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Abstract

Background and Aims: Prior studies on the effect of smoking on the risk of colitis‐
associated colorectal neoplasia (CRN) have reported conflicting results. We aimed

to further elucidate the association between smoking, including possible dose‐
effects, and the development of colorectal neoplasia in patients with inflamma-

tory bowel disease (IBD).

Methods: We performed a prospective multicenter cohort study including patients

with colonic IBD enrolled in a surveillance program in four academic hospitals be-

tween 2011 and 2021. The effects of smoking status and pack‐years at study entry
on subsequent recurrent events of CRN (including indefinite, low‐ and high‐grade
dysplasia, and colorectal cancer [CRC]) were evaluated using uni‐ and multivari-

able Prentice, Williams, and Peterson total‐time Cox proportional hazard models.

Adjustment was performed for extensive disease, prior/index dysplasia, sex, age,

first‐degree relative with CRC, primary sclerosing cholangitis, and endoscopic

inflammation.

Results: In 501 of the enrolled 576 patients, at least one follow‐up surveillance was
performed after the study index (median follow‐up 5 years). CRN occurred at least

once in 105 patients. Ever smoking was not associated with recurrent CRN risk

(adjusted hazard ratio [aHR] 1.04, 95% confidence interval [CI] 0.75–1.44), but an

increasing number of pack‐years was associated with an increased risk of recurrent
CRN (aHR per 10 pack‐years 1.17, 95% CI 1.03–1.32; p < 0.05). Separate analyses

per IBD type did not reveal differences.

Conclusions: This study found that an increase in pack‐years is associated with a

higher risk of recurrent CRN in patients with IBD, independent of established CRN

risk factors (NCT01464151).

The abstract of this manuscript was presented at the UEG week 2022 and Digestive Disease Days 2022 (Dutch Gastroenterology congress).
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INTRODUCTION

Patients with colonic inflammatory bowel disease (IBD) have an

increased risk of developing colorectal cancer (CRC).1–4 The main

driver for carcinogenesis in IBD is thought to be inflammation, that

induces dysplastic changes leading to CRC.5,6 Established risk factors

for (advanced) colorectal neoplasia (CRN) in IBD patients include

primary sclerosing cholangitis (PSC),7 prior low‐grade dysplasia

(LGD),8 and cumulative inflammatory burden.9 While smoking is an

accepted risk factor for sporadic adenomas and CRC,10–13 the effects

of smoking on the risk of CRN in IBD patients are unclear.

Hypothetically, smoking could reduce the inflammatory burden

in patients with ulcerative colitis (UC) and thereby lead to a

decreased CRN risk.14,15 Opposite effects might be expected in pa-

tients with Crohn's disease (CD) in whom smoking is associated with

adverse outcomes.15 Prior studies, examining the effect of smoking

on (advanced) CRN risk in patients with IBD, reported conflicting

results.8,16 These studies were mostly based on retrospective

observational study designs prone to biases caused by, amongst

others, lack of predefined outcomes or variables.17 Also, in few

studies, the effect of smoking was investigated in a multivariable

model and none reported on a dose‐effect relationship.
Here, we report the results of a multicenter prospective study,

on the association of smoking—including possible dose‐effects—and
the development of CRN in patients with longstanding IBD.

MATERIALS AND METHODS

We conducted a prospective, multicenter cohort study in four aca-

demic hospitals in the Netherlands. The study was registered in the

Clinical Trials register (NCT01464151) and reported following the

Strengthening The Reporting of Observational Studies in Epidemi-

ology (STROBE) statement for cohort studies (checklist provided in

Table S1).18

Study population

Patients with longstanding IBD enrolled in a colonoscopic surveil-

lance program between 2011 and 2017 at one of the participating

centers were recruited. Surveillance procedures were scheduled in

accordance with the Dutch surveillance guidelines, with annual, 3‐
yearly, or 5‐yearly intervals.19 The duration of prospective follow‐
up was 5 years. Data collection was retrospective if prospective

data was missing and to extent the follow‐up period up to July 2021

for all included patients.

Inclusion criteria were a diagnosis of colonic IBD (CD, UC, or

IBD‐unclassified [IBD‐U] with ≥30% colonic involvement), and a

disease duration ≥8 years or any duration in case of concomitant PSC
in patients aged 18–70 years. Exclusion criteria included prior

advanced CRN (defined as high‐grade dysplasia [HGD] or CRC), a

history of (sub)total colectomy, contra‐indications for withholding

anticoagulants prior to colonoscopy, coagulation disorders, short life

expectancy, severe comorbidities, clinical or endoscopic disease ac-

tivity (at discretion of treating physician as this leads to inadequate

surveillance; once disease remission was achieved patients could be

included), or referral for an endoscopic polypectomy.

Sample size

The original sample size of 700 patients was aimed at detecting a total

of 100 cases of dysplasia during the prospective study period to enable

the identification of tumor markers and risk factors for CRN. Based on

an interim analysis, the sample size was adjusted to 600 patients

because CRN rates were higher than anticipated. The present study

describes results of the primary analysis (i.e. risk factors for CRN).

Data collection

Patients completed a questionnaire at the study index (i.e. first sur-

veillance procedure after study enrollment) including questions on

smoking status and pack‐years (number of cigarettes smoked per day
divided by 20, multiplied by years of smoking),20 family history of CRC,

Key summary

Summarise the established knowledge on this subject

� Previous studies report conflicting results on the impact

of smoking on colorectal neoplasia (CRN) risk in patients

with inflammatory bowel disease (IBD). None investi-

gated a dose‐effect relationship nor adjusted for most

known CRN risk factors.

What are the significant and/or new findings of this study?

� We found a dose‐effect between smoking and recurrent

risk of CRN in patients with IBD, independent of CRN

risk factors (including endoscopic inflammation). No as-

sociation was found for smoking status.
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and IBD‐related medication (current and previous use, latter defined

as use of ≥3 months). Patient demographics and disease characteris-

tics were collected from electronic health records in the study index.

Maximal colonic disease extent (endoscopic and histologic) was clas-

sified as limited (E2 for UC or IBD‐U and <50% for CD) or extensive

(E3 for UC or IBD‐U and >50% for CD). For CD, colonic disease extent

was estimated at <50% and >50% if, respectively, ≤2 or ≥3 segments
were involved; if the number of inflamed segments was not reported,

we estimated the maximal disease extent based on the endoscopy

report. Data on colonic extent were considered missing if the maximal

disease extent was not seen at diagnosis (i.e. incomplete colonoscopy)

or if estimation of maximal disease extent was not possible. Histologic

disease extent was only scored if biopsies were sampled from all

colonic segments prior to or at the study index.

Endoscopists assessed the degree of endoscopic inflammation

(no, mild, moderate, or severe), and recorded the presence of stric-

tures and post‐inflammatory polyps at each procedure. Colonic seg-

ments were scored separately (ascending, transverse, descending/

sigmoid, and rectum). Bowel preparation quality was scored from 1

(inadequate)–5 (excellent), scores ≥3 indicated adequate visualiza-

tion of the colonic mucosa despite residual stool/staining. If the data

collection was performed retrospectively, the Boston Bowel Prepa-

ration Scale (BBPS) score21 or The Leiden Quality Score22 were used

in which, respectively, scores ≥6 and ≥3 indicated adequate bowel

preparation. In most centers, chromoendoscopy was applied and two

random biopsies were sampled per colonic segment. Macroscopic

lesions were sampled separately. The presence of dysplasia (indefi-

nite for dysplasia [IND], LGD, HGD, or CRC) was determined by an

expert gastro‐intestinal pathologist and, if present, confirmed by a

second pathologist as part of standard care.

If a (sub)total colectomy was performed during follow‐up, details
on the indication and results from histopathological examination

were documented.

Study endpoint

The study outcome was the occurrence of recurrent CRN events

(IND, LGD, HGD, or CRC). We assumed a lesion to be the same if a

local recurrence after endoscopic resection occurred or if the lesion

was found at the exact same location in a consecutive procedure.

These were not categorized as recurrent events. The end of study

was defined as the third event of CRN during follow‐up (see next

paragraph), the last available surveillance colonoscopy, or colectomy

within the study period at the participating center.

Statistical analysis

All statistical analyses were performed using R statistical software,

version 4.0.3 for Windows, particularly using functions from the

packages survival (version 3.2–13), rms (version 6.2–0), and mice

(version 3.14.0).

The relationship between smoking status or pack‐years and

recurrent events of CRN was evaluated using Prentice, Williams, and

Peterson (PWP)‐total time Cox proportional hazards models. A PWP‐
total time Cox proportional hazards model is an extension of the

classic Cox proportional hazards model, but in contrast to the latter,

survival analysis can be performed on recurrent events and thereby

provides estimates based on more information. A PWP‐total time
Cox proportional hazards model particularly allows the baseline

hazard to change for sequential events and thereby can accommo-

date that the occurrence of an event impacts the likelihood of a

subsequent event.23,24 If ≥ 1 CRN lesion was identified during a

procedure, these were considered as one event. The maximum

number of evaluated recurrent events was set at three because the

subgroup of patients with more events was too small for meaningful

analysis.25 A stratified analysis per event was performed to investi-

gate the impact of smoking status and pack‐years on the first and

consecutive events. To account for left truncation, time since IBD

diagnosis rather than time since the study index was used as the

timescale in our model. Model assumptions were checked and mul-

tiple imputation was performed to replace missing values (details are

provided in Supporting Information S1).

The effects of smoking status and pack‐years (continuous, per 10
pack‐year increase) at the study index on recurrent CRN risk were

evaluated in a univariable and an adjusted multivariable model. In the

multivariable model, adjustment for the most important risk factors

for CRN was performed,8 including extensive disease, dysplasia prior

to or at the study index (including IND or LGD), PSC, sex, first‐degree
relative with CRC, age (continuously), and mean endoscopic inflam-

mation score (scale 0–3 based on visualized colonic segments,

included as a time‐varying covariate). All analyses were performed

for the total cohort and separately for UC/IBD‐U and CD.

A two‐sided p‐value of <0.05 was considered statistically

significant.

RESULTS

Study population

Patients were recruited at one of the four participating centers be-

tween 2011 and 2017; follow‐up was completed by July 2021 for all

patients. In total, 613 patients were included of whom 37 were

excluded for various reasons (Figure 1). Of the remaining 576 pa-

tients, 316 (55%) were diagnosed with UC/IBD‐U and 260 (45%) with

CD. Fifty percent were male and the median age was 50 years

(interquartile interval [IQI] 39–58). At the study index, 275 patients

reported smoking or had formerly smoked (48%) with a median

number of 9 pack‐years (IQI 4–20, range 78). For UC/IBD‐U patients,

the percentages of patients with extensive disease were 55% and

61% in patients ever and never smoking, respectively. In CD disease,

extent was classified as extensively in 62% of patients ever smoking

and 65% for never smokers. The number of patients diagnosed with

CRN prior to or at the study index was 134 (23%) (all IND or LGD
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except for one patient with HGD). The study index was equal to the

first real‐life surveillance in 58 patients (10%). Table 1 provides

additional data on patient and disease characteristics.

Surveillance colonoscopies and colectomy procedures

In total, 1672 surveillance procedures were performed in 576 pa-

tients (798 procedures in patients ever smoking, 811 in patients

never smoking, and 63 in patients with unknown smoking status).

Data collection was carried out prospectively in 63% of procedures

and was completed by chart review for the remainder. Chro-

moendoscopy was applied in 66% of the surveillance procedures; in

the remaining procedures, the surveillance was performed using

high‐definition white‐light examination only. In 64% of all colonos-

copy, conditions for surveillance were considered adequate (no or

only mild endoscopic inflammation in one colonic segment and suf-

ficient bowel preparation quality). Supporting Information S1 pro-

vides additional information on procedure characteristics.

Follow‐up details and events of colorectal neoplasia

In 501 patients (87%), at least one follow‐up procedure was per-

formed (median follow‐up duration 5.0 years [IQI 3.1–6.3]). Thirty‐
three patients were lost to follow‐up (of whom 20 switched

hospital); these patients were younger and were more often assigned

to a lower risk group based on the Dutch surveillance guideline (data

not shown).19

In 125 patients (25%), CRN occurred prior to or at the study

index, of whom 61 patients also developed CRN during follow‐up.
CRN occurred at least once during the follow‐up in 105 patients

(21%), of whom 62 experienced a single event, 29 patients had two

consecutive events, and in 14 patients ≥3 events were observed

during follow‐up.
In three patients, surgical resectionwasperformed for LGD lesions

that were considered endoscopically non‐resectable. Seven patients

were diagnosed with advanced CRN (1 HGD and 6 CRC), of whom six

were treated with subtotal colectomy. One patient, diagnosed with

CRC, had a limited life expectancy due to cholangiocarcinoma and did

not undergo surgery. Supporting Information S1 provides detailed in-

formation on CRC tumor stages and treatment.

During follow‐up, a colectomy was performed for therapy‐
refractory disease (n = 10) and after the diagnosis of a neuroendo-

crine tumor (n = 1).

Recurrent event analysis

Univariable analysis showed that smoking status (ever vs. never) was

not associated with an increased risk of recurrent CRN in our total

cohort (hazard ratio [HR] 1.19, 95% confidence interval [CI] 0.88–

1.61; p = 0.27). After adjustment for the most important risk factors

for CRN, ever smoking was not associated with recurrent CRN risk

(adjusted HR [aHR] 1.04, 95% CI 0.75–1.44; p = 0.82). An increase in

pack‐years was associated with an increased risk of recurrent CRN in

univariable analysis (HR per 10 pack‐year increase 1.24, 95% CI

1.10–1.40; p < 0.05). This association remained present after

adjustment for the most important risk factors for CRN (aHR per 10

pack‐year increase 1.17, 95% CI 1.03–1.32; p < 0.05). In Figure 2a,b,

per event and total‐time univariable HRs are depicted. Heterogeneity
in the direction of the estimate of the effect was found to be present

for smoking status (Figure 2a).

Separate analysis per IBD type did not show an association be-

tween ever smoking and the risk of recurrent CRN. An increase in

pack‐years was associated with recurrent CRN risk of UC/IBD‐U (HR

per 10 pack‐year increase 1.22, 95% CI 1.04–1.42; p < 0.05) but not

for CD (HR per 10 pack‐year increase 1.18, 95% CI 0.95–1.48;

p = 0.14). The adjusted analyses per IBD type for smoking status and

pack‐years did not identify an association with the risk of recurrent

CRN (Table 2). Likewise, the inclusion of an interaction term between

IBD type (UC/IBD‐U vs. CD) and smoking status or pack‐years did
not add more value in the total cohort adjusted analysis (p‐value
interaction terms 0.89 and 0.86).

Results from the adjusted analyses did not change if mean

endoscopic inflammation was excluded from the model and the

interaction terms between smoking status or pack‐years and mean

endoscopic inflammation were non‐significant (data not shown).

F I G U R E 1 Flowchart of patients included in the prospective
multicenter surveillance cohort. For 75 patients, no follow‐up
information was available. In four patients, this was due to the
presence of continuous (severe) disease activity. In another four

patients, no follow‐up was available because of co‐morbidities or
unwillingness to undergo surveillance. aCRN, advanced colorectal
neoplasia; n, number.
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T A B L E 1 Characteristics of 576 Dutch IBD patients included in a prospective multicenter surveillance cohort study.

Characteristic

Total cohort

n = 576

Ever smokers

n = 275

Never smokers

n = 273

Missing

data (n)

Male sex, n (%) 289 (50) 129 (47) 147 (54)

Age (y), median (IQI) 50 (39–58) 54 (44–61) 45 (34–53)

IBD disease duration (y), median (IQI) 18 (11–26) 18 (13–27) 17 (11–25) 2

IBD type, n (%)

UC/IBD‐U 316 145 (53) 155 (57)

CD 260 130 (47) 118 (43)

Endoscopic disease extent, n (%) 29

Limited (E2a/<50%) 159 (28) 84 (31) 72 (26)

Extensive (E3a/>50%) 388 (67) 177 (64) 189 (69)

Histologic disease extent, n (%) 89

E2a/<50% 81 (14) 41 (15) 40 (15)

E3a/>50% 406 (70) 185 (67) 198 (73)

PSC, n (%) 49 (9) 11 (4) 35 (13)

Prior or index CRN (IND or LGD), n (%) 134 (23) 83 (30) 46 (17)

Surveillance history, n (%) 410 (71) 195 (71) 197 (72)

Positive family history of CRC, n (%) 169 (29) 95 (35) 73 (27) 33

First degree relative 78 (14) 45 (16) 33 (12)

Smoking status, n (%) 28

Current 72 (13) 72 (26) ‐

Quit 203 (35) 203 (74) ‐

Never 273 (47) ‐ 273 (100)

Pack‐years, median (IQI) 0 (0–8) 9 (4–20) ‐ 50

Current medication, n (%)

5‐ASA 322 (56) 149 (54) 157 (58) 1

Thiopurine 205 (36) 84 (31) 109 (40) 1

MTX 27 (5) 10 (4) 15 (5) 1

Biological 128 (22) 64 (23) 57 (21) 1

Previous medication use, n (%)

5‐ASA 486 (84) 231 (84) 238 (87) 9

MTX or thiopurines 354 (61) 160 (58) 175 (64) 9

Biological 159 (28) 73 (27) 75 (27) 11

Risk categoryb, n (%) 14

High 143 (25) 72 (26) 68 (25)

Intermediate 283 (49) 130 (47) 136 (50)

Low 136 (24) 65 (24) 64 (23)

Abbreviations: 5‐ASA, 5‐aminosalicylic acid; CD, Crohn’s disease; CRC, colorectal carcinoma; IBD‐U, inflammatory bowel disease unclassified; IND,

indefinite for dysplasia; IQI, interquartile interval; LGD, low‐grade dysplasia; MTX, methotrexate; PSC, primary sclerosing cholangitis; UC, ulcerative

colitis; y, years.
aAccording to the Montreal classification. E2, left‐sided disease; E3, extensive disease.
bAccording to the Dutch IBD surveillance guideline, high‐risk category: PSC, stricture (UC), prior dysplasia in <5 years, first‐degree relative with CRC

(age <50 years); intermediate risk category: post‐inflammatory polyps, first‐degree relative with CRC (age >50 years), chronic disease activity,

extensive disease; or low‐risk category in case of left‐sided UC or CD with <50% of colonic involvement.
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DISCUSSION

In this multicenter prospective cohort study of 576 patients with IBD

undergoing colonoscopic CRN surveillance, a dose‐effect relationship
of smoking on recurrent CRN risk in patients was found. An increase

in pack‐years was associated with an increased risk of recurrent

CRN, which remained significant after adjustment for established

CRN risk factors. Smoking status alone (ever vs. never) was not

associated with recurrent CRN risk and heterogeneity was present in

the direction of the estimate of the effect for the first and consec-

utive events (Figure 2a). Separate analyses did not reveal differences

per IBD type.

Prior studies on the effect of smoking status on (advanced) CRN

risk in patients with IBD reported conflicting results. A recent

retrospective cohort study found an increased CRN risk in ever

smoking (CD), active smoking (CD), and former smoking (UC)

patients, compared with patients who never smoked (aHRs ranging

from 1.73 to 2.20).16 In the remaining categories no statistically

significant associations were found, although CD patients with a

former smoking status showed a trend towards an increased risk

(aHR 2.16, 95% CI 1.00–4.70; p = 0.051). Of note, adjustment was

performed only for age and sex and smoking status was determined

at the time of last follow‐up. In a meta‐analysis, ever smoking was

associated with a decreased risk of advanced CRN in univariable

pooled analysis (odds ratio 0.66, 95% CI 0.49–0.88; p < 0.05) and no

effect was found in the pooled analysis of multivariable results (odds

ratio 1.27, 95% CI 0.75–2.13; p = 0.37).8 In our study, we did not find

an association between smoking status (ever vs. never) at the study

index and recurrent CRN risk. Thus, given all evidence, we conclude

that smoking status as a categorical parameter leads to a loss of in-

formation and is therefore a suboptimal way to describe the

relationship.

F I G U R E 2 Univariable HRs per event and total‐time (blue/dotted) (a) smoking status and (b) pack‐years. Interpretation: Heterogeneity is
present for smoking status (Figure 2a) in the direction of the estimate of the effect for the first and consecutive events. Therefore, summary
results should be interpreted with caution. Homogeneity in the direction of the estimate of the effect for consecutive events is present for
pack‐years (Figure 2b). The broad confidence intervals for the second and third events represent uncertainty caused by smaller risk sets. CI,
confidence interval; CRN, colorectal neoplasia; HR, hazard ratio.

T A B L E 2 Smoking and pack‐years and the risk of recurrent CRN based on univariable and adjusted PWP‐total time Cox proportional
hazards models.

Total cohort (n = 501 of
whom 105 ≥1 CRN event)

UC or IBD‐U (n = 277 of
whom 66 ≥1 CRN event)

CD (n = 224 of whom
39 ≥1 CRN event)

HR (95% CI) p HR (95% CI) p HR (95% CI) p

Univariable analyses

Ever smoking (reference = never) 1.19 (0.88–1.61) 0.27 1.27 (0.84–1.93) 0.26 1.17 (0.69–1.98) 0.57

Pack‐years (per 10 pack‐year increase) 1.24 (1.10–1.40) <0.05 1.22 (1.04–1.42) <0.05 1.18 (0.95–1.48) 0.14

Adjusted analysesa

Ever smoking (reference = never) 1.04 (0.75–1.44) 0.82 1.03 (0.64–1.64) 0.91 0.91 (0.49–1.66) 0.74

Pack‐years (per 10 pack‐year increase) 1.17 (1.03–1.32) <0.05 1.08 (0.91–1.28) 0.36 1.08 (0.86–1.37) 0.49

Note: p‐values of interaction terms between IBD type and smoking status or pack‐years are, respectively, 0.89 and 0.86 (Wald test).

Abbreviations: CD, Crohn's disease; CI, confidence interval; CRN, colorectal neoplasia; HR, hazard ratio; IBD‐U, inflammatory bowel

disease‐unclassified; n, number; PWP, Prentice, Williams, and Peterson; UC, ulcerative colitis.
aHR adjusted for extensive disease, first‐degree relative with colorectal cancer, primary sclerosing cholangitis, male sex, age (per year increase,

restricted cubic spline with four knots), prior or index colorectal neoplasia, and mean endoscopic inflammation (scale 0–3, included as time‐varying
covariate).
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This is the first study examining smoking and CRN risk in patients

with IBD in a dose‐effect relationship. In our study, an increase in

pack‐years was associated with a higher risk of recurrent CRN in

both univariable and multivariable analysis (aHR per 10 pack‐year
increase 1.17, 95% CI 1.03–1.32; p < 0.05). This dose‐effect rela-
tionship underscores that smoking affects the risk of CRN in patients

with IBD. These findings are in line with studies from the general

population that report an association of pack‐years with sporadic

adenoma (pooled relative risk per 10 pack‐year 1.13, 95% CI 1.09–

1.18; p < 0.001)12 and CRC (20 pack‐years vs. zero, pooled relative

risk 1.15).13

Currently, inflammation is thought to be the main driver of the

development of colitis‐associated CRC.5,6 There is a large body of

evidence showing that smoking has anti‐inflammatory properties in

the setting of UC14 and it can therefore be postulated that smoking

reduces the risk of CRN development in those patients. In our total

cohort analysis, we found that an increase in pack‐years was asso-
ciated with an increased risk of recurrent CRN, even after adjust-

ment for mean endoscopic inflammation scores measured during

surveillance procedures. This finding did not differ between UC/IBD‐
U and CD (non‐significant interaction term). For sporadic CRC, pre-

vious studies on tumor characteristics suggest that the effect of

smoking on carcinogenesis is probably caused by microsatellite

instability rather than through the chromosomal instability

pathway.13 Since colitis‐associated CRC seems to be characterized by

chromosomal instability,5,26,27 it can be questioned how these path-

ways are balanced in smoking IBD patients. Our database did not

enable a distinction between colitis‐associated and sporadic CRN

lesions, although we can assume most lesions in patients with

extensive disease or pancolitis (67% of total cohort) to originate from

(previously) inflamed mucosa.

This study has several strengths. First, the prospective design of

this cohort enabled the use of predefined definitions and accurate

data collection and thereby the analysis of the effect of smoking on

CRN in a dose‐effect relationship. In addition, this allowed for

adjustment for the most important risk factors of IBD‐related CRN,

including mean endoscopic inflammation scores. Second, only few

patients were lost to follow‐up. The impact of potential bias caused

by patients lost to follow‐up (including switch of hospital) can be

expected to be small as this involved only 6% of our total cohort.28

Third, recurrent event analysis was used to estimate the effect of

smoking status and pack‐years on CRN risk. In doing so, the esti-

mates of the effect derived from this study are more comprehensive

as they also incorporate information after the first event of CRN.

The study has some limitations that should be acknowledged.

The relatively short follow‐up period and small cohort size lead to

some uncertainty in our results that is reflected in the broad confi-

dence intervals. Nevertheless, the results of this study are based on

one of the largest, carefully conducted prospective surveillance

cohort studies published. Also, while interpreting our results, it

should be noted that the first event of CRN evaluated in this study

was not equal to the first event in real life, as 23% of the included

patients had developed CRN prior to or at the study index. We

corrected for prior CRN or CRN at the study index in the adjusted

models. Furthermore, the information for mean endoscopic inflam-

mation scores was solely based on surveillance procedures generally

performed during remission, potentially leading to lower scores, and

information on the degree of histologic inflammation was not

included. In addition, we did not adjust for lifestyle factors such as

heavy alcohol consumption and obesity, although these factors

impact CRC risk in the general population,29,30 nor adjusted for po-

tential chemo preventive effects of medication. Finally, the general-

isability of our study results might be hampered due to the academic

setting.

CONCLUSION

In conclusion, a higher number of pack‐years is associated with an

increased risk of recurrent CRN in patients with IBD independent of

established CRN risk factors. Smoking status was not associated with

recurrent CRN risk. The suggestion of a dose‐effect relationship

provides additional impetus, next to other health outcomes,31 for

patients to quit smoking.
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