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Abstract

Objective: Early reports have suggested that coronavirus disease 2019

(COVID‐19) can present with significant urinary frequency and nocturia, and

that these symptoms correlate with markers of inflammation in the urine. We

evaluated surrogate markers of chronic urinary symptoms to determine if they

were more frequent after COVID‐19 infection.

Methods: Routinely collected data from the province of Ontario was used to

conduct a matched, retrospective cohort study. We identified patients 66 years

of age or older who had a positive COVID‐19 test between February and May

2020 and survived at least 2 months after their diagnosis. We matched them to

two similar patients who did not have a positive COVID‐19 test during the

same time period. We measured the frequency of urology consultation,

cystoscopy, and new prescriptions for overactive bladder medications during a

subsequent 3‐month period. Proportional hazard models were adjusted for any

baseline differences between the groups.

Results: We matched 5617 patients with COVID‐19 to 11,225 people who did

not have COVID‐19. The groups were similar, aside from a higher proportion

of patients having hypertension and diabetes in the CoVID‐19 cohort. There

was no significantly increased hazard of new receipt of overactive bladder

medication (hazards ratio [HR]: 1.04, p= 0.88), urology consultation (HR:

1.40, p= 0.10), or cystoscopy (HR: 1.14, p= 0.50) among patients who had

COVID‐19, compared to the matched cohort.

Conclusion: Surrogate markers of potential bladder dysfunction were not

significantly increased in the 2–5 months after COVID‐19 infection.
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1 | INTRODUCTION

The ongoing global coronavirus disease 2019 (COVID‐19)
pandemic has had an unprecedented impact on
humanity. Over 100 million people have had confirmed
infections so far, and it is likely that there have been
millions of additional cases that have gone

undiagnosed. The coronavirus is a family of RNA viruses
that commonly causes disease in other mammals; in the
case of COVID‐19, the causative coronavirus is severe
acute respiratory syndrome coronavirus 2 (SARS‐CoV‐2).1

Urologic manifestations of COVID‐19 have been lim-
ited, with the coronavirus family in general having the
potential to cause kidney and testicular dysfunction,2
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and having only a low likelihood being detected in the
urine.3

However, recent reports have suggested that
COVID‐19 may lead to urinary symptoms (“COVID‐19
associated cystitis”).4 The SARS‐CoV‐2 virus may be able to
bind angiotensin converting enzyme 2 (ACE2) receptors in
the urinary system and cause local inflammation.5 Small
case series have reported urinary storage symptoms asso-
ciated with COVID‐19, and correlated these findings with
elevated urinary proinflammatory cytokines.6 This has led
to the hypothesis that, just as COVID‐19 can lead to long‐
term cognitive and medical symptoms and pulmonary,
cardiac, and vascular fibrosis,7 a chronic COVID‐19 asso-
ciated cystitis condition with urinary storage symptoms
similar to overactive bladder may develop after the acute
infection has resolved.6 Our objective was to determine if
patients who had a COVID‐19 diagnosis were more likely
to seek urologic care or undergo medical treatment for
urinary storage symptoms.

2 | METHODS

We conducted a retrospective cohort study with the use
of routinely collected data from the province of On-
tario, Canada. All data was linked across databases
deterministically using encoded patient identifiers and
analyzed at ICES Western. Ontario has a universal
healthcare system that provides healthcare for all
15 million residents. The use of the data in this study
was authorized under Ontario's Personal Health
Information Protection Act, which does not require
approval by a Research Ethics Board, or patient consent.

2.1 | Data sources

We used the following data sources for this study:

(1) Ontario Laboratories Information System (OLIS):
The OLIS database contains laboratory information
collected from eHealth Ontario, submitted from all
Public Health Ontario laboratories. COVID‐19 swab
status was determined from OLIS.8

(2) Ontario Health Insurance Plan (OHIP): The OHIP
claims database contains information for all services
provided to Ontario residents through the province's
publicly funded health insurance system. It is ne-
cessary for physicians to submit billing codes to this
database to be compensated for services provided. In
general, OHIP fee codes have a high accuracy.9

(3) Discharge Abstract Database (DAD)/Same Day
Surgery (SDS)/National Ambulatory Care Reporting

System (NACRS): The DAD/SDS/NACRS is com-
piled by the Canadian Institute for Health Informa-
tion and tracks administrative, clinical (diagnoses
and procedures/interventions), demographic and
administrative information for all patients in the
province of Ontario who have a same day surgery,
hospitals admissions or emergency room visits. Re-
abstraction studies from CIHI‐DAD/SDS have shown
a high agreement with procedure codes (91% CCI
code exact match, 97% CCI code group match) and
diagnoses (89% exact match, 95% ICD10 code group
match).10

(4) Registered Persons Database (RPDB): The RPDB
provides basic demographic information (such as age
and sex) for all Ontario citizens.

(5) Ontario Drug Database (ODB): The ODB contains
records of prescriptions for all people in Ontario who
are 65 years or older; it has greater than 99%
accuracy.11

2.2 | Patient population

We identified all patients who had a positive naso-
pharyngeal swab for SARS‐CoV‐2 between February
1 and May 31, 2020. The date of the positive naso-
pharyngeal swab was considered the index date of the
infection. We excluded patients who were: less than 66
years of age (to ensure all patients had universal drug
coverage, and to allow a look‐back period to help de-
fine new medication use), those that had filled a pre-
scription for an overactive bladder medication of
interest in the 6 months before the COVID‐19 diag-
nosis, and those that died within 2 months of the
COVID‐19 diagnosis.

We then identified a group of people in the general
population who were also over 66 years of age, alive
on February 1 2020, and did not have a positive
COVID‐19 test result during the February–May 2020
period. We assigned each of these patients a random
index date between February 1 and May 31, 2020. We
applied the same three exclusion criteria that were
described for the COVID‐19 population to identify a
cohort of similar non‐COVID‐19 patients from the
general population.

We matched (without replacement) one COVID‐19
patient to two people from the general population
cohort based on the index date (±1 week), age
(±1 year), sex, and whether they were a resident of a
long‐term care home (because residents of long‐term
care homes were disproportionally represented in the
COVID‐19 cohort). We used two years of previous
routinely collected data and three validated datasets
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(to identify patients with chronic obstructive pul-
monary disease, hypertension, and diabetes) to mea-
sure several baseline characteristics (further defined
in Appendix 1).

2.3 | Study outcomes

We measured study outcomes that occurred in the time
period from 60 to 150 days after the index date. This time
period was chosen as we felt it would be unlikely that
people would seek care for urinary symptoms during
their acute illness, and patients may be admitted to
hospital for a period of a few weeks during their acute
COVID‐19 disease.12 We identified the following a priori
outcomes of interest: whether patients underwent cy-
stoscopy (OHIP fee code Z606, Z607), consulted with a
urologist (OHIP fee code A355), or filled a prescription
for an overactive bladder medication (solifenacin, oxy-
butynin, mirabegron, fesoterodine, tolterodine, or dar-
ifenacin). Our hypothesis was that if COVID‐19 was
associated with chronic urinary symptoms, these should
be more frequent among COVID‐19 patients.

2.4 | Statistical analysis

Baseline characteristics were compared using standardized
differences; when it is greater than 10% it is considered a
potentially meaningful difference.13 Analysis of our out-
comes was done using PROC PHREG (SAS 9.4; SAS in-
stitute) to create Cox proportional hazards models with
robust variance estimation to account for the correlation
introduced with matching. If applicable, patients were cen-
sored on the date of their death, and additionally in the non‐
COVID‐19 population, the patient was censored if they were
diagnosed with COVID‐19. Models were adjusted for any
differences in the baseline characteristics which had a stan-
dardized difference greater than 10%. Results are reported as
hazard ratios and 95% confidence intervals, and we con-
sidered two‐tailed p<0.05 statistically significant.

3 | RESULTS

We were able to match 99.9% of the eligible COVID‐19
patients (n= 5617) 1:2 to patients who did not have
COVID‐19 (Figure 1). Over 90% of the COVID‐19

FIGURE 1 Creation of the final matched cohorts. COVID‐19, coroanvirus disease 2019
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patients were diagnosed in the month of April or May
2020. In general, the groups had comparable proportions
of comorbidities after matching, aside from a higher
proportion of hypertension and diabetes in the
COVID‐19 cohort (Table 1).

The results of our analysis of the outcomes of interest are
shown in Table 2. There was no significantly increased ha-
zard of new receipt of overactive bladder medication, urology
consultation or cystoscopy among patients who had
COVID‐19, compared to the matched cohort. The competing
risk of death during the 3 month period when we were
looking for our outcomes was low and comparable between
the COVID‐19 and non COVID‐19 cohort, respectively (3.0%
vs. 4.1%).

4 | DISCUSSION

Despite being an unknown disease in 2019, COVID‐19 is
now the focus of significant research efforts all over the
world. We evaluated whether there was evidence to
support the hypothesis that COVID‐19 infection caused
long‐term bladder dysfunction,6 consistent with initial
case‐series which described COVID‐19 associated cystitis
with acute SARS‐CoV‐2 infection.4 We did not find that
patients who were 66 years or older with laboratory‐
confirmed COVID‐19 were at increased risk of receiving
overactive bladder medication or having a urology con-
sultation or cystoscopy in the 2–5 months after their
diagnosis.

TABLE 1 Demographics of the unmatched and matched cohorts of people with and without COVID‐19

Unmatched cohorts Matched cohorts

COVID‐19
Cohort

Non‐COVID‐19
cohort

Standardized
difference

COVID‐19
Cohort

Non‐COVID‐19
cohort

Standardized
differencea

n= 5620 n= 2,656,654 n= 5617 n= 11,225

Demographics

Age (median, IQR) 81 (73–88) 74 (70–81) 0.52 81 (73–88) 81 (72–88) 0b

Female, N (%) 2134 (38.0%) 1,417,611 (53.4%) 0.31 2134 (38.0%) 4268 (38.0%) 0b

Highest income
quintile

1586 (28.2%) 543,536 (20.5%) 0.18 1585 (28.2%) 2827 (25.2%) 7%

Lowest income
quintile

914 (16.3%) 536,212 (20.2%) 0.1 914 (16.3%) 1951 (17.4%) 3%

Residing in long
term care,
N (%)

2851 (50.7%) 60,142 (2.3%) 1.31 2848 (50.7%) 5687 (50.7%) 0b

Comorbidities in the previous 2 years, N (%)

COPD 459 (8.2%) 144,742 (5.4%) 0.11 459 (8.2%) 923 (8.2%) 0

Diabetes 1563 (27.8%) 523,953 (19.7%) 0.19 1562 (27.8%) 2420 (21.6%) 15%

Congestive heart
failure

655 (11.7%) 129,219 (4.9%) 0.25 654 (11.6%) 982 (8.7%) 9%

Hypertension 2275 (40.5%) 759,355 (28.6%) 0.25 2274 (40.5%) 3170 (28.2%) 26%

Heart disease 311 (5.5%) 96,015 (3.6%) 0.09 310 (5.5%) 501 (4.5%) 5%

Stroke/TIA 584 (10.4%) 72,057 (2.7%) 0.31 584 (10.4%) 880 (7.8%) 9%

Obesity 138 (2.5%) 53,402 (2.0%) 0.03 138 (2.5%) 149 (1.3%) 8%

Chronic kidney
disease

366 (6.5%) 108,554 (4.1%) 0.11 365 (6.5%) 537 (4.8%) 7%

Cancer 409 (7.3%) 187,737 (7.1%) 0.01 409 (7.3%) 709 (6.3%) 4%

Prior urologist
visit

615 (10.9%) 260,107 (9.8%) 0.04 615 (10.9%) 1049 (9.3%) 5%

Abbreviations: IQR, interquartile range; COPD, chronic obstructive pulmonary disease; COVID‐19, coronavirus disease 2109; TIA, transient ischemic attack.
aStandardized differences are better at demonstrating potentially clinically relevant differences (>10%) between large groups.
bThe variables age, sex, and residing in long‐term care were used to create the matched cohorts.
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Given the novelty of this disease, there have only
been a few publications on this urologic manifestation of
COVID‐19. Mumm et al.4 described a series of 7/57 (12%)
male patients in Germany who complained of urinary
frequency as part of their presenting symptoms of
COVID‐19. The authors hypothesized that this symptom
was consistent with viral cystitis. This is supported by the
expression of the ACE2 receptor in the urothelium,14 and
a separate report of three patients from Italy who de-
veloped gross hematuria in the setting of COVID‐19 in-
fection.15 Supporting the possibility that urothelium may
be directly infected by COVID‐19, a study from China
demonstrated that microscopic hematuria is more com-
mon among COVID‐19 patients than controls.16 Dhar
et al.17 described similar urinary symptoms (frequency,
nocturia) as Mumm's paper in a group of 39 African
American patients who had previously been hospitalized
with COVID‐19. The same group of authors went on to
show that COVID‐19 patients with urinary frequency
had markedly elevated proinflammatory cytokines in
their urine compared to matched controls.6 They hy-
pothesized that COVID‐19 related inflammation could
lead to more permanent bladder dysfunction, with
symptoms similar to overactive bladder.

Our study suggests that significant bladder dysfunc-
tion after the acute infectious period may not occur with
COVID‐19. The work by Kaya et al.18 from Turkey sup-
ports this conclusion. They reported that urinary storage
symptom scores decrease after resolution of COVID‐19
infection; however, their study had a significant

limitation, as patients were asked to retrospectively recall
what their urinary symptoms had been at the time of
acute COVID‐19, and their recollections could be in-
accurate or biased.

Limitations of our research include the use of routi-
nely collected data, which while it provides a large
sample size and can be rapidly accessed for research
questions, it does not contain patient reported outcome
measures, or direct measures of urinary symptoms. In-
stead, we used surrogate markers which we hypothesized
would be associated with persistent COVID‐19 associated
cystitis. Consistent with research on risk factors for
COVID‐19 infection,19 and more severe disease, we
found patients in our study with COVID‐19 had a higher
frequency of hypertension and diabetes. We adjusted for
these two variables in our analysis due to the hypothe-
sized link between metabolic syndrome and overactive
bladder,20 however residual confounding due to other
factors is still a potential limitation for this observation
study. Our study only included patients over 66 years of
age; this is beneficial as it restricts our study population
to those who were most likely to have more severe dis-
ease (and by extension more prolonged COVID‐19 asso-
ciated symptoms,21 including possibly bladder
dysfunction), however this limits the generalizability of
our findings. It is possible that persistent COVID‐19 ur-
inary symptoms are more likely in younger patients. As
prescription for an overactive bladder medication in the
6 months before the COVID‐19 diagnosis was an exclu-
sion criterion, our study could not assess whether

TABLE 2 Outcomes of interest
Non COVID‐19 cohort
(n= 11,225)

COVID‐19 cohort
(n= 5617)

Receipt of overactive bladder
medication

N (proportion) 45 (0.40%) 26 (0.46%)

Rate per 10,000 patient days 0.27 0.31

Adjusteda HR (95% CI) Reference 1.04 (0.64–1.70) p= 0.88

Cystoscopy

N (proportion) 78 (0.69%) 49 (0.87%)

Rate per 10,000 patient days 0.47 0.59

Adjusteda HR (95% CI) Reference 1.14 (0.79–1.64) p= 0.50

Urology consultation

N (proportion) 56 (0.50%) 45 (0.80%)

Rate per 10,000 patient days 0.34 0.54

Adjusteda HR (95% CI) Reference 1.40 (0.94–2.07) p= 0.10

Abbreviations: CI, confidence interval; COVID‐19, coronavirus disease 2019; HR, hazards ratio.
aHRs have been adjusted for the presence of diabetes and hypertension.
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COVID‐19 patients with pre‐existing OAB symptoms
experienced worsening of their urinary storage symp-
toms following COVID‐19. Similarly, we choose to ex-
amine patients for indicators of COVID‐19 associated
cystitis 2–5 months after their diagnosis; we felt it would
be unlikely that patients would have any of the surrogate
markers for urinary dysfunction during their acute in-
fection. Finally, it is possible that patients do have
chronic urinary symptoms after COVID‐19, but do not
seek medical care or receive treatment for them during
this time period. Similarly, it is possible that physicians
are not offering treatment or referral for these symptoms.

5 | CONCLUSION

After COVID‐19 infection, we did not find that pa-
tients have an increased risk of receiving overactive
bladder medication, consulting with a urologist or
undergoing a cystoscopy. This does not support the
hypothesis that COVID‐19 leads to long‐term bladder
dysfunction.
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