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Abstract

Background and Aims:  Women with inflammatory bowel disease [IBD] may be at higher risk for 
cervical intraepithelial neoplasia [CIN]. However, data are conflicting. The aim of this study was to 
assess the risk of high-grade dysplasia and cancer [CIN2+] in IBD women and identify risk factors.
Methods:  Clinical data from adult IBD women in a multicentre Dutch IBD prospective cohort 
[PSI] from 2007 onwards were linked to cervical cytology and histology records from the Dutch 
nationwide cytology and pathology database [PALGA], from 2000 to 2016. Patients were frequency-
matched 1:4 to a general population cohort. Standardised detection rates [SDR] were calculated for 
CIN2+. Longitudinal data were assessed to calculate CIN2+ risk during follow-up using incidence 
rate ratios [IRR] and risk factors were identified in multivariable analysis.
Results:  Cervical records were available from 2098 IBD women [77%] and 8379 in the matched 
cohort; median follow-up was 13 years. CIN2+ detection rate was higher in the IBD cohort than 
in the matched cohort (SDR 1.27, 95% confidence interval [CI] 1.05–1.52). Women with IBD had an 
increased risk of CIN2+ [IRR 1.66, 95% CI 1.21–2.25] and persistent or recurrent CIN during follow-up 
(odds ratio [OR] 1.89, 95% CI 1.06–3.38). Risk factors for CIN2+ in IBD women were smoking and 
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disease location (ileocolonic [L3] or upper gastrointestinal [GI] [L4]). CIN2+ risk was not associated 
with exposure to immunosuppressants.
Conclusions:  Women with IBD are at increased risk for CIN2+ lesions. These results underline the 
importance of human papillomavirus [HPV] vaccination and adherence to cervical cancer screening 
guidelines in IBD women, regardless of exposure to immunosuppressants.

Key Words: Inflammatory bowel disease; cervical intraepithelial neoplasia; human papillomavirus

1.  Introduction

IBD is a chronic inflammatory disease characterised by an ex-
aggerated and self-sustained immune response in the gut and 
extraintestinal tissues. Over the past decades, immunomodulators 
and biologic agents have become available widely for the treatment 
of Crohn’s disease [CD] and ulcerative colitis [UC].1,2 Due to their 
chronic inflammatory state and frequent use of immunosuppressive 
medication, patients with IBD are generally considered as at risk of 
immunocompromise.

Cervical cancer is the fourth most common type of cancer in 
women worldwide and virtually all such cancers result from a per-
sistent infection with high-risk types of the human papillomavirus 
[hrHPV]. The development of cancer from a persistent hrHPV in-
fection follows a stepwise progression via two stages of squamous 
intraepithelial lesions [low and high SIL], equivalent to the histo-
logical diagnosis of cervical intraepithelial neoplasia [CIN] 1 and 
CIN 2/3, respectively.3–5 In immunocompromised women, impaired 
detection of oncogenic signals or decreased immunosurveillance 
might accelerate the progression of CIN to invasive cancer.6 The risk 
of cervical neoplasia and cancer in women with IBD has been studied 
previously; however, results are conflicting. Some studies reported an 
increased incidence of cervical abnormalities,7–11 whereas others did 
not find a significantly higher incidence among women with IBD.12–15 
These studies use different outcomes; solely cervical cytology results, 
or cervical dysplasia, or cancer risk; and both population-based and 
single centre IBD cohorts were studied. In addition, most of these 
cohorts lack details on longitudinal follow-up and detailed informa-
tion on screening behaviour, urbanisation, education level, and IBD 
disease characteristics such as Montreal classification. The current 
European Crohn’s and Colitis Organisation [ECCO] guideline re-
commends an intensified screening approach in immunocomprom-
ised IBD women,16 and American guidelines recommend intensified 
screening only in IBD women using immunosuppressive medica-
tion.17,18 However, these recommendations are based on low level 
of evidence.18

The aim of this study was to assess the detection rate and risk of 
CIN and cervical cancer in women with IBD as compared with the 
general Dutch female population, and to assess the influence of IBD 
disease characteristics and exposure to immunosuppressive medica-
tion. A secondary aim of this study was to assess screening behav-
iour and adherence to the cervical cancer screening programme for 
women with IBD.

2.  Materials and Methods

2.1.  Data collection
A multicentre cohort study was performed within the Dutch na-
tionwide IBD biobank registry named Parelsnoer Institute [PSI]. 
PSI started in 2007 as a collaborative project of the eight University 

Medical Centres in The Netherlands, and comprises clinical data 
that are collected with a standardised information model and bio-
material.19 The following data from all women in PSI were collected: 
year of birth; IBD type; age at time of diagnosis; Montreal classifica-
tion20 for CD location [L] and behaviour [B] and for UC extension 
[E]; smoking status; education level; and exposure to immunosup-
pressive medication [immunomodulators and biologics]. Clinical 
data from all female IBD patients in the PSI cohort were linked to 
data on cervical cytology and histology in the Dutch nationwide 
network and registry of histology and cytopathology [PALGA].21 In 
PALGA, individuals are identified by a code derived from birth date 
and the first eight letters of the surname. This code was used to link 
the PSI and PALGA databases. All cervical records between January 
2000 and December 2016 were retrieved from the PALGA database, 
including indication for cytological assessment, ie, within the na-
tional screening programme or by other indications. Each woman 
with IBD from the PSI cohort was randomly frequency-matched 
by age and year of first available cervical record in PALGA to four 
women from the general population. To correct for the higher preva-
lence of cervical lesions in women living in urbanised areas,22 the 
four-digit postal code from each woman was used to identify women 
living in low [<100 000 inhabitants] and high [>100 000 inhabitants] 
level urbanisation areas. After matching, women without cytological 
or histological result [ie, hrHPV test only] within the study period 
were excluded [Supplementary Figure 1, available as Supplementary 
data at ECCO-JCC online].

2.2.  Definitions and follow-up according to 
population cervical cancer screening
CIN and cervical cancer were coded according to the systemised no-
menclature of medicine [SNOMED].23 CIN1 was defined as mild 
dysplasia, CIN2 as moderate dysplasia, CIN3 as severe dysplasia or 
carcinoma in situ, and cervical cancer as invasive cervical squamous 
cell carcinoma or non-clear cell adenocarcinoma. CIN2+ was de-
fined as the combination of CIN2, CIN3, and cervical cancer. Since 
only histological diagnoses were included as an endpoint in this 
study, the historical CIN classification was used instead of the two-
tiered Bethesda classification for cytological screening.24

The number of screening episodes in a 5-year period was calcu-
lated as a proxy of screening behaviour. A screening episode started 
with a primary test and, if abnormal or inconclusive, this primary 
test was followed by a secondary test. An episode ended after 4 years 
following the primary test when no [adequate] follow-up test had 
been performed, or when follow-up had been completed according 
to the Dutch cervical cancer screening programme.25 Thus, by defin-
ition, post-diagnostic follow-up smears were attributed to the same 
episode as the diagnosed lesion. Screening behaviour was measured 
for each woman by dividing the number of screening episodes by the 
number of 5-year follow-up periods [1: 0–5 years, 2: 5–10 years, 3: 
10–15 years, 4: >15 years] during follow-up.
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2.3.  Statistical analysis
2.3.1.  Standardised detection ratios
The primary outcome was CIN2+ detection rate, defined as the 
percentage of episodes resulting in a histological diagnosis of 
CIN2+. Standardised detection ratios [SDRs] were calculated by 
correcting the observed detection rates from the IBD cohort by 
the expected detection rates based on 5-year age categories, 5-year 
time periods, and urbanization level. The expected detection rates 
were the calculated detection rates in the matched cohort. A two-
tailed p-value <0.05 was considered statistically significant, and 
95% confidence intervals [CI] were calculated assuming a Poisson 
distribution.

2.3.2.  Incidence rate ratios during follow-up
Follow-up for each woman started on the first available cer-
vical record in the PALGA database [index date] and ended on 
December 31, 2016. Women were censored after the occurrence 
of the highest grade of cervical neoplasia during follow-up or end 
of follow-up. Incidence rates [IR] per 100 000 person-years were 
calculated for both the IBD cohort and the matched cohort, and 
incidence rate ratios [IRR] were computed. A sensitivity analysis 
was performed after exclusion of women with cervical neoplasia 
at the first screen within the study period. Kaplan‐Meier survival 
analyses were performed for the risk of CIN1 and CIN2+ diag-
noses, and statistical differences were calculated with a log-rank 
test. The effect of age on CIN2+ detection was visualised using 
attained age as time metric on the x-axis in a secondary analysis. 
Attained age was defined as the age at diagnosis of first occurrence 
of the highest CIN diagnosis during follow-up or age at end of 
follow-up. Cox proportional hazards regression analysis was per-
formed to calculate hazard ratios [HRs] in order to quantify the 
effect of IBD on the risk of CIN2+ in the IBD cohort, adjusting for 
urbanisation and screening behaviour.

2.3.3.  Persistent or recurrent CIN lesions
Patients with persistent or recurrent CIN or CIN2+ lesions were iden-
tified by detection of two histologically confirmed CIN or CIN2+ le-
sions, respectively, with a time interval of at least 18 months, since 
the majority of transient and productive hrHPV infections and 
low-grade abnormal smears regress spontaneously within this time 
frame.5 Odds ratios [ORs] with 95% confidence intervals [CIs] were 
calculated.

2.3.4.  Risk factors
Univariable and multivariable logistic regression models were per-
formed to identify risk factors for CIN2+ within the IBD cohort. 
Smoking was divided in current smoking and never or former 
smoking if patients withdrew within 6  months before inclusion 
in PSI. High education level was defined as having a college or 
university degree. Exposure to immunosuppressive medication 
was defined as at least one data entry of an immunomodulator 
[thiopurines, methotrexate] or a biologic agent (anti-tumour ne-
crosis factor alpha [TNFα], vedolizumab, ustekinumab) in PSI. 
Exposure was further subdivided in less or more than 1  year 
of exposure. Risk factors with a significance level of <0.20 in 
univariable analyses were taken into account in the multivariable 
analysis.

2.3.5.  Coverage for cervical testing
All women living in The Netherlands receive an invitation to par-
ticipate in the national cervical cancer screening programme every 

5 years between ages 30 and 60 years.26 Adherence to the national 
cervical cancer screening programme was defined as the proportion 
of women with at least one primary cytology test performed within 
the programme. Five-year coverage rate for cervical smear testing 
was defined as the percentage of women within the screening age 
group that had at least one cervical test in the 5 years before the 
reference date, either within the organised screening programme 
or outside the programme [ie, by indication]. For 5-year coverage 
rates, periods of 5 consecutive years were analysed. For example: the 
coverage rate of 2016 is based on tests performed in the 2012–2016 
period for women born between 1952 and 1986. Our results were 
compared with data from the nationwide monitoring of the national 
cervical cancer screening programme in 2016 [for the year  2010] 
and 2017 [for years 2011–2016].25 These coverage rates are calcu-
lated using the number of total women in the Dutch population aged 
30 to 64 years adjusted for the risk of hysterectomy as denominator 
from Statistics Netherlands [CBS], and a proxy of the number of 
screens available in each 5-year period from PALGA as numerator 
for each year.25 These data were compared with the coverage rates in 
the IBD cohort for significant differences using two-tailed chi square 
tests, and p-value <0.05 was considered statistically significant.

2.4.  Ethical approval
All patients in the PSI-IBD dataset provided written informed con-
sent. The scientific boards of the Dutch IBD biobank and PALGA 
approved the study. The ethics committees of all eight participating 
university medical centres granted permission to link study ob-
jects from the PSI cohort to their own cervical records collected in 
PALGA under strict privacy procedures. Consent by women for the 
use of their data stored in PALGA is implicit according to the Dutch 
Ethical Code of reuse of data and PALGA’s own privacy policy.

3.  Results

3.1.  Study population
A total of 2098 IBD women [median age at inclusion 42 years] 
were included. The matched cohort comprised 8392 women. 
Median follow-up was 13 years in both cohorts [range 0–16 years]. 
The IBD cohort comprised 1382 [66%] patients with CD and 
716 [34%] patients with UC, IBD-unclassified [IBD-U], or IBD-
indeterminate [IBD-I]. Within the IBD cohort, 554 [26.4%] women 
were smokers and 461 [34.6%] had a high education level. A total 
of 1030 [49%] patients were exposed to immunomodulators and 
707 [34%] to biologic agents [Table 1]. CD patients were more 
often smokers [33.8% vs 15.0%, p <0.001] and were more often 
exposed to immunosuppresssants [immunomodulators 53.0 % 
vs 41.7%, biologics 42.2% vs 16.9%, p <0.001] than UC pa-
tients [Supplementary Table 1, available as Supplementary data 
at ECCO-JCC online]. The vast majority of patients exposed to 
biologics had been exposed to anti-TNFα agents. Seven patients 
[1%] had been only exposed to other biologics [vedolizumab, 
ustekinumab]. Number of screening episodes in a 5-year period 
was significantly higher in the IBD cohort than in the matched co-
hort: 30% in the IBD cohort had more than one screening episode 
in a 5-year period, compared with 20.9% in the matched cohort 
[p <0.001] [Table 1].

3.2.  Standardised detection rates
Over the whole study period, significantly more CIN2+ lesions were 
detected in the IBD cohort compared with the matched cohort [SDR 
1.27, 95% CI 1.05–1.52]. This difference was mainly due to more 
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CIN2+ lesions in the 35 to 39  years of age group [Table 2]. No 
differences were observed in detection rates of CIN1 lesions [SDR 
0.95, 95% CI 0.68–1.37], CIN3 lesions [SDR 1.21, 95% CI 0.94–
1.55], or cervical cancer [SDR 0.30, 95% CI 0.03–1.08] [Table 2; 
Supplementary Table 2, available as Supplementary data at ECCO-
JCC online]. Significantly more CIN2+ lesions were detected in the 

2006–2010 time period. Urbanisation was not a strong influencing 
factor for detecting CIN2+ [Table 2].

3.2.1.  Incidence rate of CIN2+ during longitudinal follow-up
The risk of progression of a normal smear towards CIN2+ was 
higher in IBD women than in women from the matched cohort. 

Table 1.  Patient demographics from PSI for IBD women and screening behaviour for IBD and matched women.

IBD women N [%]

Total number of women 2098
Diagnosis CD 1382 [66]

UC, IBD-U or IBD-I 716 [34]
Age at IBD diagnosis <25 years 772 [37]

≥25 years 1321 [63]
N/A 5 [0]

Smoking statusa Never/>6 months 1466 [70]
Current/<6 months 554 [26]
N/A 78 [4]

Education levelb Low 1352 [64]
High 700 [33]
N/A 46 [2]

Medication exposurec

  Immunomodulator No 1068 [51]
<1 year 237 [11]
>1 year 793 [38]

  Biologics No 1391 [66]
<1 year 227 [11]
>1 year 480 [23]

Crohn’s disease
Montreal L L1 256 [19]

L2 277 [20]
L3 530 [38]
L4 or L1-3 + L4 155 [11]
N/A 164 [12]

Montreal B B1 495 [36]
B2 191 [14]
B3 192 [14]
B1-3 + p 347 [25]
N/A 157 [11]

Ulcerative colitis
Montreal E E1 56 [8]

E2 238 [33]
E3 346 [48]
N/A 76 [11]

IBD women Matched women p-value

N [%] N [%] 

Total number of women 2098 8379
Total number of screening episodes 6654 23344
Number of screening episodes per woman in a 5 year period

1 1451 [69] 6595 [79] <0.001
>1 567 [27] 1646 [20]
>2 80 [4] 138 [1]

Urbanization level >100000 632 [30] 2516 [30] 0.931
<100000 1466 [70] 5863 [70]

Bold numbers: statistically different.
IBD, inflammatory bowel disease; PSI, Parelsnoer Institute; N, number; CD, Crohn’s disease; UC, ulcerative colitis; IBD-U, IBD-unclassified; IBD-I, IBD-

indeterminate; N/A, not available; L, location; B, behaviour; p, perianal disease; E, extent.
aSmoking was defined as current smoker or former smokers who quitted within 6 months prior to inclusion in PSI. 
bHigh education level was defined as having a college or university degree. 
cExposure to medication use was defined as at least one data entry of an immunomodulator [thiopurines, methotrexate] or a biologic [anti-TNFα, 

vedolizumab] in the database. 
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After exclusion of women with an abnormal smear at first avail-
able cytopathology record, during the total of 24 159 person years, 
109 IBD women were diagnosed with CIN2+, versus 320 matched 
women during 97 163 person years. The risk of developing a CIN2+ 

lesion was significantly higher in the IBD cohort; incidence rate ratio 
[IRR] for CIN2+ for IBD women was 1.66 [95% CI 1.21–2.25] 
compared with the matched cohort. This was due to an increased 
risk of CIN2 [IRR 1.83, 95% CI 1.15–2.91] and CIN3 [IRR 1.56, 

Table 2.  Standardised detection ratios of cervical intraepithelial lesions and cervical cancer for IBD women by age, time period, and urban-
isation, follow-up period 2000–2016 as compared with matched cohort.

No. prim. testsb CIN1a CIN2+ a

Obsb Expb SDRb 95% CIc Obs b Expb SDRb 95% CIc

Overall detection rateb 6654 35 35.6 0.98 0.68–1.37 118 93.2 1.27 1.05–1.52
Screening age
<29 348 7 7.3 0.96 0.38–1.98 12 16.7 0.72 0.37–1.26
29–34 1457 11 6.4 1.72 0.86–3.08 40 35.0 1.14 0.82–1.56
35–39 1068 3 7.1 0.42 0.09–1.24 23 12.8 1.80 1.14–2.70
40–44 1136 9 6.0 1.50 0.68–2.85 17 10.2 1.67 0.97–2.67
45–49 1060 2 4.4 0.45 0.05–1.64 14 8.5 1.65 0.90–2.76
50–54 706 0 2.0 6 4.2 1.42 0.52–3.11
55–59 594 3 1.7 1.77 0.36–5.16 5 2.4 2.08 0.68–4.86
≥60 285 0 0 1 0.9 1.11 0.03–6.19
Total 6654 35 35.0 1.00 0.70–1.39 118 90.7 1.30 1.08–1.56
Time period
2000–2005 2157 5 9.3 0.54 0.17–1.26 31 25.5 1.22 0.83–1.73
2006–2010 2006 15 11.1 1.35 0.76–2.23 38 25.7 1.48 1.05–2.03
2011–2016 2491 15 15.4 0.97 0.54–1.61 49 37.1 1.32 0.98–1.75
Total 6654 35 35.8 0.98 0.68–1.36 118 89.5 1.26 1.04–1.51
Urbanization
High level 1962 9 13.3 0.68 0.31–1.29 43 33.4 1.29 0.93–1.73
Low level 4692 26 22.4 1.16 0.76–1.70 75 61.0 1.23 0.97–1.54
Total 6654 35 35.8 0.98 0.68–1.36 118 94.4 1.25 1.04–1.50

Bold numbers: statistically different.
IBD, inflammatory bowel disease; Obs., detection rate in the IBD cohort; Exp., detection rate in the age and year of screening matched cohort.
aCIN: cervical intraepithelial neoplasia; CIN1: mild dysplasia; CIN2: moderate dysplasia; CIN3: severe dysplasia or carcinoma in situ; cervical cancer: inva-

sive cervical squamous cell carcinoma and non-clear cell adenocarcinoma; CIN2+: CIN2 or higher grade of neoplasia 
bNo. of prim tests: number of primary screening tests; detection rate is the percentage of episodes starting with a primary cytology or histology screen test 

resulting in a histological diagnosis of CIN or cervical cancer. SDR: standardised detection ratio: defined as observed detection rate in IBD cohort compared with 
the expected detection rate.

. c95% CI: 95% confidence interval based on a Poisson distribution. 

Table 3.  Observed number of CIN and cervical cancer cases, person-years, incidence rates per 1000 person-years, and incidence rate ratios 
for women with IBD compared with matched women from general population excluding women with an abnormal primary screen.

Person-years Obs-No IR [95% CI] IRR [95% CI]

CIN1
  IBD women 23726 18 0.76 [0.45–1.20] 0.95 [0.57–1.60]
  Matched women 92956 74 0.80 [0.63–1.01]
CIN2
  IBD women 23235 26 1.12 [0.73–1.64] 1.83 [1.15–2.91]
  Matched women 93167 57 0.61 [0.46–0.79]
CIN3
  IBD women 23228 28 1.21 [0.80–1.74] 1.56 [1.01–2.41]
  Matched women 93030 72 0.77 [0.61–0.97]
Cervical cancer
  IBD women 23383 2 0.09 [0.01–0.28] 1.14 [0.16–5.13]
  Matched women 93381 7 0.07 [0.03–0.15]
CIN2+
  IBD women 23070 56 2.43 [1.83–3.15] 1.66 [1.21–2.25]
  Matched women 92726 136 1.47 [1.23–1.74]

Bold numbers: statistically different.
OBS-No, observed number; CI, confidence interval; CIN, cervical intraepithelial neoplasia; CIN2+, CIN2, 3, or cervical cancer; IBD, inflammatory bowel dis-

ease; No. number; IR incidence rate; IRR, incidence rate ratio.
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95% CI 1.01–2.41], not cervical cancer [IRR 1.14, 95% CI 0.16–
5.13]. No difference was observed in women developing CIN1 as 
highest grade of cervical neoplasia [IRR 0.95, 95% CI 0.57–1.60] 
[Table 3, Figure 1A and B]. The cumulative incidence for CIN2+ as 
highest grade of cervical neoplasia during follow-up increased with 
age [Figure 1C]. Including women with prevalent lesions at the first 
available cytopathology record resulted in lower IRRs but still a sig-
nificantly higher CIN2+ risk for IBD women [IRR 1.37, 95% CI 
1.10–1.70] [Supplementary Figure 2A–C; Supplementary Table 3, 
available as Supplementary data at ECCO-JCC online]. After cor-
recting for screening behaviour and urbanisation in a Cox propor-
tional hazards model, CIN2+ risk in IBD women was also increased 
[HR 1.46, 95% CI 1.07–2.00] [Table 4].

3.2.2.  Persistent or recurrent CIN lesions
In the IBD cohort, an increased risk of persistent or recurrent CIN 
lesions was observed. A  total of 17 [0.8%] IBD women had per-
sistent CIN lesions during follow-up, compared with 36 [0.4%] 
in the matched cohort [OR 1.89, 95% CI 1.06–3.38, p = 0.028]. 
A  total of 11 [0.5%] IBD women had persistent CIN2+ lesions 

during follow-up, compared with 15 [0.2%] in the matched cohort 
[OR 2.94, 95% CI 1.08–6.1, p =0.004].

3.2.3.  Risk factors for CIN2+ in the IBD cohort
In multivariable analysis, CIN2+ risk was associated with ileocolonic 
[L3] and/or upper gastrointestinal [GI] [L4] location in women 
with CD [adjusted OR 1.84, 95% CI 1.05–3.24], smoking [ad-
justed OR 3.20, 95% CI 1.90–5.40], and more than one or two 
screening episodes within a 5-year period [adjusted OR 2.00, 95% 
CI 1.16–3.44, and 5.02, 95% CI 1.89–13.35, respectively]. Exposure 
to immunomodulators or biologic agents was not associated with 
CIN2+ risk [Table 5].

3.3.  Coverage for cervical testing
IBD women participated significantly less often in the national cer-
vical cancer screening programme than women from the general 
population in 2010 and from 2012 to 2016 [Table 6]. Cervical 
screening outside the national programme was significantly more 
often performed in the IBD cohort than in the general population 
from 2011 to 2016 [Table 6]. In 2012, the 5-year coverage rate for 
total cervical screen testing was significantly higher in the IBD co-
hort than in the general population [82.7% vs 77.3%, p <0.001], but 
declined to lower rates after that year. The observed decline is most 
importantly explained by a decline in the number of IBD patients 
tested by indication [outside the national screening programme], 
which declined from 16.8% in the period from 2008 to 2012 to 
9.7% from 2012 to 2016. In addition, the adherence rate of IBD 
patients to the screening programme declined slightly over the years 
from 2010 to 2016 [66.6% to 64.5%], a trend similar to that in the 
general population [69.6% to 67.4%].

4.  Discussion

Results from our case-controlled cohort study show a higher detec-
tion rate of CIN2+ lesions in IBD women than in matched women 
from the general population. According to current guidelines, these 
lesions require treatment in most cases.27 The difference in CIN2+ 
detection rate was highest in IBD women between the ages of 35 and 
39 years. The detection rate of cervical cancer was not significantly 
different between the two groups, probably due to the sample size. 
Even after correcting for their screening behaviour, IBD women were 
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Figure 1.  [A-C] Kaplan‐Meier estimates for CIN1 and CIN2+ lesions as worst diagnosis for the IBD cohort and matched cohort by years of follow-up and attained 
age excluding women with a primary abnormal screen. A: Proportion of women with CIN1 as highest grade of dysplasia during follow-up. B: Proportion of 
women with CIN2+ as highest grade of dysplasia during follow-up. C: Proportion of women with CIN2+ as highest grade of dysplasia by attained age. Attained 
age is defined as the age at diagnosis of CIN2+ or age at end of follow-up. CIN = cervical intraepithelial neoplasia. CIN2+ = CIN2, CIN3 or cervical cancer. IBD = 
inflammatory bowel disease.

Table 4.  Univariable and multivariable hazard ratios for different 
risk factors for CIN2+ over time in the study population excluding 
women with a primary abnormal screen.

CIN2+

Univariable Multivariable

HR 95% CI HR 95% CI

Case
  No IBD 1.00 Ref 1.00 Ref
  IBD 1.66 1.21–2.26 1.46 1.07–2.00
Urbanisation
  Low level 1.00 Ref 1.00 Ref
  High level 1.08 0.79–1.47 1.11 0.81–1.51
Screening episodes in a 5-year period
  1 episode 1.00 Ref 1.00 Ref
  1–2 episodes 1.74 1.27–2.38 1.68 1.23–2.30
  >2 episodes 5.84 3.55–9.60 5.39 3.26–8.92

CIN, cervical intraepithelial neoplasia; CIN2+, CIN2, CIN 3, or cervical 
cancer; IBD, inflammatory bowel disease; HR, hazard ratio; CI, confidence 
interval; ref, reference value.
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still at increased risk of CIN2 and CIN3 lesions during follow-up. 
Also, after excluding all women with prevalent CIN lesions at the 
first screen, the risk for CIN2+ remained increased. Risk factors as-
sociated with CIN2+ in IBD women were smoking and ileocolonic 
[L3] and/or upper GI [L4] location. Exposure to immunosuppressive 
medication was not identified as a risk factor.

Our study supports previous observations that IBD women are 
at increased risk of high-grade CIN.7–11 In addition to previous data, 
we have shown that during longitudinal follow-up, women with IBD 
show a higher rate of progression from normal smears to CIN2+ and 
more often have persistent or recurrent CIN lesions than women in 
the general population. A  higher rate of persistence of an hrHPV 
infection might explain both findings. Transient and productive 
HrHPV infections and cytological low-grade abnormal smears, 

histologically mostly classified as CIN1, are highly prevalent and are 
known to clear or regress spontaneously in many patients, especially 
in young women.5,27 However, as opposed to transient or productive 
hrHPV infections, it is persistent or transforming infections that are 
essential in carcinogenesis.5,28,29

In our IBD cohort, ileocolonic [L3] or upper GI [L4] location 
in women with Crohn’s disease and smoking were risk factors for 
CIN2+ in multivariable analysis, whereas exposure to immuno-
suppressants was not associated with CIN2+. Onset of IBD be-
fore the age of 25 was a risk factor in univariable analysis only. 
Although younger age at IBD onset has already been identified as 
a risk factor,9 increased risk by disease location in Crohn’s disease 
is a novel finding. Both young age at IBD onset and L3 and/or 
L4 disease location may be associated with a severe disease ex-
pression which might increase risk for CIN lesions, since chronic 
systemic inflammation can impair innate and adaptive cellular im-
mune responses and may therefore result in a decreased clearance 
of hrHPV.30

Studies on immunosuppressive medication as a risk factor for CIN 
and cervical cancer in IBD patients display discordant results. Some 
studies have previously found a significant association,8–11,15,31 but 
others have not.7,13,14 In our study, exposure to immunomodulators 
and biologics was solely studied as: no exposure, less than 1 year, or 
more than 1 year. It would have been interesting to study the rela-
tion between timing of exposure to immunosuppressive medication 
and occurrence of CIN. Unfortunately, data on immunosuppressive 
medication was heterogeneously collected and data collected for 
the scope of this study did not allow looking into this in more de-
tail. Further studies are needed to scrutinise the exact role for im-
munosuppressive medication in cervical neoplasia risk, split on 
duration of exposure, age of start, combination therapy, and use of 
corticosteroids.

Smoking was strongly associated with CIN2+ in our IBD cohort. 
This is consistent with previous findings, both in the general popula-
tion32,33 and among women with IBD.8,14 In our IBD cohort, the risk 
of CIN2+ in active smokers was higher than the estimated 2-fold risk 
of CIN2+ in ever smokers in the general population,33–35 suggesting a 
combined effect of IBD and exposure to cigarette smoke.

IBD women had a higher screening frequency than women from 
the general population, as shown by the number of screening epi-
sodes within a 5-year period. This might be explained by the fact 
that IBD women are referred to a gynaecologist more often or are 
more aware of the increased risk and request intensified screening. 
This more frequent screening behaviour could easily have influenced 
the incidence rate of CIN2+ in our study population. Undeniably, 
an increased number of cervical smears per individual increases 
the chance of detecting abnormalities. However, the hazard ratio 
for acquiring CIN2+ was still higher in the IBD cohort than in the 
matched cohort after correcting for this important confounder in 
multivariable analysis.

This is one of the few studies reporting on screening behaviour 
and adherence to a national cervical cancer screening programme 
among IBD patients.13,14,36,37 Current ECCO guidelines advice is to 
improve the rate of adherence in IBD women, based on a study by 
Long et al., showing a suboptimal rate of cervical smear testing in 
IBD patients.16,36 Our study underlines this advice, especially since 
we observed a decline in screening rate over the past years, due to 
less frequent testing both within and outside the national screening 
programme.

Prevention of cervical neoplasia requires two important interven-
tions. First, vaccination for HPV in all females up to 26  years of 

Table 5.  Univariable and multivariable odds ratios for different risk 
factors for a CIN2+ diagnosis in 2000–2016 for women with IBD.

IBD cohort CIN2+ CIN2+

Univariable Multivariable

OR 95% CI OR 95% CI

Screening episodes in a 5-year period
  1 episode 1.00 Ref 1.00 Ref
  >1 episode 1.64 1.08–2.48 2.00 1.16–3.44
  >2 episodes 3.26 1.60–6.62 5.02 1.89–13.35
Urbanisation
  Low level 1.00 Ref 1.00
  High level 1.43 0.96–2.13 1.41 0.81–2.44
Disease type
  UC 1.00 Ref 1.00 1.00
  CD 1.39 0.90–2.13 0.96 0.61–1.53
Age at diagnosis
  ≥25 years 1.00 Ref 1.00 Ref
  <25 years 1.60 1.09–2.36 1.54 0.91–2.59
CD behaviour 
  B1 1.00 Ref
  B2, B3 or all p 0.79 0.49–1.26
CD location
  L1 or L2 1.00 Ref 1.00 Ref
  L3 or all L4 1.92 1.14–3.24 1.84 1.05–3.24
UC extent
  E1 or E2 1.00 Ref
  E3 0.67 0.31–1.45
Education level
  Low 1.00 Ref 1.00 Ref
  High 0.77 0.51–1.15 0.63 0.37–1.09
Smoking status
  No 1.00 Ref 1.00 Ref
  Yes 2.59 1.74–3.86 3.20 1.90–5.40
Exposure to immunomodulators
  No 1.00 Ref 1.00 Ref
  <1 year 0.42 0.18–0.99 0.37 0.13–1.09
  >1 year 0.89 0.59–1.33 0.91 0.54–1.55
Exposure to biologics
  No 1.00 Ref
  <1 year 0.72 0.36–1.47
  >1 year 0.96 0.61–1.54

Bold numbers: statistically different.
CIN, cervical intraepithelial neoplasia; CIN2+, CIN2 or higher grade of 

neoplasia; IBD, inflammatory bowel disease; OR, odds ratio, CI, confidence 
interval; CD, Crohn’s disease; B, behaviour; L, location; UC, ulcerative colitis, 
E, extent; p, perianal disease; Ref, reference value.
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age, preferably before sexual activity, is recommended for all women 
as primary prevention strategy.16 Normal immunogenic response 
to HPV vaccination has been reported in patients on immunosup-
pressive medication.38 HPV vaccination was only introduced in The 
Netherlands in 2008 for girls turning 13 years. Since this vaccinated 
population has not reached the screening age of 30 years during the 
study period, reported associations are in all probability unaffected 
by this vaccination programme. Data regarding efficacy in terms of 
decreasing incidence of cervical dysplasia in immunocompromised 
individuals are expected in the following years. Given the burden 
of other HPV-related [penile, oral, and anal] cancers in men, vaccin-
ation in young males is also highly worth considering.39,40 Next to 
that, secondary prevention by means of screening for premalignant 
cervical lesions within in a national cervical cancer screening pro-
gramme is advised. ECCO recommends that IBD women follow 
European guidelines on cervical cancer screening for the general 
population16,41 and an intensified screening approach for immuno-
compromised women. American guidelines also suggest intensified 
screening for IBD women using immunosuppressive medication, but 
not for all women with IBD.17,18 This risk stratification is not fully 
substantiated by our data. A decision on an intensified screening pro-
gramme in IBD women requires careful consideration of burden to 
patients, costs, and benefits. Based on available evidence, we rec-
ommend encouraging all IBD women to adhere to national cervical 
cancer screening programmes, and increased awareness among phys-
icians is warranted.

Despite the novel longitudinal data presented in this 
multicentre cohort study, a few limitations of this study warrant 
consideration. Since our IBD cohort comprises only patients from 
tertiary referral centres, reflecting a population with more severe 
disease,42 results of this study might not be completely general-
isable to all IBD patients. Also, we did not have data on several 
other possible confounders such as sexual behaviour and oral 
contraceptive use.43 It has been shown that a higher proportion 
of women with inflammatory bowel disease have sexual dysfunc-
tion compared with matched controls.44 Since sexual activity is 
a strong risk factor for CIN,32 it might be hypothesised that the 
association with IBD is even stronger. Unfortunately, we were 
not able to draw conclusions on hrHPV status, since these data 
were only collected limitedly. Also, there was not enough power 

to identify risk factors for persistent or recurrent lesions, in par-
ticular exposure to immunosuppressive medication. Furthermore, 
we were not able to collect data from PALGA before the year 
2000. Some women might have had a history of CIN before the 
index date of our follow-up period, which may have put them at 
higher risk of a subsequent lesion. Last, a group of women in the 
IBD cohort might have had a CIN2+ diagnosis before their IBD 
diagnosis. We did not exclude these women, based on the fact that 
IBD is a chronic disease that often starts years before the actual 
date of diagnosis. Moreover, since higher rates of cervical neo-
plasia were detected even to up to 10 years before IBD diagnosis,9 
we believe that including these women in the cohort was justified.

In conclusion, this study demonstrates that IBD is a risk factor 
for high-grade cervical neoplasia, especially in women who smoke 
or who have a severe CD phenotype. Close surveillance of low-grade 
lesions and treatment of high-grade CIN is warranted, given that 
persistent lesions were more prevalent in women with IBD, pos-
sibly reflecting a decreased clearance of hrHPV. Vaccination for 
HPV and adherence to cervical cancer screening programmes 
should be strongly encouraged in all IBD women, regardless of 
immunosuppressant use.

The data underlying this article will be shared on reasonable re-
quest to the corresponding author.

Funding
None.

Conflict of Interest
RG, JK, FJvK, AS, CA, IdK, and JM: have no competing interests to re-
port. ACdeV: has participated in advisory board and/or received financial 
compensation from the following companies: Janssen, Takeda, Abbvie and 
Tramedico. CJvdW: has served on advisory boards and/or received financial 
compensation from the following companies: MSD, FALK Benelux, Abbott 
Laboratories, Mundipharma Pharmaceuticals, Janssen, Takeda, and Ferring 
during the past 3 years. GD: has unrestricted research grants from Abbvie 
and Takeda; fees for advisory boards for Mundipharma and Pharmacosmos; 
received speaker’s fees from Abbvie, Takeda, and Janssen Pharmaceuticals. 
FH has served on advisory boards, or as speaker, or consultant for Abbvie, 

Table 6.  Five-year coverage rate of cervical smear testing from 2010 to 2016 in percentages for IBD women compared with women from 
general population.*

Total cervical screen testing National cervical cancer screening 
programme

Screens on indication [outside 
screening programme]a

IBD General populationc p-valueb IBD General populationc p-valueb IBD General populationc p-valueb

2010 76.7% 79.0% 0.015 66.6% 69.6% 0.005 10.1% 9.4% 0.312
2011 77.5% 77.8% 0.747 66.7% 68.4% 0.118 10.8% 9.4% 0.042
2012 82.7% 77.3% <0.001 65.9% 67.9% 0.056 16.8% 9.4% <0.001
2013 75.2% 77.2% 0.043 63.8% 67.9% <0.001 10.4% 9.2% <0.001
2014 76.7% 76.7% 0.965 65.4% 67.7% 0.029 11.3% 8.9% <0.001
2015 74.8% 76.3% 0.122 64.3% 67.7% 0.001 10.5% 8.6% 0.002
2016 74.2% 75.9% 0.496 64.5% 67.4% 0.005 9.7% 8.4% 0.035

Bold numbers: statistically different.
IBD: inflammatory bowel disease. 
aOpportunistic, indicative or secondary tests only. 
bChi-square tests were used to test for significant differences and two-tailed p-value <0.05 was considered statistically significant. 
cThe coverage rates in Monitors 2016 [for year 2010] and 2017 [for years 2011 to 2016] are calculated using a denominator that is calculated with the fol-

lowing data: all women aged 30 to 64 years in the Dutch population, as reported by CBS on 1 January of each year. The year corresponds with the year at the 
end of the 5-year coverage period. The population is adjusted per 5-year age group for the risk of hysterectomy.

D
ow

nloaded from
 https://academ

ic.oup.com
/ecco-jcc/article/15/9/1464/6145789 by U

niversiteit Leiden / LU
M

C
 user on 22 June 2022



1472� R. L. Goetgebuer et al.

Celgene, Janssen-Cilag, MSD, Takeda, Celltrion, Teva, Sandoz, and Dr 
Falk, and has received unrestricted grants from Dr Falk, Janssen-Cilag, and 
Abbvie. NKHdeB has served as a speaker for AbbVie, Takeda; and MSD; 
and as consultant and principal investigator for Takeda and TEVA Pharma 
BV; received [unrestricted] research grants from Dr Falk and Takeda. BOhas 
received speaker fees from Ferring, MSD and Abbvie; advisory boards fees 
from Ferring, MSD, Abbvie, Takeda, Pfizer, and Janssen;and research grants 
from Abbvie, Ferring, Takeda, Pfizer, MSD, and Dr Falk. AEvdMeulen‐de 
Jong has served on advisory boards, or as speaker or consultant for Takeda, 
Tramedico, and AbbVie; and has received grants from Takeda. CP has re-
ceived fees as speaker for Tillotts; advisory boards for Takeda and Pliant; 
research grants from Takeda. MJP has served on advisory boards, or as 
speaker or consultant for Abbvie, Janssen-Cilag, MSD, Takeda, Ferring, Dr 
Falk, and Sandoz; and has received unrestricted grants from Janssen-Cilag, 
Abbvie, and Takeda, outside the submitted work.

Acknowledgments
We would like to thank all the IBD patients who participate in the Dutch 
IBD Biobank. We wish to acknowledge Erik Flikkenschild from the Parelsnoer 
Institute, IBD research coordinator Florien Toxopeus from the Dutch IBD 
Biobank, and Annette Gijsbers from PALGA, for their contributions in data 
collection and data management and for providing the infrastructure to per-
form this study; and Nicole Erler from the Department of Gastroenterology 
and Hepatology, Erasmus MC Medical Centre, Rotterdam, The Netherlands, 
for assistance with the statistical analyses.

Author Contributions
Study concept and design: JK, AV, FK, JW. Data acquisition: RG, JK, CA, IdK, 
AS. Analysis and interpretation of data: RG, CA, JK, AV, IdK. Drafting of the 
manuscript: RG, JK. Critical revision of the manuscript for important intellec-
tual content: all authors. All authors approved the final version of the manu-
script for publication.

Supplementary Data
Supplementary data are available at ECCO-JCC online.

References
	1.	 Torres  J, Bonovas  S, Doherty  G, et  al. ECCO Guidelines on 

Therapeutics in Crohn’s Disease: medical treatment. J Crohns Colitis 
2020;14:4–22.

	2.	 Harbord M, Eliakim R, Bettenworth D, et al. Third European evidence-
based consensus on diagnosis and management of ulcerative colitis. Part 
2: current management. J Crohns Colitis 2017;11:769–84.

	3.	 Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J, Jemal A. Global 
cancer statistics, 2012. CA Cancer J Clin 2015;65:87–108.

	4.	 Bosch  FX, Manos  MM, Muñoz  N, et  al. Prevalence of human 
papillomavirus in cervical cancer: a worldwide perspective. International 
biological study on cervical cancer [IBSCC] Study Group. J Natl Cancer 
Inst 1995;87:796–802.

	5.	 Steenbergen RD, Snijders PJ, Heideman DA, Meijer CJ. Clinical implica-
tions of [epi]genetic changes in HPV-induced cervical precancerous le-
sions. Nat Rev Cancer 2014;14:395–405.

	6.	 Stanley  M. Immune responses to human papillomavirus. Vaccine 
2006;24[Suppl 1]:S16–22.

	7.	 Bhatia  J, Bratcher  J, Korelitz  B, et  al. Abnormalities of uterine cervix 
in women with inflammatory bowel disease. World J Gastroenterol 
2006;12:6167–71.

	8.	 Jess  T, Horváth-Puhó  E, Fallingborg  J, Rasmussen  HH, Jacobsen  BA. 
Cancer risk in inflammatory bowel disease according to patient pheno-
type and treatment: a Danish population-based cohort study. Am J 
Gastroenterol 2013;108:1869–76.

	9.	 Rungoe C, Simonsen J, Riis L, Frisch M, Langholz E, Jess T. Inflammatory 
bowel disease and cervical neoplasia: a population-based nationwide co-
hort study. Clin Gastroenterol Hepatol 2015;13:693–700.e1.

	10.	Kane S, Khatibi B, Reddy D. Higher incidence of abnormal Pap smears 
in women with inflammatory bowel disease. Am J Gastroenterol 
2008;103:631–6.

	11.	Marehbian J, Arrighi HM, Hass S, Tian H, Sandborn WJ. Adverse events 
associated with common therapy regimens for moderate-to-severe Crohn’s 
disease. Am J Gastroenterol 2009;104:2524–33.

	12.	Kim SC, Glynn RJ, Giovannucci E, et al. Risk of high-grade cervical dys-
plasia and cervical cancer in women with systemic inflammatory diseases: 
a population-based cohort study. Ann Rheum Dis 2015;74:1360–7.

	13.	Hutfless S, Fireman B, Kane S, Herrinton LJ. Screening differences and risk 
of cervical cancer in inflammatory bowel disease. Aliment Pharmacol Ther 
2008;28:598–605.

	14.	Lees  CW, Critchley  J, Chee  N, et  al. Lack of association between cer-
vical dysplasia and IBD: a large case-control study. Inflamm Bowel Dis 
2009;15:1621–9.

	15.	Singh H, Demers AA, Nugent Z, Mahmud SM, Kliewer EV, Bernstein CN. 
Risk of cervical abnormalities in women with inflammatory bowel dis-
ease: a population-based nested case-control study. Gastroenterology 
2009;136:451–8.

	16.	Magro F, Peyrin-Biroulet L, Sokol H, et al. Extra-intestinal malignancies 
in inflammatory bowel disease: results of the Third ECCO Pathogenesis 
Scientific Workshop [III]. J Crohns Colitis 2014;8:31–44.

	17.	Moscicki AB, Flowers L, Huchko MJ, et al. Guidelines for cervical cancer 
screening in immunosuppressed women without HIV infection. J Low 
Genit Tract Dis 2019;23:87–101.

	18.	Farraye  FA, Melmed  GY, Lichtenstein  GR, Kane  SV. ACG Clinical 
Guideline: preventive care in inflammatory bowel disease. Am J 
Gastroenterol 2017;112:241–58.

	19.	Spekhorst  LM, Imhann  F, Festen  EAM, et  al; Parelsnoer Institute [PSI] 
and the Dutch Initiative on Crohn and Colitis [ICC]. Cohort profile: de-
sign and first results of the Dutch IBD Biobank: a prospective, nation-
wide biobank of patients with inflammatory bowel disease. BMJ Open 
2017;7:e016695.

	20.	Silverberg MS, Satsangi J, Ahmad T, et al. Toward an integrated clinical, 
molecular and serological classification of inflammatory bowel disease: 
report of a Working Party of the 2005 Montreal World Congress of 
Gastroenterology. Can J Gastroenterol 2005;19[Suppl A]:5A–36A.

	21.	Casparie  M, Tiebosch  AT, Burger  G, et  al. Pathology databanking and 
biobanking in The Netherlands, a central role for PALGA, the nationwide 
histopathology and cytopathology data network and archive. Cell Oncol 
2007;29:19–24.

	22.	Siebers  AG, Klinkhamer  PJJM, Arbyn  M, Raifu  AO, Massuger  LFAG, 
Bulten J. Cytologic detection of cervical abnormalities using liquid-based 
compared with conventional cytology: a randomized controlled trial. 
Obstet Gynecol 2008;112:1327–34.

	23.	Foster EA, Stein A, Liberman D, Cooper C, Wolfe HJ. A computer-assisted 
surgical pathology system. Am J Clin Pathol 1982;78:328–36.

	24.	Solomon D, Davey D, Kurman R, et al; Forum Group Members; Bethesda 
2001 Workshop. The 2001 Bethesda System: terminology for reporting 
results of cervical cytology. JAMA 2002;287:2114–9.

	25.	[RIVM] R v V e M. Cervical Cancer Screening Programme. 2020. https://
www.rivm.nl/en/cervical-cancer-screening-programme Accessed April 29, 
2020.

	26.	Naber  SK,   Matthijse  SM, Jansen  EEL, de  Kok  IMCM, de  Koning  HJ, 
van  Ballegooijen  M. Effecten en kosten van het vernieuwde 
bevolkingsonderzoek naar baarmoederhalskanker in nederland naar 
aanleiding van recente ontwikkelingen (Effects and costs of the renewed 
national cervical cancer screening programme in the Netherlands in re-
sponse to recent developments). Rotterdam, The Netherlands: Afdeling 
Maatschappelijke Gezondheidszorg Erasmus MC, Universitair Medisch 
Centrum Rotterdam; 2016.

	27.	Massad  LS, Einstein  MH, Huh  WK, et  al; 2012 ASCCP Consensus 
Guidelines Conference. 2012 updated consensus guidelines for the man-
agement of abnormal cervical cancer screening tests and cancer precursors. 
J Low Genit Tract Dis 2013;17:S1–27.

D
ow

nloaded from
 https://academ

ic.oup.com
/ecco-jcc/article/15/9/1464/6145789 by U

niversiteit Leiden / LU
M

C
 user on 22 June 2022

https://www.rivm.nl/en/cervical-cancer-screening-programme Accessed
https://www.rivm.nl/en/cervical-cancer-screening-programme Accessed


Increased Risk of Cervical Neoplasia in Women with IBD� 1473

	28.	Rodríguez  AC, Schiffman  M, Herrero  R, et  al. Longitudinal study of 
human papillomavirus persistence and cervical intraepithelial neo-
plasia grade 2/3: critical role of duration of infection. J Natl Cancer Inst 
2010;102:315–24.

	29.	Schlecht NF, Kulaga S, Robitaille J, et al. Persistent human papillomavirus 
infection as a predictor of cervical intraepithelial neoplasia. JAMA 
2001;286:3106–14.

	30.	Stanley  MA. Epithelial cell responses to infection with human 
papillomavirus. Clin Microbiol Rev 2012;25:215–22.

	31.	Allegretti  JR, Barnes  EL, Cameron  A. Are patients with inflammatory 
bowel disease on chronic immunosuppressive therapy at increased risk of 
cervical high-grade dysplasia/cancer? A meta-analysis. Inflamm Bowel Dis 
2015;21:1089–97.

	32.	International Collaboration of Epidemiological Studies of Cervical 
Cancer. Comparison of risk factors for invasive squamous cell carcinoma 
and adenocarcinoma of the cervix: collaborative reanalysis of individual 
data on 8097 women with squamous cell carcinoma and 1374 women 
with adenocarcinoma from 12 epidemiological studies. Int J Cancer 
2007;120:885–91.

	33.	Feng RM, Hu SY, Zhao FH, et al. Role of active and passive smoking in 
high-risk human papillomavirus infection and cervical intraepithelial neo-
plasia grade 2 or worse. J Gynecol Oncol 2017;28:e47.

	34.	Olsen AO, Dillner J, Skrondal A, Magnus P. Combined effect of smoking 
and human papillomavirus type 16 infection in cervical carcinogenesis. 
Epidemiology 1998;9:346–9.

	35.	Roura E, Castellsagué X, Pawlita M, et al. Smoking as a major risk factor 
for cervical cancer and pre-cancer: results from the EPIC cohort. Int J 
Cancer 2014;135:453–66.

	36.	Long MD, Porter CQ, Sandler RS, Kappelman MD. Suboptimal rates of 
cervical testing among women with inflammatory bowel disease. Clin 
Gastroenterol Hepatol 2009;7:549–53.

	37.	Singh  H, Nugent  Z, Demers  AA, Bernstein  CN. Screening for cervical 
and breast cancer among women with inflammatory bowel disease: a 
population-based study. Inflamm Bowel Dis 2011;17:1741–50.

	38.	Jacobson DL, Bousvaros A, Ashworth L, et al. Immunogenicity and tol-
erability to human papillomavirus-like particle vaccine in girls and 
young women with inflammatory bowel disease. Inflamm Bowel Dis 
2013;19:1441–9.

	39.	Stanley M. HPV vaccination in boys and men. Hum Vaccin Immunother 
2014;10:2109–11.

	40.	  Centers of Disease Control and Prevention. HPV-associated Cancer 
Statistics 2016. 2016. https://www.cdc.gov/cancer/hpv/statistics/. Accessed 
July 10, 2020.

	41.	Arbyn M, Anttila A, Jordan J, et al. European Guidelines for quality as-
surance in cervical cancer screening. Second edition – summary document. 
Ann Oncol 2010;21:448–58.

	42.	de  Groof  EJ, Rossen  NG, van  Rhijn  BD, et  al. Burden of disease and 
increasing prevalence of inflammatory bowel disease in a population-based 
cohort in the Netherlands. Eur J Gastroenterol Hepatol 2016;28:1065–72.

	43.	Loopik DL, IntHout  J, Melchers WJG, Massuger LFAG, Bekkers RLM, 
Siebers AG. Oral contraceptive and intrauterine device use and the risk of 
cervical intraepithelial neoplasia grade III or worse: a population-based 
study. Eur J Cancer 2020;124:102–9.

	44.	Marín  L, Mañosa  M, Garcia-Planella  E, et  al. Sexual function and pa-
tients’ perceptions in inflammatory bowel disease: a case-control survey. J 
Gastroenterol 2013;48:713–20.

D
ow

nloaded from
 https://academ

ic.oup.com
/ecco-jcc/article/15/9/1464/6145789 by U

niversiteit Leiden / LU
M

C
 user on 22 June 2022

https://www.cdc.gov/cancer/hpv/statistics/

