BM])

Public
Health

To cite: Jansaker F, Li X,
Sundquist K. Acute cystitis

and subsequent risk

of urogenital cancer: a
national cohort study from
Sweden. BMJ Public Health
2025;3:002495. doi:10.1136/
bmjph-2024-002495

» Additional supplemental
material is published online only.
To view, please visit the journal
online (https://doi.org/10.1136/
bmjph-2024-002495).

Received 18 December 2024
Accepted 15 July 2025

‘ '.) Check for updates

© Author(s) (or their
employer(s)) 2025. Re-use
permitted under CC BY.
Published by BMJ Group.

"Center for Primary Health
Care Research, Department of
Clinical Sciences Malmg, Lund
University, Lund, Sweden
Aniversity Clinic Primary
Care Skane, Skane University
Hospital, Malmd, Sweden
®Department of Clinical
Microbiology, Copenhagen
University Hospital
Rigshospitalet, Copenhagen,
Denmark

Correspondence to
Dr Filip Janséker;
filip.jansaker@med.lu.se

Original research

Acute cystitis and subsequent risk of
urogenital cancer: a national cohort

study from Sweden

Filip Jans&ker © ,"%3 Xinjun Li

ABSTRACT

Introduction This study aimed to examine the subsequent
risks of urogenital cancers in men and women aged >50
years diagnosed with acute cystitis.

Methods A Swedish nationwide cohort study was
conducted that included primary healthcare data.

The total population consisted of 1668 371 men

and 1889211 women; of these, 177 736 men and

427821 women were diagnosed with acute cystitis (first
event) during 1997—-2018 (91.3% in primary healthcare
settings). The outcome was urogenital cancer in men and
women with cystitis compared with the total population,
measured as standardised incidence ratios (SIRs) and
excess rates per 10000 person-years.

Results A total of 199144 men and 57 882 women were
diagnosed with urogenital cancer (24 137 subsequently

to cystitis). The most common cancers were prostate and
bladder cancer. The urogenital cancer risks were elevated
across all age groups of men and women with cystitis.
The risks were highest within 3 months of follow-up but
persisted over several years for most cancers. The risks
within 3 months of follow-up were as follows: for bladder
cancer, the SIR was 33.69 (95% Cl 32.02 to 35.43) in men
and 30.00 (28.02 to 32.09) in women, corresponding to
483.72 and 96.00 excess cancer rates per 10000 person-
years, respectively. For prostate cancer, the SIR was 7.05
(6.74 10 7.37) and the excess cancer rate was 550.88 per
10000 person-years; between 3 and 12 months of follow-
up, the excess rate was 104.89 per 10000 person-years.
For kidney cancer, the SIR was 11.28 for men and 7.72 for
women. For gynaecological cancers, SIRs were between 4
and 8. Some interactions were observed between sex and
cystitis in relation to urogenital cancer risks.

Conclusion Acute cystitis can precede urogenital cancers
in men and women aged >50 years. The increased risks
were particularly high within 3 months after the acute
cystitis event and persisted for several years.

INTRODUCTION

Urinary tract infections (UTIs) are highly
prevalent, often recurring acute infections
in the population, affecting over 150 million
people each year worldwide. UTIs often result
in frequent patient visits to primary health-
care."™ The clinical picture of UTI is heter-
ogeneous, spanning from the most common
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Acute cystitis is a common infection of the lower uri-
nary tract, mostly presenting in primary healthcare
settings.

= Acute cystitis might be a clinical marker for uro-
genital cancer, but the existing evidence is sparse
and does not include nationwide data from primary
healthcare settings.

WHAT THIS STUDY ADDS

= In adults aged 50 years and older, acute cystitis was
primarily diagnosed in primary healthcare and found
to precede urogenital cancers.

= The urogenital cancer risks were particularly high
within the first 3 months after an acute cystitis event,
especially for prostate and bladder cancer, and per-
sisted for many years for most cancers.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Acute cystitis may act as a useful predictor of uro-
genital cancer in men and women aged 50 years
and older.

and least severe form, acute cystitis (lower
UTI), to pyelonephritis (upper UTI) and
urosepsis.*™” The lifetime prevalence of UTI
is 50-60% in women' and 13-14% in men,
where men account for approximately 20% of
all UTI cases.® With the exception of a spike
in young women,” the incidence rates of UTI
increase with age in both sexes.' > In postmen-
opausal w-men, the 12month prevalence is
about 10%,1 and in elderly men and women,
the rates are comparable.” This age-related
increase in UTIs, particularly in adults aged
50 years and older, is mainly because of the
higher prevalence of risk factors, including
malignant diseases’ '’ ' that compromise the
immune defence in the urinary system.
Urogenital cancers are associated with
significant morbidity and mortality world-
wide'? and an increased risk of UTIs.” 7 A
population-based cohort study showed that
a hospital-based diagnosis of pyelonephritis
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could be a clinical marker of urogenital cancer in
adults.” Although studies have shown that acute cystitis
might also be linked to an increased risk of urogenital
cancers,M—16 the evidence is limited to studies that did
not include data from primary healthcare settings, which
is where most acute cystitis cases are diagnosed.' ** We
are unaware of any large-scale population-based studies
examining the subsequent risk of urogenital cancers in
men and women with acute cystitis that include primary
healthcare data. Given that acute cystitis is the most
common form of UTL*” and as many urogenital cancers
may present with overlapping symptoms’ ’ in primary
healthcare settings before the cancer diagnosis,'” ' it
is possible that acute cystitis might precede urogenital
cancer. Such knowledge could have important clinical
and public health implications.

This nationwide study, based on primary healthcare
and national register data, aimed to assess the subsequent
risks of the most common urogenital cancers among men
and women aged 50 years and older diagnosed with acute
cystitis, stratified by different follow-up periods and age
groups.

MATERIALS AND METHODS

Design and setting

We conducted a national cohort study of adults aged
50 years and older in Sweden, which had an estimated
8.8 million residents at the beginning of the study period
(1 January 1997) and 10.3million residents at the end
of the study period (81 December 2018)."” Sweden has a
universal tax-financed healthcare service with the goal of
providing healthcare on equal terms for the entire popu-
lation.”” At birth or on immigration, all people residing
in Sweden are assigned a unique 10-digit personal iden-
tification number. This number is used at all healthcare
contacts and for the collection of data by public authori-
ties for national registers, thus enabling accurate linkage
between medical data and public registries.”’ Several
comprehensive registers and primary healthcare data
sources were used in this study, containing individual-level
information on all people living in Sweden, including age,
sex, socioeconomic status, region of residence, cancer
diagnoses and date of cancer diagnoses, hospital diag-
noses and dates of hospital admissions, primary health-
care diagnoses and dates of primary healthcare contacts,
date of emigration, as well as date and cause of death.***

Data sources

The Total Population Register (1968-2018), which is
managed by the Swedish governmental authority Statis-
tics Sweden (SCB), includes data on the whole Swedish
population, including death, emigration, immigration
and sociodemographic variables.** The Swedish National
Patient Register, managed by the Swedish National
Board of Health and Welfare (in Swedish: Socialsty-
relsen), includes inpatient (1964-2018) and outpatient
specialist care medical diagnoses (2001-2018).** During

the study period, diagnosisnose codes were collected
according to the 10th edition of the International Clas-
sification of Diseases (ICD-10). The Swedish National
Cancer Register (1958-2018, Socialstyrelsen) includes all
cancer diagnoses (ICD-7 coded) in Sweden and is used
for monitoring cancer incidence and survival rates.”
Approximately 60000 unique cancer cases are reported
to this register annually. All cancer cases are assigned a
date of clinical diagnosis. The population-based primary
healthcare data (1997-2018) used in this study were
collected from 20 out of 21 administrative healthcare
regions in Sweden. These data include individual-level
healthcare information (ICD-10 coded) based on visits to
primary healthcare centres in Sweden. The population-
based coverage of these data varied over time and region
throughout the study period, depending on the time of
digitalisation of the patient records in a certain region.
In 2015, the register contained 72% of Sweden’s popu-
lation, with approximately 208 million registrations from
7.4million individuals,” and around 90% of the popula-
tion at the end of the study period.*

Study population

Age was restricted to men and women 250 years of age
because urogenital cancer risk in the younger popu-
lation is low."" ¥ * After excluding 34358 people with
previously diagnosed urogenital cancer (3year wash-out
period), the study included a total of 3557582 adults
aged 250 years on 1 January 1997 (online supplemental
information, Table SI). Individuals from this popula-
tion were included in the cystitis cohort (n=605557) on
their first recorded diagnosis of cystitis during the study
period. The cystitis diagnoses were identified in primary
healthcare data and the National Patient Register from
1 January 1997 to 31 December 2018. Both primary and
secondary ICD-10 coded diagnoses of cystitis (N30) were
considered.* We did not consider cystitis episodes occur-
ring subsequent to a urogenital cancer, diagnosis nor
did we consider subtypes of cystitis that were not classi-
fied as acute infective cystitis (that is, N301, N302, N303,
N304 and N308). We also assessed the setting of cystitis
diagnosis, that is, whether the infection was diagnosed in
outpatient specialist care or primary healthcare settings
(online supplemental table S2).

Urogenital cancers

Data on cancer incidence were collected from the
Swedish Cancer Registelr.22 The outcomes (ICD-7 codes,
online supplemental table S3) were cancers in the urinary
organs: urinary bladder and other (‘181’, in this paper
called bladder cancer); cervix uteri (‘171 in this paper
called cervical cancer); corpus uteri and uterus (‘172
and ‘174, in this paper called endometrial cancer); pros-
tate (‘177 in this paper called prostate cancer); kidney
(180’ including renal pelvis ‘1801’, in this paper called
kidney cancer); and ovary, tube and broad ligament’
(‘175’, in this paper called ovarian cancer).
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Covariates

From the Total Population Register, we collected data on
sociodemographic factors at baseline used in the adjust-
ments. We considered region of residence and educa-
tion level (proxy for socioeconomic status) as potential
confounders based on previous research.* ¥’ Education
level was categorised into two different categories based
on the duration of school years attended: <12 years or
>12 years. Region of residence was categorised into
residing in large cities (Malmo, Gothenburg or Stock-
holm) or outside large cities. We also considered country
of origin, categorised into born in or outside Sweden, as
a potential confounder based on previous research.” **
From the National Patient Register and primary health-
care data, we collected data on diagnosed conditions
(ICD-10 codes, 1997-2018) known to affect the risk of
acute cystitis and cancers (in this paper called comorbidi-
ties). Diabetes mellitus, immunodeficiency dsorders, and
nephritic/nephrotic syndrome were considered poten-
tial confounders for all urogenital cancers.” ™ Addition-
ally, urolithiasis was considered a confounder for urinary
tract cancers, non-malignant prostate diseases (benign
prostate hyperplasia and prostatitis) were considered
confounders for prostate cancer, and bacterial vaginosis
was considered a confounder for cervical cancer.**

Statistical analysis

We calculated the distribution of baseline characteris-
tics of the total population, individuals diagnosed with
urogenital cancer and the cystitis cohort at the time of
the cystitis diagnosis. These characteristics included
mean age (SD), age category (50-59, 60-69, 70-79 and
>80 years), sex (male/female), sociodemographic factors
(education level, region of residency and country of
origin) and comorbidities. We also calculated the cumu-
lative incidence of cystitis and urogenital cancer in the
total population for the whole follow-up period (1997—
2018).

Each individual was followed from the date of the first
diagnosis of cystitis (starting on 1 January 1997) until the
date of a first cancer diagnosis, emigration, death or end
of study period (31 December 2018), whichever came
first. We calculated the total follow-up time in person-
years and the mean (SD) follow-up time for the total
population and cystitis cohort. Standardised incidence
ratios (SIRs) were calculated to compare the relative risk
of urogenital cancers in the cystitis cohort with those
without cystitis in the total population. The urogenital
cancer rates were calculated by combining data from
the Total Population Register and the National Cancer
Register. SIRs were calculated as the ratio of observed (O)
number of cancer cases in the cystitis cohort to expected
(E*) number of cancer cases in the total population
using indirect standardisation methods.”” All calculations
were standardised by age (10-year age groups), sex (male
and female), time period (5-year period groups) and
other covariates. We categorised the follow-up period as
0 to<3 months, 3 to 12 months, >1 to 5 years, and >5 years.

Excess rates of urogenital cancers per 10000 person-years
are presented in the tables together with the SIR for each
follow-up period. The excess cancer rates per 10000
person-years were calculated by comparing the observed
(O) subsequent cancer cases in men and women with
cystitis and the expected (E*) cancer cases divided by the
total follow-up time.

The incidence rates (per 10000 person-years) of cancer
in those with and without cystitis were plotted by age. The
cancer risks were assessed for men and women separately,
with the exception of the rates for bladder and kidney
cancers that were plotted for both sexes combined. SIRs
were also calculated for different age groups to examine
whether the associations varied between different age
groups. Interaction tests were also conducted to assess
whether the association between urinary tract cancers
(bladder and kidney cancer) differed between the sexes.
The 95% CIs of the SIRs were calculated assuming a
Poisson distribution. The formulas used for calculating
the SIRs, 95% CIs of the SIRs and excess cancer rates are
included in the online supplemental information. All of
the analyses were performed using SAS software version
9.4 (SAS Institute, Cary, NC, USA).

Patient and public involvement

Although we did not involve patients or members of the
public in the study design, analyses, interpretation of
results or dissemination of results, the concept of this
study emerged from observations in the treatment and
care of patients in primary healthcare settings.

Dissemination to participants and related patient and public
communities

Due to the nationwide design and pseudonymisation of
data, dissemination of the results to the study participants
is not possible. We intend to disseminate the findings
of this study to the general public after publication of
the results, both through conventional media outreach,
such as press releases by the research institutions of the
contributing authors, social media outlets and public
oral presentations.

RESULTS

The study included 3557582 adults (46.9% men and
53.1% women) aged 250 years without a prior diagnosis
of urogenital cancer. The mean (SD) age at baseline was
65.8 (£11.6) years and the total follow-up was 55877745
person-years, with a mean individual follow-up time of
15.6 (+7.3) years.

Cystitis cohort

Table 1 shows an overall cumulative incidence of cystitis
of 17.0 (95% CI 16.9 to 17.1) during the study period
(1997-2018). The cystitis cohort comprised 605557
people, most of whom were women (70.6%, n=427821).
The total follow-up of the cystitis cohort was 4027518
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Table 1 Number of cases and cumulative incidences of acute cystitis and urogenital cancer in adults aged >50 years
(n=3557582) during the follow-up period (1997-2018)

Acute cystitis

Urogenital cancers

No of cases (%)

Cumulative incidence,
% (95% CI)

No of cases (%)

Cumulative incidence,
% (95% CI)

Total
Age groups
50-59
60-69
70-79
>80
Sex
Male
Female
Educational level
<12 years
>12 years
Region of residence
Large cities
Other
Country of origin
Born in Sweden
Born outside Sweden
Comorbidities
Diabetes mellitus

Immunodeficiency disorders
Nepbhritic or nephrotic syndrome

Urolithiasis

Non-malignant prostate diseases

Bacterial vaginosis

605557

18884 (3.1)

140861 (23.3)
226450 (37.4)
219362 (36.2)

177736 (29.4)
427821 (70.6)

437262 (72.2)
168295 (27.8)

344971 (57.0)
260586 (43.0)

535709 (88.5)
69848 (11.5)

133908 (22.1)
3035 (0.5)
31652 (5.2)
36092 (6.0)
96911 (16.0)
5164 (0.9)

17.0 (16.9 to 17.1)

1.4(1.210 1.6)

15.4 (15.2 to 15.6)
28.3 (28.1 to 28.5)
43.2 (43.0 to 43.4)

10.7 (10.5 to 10.8)
22.6 (22.5 to 22.8)

16.8 (16.7 to 16.9)
17.6 (17.4 t0 17.8)

17.8 (17.7 to 18.0)
16.0 (15.9 to 16.2)

17.6 (17.5 0 17.7)
13.6 (13.3 t0 13.8)

26.3 (26.0 to 26.5
28.4 (26.8 to 30.0
27.6 (27.1 to 28.1
33.5 (33.0 to 34.0
25.6 (25.4t0 25.9
(

)
)
)
)
)
52.0 (50.7 to 53.4)

257026

10738 (4.2)
72259 (28.1)
110623 (43.0)
63406 (24.7)

199144 (77.5)
57882 (22.5)

170130 (66.2)
86896 (33.9)

125920 (49.0)
131106 (51.0)

233494 (90.8)
23532 (9.2)

46965 (18.3)
967 (0.4)
14091 (5.5)
16685 (6.5)
70574 (27.5)
488 (0.2)

7.2 (7.1 t0 7.3)

0.8 (0.6 to 1.0)
7.9 (7.7 to 8.1)
13.8 (13.6 to 14.0)
12.5 (12.2 to 12.7)

11.9 (11.8 to 12.1)
3.1 (2.9103.2)

6.5 (6.4 t0 6.7)
9.1 (8.9 t0 9.3)

6.5 (6.4 t0 6.7)
8.1 (7.9t0 8.2)

7.7 (7.6 10 7.8)
4.6 (4.3 10 4.8)

9.2 (8.9 t0 9.5)

9.1 (7.2 t0 10.9)
12.3 (11.7 to 12.8)
15.5 (14.9 to 16.0)
18.7 (18.4 t0 19.0)
4.9 (3.0t0 6.8)

Acute cystitis cases were measured as first diagnosis during the study period and diagnoses occurring subsequent to a urogenital cancer
diagnosis were not measured. Urogenital cancer cases were measured as the first diagnosis during the study period in those not previously
diagnosed with urogenital cancer. Non-malignant prostate diseases include benign prostate hyperplasia and prostatitis. Sociodemographic
characteristics and comorbidities of the total population at baseline are presented in online supplemental table S1. The proportion of men
diagnosed with non-malignant prostate diseases was 54.5% in the cystitis cohort and 35.4% in those with urogenital cancer. The proportion

of women diagnosed with bacterial vaginosis was 1.2% in the cystitis cohort and 0.8% in those diagnosed with urogenital cancer.

person-years, with a mean (SD) individual follow-up time
of 6.7 years (+4.9). The mean age at cystitis diagnosis was
75.9 years (£9.2) and the majority (91.3%, n=552674) of
the cystitis events were diagnosed in primary healthcare
settings (online supplemental table S2).

Urogenital cancer

Table 1 shows that the overall cumulative incidence of
urogenital cancer was 7.2 (95% CI 7.1 to 7.3) during
the study period, resulting in a total of 257026 people
diagnosed with urogenital cancer, most of whom were
men (77.5%, n=199144). The mean (SD) age at cancer
diagnosis was 73.52 years (+8.26) and prostate cancer
was the most common cancer type (61.8%), followed
by bladder (16.4%) and endometrial cancers (9.6%)

(online supplemental table S3). Cystitis preceded cancer
diagnosis in a total of 24137 people (9.4% of all those
diagnosed with cancer during the study period). Of these
people, the mean age at cancer diagnosis was 76.90 years
(£7.72) and prostate cancer was the most common cancer
type (39.5%), followed by bladder (31.6%) and endome-
trial (13.8%) cancers. Online supplemental figures S1-
S6 display the incidence rates per 10000 person-years
of urogenital cancers in the study participants with and
without cystitis; the incidence rates were, in general,
higher in those with cystitis across all age groups.

Urinary tract cancers
For bladder cancer, the SIR was 3.50 (95% CI 3.40 to
3.60) in men with cystitis (table 2), corresponding to an
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Table 2 Risks of subsequent urogenital cancer in men by follow-up time after acute cystitis

Excess cancer rates per 10000

Follow-up times O/E SIR (95% Cl) person-years (95% CI)
Bladder cancer

0 to <3 months 1523/45 33.69 (32.02 to 35.43) 483.72 (483.43 to 484.02)

3 to 12 months 932/148 6.32 (5.92 to 6.74) 79.23 (79.05 to 79.40)

>1to 5 years 1255/582 2.16 (2.04 to 2.28) 17.87 (17.77 to 17.96)

>5 years 777/507 1.53 (1.43 to 1.64) 9.17 (9.06 to 9.28)

All 4487/1282 3.50 (3.40 to 3.60) 40.05 (39.99 to 40.11)
Kidney cancer

0 to <3 months 174/15 11.28 (9.67 to 13.09) 51.91 (51.39 to 52.43)

3 to 12 months 132/51 2.61 (2.19 to 3.10) 8.23 (7.90 to 8.55)

>1to 5 years 232/202 1.15(1.01 to 1.31) 0.80 (0.61 to 0.99)

>5 years 180/172 1.05 (0.90 to 1.21) 0.26 (0.06 to 0.47)

All 718/440 1.63 (1.51 to 1.76) 3.47 (3.36 to 3.59)
Prostate cancer

0 to <3 months 1961/278 7.05 (6.74 to 7.37) 550.88 (550.76 to 551.01)

3 to 12 months 1951/912 2.14 (2.04 to 2.24) 104.89 (104.82 to 104.97)

>1to 5 years 3297/3604 0.91 (0.88 to 0.95) -8.16 (-8.21 to —-8.12)

>5 years 2563/2985 0.86 (0.83 to 0.89) -14.34 (-14.39 to —14.29)

All 9772/7780 1.26 (1.23 to 1.28) 24.90 (24.87 to 24.93)

Excess cancer rates: observed urogenital cancer rates per 10000 person-years compared with expected rate.
E, expected number of urogenital cancer cases; O, observed number of subsequent urogenital cancer cases in men with acute cystitis; SIR,

standardised incidence ratio of the observed/expected urogenital cancers.

excess cancer rate of 40.05 (39.99 to 40.11) per 10000
person-years during follow-up. For women (table 3),
the corresponding SIR was 3.26 (95% CI 3.15 to 3.37)
and the excess cancer rate was 7.77 (7.70 to 7.84) per
10000 person-years. The risks were particularly high
within 3 months of follow-up, with an SIR of 33.69 (95%
CI 32.02 to 35.43) in men and 30.00 (28.02 to 32.09) in
women, corresponding to 483.72 and 96.00 excess cancer
rates per 10000 person-years, respectively. The risks
decreased during longer follow-up periods but persisted
over all follow-up periods for both sexes. For example,
during 3-12 months of follow-up, the excess cancer rates
per 10000 person-years were 79.23 in men and 19.42 in
women. After 5 years of follow-up, the excess cancer rates
per 10000 person-years were 9.17 in men and 2.50 in
women. Table 4 shows an increased risk of bladder cancer
across all age groups of men and women with cystitis,
with suggested stronger associations in the younger age
groups. A significant interaction can be seen between
sex and cystitis in relation to bladder cancer risk, with
men having a 1.07-fold (95% CI 1.03 to 1.12) higher rela-
tive cancer risk associated with cystitis than women. The
interaction by sex is also shown across age groups; men
had higher relative cancer risk than women aged 50-59
years (1.99-fold), 60-69 years (1.57-fold) and 70-79 years
(1.23-fold). In contrast, men aged >80 years had a slightly
lower (0.91-fold) relative cancer risk than women.

For kidney cancer, the SIR was 1.63 (95% CI 1.51 to
1.76) in men with cystitis, corresponding to an excess
cancer rate of 3.47 (3.36 to 3.59) per 10000 person-years
during follow-up. For women, the SIR was 1.67 (95% CI
1.58 to 1.76), corresponding to an excess cancer rate
of 1.69 (1.60 to 1.78) per 10000 person-years. The risks
were particularly high within 3 months of follow-up, with
SIRs for bladder cancer of 11.28 in men and 7.72 in
women, corresponding to 51.91 and 16.93 excess rates
per 10000 person-years, respectively. The risks decreased
with longer follow-up and persisted up to 5 years for men
and >b years for women; however, at a low level. Table 4
shows increased kidney cancer risk across all age groups
of men and women with cystitis, with suggested stronger
associations in younger age groups. We found no overall
significant interaction between sex and cystitis in relation
to kidney cancer risk. However, the relative kidney cancer
risks associated with cystitis were significantly higher in
men than women aged 50-59 years (3.35-fold) and 60-69
years (1.61-fold), whereas it was 0.76-fold lower in men
than women aged >80 years.

Prostate cancer

Table 2 shows that the SIR for prostate cancer was 1.26
(95% CI 1.23 to 1.28) in men with cystitis, corresponding
to an excess cancer rate of 24.90 (24.87 to 24.93) per
10000 person-years during follow-up. Within 12 months
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Table 3 Risks of subsequent urogenital cancer in women by follow-up time after acute cystitis

Excess cancer rates per 10000

Follow-up times O/E SIR (95% Cl) person-years (95% CI)
Bladder cancer

0 to <3 months 853/28 30.00 (28.02 to 32.09) 96.00 (95.63 to 96.37)

3 to 12 months 667/97 6.88 (6.37 to 7.42) 19.42 (19.20 to 19.63)

>1to 5 years 1009/422 2.39 (2.24 to 2.54) 4.61 (4.49 to 4.72)

>5 years 806/476 1.69 (1.58 to 1.82) 2.50 (2.38 to 2.61)

All 3335/1023 3.26 (3.15t0 3.37) 7.77 (7.70 to 7.84)
Kidney cancer

0 to <3 months 167/22 7.72 (6.60 to 8.99) 16.93 (16.48 to 17.37)

3 to 12 months 200/74 2.71 (2.35t0 3.11) 4.30 (4.08 to 4.56)

>1to 5 years 427/322 1.33 (1.20 to 1.46) 0.83 (0.68 to 0.97)

>5 years 462/336 1.38 (1.25 to 1.51) 0.96 (0.82 to 1.10)

All 1256/753 1.67 (1.58 to 1.76) 1.69 (1.60 to 1.78)
Cervical cancer

0 to <3 months 78/10 7.67 (6.06 to 9.58) 7.90 (7.24 to 8.55)

3 to 12 months 70/35 2.03 (1.58 to 2.56) 1.21 (0.80 to 1.62)

>1to 5 years 166/146 1.14 (0.97 to 1.33) 0.16 (0.00 to 0.38)

>5 years 157/142 1.11 (0.94 to 1.30) 0.12 (0.00 to 0.34)

All 471/332 1.42 (1.29 to 1.55) 0.47 (0.33 to 0.61)
Endometrial cancer

0 to <3 months 313/73 4.30 (3.84 t0 4.81) 27.97 (27.72 to 28.23)

3 to 12 months 440/249 1.77 (1.61 to 1.94) 6.51 (6.35 to 6.66)

>1to 5 years 1292/1078 1.20 (1.13 to0 1.27) 1.68 (1.60 to 1.76)

>5 years 1361/1103 1.23 (1.17 to 1.30) 1.95 (1.87 to 2.03)

All 3406/2502 1.36 (1.32 to 1.41) 3.04 (2.99 to 3.09)
Ovarian cancer

0 to <3 months 176/30 5.83 (5.00 to 6.76) 16.98 (16.59 to 17.36)

3 to 12 months 179/102 1.75 (1.51 to0 2.03) 2.62 (2.38 to 2.86)

>1to 5 years 463/418 1.11 (1.01 to 1.21) 0.35 (0.22 to 0.49)

>5 years 450/376 1.20 (1.09 to 1.31) 0.56 (0.43 to 0.70)

All 1268/926 1.37 (1.30 to 1.45) 1.15 (1.07 to 1.23)

Excess cancer rates: Observed urogenital cancer rates per 10,000 person-years compared to the expected rate.
E, expected number of urogenital cancer cases; O, observed number of subsequent urogenital cancer cases in men with acute cystitis; SIR,

standardised incidence ratio of the observed/expected number of urogenital cancers.

of follow-up, the risks were particularly high, with excess
cancer rates per 10000 person-years of 550.88 (95% CI
550.76 to 551.01) within the first 3months of follow-up
and 104.89 (104.82 to 104.97) within 3-12 months of
follow-up. After 12 months of follow-up, the increased
risk disappeared and the number of observed cases
of prostate cancer was less than the expected (SIR<I).
Table b shows increased prostate cancer risk across all age
groups of men with cystitis, with an indication of stronger
associations in younger age groups.

Gynaecological cancers
Table 5 shows that the risks of gynaecological cancers
following cystitis were elevated across all age groups during

follow-up. Table 3 shows that the risks were particularly
high within the first 3months of follow-up, with SIR of
7.67 (95% CI 6.06 to 9.58) for cervical cancer, 4.30 (3.84
to 4.81) for endometrial cancer, and 5.83 (5.00 to 6.76)
for ovarian cancer; corresponding to 7.90 excess cervical,
27.97 excess endometrial, and 16.98 excess ovarian
cancers per 10000 person-years. The risks were reduced
during 3-12 months of follow-up, but remained signifi-
cant for all gynaecological cancer types, with excess cancer
rates per 10000 person-years of 6.51 for endometrial and
2.62 for ovarian cancers. The risks were further reduced
after 12 months of follow-up, but remained significant for
endometrial and ovarian cancer; however, at a low level.
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Table 4 Risks of subsequent urinary tract cancers in men and women by age at acute cystitis diagnosis and interaction

ratios by sex

Men Women IR

Age (years) O/E SIR (95% CI) O/E SIR (95% CI) (95% ClI)

Bladder cancer
50-59 28/2 18.30 (12.15 to 26.48) 30/3 9.20 (6.20-13.15) 1.99 (1.47 to 2.50)
60-69 569/86 6.61 (6.07 to 7.17) 408/97 4.21 (3.81-4.64) 1.57 (1.44 to 1.70)
70-79 1861/481 3.87 (3.69 to 4.05) 1297/412 3.15 (2.98-3.33) 1.23 (1.16 to 1.30)
>80 2029/713 2.85 (2.72 t0 2.97) 1600/512 3.13 (2.98-3.28) 0.91 (0.84 to 0.98)
All 4487/1282 3.50 (3.40 to 3.60) 3335/1023 3.26 (3.15-3.37) 1.07 (1.03 to 1.12)

Kidney cancer
50-59 71 6.60 (2.62 to 13.68) 7/4 1.97 (0.78-4.09) 3.35 (2.30 to 4.40)
60-69 150/50 3.00 (2.54 to 3.52) 188/101 1.87 (1.61-2.15) 1.61 (1.39 to 1.82)
70-79 352/229 1.54 (1.38 to 1.71) 602/383 1.57 (1.45-1.70) 0.98 (0.85to 1.11)
>80 209/160 1.31 (1.13 to 1.50) 459/266 1.73 (1.57-1.89) 0.76 (0.59 to 0.92)
All 718/440 1.63 (1.51 to 1.76) 1256/753 1.67 (1.58-1.76) 0.98 (0.89 to 1.07)

E, expected number of urogenital cancer cases; IR, interaction ratio between the SIR in men and the SIR in women; O, observed number
of subsequent urogenital cancer cases in men and women with acute cystitis; SIR, standardised incidence ratio of the observed/expected

number of urogenital cancers.

DISCUSSION

In this population-based cohort study, which included
605557 adults aged >50 years diagnosed with cystitis
(91.3% in primary healthcare settings), cystitis preceded
urogenital cancer across all age groups of men and
women. The risks for urogenital cancers were highest
within 3 months following the cystitis event, were particu-
larly high for prostate and bladder cancers, and persisted
across longer follow-up periods for most cancers. The
results suggest that occult urogenital cancer should be
considered in adults 250 years presenting with symptoms
of cystitis, and that suspicion should be extra high for

prostate and bladder cancer for which the risks were
particularly high.

STRENGTHS AND WEAKNESSES

The main strengths of this study are the study size, long
follow-up time, the use of several national registers of high
quality, and the inclusion of population-based data from
primary healthcare settings, where most acute cystitis
events are diagnosed. All linkages between data were
performed using a pseudonymised version of the personal
identification number, allowing for virtually complete

Table 5 Risks of subsequent prostate and gynaecological cancers by age at acute cystitis diagnosis

Age (years) O/E SIR (95% Cl) O/E SIR (95% Cl)
Cervical cancer Endometrial cancer
50-59 5/3 1.94 (0.61 to 4.56) 20/16 1.27 (0.77 to 1.96)
60-69 58/46 1.26 (0.95 to 1.63) 481/393 1.23 (1.12to 1.34)
70-79 188/137 1.37 (1.18 to 1.58) 1473/1134 1.30 (1.23 to 1.37)
>80 220/146 1.50 (1.31 to 1.72) 1432/960 1.49 (1.42 to 1.57)
All 471/332 1.42 (1.29 to 1.55) 3406/2502 1.36 (1.32 to 1.41)
Ovarian cancer Prostate cancer
50-59 17/10 1.65 (0.96 to 2.65) 36/10 3.64 (2.55 to 5.04)
60-69 267/186 1.44 (1.27 to 1.62) 1506/945 1.59 (1.51 to 1.68)
70-79 601/438 1.37 (1.27 to 1.49) 4488/3676 1.22 (1.19 to 1.26)
>80 383/292 1.31 (1.18 to 1.45) 3742/3149 1.19 (1.15 to 1.23)
All 1268/925 1.37 (1.30 to 1.45) 9772/7780 1.26 (1.23 to 1.28)

E, expected number of urogenital cancer cases; O, observed number of subsequent urogenital cancer cases in men and women with acute
cystitis; SIR, standardised incidence ratio of the observed/expected number of urogenital cancers.
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coverage of Sweden’s population, inclusion of potential
confounders and practically no loss to follow-up.”’ An
important limitation of our study is that we did not have
data on symptoms, urinary dipstik, or microbiological
findings, and could thus not validate the cystitis diag-
nosis. Other researchers have, however, found significant
bacteriuria to be present in 62-80% of patients clinically
diagnosed with acute cystitis in Swedish primary health-
care.”™* Misdiagnosis could be a partial explanation for
our findings, particularly concerning the increased risk
of urinary tract cancer shortly after a cystitis event, due
to overlapping symptoms (eg, bladder cancer mistakenly
diagnosed for cystitis).” 7 ' ' Moreover, because of the
design of the study, we cannot rule out the risk of residual
and unmeasured confounding, such as lifestyle factors
(eg, smoking) and comorbidities (eg, obesity and undi-
agnosed diabetes mellitus). However, adjusting for these
confounders would likely not be relevant for cancers
occurring shortly after the cystitis diagnosis, as reversed
causation is expected. Although residual/unmeasured
confounding might exist for the cancers occurring later
on during follow-up, we accounted for several comorbidi-
ties and sociodemographic factors, making it unlikely that
such effects would be substantial. Nevertheless, smoking
is a considerable risk factor for bladder and kidney
cancers™ *' and may confound these estimates; yet, the
current literature is inconsistent regarding the impact
of smoking on urinary tract infections.” * Furthermore,
the increased risks during longer follow-ups were much
lower than those during shorter follow-ups. In addition,
there is a possibility that adults with cystitis may be exam-
ined for cancers to a higher extent than those without
the infection. However, any detection bias** is likely lower
in patients treated for cystitis in primary healthcare than
in studies including patients admitted to hospitals with
more severe infections,13 4548 who would be in closer
contact with hospital systems, diagnostic procedures and
cancer specialists. Lastly, if some patients with cystitis
were not evaluated for cancer during follow-up, we could
have missed cancers in the cystitis population, but since
this delay, unfortunately, also occurs in the general popu-
lation, we expect that any bias due to missed diagnoses is
negligible.

Comparison with other literature

Previous studies that have identified acute infections
as markers of risk for subsequent cancer have encom-
passed less frequent but more severe systemic infections
in hospital settings, for example, bacteraemia, pyelo-
nephritis and sepsis,”® ** while infections presenting
to primary healthcare have not been studied as much.
Our study adds to this literature with cystitis, primarily
diagnosed in primary healthcare settings, as a potential
clinical marker for occult urogenital cancer and an indi-
cator for sustained subsequent risk of urogenital cancer.
Previous studies on the associations between acute cystitis
and urogenital cancer have, to our knowledge, not
included primary healthcare data and have been limited

to small sample sizes and follow-up. For example, a system-
atic review and meta-analysis of 16 studies concluded that
exposure to UTI favours increased subsequent risk of
bladder cancer (risk ratio 1.33, 95%CI 1.14 to 1.55),"*
which is comparable to our findings (SIR 3.50 in men
and 3.26 in women). However, the results from the meta-
analysis were inconclusive when excluding studies at high
risk of bias.'"* A previous study from Taiwan," based on
insurance data (1998-2011), examined the association
between cystitis and prostate cancer and found similar
results to ours. In that study, the authors included 9347
men with cystitis for comparison with 4:1 age-matched
controls without cystitis. The study found that the risk
of prostate cancer was 46% higher in the cystitis cohort
compared with those without cystitis, which is aligned
with our findings (SIR 1.26). Another similar study,
based on insurance data (2009-2013) from Taiwan,'®
found similar associations between cystitis and urogen-
ital cancer. In that study, the authors included 38084
people with cystitis and 76 168 propensity score-matched
people in a control group. The authors found that risks
for urogenital cancer were 32% and 21% higher in men
and women with cystitis compared with men and women
without cystitis, respectively. Moreover, the study also
found similar increases in risks for specific cancers to
our findings; for example, the adjusted hazard ratios for
subsequent bladder and kidney cancer were 28.60 (95%
CI 6.80 to 120.28) and 3.85 (95% CI 1.42 to 10.42) for
kidney cancer in men >65 years of age.

There are several possible explanations behind these
and our findings. It is plausible that urogenital cancer,
and perhaps even precancerous changes in the urogen-
ital organ, might increase the risk of cystitis because of
compromised urinary tract and host defence.” More-
over, it is possible that certain occult urogenital cancers,
especially urinary tract cancers, could present symptoms
similar to those of cystitis,”” ' '® which might explain the
particularly high risk of subsequent urogenital cancer
shortly after the cystitis event. Altogether, the alignment
between the results of our nationwide study and previous
smaller studies from other countries, as well as plausible
mechanisms, strengthens the generalisability and robust-
ness of the identified associations between cystitis and
subsequent urogenital cancer risks.

Implications and further research

The present study adds to the accumulating evidence of
infections as markers of increased cancer risk."> ** For
clinicians, the findings indicate that acute cystitis could
be a clinical marker for urogenital cancer (at least when
no other cause is obvious), and particularly for occult
urogenital cancer, as the risks for cancers were highest
within 3months of cystitis diagnosis. Although the risks
for urogenital cancers were attenuated over time, the
risks remained high up to 12 months after acute cystitis
for most urogenital cancers, suggesting a possibility for
earlier cancer detection. Beyond 1 year of follow-up from
cystitis diagnosis, the elevated risks of urogenital cancers
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decreased further for most cancers, with excess cancer
rates below 1 per 10000 person-years for most cancers,
except bladder and endometrial cancers. This pattern
may reflect a compensatory deficit of cancer diagnoses
after an increased detection rate in the first 12 months
after cystitis, indicating that follow-up beyond 1 year might
have limited cost benefit. For healthcare, the implication
is especially important for primary healthcare, as most
cystitis cases are diagnosed and many forms of cancer
present in this setting.'” '® Additionally, our findings
imply that cystitis precedes urogenital cancer differently
across sex and age groups, indicating that the clinical
relevance of cystitis as a potential marker for urogenital
cancers may vary across populations. For policymakers,
it remains to be determined whether the sustained long-
term subsequent risks of urogenital cancers following
cystitis could be used to help earlier detection or even
prevention of urogenital cancers. For example, precan-
cerous changes in the urogenital system may facilitate
cystitis by compromising the urinary tract. Lastly, consid-
ering that haematuria can be a symptom of acute cystitis
and urinary tract cancers,” ' future studies could also
examine whether those with concomitant cystitis and
haematuria have an increased risk of subsequent urinary
tract cancers compared with those presenting with either
cystitis or haematuria.

In conclusion, this population-based cohort study
found that acute cystitis is a common infection among
adults aged >50 years, often diagnosed in primary health-
care settings, and can precede urogenital cancers. The
cancer risks were particularly high within 3months
after acute cystitis, suggesting that acute cystitis might
be a useful clinical marker for urogenital cancer, espe-
cially for bladder and prostate cancer. The persistent
risk beyond 3 months might present an opportunity for
earlier detection of urogenital cancer, but this warrants
further research including health economic evaluations.
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