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ABSTRACT

Background: Urinary retention (UR) caused by non-neurogenic conditions is a frequent disorder often
requiring the use of intermittent catheterization (IC). This study examines the burden of illness among
subjects with an IC indication due to non-neurogenic UR.

Methods: Health-care utilization and costs were extracted from Danish registers (2002-2016) related to
the first year after IC training and compared to matched controls.

Results: A total of 4,758 subjects with UR due to benign prostatic hyperplasia (BPH) and 3,618 subjects
with UR due to other non-neurological conditions were identified. Total health-care utilization and costs
per patient-year were significantly higher compared to matched controls (BPH: 12,406 EUR vs 4,363,
p < 0.000; other non-neurogenic causes: 12,497 EUR vs 3,920, p < 0.000) and driven mainly by
hospitalizations. Urinary tract infections (UTls) were the most frequent bladder complications often
requiring hospitalization. The inpatient costs per patient-year for UTIs were significantly higher for cases
than controls (BPH: 479 EUR vs 31, p < 0.000; other non-neurogenic causes: 434 EUR vs 25, p < 0.000).
Conclusions: The burden of illness caused by non-neurogenic UR with need for IC was high and
essentially driven by hospitalizations. Further research should clarify if additional treatment measures
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may reduce the burden of illness in subjects suffering from non-neurogenic UR using IC.

1. Introduction

Urinary retention (UR) is one of the most frequent urologic
diagnoses [1,2]. When it occurs acutely, there is a sudden inability
to urinate, despite having a full bladder, and immediate bladder
decompression by catheterization is required [3]. Chronic UR is
a persistent inability to fully empty the bladder [3] and may
require intermittent catheterization (IC) [4].

Subjects with non-neurogenic UR and the need for IC man-
agement constitute a very heterogenic group [5]. Benign pro-
static hyperplasia (BPH) with obstruction of the urethra is most
common in men [2], whereas detrusor dysfunction plays an
important role among women [6]. There is considerable overlap
between UR caused by obstruction and detrusor dysfunction,
which makes it difficult to establish the underlying cause of the
incomplete bladder emptying [5]. The risk of developing UR
increases with age, it often develops slowly, it is initially asymp-
tomatic, and most people do not consult a physician until severe
urinary complications like acute retention, urinary tract infections
(UTls), or even kidney failure appear [1,5,7]. Alongside this, dis-
crepancies in diagnostic terminology have resulted in unclear
prevalence and cost estimates [8].

In cases with UR where there is an indication for IC treatment,
the procedure regains control over the bladder emptying pattern
[9], and it increases the quality of life due to an increased level of

independence and mobility [10]. IC is considered the gold stan-
dard for managing chronic UR [4,11]. Even though IC performed
several times a day still places the user at risk of urethral trauma
and urinary tract infections (UTIs), the risk is reduced compared
to a permanent indwelling catheter [4,11]. Hence, whether sepa-
rately or combined, UR and IC may induce severe and costly UTls,
which frequently require hospitalization or emergency room (ER)
visits as well as treatment with antibiotics [12,13]. Thus, in addi-
tion to the costs of an underlying condition, UTls impose
a significant economic burden on the health-care sector [14,15].

Non-neurological causes of UR other than BPH have been
stated to be under-reported and under-researched, and the
characterization of this group of subjects, the personal con-
sequences, and the impact on the health-care sector and the
society are inadequately described [5,16]. Furthermore, studies
focusing on the economic burden of BPH are still scarce [17-
20], and transferability and comparability of these studies are
limited because of variations in study design, characteristics of
study population, treatment modalities, cost calculation meth-
ods, and health systems.

Thus, the objective of this study was to describe the total
and complication-specific burdens of UR caused by BPH or
other non-neurogenic causes among subjects, who have been
trained to perform IC.
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2. Methods

This study was a descriptive observational nationwide study
based on retrospectively collected data from Danish national
registers and using an incidence approach. The study focused
on the resource utilization and the direct and indirect costs
the first year after IC training among people with UR caused
by BPH or other non-neurogenic causes.

2.1. Data sources

In Denmark, all social and health-care services are recorded in
national registers on an individual level. All Danish residents are,
at birth or on immigration, assigned a permanent and unique
personal identification number, which allows unambiguous link-
age of data from all Danish registers. In this study, data from the
Danish National Patient Register [21], the National Health Service
Register [22], the Danish Prescription Register [23], the Civil
Registration System (CRS) [24], and Statistics Denmark [25-27]
were applied. Identifying community-based catheterized people

isimpossible since this information is not registered by any of the
Danish registers. In contrast, receiving IC training in hospital is
registered and allows to identify subjects based on this informa-
tion. The code for IC training was introduced in 2001. Diagnosis
of diseases and reasons for hospitalization, ER visits, and mortal-
ity were based on ICD-10 codes, IC training was based on SKS
codes (procedure codes from the Health Care Classification
System, which is a Danish health-care classification system) [28]
(Table S1), and information of medication was based on ATC
codes (Table S2).

2.2. Study population

The base case population included all subjects, who had been
trained in IC and with a diagnosis of BPH and/or UR (ICD-10
code N40.9 and/or R33) during 2000-2016 (Figure 1). The
study period was limited to begin in 2002, and subjects with
neurogenic causes of UR, such as spinal cord injury (SCI),
multiple sclerosis (MS), or spina bifida (SB), were excluded.

Subjects diagnosed with BPH and/or UR in 2000-2016
n=228,505

Limiting time period to 2002-2016 and exclusion of

> subjects eligible for SCI, MS, or SB
n=62,321

‘

:

Subjects with BPH
n=102,949

Subjects with UR due to non-neurogenic
causes other than BPH
n=63,235

Exclusion of subjects with BPH diagnosis in
2016
n=3,105

o>

Exclusion of subjects without IC training
n=93,795

Exclusion of subjects with IC training more
than 1 year before first or 1 year after last
BPH contact
n=1,208

Exclusion of subjects:
Not in CRS, n=6
Aged <18 years at index, n=0 «
Deceased at index hospitalisation, n=1
No matched control, n=76

A

Exclusion of subjects with UR diagnosis in
2016
n=4,998

v

Exclusion of subjects without IC training
i n=54,064

Exclusion of subjects with IC training more
than 1 year before first or 1 year after last UR
contact
n=490

Exclusion of subjects:
Not in CRS, n=4
Aged <18 years at index, n=17
Deceased at index hospitalisation, n=0
No matched control, n=44

v

v

Subjects with BPH and IC training
n=4,758

Subjects with UR due to non-neurogenic
causes other than BPH, and IC training
n=3,618

Figure 1. Flowchart of study population.

BPH: benign prostatic hyperplasia, UR: urinary retention, SCI: spinal cord injury, MS: multiple sclerosis, SB: spina bifida, IC: intermittent catheterisation, CRS: Civil registration system.
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To ensure one-year follow-up, subjects were excluded if they
were diagnosed with BPH or UR in 2016. Subjects, who had
not received IC training (SKS code BJAKO02) were also excluded,
and to justify that the need for IC training was due to BPH or
UR, subjects were excluded if the date of IC training over-
lapped more than 1 year before or after the last BPH or UR
contact. Even though the subjects with BPH were not neces-
sarily diagnosed with UR, the education to perform IC indi-
cated that they did suffer from UR. Subjects were also
excluded if they did not appear in CRS, were below 18 years,
if they had passed away during hospitalization at index, or if it
was unattainable to match a case subject with control sub-
jects. Case subjects were indexed when they received IC train-
ing. A pool of controls was created from the general
population by excluding subjects, who were diagnosed with,
respectively, BPH or UR at any time during 2000-2016. From
the pool of controls, one case subject was matched in their
index year to possible control subjects on age, gender, marital
status, municipality, and educational level, and of these, four
controls were randomly selected. The case index date was
assigned to the four controls. Thus, we ended up with two
case groups: one consisting of subjects with UR due to BPH
and trained to perform IC, and one consisting of subjects with
UR due to other non-neurogenic causes than BPH and trained
to perform IC as well as two matched control groups repre-
senting the general population. All subjects were followed for
1 year. The follow-up period was limited to 1 year to minimize
the risk of interference from adjacent conditions developing
over time. Subjects were censored at death or at the indica-
tion of prostate resection in subjects in the BPH group (SKS
code KKED).

2.3. Health-care utilization and economic costs

Health-care utilization and costs were calculated as predicted
incidents or costs per patient-year in the one-year follow-up
period after index based on estimates from regression models
(Poisson model and GLM model). Aggregated incidents or
costs were divided by the aggregated number of patient-
years. Costs related to inpatient admission or outpatient ser-
vices at the index were not included. Costs were calculated in
Danish crowns (DKK) and presented in 2016 values applying
the net price index. Based on the average exchange rate in
2016, the costs in DKK were converted to EUR (100
EUR = 745 DKK).

The overall health-care utilization included the number of
hospital admissions, number of days in hospital, outpatient
visits (including ER visits), 30-day hospital re-admission, and
primary health-sector services (one primary health-sector ser-
vice is not necessarily equal to a contact, as one contact can
include more than one service). The overall direct health-care
costs contained costs of the primary health sector, outpatient
services, hospitalization, and prescription medication (exclud-
ing medication given in secondary care).

Utilization and costs in the primary health sector were
divided into specialist areas such as general practitioner and
on-call doctors. Costs of prescription medication were
grouped into clusters including antibiotics with UTI

indications, mood disorder medication, antibacterial medica-
tion for systemic use, medication for overactive bladder,
urgency, and enlarged prostate. Furthermore, the health-care
utilization and costs were detailed in relation to bladder com-
plications such as UTI, urosepsis, kidney disease, stones in
urinary tract or kidney, urethral stricture, urinary tract obstruc-
tion, or hematuria, cancer in the bladder or urethra, dehydra-
tion, and sepsis. UTI can be coded with several different ICD-
10 codes. Consequently, to ensure that upper, lower, and
unspecified UTls were captured, a UTI cluster was constructed
consisting of the respective ICD-10 codes as outlined in Table
S1. The health-care utilization and costs of bladder complica-
tions included the number of hospital admissions, days in
hospital, outpatient visits (including ER visits), as well as
costs of inpatient admissions and outpatient services. Top-20
reasons for hospital admissions and ER visits as well as top-5
causes of death for case groups were established based on the
frequency of ICD-10 codes.

2.4. Societal costs

The societal costs included the direct health-care costs, as well
as indirect costs, such as earned income and income transfer
payments including unemployment benefits, publicly funded
sick pay, disability pension, early retirement pay, and age
pension.

2.5. Statistical analysis

The SAS SURVEYSELECT procedure was applied to choose
probability-based random control groups. The chi-squared
test was used to explore if a variable, which was not part of
the matching process, was statistically different between case
and control groups. A Poisson model and a GLM model were
used to predict incidents and costs per patient-year and to
test whether differences between case and control groups
were significant. The outcome for health-care utilization is
a count variable, and a Poisson model was applied. In the
model, case vs. control (case = 1) was included as independent
variable, and the estimates from the model were used to
predict utilization for case and control groups. The model is
suitable for count data with observations with a value of 0.
Furthermore, an offset is applied to weigh for exposure time.
Regarding the cost estimates, a 2-step one-model generalized
linear model (GLM) with gamma distribution and log link
function was used, including case vs. control (case = 1), and
the estimates from the model were used to predict costs for
case and control groups. This model was used since we were
estimating the cost, which is a continuous variable, and have
0’s in the response variable. To ensure that standard errors
were valid, a generalized estimating equation (GEE) model was
used instead of the GLM model. The estimates were the same
in the two models, but the standard errors were robust in the
GEE model. Utilizations and costs were reported as mean and
95% confidence interval (Cl). To estimate the model, the costs
per year for each subject, who was alive the whole year, were
calculated and corrected for exposure time for those who died
during the one-year. A p-value < 0.05 was considered
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statistically significant. Analyses were performed using the
statistical package SAS 9.4 (SAS Institute, Cary, NC, USA).

2.6. Ethical considerations

Since this study applied retrospective anonymized register data,
ethical approval from the Danish Ethics Committee was not
required by Danish law.

3. Results
3.1. Demographic characteristics

Table 1 shows that 4,758 IC users had BPH and 3,618 other non-
neurogenic causes. No imbalances between case and matched
control groups were present regarding matching variables as
case and control subjects were matched on the individual level.
The mean age of IC users with UR due to BPH was 70.4 + 9.0 years
(mean = sd), while, for those with UR due to other non-neurogenic
causes, the age was 64.7 £ 15.5 years of age, and one-third of these
were women. In both case groups, around two-thirds to three-
quarters were married or co-habitating, and the majority had
primary or vocational levels as educational attainment.
Significantly more subjects with UR because of non-neurogenic
causes other than BPH died (6.3%) during the one-year follow-up
period compared to their matched controls (2.8%). Among sub-
jects with UR due to BPH, there was no significant difference in

number of deaths between case subjects (3.0%) and their matched
controls (3.3%).

3.2. Health-care utilization and costs

The total health-care utilization and costs per patient-year
were significantly higher during follow-up compared to
their matched controls (Table 2 and Figure 2). The total
health-care costs amounted to approximately 12,500 EUR
per patient-year for both case groups compared to around
4,000 EUR for the control groups. The total health-care costs
were primarily driven by hospitalization and to a lesser
extent by outpatient services. The costs per patient-year
for inpatient admissions and outpatient services were
increased 3-5 times for case groups compared to control
groups and amounted approximately 6,500 EUR and 4,500
EUR, respectively. The increases for the primary health sec-
tor and prescription drugs were more modest, with a two-
fold increase for case subjects compared to controls, each
reaching roughly between 700 and 1,000 EUR per patient-
year.

Utilization and costs of general practitioner and on-call
doctor were significantly higher for case groups compared
to matched controls during the follow-up period as shown
in Table 3. The highest consumption and costs were
recorded in relation to the general practitioner (431 EUR

Table 1. Demographic characteristics of case and matched control groups at index.

BPH Other non-neurogenic causes
Case Control Case Control
Subjects, n 4,758 18,253 3,618 13,941
Patient-years, n 3,795 17,951 3,513 13,740
Age, mean + sd 704 £ 9.0 70.1 £9.0 64.7 £ 155 64.3 £ 155
Gender, %
Male 100.0 100.0 65.9 65.4
Female - - 34.1 346
Age groups (years), %
18-20 0.4 04 0.6 0.6
21-30 3.6 37
31-40 5.6 58
41-50 1.7 1.7 7.7 7.9
51-60 10.8 11 131 13.4
61-70 37.3 38.2 27.4 27.5
71-80 36.8 36.5 29.7 29.6
>80 13.1 121 12.3 11.5
Marital status, %
Living alone 23.6 22.7 328 321
Married/cohabitation 76.4 773 67.2 67.9
Education, %
Primary 29.8 303 339 345
Secondary 15 13 33 3.0
Vocational 41.2 421 39.1 40.0
Short college 37 34 34 3.0
Bachelor 12.9 12.8 12.2 12.1
Master/PhD 7.8 7.3 5.4 5.1
Unknown 3.2 2.9 2.7 2.2
Danish region, %
Northern region 1.3 11.2 11.2 11.2
Central region 30.5 30.8 30.2 30.2
Southern region 263 26.4 25.7 258
Capital region 20.0 19.9 18.7 18.7
Region Zealand 12.0 1.7 14.2 14.2
Dead in post-period, % 3.0 33 6.3* 2.8

BPH: benign prostatic hyperplasia; SD: standard deviation; *Significantly different from matched control group

(p < 0.000).
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Table 2. Predicted total mean health-care utilization per patient-year for case and
matched control groups.

Total health-care utilization, mean [95% Cl]

Case group Control group
BPH
Hospital admissions 14 [1.3; 1.5]* 0.3 [0.3; 0.4]
Days in hospital 5.8 [5.7; 6.0]* 1.9 [1.9; 2.0]
Outpatient visits 13.2 [13.0; 13.5]* 3.6 [3.6; 3.6]
30-day re-admission 0.4 [0.3; 0.4]* 0.1 [0.1; 0.1]
Primary health-sector services 51.9 [51.5; 52.4]* 25.9 [25.8; 26.0]
Other non-neurogenic causes

Hospital admissions 1.2 [1.2; 1.3]* 0.3 [0.3; 0.3]
Days in hospital 6.4 [6.2; 6.6]* 1.6 [1.6; 1.6]
Outpatient visits 14.0 [13.7; 14.3]* 3.6 [3.5; 3.6]
30-day re-admission 0.4 [0.4; 0.5]* 0.1 [0.1; 0.1]
Primary health-sector services 47.0 [46.5; 47.4]* 26.0 [25.9; 26.1]

A Poisson model was used to predict utilization. BPH: benign prostatic hyperplasia; Cl:
confidence interval; *Significantly different from matched control group (p < 0.000).

Healtcare costs

14000
12406 12497
12000 940 1014
=]
‘1% 10000
=
fé 8000 6727 6209 Prescription drugs
g 6000 Inpatient Admissions
Q‘:- 4363 3920 m Outpatient Services
= 4000 552 489
& 2210 B Primary health sector
2000 1861
0 m m
BPH case BPH control Other non- Other non-
neurogenic causes  neurogenic causes
case control

Figure 2. Predicted total mean healthcare costs in EUR per patient-year for case and matched control groups. All differences between case and matched control
group were significant (p < 0.000). Please refer to Table S9 for confidence intervals.

A 2-step one-model GLM regression model was used to predict costs. BPH: benign prostatic hyperplasia.

Table 3. Predicted mean utilization and costs in EUR per patient-year of selected
primary health-sector services for case and matched control groups.

Utilization of selected health-sector services, mean [95% Cl]

Case group Control group
BPH
General practitioner 38.2 [37.8; 38.6]* 15.7 [15.6; 15.7]
On-call doctor 1.1 [1.0; 1.2]* 0.3 [0.3; 0.3]
Other non-neurogenic causes
General practitioner 33.9 [33.5; 34.2]* 15.6 [15.5; 15.6]
On-call doctor 1.3 [1.2; 1.4]* 0.4 [0.4; 0.4]
Costs of selected health-sector services, mean [95% Cl]
Case group Control group
BPH
General practitioner 431 [410; 453]* 201 [198; 204]
On-call doctor 24 [23; 26]* 717, 7]
Other non-neurogenic causes
General practitioner 381 [361; 402]* 195 [192; 198]
On-call doctor 26 [25; 28]* 8[8; 8]

A Poisson model was used to predict utilization, and a two-step one-model GLM
regression model was used to predict costs. BPH: benign prostatic hyperplasia;
Cl: confidence interval; *Significantly different from matched control group
(p < 0.000).

per patient-year for the BPH case group and 381 EUR for Prescription of antibiotics with UTI indication was signifi-
the case group with other non-neurogenic causes), which cantly increased to around 60 EUR per patient-year for both
was around a doubling compared to controls. case groups compared to 5 EUR for control groups, which is
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illustrated in Figure 3. The costs of medication against over-
active bladder, urgency, and enlarged prostate were increased
to 136 EUR per patient-year for the BPH case group compared
to 22 EUR for the matched control group. In contrast, for the
group consisting of subjects with UR due to non-neurogenic
causes other than BPH, prescription of mood disorder medica-
tion was markedly increased: 98 EUR per patient-year for the
case group and 34 EUR for the matched controls.

Table 4 and 5 illustrate the health-care utilization and
costs per patient-year due to various bladder complications.
The UTI cluster had the highest impact on incidence of
hospitalization and especially the length of these, and the
associated costs of hospitalization resulted in 15-17 times
increase for the case groups compared to controls and reach-
ing more than 400 EUR per patient-year. Urosepsis and lower
UTls required relatively long hospital stays, reflected by 13-
23 times increased inpatient costs for each complication for
case groups compared to controls. Kidney disease did also
result in relatively long hospital stays and resulting inpatient
costs of 158 EUR per patient-year for both case groups
compared to 38 for BPH control group and 23 for other non-
neurological causes control group. The incidence of outpati-
ent visits and the derived costs were primarily driven by
kidney disease, which resulted in 321 and 248 EUR per
patient-year for the BPH case group and the case group
with other non-neurogenic causes, respectively.

3.3. Societal costs

Income transfer payment was significantly higher for case
groups compared to controls. For both case and control
groups, income transfer payment was driven by disability
pension and early retirement benefit as outlined in Figure 4.
Most subjects from the BPH case group and their matched
controls were on early retirement, while most people from the
group with other non-neurogenic causes and their matched
controls received disability pension. The differences between

case and control groups in earned income and age pension
were relatively small (Table S3).

3.4. Top reasons for hospitalization, ER visits, and
mortality

The top-20 reasons for hospital admissions and ER visits are
shown in Table S4-S7. For the case groups, complications
related to the urinary tract are among the most common
reasons for hospital admission and ER visits. In addition, com-
plications from indwelling catheter use were also a frequent
cause of ER visits. The top-5 causes of deaths are shown in
Table S8, which highlights that the main causes of death for
the case groups were prostate cancer and other cancers.

4. Discussion

For all we know, this study is the first to estimate the direct
and indirect costs of UR due to BPH or other non-neurogenic
causes among IC users. Using nationwide registers, we showed
that UR caused by BPH or other non-neurogenic causes sig-
nificantly impacted the subjects’ health as well as the societal
economic burden. Outpatient services and especially hospita-
lization were the primary drivers of elevated health-care costs,
and regarding complications, and UTI had the highest nega-
tive impact on the health-care costs.

A recent study has been published regarding healthcare
use and societal costs of neurogenic bladder dysfunction
using a similar methodology as in this study [29]. In that
study, approximately 4,000 subjects with UR due to neuro-
genic bladder were identified, while we identified more than
8,000 subjects with UR due to non-neurogenic causes in the
present study. The societal costs per patient-year compared to
the matched controls in the present study were substantially
lower than in the study regarding neurogenic bladder [29].
This is presumably explained by the fact that neurogenic
bladder dysfunction and its underlying causes are typically
complex and costly to handle. More so, the subjects in the

Costs of selected prescription medication
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Figure 3. Predicted mean costs in EUR per patient-year of selected prescription drugs for case and matched control groups. All differences between case and their
matched control groups are significant (p < 0.000). Please refer to Table S10 for confidence intervals.

A 2-step one-model GLM regression model was used to predict costs. BPH: benign prostatic hyperplasia; UTI: urinary tract infection; *Antibacterial for systemic use is medication without UTI

indication.
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Table 5. Predicted inpatient and outpatient mean costs in EUR per patient-year

of bladder complications for case and matched control groups.

Inpatient costs, mean [95% Cl]

Outpatient costs, mean [95% Cl]

Case group Control group Case group Control group
BPH
UTI cluster 479 [456; 504]* 31 [31; 32] 36 [34; 371* 101; 1]
Urosepsis 209 [199; 220]* 13 [13; 13] 3[2; 3] 0 [0; 0]
Upper UTI 33 [31; 35]* 101; 1] 0 [0; O] 0 [0; 0]
Lower UTI 139 [133; 146]* 11 [11;11] 31 [30; 33]* 101; 1]
UTI, site unspecified 98 [93; 103]* 717, 7] 2 [2; 2] 0 [0; 0]
Kidney disease 158 [150; 166]* 38 [38; 39] 321 [305; 3371* 73 [72; 74]
Stones in urinary tract or kidney 38 [36; 40]* 91[9; 9] 22 [21; 23]* 5 [5; 5]
Urethral stricture/urinary tract obstruction/hematuria 120 [114; 126]* 12 812; 12] 69 [65; 72]* 6 [6; 6]
Cancer in bladder or urethra 87 [83; 921* 19 [19; 19] 49 [46; 51]* 717,71
Dehydration 41[39; 43]* 19 [18; 19] 2[2; 21 0 [0; 0]
Sepsis 121 [116; 128]* 31 [30; 31] 101; 1% 0 [0; 0]
Other non-neurogenic causes
UTI cluster 434 [411; 458]* 25 [24; 25] 62 [59; 66]* 21[2;2]
Urosepsis 186 [176; 196]* 8 [8; 9] - -
Upper UTI 27 [26; 28]* 31[3;3] 17 [16; 18]* 0 [0; 0]
Lower UTI 118 [112; 125]* 7 (7; 8] 42 [40; 44]* 101; 1]
UTl, site unspecified 104 [98; 109]* 6 [6; 6] 2 [2; 3] 0 [0; 0]
Kidney disease 158 [149; 166]* 23 [22; 23] 248 [235; 261]* 65 [64; 66]
Stones in urinary tract or kidney 26 [25; 28]* 6 [6; 7] 14 [13; 15]* 5 [5; 5]
Urethral stricture/urinary tract obstruction/hematuria 114 [108; 120]* 11 [11; 1] 43 [41; 46]* 6 [6; 6]
Cancer in bladder or urethra 134 [127; 141]* 8 [7; 8] 71 [67; 75]* 3[3; 3]
Dehydration 47 [45; 50]* 20 [20; 21] 100 11% 101; 1]
Sepsis 152 [144; 161]* 25 [25; 26] 101; 1% 0 [0; 0]

A two-step one-model GLM regression model was used to predict costs. BPH: benign prostatic hyperplasia; CI: confidence interval; UTI: urinary tract infection; -: too
few data to calculate; *Significantly different from matched control group (p < 0.000).
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Figure 4. Predicted mean income transfer payments in EUR per patient-year for case and matched control groups. All differences between case and their matched

control groups are significant (p < 0.000; however, for unemployment benefit p

< 0.010). Please refer to Table S11 for confidence intervals.

A 2-step one-model GLM regression model was used to predict costs. BPH: benign prostatic hyperplasia.

present study were on average 10-15 years older, which
means that their withdrawal from the labor market was mainly
due to ordinary retirement rather than sickness. Likewise, their
matched controls were correspondingly old and therefore also
incurred increased health-care costs and age pension. The
prevalence of UR due to neurogenic causes has been shown
to be fairly constant over time, while it increases for non-
neurogenic causes - especially among older subjects [16].
This will amplify the societal costs of non-neurologic UR in
an aging society.

UTls are of fundamental concern among people with blad-
der dysfunction. Our observations showed that UTls often
required hospitalizations and use of antibiotics, which is
a well-known fact [14,15,30-32]. The number of days in hospi-
tal and the associated costs per patient-year due to UTls in the
present study were lower than the aforementioned study
focusing on neurogenic bladder [29]. This is in accordance
with a novel study, which found that UTIs required longer
hospital stays when the bladder dysfunction was of neuro-
genic origin because it is often more complex to manage than
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non-neurogenic causes [33]. The present study furthermore
confirmed that upper UTI (pyelonephritis) may cause urosep-
sis, which was responsible for long and costly hospital stays
[13,34].

The daily number of catheterizations may vary highly
among the subjects in the non-neurogenic population
depending on the pathology. However, data regarding the
subject’s daily bladder drainage pattern are not available,
which could otherwise have nuanced the findings in this
study. Likewise, data concerning potential discontinuation
of catheterization or switch to other catheter types in the
one-year follow-up period are not attainable in the Danish
registers. As the top-20 reasons for ER visits are related to
indwelling catheters, it demonstrates that alternating cathe-
ter procedures during the one-year follow-up have taken
place.

The design of this study has important advantages.
Results were based on nationwide registers, which ensured
a real-world representative sample of subjects, who had
received training of IC due to non-neurogenic UR. This
decreased the risk of information and selection bias. Each
case subject was matched with four controls to ensure a high
degree of homogeneity in the control groups and to provide
a more balanced comparison to the case groups. We
acknowledge that the study also has limitations. The data
quality of the registers is dependent on the correct diagnosis
coding into the registers. However, the registers are consid-
ered valid and are used as background data for political and
economic decisions in Danish health-care policies. Costs at
the municipality level, such as education, rehabilitation,
home care, nursing home, and medical devices, were not
captured. Results regarding bladder complications were
based exclusively on data from the secondary health-care
sector, and since many uncomplicated cases of UTI are trea-
ted in primary care, the estimates may be conservative. Since
only IC training is registered, we do not have information on
whether the identified subjects continued to perform IC, if
they switched to other kinds of catheters, or if they stopped
using catheters. A societal perspective of the economic costs
was included to illustrate the ‘true’ costs and estimates of
productivity were based on a very conservative approach,
which only included ‘earned income’ instead of applying
the more comprehensive ‘Human Capital Approach.” Non-
medical costs like e.g. transportation to and from hospital
were not included. Taken together, our cost estimates are
conservative. We did not characterize the specific causes for
UR. Non-neurogenic causes of UR are generally underactive
bladder or chronic outlet obstruction other than BPH, like
anterior/posterior urethral valve. Codes for such subjects are
difficult to identify, and urethral valve problems are essen-
tially managed in childhood. Subjects with neurogenic blad-
der due to SCIl, MS, or SB were excluded from the case
groups. The number of subejcts who perform IC due to UR
as a cause of neurogenerative diseases, like e.g. Parkinson’s
disease, is low and were not excluded from the case group.
However, it seems unlikely that exclusion of these subjects
would have changed the results substantially. The nature of
the study was observational, and causality cannot be
inferred.

5. Conclusion

Burden of illness in terms of health-care utilization and costs
of UR due to BPH or other non-neurogenic conditions in need
of IC were high and essentially driven by hospitalizations. UTIs
were also prevalent in this population. Further research should
clarify if additional treatment measures can reduce the burden
of illness among subjects suffering from non-neurogenic UR
using IC.
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