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Abstract
Introduction and hypothesis Clinical trials for stress urinary incontinence (SUI) require a robust, reliable, and responsive tool 
for objective assessment of SUI post-intervention. The Aberdeen Home Continence Stress Test (HCST) is a novel patient-
reported objective assessment tool, aimed to be patient-friendly and reduce attrition rates by avoiding hospital appointments 
and prolonged pad-wearing. We aim to describe the HCST for the first time and evaluate its reliability, diagnostic accuracy, 
and response to change.
Methods A secondary analysis of the Single-Incision Mini-Slings (SIMS) study (a prospective multicentre randomised control 
trial (RCT) comparing two surgical treatments of SUI was performed. In SIMS (n = 600 women), the objective outcome was 
assessed by the 24-h pad test, while the patient-reported success rates were assessed using the Patient Global Impression of 
Improvement (PGI-I) at 15 months, 2 years and 3 years post-randomisation. Participants were instructed to perform the HCST 
before and after the 24-h pad test. The HCST was analysed in relation to reliability, validity, and the relationship between the 
24-h pad test and HCST results and finally with regard to its responsiveness to change in PGI-I. (Trial registration-number 
ISRCTN93264234, registration date 14/01/2014).
Results Compared to the 24-h pad test, the sensitivity of the HCST ranged from 0.81–0.95, specificity was 0.76–0.79, negative 
predictive value was 0.96–0.99 and positive predictive value was 0.32–0.43. Reliability was indicated by high-performing 
Cronbach’s alpha value (> 0.7). An improvement of ≥ 2 leakage groups on the HCST (for example from Large at baseline to 
Small leakage at follow-up) was strongly associated with patient-reported success on PGI-I (OR 4.38, 95% CI 2.31, 8.31).
Conclusions The HCST is a valid and reliable patient-reported objective assessment tool that can be used for assessing SUI 
in surgical trials with good specificity, sensitivity, and consistency.
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Introduction

The need for a novel tool

Stress urinary incontinence (SUI) refers to a complaint of 
involuntary loss of urine on effort or physical exertion [1]. 
It is both a common and debilitating condition affecting one 
in four women [1]. The combination of its high prevalence, 

impact on women’s quality of life (QoL), and burden to 
health resources makes SUI an important field of research 
[2, 3]. A robust, reliable, and responsive assessment tool is 
essential for the evaluation of SUI interventions. The tool 
must also be participant friendly to reduce attrition rates and 
consequently improve efficiency in clinical trials.

Currently, urodynamics testing is the ‘standard’ 
investigation in assessing SUI in clinical practice [4]. However, 
its invasive nature, associated patient embarrassment, cost 
to health resources, and potential risk of lower urinary tract 
infections (UTIs) limits its use in research [5, 6]. Similar 
limiting obstacles arise with the current alternatives.

A common non-invasive test is the clinician-observed 
cough stress test (CST). The CST is a common office-based 
test in which a health professional reports any leakage from 
patients following coughs in a supine or standing position. 
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Despite common use in clinical practice, it is also burdened 
by standardisation difficulties [7], and the need for a clinic 
appointment, which incurs the cost of healthcare resources 
and the time/travel costs to the participant. Independent of 
these human and financial factors, the current evidence sup-
ports the validity of the CST [7].

Another common test used for SUI assessment is the pad 
test, where the patient wears a pad for a specified period of 
time before giving it back to researchers to record the weight 
gain. There is a range of intervals at which patients are asked 
to wear the pads: 1, 2, 8, 12, 24, and 72 h [8]. Those studies 
relying on the shorter tests (1, 2 and 8 hours) have the benefit 
of better standardization [3], at the cost of poor reliability 
[8, 9]. While the longer test (24 h) is validated with respect 
to both reliability and validity [3, 8, 10]. the 24-h pad test is 
neither invasive nor requires a clinic appointment. However, 
participants in a recent study [11] reported the 24-h pad test 
to be the least favored, second only to urodynamic testing. 
Studies have used varying 24-h pad gain for a diagnostic 
threshold, with many accepting > 8 g as positive test [2, 12], 
while other studies reported 1.3 g, 1.4 g, 4 g, and 5 g as 
diagnostic [13–16].

Both the CST and the 24-h pad test demonstrate 
favourable reliability and validity [17]. However, the 
practicalities of these tests make them cumbersome and less 
preferred both from the individuals’ perspectives and for 
their use of healthcare resources [18].

Clinical trials are the cornerstone of evidenced-
based medicine. There is a growing interest in how best 
to recruit and retain participants to both preserve the 
quality of research and to keep within budget and achieve 
deadline targets [19]. The hypothesis of this study is that 
the Aberdeen Home Continence Stress Test (HCST) will 
be demonstrated as a valid patient-friendly objective 
assessment tool for assessment of SUI post-intervention in 
clinical trials.

Aim

The aim of this project was to compare the HCST to the 24-h 
pad test in its ability to detect SUI. This study approached 
the aim by addressing the following objectives:

1. To describe the HCST as an assessment tool for SUI.
2. To assess the consistency of the HCST responses.
3. To assess the diagnostic accuracy of HCST in compari-

son with the 24-h pad test.
4. To compare the responsiveness to change of the HCST 

by comparing to the outcome on the Patient Global 
Impression of Improvement (PGI-I).

Materials and methods

Study population

This study was a secondary analysis from the Single-Inci-
sion Mini-Slings (SIMS) study, a prospective multicentre 
randomised control trial (RCT) of mini-slings compared 
to standard mid-urethral slings in the surgical treatment of 
SUI in women [20]. The SIMS Study recruited 600 women 
from 21 hospitals in the UK between February 2014 and 
September 2017 [20]. After consultation of the exclusion 
criteria, 596 women remained for analysis (see Appen-
dix B1). The inclusion criteria were women 18 years and 
older, with SUI, who failed or declined conservative man-
agement and intended to receive a mid-urethral sling. The 
exclusion criteria were anterior or apical prolapse of stage 
two or higher previous SUI surgery, mixed urinary incon-
tinence (MUI) with predominant urgency incontinence, 
planned concomitant surgery, previous pelvic irradiation, 
pregnancy or planning pregnancy, and inability to consent 
in English. Data were collected at baseline, and at 15, 24, 
and 36 months post-randomisation. Ethical approval was 
granted by North of Scotland Research Ethics Commit-
tee as pertaining to the SIMS trial [20]. This study was 
reported in accordance with the STARD checklist [21].

The Aberdeen Home Continence Stress Test (HCST)

Participants were instructed to drink fluids until the sen-
sation of bladder fullness and normal desire to void. In 
the convenience of their own homes, they stood with feet 
shoulder-width apart and undressed from the waist down 
over a pre-provided paper-tissue sheet. Then they coughed 
loudly (three sets — each of three coughs) in short succes-
sion in order to trigger the Valsalva maneuver. The partici-
pants then responded to: Question one) whether leakage 
appeared on the sheet, Yes/No (positive/negative value), 
Question two) how much leakage appeared, None/Small/
Moderate/Large according to a schematic diagram (see 
Appendix B2). The instructions that participants received 
appears in Appendix B3.

All participants were asked to complete the objective 
assessment pack at baseline. This included performing the 
HCST twice — 24 h apart before and after undertaking the 
24-h pad test. At each follow-up point, only participants 
who returned the patient-reported assessment pack were 
sent the objective assessment pack The patient-reported 
assessment at follow-up included the PGI-I scale [22]. 
The PGI-I is a subjective seven-point scale of the partici-
pant's perception of symptoms following an intervention 
with the following options: Very much better = 1, Much 
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better = 2, Little better = 3, No change = 4, Little worse = 5, 
Much worse = 6, Very much worse = 7. Previous literature 
supports the PGI-I as a validated measurement of patient-
reported outcomes [22, 23].

Data analysis

Diagnostic accuracy was the primary outcome. This was 
assessed by comparing the negative/positive values of the 
HCST to that of the 24-h pad test to identify the sensitiv-
ity, specificity, positive predictive value (PPV), and negative 
predictive value (NPV). The secondary outcomes included 
reliability, association to the 24-h pad test values, and 
response to change.

The reliability of the HCST was assessed by testing the 
consistency of the HCST results performed 24 h apart. The 
HCST was analysed by using Cronbach’s alpha between both 
the positive/negative value of the HCST and the leakage 
amount questions that were completed 24 h apart. Cron-
bach’s alpha is an estimation of consistency of items within 
a measure extending from zero to one. The higher the value, 
the greater the consistency [24]. 0.7 was predetermined at 
the minimum threshold according to the literature [25].

A linear regression model was created to explore the 
relationship of the pad weights and the severity of leakage 
on HCST (grouped as None, Small, Moderate, and Severe) 
using an unadjusted model followed by an adjusted model. 
Adjustments were included for age, body mass index (BMI), 
parity, pelvic floor management training (PFMT), and pre-
vious gynaecological surgery. Subgroup analysis was also 
performed to consider if the effects change with (a) severity 
of urgency and (b) diagnosis of MUI.

PGI-I responses were analysed using logistic regres-
sion to examine response to change. The HCST responses 
were categorized as: (a) Gets worse, b) No change, c) Small 
improvement (reduction in leakage at follow-up compared to 
baseline by one group for example from Moderate to Small 
on the HCST diagram), or d) Big improvement (reduction in 
leakage at follow-up compared to baseline by ≥ 2 groups — 
for example, from Moderate to None on the HCST diagram). 
The PGI-I responses were grouped as Very much better/
Much better as success and all other responses treated as 
failure This is how the primary outcome was defined in the 
SIMS trial [17].

Repeated observations were adjusted for using a random 
effect (intercept) in all necessary models. Analysis was per-
formed using the IBM Corporation Statistical Package for 
the Social Sciences (SPSS) for Windows version 27 [26], 
with the exception of Excel Workbook for diagnostic accu-
racy. The data management and cleaning used is described 
in Appendix B4. The first HCST responses were used for 
the analysis (except for the comparison in Cronbach’s alpha 
that used both).

A post-hoc sample size calculation on the precision of the 
confidence interval around the estimated sensitivity or speci-
ficity was calculated, and with 443 participants, there is 90% 
power that the maximum width of the confidence interval 
around the estimated diagnostic accuracy measure is 0.1319.

Results

Characteristics of the participants

Of the 596 participants in the SIMS RCT [20], 443 partici-
pants performed the HCST at baseline, 229 at 15 months, 
215 at 2 years, and 176 at 3 years.

Table 1 compares the characteristics of participants who 
performed the HCST at baseline to those who did not. The 
characteristics were similar with the exceptions of smoking 
status (14.7% HCST vs 20.4% no HCST), current use of 
anti-cholinergics (17.6% HCST vs 11.1% no HCST), and 
those who previously received gynecological surgery (99.8% 
HCST vs 62.1% no HCST).

HCST responses

There was a high level of agreement between the positive/
negative HCST (Yes/No question) and the amount of leakage 
reported on the schematic diagram (Table 2). With the exam-
ple of baseline data, all of the 433 participants who said 'Yes' 
to experiencing leakage in the first question (positive HCST) 
made a response of either 'Small, Moderate, or Large' in 
the amount of leakage in the second question. Across all 
timepoints (n = 1063 observations), there were only three 
incidents of disagreement.

Reliability

The Cronbach's alpha values (see Table 3) comparing the 
positive/negative values of the HCST performed 24 h apart 
were above 0.7. At all follow-up intervals, Cronbach's alpha 
was > 0.9.

The Cronbach's values for the reporting of severity of 
leakage amount 24 h apart were all > 0.87.

Diagnostic accuracy

The comparison of the HCST to the pad test (for positive/
negative values) showed a sensitivity range from 0.81–0.95 
(see Table 4). The specificity ranged from 0.76–0.79. The 
best performing of the validity parameters was that of the 
NPV (0.96–0.99). However, the PPV was less, ranging from 
0.32–0.97. The main drivers for low PPV were in the fol-
low-up population (0.32–0.43), who by definition are differ-
ent in nature compared to baseline due to the SUI surgical 
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treatment received. The positive and negative likelihood 
ratios at the follow-up points show the HCST to be good at 
both ruling in and ruling out, with LR + values > 3 and LR 
− values < 0.25. This indicates a participant with a positive 
24-h pad test is more than 4 times likely to have a posi-
tive HCST than a participant with a negative 24-h pad test, 

while a participant with a negative 24-h pad test is more than 
4 times likely to have a negative HCST than a participant 
with a positive 24-h pad test. The follow-up AUC values 
of > 0.8 show the HCST to have high discriminative power. 
The value of 0.49 at baseline can be explained by 97% of 
the population reporting being incontinent at baseline on the 

Table 1  Characteristics of the participants at baseline according to whether the HCST was performed

a  Inter-quartile range
b  Standard deviation
c  International Consultation on Incontinence Questionnaire-Urinary Incontinence Short Form
d Mixed urinary incontinence defined as involuntary urinary leakage associated with physical exertion due to increased intrabdominal pressure 
as well as urgency []

Performed HCST No HCST performance
(n = 443) (n = 153)

Characteristics Median/mean/count 
(IQR/SD/percentage)

Median/count (IQR/percentage)

Age Median  (IQRa) 49 (43, 57) 47 (43, 56)
BMI Median  (IQRa) 28 (25, 32) 27 (25, 32)
ICIQ-UI-SFc Mean  (SDb) 14 (3) 14 (3)
Number of pregnancies 0 13 (2.9%) 6 (4.1%)

1 61 (13.8%) 15 (10.2%)
2 196 (44.2%) 64 (43.5%)
3 111 (25.1%) 51 (34.7%)
 ≥ 4 62 (14.0%) 11 (7.5%)

Current smoking status 65 (14.7%) 30 (20.4%)
Manual (heavy lifting) job 126 (28.5%) 42 (29.2%)
Pelvic floor management training 380 (85.8%) 128 (83.7%)
Currently uses anti-cholinergic drugs 78 (17.6%) 17 (11.1%)
Used previous anti-cholinergic drugs 76 (17.2%) 23 (15.0%)
Urgency perception None 64 (14.4%) 25 (17.7%)

Mild 124 (28.0%) 41 (29.1%)
Moderate 183 (41.3%) 49 (34.8%)
Severe 68 (15.3%) 26 (18.4%)
Missing 4 (0.9%) 0 (0.0%)

Urodynamic diagnosis Urodynamic stress incontinence 348 (78.6%) 118 (77.1%)
Urodynamic mixed  incontinenced 60 (13.5%) 9 (5.9%)
Equivocal 5 (1.1%) 1 (0.7%)
Not interpretable 1 (0.2%) 1 (0.7%)
Other 4 (0.9%) 0 (0.0%)
Missing 5 (1.1%) 19 (12.4%)

Clinical diagnosis stress urinary inconti-
nence (no urodynamics performed)

20 (4.5%) 5 (3.3%)

Previous gynaecological surgery 146 (33.0%) 39 (25.5%)
Type of procedure Ajust mini-sling 51 (11.5%) 11 (11.6%)

Altis mini-sling 174 (39.4%) 25 (26.3%)
Retropubic tape 95 (21.5%) 31 (32.6%)
Obturator tape 120 (27.1%) 27 (28.4%)
Autologous fascial sling 0 (0.0%) 1 (1.1%)
MiniArc mini-sling 2 (0.5%) 0 (0.0%)

Received previous gynaecology surgery 442 (99.8%) 95 (62.1%)
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reference standard 24-h pad test, and with only 12 continent 
participants high specificity is difficult to achieve.

Model to compare HCST to pad weights

There was a relationship between more severe leakage 
amounts on HCST and heavier pad weights (see Table 5). 
Those reporting “Small” leakage had pads 6 g heavier (6.23; 
95% CI −1.65, 14.13) compared to the “None” leakage 
group. The difference for “Moderate” leakage was (7.62; 
95% CI −1.30, 16.54). Therefore, neither of these groups 
showed a significant difference. The pad weight for those 
reporting “Large” leakage was significantly heavier by 28 g 

(28.07; 95% CI 7.40, 48.74). The subgroup analysis results 
were also reported (see Appendix B5 and B6).

Response to change

A “Small improvement” on the HCST had increased odds 
of a successful patient-reported outcome (Very/much 
improved) on PGI-I (see Table 6) [19]. This was not signifi-
cant (OR 1.27; 95% CI 0.60, 2.71), whereas a “Big improve-
ment” on the HCST (a reduction of ≥ two leakage groups) 
had a significantly higher odds of successful patient-reported 
outcome on PGI-I (OR 4.38; 95% CI 2.31, 8.31). There was 
a reduced odds of experiencing improved symptoms when 

Table 2  Comparison of responses between the positive vs negative values (yes/no question) and the leakage amount on the  HCSTa

a  Participants decided on the amount of leakage (None/Small/Moderate/Large) on data collection sheets. This was based on schematic diagrams 
provided at the time
b  Home Continence Stress Test

Leakage amount on HCST diagram Total (across time-
points)

Baseline 1 year 2 years 3 years

Negative  HCSTb

  None 442 10 (100.0%) 159 (100.0%) 150 (99.3%) 123 (100.0%)
  Small 0 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
  Moderate 1 0 (0.0%) 0 (0.0%) 1 (0.7%) 0 (0.0%)
  Large 0 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
  Total (across leakage amounts) 443 10 159 151 123
Positive  HCSTb

  None 2 0 (0.0%) 1 (1.4%) 1 (1.5%) 0 (0.0%)
  Small 148 47 (10.9%) 37 (52.9%) 39 (60.0%) 25 (48.1%)
  Moderate 180 136 (31.4%) 17 (24.3%) 13 (20.0%) 14 (26.9%)
  Large 426 250 (57.7%) 15 (21.4%) 12 (18.5%) 13 (25.0%)
  Total (across leakage amounts) 620 433 70 65 52

Table 3  The consistency of the 
HCST  responsesa

a  Cronbach’s alpha values for the repeatability of the HCST test performed 24  hours apart for the 
a) positive vs negative value question (on a Yes/No question), and b) the leakage amount question. 
Participants were asked whether they leaked with the options to respond with Yes or No. Leakage amounts 
refer to the second HCST question with the following option to rate the amount of leakage None, Small, 
Moderate, or Large
b  Cronbach’s alpha (α)
c  95% confidence intervals
d  These values are lower than that seen in the crosstabulation tables between positive vs. negative responses 
and that of the leakage amount responses or used in the later analysis because internal consistency was 
assessed before discrepancies between the HCST were addressed and when responses from the HCST 
performed after the pad test was used to fill in missing responses from the first HCST performed

Positive vs negative value Leakage amounts

αb 95%  CIc Nd αb 95%  CIc n

Baseline 0.74 (0.69–0.79) 436 0.88 (0.86–0.90) 437
1 year 0.92 (0.89–0.94) 217 0.95 (0.93–0.96) 176
2 years 0.91 (0.89–0.94) 204 0.95 (0.93–0.96) 145
3 years 0.91 (0.88–0.94) 171 0.94 (0.92–0.96) 122
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Table 4  Validity for the positive/negative HCST compared to 24-h pad  testa,l

a The positive value of the HCST compared to the positive value on the 24-h pad test (< 8 g vs ≥ 8 g) at all individual timepoints
b  95% confidence intervals
c  Positive predictive value
d Negative predictive value
e  This specificity with a value of 0.00 reflects that there were 0 cases of a negative HCST among the negative pad tests. This was before the 
intervention in the SIMS trial [x] so likely to see less cases
f  The confidence intervals of 0.00 or 1.00 automatically creates an interval of the same value rather than genuine intervals
g  The upper confidence interval created was greater than 1.00 but because it is a proportion hence all values are constrained to 0.00–1.00
h  This NPV with a value of 0.00 reflects that there were zero cases of a positive pad test that had a negative HCST value, rather than a genuine 
value of 0.00
i  Diagnostic odds ratio
j  Likelihood ratios
k  Area uder the curve, according to sensitivity plotted against 1-specificity
l A post-hoc sample size calculation on the precision of the confidence interval around the estimated sensitivity or specificity was calculated; and 
with 443 participants, there is 90% power that the maximum width of the confidence interval around the estimated diagnostic accuracy measure 
is 0.1319

Baseline 1 year 2 years 3 years
Estimate 95%  CIb Estimate 95%  CIb Estimate 95%  CIb Estimate 95%  CIb

Sensitivity 0.97 (0.96, 0.99) 0.81 (0.68, 0.94) 0.83 (0.67, 0.98) 0.95 (0.86, 1.00 g)
Specificity 0.00e (0.00, 0.00f) 0.78 (0.72, 0.84) 0.76 (0.69, 0.82) 0.79 (0.72, 0.86)
PPVc 0.97 (0.95, 0.99) 0.43 (0.32, 0.55) 0.32 (0.20, 0.43) 0.43 (0.29, 0.58)
NPVd 0.00 h (0.00, 0.00f) 0.95 (0.92, 0.99) 0.97 (0.94, 1.00) 0.99 (0.97, 1.00 g)
Odds  ratioi 1.44 (0.08, 26.01) 15.49 (6.33, 37.95) 14.83 (4.77, 46.10) 74.62 (9.56, 582.23)
Positive  LRj 0.97 (0.96, 0.99) 3.74 (2.72, 5.15) 3.41 (2.46, 4.72) 4.51 (3.16. 6.42)
Negative LR 0.70 (0.04, 0.99) 0.20 (0.10, 0.39) 0.23 (0.09, 0.56) 0.11 (0.02, 0.76)
AUC k 0.49 0.80 0.79 0.87

Table 5  The difference in the 24-h pad test weights between the 
HCST severity groups

a The None group for leakage amounts was used as the reference cat-
egory
b The adjusted model accounts for age, BMI, parity, previous gynae-
cological surgery and PFMT
c Measured in grams for the weight of pads

Parameter Estimatec (grams) P-value Confidence 
intervals

Unadjusted model
  None (ref.a)
  Small 6.42 0.11 (−1.49, 14.33)
  Moderate 9.32 0.04 (0.42, 18.22)
  Large 28.07 0.01 (7.40, 48.74)
Adjusted  modelb

  None  (refa)
  Small 6.23 0.12 (−1.65, 14.13)
  Moderate 7.62 0.09 (−1.30, 16.54)
  Large 24.46  < 0.01 (15.35, 33.56)

Table 6  Logistic regressions for PGI-I according to the leakage 
amount change on the HCST compared to  baselinea

a PGI-I is treated in a dichotomous manner by treating 'Very much 
better' and 'Much better' as = 1, and the remaining answers ('A little 
better', 'No change', 'A little worse', 'Much worse' and 'Very much 
worse') = 0
b  The changes in HCST’s leakage severity is coded as 'Got 
worse' = between baseline & the timepoint the amount of leakage has 
got worse by any amount; 'No change' = the amount of leakage is the 
same; 'Small improvement' = amount of leakage group improved by 
1 (for example from Large to Moderate or Small to None); and 'Big 
improvement' = amount of leakage improves by > 1
c  Timepoint is adjusted for to account for repeated observations
d  No change is the reference category
e  Odds ratio

Parameterb ORe P-value Confidence intervals

Unadjusted  modelc

  No change (ref.d)
  Small improvement 1.27 0.53 (0.60, 2.71)
  Big improvement 4.38  < 0.05 (2.31, 8.31)
  Gets worse 0.44 0.37 (0.07, 2.69)
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the HCST gets worse (for example from Small to Moderate 
on the HCST diagram) (OR 0.44; 95% CI 0.07, 2.69).

Discussion

Summary of main results

The responders to the HCST showed a good understand-
ing across the two questions of the HCST, with minimum 
conflicting values.

The Cronbach’s alpha analysis revealed strong consist-
ency between the two sets of HCST results repeated 24 h 
apart (> 0.7). This allowed the measurement error to be cal-
culated for more rigorous study. It was an important con-
firmation of reliability, since a measure is only precise if it 
remains consistent across repeated measures.

The comparison of diagnostic accuracy between the 
HCST to the 24- hour pad test (for positive/negative values), 
had recurring high levels of sensitivity, specificity, and NPV 
to show diagnostic accuracy. The high sensitivity indicates 
when SUI is present; the majority of cases were detected. 
The > 0.7 specificity credibly shows that the HCST identified 
those without SUI. The NPV, representing the identification 
of negatives, was the strongest parameter of HCST diagnos-
tic accuracy.

In contrast, the PPV had lower results (across the time-
points except at baseline). The HCST would therefore be 
at risk of introducing false positives. There are a number 
of potential explanations to this poor PPV. Both the PPV 
and NPV can be influenced by the prevalence of a condi-
tion. The data for this study was from a RCT [17] of surgi-
cal treatment for SUI, where the objective success rate was 
reported in average of 80% at all follow-up time points [20]. 
Therefore, as expected, there was a low SUI prevalence at 
all the follow-up time points which can explain the low PPV. 
This supported by the fact that when SUI was prevalent at 
baseline, the PPV is 0.97 and then dramatically fell at all 
follow-up points (i.e., once participants have been treated). 
Since the diagnostic threshold influences what is considered 
disease, and the subsequent prevalence, a lower diagnostic 
threshold on the pad test therefore may influence the PPV. 
Lastly, there is a strong possibility that the PPV appears 
low because the HCST is a more sensitive assessment tool 
compared to the 24-h pad test. A recent randomised study 
suggested that the clinician-observed CST is more sensitive 
than the 24-h pad test [7] when compared to urodynamics. 
Similar findings have been reported elsewhere [17].

In the adjusted model, those reporting Moderate and 
Large leakage on the HCST diagram had significantly heav-
ier pads on the 24-h pad test. The two tools therefore shared 
a good level of agreement. The pad weights increased further 
for those with moderate to severe urgency (see Appendices 

B5 and B6). This relationship was further examined by stud-
ying the association between moderate to severe urgency 
perception and a positive HCST (see Appendix B7). The 
HCST has a heighted sensitivity among those experiencing 
moderate and severe urgency. It is well documented that 
women with severe urgency report worse impact on their 
QoL [27].

A 'Small improvement' (≤ 1 group) on the HCST was not 
associated with reports of 'Much better/Very much better' 
symptoms on the PGI-I (successful outcome). This is in 
keeping with how ‘A little better’ on the PGI-I scale was not 
considered as a successful outcome post-surgery. However, 
a 'Big improvement' (≥ 2 groups) was significantly associ-
ated with a successful outcome on PGI-I. The HCST has 
therefore been able to detect the participants’ reported suc-
cess on PGI-I.

Strengths and weaknesses

In addition to the HCST’s diagnostic power, many of the 
personal and financial issues faced by the existing meas-
urements are addressed. HCST provides the convenience 
of both a pad-free test and being performed at home. The 
HCST therefore avoids hospital visits, the use of extra 
healthcare resources, and eliminates healthcare profes-
sional bias in reporting the outcome of interventions. These 
strengths could potentially translate to improved recruitment 
and retention in SUI trials. Despite most COVID restrictions 
being lifted, reduced footfall in hospitals is still a valued 
attribute seen with the HCST [28].

The method of standardisation, ‘comfortably full blad-
der’, for the HCST in the SIMS RCT [20] has been docu-
mented as the method of standardisation for the CST that has 
the highest specificity [7]. Nevertheless, the lack of objective 
standardisation of the bladder volume at the start of the test 
can be a potential limitation.

Conventionally, a new assessment tool being introduced 
has its diagnostic accuracy compared to the ‘standard’, or the 
most reliable available method. It could be argued this would 
be urodynamic testing in this scenario. A key limitation of 
the HCST in this evaluation was the low PPV, the reasons 
of which have been discussed earlier.

Current context

The HCST is a novel assessment tool, however in some 
respects it can be perceived as the ‘self-reported version’ of the 
CST. In other domains of gynaecology and wider medicine, 
there has been a noticeable shift to self-testing alternatives 
with the example of self-collected cervical smear samples 
[29]. If the same efforts are made to ensure trial follow-up 
measurements are more convenient for participants, then 
trials are equally expected to see improved retention. Patient 
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self-assessment studies have produced reliable measurement in 
other fields of medicine despite initial hesitation and concern 
[30, 31].

Implications

Further evaluation of the HCST is required in clinical practice, 
i.e. in the population presenting to the incontinence clinics. 
Prediction models combining HCST results and responses to 
symptom severity questionnaires is an area of further research. 
Qualitative research to determine whether participants favour 
the HCST to the other alternative assessment tools would also 
be of value.

Conclusion

The HCST is a valid and reliable patient-reported objective 
assessment tool of SUI in surgical clinical trials with good 
specificity, sensitivity, and consistency that eliminates the need 
for hospital visits and assessor’s bias. HCST can replace the 
24-h pad tests in future trials. Further research is required to 
see if it translates to better retention in clinical trials and before 
it can be used in standard clinical practice.

Supplementary information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00192- 023- 05530-4.

Acknowledgements We acknowledge all the patients who participated 
in the original SIMS trial.

Authors’ contributions C Young: data management, data analysis, 
manuscript writing/editing.

D Cooper:data management, data analysis, manuscript writing/
editing.

A Mostafa: data analysis, manuscript writing/editing.
M Abdel-Fattah: invention of the tool, protocol/project develop-

ment, data collection or management, data analysis and manuscript 
writing/editing.

Funding This research of secondary analysis received no external 
funding. The original trial was funded by the UK National Institute 
for Health Research. The original funders were not involved in the 
analysis, interpretation of data, and preparation of the manuscript.

Declarations 

Ethical statement All procedures involving human participants were 
in accordance with the 1964 Helsinki Declaration. Ethical approval 
was granted by the North of Scotland Research Ethics Committee as 
pertaining to the SIMS trial.

Conflicts of interest None.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 

included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Haylen BT, de Ridder D, Freeman RM, Swift SE, Berghmans 
B, et al. An International Urogynecological Association (IUGA)/
International Continence Society (ICS) joint report on the ter-
minology for female pelvic floor dysfunction. Int Urogynecol J. 
2010;21:5–26. https:// doi. org/ 10. 1007/ s00192- 009- 0976-9.

 2. Cooper J, Annappa M, Quigley A, Dracocardos D, Bondili A, 
Mallen C. Prevalence of female urinary incontinence and its 
impact on quality of life in a cluster population in the United 
Kingdom (UK): a community survey. Prim Health Care Res Dev. 
2015;16(4):377–82. https:// doi. org/ 10. 1017/ S1463 42361 40003 71.

 3. Krhut J, Zachoval R, Smith PP, Rosier PF, Valanský L, Martan 
A, Zvara P. Pad weight testing in the evaluation of urinary incon-
tinence. Neurourol Urodynam. 2014;33:507–10. https:// doi. org/ 
10. 1002/ nau. 22436.

 4. D’Alessandro G, Palmieri S, Cola A, Barba M, Manodoro S, 
Frigerio M. Correlation between urinary symptoms and urody-
namic findings: is the bladder an unreliable witness? Eur J Obstet 
Gynecol Reprod Biol. 2022;272:130–3. https:// doi. org/ 10. 1016/j. 
ejogrb. 2022. 03. 023.

 5. Yeung JY, Eschenbacher MA, Pauls RN. Pain and embarrassment 
associated with urodynamic testing in women. Int Urogynecol J. 
2014;25(5):645–50. https:// doi. org/ 10. 1007/ s00192- 013- 2261-1.

 6. Nóbrega MM, Auge AP, de Toledo LG, da Silva Carramão S, 
Frade AB, Salles MJ. Bacteriuria and urinary tract infection after 
female urodynamic studies: risk factors and microbiological anal-
ysis. Am J Infect Control. 2015;43(10):1035–9. https:// doi. org/ 10. 
1016/j. ajic. 2015. 05. 031.

 7. Henderson JW, Kane SM, Mangel JM, Kikano EG, Garibay 
JA, Pollard RR, Mahajan ST, Debanne SM, Hijaz AK. A rand-
omized comparative study evaluating various cough stress tests 
and 24-hour pad test with urodynamics in the diagnosis of stress 
urinary incontinence. J Urol. 2018;199(6):1557–64. https:// doi. 
org/ 10. 1016/j. juro. 2017. 11. 073.

 8. Medeiros Araujo C, de Morais NR, Sacomori C, de Sousa 
DD. Pad test for urinary incontinence diagnosis in adults: sys-
tematic review of diagnostic test accuracy. Neurourol Urodyn. 
2022;41(3):696–709. https:// doi. org/ 10. 1002/ nau. 24878.

 9. Simons AM, Yoong WC, Buckland S, Moore KH. Inadequate 
repeatability of the one-hour pad test: the need for a new inconti-
nence outcome measure. BJOG. 2001;108(3):315–9. https:// doi. 
org/ 10. 1111/j. 1471- 0528. 2001. 00069.x.

 10. Lose G, Jørgensen L, Thunedborg P. 24-hour home par weigh-
ing test versus 1-hour ward test in the assessment of mild stress 
incontinence. Acta Obstet Gynecol Scand. 1989;68:211–5. https:// 
doi. org/ 10. 3109/ 00016 34890 90209 91.

 11. Zimmern PE, Dandreo KJ, Sirls L, et al. Lessons from a patient 
experience survey in a randomized surgical trial of treatment 
of stress urinary incontinence in women. Int Urogynecol J. 
2011;22(10):1273–8. https:// doi. org/ 10. 1007/ s00192- 011- 1507-z.

 12. Ryhammer A, Djurhuus J, Laurberg S. Pad testing in incontinent 
women: a review. Int Urogynecol J. 1999;10:111–5. https:// doi. 
org/ 10. 1007/ s0019 20050 028.

 13 O’Sullivan R, Karantanis E, Stevermuer T, Allen W, Moore K. 
Definition of mild, moderate and severe incontinence on the 

https://doi.org/10.1007/s00192-023-05530-4
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s00192-009-0976-9
https://doi.org/10.1017/S1463423614000371
https://doi.org/10.1002/nau.22436
https://doi.org/10.1002/nau.22436
https://doi.org/10.1016/j.ejogrb.2022.03.023
https://doi.org/10.1016/j.ejogrb.2022.03.023
https://doi.org/10.1007/s00192-013-2261-1
https://doi.org/10.1016/j.ajic.2015.05.031
https://doi.org/10.1016/j.ajic.2015.05.031
https://doi.org/10.1016/j.juro.2017.11.073
https://doi.org/10.1016/j.juro.2017.11.073
https://doi.org/10.1002/nau.24878
https://doi.org/10.1111/j.1471-0528.2001.00069.x
https://doi.org/10.1111/j.1471-0528.2001.00069.x
https://doi.org/10.3109/00016348909020991
https://doi.org/10.3109/00016348909020991
https://doi.org/10.1007/s00192-011-1507-z
https://doi.org/10.1007/s001920050028
https://doi.org/10.1007/s001920050028


1969International Urogynecology Journal (2023) 34:1961–1969 

1 3

24-hour pad test. BJOG Int J Obstet Gynaecol. 2004;111:859–62. 
https:// doi. org/ 10. 1111/j. 1471- 0528. 2004. 00211.x.

 14. Sandvik H, Espuna M, Hunskaar S. Validity of the incontinence 
severity index: comparison with pad-weighing tests. Int Urogy-
necol J Pelvic Floor Dysfunct. 2006;17(5):520–4. https:// doi. org/ 
10. 1007/ s00192- 005- 0060-z.

 15. Matharu GS, Assassa RP, Williams KS, Donaldson M, Matthews 
R, Tincello DG, Mayne CJ. Objective assessment of urinary 
incontinence in women: comparison of the one-hour and 24-hour 
pad tests. Eur Urol. 2004;45(2):208–12. https:// doi. org/ 10. 1016/j. 
eururo. 2003. 09. 006.

 16. Staskin D, Kelleher C, Bosch R, Coyne K, Cotteril N, Emmanuel 
A, Yoshida M, Kopp Z. Initial assessment of urinary and faecal 
incontinence in adult male and female patients. In: Abrams P, Car-
dozo L, Khoury S, Wein A, editors. Incontinence. 4th ed. Paris: 
Health Publ. Ltd; 2009. p. 333–412.

 17. Price DM, Noblett K. Comparison of the cough stress test and 
24-h pad test in the assessment of stress urinary incontinence. 
Int Urogynecol J. 2012;23:429–33. https:// doi. org/ 10. 1007/ 
s00192- 011- 1602-1.

 18 Karantanis E, Allen W, Stevermuer TL, Simons AM, O’Sullivan 
R, Moore KH. The repeatability of the 24-hour pad test. Int Uro-
gynecol J Pelvic Floor Dysfunct. 2005;16(1):63–8. https:// doi. org/ 
10. 1007/ s00192- 004- 1199-8.

 19. Walters SJ, Bonacho Dos Anjos Henriques-Cadby I, Bortolami 
O, Flight L, Hind D, Jacques RM, Knox C, Nadin B, Rothwell J, 
Surtees M, Julious SA. Recruitment and retention of participants 
in randomised controlled trials: a review of trials funded and pub-
lished by the United Kingdom Health Technology Assessment 
Programme. BMJ Open. 2017;7(3):e015276. https:// doi. org/ 10. 
1136/ bmjop en- 2016- 015276.

 20. Abdel-Fattah M, Cooper D, Davidson T, Kilonzo M, Hossain M, 
Boyers D, Bhal K, Wardle J, N’Dow J, MacLennan G, Norrie 
J. Single-incision mini-slings for stress urinary incontinence in 
women. N Engl J Med. 2022;386(13):1230–43. https:// doi. org/ 
10. 1056/ NEJMo a2111 815.

 21. Bossuyt PM, Reitsma JB, Bruns DE, Gatsonis CA, Glasziou PP, 
Irwig L, LijmerJGMoher D, Rennie D, de Vet HCW, Kressel 
HY, Rifai N, Golub RM, Altman DG, Hooft L, Korevaar DA, 
Cohen JF, For the STARD Group. STARD 2015: an updated list 
of essential items for reporting diagnostic accuracy studies. BMJ. 
2015;351:h5527. https:// doi. org/ 10. 1136/ bmj. h5527.

 22. Yalcin I, Bump R. Validation of two global impression 
questionnaires for incontinence. Am J Obstet Gynecol. 
2003;189:98–101. https:// doi. org/ 10. 1067/ mob. 2003. 379.

 23. Bjelic-Radisic V, Ulrich D, Hinterholzer S, et al. Psychometric 
properties and validation of two global impression questionnaires 
(PGI-S, PGI-I) for stress incontinence in a German-speaking 
female population. Neurourol Urodyn. 2018;37:1365–71. https:// 
doi. org/ 10. 1002/ nau. 23447.

 24. Bujang MA, Omar ED, Baharum NA. A review on sample size 
determination for Cronbach’s alpha test: a simple guide for 
researchers. Malays J Med Sci. 2018;25(6):85–99. https:// doi. 
org/ 10. 21315/ mjms2 018. 25.6.9.

 25. Tavakol M, Dennick R. Making sense of Cronbach’s alpha. Int J 
Med Educ. 2011;2:53–5. https:// doi. org/ 10. 5116/ ijme. 4dfb. 8dfd.

 26. IBM Corp. Released 2020. IBM SPSS Statistics for Windows, 
Version 27.0. Armonk: IBM Corp. Available: https:// www. ibm. 
com/ suppo rt/ fixce ntral/. Accessed 12 Apr 2022.

 27. Åström Y, Asklund I, Lindam A, et  al. Quality of life in 
women with urinary incontinence seeking care using e-health. 
BMC Womens Health. 2021;21:337. https:// doi. org/ 10. 1186/ 
s12905- 021- 01477-0.

 28. Al-Jabir A, Kerwan A, Nicola M, Alsafi Z, Khan M, Sohrabi C, 
O’Neill N, Iosifidis C, Griffin M, Mathew G, Agha R. Impact of 
the Coronavirus (COVID-19) pandemic on surgical practice - Part 
1. Int J Surg. 2020;79:168–79. https:// doi. org/ 10. 1016/j. ijsu. 2020. 
05. 022.

 29. Racey CS, Withrow DR, Gesink D. Self-collected HPV testing 
improves participation in cervical cancer screening: a systematic 
review and meta-analysis. Can J Public Health. 2013;104(2):e159–
66. https:// doi. org/ 10. 1007/ BF034 05681.

 30. Keating SE, Barnett A, Croci I, Hannigan A, Elvin-Walsh L, 
Coombes JS, Campbell KL, Macdonald GA, Hickman IJ. Agree-
ment and reliability of clinician-in-clinic versus patient-at-home 
clinical and functional assessments: implications for telehealth 
services. Arch Rehabil Res Clin Transl. 2020;2(3):100066. https:// 
doi. org/ 10. 1016/j. arrct. 2020. 100066.

 31. Consolo L, Castellini G, Cilluffo S, et al. Electronic patient-
reported outcomes (e-PROMs) in palliative cancer care: a scop-
ing review. J Patient Rep Outcomes. 2022;6:102. https:// doi. org/ 
10. 1186/ s41687- 022- 00509-z.

Publisher's note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.
Prior conference/meeting congress Abstract presentation at European 
Association of Urology Congress, Milan, March 2023.

https://doi.org/10.1111/j.1471-0528.2004.00211.x
https://doi.org/10.1007/s00192-005-0060-z
https://doi.org/10.1007/s00192-005-0060-z
https://doi.org/10.1016/j.eururo.2003.09.006
https://doi.org/10.1016/j.eururo.2003.09.006
https://doi.org/10.1007/s00192-011-1602-1
https://doi.org/10.1007/s00192-011-1602-1
https://doi.org/10.1007/s00192-004-1199-8
https://doi.org/10.1007/s00192-004-1199-8
https://doi.org/10.1136/bmjopen-2016-015276
https://doi.org/10.1136/bmjopen-2016-015276
https://doi.org/10.1056/NEJMoa2111815
https://doi.org/10.1056/NEJMoa2111815
https://doi.org/10.1136/bmj.h5527
https://doi.org/10.1067/mob.2003.379
https://doi.org/10.1002/nau.23447
https://doi.org/10.1002/nau.23447
https://doi.org/10.21315/mjms2018.25.6.9
https://doi.org/10.21315/mjms2018.25.6.9
https://doi.org/10.5116/ijme.4dfb.8dfd
https://www.ibm.com/support/fixcentral/
https://www.ibm.com/support/fixcentral/
https://doi.org/10.1186/s12905-021-01477-0
https://doi.org/10.1186/s12905-021-01477-0
https://doi.org/10.1016/j.ijsu.2020.05.022
https://doi.org/10.1016/j.ijsu.2020.05.022
https://doi.org/10.1007/BF03405681
https://doi.org/10.1016/j.arrct.2020.100066
https://doi.org/10.1016/j.arrct.2020.100066
https://doi.org/10.1186/s41687-022-00509-z
https://doi.org/10.1186/s41687-022-00509-z

	The “Aberdeen Home Continence Stress Test”: a novel objective assessment tool for female stress urinary incontinence
	Abstract
	Introduction and hypothesis 
	Methods 
	Results 
	Conclusions 

	Introduction
	The need for a novel tool
	Aim

	Materials and methods
	Study population
	The Aberdeen Home Continence Stress Test (HCST)
	Data analysis

	Results
	Characteristics of the participants
	HCST responses
	Reliability
	Diagnostic accuracy
	Model to compare HCST to pad weights
	Response to change

	Discussion
	Summary of main results
	Strengths and weaknesses
	Current context
	Implications

	Conclusion
	Anchor 27
	Acknowledgements 
	References


