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Summary

Time to diagnosis, consultation frequency, intensity and hospitalisation prior to IBD diagnosis is
associated with adverse clinical outcomes following diagnosis. Electronic healthcare records contain
valuable information regarding pattens of consultation and may be used to expedite timely

assessment and identify those at risk of aggressive forms of IBD.
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ABSTRACT

BACKGROUND: Timely diagnosis and treatment of inflammatory bowel disease (IBD) may

improve clinical outcomes.

OBJECTIVE: Examine associations between time to diagnosis, patterns of prior healthcare use and,

clinical outcomes in IBD.

DESIGN: Using the Clinical Practice Research Datalink we identified incident cases of Crohn’s

disease (CD) and ulcerative colitis (UC), diagnosed between 01/2003 - 05/2016, with a first primary
care gastrointestinal consultation during the 3-year period prior to IBD diagnosis. We used
multivariable Cox regression to examine the association of primary care consultation frequency (n=1,
2, >2), annual consultation intensity, hospitalisations for gastrointestinal symptoms, and time to

diagnosis with a range of key clinical outcomes following diagnosis.

RESULTS: We identified 2,645 incident IBD cases (CD:782; UC:1,863). For CD, >2 consultations were

associated with intestinal surgery (adjusted Hazard Ratio (aHR)=2.22, Cl:1.45-3.39) and subsequent
CD-related hospitalisation (aHR=1.80, Cl:1.29-2.50). For UC, >2 consultations was associated with
corticosteroid dependency (aHR=1.76, CI:1.28-2.41), immunomodulator use (aHR=1.68, Cl:1.24-
2.26), UC-related hospitalisation (aHR=1.43, CI:1.05-1.95) and colectomy (aHR=2.01, Cl:1.22-3.27).
For CD, hospitalisation prior to diagnosis was associated with CD-related hospitalisation (aHR=1.30,
Cl:1.01-1.68) and intestinal surgery (aHR=1.71, Cl:1.13-2.58); for UC, it was associated with
immunomodulator use (aHR=1.42, Cl:1.11-1.81), UC-related hospitalisation (aHR=1.36, Cl:1.06-1.95)
and colectomy (aHR=1.54, Cl:1.01-2.34). For CD, consultation intensity in the year before diagnosis
was associated with CD-related hospitalisation (aHR=1.19, Cl:1.12-1.28) and intestinal surgery
(aHR=1.13, CI:1.03-1.23); for UC, it was associated with corticosteroid use (aHR=1.08, Cl:1.04-1.13),
corticosteroid dependency (aHR=1.05, CI:1.00-1.11), and UC-related hospitalisation (aHR=1.12,

Cl:1.03-1.21). For CD, time to diagnosis was associated with risk of CD-related hospitalisation
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(aHR=1.03, CI:1.01-1.68); for UC, it was associated with reduced risk of UC-related hospitalisation

(aHR=0.83, CI:0.70-0.98) and colectomy (aHR=0.59, CI:0.43-0.80).

CONCLUSION: Electronic records contain valuable information about patterns of healthcare use

that can be used to expedite timely diagnosis and identify aggressive forms of IBD.
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Key Messages

What is already known?

Diagnostic delay, from the point of first healthcare consultation, and increased healthcare
utilisation may occur prior to inflammatory bowel disease (IBD) diagnosis, but their

relationship to subsequent clinical outcomes is not yet established.

What this study adds

Increased primary care consultation frequency and intensity for gastrointestinal symptoms
prior to diagnosis is associated with worse clinical outcomes in IBD, particularly risk of
intestinal surgery.

Hospitalisation for gastrointestinal symptoms before diagnosis is also associated with an
increased risk of intestinal surgery following diagnosis.

Longer time to diagnosis was associated with an increased risk of Crohn’s disease-related
hospitalisation.

Paradoxically, a longer time to diagnosis was associated with a milder disease course in

ulcerative colitis.

How this study might affect research, practise and policy

Expedited diagnostic approaches are required for patients who return repeatedly with
unresolved gastrointestinal symptoms.
Electronic records contain valuable information about patterns of healthcare use that can be

used to prompt targeted timely referral and identification of aggressive forms of IBD.



123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

Introduction

Inflammatory bowel disease (IBD) is a chronic relapsing and remitting gastrointestinal condition,
which in its initial stages can be challenging and time consuming to diagnose. [1,2] Timely diagnosis
enables early treatment to relieve patients’ symptoms and potentially reduces the risk of disease
progression, hospitalisation and surgery. [3-5] However, previous studies report that patients can

wait for months to several years from symptom onset before receiving a diagnosis of IBD. [1,6]

Reasons for delay in diagnosis are likely complex. Patients may be unaware of the significance of
their symptoms or be embarrassed to seek medical advice. One-tenth of patients report excess
gastrointestinal symptoms 5 years before their eventual diagnosis with Crohn’s Disease (CD) or
ulcerative colitis (UC). [1] However, symptoms of IBD may often be mistaken for more prevalent
benign gastrointestinal conditions, such as irritable bowel syndrome (IBS) and haemorrhoids,

particularly during the early stages of disease. [7,8]

Targeted investigation can expedite diagnosis.[9] Set against this is the rising demand placed on
healthcare services, which has been exacerbated in the wake of the COVID-19 pandemic. Individuals
may be required to consult repeatedly before receiving a final diagnosis of IBD or, alternatively, need

to access emergency hospital services. [10]

Previous studies have reported a higher-than-background prevalence of gastrointestinal symptoms
and increased healthcare use and costs encountered in the years prior to IBD diagnosis, of which
some encounters may be considered missed opportunities to diagnose, commence timely treatment
and prevent disease progression. [1,11] However, the association between patterns of healthcare
use in the period prior to IBD diagnosis and subsequent clinical outcomes has not previously been
thoroughly evaluated. In other chronic conditions, such as heart failure and malignancy, more
frequent consultation, including emergency hospital admission prior to diagnosis, is associated with

worse disease-related outcomes. [12,13]

10
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The natural progression of IBD is variable and can range from indolent to an aggressive, rapidly
evolving disease behaviour. Whilst some studies have reported an association between diagnostic
delay and the risk of disease complications, others have not.[6] Most studies have relied on
retrospective estimates of symptom duration before diagnosis, collected using patient
guestionnaires, from hospital cohorts, and are therefore subject to bias and are not representative.

(6]

It is not clear which patients presenting with gastrointestinal symptoms will benefit from expedited
investigation. To determine how patterns of consultation are predictive of worse IBD outcomes we
designed a nationally representative population-based retrospective cohort study using linked
primary care and hospital records. We aimed to examine the association between time to diagnosis,
frequency/ intensity of primary care and inpatient hospital episodes for gastrointestinal symptoms in
the years before diagnosis, and the risk of subsequent adverse clinical outcomes in patients with

IBD.

11
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Methods

Data Source

We analysed routinely collected primary care data from electronic health records from primary care
practices that contributed to the Clinical Practice Research Datalink (CPRD), one of the largest
validated primary care research databases in the world. [14] It contains longitudinal, patient-level,
deidentified electronic health records of 18 million patients from more than 700 general practices
and is broadly representative of the UK population. The median follow-up for individuals registered
in the CPRD is 9.4 years, allowing the study of long-term outcomes. We used CPRD GOLD version
that contains data contributed by practices using Vision® software. Primary care physicians use
clinical codes to record symptoms, diagnoses, and prescriptions. Participating practices need to
achieve and maintain ‘up to standard’ status to continue contributing to the dataset. The CPRD
GOLD coding system has been extensively validated for use in IBD. [15,16] CPRD primary care
records are individually linked to the Hospital Episode Statistics (HES) database, which includes data
on admissions and outpatient appointments in National Health Service hospitals in England. We
obtained ethical and scientific approval for the use of the CPRD and HES for our study from the CPRD

Independent Scientific Advisory Committee [ISAC Protocol number: 20_000248].

Case definition and cohort construction

We identified incident cases of IBD diagnosed between January 2003 and May 2016 who had their
first primary care consultation record for gastrointestinal symptoms in the three-year period prior to
their IBD diagnosis. We chose this interval since we previously found most individuals with IBD first
consulted for gastrointestinal symptoms within this time period prior to diagnosis. [1] All individuals
required at least four years of follow-up from registering with their general practice before IBD
diagnosis, with the first of these years free of any record of gastrointestinal symptoms (appendix 1
and 2). We defined incident IBD cases, using a previously validated and published methodology, as

individuals who had a first diagnostic Read code for either CD or UC registered with an 'up to

12



185 standard' practice. [17,18] We excluded individuals if they had codes for both CD and UC, or

186  indeterminate codes such as 'non-specific colitis'. All individuals included in the study had linkage
187  between CPRD and HES. We identified individuals who consulted a primary care physician with their
188 first gastrointestinal symptom(s), within the three-year period before their IBD diagnosis, as we have
189 previously shown a higher than background prevalence and incidence of gastrointestinal symptoms
190 occur in this time frame and are therefore likely to be related to IBD. [1] We used previously

191 published and validated lists of Read codes to identify gastrointestinal symptoms of IBD, including
192 abdominal or perianal pain, diarrhoea and rectal bleeding (appendix 1). [1] Patients were followed
193 up from the date of IBD diagnosis until the first recorded outcome, de-registration, or death, if these

194  occurred before that time, or the study endpoint defined as 5 years following IBD diagnosis.

195 Exposures

196  Time to IBD diagnosis, consultation frequency, consultation intensity and hospitalisation for

197  gastrointestinal symptoms prior to IBD diagnosis were the primary exposure variables. We defined
198 time to diagnosis as the number of months from the first recorded date of consultation for

199  gastrointestinal symptom(s) to the date of IBD diagnosis, defined as the date of the first recorded
200  code for an IBD diagnosis in CPRD. For consultation frequency we allocated patients to groups

201  according to the number of primary care consultations for gastrointestinal symptoms (1, 2, and >2)
202 in the three-year period before receiving a diagnosis of IBD. We examined the impact of consultation
203 intensity, defined as consultation frequency per person in each individual year in the 3-year period
204  prior to IBD diagnosis. Finally, we identified individuals who required hospital admission related to
205 gastrointestinal symptoms prior to IBD diagnosis. This was defined as individuals who had a code
206 (International Statistical Classification of Diseases and Related Health Problems: ICD-10) that

207  included relevant gastrointestinal symptoms: abdominal pain, diarrhoea and per rectal bleeding,

208 listed as their primary reason for admission (appendix 1).

209 Outcomes

13
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Study outcomes were oral corticosteroid use and dependency (surrogate measure of disease activity
and severity), treatment escalation requiring immunomodulator use, IBD-related hospitalisation and

IBD-related surgery.

We defined individuals as ‘exposed to oral corticosteroid’ if they had at least one prescription for
corticosteroid during the study follow-up period. Secondly, we identified individuals with
corticosteroid dependency, adapted from European Crohn's and Colitis Organisation guidelines
criteria. [19] An individual was defined as ‘corticosteroid-dependent’ if they had either a prescription
for corticosteroid that lasted longer than 3 months or required a repeat corticosteroid prescription

within 3 months of stopping the previous corticosteroid course. [19,20]

Immunomodulator use was defined as the first prescription date of azathioprine, mercaptopurine or

methotrexate following IBD diagnosis.

We used a previously published list of ICD-10 codes to identify individuals where IBD was the
primary reason for admission following diagnosis. [21] We excluded day case activity and ‘zero-day
admissions’, which can represent routine care such as endoscopic surveillance or administration of

therapy. [21]

We used previously published OPCS Classification of Interventions and Procedures (OPCS-4) codes to
identify surgical procedures in the HES database. [21] CD surgery was subcategorised as either major
intra-abdominal (intestinal) surgery or perianal surgery. Colectomy was defined as any colectomy

procedure following diagnosis of UC. [17,21]

Factors associated with time to diagnosis and patterns of consultation prior to IBD
diagnosis

We identified potential factors associated with time to diagnosis, primary care consultation
frequency, intensity, and hospital admission for gastrointestinal symptoms prior to IBD diagnosis,

based on clinical knowledge and published literature. Age, low socioeconomic status, and smoking

14
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are associated with diagnostic delay in other chronic conditions. [22,23] Younger age at diagnosis is
also known to be associated with a more aggressive disease phenotype in IBD. [23] We grouped
individuals according to their age at diagnosis of IBD according to the Montreal classification (<17,
17-40 and >40 years). We used a postcode-linked marker of social deprivation, the Index of Multiple
Deprivation (IMD), to group patients by socio-economic status from IMD 1 (least deprived) to 5

(most deprived).

IBS and depression have been reported to be associated with a longer time to specialist review in
IBD [1] and worse outcomes. [24-26] Poor mental health has been associated with increased
healthcare use in other chronic disease. [27] We identified individuals who had codes for IBS,
depression, anxiety or symptoms of depression or anxiety before their index presentation with

gastrointestinal symptoms.

Individuals were classed as ‘smokers’, ‘ex-smokers’ or ‘non-smokers’ based on codes for smoking
status in the 10 years before presentation with gastrointestinal symptoms using a previously
reported methodology accounting for missing data. [1,20,28] We considered the era of IBD diagnosis
to account for secular change over the study period (era 1:2003-2005 era 2:2006-2008; era 3:2009-

2011 and era 4:2012-2016).
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Statistical analysis

We used simple and multiple Cox regression analysis to calculate hazard ratios (HR) and 95%
confidence intervals (Cl) for our listed clinical outcome measures in the 5 years following diagnosis,
given time to IBD diagnosis, gastrointestinal-related consultation frequency and hospital admission
prior to IBD diagnosis. We also analysed the association between intensity of gastrointestinal
consultations in primary care for each year in the 3 years prior to diagnosis and subsequent clinical
outcomes. Within the multiple regression models, we adjusted for sex, age at diagnosis, social
deprivation, smoking status, and era of diagnosis. Analysis was carried out separately for individuals

diagnosed with CD and UC.

We used Kaplan-Meier analysis to present time-to-event curves of IBD-related clinical outcomes in
the 5 years following diagnosis given consultation frequency in primary care for gastrointestinal
symptoms. We used multiple Cox-regression to examine factors that may be associated with time to
diagnosis; logistic regression was used to examine factors that may be associated with
gastrointestinal-related consultation frequency in primary care and hospital admission prior to

diagnosis of IBD. Analyses were performed using STATA 17 (Statacorp LP, College Station, TX, USA).

16
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Results

We identified 2,645 individuals with a new diagnosis of IBD between January 2003 and May 2016
who had their first gastrointestinal-related primary care consultation in the three-year period prior
to IBD diagnosis (Table 1 and appendix 2). The median time from the first consultation with
gastrointestinal symptoms to diagnosis of CD was 7 months (interquartile range (IQR):2-18 months)
compared with 5 months (IQR:2-16 months) for UC; 37% (n=288) and 31% (n=580) of individuals
experienced gastrointestinal symptoms for more than a year before being diagnosed with CD and

UG, respectively.

The median number of consultations for gastrointestinal symptoms prior to CD diagnosis was 3
(IQR:1-3; total range:1-17) compared with 2 (IQR:1-3; total range:1-15) in UC. We found 41% and
27% of individuals, who went on to be diagnosed with CD and UC respectively, had a primary care
consultation for gastrointestinal symptoms more than twice during the 3-year period prior to
diagnosis. Amongst the whole cohort, 36% (n=962; CD=339 and UC=623) of individuals required

gastrointestinal-related hospital admission prior to IBD diagnosis (appendix 2).

Time to IBD diagnosis and clinical outcomes

Amongst individuals diagnosed with CD, we found that a longer time to diagnosis from first
consultation for gastrointestinal symptoms was associated with increased risk of hospitalisation
(aHR=1.03, Cl:1.01-1.68), but not surgery, in the 5 years following diagnosis (Table 2a). Amongst
individuals diagnosed with UC, a longer time to diagnosis was associated with a lower risk of
corticosteroid use (aHR=0.87, Cl:0.79-0.97), UC-related hospitalisation (aHR=0.83, Cl:0.70-0.98) and

colectomy (aHR=0.59, CI:0.43-0.80) in the 5 years following diagnosis (Table 2b).

Gastrointestinal consultations before diagnosis and clinical outcomes

Amongst individuals diagnosed with CD, those who presented to primary care with gastrointestinal

symptoms more than twice prior to diagnosis had an increased risk of CD-related hospitalisation

17
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(aHR=1.80, Cl:1.29-2.50) and intestinal surgery (aHR=2.22, Cl:1.45-3.39) in the five years following
diagnosis, compared with those who had only one consultation (Table 2a and Figure 1). Amongst
individuals diagnosed with UC, those who presented to primary care with gastrointestinal symptoms
more than twice prior to diagnosis had an increased risk of corticosteroid use (aHR=1.60, Cl:1.31-
1.96), corticosteroid dependency (aHR=1.76, Cl:1.28-2.14), immunomodulator use (aHR=1.68,
Cl:1.24-2.26), UC-related hospitalisation (aHR=1.43, Cl:1.05-1.95) and colectomy (aHR=2.01, Cl:1.22-

3.27) compared with those who had only one consultation (Table 2b and Figure 2).

Consultation intensity in primary care was highest in the year prior to diagnosis and was associated
with worse clinical outcomes in both CD and UC. In the year before diagnosis 26% and 17% of
individuals diagnosed with CD and UC, respectively, consulted more than twice, compared with 4%

and 2%, and 3% and 1%, in the second and third year before diagnosis, respectively.

In CD, individuals with a higher consultation intensity in the year prior to diagnosis had an increased
risk of CD-related hospitalisation (aHR=1.19, Cl:1.12-1.28) and intestinal surgery (aHR=1.13, Cl:1.03-
1.23) in the five years following diagnosis (Table 3a). In UC, individuals with a higher consultation
intensity in the year prior to diagnosis had an increased risk of corticosteroid use (aHR=1.08, Cl:1.04-
1.13), corticosteroid dependency (aHR=1.05, Cl:1.00-1.11), and UC-related hospitalisation

(aHR=1.12, CI:1.03-1.21) (Table 3b).

Hospitalisation before diagnosis and subsequent clinical outcomes

Individuals who required hospitalisation for gastrointestinal symptoms prior to CD diagnosis had an
increased risk of CD-related hospitalisation (aHR=1.30, Cl:1.01-1.68) and intestinal surgery
(aHR=1.71, Cl:1.13-2.58) in the 5 years following CD diagnosis, compared with individuals who had
none (Table 2a). Amongst individuals diagnosed with UC, gastrointestinal-related hospital admission
prior to diagnosis was associated with an increased risk of immunomodulator use (aHR=1.42,
Cl:1.11-1.81), UC-related hospitalisation (aHR=1.36, Cl:1.06-1.95) and colectomy (aHR=1.54, Cl:1.01-

2.34) in the 5 years after diagnosis, compared with individuals who had none (Table 2b).

18
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Factors associated with time to diagnosis and patterns of consultation before IBD
diagnosis

Females and individuals with a diagnosis of IBS or depression and/or anxiety were more likely to
have a longer time to diagnosis of IBD compared with those without. Similarly, individuals with a
diagnosis of IBS, depression and/or anxiety were more likely to consult more than twice with
gastrointestinal symptoms compared with those who presented only once. Individuals under 17
years of age at diagnosis were more likely to consult primary care more than twice and require
gastrointestinal-related hospital admission prior to diagnosis, when compared with individuals over
40 years. Smokers were 42% more likely to consult more than twice with gastrointestinal symptoms
than never-smokers. Individuals aged <17 and between 17 and 39 years were associated with higher
consultation intensity in the year prior to diagnosis. Those living in areas of greater socioeconomic
deprivation were 29% more likely to require hospitalisation for gastrointestinal symptoms prior to
diagnosis when compared with individuals living in more affluent postcodes. Compared with
individuals diagnosed during 2003-2005 those diagnosed in the era 2012—2016 were 61% more likely

to have hospitalisation for gastrointestinal symptoms prior to IBD diagnosis (Table 4).
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Discussion

Main findings

In this large population-based study we found more frequent primary care consultation for
gastrointestinal symptoms prior to IBD diagnosis was associated with worse clinical IBD outcomes,
notably an increased risk of surgery, and, with respect to UC, an increased risk of steroid
dependency. Primary care consultation intensity was highest in the 1-year prior to diagnosis and in
this year was associated with worse clinical outcomes in both CD and UC. Likewise, hospitalisation
for gastrointestinal symptoms before diagnosis was associated with an increased risk of subsequent
IBD-related hospital admission and intestinal surgery following diagnosis. A longer time to diagnosis,
from the point of first primary care consult with gastrointestinal symptoms, was associated with

increased disease related hospitalisation in CD, but not surgery, and a milder disease course in UC.

Findings in relation to previous studies

To the best of our knowledge, this is the first nationally representative study to demonstrate an
association between consultation frequency and intensity for gastrointestinal symptoms prior to
diagnosis with subsequent adverse clinical outcomes following the diagnosis of IBD. Previous studies
report a relationship between delayed diagnosis and adverse IBD-related clinical outcomes such as
surgery. [2,29] However, the majority of these studies used retrospective questionnaires conducted

in secondary healthcare settings, thus likely subject to both recall and referral centre bias.[6]

In our study, a longer time from first primary care consultation to diagnosis was associated with a
subsequent increased hospitalisation for CD, but not surgery; in contrast, for UC, it was associated
with a milder disease course. Our findings are similar to a previous study, that also utilised UK
primary care records, that reported no associated risk between time to diagnosis and worse clinical

outcomes. [30]
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We also considered the impact of primary care consultation intensity for gastrointestinal symptoms
prior to diagnosis, which, was highest in the one-year period immediately before diagnosis, and a
greater consultation intensity in this year was associated with worse IBD outcomes. This reflects our
previous observation that individuals with CD and UC were four-times more likely to visit their
primary care physician for gastrointestinal symptoms when compared with age-sex matched control
groups without IBD between 18 and 6 months before diagnosis. [1] Repeat consultations may either
be clinician- or patient-initiated, likely driven by both symptom frequency and severity. Our findings
suggest that higher primary care consultation frequency and intensity before diagnosis is linked to a
more aggressive/severe disease behaviour with worse outcomes, albeit the observed effects are
relatively modest. This is in keeping with paediatric studies that show a short fulminant onset of
symptoms is associated with worse clinical outcomes following UC diagnosis, including risk of

colectomy. [31,32]

Hospitalisation for gastrointestinal symptoms prior to IBD diagnosis was more common in those
from deprived postcodes and had an associated higher risk of adverse clinical outcomes following
diagnosis. This is consistent with other findings that report emergency hospital presentation prior to

diagnosis is associated with worse IBD-related clinical outcomes. [30]

Previous literature reporting the relationship between diagnostic delay and IBD outcomes is
inconsistent, with several studies suggesting diagnostic delay based on self-reported symptom onset
is associated with worse clinical outcomes following diagnosis, [2,33] while others have not. [30,34]
The differences observed between this study and others may relate to how ‘diagnostic delay’ is
defined. Most previous studies have measured total time to diagnosis, including both patient-related
and healthcare-related delay, whereas our study measured the interval from first related primary
care consult for gastrointestinal symptoms prior to IBD diagnosis. We found that a longer time to UC
diagnosis was associated with a lower risk of subsequent hospitalisation and colectomy, suggesting

this group may have a milder, more indolent disease course. Our findings are supported by the
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observation that asymptomatic or mildly symptomatic individuals, who are diagnosed with IBD at
colonoscopy as part of bowel cancer screening initiatives, have a milder pattern of disease
behaviour. [35] In contrast, a longer time to CD diagnosis was associated with a small increased risk
of hospitalisation but not surgery which contrasts with most reports evaluating delay from the point

of symptom onset.

The concept of the ‘waiting time paradox’, the effect that patients with severe symptoms indicative
of a more aggressive and fulminant disease phenotype, present rapidly over a short period of time,
are diagnosed, and treated early, thereby leading to an apparent association between longer waits
and better outcomes has been reported for cancer diagnoses. It is considered an important source
of bias in studies investigating the impact of diagnostic and treatment delays on cancer survival,
where the biology of the disease may outweigh the impact of diagnostic delay when determining
clinical outcomes. [37,38] Such a phenomenon may also be at play with regard to IBD whereby a
fulminant disease course prior to diagnosis, rather than a long symptomatic period prior to
diagnosis, may predict a more aggressive/severe disease course. This may be reflected in our

findings, particularly regarding UC.

Guidelines recommend that clinicians investigate persistent non-specific gastrointestinal symptoms,
which are also prevalent in other common gut disorders such as IBS. [39] Our study found that
individuals with a prior diagnosis of IBS were more likely to have experienced a longer time to
diagnosis and higher consultation frequency for gastrointestinal symptoms in the period before IBD
diagnosis. It is possible individuals with undiagnosed IBD that receive a clinical diagnosis of IBS are
less likely to be investigated, resulting in a longer time to diagnosis. [7] Similarly, we found that a
prior diagnosis or symptoms of depression-anxiety were associated with both a longer time to
diagnosis and increased consultation frequency for gastrointestinal symptoms in the period prior to

IBD diagnosis. Gastrointestinal symptoms may be considered more likely to be of functional origin in
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these patients. In this respect, we have previously reported increased rates of depression following

the onset of undiagnosed gastrointestinal symptoms in the lead up to a diagnosis of IBD. [15]

Strengths and Limitations

We used data drawn from a large, validated, nationally-representative, linked primary care and
hospital database. CPRD data is collected at the time of consultation and therefore, unlike most
previous studies that have relied on retrospective self-reported data from specialist centres, is free
from recall and selection bias. There are limitations to the study design. We estimated time to
diagnosis using captured data from primary care consultations and therefore cannot account for the
duration of unreported symptoms prior to consultation. When interpreting the findings of our study,
it is worth reflecting that they relate to patients with gastrointestinal symptoms presenting to

primary care but other extraintestinal symptoms may also herald the onset of IBD.

We were unable to capture data on medications prescribed in the hospital setting, meaning rates of
corticosteroid and immunomodulator use reported in this study are likely to be underestimated.
However, in the UK, hospital outpatient prescribing is highly regulated, and primary care practices
utilising shared care protocols enable General Practitioners to accept the responsibility for the safe
prescribing and monitoring of specialist medicines for patients with chronic conditions in the
community. Therefore it is likely that we would have captured the large proportion of prescriptions,

some of which may be only initiated in secondary care.

We were unable to identify episodes where individuals presented to the emergency department
alone without requiring hospital admission, and thus the association between emergency hospital
presentation and clinical outcomes may have been underestimated. Data defining endoscopic and
radiological disease extent, or biochemical markers, such as C-Reactive Protein and faecal

calprotectin that are associated with disease severity were not available for our analysis.
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By choosing a methodology that included symptomatic individuals attending primary care in the
three years before diagnosis, with no symptom in the preceding year, a small number of individuals
may have been omitted but we chose this study design to minimise inclusion of consults for non-
IBD-related gastrointestinal symptoms. This time interval was chosen since our previous findings
revealed an excess of gastrointestinal symptoms in patients who later develop IBD compared with
the background population emerged in this time frame.[1] We found no secular relationship by era
of diagnosis regarding IBD outcomes (although hospitalisation prior to diagnosis was more common
in the most recent era studied). This suggests diagnostic approaches seemingly have not altered
time to diagnosis in the study period. More recently the wider adoption of faecal calprotectin testing
in primary care may allow more timely diagnosis. Whilst the association of deprivation was
evaluated ethnicity was not reliably coded in the dataset and warrants evaluation in future work.
Further work is also needed to determine if our observed findings are replicated in other healthcare

systems.

Implications

Our findings highlight the need for expedited diagnostic approaches for patients that consult more
frequently or intensely in primary care or require hospital admission for gastrointestinal symptoms.
We speculate that some individuals with IBD that have a more aggressive disease behaviour do not
necessarily present with a long duration of symptoms but instead with a rapidly progressive
fulminant disease course, leading to a higher frequency and intensity of consultation and urgent
hospital attendance in the period prior to IBD diagnosis. Clinicians need to be alert to the possibility
of IBD when patients return repeatedly with unresolved symptoms. Prior healthcare use can alert
clinicians to those at risk of a more aggressive IBD course, prompting targeted timely assessment.
Further, prospective studies utilising newly described diagnostic and prognostic biomarker may shed
further light on the relationship between symptom onset and healthcare use in the years before
diagnosis and subsequent disease prognosis. Our findings, and those of others, indicate a significant

burden of disease and healthcare use in the years before IBD diagnosis.[11,35,40] Diagnostic

24



pathways that take account of patterns of healthcare consultation, alongside appropriate use of
surrogate markers of inflammation such as faecal calprotectin, may enable expedited specialist

referral and timely treatment. [39,40]

Conclusion

Consultation frequency, intensity and hospitalisation prior to diagnosis is associated with a
subsequent risk of adverse IBD outcomes. Electronic healthcare records contain valuable
information regarding patterns of consultation and may be used to expedite timely assessment and

identify those at risk of aggressive forms of IBD.

25



DATA AVAILABILITY STATEMENT

Data may be obtained from a third party and are not publicly available.

26



10
11

12
13
14

15
16
17

18
19
20

21
22
23

24
25
26

27
28
29

30
31
32

33
34

35
36
37

REFERENCES

10.

11.

12.

13.

Blackwell J, Saxena S, Jayasooriya N, et al. Prevalence and Duration of Gastrointestinal Symptoms
Before Diagnosis of Inflammatory Bowel Disease and Predictors of Timely Specialist Review: A
Population-Based Study. J Crohn’s Colitis. 2021; 15 (2):203-21

Schoepfer A., Santos J., Fournier N., et al. Systematic Analysis of the Impact of Diagnostic Delay
on Bowel Damage in Paediatric Versus Adult Onset Crohn’s Disease. J Crohns Colitis.
2019;13(10):1334-1342.

Berg DR, Colombel JF, Ungaro R. The Role of Early Biologic Therapy in Inflammatory Bowel
Disease. Inflamm Bowel Dis. 2019;25(12):1896-1905.

Magro F, Rodrigues-Pinto E, Coelho R, et al. Is it Possible to Change Phenotype Progression in
Crohn’s Disease in the Era of Inmunomodulators? Predictive Factors of Phenotype Progression.
Am J Gastroenterol. 2014;109(7):1026-1036.

Ramadas AV, Gunesh S, Thomas GAO, Williams GT, Hawthorne AB. Natural history of Crohn’s
disease in a population-based cohort from Cardiff (1986-2003): a study of changes in medical
treatment and surgical resection rates. Gut. 2010;59(9):1200-1206.

Jayasooriya, N, Baillie, S, Blackwell, J, Bottle, A, Petersen, |, Creese, H, et al., POP-IBD study group.
Systematic review with meta-analysis: Time to diagnosis and the impact of delayed diagnosis on
clinical outcomes in inflammatory bowel disease. Aliment Pharmacol Ther. 2023; 57: 635— 652.

Card TR, Siffledeen J, Fleming KM. Are IBD patients more likely to have a prior diagnosis of irritable
bowel syndrome? Report of a case-control study in the General Practice Research Database.
United Eur Gastroenterol J. 2014;2(6):505-512.

Stapley SA, Rubin GP, Alsina D, Shephard EA, Rutter MD, Hamilton WT. Clinical features of bowel
disease in patients aged <50 years in primary care: A large case-control study. Br J Gen Pract.
2017;67(658):e336-e344.

Walker G.J., Moore L., Heerasing N., et al. Faecal calprotectin effectively excludes inflammatory
bowel disease in 789 symptomatic young adults with/without alarm symptoms: a prospective UK
primary care cohort study. Aliment Pharmacol Ther. 2018;47(8):1103-1116.

Hawthorne AB, Glatter J, Blackwell J, et al. Inflammatory bowel disease patient-reported quality
assessment should drive service improvement: a national survey of UK IBD units and patients.
Aliment Pharmacol Ther. 2022;56(4):625-645.

Vadstrup K, Alulis S, Borsi A, et al. Cost Burden of Crohn’s Disease and Ulcerative Colitis in the 10-
Year Period Before Diagnosis-A Danish Register-Based Study From 2003-2015. Inflamm Bowel Dis.
08 20;26(9):1377-1382.

Bottle A, Kim D, Aylin P, Cowie MR, Majeed A, Hayhoe B. Routes to diagnosis of heart failure:
observational study using linked data in England. Heart. 2018;104(7):600-605.

Arhi CS, Markar S, Burns EM, et al. Delays in referral from primary care are associated with a worse

survival in patients with esophagogastric cancer. Dis Esophagus Off J Int Soc Dis Esophagus.
2019;32(10).

27



10
11

12
13
14

15
16
17

18
19
20

21
22
23

24
25
26

27
28
29

30
31
32

33
34
35

36
37
38

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Herrett E, Gallagher AM, Bhaskaran K, et al. Data Resource Profile: Clinical Practice Research
Datalink (CPRD). Int J Epidemiol. 2015 Jun;44(3):827-368

Blackwell J, Saxena S, Petersen | POP-IBD study group, et al. Depression in individuals who
subsequently develop inflammatory bowel disease: a population-based nested case—control
studyGut 2021;70:1642-1648.

Lewis ID, Brensinger C, Bilker WB, Strom BL. Validity and completeness of the General Practice
Research Database for studies of inflammatory bowel disease. Pharmacoepidemiol Drug Saf.
2002; 11(3): 211-218

Chhaya V, Saxena S, Cecil E, et al. The impact of timing and duration of thiopurine treatment on
colectomy in ulcerative colitis: a national population-based study of incident cases between 1989—
2009. Aliment Pharmacol Ther. 2015;41(1):87-98.

Alexakis C, Saxena S, Chhaya V, Cecil E, Majeed A, Pollok R. Smoking Status at Diagnosis and
Subsequent Smoking Cessation: Associations With Corticosteroid Use and Intestinal Resection in
Crohn's Disease. American Journal of Gastroenterology 113(11):p 1689-1700

Van Assche G, Dignass A, Panes J, et al. The second European evidence-based consensus on the
diagnosis and management of Crohn’s disease: Definitions and diagnosis. J Crohns Colitis.
2010;4(1):7-27.d

Blackwell J, Saxena S, Alexakis C, et al. The impact of smoking and smoking cessation on disease
outcomes in ulcerative colitis: a nationwide population-based study. Aliment Pharmacol Ther.
2019;50(5):556-567.

Ahmad A, Laverty AA, Alexakis C, et al. Changing nationwide trends in endoscopic, medical and
surgical admissions for inflammatory bowel disease: 2003-2013. BMJ Open Gastroenterol.
2018;5(1):e000191

Dai Z, Ma Y, Zhan Z, Chen P, Chen Y. Analysis of diagnostic delay and its influencing factors in
patients with chronic obstructive pulmonary disease: a cross-sectional study. Sci Rep 2021 111.
2021;11(1):1-6.

Duricova D, Burisch J, Jess T, Gower-Rousseau C, Lakatos PL, ECCO-EpiCom. Age-related
differences in presentation and course of inflammatory bowel disease: an update on the
population-based literature. J Crohns Colitis. 8(11):1351-1361.

Fairbrass KM, Lovatt J, Barberio B, Yuan Y, Gracie DJ, Ford AC. Bidirectional brain-gut axis effects
influence mood and prognosis in IBD: a systematic review and meta-analysis. Gut.
2022;71(9):1773-1780.

Umar N, King D, Chandan JS, et al. The association between inflammatory bowel disease and
mental ill health: a retrospective cohort study using data from UK primary care. Aliment
Pharmacol Ther. 2022;56(5):814-822.

Blackwell J, Alexakis C, Saxena S, et al. Association between antidepressant medication use and

steroid dependency in patients with ulcerative colitis: a population-based study. BMJ Open
Gastroenterol. 2021;8(1):e000588.

28



10

11
12

13
14

15
16

17
18
19

20
21

22
23
24

25
26

27
28
29

30
31

32
33
34

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Yohannes AM, Willgoss TG, Baldwin RC, Connolly MJ. Depression and anxiety in chronic heart
failure and chronic obstructive pulmonary disease: prevalence, relevance, clinical implications and
management principles. Int J Geriatr Psychiatry. 2010;25(12):1209-1221.

Marston L, Carpenter JR, Walters KR, et al. Smoker , ex-smoker or non-smoker ? The validity of
routinely recorded smoking status in UK primary care: a cross-sectional study. BMJ Open.
Published online 2014:1-7.

Hong Z, Ren J, Li Y, et al. Delayed Diagnosis is Associated with Early and Emergency Need for First
Crohn’s Disease-Related Intestinal Surgery. Med Sci Monit. 2017;23:4841-4846.

Walker GJ, Lin S, Chanchlani N, et al. Quality improvement project identifies factors associated
with delay in IBD diagnosis. Aliment Pharmacol Ther. 2020;52(3):471-480.

Krishna M, Britto S, Qian J, Ihekweazu F, Rodriguez JR, Kellermayer R. Diagnostic delay and
colectomy risk in pediatric ulcerative colitis. J Pediatr Surg. 2020;55(3):403-405.

Rinawi F, Assa A, Eliakim R, et al. Risk of Colectomy in Patients With Pediatric-onset Ulcerative
Colitis. J Pediatr Gastroenterol Nutr. 2017;65(4):410-415.

Kang HS, Koo JS, Lee KM, et al. Two-year delay in ulcerative colitis diagnosis is associated with
anti-tumor necrosis factor alpha use. World J Gastroenterol. 2019;25(8):989-1001. =

Zaharie R, Tantau A, Zaharie F, et al. Diagnostic Delay in Romanian Patients with Inflammatory
Bowel Disease: Risk Factors and Impact on the Disease Course and Need for Surgery. J Crohns
Colitis. 2016;10(3):306-314. ==

Rodriguez-Lago I, Merino O, Azagra |, et al. Characteristics and Progression of Preclinical
Inflammatory Bowel Disease. Clin Gastroenterol Hepatol. 2018;16(9):1459-1466.

Britto SL, Qian J, Ihekweazu FD, Kellermayer R. Racial and Ethnic Variation in Presentation,
Diagnosis, Treatment, and Outcome of Pediatric Crohn Disease: A Single Center Study. J Pediatr
Gastroenterol Nutr. 2022;75(3):313-319.

Hanna TP, King WD, Thibodeau S, et al. Mortality due to cancer treatment delay: systematic
review and meta-analysis. BMJ. 2020;371:m4087.

Neal RD, Tharmanathan P, France B, et al. Is increased time to diagnosis and treatment in
symptomatic cancer associated with poorer outcomes? Systematic review. Br J Cancer.
2015;112(Suppl 1):592.

Lamb CA, Kennedy NA, Raine T, et al. British Society of Gastroenterology consensus guidelines on
the management of inflammatory bowel disease in adults. Gut. 2019;68(Suppl 3):s1.

Rodriguez-Lago |, Agirre U, Intxaurza N, Cantero D, Cabriada JL, Barreiro-de Acosta M. Increased
use of healthcare resources during the preclinical period of inflammatory bowel disease. Dig Liver
Dis. 2021;53(7):927-930.

29



FIGURE LEGENDS

FIGURE 1: Probability of (A) CD-related intestinal surgery (B) CD-related hospitalisation
following diagnosis given consultation frequency for gastrointestinal symptoms prior to
diagnosis

FIGURE 2: Probability of (A) Corticosteroid-use (B) Corticosteroid-dependency in UC
following diagnosis given consultation frequency for gastrointestinal symptoms prior to
diagnosis
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RESULTS FIGURES AND TABLES

Table 1 Baseline characteristics of study population

IBD Status Crohn’s Disease Ulcerative Colitis
n=782 n=1,863
Gender n (%)
Male 390 (50) 1.021 (55)
Female 392 (50) 842 (45)
Age at diagnosis [Years] n (%)
<17 86 (11) 63 (3)
17 to 40 380 (49) 612 (33)
>40 316 (40) 1,188 (64)
Social deprivation n (%)
IMD* 1-3 512 (65) 1,311 (70)
IMD* 4-5 270 (36) 552 (30)
Time to diagnosis from first
gastrointestinal consultation
Median (IQR) months 7(2-18) 5(2-16)
Primary care consultation frequency n (%)
1 264 (34) 822 (44)
2 200 (26) 533 (29)
>2 318 (41) 508 (27)

Hospitalisation for gastrointestinal
symptoms before diagnosis n (%)

339 (43%)

623 (33%)

IMD - Index of Multiple Deprivation; IMD 1 represents the least deprived and IMD 5 the most deprived; IQR — Interquartile range
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Table 2 Association of time to diagnosis, consultation frequency and hospitalisation for gastrointestinal symptoms before diagnosis

with clinical outcomes following diagnosis of (a) Crohn’s disease (b) Ulcerative colitis *

(a) Crohn’s Disease

Consultation frequency

1
2
>3

Time to diagnosis
Pre-diagnosis hospital admission
Sex
Female
Male
Age at IBD diagnosis
> 40 years
<17 years
17 - 40 years
Era of IBD diagnosis
Eral
Era 2
Era 3
Era 4
Smoking status*
Never
Ex-smoker
Current
Social deprivation
IMD 1-3
IMD 4-5

CS use
Adjusted HR
(95% CI)

0.90 (0.68 - 1.18)
1.21 (0.94 - 1.56)

0.89 (0.78 - 1.01)
0.96 (0.76 - 1.21)

1.13 (0.55- 0.86)

1.45 (1.00 - 2.09)
1.46 (1.16 - 1.83)

1.07 (0.82 - 1.42)
0.90 (0.91 - 0.68)
1.32(0.99 - 1.77)

0.85 (0.61 - 1.18)
0.99 (0.75 - 1.31)

1.12 (0.91 - 1.39)

CS dependency
Adjusted HR
(95% ClI)

1.11 (0.74 - 1.65)
1.23 (0.84 - 1.80)

0.89 (0.73 - 1.07)
1.05 (0.78 - 1.42)

0.85 (0.62 - 1.15)

1.20 (0.68 - 2.12)
1.26 (0.90 - 1.76)

0.88 (0.59 - 1.29)
0.72 (0.47 - 1.11)
0.76 (0.49 - 1.18)

0.90 (0.55 - 1.48)
1.22 (0.82 - 1.83)

1.14 (0.83 - 1.56)

IM use
Adjusted HR
(95% CI)

1.05 (0.78 - 1.43)
1.11(0.84 - 1.52)

0.92 (0.80 - 1.06)
0.78 (0.60 - 1.01)

1.04 (0.83 - 1.32)

3.60 (2.47 - 5.24)
1.89 (1.43 - 2.49)

1.50 (0.66 - 1.41)
2.02 (1.41 - 1.26)
3.32(2.34-4.74)

0.91(0.65 - 1.26)
0.88 (0.65 - 1.19)

0.97 (0.76 - 1.24)

IBD Hospitalisation
Adjusted HR

(95% Ci)

1.35(0.94 - 1.93)
1.80 (1.29 - 2.50)

1.03 (1.01 - 1.68)
1.30 (1.01 - 1.68)

1.12 (0.87 - 1.44)

2.31(1.51-3.56)
1.52 (1.14 - 2.03)

1.18 (0.83 - 1.69)
1.15 (0.80 - 1.65)
2.00 (1.35-2.98)

0.60 (0.38 - 0.93)
1.05 (0.75 - 1.48)

1.12 (0.86 - 1.46)

Intestinal surgery

Adjusted HR
(95% ClI)

1.58 (0.99 - 2.51)
2.22 (1.45 - 3.39)

0.87 (0.71 - 1.06)
1.71 (1.13 - 2.58)

1.20 (0.86 - 1.66)

0.71(0.37 - 1.36)
1.18 (0.83 - 1.68)

1.34 (0.86 - 2.08)
1.29 (0.81 - 2.06)
1.25(0.76 - 2.04)

0.96 (0.63 - 1.46)
0.76 (0.50 - 1.16)

1.11 (0.80 - 1.55)

Perianal surgery

Adjusted HR
(95% ClI)

1.08 (0.81 - 1.44)
1.00 (0.79 - 1.36)

1.00 (0.88 - 1.15)
1.19 (0.96 - 1.48)

1.05(0.84 - 1.30)

1.72 (1.18 - 2.51)
1.27(0.99 - 1.62)

1.37 (0.98 - 1.92)
2.21(1.58 - 3.09)
4.54(3.28 - 6.28)

0.94 (0.67 - 1.31)
0.90 (0.67 - 1.20)

0.87 (0.69 - 1.08)
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(b) Ulcerative Colitis

Consultation frequency

v N =

Time to diagnosis
Pre-diagnosis hospital admission
Sex

Female

Male

Age at IBD diagnosis
> 40

<17

17 -39

Era of IBD diagnosis
Eral

Era 2

Era 3

Era 4

Smoking status*
Never

Ex-smoker

Current

Social deprivation
IMD 1-3

IMD 4-5

CS use
Adjusted HR
(95% Cl)

1.26 (1.04 - 1.60)
1.60 (1.31 - 1.96)

0.87 (0.79 - 0.97)
1.18 (0.99 - 1.39)

1.00 (0.85 - 1.17)

1.82 (1.24 - 2.69)
1.34 (1.14 - 1.60)

1.14 (0.92 - 1.43)
1.35 (1.07 - 1.70)
1.44 (1.14 - 1.83)

0.94 (0.99 - 1.54)
0.97 (1.13-1.79)

1.06 (0.89 - 1.26)

CS dependency
Adjusted HR
(95% ClI)

1.28 (0.94 - 1.75)
1.76 (1.28 - 2.41)

0.95 (0.81 - 1.11)
1.04 (0.80 - 1.36)

1.37 (1.06 - 1.76)

2.38 (1.37 - 4.12)
1.52 (1.17 - 1.98)

1.05 (0.76 - 1.44)
0.83 (0.58 - 1.20)
0.76 (0.52 - 1.12)

0.88 (0.63-1.23)
0.59 (0.32-1.05)

0.91(0.69-1.1)

IM use
Adjusted HR
(95% CI)

1.12 (0.83 - 1.51)
1.68 (1.24 - 2.26)

0.88 (0.76 - 1.03)
1.42 (1.11 - 1.81)

1.16 (0.92 - 1.48)

3.35 (2.07 - 5.43)
1.83 (1.42 - 2.34)

1.11 (0.78 - 1.57)
1.53 (1.08 - 2.15)
1.95 (1.36 - 2.80)

0.89 (0.64 - 1.22)
0.81(0.49-1.32)

0.79 (0.61-1.02)

IBD hospitalisation

Adjusted HR
(95% ClI)

1.24 (0.93 - 1.66)
1.43 (1.05 - 1.95)

0.83 (0.70 - 0.98)
1.36 (1.06 - 1.95)

1.01 (0.79 - 1.29)

3.40 (1.47 - 1.89)
1.47 (1.14 - 1.89)

0.82 (0.58-1.13)
0.91(0.66 - 1.29)
1.15(0.79 - 1.58)

0.79 (0.51-1.03)
0.78 (0.48 - 1.30)

1.26 (0.98 - 1.62)

Colectomy
Adjusted HR
(95% ClI)

0.93 (0.55 - 1.57)
2.01(1.22 - 3.27)

0.59 (0.43 - 0.80)
1.54 (1.01 - 2.34)

1.42 (0.93 - 2.16)

2.54 (1.09 - 5.95)
1.81 (1.17 - 2.79)

0.65 (0.38 - 1.09)
0.62 (0.35-1.11)
0.85 (0.46 - 1.54)

1.33(0.75 - 2.34)
0.89 (0.36 - 2.20)

0.65 (0.40 - 1.05)
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* See supplementary appendix 3 for unadjusted analyses

Bold indicates statistical significance in adjusted model. CS, Corticosteroids; IM, Immunomodulator; HR, Hazard Ratio; Cl, confidence interval; IMD, index of multiple deprivations
IMD categories 4 and 5 [most deprived] vs IMD categories 1, 2 and 3 [least deprived]

Era 1: 2003 - 2005, Era 2 2006 — 2008, Era 3 2009 - 2011 and Era 4 2012 - 2016

First CS use: Time to first CS prescription following diagnosis

CS dependency: Corticosteroid dependency defined as a repeat steroid prescription within 3 months of the end of a previous steroid prescription or patients with steroid prescriptions for

greater than 3 consecutive months
Hospitalisation: IBD-related hospital admission following diagnosis
Time to diagnosis: Time from first primary care consultation for gastrointestinal symptom(s)

Abbreviation gastrointestinal (Gl)
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Table 3: Association of consultation intensity with gastrointestinal symptoms in the years before diagnosis with clinical outcomes following

(a) Crohn’s disease diagnosis (b) Ulcerative colitis *

(a) Crohn’s disease

Year before diagnosis CS use CS dependency IM use IBD Hospitalisation Intestinal surgery Perianal surgery
Adjusted Adjusted HR Adjusted HR Adjusted HR Adjusted Adjusted
HR (95% CI) (95% CI) (95% ClI) (95% ClI) HR (95% Cl) HR (95% Cl)
Year 1 1.03 1.01 1.00 1.19 1.13 1.05
(0.98-1.08) (0.96-1.07) (0.95 - 1.06) (1.12-1.28) (1.03-1.23) (0.98-1.13)
Year 2 1.00 0.99 1.03 1.13 0.86 1.00
(0.92 - 1.09) (0.90 - 1.09) (0.94-1.12) (1.01-1.25) (0.71-1.03) (0.90-1.12)
Year 3 0.96 0.99 0.90 1.10 1.25 0.98
(0.95 - 1.08) (0.88 -1.11) (0.80-1.02) (0.91-1.33) (0.99 - 1.48) (0.87-1.11)
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(b) Ulcerative colitis

Year before diagnosis

Year 1
Year 2

Year 3

CS use CS dependency
Adjusted HR Adjusted HR
(95% Cl) (95% Cl)

1.08 1.05

(1.04-1.13) (1.00-1.11)

1.03 1.07

(0.96-1.11) (0.98 - 1.15)

1.02 1.05

(0.93-1.12)  (0.96-1.16)

* See supplementary appendix 4 for unadjusted analyses

IM use
Adjusted HR
(95% Cl)

1.03
(0.98 - 1.08)
1.03
(0.95 - 1.13)
1.03
(0.93-1.13)

IBD Hospitalisation
Adjusted HR
(95% ClI)

1.12
(1.03-1.21)
1.05

(0.92 - 1.20)
1.00
(0.81-1.23)

Colectomy
Adjusted HR
(95% ClI)

1.12
(0.99 - 1.26)
0.91
(0.68 - 1.20)
1.00
(0.73 - 1.28)

Bold indicates statistical significance in adjusted model. CS, Corticosteroids; IM, Immunomodulator; HR, Hazard Ratio; Cl, confidence interval; IMD, index of multiple deprivations

IMD categories 4 and 5 [most deprived] vs IMD categories 1, 2 and 3 [least deprived]

Era 1: 2003 — 2005, Era 2 2006 — 2008, Era 3 2009 - 2011 and Era 4 2012 - 2016

First CS use: Time to first CS prescription following diagnosis

CS dependency: Corticosteroid dependency defined as a repeat steroid prescription within 3 months of the end of a previous steroid prescription or patients with steroid prescriptions for

greater than 3 consecutive months

Hospitalisation: IBD-related hospital admission following diagnosis

Consultation intensity consultation frequency per person, as a continuous variable, in each individual year over the 3-year period before diagnosis

Abbreviation gastrointestinal (Gl)
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Table 4 Factors associated with time to diagnosis, consultation frequency, consultation intensity and hospitalisation before diagnosis of IBD *

Time to diagnosis Consultation frequency Consultation Intensity Prior Gl hospitalisation

Adjusted Adjusted Adjusted Adjusted
HR (95% Cl) OR (95% Cl) Coefficient (95% Cl) OR (95% Cl)
Age
> 40 - -
<17 0.99 (0.82 - 1.17) 2.32(1.40 - 2.01) 0.44 (0.20 - 0.67) 1.74 (1.21 - 2.48)
17-39 0.99 (0.91-1.07) 1.68 (1.60 - 3.38) 0.37 (0.25 - 0.48) 0.95 (0.80 - 1.14)
Sex
Male - - - -
Female 0.89 (0.82 - 0.96) 1.12 (0.94 - 1.33) 0.00(-0.11-1.11) 0.96 (0.81-1.13)

Social Deprivation
IMD 1-3
IMD 4-5

Smoking status*

1.01 (0.93 - 1.10)

1.09 (0.91 - 1.30)

0.10 (-0.02 - 0.22)

1.29 (1.09 - 1.54)

Never - - - -
Ex-smoker 0.91 (0.82-1.01) 1.06 (0.84 - 1.34) 0.03 (-0.10 - 0.25) 1.16 (0.93 - 1.46)
Current 0.93 (0.88 - 1.08) 1.42 (1.07 - 1.88) 0.34 (0.16 - 0.51) 1.23(0.94 -1.63)

Premorbid Depression-anxiety
Premorbid IBS

Era of diagnosis

0.87 (0.78 - 0.96)

0.66 (0.58 - 0.75)

1.28 (1.02 - 1.60)

1.87 (1.44 - 2.41)

0.12 (-0.22 - 0.27)

0.08 (-0.10 - 0.25)

1.17 (0.91 - 1.52)

1.18 (0.95 - 1.46)

Eral - - - -

Era 2 1.06 (0.95 - 1.18) 1.04 (0.82 - 1.32) -0.74 (-0.22 - 0.07) 1.31 (1.04 - 1.64)
Era 3 1.01(0.91 - 1.13) 1.05 (0.83 - 1.32) -1.13 (-0.28 - 0.27) 1.57 (1.23 - 1.99)
Era 4 1.00 (0.89 - 1.12) 0.88 (0.68 - 1.12) -0.22 (-0.37 - 0.06) 1.61 (1.26 - 2.03)
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* See supplementary appendix 5 for unadjusted analyses

Bold indicates statistical significance in adjusted model Note: Multiple regression includes all variables and covariates of simple regression. Abbreviations: CS, Corticosteroids; IM,

Immunomodulator; HR, Hazard Ratio; Cl, confidence interval; IMD, index of multiple deprivations
IMD categories 4 and 5 [most deprived] vs IMD categories 1, 2 and 3 [least deprived]
Era 1: 2003 — 2005, Era 2 2006 — 2008, Era 3 2009- 2011 and Era 4 2012 - 2016

First CS use: Time to first CS prescription following diagnosis

CS dependency: Corticosteroid dependency defined as a repeat steroid prescription within 3 months of the end of a previous steroid prescription or patients with steroid prescriptions for

greater than 3 consecutive months

Hospitalisation: First IBD-related hospital admission following diagnosis

Time to diagnosis: Time from first primary care consultation for gastrointestinal symptom(s)
Consultation intensity: consultation frequency per person in the year prior to IBD diagnosis

Abbreviation gastrointestinal (Gl)

38



39



