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A B S T R A C T

Objective: To assess the incidence rate and risk of ankylosing spondylitis (AS) in patients with previous human
papillomavirus (HPV) infection compared with those without HPV infection.
Methods: All patients with HPV infection (n = 66,314) in the NHIRD (2003–2013) were individually matched
with up to four control subjects without HPV infection by age and sex (n = 265,256). All of the patients were
tracked until an AS event was noted. Chi-square test was used to analyze the distribution of sociodemographic
characteristics in the HPV cohort and non-HPV cohort. Cox proportional hazards regression was used to calculate
the HRs for the development of AS, adjusting for age, sex, urbanization, length of hospital stay, medications, and
comorbidities adjustment. The Kaplan-Meier method was used to plot the cumulative incidence curves.
Results: The HPV cohort had a 1.329 (95% C.I. = 1.138–1.552) times higher risk of AS than that of the non-HPV
cohort after adjusting for sex, age, urbanization, length of hospital stay, comorbidities, and medications.
Additionally, we applied propensity score weighting to reconfirm the accuracy of our analysis, and the results
showed a 1.348 (95% C.I. = 1.153–1.575) times greater risk of AS in the HPV cohort compared with the non-
HPV cohort. The cumulative incidence curves plotted by the Kaplan-Meier method revealed that after 120
follow-up months, the HPV cohort displayed a higher cumulative incidence of AS than that of the non-HPV
cohort. (Log-rank test p < 0.0001).
Conclusions: Patients with HPV infection had a higher risk of developing AS compared with non-HPV patients.

1. Introduction

Ankylosing spondylitis (AS) is an immune-mediated arthritis that
has long been regarded as the prototype of spondyloarthritis (SpA) [1].
The worldwide prevalence of AS is generally considered to be between
0.1% and 1.4%. Patients with AS generally start to develop clinical
symptoms at around the age of 26 years, and AS rarely occurs after the
age of 45. Men also have a higher predisposition to AS than women,
with a prevalence ratio of roughly 2 to 1 [2]. It is highly likely that the
etiopathogenesis of AS involves the gene HLA-B27, as approximately
90% of AS patients possess this gene [3–5]. There is growing evidence
that alterations in the gut microbiome might also have a crucial role in

the pathogenesis of AS [3,6]. Genetic and immunological factors in-
crease the serum level of IL-23, which induces the secretion of in-
flammatory cytokine IL-17 and immunoregulatory cytokine IL-22, thus
triggering the onset of AS. The common clinical manifestations of AS
include inflammatory back pain, enthesitis, dactylitis, and potential
extra-articular symptoms such as uveitis, psoriasis, inflammatory bowel
syndrome, as well as involvement of the heart, lung, bone, kidney and
skin [7].

Human papillomavirus (HPV) is a group of double-stranded DNA
viruses that belong to the papillomaviridae family. There are more than
200 types of HPV which can be subdivided into cutaneous or mucosal
categories according to their tissue tropism [8]. HPV infection-related
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diseases, such as anogenital warts (AGWs) as a result of HPV6 and
HPV11, are the most ubiquitous sexually transmitted infection world-
wide [9,10], and at least 80% of sexually active women and men are
exposed to HPV once in their lifetime. HPV is also strongly associated
with anogenital and cervical cancer, which are thought to be caused by
the most carcinogenic strains, HPV16 and HPV18 [8,10,11]. A meta-
analysis of studies that evaluated a total of over 150,000 women with
normal cervical cytology revealed that the worldwide prevalence of
HPV is approximately 10% [12]. The region with the highest pre-
valence was Africa, where 22% of women were found to be infected
with HPV. Moreover, in a systematic review of articles published from
1990 to 2006, HPV prevalence in men ranged from 1 to 73% [13].

Recently, an association between HPV infection and autoimmune
diseases has been discovered. A cross-sectional study in Mexico showed
that women with systemic lupus erythematosus and rheumatoid ar-
thritis have a higher risk of HPV infection [14,15]. A review article even
indicated that HPV infection was a potential trigger for SLE and sug-
gested immune cross-reactivity as a possible mechanism [16].

These findings shed light on the association between HPV infection
and autoimmune diseases. To the best of our knowledge, the possible
relationship between AS and HPV has not been investigated to date.
However, Chlamydia trachomatis (Ct) infection, a sexually transmitted
disease which often coexists with HPV infection, has been proved
highly associated with AS [17]. Also worthy of note was that many
studies have observed elevated Th17 cells, IL-17 and IL-23 in the per-
ipheral blood of patients with HPV-associated diseases. In light of the
above facts, we assessed the incidence rate and risk of AS in patients
with previous HPV infection compared with those without HPV infec-
tion.

2. Materials and methods

2.1. Data source

The source of data in this study was Taiwan's National Health
Insurance Research Database (NHIRD), which contains all National
Health Insurance (NHI) beneficiaries' registration files and original
claims data, including inpatient setting, outpatient visits, diagnosis
codes, and personal information. The NHI is a mandatory health in-
surance program, which was launched in 1995 and currently covers
99% of Taiwan's population of 23 million. Moreover, according to the
data resource profile of National Health Insurance Research Database
(NHIRD), approximately 93% of healthcare facilities in Taiwan had
signed contracts with NHI in 2017, and each doctor has to accurately
upload patients' claim data from every visit [18]. To ensure the accu-
racy of these data, all claims data were validated by the Bureau of
National Health Insurance (BNHI). The data used in this study were
obtained from the Longitudinal Health Insurance Research Database
(LHIRD), a subset of the NHIRD comprising data from 1 million ran-
domly selected individuals for the period 1997–2013. There were no
differences in the percentages of gender, ages, and cost of health care
between the two databases. However, data after 2013 were not in-
cluded in this database due to copyright issues. With strict selection,
positive predictive value of NHIRD claim data can also be up to 84.6%
[19]. Nowadays, more than two thousand internationally published
studies have utilized the NHIRD [18].

2.2. Study cohorts

To ensure the accuracy of patients’ data and survival outcomes,
during the study period, patients with missing demographic informa-
tion and patients who died before 2003 were excluded from the ana-
lysis. All diagnosis codes in the NHIRD were recorded based on the
International Classification of Diseases, 9th Revision, Clinical

Fig. 1. Flowchart of enrollment of the HPV cohort and the non-HPV cohort form the Longitudinal Health Insurance Database, 1997–2013.
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Modification (ICD-9-CM). Patients who had been diagnosed with HPV
(ICD-9-CM code 079.4, 078.1, 078.10–078.12, 078.19, 759.05, 795.09,
795.15, 795.19, 796.75 and 796.79) between 1997 and 2013 were
enrolled as the HPV cohort (Fig. 1). The index date was defined as the
date of HPV diagnosis. To ensure that the diagnoses were accurate and
that the selected HPV patients were diagnosed after the index date, the
HPV cohort was required to have a record of HPV diagnosis with at
least 1 inpatient visit or 2 outpatient visits. To exclude the dated di-
agnosis issue, for each patient, diagnosis of HPV was required to be
after 2003, and diagnosis with AS had to be after the index date. Also,
to strengthen the validity of the diagnosis of HPV associated disease,
patients with Papillomavirus infection who did not receive treatment
(n = 5394) were excluded. The treatments covered by the NHI within 3
months of HPV diagnosis includes Electrocauterization for condyloma,
excision and electrocauterization, CO2 laser operation, Chemosurgery,
Electrocauterization–simple, Electrocauterization–complicated, Liquid
nitrogen cryosurgery, Cryotherapy–simple including CO2 freezing and
liquid nitrogen, Cryotherapy–complicated including CO2 freezing and
liquid nitrogen. The non-HPV cohort was individually matched for age
and sex with the HPV cohort in a 4:1 ratio. Patients not matched in the
HPV cohort were excluded. The matched non-HPV patients had the
same index date with the paired HPV patients, and all of them were
followed until the study event by using SAS macro. Furthermore, we
identified the study event from the index date to the end of our study
(31 DEC 2013) or censored. Finally, 66,314 subjects were included in
the HPV cohort and 265,256 subjects served as the non-HPV cohort.

2.3. Study outcome and confounding

All subjects in the HPV cohort and the non-HPV cohort were tracked
from the index date to the first AS event (ICD-9-CM code 720.0). The
time to AS event in every subject was used to calculate the risk of AS.
An AS event was defined as a patient having a record of AS diagnosis in
at least two outpatient visits or in one inpatient setting within a year.
All the patients were followed until the AS event occurred or the end of
this study. To eliminate potential bias, we adjusted the demographic
variables (age at index date, sex, urbanization, and income) and co-
morbidities of AS, including systemic lupus erythematosus (ICD-9-CM
code 710.0), psoriasis (ICD-9-CM code 696.0, 696.1), rheumatoid ar-
thritis (ICD-9-CM code 714), Sjogren syndrome (ICD-9-CM code 710.2),
hypertension (ICD-9-CM code 401–405), diabetes mellitus (ICD-9-CM
code 250), hyperlipidemia (ICD-9-CM code 272), acute anterior uveitis
(ICD-9-CM code 091.5, 360.11, 363.2, 364), inflammatory bowel dis-
ease (ICD-9-CM code 555.1), psychosocial status (ICD-9-CM code
290–319), coronary artery disease (ICD-9-CM code 410–414), cere-
brovascular accident (ICD-9-CM code 430–438), chronic kidney disease
(ICD-9-CM code 585), chronic obstructive pulmonary disease (ICD-9-
CM code 490–492, 493–496), and chronic liver diseases(ICD-9-CM code
571.4). The co-morbidities were followed since two years before the
index date of HPV diagnosis.

2.4. Statistical analysis

First, we compared the distribution of sociodemographic char-
acteristics, i.e., age, sex, urbanization, income, and baseline co-
morbidities, between the two cohorts, namely with or without previous
HPV infection, using the chi-square test.

Second, we employed multivariable Cox proportional hazards re-
gression models to assess adjusted HRs (aHRs) and crude HRs (cHRs) of
AS and related 95% CIs of the HPV cohort compared to the non-HPV
cohort. The covariates adopted in the multivariable models included
age, sex, urbanization, length of hospital stay, medications, comorbid-
ities of SLE, psoriasis, RA, Sjogren syndrome, hypertension, diabetes
mellitus, hyperlipidemia, acute anterior uveitis, inflammatory bowel
disease, psychosocial status, coronary artery disease, cerebrovascular
accident, CKD, COPD, and chronic liver diseases. Propensity score

matching was estimated using logistic regression to minimize the po-
tential selection bias with respect to the abovementioned variables.
Furthermore, we used the inverse propensity score weighting method to
examine the HRs of AS and related 95% CIs in the HPV cohort com-
pared to the non-HPV cohort in order to establish the accuracy of the
outcome.

Third, the Kaplan-Meier method was used to plot the cumulative
incidence curves of AS for both cohorts, and the differences in these
curves were determined by the log-rank test. The AS incidence rates
were estimated by dividing the number of AS events by follow-up
person-months for both cohorts.

Fourth, to examine the effect of sex, age, and follow-up time on the
incidence rate of AS, we used multivariable Cox regression model ad-
justed for sex, age, urbanization, length of hospital stay, co-morbidities,
and co-medications. The HR adjusted for covariates was calculated for
males and females; age group<20, 20–39, 40–59, and ≥60 years old;
and follow-up time<48 and ≥ 48 months. We also conducted a test
for interaction. If the p value for the interaction test was significant, this
indicated an observable subgroup effect on AS incidence rate.

Last, we applied the sensitivity analysis to evaluate the incidence
rate and the aHR of AS with restricting the analysis to the individuals
who had outpatient visits for any kind of reasons. Therefore, non-HPV
individuals also had the healthcare-seeking behavior within 6 months
before (or including) the index date. In this case, the bias due to mis-
classification was reduced.

All analyses were conducted using SAS version 9.4 (SAS Institute,
Carey, North Carolina, USA) with the significance level set at p < 0.05
in the two-tailed test.

3. Results

This study consisted of 265,256 non-HPV patients and 66,314 HPV
patients. There was a slight female predominance (51.87%) and pa-
tients aged between 20 and 39 years old (36.71%) comprised the largest
age group. Table 1 shows the distribution of demographic character-
istics in the two groups. Patients with HPV had higher urbanization
level (60.17% vs. 63.75%) than those without HPV (p < 0.001). Pa-
tients with HPV also had a higher proportion of autoimmune diseases
and inflammatory diseases, including SLE (0.12% vs. 0.22%), psoriasis
(0.29% vs. 0.57%), RA (0.65% vs. 0.84%), Sjogren syndrome (0.49%
vs. 0.82%), hypertension (11.29% vs. 12.64%), coronary artery disease
(3.98% vs. 5.08%), chronic obstructive pulmonary disease (COPD)
(5.95% vs. 7.58%), chronic liver disease (4.64% vs. 6.67%), hyperli-
pidemia (7.40% vs. 10.04%), and psychosocial status (11.43% vs.
14.62%)(p < 0.001).

Table 2 shows the medication history among groups within 180
days before or after the index date. Patients with HPV had a higher
proportion of medication usage than those without HPV, and these
medications included corticosteroid (1.77% vs. 1.09%), NSAIDs (4.50%
vs. 3.59%), PPI (1.38% vs. 0.89%), H2 Receptor (1.62% vs. 1.23%),
aspirin (3.22% vs. 2.90%), oral hypertension medications (11.41% vs.
9.79%), and statin (3.37% vs. 2.54%). However, patients with HPV had
a lower proportion of oral hypoglycemia agent usage than patients
without HPV (3.06% vs. 3.38%).

In Table 3, patients with HPV had a 1.329 (95%
C.I. = 1.138–1.552) times higher risk of AS after adjusting for sex, age,
urbanization, length of hospital stay, comorbidities, and medications,
compared with the non-HPV cohort. Additionally, we used the pro-
pensity score weighting method to confirm that the outcome was
trustworthy, and the result showed there was a 1.348 (95%
C.I. = 1.153–1.575) times greater risk of AS in patients with HPV than
in those without HPV. The risk of AS was higher in patients above the
age of 20 years, especially in those between 20 and 39 years, with a
1.981(95% C.I. = 1.618–2.426) times higher risk compared with those
under 20 years old. Men had a 1.622(95% C.I. = 1.411–1.864) times
greater risk of AS compared with women. Patients with AS-related
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comorbidities such as RA, Sjogren syndrome, acute anterior uveitis,
coronary artery disease, and chronic liver diseases were at increased
risk of AS, with an aHR of 3.669 (95% C.I. = 2.483–5.442), 2.257 (95%
C.I. = 1.296–3.930), 3.695 (95% C.I. = 2.030–6.728), 1.593 (95%
C.I. = 1.173–2.164), and 1.378 (95% C.I. = 1.078–1.761),

respectively. Regarding the impact of medications on the risk of AS, we
found that patients taking NSAIDs (aHR = 1.783, 95%
C.I. = 1.356–2.344) and PPIs (aHR = 1.667, 95% C.I. = 1.025–2.711)
were at elevated risk of AS. However, other drugs did not appear to
have any effect on the onset of AS.

The cumulative incidence curves (Fig. 2) plotted by the Kaplan-
Meier method revealed that by the end of the 120-month follow-up
period, the HPV cohort showed a higher cumulative incidence of AS
than that of the non-HPV cohort (Log-rank test p < 0.0001).

Table 4 displays the incidence rate and aHR of AS in the HPV and
the non-HPV cohorts for all analytic statistical models. During the
period of observation, a total of 615 non-HPV patients and 221 HPV
patients were diagnosed with new-onset AS, corresponding to incidence
rates of 3.52 and 5.01 per 100000 person-months, totaling 17,461,955
and 4,407,320 follow-up person-months, respectively. The cHR of the
HPV cohort was 1.425 (95% C.I. = 1.222–1.662) times higher than that
of the non-HPV cohort (p < 0.0001) (Model 1); the aHR adjusted for
covariates including age, sex, urbanization, length of hospital stay, and

Table 1
Characteristics of HPV and non-HPV patients.

Control n = 265,256 Papillomavirus
patients n = 66,314

p value

Age at index date (years) 1.0000
<20 65,744(24.79%) 16,436(24.79%)
20-39 97,384(36.71%) 24,346(36.71%)
40-59 69,908(26.35%) 17,477(26.35%)
>=60 32,220(12.15%) 8055(12.15%)

Sex 1.0000
Female 137,580(51.87%) 34,395(51.87%)
Male 127,676(48.13%) 31,919(48.13%)

Urbanization < .0001
Urban 159,612(60.17%) 42,273(63.75%)
Suburban 79,878(30.11%) 19,020(28.68%)
Rural 25,766(9.71%) 5021(7.57%)

Low income 1723(0.65%) 319(0.48%) < .0001
Length of hospital staya (days) < .0001
0 235,745(88.87%) 58,721(88.55%)
1-6 18,267(6.89%) 5116(7.71%)
7-13 5829(2.20%) 1389(2.09%)
>=14 5415(2.04%) 1088(1.64%)

Co-morbiditiesb

SLE 312(0.12%) 146(0.22%) < .0001
Psoriasis 775(0.29%) 375(0.57%) < .0001
RA 1714(0.65%) 554(0.84%) < .0001
Sjogren syndrome 1287(0.49%) 546(0.82%) < .0001
Hypertension 29,959(11.29%) 8380(12.64%) < .0001
Diabetes mellitus 14,823(5.59%) 3814(5.75%) 0.1026
Hyperlipidemia 19,626(7.40%) 6658(10.04%) < .0001
Acute anterior
uveitis

779(0.29%) 227(0.34%) 0.0417

Inflammatory bowel
disease

350(0.13%) 86(0.13%) 0.8857

Psychosocial status 30,311(11.43%) 9695(14.62%) < .0001
Coronary artery
disease

10,556(3.98%) 3366(5.08%) < .0001

Cerebrovascular
accident

6412(2.42%) 1629(2.46%) 0.5572

CKD 1864(0.70%) 537(0.81%) 0.0036
COPD 15,788(5.95%) 5028(7.58%) < .0001
Chronic liver
diseases

12,319(4.64%) 4425(6.67%) < .0001

a The length of hospital stay was defined as the hospitalization stay days
within 2 years before HPV index date.

b The co-morbidities were identified within two years before HPV index date.

Table 2
Medication usage in HPV and non-HPV patients within 180 days before or after
index date.

Control
n = 265,256

Papillomavirus patients
n = 66,314

Corticosteroids 2884(1.09%) 1176(1.77%)
NSAIDs 9511(3.59%) 2981(4.50%)
PPIs 2361(0.89%) 914(1.38%)
H2 Receptor 3253(1.23%) 1077(1.62%)
Aspirin 7701(2.90%) 2135(3.22%)
Oral hypertension medicationsa 25,968(9.79%) 7568(11.41%)
Oral hypoglycemia agentsb 8974(3.38%) 2032(3.06%)
Statin 6749(2.54%) 2232(3.37%)

The medication intake was determined as intake of prescription drug for at least
30 days within 180 days before or after the index date of HPV.

a Alpha-blockers, Beta-blockers, CCBs, ACEI, ARBs.
b Biguanides, Sulfonylureas, Alpha glucosidase inhibitors,

Thiozolidinediones

Table 3
Hazard ratios of AS using Cox proportional hazard regression.

Multivariate modeling Inverse propensity score
weightinga

aHR 95% C.I. HR 95% C.I.

HPV infection (ref: non
HPV)

1.329 1.138–1.552 1.348 1.153–1.575

Age at index date (ref: < 20)
20-39 1.981 1.618–2.426
40-59 1.733 1.384–2.169
>=60 1.446 1.065–1.964

Sex- Male (ref: Female) 1.622 1.411–1.864
Urbanization (ref: Urban)
Suburban 1.039 0.894–1.207
Rural 0.878 0.679–1.133

Length of hospital stay (ref: 0)
1-6 1.239 0.983–1.563
7-13 0.873 0.549–1.388
>=14 1.024 0.643–1.630

Comorbidities
SLE 1.025 0.249–4.217
Psoriasis 1.896 0.899–4.001
RA 3.669 2.483–5.422
Sjogren syndrome 2.257 1.296–3.930
Hypertension 1.000 0.732–1.368
Diabetes mellitus 0.793 0.512–1.229
Hyperlipidemia 0.923 0.694–1.227
Acute anterior uveitis 3.695 2.030–6.728
Inflammatory bowel
disease

1.607 0.401–6.441

Psychosocial status 1.399 1.159–1.690
Coronary artery
disease

1.593 1.173–2.164

Cerebrovascular
accident

0.836 0.530–1.319

CKD 0.748 0.306–1.830
COPD 0.995 0.766–1.292
Chronic liver diseases 1.378 1.078–1.761
Medications
Corticosteroids 1.044 0.637–1.711
NSAIDs 1.783 1.356–2.344
PPIs 1.667 1.025–2.711
H2 inhibitor 1.081 0.655–1.785
Aspirin 0.761 0.494–1.173
Oral hypertension
medications

1.105 0.796–1.535

Oral hypoglycemia
agents

1.165 0.676–2.008

Statin 1.120 0.710–1.766

a The propensity score was estimated by logistic regression, and the in-
dependent variable was the exposure of HPV, the covariates were age, sex,
urbanization, length of hospital stay, co-morbidities and co-medications.
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co-morbidities at baseline was 1.339 (95% C.I. = 1.146–1.563) (Model
2); the aHR adjusted for covariates including age, sex, urbanization,
length of hospital stay, co-morbidities, and co-medications at baseline
was 1.329 (95% C.I. = 1.138–1.552) (Model 3); the HR using the
propensity score weighting method was 1.348 (95%
C.I. = 1.153–1.575) (Model 4). The results were consistent across the
four different statistical models.

Table 5 shows the incidence rate and the HR for AS between sub-
groups stratified by sex, age, and follow-up time. When stratified by
gender, the male HPV group had a significantly higher aHR for AS than
the male non-HPV group with an aHR of 1.417 (95%
C.I. = 1.159–1.733), while the female HPV group had an aHR of 1.223
(95% C.I. = 0.959–1.560). The p for interaction between different
gender groups was 0.4976. When stratified by age, patients aged
younger than 20 years, 20–39 years, and 40–59 years in the HPV group
had a higher HR than that of the corresponding age groups in the non-
HPV group. Nonetheless, only the 20–39 years age group showed a
statistically significant difference (aHR = 1.423, 95%
C.I. = 1.126–1.799). For the 60 years and over age group, the incidence
rate of AS was lower in the non-HPV group, but the aHR of the HPV
group was not statistically significant (aHR = 0.934, 95%
C.I. = 0.584–1.494). The p for interaction between different age groups
was 0.3879. When stratified by follow-up time, the HPV group showed
a significantly higher aHR for AS between 0 and 48 months
(aHR = 1.365, 95% C.I. = 1.126–1.799). After 48 months, the aHR for
AS of HPV was 1.271 (95% C.I. = 0.977–1.655).

Table 6 represents the incidence rate and the aHR between the HPV
group and the non-HPV one with any OPD visit within 180 days before
(or including) index date. The results showed that the HPV group has a
notably higher aHR of 1.209 (95% C.I. = 1.034–1.414) for AS than the
non-HPV one with a statistically significant difference. When stratified
by the frequency of OPD visit, patients in the HPV group with 1–6 times
OPD visits and those with more than 6 times OPD visits both showed
higher aHRs of 1.254 (0.980–1.606) and 1.254 (0.980–1.606) respec-
tively for AS. The p for interaction between two groups with different
OPD visiting frequency was 0.4349.

4. Discussion

This study revealed an increased risk of AS in the HPV cohort
compared with the age- and sex-matched non-HPV cohort. In addition,
after adjusting for sex, age, urbanization, length of hospital stay, co-
morbidities, and medications, the adjusted HR of HPV infection for AS
increased to 1.329 (95% C.I. = 1.138–1.552). Our findings indicate
that HPV infection may be an independent risk factor for AS.

In Table 1, the higher urbanization level in the HPV cohort may
indicate that HPV testing were more available and accessible in urban
areas. Besides, the HPV cohort had a higher proportion of autoimmune
and inflammatory diseases than the non-HPV cohort. Elevated serum
levels of IL-17 with persistent HPV infection may explain these findings,
since IL-17 plays an important role in the pathogenesis of many

Fig. 2. The cumulative incidence curves of ankylosing spondylitis.

Table 4
Time to event analysis.

Control
n = 265,256

Papillomavirus patients
n = 66,314

p value

Follow-up person-months 17,461,955 4,407,320
AS event 615 221
Incidence ratea (95%

C.I.)
3.52(3.25–3.81) 5.01(4.40–5.72)

Model 1: Crude hazard
ratio (95% C.I.)

Reference 1.425(1.222–1.662) < .0001

Model 2: aHR (95% C.I.) Reference 1.339 (1.146–1.563) 0.0002
Model 3: aHR (95% C.I.) Reference 1.329(1.138–1.552) 0.0003
Model 4: HR (95% C.I.) Reference 1.348(1.153–1.575) 0.0002

Model 2: Multiple Cox regression model, adjusted for covariates including age,
sex, urbanization, length of hospital stay, and co-morbidities at baseline.
Model 3: Multiple Cox regression model, adjusted for covariates including age,
sex, urbanization, length of hospital stay, co-morbidities, and co-medications at
baseline.
Model 4: Inverse propensity score weighting.

a per 100000 person-months.

Table 5
Sub-group analysis.

Non-HPV HPV

Sub-group n Incidence ratea

(95% C.I.)
n Incidence ratea

(95% C.I.)
aHRb

(95% C.I.)

Sex-subgroup
Female 137580 2.87(2.55–3.24) 34395 3.83(3.11–4.72) 1.223(0.959–1.560)
Male 127676 4.23(3.81–4.70) 31919 6.30(5.31–7.47) 1.417(1.159–1.733)
p for interaction 0.4976

Age-subgroup (years)
< 20 65744 1.96(1.60–2.40) 16436 2.80(2.00–3.92) 1.390(0.938–2.061)
20-39 97384 4.04(3.58–4.56) 24346 5.99(4.91–7.31) 1.423(1.126–1.799)
40-59 69908 4.00(3.45–4.63) 17477 6.03(4.74–7.66) 1.320(0.992–1.756)
>=60 32220 4.72(3.8–5.85) 8055 4.96(3.30–7.46) 0.934(0.584–1.494)
p for interaction 0.3879

Follow-up time (months)
0-48 265256 3.73(3.38–4.12) 66314 5.53(4.70–6.50) 1.365(1.127–1.654)
>48 170457 3.21(2.81–3.66) 43087 4.25(3.39–5.33) 1.271(0.977–1.655)
p for interaction 0.4865

a per 100000 person-months.
b Multiple Cox regression model, adjusted for covariates including age, sex, urbanization, length of hospital stay, co-morbidities, and co-medications at baseline.
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autoimmune and inflammatory diseases including RA, psoriasis, psor-
iatic arthritis, vasculitis, atherosclerosis, COPD, as well as AS [20–23].

At the gene level, HLA-B27 acts as a pivotal genetic predisposing
factor in AS. HLA-B27 has a unique tendency to misfold and to form
B27 dimers on the cell surface, and B27 dimers activate the downstream
IL-23/IL-17 axis, which plays an important role in the pathogenesis of
AS [24]. Previous studies revealing higher IL-17 and IL-23 levels of
serum and synovial fluid in AS patients than in healthy controls provide
robust evidence for the activation of IL-17/IL-23 axis in AS [25,26].
Although there is a strong genetic component in AS, accumulating
evidence points to the important role of environmental triggers, such as
alterations in the microbiome, infections, drugs, and toxin exposure. A
number of murine studies have demonstrated that disruption of the gut
microbiome or invasion by pathogenic bacteria might lead to in-
flammatory or immune-mediated diseases by alternating the balance of
IL-17- and IL-22-producing cells [6,27]. However, many studies have
reported an increase in Th17 cells, IL-17, and IL-23 production in the
peripheral blood of patients with HPV-associated diseases, such as
cervical cancer, head and neck squamous cell carcinoma (HNSCC), and
invasive cervical cancer (ICC) [20–22]. In light of these circumstantial
findings, we hypothesize that HPV is a potential specific environmental
trigger for AS via the activation of the pathogenic IL-23/IL-17 axis in-
volving increased serum levels of Th17 cells, IL-17 and IL-23.

Chlamydia trachomatis (Ct), a common co-infection in HPV patients,
may also play an etiological role in AS. A significantly greater rate of
PCR-positive Ct was found in the synovial tissue of SpA patients com-
pared with that of osteoarthritis (OA) patients [17,28–30]. Therefore,
patients with HPV are prone to Ct infection, and the development of AS
induced by Ct may indicate an increased risk of AS in patients with
previous HPV infection. However, there are no data on Ct infection in
the NHIRD, and thus it was not possible to evaluate its role in AS in this
study.

There are several limitations that should be noted in this cohort
study. First, because diagnoses with ICD-9-CM were performed by dif-
ferent physicians, it is possible that bias existed. However, we applied a
strict diagnostic definition in this study to minimize this potential
problem. To enhance the validity of HPV diagnosis, we only selected
patients with HPV infection who underwent surgery for condylomas
(anogenital warts), which is covered by the NHI. To ensure diagnostic
accuracy, the diagnoses of AS and HPV were strictly defined by ICD-9-
CM based on at least 2 outpatient visits or 1 inpatient visit. In addition,
delayed diagnosis of AS or HPV infection might possibly pose a chal-
lenge to this study. However, patients in Taiwan with stable conditions
but having health concerns can still seek medical advice and treatment
either at local clinics or at hospital outpatient departments. Moreover,
most of the healthcare-seeking behavior was recorded based on NHIRD
cooperating with almost 93% of total healthcare facilities in Taiwan.
We believed the problem due to delay in diagnosis can be minimized by
the well-developed healthcare and medication system with good ac-
cessibility in Taiwan. Second, the development of AS is widely thought
to be related to lifestyle factors and possession of the HLA-B27 gene, but
these data are not contained in the NHIRD. As we know that HLA-B27

contributes approximately 1/3 to the notably high heritability of AS,
but the multifactorial etiopathogenesis of AS is still unclear [31].
However, we do believe the role of HPV infection serving as a pro-
mising predisposing trigger for AS is still trustworthy based on the
previous study revealing that HLA-B27 was found positive in 91.5% of
the AS patients in Taiwan [32]. Furthermore, because there are no data
on lifestyle habits such as smoking and exercise in the NHIRD, we in-
cluded ICD-9-CM codes for cardiovascular disease and pulmonary dis-
ease and adjusted for them using Cox proportional hazard regression to
decrease any potential bias brought about by these factors. Third, there
are no data on bacterial infection in the NHIRD. The fact that HPV
increases the incidence of AS could be attributed to co-infection with
HPV and chlamydia. However, it was not possible to determine whether
chlamydia influenced the results of the present study, and thus further
research is needed to elucidate the role of chlamydia in the develop-
ment of AS.

One of the major strengths of this study was that an extremely large
population-based cohort was analyzed to determine the association
between HPV and AS. The data were obtained from the NHIRD, a
massive database containing medical claims data for about 99% of
Taiwan's population of 23 million people. Thus, it was possible to select
a large sample of patients with an accurate diagnosis of HPV and AS. In
addition, as all patients' diagnoses and prescriptions in every hospital in
Taiwan were recorded in the database, we can be confident that there
was no referral bias. Furthermore, the HRs were calculated using the
originally selected groups, with adjustment by multiple Cox regression
model and inverse propensity score weighting. All the HRs obtained in
the four models we used demonstrate that patients with HPV infection
had a higher risk of developing AS than patients in the non-HPV cohort.
These results provide further evidence that the increase in risk of AS
induced by HPV was not affected by other co-morbidities.

In conclusion, this population-based cohort study found that pa-
tients with HPV infection had a higher risk of developing AS compared
with those without HPV infection. Further research is warranted to gain
a better understanding of the pathogenetic role of HPV infection in AS.
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