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ABSTRACT

Objectives To systematically assess the associations
between various immune-mediated diseases (IMDs) and
human papillomavirus (HPV)-associated diseases.

Design Retrospective cohort study.

Setting UK Biobank.

Participants A total of 500371 subjects aged 40-69
years were eligible for the analysis, after excluding those
with prevalent HPV-associated diseases at baseline and
those who had withdrawn their informed consent or lacked
information on sex.

Exposure Eighty IMDs (involving allergic/atopic diseases,
autoimmune diseases, immunodeficiency diseases, etc)
were identified in the UK Biobank.

Primary and secondary outcome measures The

main outcome was the incidence of HPV-associated
diseases (including warts and malignancies of the

cervix, oropharynx, anus, penis, vulva and vagina). Cox
proportional hazards model was used to estimate HRs and
95% Cls with particular adjustment for sexual behaviours.
We also conducted subgroup analyses based on benign
and malignant status, and anatomical sites of HPV-
associated diseases, respectively.

Results During a median of 12.0 years of follow-up,
2244 cases out of 500 371 subjects developed HPV-
associated diseases. Overall, participants with IMDs

had a higher risk of HPV-associated diseases than their
controls after adjustment for sexual behaviours and other
potential confounders (female: HR=1.90, 95% Cl=1.66

10 2.17, p<0.001; male: HR=1.66, 95% Cl=1.41 10 1.97,
p<0.001). Additionally, eight individual IMDs in women (eg,
asthma: HR=1.76, 95% CI=1.47 to 2.11, p<0.001) and
three in men (eg, chronic nephritic syndrome: HR=6.05,
95% Cl=3.32 to 11.04, p<0.001) were associated with
increased risk of HPV-associated diseases. Subgroup
analyses revealed significant IMD differences between
benign and malignant subgroups as well as between
oropharyngeal and anogenital subgroups.

Conclusion In this large retrospective cohort study, IMDs
were significantly associated with an elevated risk of
HPV-associated diseases. Besides, gender-specific and
region-specific associations were also observed between
individual IMDs and HPV-associated diseases.

STRENGTHS AND LIMITATIONS OF THIS STUDY

= To the best of our knowledge, this is the largest ret-
rospective cohort to date exploring the association
of immune-mediated diseases (IMDs) with human
papillomavirus (HPV)-associated diseases.

= Comprehensive subgroup analyses based on
anatomical sites and benign and malignant na-
ture of HPV-associated diseases were conducted
and a wide range of important confounders were
considered.

= As IMDs were ascertained through hospital records,
people with undiagnosed IMDs may have been
missed.

= The medications for IMD treatment were not adjust-
ed for the observed associations due to the limited
sample sizes of certain individual IMDs.

= HPV-associated diseases were identified based on
their acknowledged relationships with HPV infec-
tion, not a positive HPV test result, which might
cause a confounding effect on our findings.

INTRODUCTION

Immune-mediated diseases (IMDs) represent
a highly heterogeneous group of patholo-
gies, posing heavy burden on medical insur-
ance worldwide." The development of IMDs
is considered as the consequence of multi-
plex interaction between environmental and
genetic factors, which trigger the immune
dysregulation and result in subsequent
systemic or organ-specific injuries.” Previous
studies have revealed common susceptibility
loci and pathways behind the co-occurrence
of certain IMDs, indicating similar patterns of
comorbidity and clinical outcomes might also
be shared between them.””

Human papillomavirus (HPV), one of
the most common sexually transmitted
infections, is estimated to infect nearly
all sexually active women at least once in
their lifetime.* HPV initially invades the
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skin and mucosa, of which the persistent infection
has been confirmed to be a major causative factor of
a series of HPV-associated diseases, including benign
skin warts and malignancies originating from the
head and neck region as well as anogenital organs.”’
Various immune cells in both the circulation and
local tissues, especially regulatory T cells, are involved
in the host response to HPV infection, which play
pivotal roles in shaping immunosuppressive micro-
environment and promoting the gradual formation
of neoplasm.’ " These findings suggest a sophisti-
cated immune-mediated pathogenic network of HPV-
associated diseases.

Previous studies had demonstrated higher rates
of HPV infection among patients with certain
IMDs, including psoriasis and multiple rheumatic
diseases.? ? Meanwhile, reduced immune-mediated
eradication and abnormal
environment have been shown to promote HPV-
induced carcinogenesis, indicating the importance
of immune dysregulation in developing HPV-
associated diseases.® !* However, few studies have
investigated the associations between IMDs and
HPV-associated diseases. Therefore, in this study,
we aimed to systematically explore the association
of various IMDs with the risk of HPV-associated
diseases based on UK Biobank (UKB) cohort data.
We also conducted subgroup analyses by anatomical
sites and differences between benign and malignant
diseases, respectively.

inflammatory micro-

METHODS

Study design and participants

This retrospective cohort study leveraged data from the
UKB, a national database that recruited over 500000
adults in the UK during 2006-2010, which aimed to
explore the genetic, lifestyle and environmental determi-
nants of a wide range of diseases.'' '*

For this study, participants with prevalent HPV-
associated diseases at baseline (n=1960) and those who
had withdrawn their informed consent (n=158) and
lacked information on sex (n=1) were excluded from the
study (figure 1).

Patient and public involvement

Patients or the public were not involved in the design,
or conduct, or reporting, or dissemination plans of our
research.

Ascertainment of IMDs

A total of 80 IMDs (involving various allergic/atopic
diseases, autoimmune diseases, immunodeficiency
diseases, organ transplantation, etc) were identified using
the International Statistical Classification of Diseases
and Related Health Problems 10th version (ICD-10)
codes (online supplemental table 1). We initially exam-
ined whether the risk of HPV-associated diseases differs
between participants with and without any IMDs on
the holistic level. In terms of the subsequent analysis of
individual IMD, only those with more than 100 affected
individuals and at least 10 corresponding incident cases
(ie, total, benign, malignant, oropharyngeal, anogenital,

UK Biobank Total

Exclusions:
1. Patients with prevalent HPV-associated
_ | diseases at baseline (n=1960)

2. Individuals who had withdrawn informed
consent (r=158)

Participants Included
(r=500371)

3.Subjects lacking information on sex (n=1)

v

Female Participants

'

Male Participants

(n=271817) (n=228554)
{ b v l v i i i '
Females Vs Females without Females witha Vs Females without Males with Vs Males without Males witha Vs Males without the
with IMDs any IMDs specific IMD the specific IMD IMDs any IMDs specific IMD specific IMD
Outcomes: HPV-associated diseases
v v

Subgroup amalysis: Subgroup analysis:

based on the differences between benign based on the anatomical sites of

and malignant HPV-associated diseases malignant HPV-associated diseases

Figure 1 Study flow chart. HPV, human papillomavirus; IMDs, immune-mediated diseases.
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cervical HPV-associated diseases, respectively, as described
below) were taken into account to improve the reliability
of results.

Outcome ascertainment

The primary outcome was the diagnosis of HPV-associated
diseases (including benign warts and malignancies of the
cervix, oropharynx, anus, penis, vulva and vagina), which
was ascertained through data linkage with national elec-
tronic administrative health records, with corresponding
ICD-10 codes presented in online supplemental table
2. All analyses were performed separately for men and
women since specific HPV-associated diseases differed in
men (including penile, anal and oropharyngeal cancers,
and warts) and women (including cervical, vaginal, vulvar,
anal and oropharyngeal cancers, and warts).

We also conducted subgroup analyses based on differ-
ences between benign and malignant diseases, and
anatomical sites, respectively. Briefly, the total HPV-
associated diseases were divided into benign and malig-
nant categories, the former including warts and the latter
including all related malignancies which could be further
categorised by anatomical sites as oropharyngeal cancer
and anogenital cancer (penile and anal cancers in men,
and vaginal, vulvar, cervical and anal cancers in women).
Besides, cervical cancer was specifically analysed due to
its clinical importance and large sample size, while other
individual tumours were not analysed separately due to
the limited sample sizes. All diagnoses were identified at
the date when their ICD-10 codes were first recorded. We
defined incident cases of HPV-associated diseases as indi-
viduals with a diagnosis present at least 12 months after
the diagnosis of IMDs.

Statistical analysis

All study participants were followed up from the date of
baseline assessment to either the date of HPV-associated
diseases diagnosis, death, loss to follow-up or the end of
the data linkage (16 March 2021), whichever came first.
The exposure group was composed of subjects with prev-
alent IMDs at recruitment and those who reported inci-
dent disease diagnosis during the follow-up period.

Normality was assessed by Cramer-von Mises test. The
baseline characteristics of participants with and without
incident HPV-associated diseases were summarised using
the means with SDs and median (IQR) for quantitative
variables, and percentages for categorical variables. X
test or Fisher’s exact test was used to compare the differ-
ence between categorical variables, while the Student’s
t-test or the Wilcoxon rank-sum test was applied to eval-
uate the continuous variables, as appropriate.

Univariate and multivariable Cox proportional hazards
models were used to estimate HRs and 95% ClIs for the
relationships between total/individual IMDs and the risk
of total/benign/malignant/oropharyngeal/anogenital /
cervical HPV-associated diseases. In multivariable anal-
ysis, we constructed four incremental models for each
outcome: model 1 (minimally adjusted) was adjusted

for age and ethnicity; model 2 was additionally adjusted
for socioeconomic status (Townsend deprivation score);
model 3 was further adjusted for smoking status and
alcohol drinker status; model 4 (maximally adjusted)
was adjusted for all covariates in model 3 as well as life-
time number of sexual partners and same-sex behaviour.
Participants with any missing data are excluded from
further analysis.

All statistical analyses were conducted using R software
(V.3.6.3) together with add-on packages. Statistical tests
were two sided with a p value of <0.05 considered as statis-
tically significant, but when further comparing the risk of
developing HPV-associated diseases between individuals
with and without IMDs, we deemed the p value of <0.001
as statistically significant to reduce the likelihood that the
resulting test statistic was obtained by chance and make
the observed associations more reliable.

RESULTS

Baseline characteristics

A total of 500371 subjects (mean (SD) age, 56.5 (8.1)
years/median (IQR) age, 58.0 (50.0-63.0) years) were
included in this study, of which 271817 (54%) were
female and the vast majority (95%) were white. As shown
in table 1, compared with those without incident HPV-
associated diseases, participants with incident HPV-
associated diseases were more likely to be older, white,
socioeconomically deprived and less educated. Besides,
participants with incident HPV-associated diseases were
more likely to have an unhealthy lifestyle, represented
by current smoking and alcohol consumption (women),
and were more sexually active, for example, having >6
lifetime sexual partners and an earlier age at first inter-
course. Specifically, male participants with incident HPV-
associated diseases tended to have same-sex behaviour, >6
lifetime same-sexual partners and a history of aspirin use,
compared with their counterparts. More detailed compar-
ison of baseline characteristics between individuals with
and without benign/malignant/oropharyngeal/anogen-
ital/cervical HPV-associated diseases was presented inon-
line supplemental tables 3—-6.

IMDs and risk of total HPV-associated diseases

During a median follow-up of 12.0 years, a total of 2244
incident cases (1302women; 942 men; incidence rate:
0.40 per 1000 person-years) with HPV-associated diseases
were identified. Overall, IMDs were significantly associ-
ated with an increased risk of HPV-associated diseases,
with a multivariable-adjusted HR of 1.90 (95% CI: 1.66 to
2.17, p<0.001) in female participants and 1.66 (95% CI:
1.41 to 1.97, p<0.001) in male participants for total HPV-
associated diseases (table 2 and figure 2).

Among female participants, a total of nine individual
IMDs were positively associated with the risk of overall
HPV-associated diseases in the univariate model (online
supplemental table 7), of which eight individual IMDs
still remained significant after adjustment for age,

Feng L, et al. BMJ Open 2023;13:€072249. doi:10.1136/bmjopen-2023-072249

3

‘saifojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1Xa1 01 pale|al sasn 1o Buipnjoul ‘1ybliAdod Aq palosalold
*1senb Aq GZ0z ‘ST Jequeldas uo jwod fwg uadolwqy:dny woly papeojumoq "£202 Jaqweldas 6T U0 6%722.0-£202-uadolwa/oeTT 0T se paysiqnd isiiy :uado cING


https://dx.doi.org/10.1136/bmjopen-2023-072249
https://dx.doi.org/10.1136/bmjopen-2023-072249
https://dx.doi.org/10.1136/bmjopen-2023-072249
https://dx.doi.org/10.1136/bmjopen-2023-072249
https://dx.doi.org/10.1136/bmjopen-2023-072249
https://dx.doi.org/10.1136/bmjopen-2023-072249
http://bmjopen.bmj.com/

I

Open access

Table 1

Clinical and demographic characteristics of all study subjects by sex (n=500371)

Women

Men

Participants with

any* HPV-associated

Participants without
any HPV-associated

Participants with

any* HPV-associated

Participants without
any HPV-associated

diseases diseases diseases diseases
Characteristic (n=1302) (n=270 515) P value (n=942) (n=227 612) P value
Age at recruitment, <0.001 <0.001
years
Mean (SD) 57.1 (8.0) 56.4 (8.0) 58.2 (7.5) 56.7 (8.2)
Median (IQR) 58.5 (51.0-64.0) 57.0 (50.0-63.0) 60.0 (53.0-64.0) 58.0 (50.0-64.0)
Ethnicity, n (%)
White 1254 (96.3) 254711 (94.2) <0.001 906 (96.2) 213824 (93.9) 0.008
Non-white 38 (2.9) 14561 (5.4) 32 (3.4) 12291 (5.4)
Missing 10 (0.8) 1243 (0.4) 4 (0.4) 1497 (0.7)
Townsend <0.001 <0.001
deprivation index
Mean (SD) -1.0 (3.2) -1.3(3.0) -0.5 (3.5) -1.3(3.2)
Median (IQR) -1.8(-3.5t01.1) -2.1(-3.6t0 0.5) -1.5(-3.31t0 2.1) -2.1(-3.6t0 0.6)
Missing 1(0.1) 323 (0.1) 1(0.1) 295 (0.1)
Years of formal 0.011 0.008
education
Mean (SD) 13.3 (5.1) 13.7 (5.1) 13.8(5.2) 14.3 (5.2)
Median (IQR) 10.0 (10.0-20.0) 13.0 (10.0-20.0) 13.0 (10.0-20.0) 13.0 (10.0-20.0)
Missing 34 (2.6) 5275 (1.9) 14 (1.5) 4758 (2.1)
Smoking status,
n (%)
Never 652 (50.1) 160641 (59.4) <0.001 362 (38.4) 110900 (48.7) <0.001
Previous 451 (34.6) 84466 (31.2) 382 (40.6) 86977 (38.2)
Current 186 (14.3) 23922 (8.8) 195 (20.7) 28314 (12.4)
Missing 13 (1.0) 1486 (0.6) 3(0.3) 1421 (0.7)
Pack years of 0.002 <0.001
smoking
Mean (SD) 22.5(17.7) 20.2 (15.5) 31.3 (21.4) 26.1 (20.9)
Median (IQR) 20.0 (10.1-30.8) 16.9 (8.6-28.5) 27.0 (15.9-41.5) 21.3 (11.3-35.5)
Missing 859 (66.0) 199328 (73.7) 523 (55.5) 149582 (65.7)
Alcohol drinker
status, n (%)
Never 59 (4.5) 15837 (5.9) 0.035 24 (2.5) 6372 (2.8) 0.280
Previous 59 (4.5) 9846 (3.6) 42 (4.5) 8043 (3.5)
Current 1176 (90.3) 244022 (90.2) 873 (92.7) 212381 (93.3)
Missing 8 (0.7) 810 (0.3) 3(0.3) 816 (0.4)
Aspirin use, n (%) 618 (47.5) 124770 (46.1) 0.230 429 (45.5) 94226 (41.4) 0.011
Missing 35 (2.7) 5260 (1.9) 21 (2.2) 5286 (2.3)
Age first had <0.001 <0.001
sexual intercourse,
years
Mean (SD) 18.6 (3.1) 19.1 (3.6) 18.4 (4.0) 19.2 (4.3)
Median (IQR) 18.0 (16.0-20.0) 18.0 (17.0-21.0) 18.0 (16.0-20.0) 18.0 (17.0-21.0)
Missing 179 (13.7) 37368 (13.8) 122 (13.0) 29088 (12.8)
Lifetime number
of sexual partners,
n (%)
Continued
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Table 1 Continued
Women Men
Participants with Participants without Participants with Participants without
any* HPV-associated any HPV-associated any* HPV-associated any HPV-associated
diseases diseases diseases diseases
Characteristic (n=1302) (n=270 515) P value (n=942) (n=227 612) P value
<1 241 (18.5) 72479 (26.8) <0.001 114 (12.1) 43573 (19.1) <0.001
2-5 453 (34.8) 93344 (34.5) 223 (23.7) 68260 (30.0)
>6 299 (23.0) 53198 (19.7) 373 (39.6) 70951 (31.2)
Missing 309 (23.7) 51494 (19.0) 232 (24.6) 44828 (19.7)
Ever had same-sex 28 (2.2) 6834 (2.5) 0.440 79 (8.4) 8754 (3.8) <0.001
intercourse, n (%)
Missing 149 (11.4) 30843 (11.4) 97 (10.3) 22335 (9.8)
Lifetime number of
same-sex sexual
partners, n (%)
<1 16 (1.2) 3015 (1.1) 0.450 6 (0.6) 1725 (0.8) 0.016
2-5 10 (0.8) 2685 (1.0) 15 (1.6) 2216 (1.0)
>6 2(0.2) 833 (0.3) 30 (3.2) 2703 (1.1)
Missing 1274 (97.8) 263982 (97.6) 891 (94.6) 220968 (97.1)

The bold values are p values less than 0.05.

*Refers to participants with at least one of 80 immune-mediated diseases.

HPV, human papillomavirus.

ethnicity, socioeconomic status, smoking status, alcohol
drinker status, lifetime number of sexual partners and
same-sex behaviour (model 4). More specifically, female
participants with asthma (HR=1.76; 95% CI: 1.47 to 2.11,
p<0.001), organ transplant (HR=6.67; 95% CI: 4.22 to
10.52, p<0.001), rheumatoid arthritis (HR=2.34; 95% CI:
1.64 to 3.35, p<0.001), Crohn’s disease (HR=3.08; 95% CI:
1.84t0 5.14, p<0.001), ulcerative colitis (HR=2.47;95% CI:
1.56 to 3.90, p<0.001), psoriasis (HR=3.98; 95% CI: 2.77
to 5.72, p<0.001), lichen planus (HR=4.33; 95% CI: 2.31
to 8.08, p<0.001) and endometriosis (HR=2.01; 95% CI:
1.39t0 2.90, p<0.001) were at increased risk of developing
HPV-associated diseases (table 2 and figure 2).

On the other hand, among male participants, those
diagnosed with asthma (HR=1.65; 95% CI: 1.31 to 2.08,
p<0.001), organ transplant (HR=5.63; 95% CI: 3.60 to
8.81, p<0.001) or chronic nephritic syndrome (HR=6.05;
95% CI: 3.32 to 11.04, p<0.001) had a higher risk of total
HPV-associated diseases compared with their counter-
parts (table 2 and figure 2).

Subgroup analyses based on the differences between benign
and malignant HPV-associated diseases

Subgroup analyses by sex for benign and malignant HPV-
associated diseases remained statistically significant, in
which female participants with IMDs were under a higher
risk of developing both benign (HR=2.75, 95% CI: 2.19
to 3.44, p<0.001) and malignant (HR=1.57, 95% CI: 1.33
to 1.86, p<0.001) HPV-associated diseases. Similar associ-
ations were also observed in male participants (HR=1.76,
95% CI: 1.36 to 2.28, p<0.001 for benign HPV-associated

diseases and HR=1.60, 95% CI: 1.28 to 1.99, p<0.001 for
malignant HPV-associated diseases) (table 2 and figure 2).

Furthermore, we observed that organ transplant
(HR=15.43; 95%CI: 8.59 to 27.72, p<0.001), asthma
(HR=2.53; 95%CI: 1.87 to 3.40, p<0.001), psoriasis
(HR=6.13;95% CI: 3.48 to 10.81, p<0.001) and endometri-
osis (HR=3.64; 95% CI: 2.10 to 6.31, p<0.001) were signifi-
cantly associated with an increased risk of developing
warts across all unadjusted and multivariable-adjusted
models (models 1-4) in female participants, whereas
only organ transplant (HR=10.71; 95% CI: 6.34 to 18.11,
p<0.001) seemed to be associated with an increased risk
of developing warts in male participants (online supple-
mental tables 7-9; table 2 and figure 2).

Meanwhile, results derived from the maximally adjusted
model (model 4) performed in female participants
indicated that asthma (HR=1.48; 95% CI: 1.17 to 1.85,
p<0.001), rheumatoid arthritis (HR=2.26; 95% CI: 1.47
to 3.47, p<0.001), lichen planus (HR=4.90; 95% CI: 2.43
to 9.86, p<0.001) and psoriasis (HR=3.16; 95% CI: 1.97
to 5.07, p<0.001) were all risk factors for HPV-associated
malignancies, with asthma (HR=1.82; 95%CI: 1.37 to
2.42, p<0.001) being a risk factor in men as well.

Subgroup analyses based on anatomical sites of HPV-
associated diseases

Subgroup analyses by sex for anatomical sites of
HPV-associated diseases showed that female partici-
pants with IMDs were under a higher risk of devel-
oping anogenital HPV-associated diseases (HR=1.55,
95% CI: 1.29 to 1.86, p<0.001). Similar associations
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Table 2 Associations between IMDs and the risk of HPV-associated diseases by sex

Women Men
Outcome Disease HR (95% CI) P value HR (95% CI) P value
Total HPV-associated IMDs* 1.90 (1.66, 2.17) <0.001 1.66 (1.41, 1.97) <0.001
diseases Asthma 1.76 (1.47, 2.11) <0.001 1.65 (1.31, 2.08) <0.001
Organ transplant 6.67 (4.22, 10.52) <0.001 5.63 (3.60, 8.81) <0.001
Chronic nephritic N/A 6.05 (3.32, 11.04) <0.001
syndrome
Ulcerative colitis 2.47 (1.56, 3.90) <0.001 N/A
Crohn’s disease 3.08 (1.84, 5.14) <0.001
Rheumatoid arthritis  2.34 (1.64, 3.35) <0.001
Psoriasis 3.98 (2.77, 5.72) <0.001
Lichen planus 4.33 (2.31, 8.08) <0.001
Endometriosis 2.01 (1.39, 2.90) <0.001
Benign HPV-associated IMDs* 2.75 (2.19, 3.44) <0.001 1.76 (1.36, 2.28) <0.001
diseases Organ transplant 15.43 (8.59, 27.72) <0.001 10.71 (6.34, 18.11) <0.001
Asthma 2.53 (1.87, 3.40) <0.001 N/A
Psoriasis 6.13 (3.48, 10.81) <0.001
Endometriosis 3.64 (2.10, 6.31) <0.001
Malignant HPV-associated IMDs* 1.57 (1.33, 1.86) <0.001 1.60 (1.28, 1.99) <0.001
diseases Asthma 1.48 (1.17, 1.85) <0.001 1.82 (1.37, 2.42) <0.001
Rheumatoid arthritis  2.26 (1.47, 3.47) <0.001 N/A
Lichen planus 4.90 (2.43, 9.86) <0.001
Psoriasis 3.16 (1.97, 5.07) <0.001
Oropharyngeal HPV- Rheumatoid arthritis  5.14 (2.45, 10.77) <0.001 N/A
associated diseases
Anogenital HPV-associated |MDs* 1.55 (1.29, 1.86) <0.001 1.83 (1.31, 2.56) <0.001
diseases Asthma N/A 2.58 (1.73, 3.87) <0.001
Crohn’s disease 3.09 (1.59, 6.00) <0.001 N/A

Adjusted for age, ethnicity, socioeconomic status (Townsend deprivation score), smoking status, alcohol drinker status,
lifetime number of sexual partners and same-sex behaviour (model 4). Only IMDs reaching statistical significance for the
corresponding outcome were presented. Notably, no significant association between IMDs and cervical HPV-associated
diseases was observed in this maximally adjusted model (model 4). The bold values are p values less than 0.001.
*Refers to compare the outcome risk between participants with at least 1 of 80 IMDs and those without any IMDs.

HPV, human papillomavirus; IMDs, immune-mediated diseases; N/A, not applicable.

were also observed in male participants (HR=1.83,
95% CI: 1.31 to 2.56, p<0.001 for anogenital HPV-
associated diseases). Additionally, we have not
observed any significant association between IMDs
and cervical HPV-associated diseases in female partic-
ipants (table 2 and figure 2).

Furthermore, we observed that rheumatoid arthritis
(HR=5.14;95% CI: 2.45 t0 10.77, p<0.001) was strongly
linked with an increased risk of developing oropharyn-
geal cancer in female participants. Besides, Crohn’s
disease (HR=3.09; 95%CI: 1.59 to 6.00, p<0.001)
conferred an increased risk of anogenital HPV-
associated malignancies in women, whereas among
male participants, only asthma (HR=2.58; 95% CI:
1.73 to 3.87, p<0.001) showed a statistically significant

association with anogenital HPV-associated malignan-
cies after adjusting for potential confounding factors
in model 4 (table 2 and figure 2).

DISCUSSION

In the presentstudy, we observed significant associations of
IMDs with increased risk of total HPV-associated diseases
in both female and male participants after adjusting for
demographic characteristics, common cancer risk factors
and history of sexual behaviours. Gender-specific associ-
ations were observed between individual IMDs and total
HPV-associated diseases, in which more types of IMDs were
found to be significantly associated with increased risk of
HPV-associated diseases in female participants (asthma,
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Women Men
Outcome Disease HR(95% CI) P HR(95% CI) P
Total HPV-related diseases
IMDs L] 1.90 (1.66, 2.17) <0.001 L 1.66 (1.41,1.97) <0.001
Asthma ] 176 (1.47, 2.11) <0.001 L] 1.65 (1.31,2.08) <0.001
Organ transplant —— 6.67 (4.22,10.52) <0.001 —e— 563 (3.60, 8.81) <0.001
Chronic nephritic syndrome H —— 6.05(3.32, 11.04) <0.001
Rheumatoid arthritis Ll 2.34 (1.64, 3.35) <0.001
Crohns disease +o—i 3.08 (1.84, 5.14) <0.001
Ulcerative colitis o 2.47 (1.56, 3.90) <0.001
Psoriasis +o— 3.98(2.77,5.72) <0.001
Lichen planus —o— 4.33(2.31,8.08) <0.001
Endometriosis o 2.01(1.39, 2.90) <0.001
Benign HPV-related diseases
IMDs L gl 275 (2.19, 3.44) <0.001 L] 1.76 (1.36, 2.28) <0.001
Organ transplant F———8——> 1543(859.27.72)  <0.001 ——e— 10.71(6.34,18.11)  <0.001
Asthma - 253 (1.87, 3.40) <0.001
Psoriasis —— 6.13 (3.48, 10.81) <0.001
Endometriosis —o— 364 (2.10,6.31) <0.001
Malignant HPV-related diseases
IMDs o 1.57 (1.33, 1.86) <0.001 ol 1.60 (1.28, 1.99) <0.001
Asthma I 1.48 (1.17, 1.85) <0.001 1] 1.82(1.37, 2.42) <0.001
Rheumatoid arthritis o 226 (1.47, 3.47) <0.001
Lichen planus —e— 4.90 (2.43, 9.86) <0.001
Psoriasis Ho— 3.16 (1.95, 5.07) <0.001
Oropharyngeal HPV-related diseases
Rheumatoid arthritis ———— 5.14 (2.45,10.77) <0.001
Anogenital HPV-related diseases
IMDs ot 1.55 (1.29, 1.86) <0.001 gl 1.83 (1.31,2.56) <0.001
Asthma [ ol 258 (1.73, 3.87) <0.001
Crohns disease L, 3.09 (1.59, 6.00) <0.001 ; T .

01234
Hazard ratio

01234 20
Hazard ratio

Figure 2 Forest plot summarising the associations of IMDs with risk of HPV-associated diseases by sex. Data are presented
as HR and 95% CI. The analyses were adjusted for age, ethnicity, socioeconomic status (Townsend deprivation score), smoking
status, alcohol drinker status, lifetime number of sexual partners and same-sex behaviour (model 4). ‘IMDs’ refers to compare
the outcome risk between participants with at least 1 of 80 IMDs and those without any IMDs. HPV, human papillomavirus;

IMDs, immune-mediated diseases.

organ transplant, rheumatoid arthritis, Crohn’s disease,
ulcerative colitis, psoriasis, lichen planus and endome-
triosis) compared with male participants (asthma, organ
transplant and chronic nephritic syndrome).

Besides, subgroup analyses revealed significant differ-
ences between IMD panels associated with the risk of
HPV-associated diseases. Specifically, among female
participants, asthma and psoriasis were significantly asso-
ciated with increased risk of both benign and malignant
HPV-associated diseases; organ transplant and endome-
triosis were only associated with increased risk of benign
HPV-associated diseases, while rheumatoid arthritis and
lichen planus were only associated with increased risk of
malignant HPV-associated diseases. On the other hand,
rheumatoid arthritis was significantly associated with
increased risk of oropharyngeal HPV-associated diseases,
whereas Crohn’s disease was associated with increased
risk of anogenital HPV-associated diseases. Neverthe-
less, among male participants, only organ transplant
was found to be associated with increased risk of benign
HPV-associated diseases, while only asthma was associated
with increased risk of malignant HPV-associated diseases.
Meanwhile, only asthma was associated with increased risk
of anogenital HPV-associated diseases, whereas no indi-
vidual IMD was identified to be associated with oropha-
ryngeal HPV-associated diseases. Our findings might
provide insight into the local and systemic effects of IMDs
in the development of HPV-associated diseases.

Specifically, asthma was found to be associated with
increased risk of both benign and malignant HPV-
associated diseases in female participants. Previous studies
have shown that the dysregulation of innate immune

system in patients with asthma could contribute to the
alternated incidence of various types of cancer,”” '* which
is partially consistent with our results. Asthma is character-
ised by the upregulation of T helper cells (Th)2 immune
response and the downregulation of Th1 response, which
might contribute to the formation of HPV-induced immu-
nosuppressive microenvironment and thus promoting
the gradual formation of neoplasm."”

Nevertheless, only female participants with psoriasis
were more likely to develop both benign and malig-
nant HPV-associated diseases, highlighting the gender
influence on the immune regulation of systemic IMDs.
Previous studies have shown that the prevalence of HPV
infection was higher in patients with psoriasis under
immunosuppressive treatment or biotherapy, and the
incidence of HPV-associated diseases might therefore
increase.” '°'7 These findings suggest that special atten-
tion should be paid to prevent patients with IMD from
receiving systemic therapy from HPV infection.

Notably, inflammatory bowel diseases (IBDs) showed
strong association with the increased risk of anogen-
ital HPV-associated diseases, suggesting a pivotal role
of extended carcinogenic effect for nearby structures.
Numerous studies have demonstrated the association of
IBDs with both local and extralocal neoplasms, which
could be explained by the combination of both chronic
inflammatory microenvironment and systemic immune
suppression resulting from systemic therapy.'*>'

To the best of our knowledge, thisis the largest retrospec-
tive cohort assessing the association between IMDs and
HPV-associated diseases. Besides, we have also conducted
comprehensive subgroup analyses based on anatomical
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sites and benign and malignant nature of HPV-associated
diseases. In addition, we further adjusted for history of
sexual behaviours, which were potential confounding
factors. However, there are also some limitations in this
study. First, limited by the sample sizes of certain indi-
vidual IMDs, the medications for IMD treatment were not
adjusted for the observed associations. However, a recent
prospective study of a large sample size has shown that the
medications for IMD treatment were not associated with
cancer risk.'* Second, the diagnoses of IMDs in this study
were retrieved through hospital-diagnosed ICD-10 codes,
which might resultin the ignorance of some undiagnosed
patients with IMDs who have not received formal medical
service. Nevertheless, the prevalence of IMDs in our study
seemed to be consistent with previous studies.! '*** Third,
due to the limited information, HPV-associated diseases
in this study were identified on the basis of their acknowl-
edged relationships with HPV infection, not a positive
HPV test result, which might cause a confounding effect
on our findings. However, the confirmed high prevalence
of HPV infection in these diseases could assure that the
trends observed in this study are relatively reliable.

CONCLUSION

In this long-term retrospective cohort study, we observed
that overall and certain individual IMDs were signifi-
cantly associated with increased risk of HPV-associated
diseases. Besides, gender-specific and region-specific
associations were observed between individual IMDs and
HPV-associated diseases. Our findings might provide
insight into the local and systemic immunoregulation in
the development of HPV-associated diseases, indicating
that special attention should be paid to prevent certain
patients with IMDs from having HPV infection.
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