diseases and its brevity.2

Sleep quality was measured using the Pittsburgh 
Sleep Quality Index (PSQI). The PSQI is a vali-
dated tool that assesses perceived sleep quality.32 
The index consists of subscales on sleep duration, 
sleep disturbance, sleep latency, daytime dys-
function, sleep efficiency, overall sleep quality 
and medications for sleep. The PSQI score ranges 
from 0 to 21, with a value >5 representing poor 
sleep quality.

IBD disease activity was assessed using the 
Harvey Bradshaw Index (HBI) in the case of 
Crohn’s disease with HBI >5 considered active 
disease.33 The patient-reported version of the 
HBI was utilised in the survey, although a deci-
sion was made to maintain the general well-
being and abdominal pain score similar to the 
physician HBI rather than using a 10-point 
Likert scale.34 The Simple Clinical Colitis 
Activity Index (SCCAI) was used in the case of 
ulcerative colitis, an SCCAI >5 was considered 

an active disease.35 The patient-reported form of 
the SCCAI was utilised36 in the survey. The use 
of a self-reported SCCAI has been previously 
validated with good agreement with physician-
reported SCCAI.37

Anxiety was assessed using the generalised anxi-
ety disorder 7-item scale (GAD-7)38 with a score 
>10 indicating likely clinically significant anxiety. 
Depression was assessed by the Patient Health 
Questionnaire 9 (PHQ-9) with a score over 15 
considered to show likely clinically significant 
depression.39

Statistical analysis
Statistical analysis was performed using Stata SE 
16 (StataCorp, College Station, TX, USA). 
Submissions with inadequate completion of score 
or index were excluded. Mean and standard devi-
ation were reported for normally distributed vari-
ables, with comparisons made by the Student’s 
t-test. The median and interquartile range were 
reported for non-normally distributed variables, 
with comparisons made using the Mann–Whitney 
U test. For categorical data, Pearson’s χ2 test or 
Fisher’s exact test were used as appropriate. 
Pearson’s or Spearman’s correlation was used as 
appropriate, with the interpretation of coefficients 
as very weak <0.19, weak 0.2–0.3, moderate 0.3–
0.5, strong 0.5–0.79 and very strong >0.80.40

To further investigate the relationship between 
sleep and fatigue and to test the hypothesis that 
sleep mediates the influence of IBD activity on 
fatigue SEM was performed using multivariate 
linear regression for path analysis.41 Based on the 
correlational analysis, a general model was con-
structed using sleep quality, mental health and 
IBD activity (PSQI, GAD-7, PHQ-9, SCCAI 
and HBI) as inputs and fatigue (FACIT-F) as 
output. The model was optimised through an 
iterative process that involved sequential removal 
and the addition of variables and pathways to 
improve model performance.42 Separate models 
were constructed for Crohn’s disease and ulcera-
tive colitis (including indeterminate colitis). The 
model performance was assessed considering the 
following multiple fit criteria – root mean square 
error of approximation (RMSEA) < 0.05, com-
parative fit index (CFI) > 0.95, Tucker–Lewis 
Index (TLI) > 0.95, standardised root mean 
residual (SRMR) < 0.09, Chi-squared goodness 
of fit statistic (χ2P) > 0.05 and Chi-squared to 
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Table 1. Cohort demographics and IBD data, SCCAI, 
HBI and FACIT-FS.

Demographic and IBD data Cohort

Age, median IQR 41 (32–70)

Female gender, n (%) 445 (78)

Crohn’s disease, n (%) 352 (61)

Disease duration years, mean (SD) 12.6 (10.2)

Previous surgery for IBD, n (%) 187 (32.5)

Current steroid use, n (%) 52 (9.0)

Current biologic use, n (%) 304 (52.8)

Current immunomodulator use,  
n (%)

213 (37.0)

Obesity, n (%) 208 (36.1)

Smoking, n (%) 39 (6.7)

Alcohol usage, n (%) 199 (34.6)

Opioid usage, n (%) 85 (14.7)

Medications for sleep, n (%) 78 (13.6)

Clinically significant depression, 
n (%)

120 (20.8)

Clinically significant anxiety, n (%) 189 (32.8)

Clinically active IBD

 SCCAI, mean (SD) 7.2 (2.8)

 HBI, mean (SD) 7.1 (3.2)

 FACIT-FS 27.0 (11.9)

FACIT-FS, functional assessment of chronic illness 
measurement system – fatigue score; HBI, Harvey 
Bradshaw Index; IBD, inflammatory bowel disease; IQR, 
interquartile range; SCCAI, simple clinical colitis activity 
index; SD, standard deviation.

degrees of freedom value (χ2/N) = 1−4.43 Direct 
and indirect effects were then calculated based on 
this model. A direct or indirect effect was consid-
ered negligible if it was less than 10% of the asso-
ciated direct or indirect effect. A direct or indirect 
effect was considered significant if it was statisti-
cally significant and non-negligible. To improve 
interpretability, the fatigue score has been 
inverted so that a numerically higher fatigue score 
indicates higher fatigue.

Results
There were 670 responses to the online question-
naire with 630 complete responses. The median 
age of the participants was 41 years (32–70), with 
the majority being female (78%), 61% with 
Crohn’s disease and 3% with indeterminate coli-
tis. The mean disease duration was 12.6 years 
(±10.2), 32% had undergone surgery for IBD 
and approximately half were on biologic disease-
modifying therapy (52.8%) (see Table 1).

The mean FACIT-F score was 27 (±11.9) with 
severe fatigue (FACIT-F <30) seen in 62% of 
respondents. The mean sleep quality (PSQI) 
score was 9.49 (±3.99) with 75% of patients 
reporting poor sleep quality (PSQI > 5). Clinically 
significant depression (PHQ-9 >15) was reported 
in 21%, and clinically significant anxiety (GAD-
7 > 10) was seen in 33%.

Pearson correlation coefficients were calculated 
for fatigue (FACIT-F), sleep quality (PSQI), 
anxiety (GAD-7), depression (PHQ-9), IBD 
data, demographic and IBD medication (Tables 
2 and 3). There was a strong correlation between 
fatigue and depression, anxiety and sleep quality 
in those with Crohn’s disease. In addition to this, 
sleep quality showed a strong correlation with 
depression and anxiety and a moderate correla-
tion with IBD activity. In those with ulcerative 
colitis, there was a strong correlation between 
fatigue, depression and anxiety and a moderate 
correlation between fatigue and IBD activity and 
sleep quality. In addition to this, there was a mod-
erate correlation between anxiety, depression and 
IBD activity.

Depression showed a strong correlation with anx-
iety and a moderate correlation with IBD activity 
for both Crohn’s disease and ulcerative colitis. 
Anxiety showed a weak correlation with age and a 
moderate correlation with IBD activity both 

Crohn’s disease and ulcerative colitis. Previous 
IBD-related surgery showed a moderate correla-
tion with IBD disease duration. There was a very 
weak correlation between age and fatigue in 
ulcerative colitis but not Crohn’s disease.

Crohn’s disease
SEM was undertaken for the outcome of fatigue 
score (FACIT-F) including variables based on 
previous correlation analysis (see Figure 1 and 
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Table 2. Pearson’s correlation coefficients with significance levels for Crohn’s disease population.

Fatigue Age Weight IBD years 
diagnosed

IBD 
activity

Anxiety Depression Sleep quality

Age −0.047 1  

Weight 0.015* 0.19** 1  

IBD years diagnosed −0.086 0.33*** 0.024 1  

IBD activity 0.56*** 0.12 0.20** 0.0052 1  

Anxiety 0.55*** −0.20** 0.04 −0.064 0.38*** 1  

Depression 0.76*** −0.16* 0.18* −0.11 0.47*** 0.698*** 1  

Sleep quality 0.52*** −0.0037 0.086 0.024 0.41*** 0.50*** 0.548*** 1

Greater fatigue was seen with higher scores as measured by inverted FACIT-FS. Anxiety indicated by anxiety scores Generalised anxiety disorder 
7-item, higher scores indicate worse anxiety. Depression is indicated by depression scores Patient Health Questionnaire 9-item, higher scores 
indicate worse depression. Sleep quality as per the Pittsburgh Sleep Quality Index, higher scores are seen in worse sleep quality.
*p < 0.05. **p < 0.005. ***p < 0.0005. Bonferroni adjusted.
FACIT-FS, functional assessment of chronic illness measurement system – fatigue score; IBD, inflammatory bowel disease.

Table 3. Pearson’s correlation coefficients with significance levels for ulcerative colitis and indeterminate colitis population.

Fatigue Age Weight IBD years 
diagnosed

IBD 
activity

Anxiety Depression Sleep quality

Age −0.18*** 1  

Weight 0.12* 0.19*** 1  

IBD years diagnosed −0.12* 0.48*** −0.029 1  

IBD activity 0.43*** −0.008 0.11* 0.00 1  

Anxiety 0.51*** −0.25*** −0.020 −0.10 0.32*** 1  

Depression 0.78*** −0.18** 0.11* −0.15 0.44*** 0.70*** 1  

Sleep quality 0.49*** 0.048 0.14* 0.068 0.44*** 0.39*** 0.49*** 1

Greater fatigue was seen with higher scores as measured by inverted FACIT-FS. Anxiety indicated by anxiety scores Generalised anxiety disorder 
7-item, higher scores indicate worse anxiety. Depression is indicated by depression scores Patient Health Questionnaire 9-item, higher scores 
indicate worse depression. Sleep quality as per the Pittsburgh Sleep Quality Index, higher scores are seen in worse sleep quality.
*p < 0.05. **p < 0.005. ***p < 0.0005. Bonferroni adjusted.
FACIT-FS, functional assessment of chronic illness measurement system – fatigue score; IBD, inflammatory bowel disease.

supplementary material for further details). The 
model was optimised for fit with the final model 
demonstrating good fit (RMSEA 0.016, SRMR 
0.013, CFI 1.00, TLI 0.99, χ2(N) = 3.46, 
χ2p = 0.32). The final model included IBD activ-
ity, depression, anxiety, sleep quality and weight. 
Consideration was given to including body mass 
index instead of weight; however, this resulted in 
an overall worse fit. The model accounted for 

91.2% of the variance of fatigue. Fatigue had a 
direct relationship with IBD activity, depression, 
anxiety and sleep quality. Fatigue was indirectly 
influenced by depression, anxiety and IBD activity 
via sleep quality. Fatigue and sleep were indirectly 
influenced via body weight through depression.

Direct and indirect effects on fatigue scores were 
calculated from the SEM and were used to 
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determine the direct effect on the fatigue score 
(see Table 4) as well as the indirect effects via 
other intermediate variables. The effect of IBD 
activity on fatigue was primarily mediated through 
indirect effects (effect size 1.35) with its direct 
effect significantly smaller but not negligible 
(effect size 0.35). Depression influenced fatigue 
directly (effect size 1.55) with negligible indirect 
effects mediated via sleep (effect size 0.06). The 
direct effect of anxiety on fatigue was negligible 
with indirect effects predominantly via depression 
and to a lesser extent, sleep quality. Anxiety influ-
enced fatigue indirectly via its influence on 
depression and sleep quality. Considering the 
various values of the scores for clinically signifi-
cant depression (PHQ-9 >15), clinically signifi-
cant anxiety (GAD-7 >10), clinically active IBD 
(HBI > 5) and poor sleep (PSQI >5), clinically 
significant depression had the largest overall total 
effect on fatigue scores.

Ulcerative colitis and indeterminate colitis
SEM was undertaken for the outcome of fatigue 
score (FACIT-F) including variables with at least 
a weak correlation with fatigue and sleep quality 
(see Figure 2 and supplementary material for 

further details). The model was optimised for fit 
with the final model demonstrating good fit 
(RMSEA 0.000, SRMR 0.016, CFI 1.00, TLI 
1.00, χ2(N) = 2.997, χ2p = 0.39). The final model 
accounted for 94.4% of the variance in fatigue 
scores and included IBD activity, depression, 
anxiety, age and sleep quality. Fatigue had a 
direct relationship with IBD activity, depression, 
anxiety and sleep quality and was indirectly influ-
enced by depression, anxiety and IBD activity via 
sleep quality. Fatigue was indirectly influenced by 
age through anxiety.

Direct and indirect effects were calculated from 
this model and reported for fatigue scores (see 
Table 4). The effect of IBD activity on fatigue 
score was primarily mediated through indirect 
effects but the direct effect, although smaller, 
remained relevant. Depression influenced fatigue 
directly with negligible indirect effects mediated 
through sleep quality. Anxiety influenced fatigue 
indirectly via its influence on depression and sleep 
quality with its direct effect on fatigue negligible. 
IBD activity had significant direct and indirect 
effects on fatigue. The influence of age on fatigue 
scores was mediated through anxiety. Considering 
the various values of the scores for clinically 

Figure 1. Structural equation modelling using multivariate linear regression for Crohn’s disease. Incorporated 
all significant variables from correlational analysis. RMSEA 0.024, SRMR 0.019, CFI 0.999, TLI 0.996, χ2(N) = 3.57, 
χ2p = 0.31, AIC 12,562.03, BIC 12,634.21. Coefficients included on paths. Error terms not shown. Greater fatigue 
was seen with higher scores as measured by inverted FACIT-FS scores. Anxiety indicated by anxiety scores 
Generalised anxiety disorder 7-item, higher scores indicate worse anxiety. Depression indicated by depression 
scores Patient Health Questionnaire 9-item, higher scores indicate worse depression. Sleep quality as per the 
Pittsburgh Sleep Quality Index, higher scores are seen in worse sleep quality. IBD activity is described by the 
Harvey Bradshaw Index. For readability – the blue line indicates the paths influencing sleep quality, the grey 
indicates the paths influencing fatigue and the black indicates the paths amongst other variables.
*p < 0.05. **p < 0.001.
AIC, Akaike information criterion; BIC, Bayesian information criterion; CFI, comparative fit index; IBD, inflammatory bowel 
disease; RMSEA, mean square error of approximation; SRMR, standardised root mean residual; TLI, Tucker–Lewis Index.
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Table 4. Direct and indirect effects for fatigue score (FACIT-F) incorporating depression (PHQ-9), anxiety 
(GAD-7), sleep quality (PSQI), IBD activity (Harvey Bradshaw Index) for structural equation models for Crohn’s 
disease and ulcerative colitis or indeterminate colitis.

Variable Total effect (mean, 95% CI) Indirect effect (mean, 
95% CI)

Direct effect (mean, 
95% CI)

Crohn’s disease

 Depression 1.55 (1.36–1.74)** 0.06 (0.009–0.12)* 1.49 (1.30–1.69)**

 Sleep quality 0.33 (0.08–0.56)** No path 0.33 (0.088–0.56)**

 IBD activity 1.70 (1.32–2.09)** 1.35 (1.03–1.67)** 0.35 (0.050–0.65)*

 Anxiety 0.85 (0.66–1.04)** 1.07 (0.89–1.26)** −0.22 (−0.42 to −0.032)*

 Weight 0.039 (0.004–0.07)* 0.039 (0.0077–0.07)* No path

Ulcerative colitis or indeterminate colitis

 Depression 1.27 (1.03–1.51)** 0.081 (0.0038–0.16)* 1.27 (0.95–1.44)**

 Sleep quality 0.37 (0.066–0.67)* No path 0.37 (0.06–0.67)*

 IBD activity 2.22 (1.79–2.66)** 1.34 (0.98–1.70)** 0.88 (0.52–1.24)**

 Anxiety 0.84 (0.60–1.07)** 0.87 (0.66–1.09)** −0.039 (−0.28 to 0.21)

 Age −0.082 (−0.013 to −0.034)** −0.11 (−0.45 to −0.18)* No path

*p < 0.05. **p < 0.001.
CI, confidence interval; FACIT-F, functional assessment of chronic illness measurement system – fatigue score; GAD-7, 
generalised anxiety disorder 7-item scale; IBD, inflammatory bowel disease; PHQ-9, Patient Health Questionnaire 9; PSQI, 
Pittsburgh Sleep Quality Index.

Figure 2. Structural equation modelling using multivariate linear regression for ulcerative colitis and indeterminate 
colitis. Incorporated all significant variables from correlational analysis. RMSEA < 0.001, SRMR 0.016, CFI 1.00, TLI 
1.00, χ2(N) = 2.997, χ2p = 0.39, AIC 7517.046, BIC 7578.99. Coefficients included on paths. Error terms not shown. 
Greater fatigue was seen with higher scores as measured by inverted FACIT-FS scores. Anxiety indicated by 
anxiety scores Generalised anxiety disorder 7-item, higher scores indicate worse anxiety. Depression indicated by 
depression scores Patient Health Questionnaire 9-item, higher scores indicate worse depression. Sleep quality as 
per the Pittsburgh Sleep Quality Index, higher scores are seen in worse sleep quality. IBD activity is described by the 
Simple Clinical Colitis Activity Index. For readability – the blue line indicates the paths influencing sleep quality, the 
grey indicates the paths influencing fatigue and the black indicates the paths amongst other variables.
*p < 0.05. **p < 0.001.
AIC, Akaike information criterion; BIC, Bayesian information criterion; CFI, comparative fit index; FACIT-FS, functional 
assessment of chronic illness measurement system – fatigue score; IBD, inflammatory bowel disease; RMSEA, mean square 
error of approximation; SRMR, standardised root mean residual; TLI, Tucker–Lewis Index.
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significant depression (PHQ-9 >15), clinically 
significant anxiety (GAD-7 >10) and poor sleep 
(PSQI >5), clinically significant depression had 
the largest overall total effect on fatigue scores.

Further analysis of indirect effects
Further analysis of indirect effects in terms of 
mediating variables yielded similar results for 
ulcerative colitis and Crohn’s disease (see 
Table 5). Sleep quality mediated the indirect 
effects of depression and IBD activity but did 
not mediate a significant proportion of the 
indirect effects of anxiety.

Discussion
This work describes a novel approach to under-
standing the causation of fatigue in patients with 
IBD using SEM to determine direct and indirect 
effects. Separate SEM models were developed for 
Crohn’s disease and ulcerative colitis with a good 
model fit. In both models, sleep was a mediating 
variable for IBD activity, anxiety and depression 
with similar results for both Crohn’s disease and 
ulcerative colitis. However, the effect size medi-
ated by sleep was comparatively small. Rather, it 
was depression that primarily influenced fatigue 
in the IBD population and mediated most of the 
effect of IBD activity on fatigue. Noting the prev-
alence of depression in the IBD population, it is 
likely that treating depression may lead to the 
largest overall improvement in fatigue. The 

methods to treat depression may include decreas-
ing IBD activity.

These data are consistent with earlier findings 
which have suggested a treatment approach for 
fatigue in IBD patients that includes attention to 
optimising mental health issues, improving sleep 
quality and controlling IBD activity if present, all 
factors used in this model.2 However, although 
our model provides some support for this 
approach, in that overall fatigue scores were influ-
enced by all of these factors, the new finding of 
the magnitude of the effect from depression war-
rants that it receives a higher priority for assess-
ment and treatment. It should be considered that 
clinically active IBD may also have a significant 
role in the severity of depression in this context.

Although fatigue in IBD is often considered as a 
single entity, there were significant differences in 
the influence of disease activity on fatigue in 
patients with Crohn’s disease, which was primar-
ily mediated via indirect effects, compared to 
those with ulcerative colitis where direct magni-
tude was non-negligible. This may in part reflect 
the more systemic nature of inflammation in 
Crohn’s disease or possibly the influence of symp-
toms such as abdominal pain, more frequently 
seen in Crohn’s disease, on sleep and mental 
health. Weight was included in the model of 
Crohn’s disease with its effect mediated via 
depression rather than an influence on IBD activ-
ity. The inclusion of weight in the ulcerative 

Table 5. Indirect effects on fatigue score (FACIT-F) by mediating variables – sleep quality, depression (PHQ-9), 
anxiety (GAD-7) – from structural equation models for ulcerative colitis and Crohn’s disease.

Total indirect effect Via sleep quality Via depression Via anxiety

Crohn’s disease

 IBD activity 1.35 0.18 1.29 −0.12

 Depression 0.06 0.06 No path No path

 Anxiety 1.07 0.06 1.01 No path

Ulcerative colitis

 IBD activity 1.34 0.2 1.15 −0.03

 Depression 0.081 0.081 No path No path

 Anxiety 0.87 0.12 0.75 No path

FACIT-F, functional assessment of chronic illness measurement system – fatigue score; GAD-7, generalised anxiety 
disorder 7-item scale; IBD, inflammatory bowel disease; PHQ-9, Patient Health Questionnaire-9.
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colitis model resulted in a worse overall fit and it 
was consequently not incorporated. Obesity is 
common in those with IBD with studies suggest-
ing 15%–40% are overweight,44,45 with a hypoth-
esised negative influence of obesity on the course 
of Crohn’s disease.44,46 Age was included in the 
ulcerative colitis model and influenced fatigue via 
anxiety, with increasing age associated with less 
fatigue – an association that has been previously 
documented although not consistently seen.47 
There was no significant correlation between age 
and fatigue in the Crohn’s disease population.

Limitations to this study include the possibility of 
selection bias due to the use of an online ques-
tionnaire. This may attract patients with fatigue 
or sleep problems. Similarly, the form of survey 
and method of recruitment is likely responsible 
for the predominantly female cohort. Crohn’s 
disease may be over-represented in this study 
population compared to the Australian IBD pop-
ulation.48 However, we note that rates of anxiety, 
depression, fatigue and poor sleep quality were 
similar to other cohorts and consequently the 
results appear to be generalisable. Reporting bias 
may also be significant, noting a study of people 
with Crohn’s disease reported worse sleep quality 
than that observed by objective measures.14 
Unfortunately, implementing objective sleep 
measurement over such a large cohort is impracti-
cal. The absence of an objective measure of IBD 
activity is also a limitation.

Using the above method of data collection, there 
was no opportunity to assess for factors such as 
anaemia that has been associated with fatigue.6 
However,1 anaemia has not been associated with 
fatigue in numerous cross-sectional studies, and 
hence its lack of inclusion in the current model is 
not considered a significant limitation.6,49,50 It is 
acknowledged that path analysis is unable to 
determine the direction of effects. The causes of 
fatigue in IBD are complex and likely numerous. 
Acknowledging the complexity of this area and 
the stigma surrounding mental health, the clinical 
implications of this study are limited and require 
further validation. Future work should consider a 
validation cohort incorporating other possible 
influences on fatigue and incorporate objective 
measures of IBD activity such as calprotectin and 
biochemical parameters such as C-reaction pro-
tein and albumin. Consideration should be given 
to screening and treating for depression as part of 

routine IBD clinic, noting that further work is 
required in this area.

Conclusion
A new model was developed to examine the 
mediation of factors influencing fatigue in people 
with IBD. Using this, we have shown that 
although sleep quality mediates the effects of clin-
ically active IBD and depression on fatigue, the 
mediated effect size is comparatively small. In 
Crohn’s disease, unlike ulcerative colitis, the 
influence of IBD activity on fatigue was largely 
mediated indirectly through its influence on other 
factors. The data suggest treatment of clinically 
significant depression may result in the largest 
decline in fatigue score compared to other varia-
bles. Treating depression if present in people with 
IBD and fatigue should be considered a priority.

Declarations

Ethics approval and consent to participate
The study was approved by the Southern Adelaide 
Human Research Ethics Committee (203.20). 
Informed consent was obtained from all partici-
pants prior to their participation in the study.

Consent for publication
Informed consent for participants in the study 
included consent for publication of study results.

Author contributions
Alex Barnes: Conceptualisation; Data curation; 
Formal analysis; Investigation; Methodology; 
Project administration; Writing – original draft; 
Writing – review & editing.

Robert V. Bryant: Supervision; Writing – review 
& editing.

Sutapa Mukherjee: Supervision; Writing – 
review & editing.

Jane M. Andrews: Supervision; Writing – review 
& editing.

Peter Bampton: Supervision; Writing – review 
& editing.

Robert J. Fraser: Supervision; Writing – review 
& editing.

Réme Mountifield: Supervision; Writing – 
review & editing.

https://journals.sagepub.com/home/tag


Volume 17

10 journals.sagepub.com/home/tag

TherapeuTic advances in 
Gastroenterology

Acknowledgements
None.

Funding
The authors received no financial support for the 
research, authorship and/or publication of this 
article.

Competing interests
Conflicts of interest include speakers fees, and Ad 
Boards from Abbott, AbbVie, Allergan, Anatara, 
AstraZeneca, Bayer, BMS 2020, Celegene, 
Celltrion, Falk, Ferring, Gilead, Hospira, 
Immuninc, ImmunsanT, Janssen, MSD, Nestle, 
Novartis, Progenity, Pfizer, Sandoz, Shire, 
Takeda, Vifor, RAH research Fund, The Hospital 
Research Fund 2020–2022, The Helmsley Trust 
2020–2023.

Availability of data and materials
The data underlying this article are available upon 
request to the author.

ORCID iD
Alex Barnes  https://orcid.org/0000-0003- 
1457-6636

Supplemental material
Supplemental material for this article is available 
online.

References
 1. D’Silva A, Fox D, Nasser Y, et al. Prevalence and 

risk factors for fatigue in adults with inflammatory 
bowel disease: a systematic review with meta-
analysis. Clin Gastroenterol Hepatol 2022; 20(5): 
995–1009.e7.

 2. Borren NZ, van der Woude CJ and 
Ananthakrishnan AN. Fatigue in IBD: 
epidemiology, pathophysiology and management. 
Nat Rev Gastroenterol Hepatol 2019; 16(4): 
247–259.

 3. van Langenberg DR and Gibson PR. Systematic 
review: fatigue in inflammatory bowel disease. 
Aliment Pharmacol Ther 2010; 32(2): 131–143.

 4. Chavarría C, Casanova MJ, Chaparro M, et al. 
Prevalence and factors associated with fatigue 
in patients with inflammatory bowel disease: a 
multicentre study. J Crohns Colitis 2019; 13(8): 
996–1002.

 5. Frigstad S, Høivik M, Jahnsen J, et al. Fatigue 
is not associated with vitamin D deficiency in 

inflammatory bowel disease patients. World J 
Gastroenterol 2018; 24(29): 3293–3301.

 6. Hashash JG, Ramos-Rivers C, Youk A, et al. 
Quality of sleep and coexistent psychopathology 
have significant impact on fatigue burden in 
patients with inflammatory bowel disease. J Clin 
Gastroenterol 2018; 52(5): 423–430.

 7. Huppertz-Hauss G, Høivik ML, Jelsness-
Jørgensen LP, et al. Fatigue in a population-based 
cohort of patients with inflammatory bowel 
disease 20 years after diagnosis: The IBSEN 
study. Scand J Gastroenterol 2017; 52(3): 351–358.

 8. Villoria A, García V, Dosal A, et al. Fatigue in 
out-patients with inflammatory bowel disease: 
prevalence and predictive factors. PLoS One 
2017; 12(7): e0181435.

 9. Daghlas I, Dashti H, Lane J, et al. Sleep duration 
and myocardial infarction. J Am Coll Cardiol 
2019; 74(10): 1304.

 10. Cappuccio F, D’Elia L, Strazzullo P, et al. Sleep 
duration and all-cause mortality: a systematic 
review and meta-analysis of prospective studies. 
Sleep 2010; 33(5): 585–592.

 11. Barnes A, Mountifield R, Baker J, et al. A 
systematic review and meta-analysis of the 
prevalence of poor sleep in inflammatory bowel 
disease. Sleep Adv 2022; 3: zpac025.

 12. Hao G, Zhu B, Li Y, et al. Sleep quality and 
disease activity in patients with inflammatory 
bowel disease: a systematic review and meta-
analysis. Sleep Med 2020; 75: 301–308.

 13. Ballesioa A, Zagariaa A, Baccinib F, et al. A 
meta-analysis on sleep quality in inflammatory 
bowel disease. Sleep Med Rev 2021; 60: 301–
308.

 14. Iskandar H, Linan E, Patel A, et al. Self-reported 
sleep disturbance in Crohn’s disease is not 
confirmed by objective sleep measures. Sci Rep 
2020; 10(1): 1980.

 15. Gîlc-Blanariu G, Ștefnescu G, Trifan A, et al. 
Sleep impairment and psychological distress 
among patients with inflammatory bowel disease-
beyond the obvious. J Clin Med 2020; 9(7): 2304.

 16. Scott A, Flowers O and Rowse G. Do specific 
types of sleep disturbances represent risk factors 
for poorer health-related quality of life in 
inflammatory bowel disease? A longitudinal cohort 
study. Br J Health Psychol 2021; 26(1): 90–108.

 17. Knowles S, Graff L, Wilding H, et al. Quality of 
life in inflammatory bowel disease: a systematic 
review and meta-analyses—Part I. Inflamm Bowel 
Dis 2018; 24(4): 742–751.

https://journals.sagepub.com/home/tag
https://orcid.org/0000-0003-


A Barnes, RV Bryant et al.

journals.sagepub.com/home/tag 11

 18. Graff L, Vincent N, Walker J, et al. A population-
based study of fatigue and sleep difficulties in 
inflammatory bowel disease. Inflamm Bowel Dis 
2011; 17(9): 1882–1889.

 19. Ananthakrishnan A, Long M, Martin C, et al. 
Sleep disturbance and risk of active disease in 
patients with Crohn’s disease and ulcerative 
colitis. Clin Gastroenterol Hepatol 2013; 11(8): 
965–971.

 20. Kappelman M, Long M, Martin C, et al. 
Evaluation of the patient-reported outcomes 
measurement information system in a large 
cohort of patients with inflammatory bowel 
diseases. Clin Gastroenterol Hepatol 2014; 12(8): 
1315–1323.

 21. Uemura R, Fujiwara Y, Iwakura N, et al. 
Sleep disturbances in Japanese patients with 
inflammatory bowel disease and their impact on 
disease flare. Springerplus 2016; 13(5): 1792.

 22. Ananthakrishnan A, Khalili H, Konijeti G, et al. 
Sleep duration affects risk for ulcerative colitis: 
a prospective cohort study. Clin Gastroenterol 
Hepatol 2014; 12(11): 86.

 23. Barberio B, Zamani M, Black CJ, et al. 
Prevalence of symptoms of anxiety and 
depression in patients with inflammatory bowel 
disease: a systematic review and meta-analysis. 
Lancet Gastroenterol Hepatol 2021; 6(5): 359–370.

 24. Marinelli C, Savarino E, Marsilio I, et al. Sleep 
disturbance in inflammatory bowel disease: 
prevalence and risk factors—a cross-sectional 
study. Sci Rep 2020; 10(1): 507.

 25. Slonim-Nevo V, Sarid O, Friger M, et al. Effect 
of social support on psychological distress and 
disease activity in inflammatory bowel disease 
patients. Inflamm Bowel Dis 2018; 24(7): 1389–
1400.

 26. Gaines LS, Slaughter JC, Schwartz DA, et al. 
Does reverse causality underlie the temporal 
relationship between depression and Crohn’s 
disease? Inflamm Bowel Dis 2020; 26(3): 423–
428.

 27. Soares JB, Marinho AS, Fernandes D, et al. 
Assessing overall patient satisfaction in 
inflammatory bowel disease using structural 
equation modeling. Eur J Gastroenterol Hepatol 
2015; 27(8): 941–950.

 28. Falling CL, Siegel CA and Salwen-Deremer 
JK. Inflammatory bowel disease and pain 
interference: a conceptual model for the role 
of insomnia, fatigue, and pain catastrophizing. 
Crohns Colitis 360 2022; 4(3): otac028.

 29. Eysenbach G. Improving the quality of Web 
surveys: the Checklist for Reporting Results of 
Internet E-Surveys (CHERRIES). J Med Internet 
Res 2004; 6(3): e34.

 30. Tinsley A, Macklin EA, Korzenik JR, et al. 
Validation of the functional assessment of 
chronic illness therapy-fatigue (FACIT-F) in 
patients with inflammatory bowel disease. Aliment 
Pharmacol Ther 2011; 34(11–12): 1328–1336.

 31. Saraiva S, Cortez-Pinto J, Barosa R, et al. 
Evaluation of fatigue in inflammatory bowel 
disease – a useful tool in daily practice. Scand J 
Gastroenterol 2019; 54(4): 465–470.

 32. Buysse DJ, Reynolds CF, Monk TH, et al. The 
Pittsburgh Sleep Quality Index: a new instrument 
for psychiatric practice and research. Pyschiatry 
Res 1989; 28(2): 193–213.

 33. Harvey RF and Bradshaw JM. A simple index of 
Crohn’s-disease activity. Lancet 1980; 1: 514.

 34. Bennebroek Evertsz F, Hoeks CC, Nieuwkerk 
PT, et al. Development of the patient Harvey 
Bradshaw index and a comparison with 
a clinician-based Harvey Bradshaw index 
assessment of Crohn’s disease activity. J Clin 
Gastroenterol 2013; 47(10): 850–856.

 35. Walmsley RS, Ayres RC, Pounder RE, et al. A 
simple clinical colitis activity index. Gut 1998; 
43(1): 29–32.

 36. Bennebroek Evertsz’ F, Nieuwkerk PT, Stokkers 
PCF, et al. The patient simple clinical colitis 
activity index (P-SCCAI) can detect ulcerative 
colitis (UC) disease activity in remission: a 
comparison of the P-SCCAI with clinician-based 
SCCAI and biological markers. J Crohns Colitis 
2013; 7(11): 890–900.

 37. Marín-Jiménez I, Nos P, Domènech E, et al. 
Diagnostic performance of the simple clinical 
colitis activity index self-administered online 
at home by patients with ulcerative colitis: 
CRONICA-UC study. Am J Gastroenterol 2016; 
111(2): 261–268.

 38. Spitzer RL, Kroenke K, Williams JB, et al. A 
brief measure for assessing generalized anxiety 
disorder: the GAD-7. Arch Intern Med 2006; 
166(10): 1092–1097.

 39. Kroenke K, Spitzer RL and Williams JB. The 
PHQ-9: validity of a brief depression severity 
measure. J Gen Intern Med 2001; 16(9): 606–613.

 40. Schober P, Boer C and Schwarte LA. Correlation 
coefficients: appropriate use and interpretation. 
Anesth Analg 2018; 126(5): 1763–1768.

https://journals.sagepub.com/home/tag


Volume 17

12 journals.sagepub.com/home/tag

TherapeuTic advances in 
Gastroenterology

 41. Stein CM, Morris NJ and Nock NL. Structural 
equation modeling. Methods Mol Biol 2012; 850: 
495–512.

 42. Hu Lt and Bentler PM. Cutoff criteria for 
fit indexes in covariance structure analysis: 
Conventional criteria versus new alternatives. 
Struct Equ Modeling 1999; 6(1): 1–55.

 43. Stone BM. The ethical use of fit indices in 
structural equation modeling: recommendations 
for psychologists. Front Psychol 2021; 12: 783226.

 44. Flores A, Burstein E, Cipher DJ, et al. Obesity in 
inflammatory bowel disease: a marker of less severe 
disease. Dig Dis Sci 2015; 60(8): 2436–2445.

 45. Singh S, Dulai PS, Zarrinpar A, et al. Obesity in 
IBD: epidemiology, pathogenesis, disease course 
and treatment outcomes. Nat Rev Gastroenterol 
Hepatol 2017; 14(2): 110–121.

 46. Pringle PL, Stewart KO, Peloquin JM, et al. 
Body mass index, genetic susceptibility, and 
risk of complications among individuals with 

Crohn’s disease. Inflamm Bowel Dis 2015; 21(10): 
2304–2310.

 47. Uhlir V, Stallmach A and Grunert PC. Fatigue in 
patients with inflammatory bowel disease-strongly 
influenced by depression and not identifiable 
through laboratory testing: a cross-sectional 
survey study. BMC Gastroenterol 2023; 23(1): 
288.

 48. Busingye D, Pollack A and Chidwick K. 
Prevalence of inflammatory bowel disease in 
the Australian general practice population: a 
cross-sectional study. PLoS One 2021; 16(5): 
e0252458.

 49. Aluzaite K, Al-Mandhari R, Osborne H, et al. 
Detailed multi-dimensional assessment of fatigue 
in inflammatory bowel disease. Inflamm Intest Dis 
2019; 3(4): 192–201.

 50. Vogelaar L, van’t Spijker A, van Tilburg AJ, 
et al. Determinants of fatigue in Crohn’s disease 
patients. Eur J Gastroenterol Hepatol 2013; 25(2): 
246–251.

Visit Sage journals online 
journals.sagepub.com/
home/tag

 Sage journals

https://journals.sagepub.com/home/tag
https://journals.sagepub.com/home/tag
https://journals.sagepub.com/home/tag

