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Abstract
Purpose  The International Consultation on Incontinence Questionnaire Short Form (ICIQ-UI-SF) is a widely used four-item 
patient-reported outcome (PRO) measure. Evaluations of this instrument are limited, restraining user’s confidence in the 
instrument. This study conducts a comprehensive evaluation of the ICIQ-UI-SF on a sample of urological surgery patients 
in Canada.
Methods  One hundred and seventy-seven surgical patients with stress urinary incontinence completed the ICIQ-UI-SF pre-
operatively. Methods drawing from confirmatory factor analysis (CFA), measures of reliability, item response theory (IRT), 
and differential item functioning were applied. Ceiling effects were examined.
Results  Ceiling effects were identified. In the CFA, the factor loadings of items one and two differed significantly (p < 0.001) 
from item three indicating possible multidimensionality. The first two items reflect symptom severity not quality of life. 
Reliability was moderate as measured by Cronbach’s alpha (0.63) and McDonald’s coefficient (0.65). The IRT found the 
instrument does not discriminate between individuals with low incontinence-related quality of life.
Conclusions  Due to low/moderate reliability, the ICIQ-UI-SF can be used as a complement to other data or used to report 
aggregated surgical outcomes among surgical patients. If the primary objective is to measure quality of life, other PROs 
should be considered.

Keywords  Ceiling effects · Confirmatory factor analysis · ICIQ-UI-SF · Item response theory · Patient-reported outcomes · 
Urinary incontinence

Introduction

Both acute and chronic forms of urinary incontinence 
(UI) have significant impact on the quality of life of those 
affected. The International Consultation on Incontinence 
Questionnaire Short Form (ICIQ-UI-SF) is a widely used 
patient-reported outcome (PRO) for screening, measuring 
the symptoms, treatment outcomes, and impact of symptoms 
on quality of life [1, 2].

The International Continence Society’s Consultation on 
Incontinence awarded the ICIQ-UI-SF a ‘Grade A’ status [3] 
for assessing symptoms and quality of life, applying evalua-
tion criteria of validity, reliability, and sensitivity to change. 
These psychometric evaluations found reliability to be high, 
as measured by Cronbach’s alpha (0.71–0.95 [1, 4, 5]). In 
addition, the ICIQ-UI-SF was sensitive to change in scores, 
including interventions for conservative management, anti-
muscarinic therapy, and tension-free vaginal tape [1, 4, 6, 
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7]. The ICIQ-UI-SF is widely used in pre-post studies of UI 
interventions [8].

Despite these past evaluations, a number of knowledge 
gaps exist regarding both what the ICIQ-UI-SF is measuring 
and how well it measures it. In the foundational publication, 
the ICIQ-UI-SF was described as having a “single strong 
underlying factor” [1]; however, it is also often described 
as an instrument for measuring UI severity and UI-related 
quality of life [4]. While these factors are related, it remains 
unclear whether the ICIQ-UI-SF measures one or both of 
these constructs.

Despite advancements in psychometric assessment, a lim-
ited number of methods have been applied to answer how 
well the ICIQ-UI-SF measures the purported construct(s). 
While Cronbach’s alpha and kappa statistics have been used 
to assess reliability [1, 4, 5], the values ranged significantly. 
Moreover, the ICIQ-UI-SF has not been assessed for differ-
ential item functioning between respondents, or for ceiling 
effects, which have implications to calculating sensitivity 
to change and the minimally clinically important difference 
[9]. Lastly, validations of the instrument have generally 
been conducted on patients with lower incontinence burden 
recruited through outpatient urology clinics [4, 10] or under-
going conservative management of their condition [1]. It is 
unclear whether the findings from past studies are generaliz-
able to the patients with high symptom burden proceeding 
with surgical treatment for their UI.

The purpose of this research is to evaluate the ICIQ-
UI-SF among a cohort of patients with moderate-to-severe 
stress urinary incontinence and proceeding with surgical 
treatment for their UI. The results of this analysis will inform 
recommendations regarding applying this instrument in a 
population of patients with high symptom burden.

Materials and methods

This study is based on a prospectively recruited sample of 
men with stress urinary incontinence (SUI) who have elected 
for insertion of an artificial sphincter or urethral sling for 
treatment of their condition. Note that while the sample has 
SUI, a small group of patients had unspecific diagnostic 
codes which may have corresponded to mixed UI. Patients 
were identified from a convenience sample of three urolo-
gists who agreed to have their population of patients con-
tacted to participate in the study. Only patients undergoing 
initial treatment for SUI were contacted to participate. The 
setting of the study is Vancouver Coastal Health author-
ity (VCH), a geographically defined region encompassing 
Vancouver, Canada. Up to two telephone calls were made 
by VCH surveyors to contact potential participants. Patients 
not successfully contacted were mailed a study invitation.

All participants completed a survey package pre-oper-
atively. The survey package included a description of the 
study, study personnel and contact information, a checklist 
of common health conditions, the ICIQ-UI-SF, and generic 
instruments (not reported in this study). Participants were 
given an option of completing the instruments online or by 
mail, and received two reminder emails or telephone calls 
to complete their survey. Participants returned their surveys 
between September 2013 and August 2016.

The VCH Legal and Privacy Office completed a Privacy 
Impact Assessment to ensure the protocol was consist-
ent with privacy legislation, and patient information was 
adequately secured. The University of British Columbia’s 
Behavioural Research Ethics Board approved the study 
(approval number H12-02062).

The ICIQ-UI-SF is a four-item instrument. The first three 
items’ scores are summed to produce a total score rang-
ing from 0 to 21. The first two items ask questions related 
to symptom severity, and the third asks about how much 
incontinence interferes with daily life. While the purported 
construct has not been consistently defined, a higher score 
implies lower UI-quality of life, or higher UI severity; in 
this analysis, the hypothesized construct is assumed to be 
‘UI-quality of life.’ The last item of the ICIQ-UI-SF is an 
unscored diagnostic item assessing the perceived cause of 
incontinence; the diagnostic item was not evaluated in this 
study.

For all participants, demographic variables and addresses 
were available. Participants’ address was linked to a neigh-
borhood-level indicator of socioeconomic status (SES) 
reflecting highest educational achievement, unemployment, 
income, and housing [11]. The SES variable is a five-level 
categorical variable representing SES quintiles. This poten-
tial confounder was developed on comprehensive census 
data independent from this study. Missing SES indices 
could be attributable to new housing developments not yet 
assigned an index, living on reserve (municipalities legally 
associated with First Nations or Indian bands), or living out-
side of BC.

To characterize the study sample, descriptive statistics 
were tabulated. In addition, instrument ceiling effects were 
evaluated. This study looked at the percentage of respond-
ents that had extreme total scores; the threshold of 15% is 
an indication of ceiling effects, in concordance with other 
studies [12].

Dimensionality was assessed using confirmatory factor 
analysis (CFA), as the foundational study of the ICIQ-UI-SF 
reported just one underlying factor [1]. At least three items 
are required to perform a CFA; however, this yields a ‘just-
identified model’ where the parameter estimates perfectly fit 
the data [13], and goodness of fit statistics cannot be com-
puted. The CFA was performed treating all responses as cat-
egorical, as well as sensitivity analyses treating all responses 
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as continuous. Wald Tests were applied to test whether factor 
loadings across the items are equal with significance set at 
p value < 0.05.

The first measure of reliability computed was Cronbach’s 
alpha. This statistic ranges from 0 to 1; an alpha value 
greater or equal to 0.70 [14] is the widely used threshold 
for acceptability. Cronbach’s alpha with deleted items was 
examined to see which item’s exclusion improves the overall 
alpha. The second measure of reliability was McDonald’s 
coefficient, which uses factor loadings extracted from the 
CFA. Similar to Cronbach’s alpha, a value closer to 1 implies 
higher reliability/redundancy; a cutoff value for McDonald’s 
coefficient is ≥ 0.70 [15].

A two-parameter graded-response model (GRM) was 
applied to the item-level data. The GRM accommodates 
ordered categorical responses, and items that have varying 
number of response levels [16]. The two parameters in this 
model are discrimination and location. The discrimination 
parameter indicates how well items discriminate between 
responses along the levels of UI-quality of life. When indi-
viduals have similar levels of UI-quality of life, highly dis-
criminating items will predict with greater accuracy whether 
respondents will provide different responses to adjacent 
response levels. The location parameters indicate whether 
response categories measure along the continuum of UI-
quality of life; this can also be inspected visually through 
the category response functions (CRFs).

Along with unidimensionality, local independence (LI) 
was examined. LI means that after controlling for the latent 
trait, UI-quality of life items are uncorrelated [17]. In this 
analysis, the Pearson’s X2 statistic, often applied to polyto-
mous data, was used. X2 values exceeding 0.20 generally 
indicate LI may be violated [17].

CRFs can be transformed into item and test information 
functions (IIF/TIF), each of which is a continuously valued 
index illustrating the item or instrument’s ability to differ-
entiate across individuals as a function of their UI-quality 
of life. Tall and narrow plots of IIFs/TIFs will characterize 
high discrimination.

To assess GRM model fit, the CRFs were visually 
inspected for clear distinction across response levels, and 
peaks for each response level somewhere across the con-
tinuum of UI-quality of life. In addition, it was noted if 
discrimination parameters are high (> 1.70) [18]. Shallow 
and wide CRFs are evidence of poor discrimination. Assess-
ing model fit statistically is not possible with a three-item 
instrument.

Lastly, differential item functioning (DIF) was assessed. 
DIF was performed on participants’ SES category. Stud-
ies have found that low SES groups not only report higher 
impairment, but also provide lower valuations of their health 
once impaired [19]; the latter can introduce bias at a group 
level when SES differences are unaccounted for. Other 

research reported that among a cohort of stress UI patients, 
a number of factors, including socioeconomic status, inde-
pendently impacted scores on instruments valuing quality of 
life, providing rationale for considering DIF on SES [20]. 
The two highest SES quintiles were compared to the three 
lowest SES quintiles. For sensitivity analyses, the highest 
SES quintile was compared to the lowest quintile. DIF was 
assessed using the likelihood ratio test (LRT) [21].

The CFA was conducted using Mplus Version 6.11, and 
subsequent analyses were conducted using R Version 3.3.1 
and the MIRT package.

Results

There were a total of 177 participants. The response rate 
of among eligible patients was 64.5%. The average age of 
participants was 68 years. Most participants were in the 
highest or second highest SES quintile (44.1%). As shown 
in Table 1, over one-half of participants were scheduled for 
insertion of urethral sling.

The rate of missing responses to any question was 1.02% 
in the whole study cohort. As such, a complete case analysis 
was used; this approach was not expected to bias the find-
ings. All responses to items were left-skewed. Among par-
ticipants, 15% scored 21 out of 21 indicating ceiling effects. 
See Fig. 1 for distribution of ICIQ-UI-SF total scores.

In the CFA, factor loadings for items 1 and 2 were much 
more similar than item 3. For item 3, only 19% of the vari-
ance was attributable to UI-quality of life. The Wald Test 
value was 16.5, with a p value of 0.0003, providing evi-
dence that parameters of items 1 and 2 are not equal to the 

Table 1   Demographic characteristics of the sample of participants 
(N = 177) and summary of ICIQ-UI-SF scores

Age (years)
 Mean 68.86
 Standard deviation 8.71
 Range 21–87

SES quintiles N (%)
 1 (highest SES) 37 (20.90)
 2 41 (23.16)
 3 29 (16.38)
 4 25 (14.12)
 5 (lowest SES) 30 (16.95)

Surgery type
 Urethral sling 94 (53.11)
 Artificial sphincter 83 (46.89)

ICIQ-UI-SF response summary
 Mean 15.86
 Standard deviation 3.94
 Range 3–21
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parameter associated with item 3 (Table 2). Most variance 
attributable to the underlying factor was captured by items 1 
and 2, suggesting the ICIQ-UI-SF primarily measures symp-
tom severity.

Cronbach’s alpha was 0.63, below the acceptability value 
of 0.70. Deletion of the third item resulted in higher reliabil-
ity (α* = 0.67) than deletion of items one (α* = 0.46) or two 
(α* = 0.45). McDonald’s coefficient was 0.65, also below the 
acceptability value.

Although unidimensionality is a strong assumption 
for this analysis based on the evidence from the CFA, the 
degrees of freedom are too low to investigate a multidimen-
sional model. This analysis proceeded under the assumption 
of unidimensionality—although the directionality of bias 
introduced is unclear, past research and simulation studies 
suggest this violation should not significantly change results 
[22].

Item pairs 1 and 3 exhibited violations to local independ-
ence (X2 = 0.24), although the value was not significant (p 
value = 0.402).

As shown in Table 3, the discrimination parameters for 
the first two items were considered high [18]. The curves 
for the lower response levels did not have unique peaks, 

meaning that the association between the level of UI-qual-
ity of life and each response level is weak. Item 1 had a 
bimodal IIF, with highest discrimination when patients 
had high UI-quality of life (2–4 SD below the mean). Item 
2 had a peaked and very narrow IIF suggesting highest dis-
crimination 2 SD below and above the mean. For item 3, 
the discrimination parameter indicated low/moderate dis-
crimination [18], and the CRFs were flat and overlapping; 
fit could be improved by collapsing this item’s response 
levels. The IIF was correspondingly wide and flat.

The TIF indicated that the most information on the 
latent trait is revealed when respondents are below the 
average UI-quality of life (up to 4 standard deviations 
below the mean) as shown in Fig. 1. Correspondingly, the 

Fig. 1   ICIQ-UI-SF test informa-
tion function (TIF)

Table 2   Results from confirmatory factor analysis

Factor loading Standard error R2 p value

Item 1 0.82 0.10 0.67 < 0.0001
Item 2 0.80 0.10 0.64 < 0.0001
Item 3 0.44 0.09 0.19 < 0.0001

Table 3   GRM model parameters

A discrimination, B difficulty

Parameter Item 1 Item 2 Item 3

A 2.55 2.44 0.88
B1 − 3.11 − 1.19 − 4.41
B2 − 2.75 0.17 − 3.56
B3 − 2.31 − 2.95
B4 − 0.18 − 1.97
B5 − 1.65
B6 − 0.92
B7 − 0.6
B8 0.01
B9 0.81
B10 1.36
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ICIQ-UI-SF does not differentiate participants with low 
UI-quality of life.

No items were flagged as exhibiting DIF when compar-
ing the two lowest SES quintiles with the three highest SES 
quintiles, nor when comparing the lowest SES quintile with 
the highest quintile.

Discussion

There was evidence to support two possible constructs 
underlying the ICIQ-UI-SF: symptom severity and interfer-
ence. The implication for this population of patients is that 
the ICIQ-UI-SF is primarily a measure of symptom severity, 
not UI-related quality of life. If measuring UI-related quality 
of life is of interest to clinicians or researchers, other instru-
ments should be considered.

A number of domains associated with quality of life have 
been reported to be affected by UI including travel, social 
activities, emotional health, activities of daily living, and 
sexual function [23]. In particular, those who experience 
shame, anxiety, and/or avoid social interaction report lower 
quality of life [2, 24–26]. Instruments that reflect some of 
these domains may be more appropriate for measuring UI-
related quality of life, particularly among patients who have 
elected for surgical intervention, and so more likely to have 
more burdensome UI. The Incontinence Quality of Life 
Instrument (I-Qol), for example, contains subscales evalu-
ating psychosocial impacts and social embarrassment related 
to UI [27].

The reliability of the instrument was low/moderate, 
implying differences between scores (e.g., 10 or 11) are 
not necessarily attributable to clinical differences between 
patients, but to measurement error. For this reason, ICIQ-
UI-SF scores should not be used to inform priority setting 
or triage of urological surgery patients.

The instrument also does not discriminate between indi-
viduals with low UI-quality of life and it has significant 
ceiling effect. Ceiling effects can limit an instrument’s sen-
sitivity to change, meaning it may undermine its ability to 
measure the effects of interventions.

Item 3 had very low discrimination across the scale of 
UI burden. This is likely attributable, in part, to the number 
of response levels. Research in optimizing response levels 
is recommended.

This analysis had a number of limitations. Only men with 
moderate/high symptom burden were included in the sam-
ple. The results may not be generalizable to women with 
UI. Since there were few respondents with low levels of UI 
burden, model fit may have been undetectably poor for this 
level of symptom severity. Lastly, because the ICIQ-UI-SF 
is so brief, the model fit of the CFA and GRM cannot be 
assessed statistically. Future work should evaluate DIF for 

age, sex, and cultural background, as research suggests this 
can affect reported UI impairment [25].

Conclusions

This study found that, among men, the ICIQ-UI-SF primar-
ily measures symptom severity. Other instruments should be 
considered if the objective is to measure UI-related quality 
of life. A range of methods demonstrated reliability is low/
moderate, and particularly compromised for patients suffer-
ing from severe incontinence.
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