
664  |  	﻿�  Aliment Pharmacol Ther. 2022;56:664–674.wileyonlinelibrary.com/journal/apt

Received: 20 April 2022  |  First decision: 10 May 2022  |  Accepted: 17 May 2022

DOI: 10.1111/apt.17058  

The disease severity index for inflammatory bowel disease is 
associated with psychological symptoms and quality of life, and 
predicts a more complicated disease course

Akhilesh Swaminathan1,2  |   Dali Fan2 |   Grace M. Borichevsky1 |   Thomas C. Mules2  |    
Esther Hirschfeld1 |   Chris M. Frampton1 |   Andrew S. Day3  |   Corey A. Siegel4 |    
Richard B. Gearry1,2

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in 
any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2022 The Authors. Alimentary Pharmacology & Therapeutics published by John Wiley & Sons Ltd.

The Handling Editor for this article was Dr Cynthia Seow, and it was accepted for publication after full peer-review.  

Abbreviations: DSI, Disease Severity Index; IBD, inflammatory bowel disease; QoL, quality-of-life; PSS-10, perceived stress scale; PHQ-9, patient health questionnaire-9; GAD-7, 
generalised anxiety disorder 7-item scale; IBDQ-32, inflammatory bowel diseases questionnaire; ROC, receiver operating characteristics; IQR, interquartile range; OR, odds ratio; CD, 
Crohn's disease; UC, ulcerative colitis; HRQoL, health-related quality-of-life; NIDA-IBD, new indicators of disease activity in inflammatory bowel disease; BMI, body mass index; CT, 
computed tomography; MRI, magnetic resonance imaging; CRP, C-reactive protein; fCal, faecal calprotectin; SES-CD, simple endoscopic score for Crohn's disease; UCEIS, ulcerative 
colitis endoscopic index of severity; HBI, Harvey-Bradshaw index; CDAI, Crohn's disease activity index; SCCAI, simple clinical colitis activity index; AUROC, area under the receiver 
operating characteristic curve.

1Department of Medicine, University of 
Otago, Christchurch, New Zealand
2Department of Gastroenterology, 
Christchurch hospital, Christchurch, New 
Zealand
3Department of Paediatrics, University of 
Otago, Christchurch, New Zealand
4Inflammatory Bowel Disease Centre, 
Section of Gastroenterology and 
Hepatology, Dartmouth Hitchcock Medical 
Centre, Lebanon, New Hampshire, USA

Correspondence
Dr. Akhilesh Swaminathan, Department of 
Medicine, University of Otago, Christchurch, 
2 Riccarton Avenue, Christchurch, New 
Zealand.
Email: swaak389@student.otago.ac.nz

Funding information
New Zealand Society of Gastroenterology; 
Royal Australasian College of Physicians

Summary
Background: The Disease Severity Index (DSI) is a novel tool to predict disease se-
verity in inflammatory bowel disease (IBD). However, its ability to predict disease 
complications and the presence of psychosocial comorbidity is unclear. 
Aims: To assess prospectively associations between the DSI and psychological symp-
toms, quality-of-life (QoL) and disease outcomes in an IBD cohort.
Methods: Patients with IBD undergoing ileocolonoscopy were followed prospec-
tively for 12 months. DSI, psychological symptoms (perceived stress (PSS-10), de-
pression (PHQ-9), anxiety (GAD-7)) and QoL (IBDQ-32) scores were assessed at 
baseline. Logistic regression identified variables predicting a complicated IBD course 
at 12 months (composite outcome of need for escalation of biological/immunomod-
ulator for disease relapse, recurrent corticosteroid use, IBD-related hospitalisation 
and surgery). Receiver operating characteristics (ROC) analysis identified optimal DSI 
thresholds predicting a complicated disease course and multivariable logistic regres-
sion assessed the risk of reaching this outcome.
Results: One hundred and seventy-two patients were recruited (100 Crohn's disease, 
91 female). Median DSI was 21 (IQR 11–32) and 97 patients had endoscopically ac-
tive disease at baseline. The DSI was significantly higher in patients with symptoms 
of moderate–severe stress (PSS-10 > 14, p < 0.01), depression (PHQ-9 ≥ 10, p < 0.01), 
anxiety (GAD-7 ≥ 10, p < 0.05) and impaired quality-of-life (IBDQ-32 < 168, p < 0.01). 
Only the baseline DSI (OR 1.05, p < 0.01) and endoscopically active disease (OR 6.12, 
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1  | INTRODUC TION

Inflammatory bowel disease (IBD), comprising Crohn's disease (CD) and 
ulcerative colitis (UC), are chronic, progressive intestinal disorders for 
which there is no cure.1 Individuals with IBD follow a heterogeneous 
disease course. Whilst some with this disease have an indolent course 
of illness, others experience significant morbidity including the need for 
IBD-related hospitalisation and surgery.2,3 Patients with IBD also ex-
perience higher rates of stress, anxiety and depression compared with 
those without IBD.4–7 Thus, the overall burden of IBD is vast and has 
significant impacts on health-related quality of life (HRQoL).8,9

Predicting the overall severity of illness in IBD is a challenging 
concept for both clinicians and patients. A true measure of IBD se-
verity needs to encompass indicators of current disease activity, 
markers of poor long-term outcomes such as previous medication 
failures and IBD-related surgery, and the impact of the disease on 
the patient.10 The disease severity index (DSI) was developed using 
conjoint analysis methodology, based on expert opinions of IBD cli-
nicians (Table S1).11 The goal of this tool is to incorporate measures 
of IBD activity (biomarkers and endoscopic/radiological indices), 
clinical prognostic markers, a history of IBD-related complications 
and patient-reported outcomes to estimate overall disease severity. 
This instrument aims to stratify individuals from low to a high dis-
ease burden to better characterise overall disease severity as op-
posed to disease activity at a moment in time.

Given the importance of psychosocial health for patients with 
IBD it is important that prognostic scores can identify patients at 
risk for reduced/altered mental health. This prospective study inves-
tigated the associations of the DSI with symptoms of psychological 
illness and HRQoL. This study also aimed to assess the use of the DSI 
in predicting long-term IBD-related outcomes.

2  | MATERIAL S AND METHODS

2.1 | Patient selection

Patients with IBD undergoing ileocolonoscopy within the Canterbury or 
West Coast regions of New Zealand were prospectively recruited into 
the new indicators of disease activity in IBD (NIDA-IBD) study between 
April 2019 and September 2020.12 Eligible study participants were aged 
16 years or older and had an established diagnosis of CD or UC.

Recruited study participants completed IBD-related symptoms, 
psychological symptom and HRQoL questionnaires.13–16 Stool sam-
ples were collected for faecal biomarker analyses in the week prior 
to ileocolonoscopy. Demographics, clinical history and venous blood 

samples for biomarker analyses were collected during baseline in-
terviews. The DSI was calculated for each participant at the time of 
ileocolonoscopy. After 6 months, repeat symptom and HRQoL ques-
tionnaires were completed. Questionnaires were completed using 
the Research Electronic Data Capture software (REDCap, Vanderbilt, 
USA).17 This study was conducted in accordance with the World 
Medical Assembly Declaration of Helsinki and was approved by the 
New Zealand Health and Disability Ethics Committee (18/NTA/197).

2.2 | Demographic data, disease activity and 
disease severity index assessment

Demographics and clinic data collected at recruitment included age, 
sex, ethnicity, body mass index (BMI), comorbid illnesses, medica-
tion use, year of IBD diagnosis, disease type (CD or UC) and phe-
notype according to Montreal classification,18 current and previous 
IBD medications, IBD-related hospitalisations in the last year, previ-
ous strictures noted on cross-sectional imaging (computed tomog-
raphy, CT; or magnetic resonance imaging, MRI of the small bowel) 
in the last year, and previous bowel resections. The faecal and blood 
biomarkers that were analysed included full blood count, albumin,  
C-reactive protein (CRP) and faecal calprotectin (fCal).

Baseline endoscopic disease activity was assessed by the 
Gastroenterologist performing the patient's ileocolonoscopy trained in 
using the Simple Endoscopic Score for Crohn's Disease (SES-CD) and 
Ulcerative Colitis Endoscopic Index of Severity (UCEIS) for patients 
with CD and UC, respectively.19,20 For the SES-CD, scores of 0–2 were 
used for disease remission, 3–6 for mild, 7–15 for moderate and ≥16 for 
severe disease activity.21 For the UCEIS, scores of 0–1 were used for 
disease remission, 2–4 for mild, 5–6 for moderate and 7–8 for severe 
disease activity.22

For CD, the Harvey-Bradshaw Index (HBI) and Crohn's disease 
activity index (CDAI) were used to assess patient symptoms.23,24 An 
HBI > 4 and CDAI > 150 signified clinical activity.25 For UC, the sim-
ple clinical colitis activity index (SCCAI) was used, with a score > 5 
signifying clinical activity.26

DSI scores were calculated based on the established index (Table 
S1).11 The highest possible total score for either CD or UC was 100.

2.3 | Assessment of psychological 
symptoms and HRQoL

The Perceived Stress Scale (PSS-10) was used to assess for stress 
and a PSS-10  ≥ 14 was indicative of moderate to high-stress 

p  < 0.01) were associated with a complicated IBD course. A DSI > 23 was strongly 
predictive of a complicated IBD course (OR 8.31, p < 0.001).
Conclusions: The DSI is associated with psychological distress, impaired QoL and pre-
dicts a more complicated disease course in patients with IBD.
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symptoms.13 Symptoms of depression and anxiety were assessed 
using the Patient Health Questionnaire-9 (PHQ-9) and Generalised 
Anxiety Disorder-7 (GAD-7) questionnaires, respectively.14,15 A 
PHQ-9  ≥ 10 and GAD-7  ≥ 10 were indicative of severe symptoms 
of depression and anxiety, respectively. HRQoL was assessed using 
the Inflammatory Bowel Disease Questionnaire-32 (IBQ-32), with 
scores <169 indicative of a poor QoL.16,27–29

2.4 | Assessment of IBD-related outcomes

All study participants were followed prospectively for 12 months to 
assess for disease complications. A composite outcome of the need 
for prospective escalation of biological agent/immunomodulator 
due to clinical disease relapse, recurrent corticosteroid use, IBD-
related hospitalisation and surgery over the 12 months following 
recruitment defined a complicated disease course.

2.5 | Statistical analysis

2.5.1 | Associations of DSI with psychological 
symptoms, HRQoL and disease activity

Descriptive statistics were used to assess patient demographics, 
disease characteristics, disease and symptom activity, and disease-
related outcome measures. Only participants who had completed 
all study questionnaires were analysed. Spearman's rank correla-
tion coefficient was used to determine correlations between the 
DSI and symptom scores (HBI and SCCAI), endoscopic disease ac-
tivity (SES-CD and UCEIS), biomarkers (fCal), psychological symp-
toms (PSS-10, PHQ-9 and GAD-7) and HRQoL (IBDQ-32 at baseline 
and at 6 months). Subgroup analyses were performed within groups 
based on the IBD sub-type (CD or UC). Differences in DSI between 
individuals with and without symptoms of significant stress, depres-
sion, anxiety, impaired HRQoL and endoscopically active disease 
were compared using the Mann–Whitney U test. Receiver operat-
ing characteristics (ROC) curves assessed the precision of the DSI in 
predicting significant symptoms of stress, depression, anxiety and 
impaired HRQoL at baseline.

2.5.2 | Assessing the utility of the DSI in predicting a 
complicated IBD course

Univariable logistic regression was used to identify baseline varia-
bles that were associated with a complicated IBD course. Variables 
reaching a pre-determined significance of p < 0.01 were incorpo-
rated into a multivariable logistic regression model to predict this 
outcome. ROC analyses determined the optimum DSI value that 
predicted a complicated IBD course at 12 months. A final multi-
variable logistic regression model to predict a complicated IBD 
course was developed using both a continuous DSI score and the 

optimum DSI threshold coded as a categorical variable. Sub-group 
analyses using this final prediction model were subsequently per-
formed in patients with CD and UC separately, and in a subset of 
patients with baseline inactive or mildly active disease (SES-CD < 7 
or UCEIS < 5).

Statistical analyses were performed using the SPSS 28 statistical 
package (IBM Corp., Armonk, NY). Graphs from this data were cre-
ated using the GraphPad Prism 9 Package (GraphPad Software, Inc., 
San Diego, CA).

3  | RESULTS

3.1 | Description of study participants

A total of 172 participants were included in this analysis (CD, 
n = 100; UC, n = 72). Further details regarding the characteristics 
of study participants are included in Table 1 and Table S2. The indi-
cation for ileocolonoscopy was recorded as either surveillance (CD, 
n = 57; UC, n = 41) or to assess/ascertain current disease activity 
(CD, n = 43; UC, n = 31).

3.2 | Correlations of DSI with symptoms, 
HRQoL and faecal biomarkers

The DSI score was significantly correlated with baseline IBD activity 
including symptoms (HBI, rs = 0.43, p < 0.01; CDAI, rs = 0.59, p < 0.01; 
SCCAI, rs  = 0.75, p  < 0.01), endoscopic disease activity (SES-CD, 
rs  = 0.59, p  < 0.01; UCEIS, rs  = 0.73, p  < 0.01) and fCal (all IBD, 
rs = 0.47, p < 0.01; CD, rs = 0.33, p < 0.05; UC, rs = 0.65, p < 0.01). The 
DSI positively correlated (Table 2) with symptoms of stress (PSS-10, 
rs = 0.21, p = 0.01; n = 148), depression (PHQ-9, rs = 0.31, p < 0.01; 
n = 156) and anxiety (GAD-7, rs = 0.17, p = 0.03; n = 157) and in-
versely correlated with IBDQ-32 at baseline (rs  = −0.57, p  < 0.01; 
n = 172) and at 6 months of follow-up (rs = −0.37, p < 0.05; n = 45).

3.3 | Associations of DSI with significant 
symptoms of stress, depression, anxiety, impaired 
HRQoL and endoscopic disease activity

The DSI was elevated in individuals with severe depressive (median 
DSI 27 (IQR, 21–42) vs 19 (IQR, 7–29); U = 1652, p < 0.01) and anxiety 
(median DSI 27 (IQR, 19–39) vs 21 (IQR, 8–32); U = 1606, p = 0.04) 
symptoms, with moderate or severe stress symptoms (median DSI 
26 (IQR, 14–40) vs 18 (IQR, 6–27); U = 1914, p < 0.01), and in those 
with a poor HRQoL (median DSI 31 (IQR, 21–46) vs 13 (IQR, 6–22), 
U = 1311, p < 0.01) at baseline (Figure 1). The baseline DSI predicted 
for the presence of moderate-to-high stress (AUROCPSS-10  = 0.64, 
p < 0.01), severe depressive (AUROCPHQ-9 = 0.68, p < 0.01), and se-
vere anxiety (AUROCGAD-7  = 0.62, p  =  0.04) symptoms, and poor 
HRQoL (AUROCIBDQ-32 = 0.82, p < 0.01) at baseline.
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The DSI was elevated in individuals with endoscopically ac-
tive IBD at baseline (median DSI 28 (IQR, 19–41) vs 12 (IQR, 5–
21); U  =  1271, p  < 0.001). An elevated DSI was also observed in 

individuals with endoscopically active CD (median DSI 25 (IQR, 17–
31) vs 9 (IQR, 5–19); U = 371, p < 0.001) and UC (median DSI 49 (IQR, 
29–74) vs 13 (IQR, 4–25); U = 140.5, p < 0.001).

TA B L E  1   Description of demographics, clinical phenotype, symptoms and IBD-related complications in the NIDA-IBD cohort

All IBD (n = 172) CD (n = 100) UC (n = 72)

Mean Age (SD, years) 47.0 (15) 45.2 (14) 49.5 (14)

Female participants (%) 91 (52.9) 53 (53.0) 38 (52.8)

Median time since IBD diagnosis (range, years) 13.0 (5.0–22.0) 13.0 (6.0–21.0) 11.5 (4.0–23.5)

NZ European ethnicity (%) 169 (98.3) 100 (100) 69 (95.8)

Montreal classification of IBD(%)

A1 7 (7) 0 (0)

A2 75 (75) 19 (26)

A3 18 (18) 53 (74)

L1 18 (18)

L2 21 (21)

L3 61 (61)

B1 60 (60)

B2 20 (20)

B3 20 (20)

Perianal disease 17 (17)

E1 6 (8.3)

E2 33 (45.8)

E3 33 (45.8)

Endoscopically active IBD (SES-CD >2, UCEIS ≥2, %) 97 (56.4) 62 (62.0) 35 (48.6)

Endoscopically inactive/mildly active IBD (SES-CD <7,  
UCEIS <5, %)

131 (76.2) 72 (72.0) 59 (81.9)

Endoscopically moderate/severely active IBD (SES-CD ≥7, 
UCEIS ≥5, %)

41 (23.8) 28 (28.0) 13 (18.1)

Active symptoms at baseline (HBI >4, CDAI >150,  
SCCAI >5; %)

97 (56.4) 61 (61.0) 36 (20.9)

Median DSI (IQR) 21.0 (11.0–32.0) 20.5 (10.0–27.0) 24.5 (12.3–48.5)

Median IBDQ-32 (IQR) 169.0 (134.5–196.0) 164.0 (132.5–194.3) 177.0 (138.3–200.8)

Median PSS-10 (IQR)a 15.5 (10.0–20.0) 17.0 (10.0–20.5) 14.0 (10.0–19.0)

Median PHQ-9 (IQR)b 6.0 (2.0–11.0) 7.0 (2.0–12.0) 4.0 (1.0–9.3)

Median GAD-7 (IQR)c 4.0 (1.0–7.0) 4.0 (1.0–8.0) 3.5 (0.0–7.0)

Current use of biological therapies (%) 37 (21.5) 27 (27.0) 10 (13.9)

Clinical relapse requiring biological/immunomodulator 
escalation at 12 months (%)

37 (21.5) 20 (20.0) 17 (23.6)

Recurrent corticosteroid use at 12 months (%) 10 (5.8) 3 (3.0) 7 (9.7)

IBD related hospitalisation at 12 months (%) 16 (9.3) 10 (10.0) 6 (8.3)

IBD related surgery at 12 months (%) 10 (5.8) 7 (7.0) 3 (4.2)

Complicated IBD course 12 months (%) 49 (28.5) 29 (29.0) 20 (27.8)

Abbreviations: CD, Crohn's disease; CDAI, Crohn's disease activity index; DSI, Disease severity index; GAD-7, generalised anxiety disorder 7-item 
scale; HBI, Harvey-Bradshaw Index; IBD, inflammatory bowel disease; IBDQ-32, inflammatory bowel diseases questionnaire; IQR, interquartile 
range; PHQ-9, patient health questionnaire 9; PSS-10, perceived stress scale; SCCAI, simple clinical colitis activity index; SD, standard deviation; 
SES-CD, simple endoscopic score for CD; UC, ulcerative colitis; UCEIS, ulcerative colitis endoscopic index of severity.
aComplete data available for PSS-10 for n = 148 (CD, n = 81; UC, n = 67).
bComplete data available for PHQ-9 for n = 156 (CD, n = 94; UC, n = 62).
cComplete data available for GAD-7 for n = 157 (CD, n = 95; UC, n = 62).
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3.4 | Use of DSI in predicting a complicated 
IBD course

A total of 49 study participants (29 CD and 20 UC) reached the com-
posite outcome of complicated IBD at 12 months.

3.4.1 | Univariable and multivariable 
logistic regression

Univariable logistic regression was used on baseline clinical vari-
ables that were associated with a complicated IBD course at 

TA B L E  2   Spearman rank correlations of disease severity index (DSI) with clinical symptoms (HBI and CDAI for CD, SCCAI for UC), faecal 
calprotectin (fCal), endoscopic activity (SES-CD and UCEIS), psychological symptoms (perceived stress, PSS-10; depression, PHQ-9; anxiety, 
GAD-7) and health-related quality of life (IBDQ-32) at baseline

Domain All IBD CD UC

Comparisons Spearman's r N Spearman's r N Spearman's r N

Symptoms DSI vs HBI 0.43*** 100

DSI vs CDAI 0.59*** 100

DSI vs SCCAI 0.75*** 72

Biomarkers DSI vs fCal 0.47*** 172 0.33*** 100 0.65*** 72

Endoscopic activity DSI vs SES-CD 0.59*** 100

DSI vs UCEIS 0.73*** 72

Psychological symptoms and quality of 
life

DSI vs IBDQ-32 −0.57*** 172 −0.55*** 100 −0.70*** 72

DSI vs PSS-10 0.21** 148 0.25* 81 0.26* 67

DSI vs PHQ-9 0.31** 156 0.42*** 94 0.33** 62

DSI vs GAD-7 0.17* 157 0.18 95 0.25* 62

Abbreviations: CDAI, Crohn's disease activity index; HBI, Harvey-Bradshaw index; IBDQ-32, inflammatory bowel diseases questionnaire; SES-CD, 
simple endoscopic score for Crohn's disease; UCEIS, ulcerative colitis endoscopic index of severity.
*p < 0.05; **p < 0.01; ***p < 0.001.

F I G U R E  1   The disease severity index 
(DSI) was associated with the presence 
of symptoms of significant stress (A, 
perceives stress scale, PSS-10), depression 
(B, patient health questionnaire, PHQ-9), 
anxiety (C, generalised anxiety disorder 
scale, GAD-7) and impaired quality of 
life (D, inflammatory bowel diseases 
questionnaire, IBDQ-32) at baseline. 
*p < 0.05, **p < 0.01, ***p < 0.001.
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12 months (Table 3). Of the eight variables that were subsequently 
included in a multivariable logistic regression model (for factors 
meeting a pre-defined significance value of p < 0.01 on univariable 
regression), only the DSIcontinuous (OR  =  1.05; 95% CI 1.01–1.07; 
p  =  0.01) and endoscopically active IBD at baseline (SES-CD >2, 
UCEIS ≥ 2; OR = 6.12; 95% CI 1.85–20.26; p < 0.01) were associ-
ated with a complicated IBD course (Table 3). These two variables 
were used in the final multivariable model to predict a complicated 
IBD course at 12 months.

Using this final prediction model, the DSIcontinuous was associated 
with a complicated disease course in all patients with IBD (OR = 1.05, 
95% CI 1.03–1.08), independent of the presence of endoscopically 
active IBD. This was also seen in subgroup analyses of only patients 

with CD (OR  =  1.10, 95% CI 1.04–1.16) and UC (OR  =  1.06, 95% 
1.02–1.10).

3.4.2 | Significance of the DSI in predicting a 
complicated IBD course

Receiver operating characteristic curve analysis (Figure  2) identi-
fied that a DSI threshold of 23 best predicted a complicated IBD 
course (sensitivity 84%, specificity 72%, AUROCDSI>23  = 0.84, 
p  < 0.01). The addition of fCal to this model did not improve its 
predictive ability (AUROCDSI+fCal  = 0.85, pdiff  >0.05). When ana-
lysed separately, the optimum DSI threshold identified through 

Univariable analysis Multivariable analysis

Variable
Odds ratio (95% 
CI) p value

Odds ratio (95% 
CI) p value

Age 0.99 (0.96–1.01) 0.22

Female vs male 0.55 (0.28–1.09) 0.09

UC vs CD 1.06 (0.54–2.08) 0.86

Time since diagnosis of IBD 0.96 (0.92–0.99) 0.02

Current steroids 3.73 (1.62–8.62) <0.01* 0.78 (0.18–3.20) 0.71

Steroids in last year 3.96 (1.97–7.94) <0.01* 1.97 (0.61–6.32) 0.26

Biological use 2.74 (1.28–5.84) <0.01* 1.71 (0.61–4.77) 0.31

Thiopurine use 0.60 (0.30–1.18) 0.14

Opioid use 0.61 0.13–2.99) 0.54

Anti-depressant use 1.25 (0.54–2.88) 0.61

Depression (established 
diagnosis)

1.88 (0.67–5.27) 0.23

Anxiety (established diagnosis) 1.63 (0.51–5.26) 0.41

Concurrent irritable bowel 
syndrome

1.28 (0.37–4.45) 0.70

Smoker 2.60 (0.79–8.56) 0.12

Previous bowel surgery 1.65 (0.77–3.54) 0.20

IBDQ-32 0.98 (0.97–0.99) <0.01* 1.00 (0.98–1.03) 0.82

PSS-10 1.06 (1.01–1.12) 0.02

PHQ-9 1.08 (1.03–1.14) <0.01* 1.06 (0.95–1.17) 0.31

GAD-7 1.04 (0.98–1.11) 0.23

DSIcontinuous 1.07 (1.04–1.09) <0.01* 1.05 (1.01–1.07) 0.01**

Subjectively active IBD at 
baseline (HBI >4, SCCAI 
>5)

3.75 (1.76–8.00) <0.01* 0.99 (0.29–3.33) 0.99

Objectively active IBD at 
baseline (SES-CD >2, 
UCEIS≥2)

10.48 
(3.88–28.26)

<0.01* 6.12 
(1.85–20.26)

<0.01**

Abbreviations: CD, Crohn's disease; DSI, disease severity index; GAD-7, generalised anxiety 
disorder 7-item scale; HBI, Harvey-Bradshaw index; IBD, inflammatory bowel disease; IBDQ-
32, inflammatory bowel diseases questionnaire; PHQ-9, patient health questionnaire-9; PSS-10, 
perceived stress scale; SCCAI, simple clinical colitis activity index; SES-CD, simple endoscopic 
score for CD; UC, ulcerative colitis; UCEIS, UC endoscopic index of severity.
*Selected for multivariable analysis (p < 0.01 on univariable regression analyses); **Selected for 
final multivariable prediction model for a complicated IBD course (p < 0.05).

TA B L E  3   Univariable and multivariable 
analyses for baseline factors associated 
with the composite study outcome 
at 12 months (escalation of biologic/
immunomodulator due to clinical 
relapse, corticosteroid use, IBD related 
hospitalisation and surgery)
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ROC analyses, was 22 in patients with CD (sensitivity 83%, speci-
ficity 72%, AUROCDSI-CD  = 0.83, p  < 0.01) and 29 in patients with 
UC (sensitivity 95%, specificity 75%, AUROCDSI-UC = 0.90, p < 0.01). 
There was no significant difference in the performance of the DSI 
in predicting the study outcome between individuals with CD and 
UC (AUCdifference = 0.08, p > 0.05). A DSI threshold of 23 performed 
similarly in predicting a complicated IBD course in individuals with 
CD (sensitivity 76%, specificity 75%) and UC (sensitivity 95%, speci-
ficity 62%).

Univariable and multivariable logistic regression using a DSI 
threshold of 23 as a categorical variable confirmed that only the 
baseline DSI and the presence of endoscopically active IBD were 
significantly associated with a complicated IBD course. Using this 
prediction model, individuals who had a baseline DSI >23 had a 
significantly increased risk of having a complicated IBD course at 
12 months (OR  =  8.31; 95% CI, 3.38–20.46; p  < 0.001) (Figure  2). 
This association remained consistent on subgroup analysis of indi-
viduals with CD (OR = 6.95, 95% CI 2.34–20.69) and UC (OR = 19.45, 
95% CI 2.24–168.90).

Of the 131 individuals with endoscopically inactive or mild dis-
ease activity (SES-CD < 7, UCEIS < 5) at baseline, 24 had a compli-
cated IBD course (20 of these individuals had a DSI > 23). Using 
the final multivariable prediction model (Figure 3), a DSI > 23 was 
associated with a significantly elevated risk of having a compli-
cated IBD course at 12 months even in individuals with inactive or 
mild disease activity at baseline (OR = 11.75; 95% CI, 3.47–39.81; 
p < 0.001).

4  | DISCUSSION

Currently available measures of IBD activity focus on specific snap-
shots in time and do not encompass the complete burden of illness.30 

This observation led to the development of the DSI, which aims to 
gauge the overall severity of IBD and the long-term risk of disease 
complications. Given the significant psychological impacts associ-
ated with IBD,6 disease severity scores such as the DSI could also be 
able to predict the presence of underlying psychological diagnoses. 
This prospective observational study found that the DSI was associ-
ated with symptoms of moderate to severe stress, severe depres-
sion and anxiety and a poor HRQoL. Using a cut-off score of >23, 
this study showed that baseline DSI strongly predicted individuals 
at high risk of experiencing a complicated disease course over the 
following 12 months, including clinical relapse requiring escalation 
of disease-modifying medications, IBD-related hospitalisation and 
surgery. These findings thus highlight the clinical utility of the DSI in 
identifying individuals at risk of IBD-related complications and con-
comitant psychological diagnoses.

Patients with IBD carry a substantial psychological burden, 
which can have negative impacts on their disease state and overall 
quality of life.6,7 Previous studies have reported elevated levels of 
psychological stress being associated with impaired HRQoL and 
preceding flares of IBD.4,31 Anxiety and depression have been 
independently associated with clinical relapse in IBD overall,32 
and increased risk for surgery in CD.5 Unfortunately, symptoms 
of psychological illness are not always associated with objective 
markers of disease activity and can be overlooked if adhering to 
a strict “treat-to-target” approach to the management of IBD.33,34 
The targets for IBD treatment typically focus on objective markers 
of inflammation. While this has merit, a wider view of IBD assess-
ment and therapeutics is required to identify and address non-
inflammatory symptoms that are associated with poor quality of 
life.

Tools that assess the multiple facets contributing to psycho-
logical comorbidity can be cumbersome to employ in clinical prac-
tice. The findings of this study suggest that the DSI could provide 

F I G U R E  2   The disease severity index (DSI) accurately predicts for individuals who develop a complicated IBD course at 12 months (A) 
and a baseline DSI > 23 was associated with a significant increase in risk of developing a complicated IBD course at 12 months (B).

≤

≤
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a more holistic assessment of overall IBD severity and prognosis 
and could also identify individuals with symptoms of significant 
psychological distress. The early detection and management of psy-
chological problems could potentially have a significant impact on 
reducing a patient's suffering and also costs associated with health-
care utilisation.35,36

Determining IBD prognosis is a challenge given the heteroge-
neous nature of this condition.2 The true burden of IBD involves 
disease-specific complications, the impact on patients' HRQoL and 
the overall effects of this illness on the healthcare system. Reliably 
predicting prognosis assists in a personalised approach to care.37 
Current tools to forecast the course of IBD include clinical variables 
from longitudinal cohorts38–41 and non-invasive biomarkers that can 
predict an aggressive course of illness but are not yet cost-effective 
for widespread clinical use.42–44 The DSI can be calculated by cli-
nicians using data routinely collected during each IBD re-staging 
assessment, does not require the use of additional resources and of-
fers similar capabilities to currently available blood-based prognostic 
markers.44 Thus, the DSI is a cost-effective and useful tool that can 
be aligned with “routine” IBD assessment. Interestingly, the addition 
of fCal did not provide additional prognostic benefit in this cohort.

Clinicians face uncertainty over stratifying which patients will 
benefit most from a step-up versus top-down approach to their IBD 
management. The findings of this study suggest that the DSI could 
potentially aid in the decision-making around the escalation or de-
escalation of medical therapies, especially in patients with objec-
tively inactive or mild disease activity.

A significant limitation of this study is that it was conducted at 
a single tertiary centre with a predominately Caucasian population, 
thus the current findings may not be more widely generalisable. 
Furthermore, only patients referred for ileocolonoscopy were in-
cluded, which may have resulted in selection bias through the ex-
clusion of patients with asymptomatic inflammation. Despite this 
limitation, over half of the patients included in this study came 

forward for ileocolonoscopy for colonic dysplasia surveillance. These 
individuals were asymptomatic or had low disease activity and were 
more reflective of a wider cross-section of patients with IBD than 
only those with symptomatic disease or current IBD flares. This study 
did not include patients with CD who were having radiological as-
sessments of disease activity meaning inflammation proximal to the 
distal ileum, proximal small bowel strictures, transmural inflammation 
and penetrating disease were likely missed. This may have also led to 
some underreporting of the DSI for CD, which includes a stricture 
assessment. To help mitigate this, each patients' clinical health re-
cord was reviewed for radiological assessments of the small intestine 
within 12 months of recruitment. Ultimately, the processes utilised in 
this study reflected “real world” use of a predictive tool such as the 
DSI when carried out during a patients' disease assessment visit in a 
resource-constrained health service such as in New Zealand.

In this study, the clinical utility of the DSI in predicting a compli-
cated IBD course was similar between individuals with CD and UC. 
Sub-group logistic regression and ROC analyses stratified by IBD 
sub-type confirmed similar performance characteristics of the DSI 
in predicting the study outcome. Although a degree of collinearity 
was seen between the presence of endoscopically active IBD and 
DSI score, the finding of a significant association between the DSI 
and a complicated IBD course whilst using the final multivariable 
model confirmed that this index independently predicted the study 
outcome.

The optimal DSI thresholds for predicting a complicated IBD 
course did vary between individuals with CD and UC in this cohort. 
This may be due, in part, to differences in the indices that contrib-
ute to the DSI between these IBD sub-types. Given the sample size 
included in this study, the number of outcome events observed, and 
for ease of use of this tool for clinical practice, patients with CD and 
UC were combined in the ROC analyses and final logistic regression 
model in predicting a complicated IBD course. Future multi-centre 
studies exploring the prognostic utility of the DSI would highlight 

F I G U R E  3   Degree of baseline inflammatory bowel disease (IBD) endoscopic disease activity stratified by baseline disease severity index 
(DSI) > 23< (A). Amongst individuals with inactive or mildly active disease at baseline, an elevated DSI >23 was associated with a significant 
increase in risk of developing a complicated IBD course at 12 months (B). Inactive IBD = simple endoscopic score for Crohn's disease (SES-
CD) < 3 or ulcerative colitis endoscopic index of severity (UCEIS) < 2. Mild IBD = SES-CD < 7, UCEIS < 5. Moderate–severe IBD = SES-CD ≥ 7, 
UCEIS ≥ 5.
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the appropriateness of having a universal DSI threshold for all indi-
viduals with IBD as opposed to disease-specific set-points.

The DSI is a promising tool to help prognosticate the course of 
illness in patients with IBD, however, it requires further validation be-
fore widespread use. This process would ideally require a large multi-
centre prospective study to assess medium and long-term IBD-related 
complications with follow-up spanning beyond the 12-month period 
included in this study. Further investigation is also required on the 
performance of the DSI for CD and UC, when assessed separately, 
in comparison with patient-reported outcome measures and disease-
related endpoints. These analyses would clarify whether these indices 
should be pooled for clinical use or be reviewed independently by IBD 
subtype. Larger studies evaluating the DSI would also assess the re-
producibility of the co-variates used in the final multivariable models 
in this study in predicting a complicated IBD course. Furthermore, the 
inter- and intra-observer reliability of scoring the DSI and the impact 
of the longitudinal change of the DSI for an individual in predicting 
disease-related endpoints require more in-depth assessment.

In summary, this study showed that the DSI encompasses the 
psychosocial impact of IBD and could be used as a more holistic 
disease assessment tool for clinicians. A higher DSI should prompt 
clinicians not only to optimise medical therapy but also to consider 
significant psychological symptoms in their patients with IBD, 
enabling appropriate assessments, referrals or treatments. The 
current report also shows that the DSI accurately predicts a com-
plicated IBD course when patients were followed prospectively for 
12 months. This prognostic accuracy was present independent of 
inflammatory activity at recruitment. In conclusion, the DSI has the 
potential to allow clinicians to provide more accurate and holistic 
patient care.
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