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ABSTRACT

Background: Common mental disorders, including anxiety and depression, are prevalent in patients with inflammatory bowel
disease (IBD) and may be associated with adverse outcomes. However, whether increasing psychological co-morbidity, in combi-
nation with disease activity, exerts a cumulative effect on prognosis is uncertain.

Aims: To assess this in a longitudinal follow-up study.

Methods: We collected baseline demographic and IBD-related information, clinical activity using disease activity scores and
biochemical activity using calprotectin. Patients were grouped according to the presence or absence of disease activity. Patients
in remission or with active disease were subgrouped according to the presence or absence of symptoms of a common mental dis-
order at baseline. We recorded the occurrence of adverse outcomes over 8.1 years, comparing their occurrence across subgroups
using Cox regression.

Results: Among 717 participants with clinical activity data and 187 with clinical and biochemical activity data, rates of adverse
outcomes increased with both disease activity and increasing psychological co-morbidity. Rates of flare or glucocorticosteroid
prescription, escalation or death were higher with clinical activity (HR 2.89; 95% CI 1.68-4.93 and 2.52; 95% CI 1.55-4.10 and
6.97; 95% CI 2.43-20.0, respectively) or clinical and biochemical activity (HR 7.26; 95% CI 2.86-18.5, 3.62; 95% CI 1.59-8.25 and
57.3; 95% CI 7.58-433, respectively) and two common mental disorders. Rates of hospitalisation (HR 6.20; 95% CI 1.88-20.4) or
hospitalisation and/or intestinal resection (HR 7.46; 95% CI 2.41-23.2) were higher with clinical and biochemical activity and
two common mental disorders.

Conclusion: Psychological co-morbidity and active disease have a cumulative adverse impact on IBD prognosis.

Abbreviations: CD, Crohn's disease; CI, confidence interval; FC, faecal calprotectin; HADS, hospital anxiety and depression scale; HBI, Harvey-Bradshaw index; HR, hazard ratio; IBD,
inflammatory bowel disease; PHQ-15, patient health questionnaire-15; RCT, randomised controlled trial; SCCALI, simple clinical colitis activity index; UC, ulcerative colitis.
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1 | Introduction

Crohn's disease (CD) and ulcerative colitis (UC) are chronic
immune-mediated disorders of the gastrointestinal tract, collec-
tively termed inflammatory bowel disease (IBD). Mucosal in-
flammation, the hallmark of disease activity, is associated with
debilitating symptoms, loss of work productivity and significant
morbidity [1, 2]. Prompt recognition and treatment of inflam-
matory activity is, therefore, the cornerstone of current treat-
ment [3]. The development of advanced medical therapies and
cost-effective non-invasive biomarkers, such as faecal calpro-
tectin (FC), coincide with a reduction in the frequency of IBD-
related surgeries in Western populations, despite an overall rise
in the prevalence of IBD throughout the last two decades [4, 5].
However, although the inflammatory burden is of paramount
importance in IBD, substantial healthcare utilisation and high
out-of-pocket expenses incurred by patients continue to contrib-
ute to an increasing socioeconomic burden [6-10]. In light of the
aforementioned developments to improve the management of
inflammatory aspects of the disease, this suggests other factors
influence the natural history of IBD.

Adverse psychological health influences disease outcomes and
healthcare utilisation negatively in the context of chronic ill-
ness, including chronic obstructive pulmonary disease, isch-
aemic heart disease and type 2 diabetes [11-13]. Similar effects
are apparent in IBD, with symptoms of a common mental dis-
order, such as anxiety or depression, associated with future
disease flares, escalation of medical therapy, hospitalisation,
IBD-related surgeries and an attenuated response to biologics
[14-18]. Psychological health also appears to be a driver of in-
creased healthcare utilisation [19-23], with a Crohn's and Colitis
Foundation initiative highlighting that patients with IBD and
one or more co-existing common mental disorders generate dou-
ble the annual healthcare costs of patients without co-existing
common mental disorders [23]. Of particular relevance, the
prevalence of common mental disorders in IBD is significantly
higher than in the general population [24]. One-quarter of pa-
tients experience symptoms of depression, and almost one-third
experience symptoms of anxiety, which increase further during
periods of disease activity, affecting almost 50% of patients [25].

In ischaemic heart disease, psychological stress influences the
development of myocardial ischaemia to a similar magnitude to
conventional exercise-induced stress, with the two exerting a cu-
mulative effect [13]. This suggests psychological health may be
of equal importance to physical factors in the context of chronic
disease. Given the proportion of patients with IBD exhibiting
symptoms of a common mental disorder, these findings bring
into question the lack of consensus regarding their identification
and appropriate management in routine care [26]. However, a
meta-analysis of over 9000 patients with IBD demonstrated that
gut-brain interactions in IBD are bi-directional [19]. This high-
lights an inherent deficit in existing research examining brain-
gut effects; failure to consider co-existent inflammatory burden,
which could be the true driver of adverse disease outcomes in
these patients [14-17].

To date, only one study, to our knowledge, has considered
the influence of psychological health in conjunction with in-
flammatory burden [27]. This reported a cumulative impact

of co-existent poor psychological health and active disease on
adverse disease outcomes in IBD, including flare, escalation of
medical therapy and mortality. The strength of these associa-
tions was similar when disease activity was confirmed biochem-
ically, suggesting genuine braingut effects on the natural history
of IBD. A cumulative impact on rarer, but more objective, ad-
verse disease outcomes, including hospitalisation or intestinal
resection, was not shown, and a longer duration of follow-up
may be required to assess this. Furthermore, whether increas-
ing psychological co-morbidity, in combination with disease ac-
tivity, exerts a cumulative effect on adverse disease outcomes is
uncertain. We, therefore, examined this issue in a large cohort
of patients with established IBD during an average of 8 years of
follow-up.

2 | Methods
2.1 | Participants and Setting

Consecutive patients with an established diagnosis of CD or UC
based on endoscopic, histological or radiological findings were
invited to participate in a cross-sectional survey conducted at
Leeds Teaching Hospitals NHS Trust between November 2012
and June 2015 [28]. Because participation required completion
of a baseline questionnaire, patients who were unable to under-
stand written English were excluded. Due to a lack of reliable
scoring tools to assess clinical disease activity among patients
with IBD-unclassified, end ileostomies or colostomies, these in-
dividuals were also excluded. Prospective longitudinal follow-up
of all individuals was conducted between September 2014 and
October 2023 (REC ref.: 12/YH/0443/AMO03). Study findings
were reported in line with the STROBE guidelines [29].

2.2 | Data Collection and Synthesis

The date of study recruitment, type of IBD, and all IBD-related
medications were recorded at baseline in addition to demo-
graphic data, including age, sex and lifestyle factors. In addi-
tion, we collected data regarding psychological health, including
the presence of symptoms of anxiety or depression using the
hospital anxiety and depression scale (HADS), with a HADS-
anxiety or HADS-depression score of > 11 considered abnormal,
as suggested by the original validation study [30]. Somatoform
symptom reporting was recorded via the patient health ques-
tionnaire-15 (PHQ-15) [31]. We measured clinical disease activ-
ity at baseline using the Harvey-Bradshaw index (HBI) for CD
[32], and the simple clinical colitis activity index (SCCAI) for UC
[33]. A score of < 5 was used to define clinical remission in both,
as has been suggested previously [32, 34]. All participants were
asked to provide a FC sample for analysis (Immundiagnostik,
Blensheim, Germany), with biochemical remission defined as a
FC of <100mcg/g of stool, as supported by international con-
sensus [35], in our main analysis. However, we also used a FC of
<250mcg/g in a sensitivity analysis.

Participants’ medical records were reviewed by two investi-
gators (KMF and CR), both of whom were blinded to baseline
questionnaire data to enable objective assessment of disease
activity, during longitudinal follow-up. The following adverse
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disease outcomes, along with their date of occurrence, were
collected: flare of disease activity, based on a physician's global
assessment or a prescription for glucocorticosteroids; escalation
of medical therapy due to uncontrolled IBD activity; hospital-
isation due to uncontrolled IBD activity; intestinal resection
due to uncontrolled IBD activity; a composite of either hospi-
talisation or intestinal resection due to uncontrolled IBD activ-
ity (using the first of these events to occur to calculate the time
to event); and death. Outcomes occurring within 30days of re-
cruitment were excluded to minimise any potential association
between the presence of a common mental disorder or disease
activity at baseline and an impending adverse disease outcome.
Alterations made to medical therapy without evidence of uncon-
trolled IBD activity (e.g., changes made as the result of therapeu-
tic drug monitoring) or surgery for isolated perianal CD were
not included as endpoints. Given the duration of follow-up in the
study, it is entirely possible that patients were either lost to fol-
low-up or moved region and had the care of their IBD taken over
by another centre. In these instances, if the event(s) of interest
had already occurred, this did not present any issues. However,
where the event(s) of interest had not occurred at the point the
patient was lost to follow-up, they were censored, with the event
categorised as having not occurred at the last point of follow-up
in our clinic.

2.3 | Statistical Analysis

Individuals were classified at baseline according to both clini-
cal disease activity and psychological health. Participants were
categorised into one of five groups: clinical remission (HBI or
SCCAI<5) without symptoms of a common mental disorder
(HADS-anxiety and HADS-depression score <11), clinical re-
mission with symptoms of a common mental disorder (HADS-
anxiety or HADS-depression score >11), clinical activity (HBI
or SCCAI> 5) without symptoms of a common mental disorder,
clinical activity with symptoms of one common mental disorder
(HADS-anxiety or HADS-depression score>11) or clinical ac-
tivity with symptoms of two common mental disorders (HADS-
anxiety and HADS-depression score>11). This exercise was
then repeated for the subgroup of patients who provided a base-
line FC sample to create a further five groups: combined clinical
and biochemical remission (FC < 100 mcg/g) without symptoms
of a common mental disorder, combined clinical and biochem-
ical remission with symptoms of a common mental disorder,
combined clinical and biochemical activity (FC>100mcg/g)
without symptoms of a common mental disorder, combined
clinical and biochemical activity with symptoms of one common
mental disorder, and finally combined clinical and biochemical
activity with symptoms of two common mental disorders. For
these analyses, those with any discrepancy between clinical and
biochemical data (e.g., clinical remission but biochemical activ-
ity) were excluded from the analysis. We performed a sensitivity
analysis with a FC of <250mcg/g used to define biochemical
remission and >250 mcg/g used to define biochemical activity.

To assess the impact of baseline clinical or biochemical activ-
ity and symptoms of a common mental disorder on disease
outcomes, we compared the rates of each of the adverse dis-
ease outcomes of interest (flare of disease activity or glucocor-
ticosteroid prescription, escalation of therapy, hospitalisation,

intestinal resection, a composite of the two most stringent ad-
verse disease outcomes including only hospitalisation or in-
testinal resection or death) between the five groups using a y?
test during longitudinal follow-up. Multivariate Cox regression
analysis, controlling for all baseline characteristics including
age, sex, marital status, tobacco and alcohol intake, educational
level, type of IBD, IBD-related medications, and level of soma-
toform symptom reporting according to the PHQ-15, was per-
formed to identify independent predictors of each of the adverse
disease outcomes of interest. A 2-tailed p-value of <0.01 was
considered statistically significant due to multiple comparisons.
Results were expressed as hazard ratios (HR) with a 95% confi-
dence interval (CI). SPSS for Windows version 29.0 (SPSS Inc.,
Chicago, IL, USA) was used to perform all statistical analyses.

3 | Results

A total of 760 individuals were recruited, with 717 (94.3%) pro-
viding complete clinical activity data at baseline (mean age at
baseline 44.0years, 395 (55.1%) female, 411 (57.3%) CD). A total of
384 (50.5%) of the 760 patients provided a baseline FC measure-
ment, of whom 187 (26.1%) were either in clinical and biochemi-
cal remission or had clinical and biochemical activity at baseline
(mean age at baseline 49.8years, 104 (55.6%) female, 96 (51.3%)
CD) using an FC of <100mcg/g. Using an FC of <250mcg/g,
205 (27.0%) patients were either in clinical and biochemical
remission or had clinical and biochemical activity at baseline.
For the 717 patients providing complete clinical activity data at
baseline, the number with longitudinal follow-up data ranged
from 565 (78.8%) for flare of disease activity or need for gluco-
corticosteroids to 702 (97.9%) for death, with a mean follow-up
in all patients of 8.1years. Patients with both clinical disease
activity and increasing psychological co-morbidity were sig-
nificantly less likely to consume alcohol and significantly more
likely to report high levels of somatoform symptom reporting
(Table 1). The remaining baseline characteristics were similar
between groups, including type of IBD, IBD-related medication
use, and location, behaviour or extent of disease. Among 187
patients providing a baseline FC and being in clinical and bio-
chemical remission or having clinical and biochemical activity
at baseline, the number with longitudinal follow-up data ranged
from 148 (79.1%) for flare of disease activity or need for gluco-
corticosteroids to 182 (97.3%) for death, with a mean follow-up
in all patients of 8.3years. Patients with combined clinical and
biochemical activity and increasing psychological co-morbidity
were significantly more likely to smoke tobacco and report high
levels of somatoform symptoms (Table S1).

3.1 | Flare of Disease Activity or Need
for Glucocorticosteroid Prescription

A total of 306 (54.2%) of 565 patients experienced a flare of
disease activity or required a prescription for glucocorticoste-
roids during a mean follow-up of 5.0years in all 565 patients,
with a median time to flare or glucocorticosteroid prescription
of 1.8years. Those with clinical activity at baseline and symp-
toms of one or two common mental disorders at baseline had the
highest rates of flare or glucocorticosteroid prescription (60.4%
and 78.1%, respectively, p=0.0070 for trend, Table 2). Following
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FIGURE1 | Survival analysis for occurrence of glucocorticosteroid prescription or flare of disease activity according to clinical disease activity

status and presence or absence of symptoms of a common mental disorder at baseline.

multivariate Cox regression, the likelihood of flare or glucocor-
ticosteroid prescription was significantly higher in participants
with symptoms of one or two common mental disorders at base-
line (HR 2.06; 95% CI 1.30 to 3.26, p=0.0020, and HR 2.89; 95%
CI 1.68 to 4.93, p<0.001, Table 2 and Figure 1). Younger age
(HR per year 0.98; 95% CI 0.97 to 0.99, p < 0.001) was associated
with a reduced likelihood, and UC (HR 1.55;95% CI1.12to 2.15,
p=0.0080) and glucocorticosteroid use at baseline (HR 1.93; 95%
CI 1.26 to 2.96, p=0.0030) an increased likelihood of flare or
glucocorticosteroid prescription.

When only patients in clinical and biochemical remission or
having clinical and biochemical activity at baseline were con-
sidered, 84 (56.8%) of 148 patients experienced a flare of dis-
ease activity or required a glucocorticosteroid prescription
during a mean follow-up of 5.3 years. Again, patients with clin-
ical and biochemical activity and symptoms of two common
mental disorders at baseline had the highest rates of flare or
glucocorticosteroid prescription (87.5%, p=0.0080 for trend,
Table 3). After multivariate Cox regression, the likelihood of
a flare of disease activity or receiving a prescription for glu-
cocorticosteroids remained highest in participants with clin-
ical and biochemical disease activity and symptoms of two
common mental disorders at baseline (HR 7.26; 95% CI 2.86
to 18.5, p<0.001, Table 3 and Figure 2), but the rate was also
significantly higher in those with clinical and biochemical dis-
ease activity and no symptoms of a common mental disorder
at baseline (HR 3.54; 95% CI 1.82 to 6.89, p<0.001) and those
with clinical and biochemical disease activity and symptoms of
one common mental disorder at baseline (HR 3.09; 1.39 to 6.87,
p <0.01). Sensitivity analyses with a FC of <250mcg/g used to
define biochemical remission and >250mcg/g to define bio-
chemical activity are provided in Table S2.

3.2 | Escalation of Medical Therapy due to
Uncontrolled IBD Activity

A total of 344 (56.1%) of 613 patients required escalation of med-
ical therapy due to uncontrolled IBD activity during a mean
follow-up of 4.9years in all 613 patients, with a median time to
escalation of 1.6 years. Rates of escalation were highest (76.3%) in
patients with clinical disease activity and symptoms of two com-
mon mental disorders at baseline (p =0.034 for trend, Table 2).
After multivariate Cox regression, the likelihood of requiring
escalation of medical therapy due to uncontrolled IBD activity
was significantly higher in patients with clinical disease activ-
ity with symptoms of two common mental disorders at baseline
(HR 2.52; 95% CI 1.55 to 4.10, p<0.001, Table 2 and Figure 3).
Younger age (HR per year 0.98; 95% CI 0.97 to 0.99, p<0.001)
was associated with a reduced likelihood of requiring escalation
of medical therapy, and baseline glucocorticosteroid use (HR
1.70; 95% CI 1.18 to 2.46, p=0.0040) an increased likelihood.

When only patients in clinical and biochemical remission or
having clinical and biochemical activity at baseline were consid-
ered, 92 (58.6%) patients required escalation of medical therapy
during a mean follow-up of 5.1years in all 157 patients. Rates of
escalation due to uncontrolled IBD activity during longitudinal
follow-up were highest in those with clinical and biochemical
disease activity and no symptoms of a common mental disor-
der and those with clinical and biochemical disease activity and
symptoms of two common mental disorders (80.6% and 80.0%,
respectively, Table 3 and Figure 4). Following multivariate Cox
regression, the likelihood of requiring escalation of medical
therapy due to uncontrolled IBD activity remained significant in
those with clinical and biochemical disease activity at baseline
with no symptoms of a common mental disorder (HR 3.82; 95%
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FIGURE 2 | Survival analysis for occurrence of glucocorticosteroid prescription or flare of disease activity according to combined clinical and
biochemical disease activity status and presence or absence of symptoms of a common mental disorder at baseline.
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FIGURE 3 | Survival analysis for escalation of medical therapy due to uncontrolled ibd activity according to clinical disease activity status and
presence or absence of symptoms of a common mental disorder at baseline.

CI 2.17 to 6.73, p<0.001, Table 3) and those with biochemical = with a FC of <250mcg/g used to define biochemical remission
disease activity and symptoms of two common mental disorders and >250mcg/g to define biochemical activity are provided in
(HR 3.62; 95% CI 1.59 to 8.25, p<0.001). Sensitivity analyses Table S2.
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FIGURE 4 | Survival analysis for escalation of medical therapy due to uncontrolled ibd activity according to combined clinical and biochemical

disease activity status and presence or absence of symptoms of a common mental disorder at baseline.

3.3 | Hospitalisation due to Uncontrolled IBD
Activity

In total, 179 (26.0%) of 688 patients were hospitalised due to un-
controlled IBD activity during a mean follow-up of 7.0years in
all patients, with a median time to hospitalisation of 2.3 years.
Rates of hospitalisation were significantly higher in those with
clinical disease activity and symptoms of one or two common
mental disorders at baseline (36.2% and 39.5%, respectively,
p<0.007 for trend, Table 2). However, the likelihood of requir-
ing hospitalisation was not significantly higher in any of the
groups after multivariate Cox regression, although it remained
highest in those with clinical disease activity and symptoms of
one or two common mental disorders at baseline (p=0.38 for
trend, Table 2). Younger age was associated with a reduced like-
lihood of hospitalisation (HR per year 0.98; 95% CI 0.97 to 0.99,
p<0.001), as was alcohol consumption (HR 0.55; 95% CI 0.40 to
0.76, p<0.001) and 5-aminosalicylate use at baseline (HR 0.59;
95% CI0.39 to 0.87, p=0.0090). Glucocorticosteroid use at base-
line was associated with an increased likelihood of hospitalisa-
tion (HR 1.92; 95% CI 1.27 to 2.92, p=0.0020).

When only patients in clinical and biochemical remission or
having clinical and biochemical activity at baseline were consid-
ered, 38 (21.2%) of 179 patients required hospitalisation during
a mean follow-up of 7.5years in all patients. Rates of hospital-
isation due to uncontrolled IBD activity were highest in those
with clinical and biochemical disease activity and symptoms of
one (32.0%) or two (38.5%) common mental disorders (Table 3).
Following multivariate Cox regression, the likelihood of requir-
ing hospitalisation due to uncontrolled IBD activity was sig-
nificantly higher only in patients with clinical and biochemical

disease activity and symptoms of two common mental disorders
at baseline (HR 6.20; 95% CI 1.88 to 20.4, p=0.0030). Sensitivity
analyses with a FC of <250mcg/g used to define biochemical
remission and >250mcg/g to define biochemical activity are
provided in Table S2.

3.4 | Intestinal Resection due to Uncontrolled IBD
Activity

In total, 90 (12.9%) of 695 patients required intestinal resection
due to uncontrolled IBD activity during a mean follow-up of
7.9years in all patients, and a median time to intestinal resection
of 2.5years. Rates of intestinal resection were highest in patients
with clinical activity and symptoms of one or two common men-
tal disorders (23.9% and 21.7%, respectively, p =0.0020 for trend,
Table 2). Following multivariate Cox regression, the likelihood
of requiring intestinal resection due to uncontrolled IBD activ-
ity was not significantly different between the groups (p=0.14
for trend, Table 2). Glucocorticosteroid use was the only factor
associated with an increased likelihood of requiring intestinal
resection (HR 2.27; 95% CI 1.28 to 4.01, p=0.0050).

When only patients in clinical and biochemical remission or
having clinical and biochemical activity at baseline were con-
sidered, 16 (8.8%) of 181 patients required intestinal resection
during a mean follow-up of 8.3years in all patients. Rates of
intestinal resection were highest in patients with disease ac-
tivity and symptoms of one or two common mental disorders
(20.0% and 15.0%, respectively, Table 3). However, after mul-
tivariate Cox regression, the likelihood of requiring intestinal
resection was not significantly different between the groups,
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although it remained highest in those with clinical disease ac-
tivity and symptoms of one or two common mental disorders
at baseline (p=0.29 for trend, Table 3). Sensitivity analyses
with a FC of <250mcg/g used to define biochemical remission
and >250 mcg/g to define biochemical activity are provided in
Table S2.

3.5 | Hospitalisation or Intestinal Resection due to
Uncontrolled IBD Activity

In total, 184 (26.6%) of 692 patients were hospitalised or required
intestinal resection due to uncontrolled IBD activity during a
mean follow-up of 7.0years in all patients, with a median time
to hospitalisation or intestinal resection of 2.3years. Patients
with clinical disease activity and symptoms of one or two com-
mon mental disorders had the highest rates (37.1% and 43.2%,
respectively, p=0.0020 for trend, Table 2). After multivariate
Cox regression, however, there was no statistically significant
difference between the groups, although the rate remained
highest in those with clinical disease activity and symptoms of
two common mental disorders (HR 1.79; 95% CI 0.99 to 3.23).
Younger age (HR per year 0.98; 95% CI 0.97 to 0.99, p<0.001)
alcohol consumption (HR 0.55; 95% CI 0.40 to 0.75, p<0.001),
and 5-aminosalicylate use at baseline (HR 0.57; 95% CI 0.39 to
0.85, p=0.0060) were associated with a reduced likelihood of
hospitalisation or intestinal resection, and glucocorticosteroid
use at baseline (HR 1.99; 95% CI 1.32 to 2.99, p<0.001) an in-
creased likelihood.

When only patients in clinical and biochemical remission or
having clinical and biochemical activity at baseline were con-
sidered, 39 (21.7%) of a total of 180 patients were hospitalised
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or required intestinal resection due to uncontrolled IBD activity
during a mean follow-up of 7.5years in all patients. Rates were
highest in patients with clinical and biochemical disease activity
and symptoms of one or two common mental disorders (32.0%
and 42.9%, respectively). Following multivariate Cox regression,
patients with clinical and biochemical disease activity and symp-
toms of two common mental disorders were significantly more
likely to require hospitalisation or intestinal resection due to un-
controlled IBD activity (HR 7.46; 95% CI 2.41 to 23.2, p<0.001)
(Figure 5). Sensitivity analyses with a FC of <250mcg/g used
to define biochemical remission and >250mcg/g to define bio-
chemical activity are provided in Table S2.

3.6 | All-Cause Mortality

Of 702 patients, a total of 57 (8.1%) died during a mean longitu-
dinal follow-up of 8.8 years in all patients, with a median time to
death of 5.3years. Patients with clinical activity and symptoms
of two common mental disorders had the highest rates of death
(16.7%), but this did not reach statistical significance (p=0.011
for trend, Table 2). However, following multivariate Cox re-
gression, mortality rates were significantly higher in this group
of patients (HR 6.97; 95% CI 2.43 to 20.0, p<0.001, Table 2).
Increasing age was the only other baseline characteristic asso-
ciated with an increased risk of death (HR per year 1.12; 95% CI
1.09 to 1.15, p<0.001).

When only patients in clinical and biochemical remission or
having clinical and biochemical activity at baseline were con-
sidered, 19 (10.4%) of 182 patients died during a mean longitu-
dinal follow-up of 8.9years in all patients. Mortality was highest
in patients with clinical and biochemical disease activity and

Cumulative anxiety and
depression and clinical
and biochemical
activity at baseline
FC100

Clinical and biochemical
—ITremission, no symptoms of
a common mental disorder
Clinical and biochemical
__—remission, symptoms of
one or more common
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FIGURE 5 | Survival analysis for hospitalisation or intestinal resection due to uncontrolled ibd activity according to combined clinical and bio-

chemical disease activity status and presence or absence of symptoms of a common mental disorder at baseline.
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symptoms of two common mental disorders (26.7%), but this
was not statistically significant (p=0.061 for trend, Table 3).
However, after multivariate Cox regression, mortality was sig-
nificantly higher in patients with clinical and biochemical dis-
ease activity and symptoms of either one (HR 33.6; 95% CI 3.83
t0 294, p=0.0020, Table 3) or two common mental disorders (HR
57.3;95% CI7.58 to 433) (p <0.001, Table 3). Sensitivity analyses
with a FC of <250mcg/g used to define biochemical remission
and >250mcg/g to define biochemical activity are provided in
Table S2.

4 | Discussion

This longitudinal follow-up study has examined the cumula-
tive impact of clinical disease activity, clinical and biochem-
ical activity, and psychological health on adverse disease
outcomes in patients with IBD over a mean follow-up of more
than 8 years. Not only were the absolute numbers of almost all
the events of interest numerically higher in those with clin-
ical disease activity and symptoms of at least one common
mental disorder at baseline, but also increasing psychological
burden, as defined by the presence of symptoms of two com-
mon mental disorders, was associated with the highest num-
ber of adverse disease outcomes in most of our analyses. Even
after controlling for all baseline characteristics, individuals
with clinical disease activity and symptoms of two common
mental disorders were significantly more likely to experience
a flare or need for glucocorticosteroid prescription or escala-
tion of medical therapy due to uncontrolled IBD activity and
had higher all-cause mortality. Furthermore, individuals with
clinical and biochemical activity and symptoms of two com-
mon mental disorders were significantly more likely to ex-
perience a flare or need for glucocorticosteroid prescription,
escalation of medical therapy, hospitalisation, a composite of
hospitalisation or intestinal resection or death. Results were
broadly similar when we used a FC of <250mcg/g to define
biochemical remission and >250mcg/g to define biochemical
activity, although it should be pointed out that this threshold
is debated, and it would also lead to more individuals with po-
tential biochemical activity being assigned to the biochemical
remission categories, which may bias the results of the study
towards the null hypothesis.

As we are the sole provider of IBD-related care to all recruited
participants, and with access to the involved individuals’
electronic medical records, it is likely that we have captured
most of the adverse disease outcomes occurring among these
patients. Investigators assessing adverse disease outcomes
were blinded to participants’ baseline questionnaire data
to minimise bias when assessing the occurrence of the end-
points of interest during longitudinal follow-up. Performing
multivariate Cox regression analysis to control for all baseline
demographic and IBD-related data, as well as somatoform
symptom-reporting, means our findings are unlikely to be
confounded by these other potential influencers of adverse
disease outcomes. Even though our unit conforms to rec-
ommendations to seek definitive evidence of disease activity
prior to any escalation of medical therapy [36], flare of disease
activity and, to a lesser extent, escalation of medical therapy

are more contingent on patient-reported outcome measures,
which introduce a degree of subjectivity and could be influ-
enced by patient over-reporting [28, 37]. Definitions of what
constitutes a flare may also vary between centres. The sam-
ple size and the extended follow-up period of the study mean
that the chance of rarer, but more objective, events of interest
occurring during follow-up was maximised. Finally, various
cut-offs are applied in clinical practice to determine biochemi-
cal disease activity, but our use of a FC of <100 mcg/g of stool
to define biochemical remission has a greater sensitivity than
higher cut-offs. This means the likelihood of overestimat-
ing the number of patients in remission at baseline is much
less likely, and the outcomes observed are more likely to be
genuinely due to the combined effects of disease activity and
adverse psychological health [38]. The cumulative impact of
mood and disease activity on the more objective disease out-
comes, including hospitalisation or intestinal resection and
death, identified in these analyses, therefore underscores the
importance of brain-gut effects in IBD.

Conducting the study alongside routine clinical care introduces
some weaknesses. Despite every effort to eliminate bias, ex-
isting documentation could not be redacted from participant's
medical records prior to review. It is, therefore, possible that
assessors may have seen evidence of an existing diagnosis of a
common mental disorder, which could have influenced inter-
pretation of more subjective endpoints. Similarly, participants
were managed by several different physicians throughout the
study, which introduces a degree of interobserver variation. For
instance, there are likely to be differing thresholds assigned to
the more subjective endpoints of interest in clinical practice.
Participants’ medical records were reviewed by two different
assessors during longitudinal follow-up, which could also intro-
duce a degree of interobserver variation, although pre-defined
criteria for each of the adverse disease outcomes were adhered
to by both assessors. Inferring a diagnosis of a common mental
disorder using the HADS questionnaire responses from a single
point in time, rather than performing a clinical assessment to
establish a formal diagnosis, could be criticised for being overly
simplistic. However, this would have been infeasible given the
sample size. In addition, in a recent study examining trajecto-
ries of HADS anxiety or depression scores in patients with IBD,
only 10% of patients with abnormal scores at baseline had an
improvement during longitudinal follow-up [20]. This suggests a
single assessment may be stable in the majority of patients with
IBD. Only half of patients provided baseline FC samples, and,
because of our stringent definition of clinical and biochemical
remission or activity, these analyses may be inadequately pow-
ered or give imprecise results, as reflected by the wide 95% CIs.
Therefore, some of the results, particularly those for all-cause
mortality, should be interpreted with caution. We did not collect
data on other drugs that may influence the activity or progno-
sis of IBD, such as opioids or non-steroidal anti-inflammatory
drugs [39]. Finally, repeat FC measurements were not performed
during longitudinal follow-up to assess changes in disease activ-
ity. However, this was infeasible with an average follow-up of
8.1years, and the fluctuating course of IBD is both unlikely to
have been a reliable determinant of overall disease activity and
to add to the study considering the objective adverse disease out-
comes we examined.
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These results confirm our findings from two of our previous
studies but add to them. First, we have demonstrated previ-
ously that adverse psychological health at baseline influences
the natural history of IBD negatively, and to a similar degree
to inflammatory burden [27]. Second, we have also shown that,
among patients with IBD in biochemical remission, there is a cu-
mulative effect of psychological co-morbidity at baseline on the
likelihood of adverse disease outcomes [14]. The current study
examines the impact of both the presence and the degree of psy-
chological co-morbidity at baseline on these endpoints accord-
ing to both clinical and biochemical disease activity. Compared
with existing studies examining brain-gut and gut-brain effects
in IBD [19], this study has one of the longest periods of follow-up
and utilised markers of biochemical remission to determine
baseline disease activity alongside traditional clinical disease
activity indices. The existing body of research examining brain-
gut effects in IBD demonstrates an association between symp-
toms of a common mental disorder and future adverse disease
outcomes [17, 40-42]. However, most prior studies have delin-
eated patients only by measures of psychological health [19], and
have not assessed whether there is a cumulative impact of dis-
ease activity, which is also a driver of morbidity and is, in itself,
associated with a higher prevalence of symptoms of a common
mental disorder [25].

The sole use of clinical disease activity indices to determine
underlying inflammatory activity is another inherent flaw of
many existing studies examining brain-gut effects in IBD [19].
These correlate poorly with underlying mucosal inflammation
and are now considered to constitute low value care when used
in isolation [28, 36, 37]. An exception to this is a study by Mules
et al. [43], the results of which are in contrast to those from our
study. The authors demonstrated that symptoms of psychologi-
cal illness at baseline were associated with an increased symp-
tom burden in IBD, but not with endoscopic or biochemical
disease activity, or the development of subsequent disease ac-
tivity, as determined by a repeat FC at 6 months. However, like
many other studies in the field [19], the duration of follow-up
was short and the number of included patients relatively small.
Other groups have reported that severity in IBD can be char-
acterised by other factors beyond inflammation [44], incorpo-
rating baseline medications and some blood results, and this
can be used to predict prognosis [45-47]. Finally, most studies
examining brain —gut or gut -brain interactions are performed
in established cohorts of patients with IBD [19]. This means
that patients may have already experienced an adverse disease
course, which could have impacted their psychological health.
Any future association between psychological health and
prognosis may, therefore, arise due to confounding. Inception
cohorts that assess psychological health at the time of a di-
agnosis of IBD will be required to disentangle this complex
relationship.

The importance of inflammatory burden in IBD is undisputed.
However, the observation that psychological health appears
not only to affect disease outcomes to a similar magnitude to
disease activity but also has a cumulative effect alongside dis-
ease activity challenges the absence of psychological health
as a treatment target [3]. Given the consistent association be-
tween disease activity and poor psychological health in IBD,

considering both the inflammatory and psychological burden
of the disease is key, particularly as treatment of the two may
differ considerably. Brain-gut behavioural therapies are ef-
fective in irritable bowel syndrome [48, 49]. They may have
optimal efficacy in IBD when delivered to selected patients
with evidence of pre-existing psychological co-morbidity [50],
which is of particular relevance to healthcare systems with fi-
nite resources, as the blanket use of psychological therapies is
probably unrealistic. Our results suggest that the impact of ad-
verse psychological health is greatest in patients with disease
activity, yet only four randomised controlled trials (RCTs)
have evaluated the role of such therapies in the context of ac-
tive IBD, and none recruited patients with evidence of psycho-
logical co-morbidity [51-54]. To integrate a biopsychosocial
model of care in routine IBD practice successfully requires
further assessment of these treatments in this particular group
of patients. Similarly, neuromodulators have a good evidence
base in disorders of gut-brain interaction [55-58]. However,
there is a lack of RCTs in IBD, and although they appear to
demonstrate positive effects in treating psychological and so-
matic symptoms, limited conclusions can be made regarding
their influence on the disease course [59]. This should be a
priority area for future IBD research, particularly given the
favourable safety profile seen in similar RCTs conducted in
irritable bowel syndrome [55].

In summary, our study demonstrates that, even when stringent
and objective assessments are applied to determine underlying
disease activity, genuine brain —gut effects are apparent in IBD.
Not only does adverse psychological health appear to influence
the natural history of the disease to a similar magnitude to in-
flammatory activity, but also this is cumulative, with patients
with symptoms of more than one common mental disorder at
the greatest risk of future adverse disease outcomes. That most
of these endpoints were not significantly higher in patients with
active disease alone highlights alternative therapeutic targets in
IBD, which do not feature in current guidelines but, if utilised
correctly, have the potential to improve outcomes for some pa-
tients. Given the prevalence of common mental disorders among
patients with IBD, our findings suggest that focusing solely on
the inflammatory aspects of UC or CD will result in unmet
needs among a substantial proportion of patients and may con-
tribute to adverse disease outcomes. There are ever-expanding
options to identify and treat persistent mucosal inflammation,
but strategies to identify and manage co-existing poor psycho-
logical health are also needed if we are to provide holistic care
for patients with IBD.
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