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Abstract 

 The International Consultation on Incontinence Questionnaire Short-Form (ICIQ-UI-SF) 

is a four-item patient-reported outcome (PRO) measure. Its intended use is screening for 

incontinence, assessing impact of incontinence on quality of life, and facilitating patient-clinician 

discussions. Evaluations of this instrument to date have relied on a simple set of analytical 

tools—limiting user’s confidence of the instrument’s validity and reliability. The purpose of this 

thesis was to conduct a comprehensive evaluation of the ICIQ-UI-SF.  

 The analyses were conducted on 177 completed ICIQ-UI-SF instruments by men with 

chronic urinary incontinence waitlisted for urological surgery for treatment of their condition. 

This comprehensive evaluation included application of the following methods: confirmatory 

factor analysis (CFA), principal component analysis, measures of reliability (classical test theory 

(CTT) and McDonald’s coefficient), item response theory (IRT), and differential item 

functioning (DIF). A supplemental investigation examined previously constructed ICIQ-UI-SF 

severity categories. Specific goals included assessing: instrument characteristics (dimensionality, 

ceiling effects), reliability, performance of individual items, whether socioeconomic status 

influences patients’ ICIQ-UI-SF scores, and concordance with other commonly collected PROs 

(EQ-5D-3L, Visual Analogue Scale).  

Responses to all items were left skewed and ceiling effects were identified. Model fit 

could not be assessed through the CFA, however the factor loadings of items one and two 

differed significantly (p < 0.0002) from item three indicating possible multidimensionality. The 

PCA contrastingly provided some, albeit limited evidence that the ICIQ-UI-SF is 

unidimensional. Reliability was low/moderate as measured by Cronbach’s alpha (0.63) and 

McDonald’s coefficient (0.65). The IRT revealed the third item’s reliability may be improved by 
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collapsing response levels. The instrument does not discriminate between individuals with high 

incontinence burden. There was no DIF by socioeconomic status. Supplemental investigations 

demonstrated the ICIQ-UI-SF discriminates between surgical patients with mild/moderate 

incontinence versus severe/very severe—but not beyond these dichotomies.  

Directly comparing ICIQ-UI-SF scores of urological surgery patients with high 

incontinence burden is not recommended. If unchanged, the ICIQ-UI-SF can be used as a 

complement to other data, such as reporting aggregated surgical outcomes, or as a starting point 

for patient-clinician discussions when applied to a surgical population. For application to 

surgical triage, this analysis recommends amendments to the ICIQ-UI-SF. 
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Lay Summary 

The International Consultation on Incontinence Questionnaire Short-Form (ICIQ-UI-SF) 

is a questionnaire used to measure the symptoms, health status, treatment outcomes, and quality 

of life associated with urinary incontinence. Responses to the ICIQ-UI-SF are summed to 

produce a total score; a higher score implies higher incontinence burden. Despite its widespread 

use, evaluations of this questionnaire are limited. In particular, it is unclear whether the ICIQ-UI-

SF is appropriate to administer to urological surgery patients.  

This thesis conducts a comprehensive evaluation of the ICIQ-UI-SF on a sample of 

urological surgery patients in Canada. It was found that if unchanged, the ICIQ-UI-SF can be 

used as a complement to other data or as a starting point for patient-clinician discussions. 

Directly comparing ICIQ-UI-SF scores of urological surgery patients with high incontinence 

burden is however not recommended.  For application to surgical triage, this study recommends 

changes to the ICIQ-UI-SF. 
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Chapter 1: Introduction

Urinary incontinence (UI) is defined as the involuntary or abnormal leakage of urine. It is 

estimated that three million Canadians experience UI (1). However, discrepancies regarding the 

prevalence of UI exist due to variations in survey methodology used (2) across studies, 

individuals not seeking care, and underreporting from perceived social stigma. While prevalence 

is higher in women aged 80 or younger, men and women are equally affected after age 80 (3). 

Moreover, out-of-pocket expenses associated with the care and management of UI may pose a 

financial burden on many, particularly seniors on low fixed incomes (4). On average, seniors 

living at home are estimated to spend between $1,400 and $2,100 on incontinence supplies 

including: adult diapers, catheter supplies, homecare services, and treatments not covered by 

provincial health insurance programs (4).  

While not life-threatening per se, both acute and chronic forms of incontinence have 

significant implications on the quality of life of those affected. Patient-reported outcomes 

(PROs) such as the International Consultation on Incontinence Questionnaire Short-Form (ICIQ-

UI-SF) are one method of measuring the burden associated with incontinence. PROs are 

standardized instruments (questionnaires) completed by patients that measure symptoms, 

function, health status, and/or quality of life (5). Although PROs are not routinely collected in 

Canada, many academic leaders (6), as well as the Canadian Institute for Health Information 

(CIHI) (7) have a vision for their routine collection, noting the value of PROs in health system 

assessment, quality improvement, clinical practice (screening, diagnosis, monitoring), and 

facilitating patient/clinician decision making (8).   

The quality of existing PROs however, is variable. Some PROs are developed and 

evaluated using standard test development approaches, such as classical test theory/item response 
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theory. Others undergo limited evaluation, or there is little documentation to ascertain whether 

any evaluation was conducted (9,10). This variability in quality can foster skepticism among 

clinicians and academics regarding their validity and reliability. 

The purpose of this thesis is to conduct a rigorous evaluation of the ICIQ-UI-SF 

instrument to provide recommendations on use of this instrument in a population of patients with 

chronic urinary incontinence having surgery for their condition, its limitations, and areas for 

future inquiry.  

Following a review of the literature, data sources, and descriptive statistics, the thesis will 

comprise a series of analyses, each which investigates various psychometric properties of the 

ICIQ-UI-SF. These chapters are: confirmatory factor analysis (with principal component 

analysis), measures of reliability (classical test theory and McDonald’s coefficient), item 

response theory, and a supplemental investigation. By developing recommendations regarding 

the use of the ICIQ-UI-SF, this research will help improve outcomes measurement in the 

urological surgery patient population with chronic urinary incontinence, and assist clinicians in 

their selection of PROs by setting a standard for evaluation. 
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Chapter 2: Literature Review 

2.1 Urinary incontinence: risk factors, clinical assessment, and treatment 

Urinary incontinence (UI) can be classified as transient or chronic (11). Common causes of 

transient incontinence include: delirium, infection, atrophic vaginitis, psychological disorders, 

pharmaceuticals, excess urine output, restricted mobility, and stool impaction (12). Once the 

underlying causes are addressed, the incontinence may be reversible (13). Chronic forms of 

incontinence do not generally resolve without intervention. The three most common types of 

chronic incontinence are stress, urge, and mixed.  Stress incontinence is involuntary leakage due 

to exertion such as sneezing and coughing, often attributed to urethral hypermobility or sphincter 

weakness (14). Fifty percent of UI patients in Canada present with stress incontinence (4). Urge 

incontinence is involuntary urine leakage, paired or preceded by a sudden need to urinate that 

cannot be deferred. It represents 14% of UI patients (4), and is often caused by detrusor over-

activity—involuntary contractions during the filling phase resulting in incomplete bladder 

emptying (15). On average, stress incontinence is higher in women, urge incontinence is higher 

in men (16). Mixed incontinence includes aspects of both urge and stress incontinence, and 

represents 32% of UI patients in Canada (4).  

Other less common forms of incontinence include overflow, functional, and true. Overflow 

incontinence is typically a result of chronic bladder outflow obstruction, and occurs in men with 

prostatic diseases. Functional incontinence is where individuals are unable to reach the bathroom 

due to poor mobility or unfamiliar surroundings; it is not related to urinary system dysfunction.  

True incontinence is where urine leaks continuously (17).  

The initial evaluation of a patient presenting with UI includes: medical history, physical 

examinations, and treatment expectations. Regarding patients’ history, factors potentially 



 

 

4 

affecting UI include: review of storage/voiding, type and severity of incontinence, and degree to 

which it interferes with daily life. Presence of pain, hematuria, recurrent urinary tract infections, 

pelvic prolapse in women, previous pelvic radiation therapy, and suspected fistula are generally 

indications of other complications, and often result in consults with specialists (12). The physical 

examination includes: abdominal examination, cough stress test, pelvic examination in women 

and digital rectal examination in men. For both men and women, lifestyle factors associated with 

elevated probability of UI are smoking or high body mass index. Comorbidities positively 

associated with UI include Alzheimer’s disease, diabetes, hypertension, and obstructive sleep 

apnea (18–20). 

Treatment and management options for UI vary between men and women and the type of 

incontinence. For women with uncomplicated stress incontinence for example, mid-urethral 

slings, bulking agents, colposuspension, or compression devices may be used. For men with 

stress urinary incontinence, urethral bulking agents, male slings, and artificial urinary sphincters 

are the most common treatments (21). Management includes lifestyle advice (such as reducing 

caffeine intake, or exercising), pelvic floor muscle training, or scheduling voiding bladder 

training (12). While treatment efficacy is measured by clinical observations and urodynamic 

tests, considering the patient’s perspective on their quality of life is an important part of care 

planning and treatment (22), and is what gives rise to the use of PROs in clinical practice.   

2.2 Quality of life for patients with UI  

Based on existing literature, a number of domains of quality of life have been reported to 

be affected by UI: travel, social activities/recreation, emotional health, activities of daily living, 

and sexual function (23). In particular, those who experience shame and anxiety, limit their 

activities, and avoid social interaction, report lower quality of life (24–27). However, perceived 
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severity (28), age, type of incontinence, and social support systems often determine the degree to 

which these domains are affected. For example, patients with mixed and urge incontinence report 

lower quality of life, than those with stress UI (29). Across studies, age, type and severity of UI, 

body weight, psychological stress, and help seeking behaviour were consistently reported as 

statistically significant factors affecting quality of life. Ethnicity, economic status, symptoms, 

and perceived health status however were inconsistent across settings and studies (24).  

2.3 PROs used for UI 

PROs for UI serve many functions, from assisting diagnoses, measuring treatment 

outcomes, to assessing quality of life. For example, Vesia, the Alberta Bladder Centre, collects 

ICIQ-UI-SF for patients that present with lower urinary tract symptoms, and have used it for 

randomized controlled trials. In addition, the International Consortium for Health Outcomes 

Measurement (ICHOM) recommends the collection of various ICIQ modules for patients with 

overactive bladder. The ICIQ-UI-SF is also widely used in pre-post studies of UI interventions 

(30–32) and for determining the prevalence of UI across populations (33). See Appendix A for a 

list of other urinary incontinence PROs (12).  

2.4 Overview of PROs 

PROs can be generic or condition-specific. Generic PROs assess health broadly, and 

typically ask about an individual’s general health, pain, mobility, or mental health status. The 

benefit of generic PROs is that they can be used to compare health-related quality of life across 

sectors and disease categories. Furthermore, patients’ health states associated with a number of 

generic PROs can be equated with utility scores, the foundation for deriving Quality-Adjusted-

Life-Years (QALYs) for cost-utility analysis. Examples of popular generic PROs are the Short 
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Form-36 (SF-36), Health Utilities Index (HUI), and the EuroQol Five-dimensions – Three-Level  

(EQ-5D-3L); the SF-36 and EQ-5D-3L are the most widely used internationally (34).  

Condition-specific (or disease-specific) PROs are designed to assess outcomes unique to 

particular diseases or sectors of care, including the condition’s severity, symptoms, and 

burdensomeness. While these generally do not produce utility scores† they are more sensitive to 

detecting changes in a patient’s quality of life over time, or differences between groups of 

patients with the same condition (7). 

2.4.1 Criteria for selecting PROs 

Effectiveness, appropriateness, and feasibility (7) (see Table 2.1) are among factors to 

consider when selecting PROs. Effectiveness refers to whether evaluations of the PRO have been 

conducted using standard instrument validation criteria such as validity, reliability, and 

responsiveness. Validity is the extent to which an instrument measures the construct of interest, 

and supports the interpretations of scores for a given purpose (35,36). Reliability is a measure of 

consistency, i.e., a reliable measure would produce similar results across applications or time, if 

measuring the same construct (36). Responsiveness is the extent to which an instrument detects 

change in an outcome (35). A more detailed description of these validation criteria can be found 

in the subsequent sections. Appropriateness includes considering the type of instrument (generic 

or condition-specific), or ensuring it provides information salient to stakeholders (such as health-

utility values). One may consider patient perspectives regarding appropriateness as well (such as 

careful wording of sensitive questions, clarity on purpose of collection, etc.). Feasibility 

                                                 

† While condition-specific instruments seldom produce utility values, in some cases it is possible to convert data 

from a condition-specific instrument to one that does produce utility values. This data conversion from one 

instrument to another is called ‘mapping’. 
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considerations include cost (if they are proprietary), time requirements, and mode of 

administration (electronic or paper surveys) (7). 

Table 2.1 Common questions considered when selecting PROs 

Effectiveness 

 Have psychometric properties (validity, reliability, and responsiveness) been assessed? 

 Has it been successfully implemented in a similar context? 

Appropriateness 

 Is a generic or condition-specific instrument more appropriate for the target population? 

 What languages are available? Does the reading level required match the target 

population? 

 What information are the stakeholders interested in? 

 If informing cost-utility analysis, are health utility values available for the instrument? 

Feasibility 

 Is the instrument proprietary or open-access? 

 How is it administered (telephone, paper, online)? 

 What are the time requirements for completion? 

 

2.5 Development of the ICIQ-UI-SF instrument 

The International Consultation on Incontinence Questionnaire Short-Form (ICIQ-UI-SF) 

was developed in 1998, sponsored by the World Health Organization. The instrument’s 

development was iterative, involving International Consultation on Incontinence experts and 63 

urology clinic attendees in the UK, to ensure the questionnaire was easily interpretable and 

reflected salient areas (‘domains’) of incontinence such as symptom severity and interference 

with daily life. This resulted in a developmental version of the instrument (dICIQ), which 

assessed the following: frequency of leakage, how bothersome leakage is, frequency of 

protection use, usual amount of leakage, worst amount of leakage, interference with everyday 

life, social life, sex life, and overall quality of life. Principal factor analysis—an item reduction 

technique—and the analysis of validity, reliability, and responsiveness were used to devise the 

resultant instrument (37). Details on the factor analysis were not provided/published. 
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 For a summary of the ICIQ-UI-SF instrument derived from the above process, see Table 

2.2, and Appendix B. The instrument contains four items (questions) and can be generally 

completed in a couple of minutes. The first three items are scored and then summed to produce a 

total score, ranging from 0 to 21. A higher ICIQ-UI-SF score indicates higher frequency, 

severity, and impact of UI on UI-related quality of life. The first item has 6 response categories, 

and is scored from 0 to 5. The second item has 4 response categories, scored 0, 2, 4, or 6. The 

last item has 11 response categories and is scored from 0 to 10. All items have the same 

directionality, meaning that for each item, a higher score indicates higher symptom burden. The 

last item is a diagnostic item to assess the perceived cause of incontinence. This item was 

included upon the request of clinicians and is not used for scoring.   

Due to the instrument’s brevity, items have low levels of missing data. The instrument 

has been reportedly used for: screening for incontinence, summarizing perceived causes of UI, 

and facilitating discussions between patients and clinicians. Incontinence within the 

questionnaire is defined as “minimum leakage of ‘about once a week or less often’ in items 

assessing ‘amount of leakage’” (37). Additional modules to the ICIQ-UI-SF exist, including: 

quality of life (ICIQ-UIqol), sexual matters for males (ICIQ-MLUTSsex) or females (ICIQ-

FLUTSsex), or treatment satisfaction (ICIQ-S*) (38). 
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Table 2.2 Summary of the International Consultation on Incontinence Questionnaire Short-Form 

 

Purpose 
 Screening for incontinence 

 Summary of impact and perceived cause of symptoms 

 Facilitate patient-clinician discussions 

Number of items  4 

 

Question items 
 Frequency of urinary incontinence 

 Amount of leakage 

 Overall impact of urinary incontinence 

 Self-diagnostic item 

Scoring  0-21 (higher score, increased severity/burdensomeness) 

Completion time  Few minutes 

 

Languages available 
 Afrikaans; Arabic; Australian-English; Brazilian-Portuguese; 

Bulgarian; Czech; Danish; Dutch; Estonian; Finnish; French; 

German; Greek; Hungarian; Icelandic; Italian; Japanese; New 

Zealand-English; Norwegian; Polish; Romanian; Russian; 

Slovakian; South African-English; Spanish; Swedish; Turkish; 

Ukrainian; UK-English; US-English 

Additional modules 

 Quality of life (ICIQ-UIqol) 

 Sexual matters for males (ICIQ-MLUTSsex) 

 Sexual matters for females (ICIQ-FLUTSsex) 

 Treatment satisfaction (ICIQ-S*) 

 

2.5.1 Psychometric analysis of the ICIQ-UI-SF 

The International Continence Society’s Consultation on Incontinence awarded the ICIQ-

UI-SF instrument a ‘Grade A’ status (39) for assessing symptoms and quality of life, using the 

standard evaluation criteria (validity, reliability, and responsiveness). The most robust evaluation 

of the English language ICIQ-UI-SF was conducted in a study by Avery et al. (37), however a 

number of other studies have examined psychometric properties of translated ICIQ-UI-SF 

questionnaires. Table 2.3, Table 2.4, and Table 2.5 summarize the findings of these validation 

studies; Table 2.6 summarizes each study’s sample characteristics.   
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Table 2.3 Summary of ICIQ-UI-SF validation studies – validity  

Study Content Validity Construct Validity Convergence Validity 

Avery et al. 

(2004) 

1-2% missing 

data  

Discriminates by: 

Age (p < 0.001);  

Sex (p < 0.001);  

Type of UI (p < 0.001) 

Moderate/Strong agreement 

with: 
Bristol Female Lower Urinary 

Tract Symptoms (rs= 0.53-0.86) 

 

Weak/moderate agreement with: 

ICSmale SF (rs= 0.24-0.58) 

Hashim et al. 

(2006) 

< 1% missing 

data  

Discriminates by: 

Type of UI by sex  

(p < 0.0001); 

Severity by type UI  

(p < 0.0001) 

Strong agreement with: 

Urodynamic test (rp= 0.82) 

Espuña et al. 

(2007) 

2.59% missing 

data  
- 

Moderately strong agreement 

with:  
Urodynamic test (rp= 0.6) 

Pereira et al. 

(2010) 
- 

Discriminates by: 

Type of UI  

(p < 0.0001); 

Level of education  

(p < 0.0001); 

Income (p < 0.0001) 

Moderate to strong agreement 

with:  

King's Health Questionnaire 

(rs= 0.44-0.77) 

 
Table 2.4 Summary of ICIQ-UI-SF validation studies – reliability  

 

Study Stability Internal Consistency 

Avery et al. (2004) Items 1, 2, 4 κ = 0.68-0.90; Item 3: κ = 0.58 α = 0.95 

Hashim et al. (2006) All items κ = 0.85 α = 0.71 

Pereira et al. (2010) All items κ = 0.72-0.75; rp= 0.89 α = 0.88 

 

  



 

 

11 

Table 2.5 Summary of ICIQ-UI-SF validation studies – responsiveness 

Study Responsiveness 

Avery et al. (2004) 
Mean patient scores improved on items 1, 2, 4 (p < 0.001) following 

conservative management and treatment for both males and females. 

Espuña et al. (2005) Post-treatment decrease in scores (p < 0.0005). 

Hashim et al. (2006) 

Decrease in percentage of patients reporting symptoms post-treatment (p 

< 0.0001 for all). Mean patient scores improved following post-

treatment, from 12.6 to 6.8 (p < 0.0001). 

Seckiner et al. (2007) 

Differences in post-treatment parameters including first sensations of 

bladder filling, cystometric capacity, maximum detrusor pressure, and 

compliance (p < 0.01). Mean patient scores improved post-treatment, 

(13.9 to 9.4).  
 

Table 2.6 Sample characteristics of ICIQ-UI-SF validation studies 

Study N Sex Age Notes 

  
 

F 

 

M 

Median/

Mean 

 

Range 
 

Avery et al. (2004) 469 324 145 57.2 23.4-101.3 

Patients recruited through 

Bristol clinic, Leicester 

community, and Bristol 

community clinic.  

Sub-sample      

Convergent val. (BFLUTS) 118 118 0 57.7 24.4-88.3 

Convergent val. 

(ICSmaleSF) 
27 0 27 58.6 23.6-82.6 

Stability (test-retest)  144 121 23 58.1 24.5-90.9 

 

Espuña et al. (2005) 
71 71    

Women with stress UI treated 

with tension free vaginal tape 

Hashim et al. (2006)      
Patients attending urology 

clinics at 2 teaching hospitals 

(one in Egypt, other in Syria) 

with varying degrees of UI 

Sub-sample           

Content and construct 131 87 44 37.8 18-73 

Stability/internal consist. 102 68 34 37.7 17-73 

Sensitivity  53 35 18 37.2 16-73 

Espuña et al. (2007) 116 116   54 
13.99 

(SD) 
- 

Seckiner et al. (2007) 60 42 18 49.8 28-70 

Patients with varying degrees 

of UI referred to the 

Department of Urology at 

Zonguldak Karaelmas 

University, Turkey 

Pereira et al. (2010) 123 94 29 53 (med) 16-86 

Married (68.3%), working 

(41.5%), income equal to 4 

monthly minimum wages 

(48%), illiterate (17.9%), UI 

for > 1 year (83.7%) 
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2.5.1.1 Validity 

Validity concerns whether the construct of interest is indeed being measured, or more 

formally, whether the construct of interest is the source of item covariation of an instrument (40). 

Three commonly assessed forms of validity are content, construct, and convergence validity 

(Table 2.7); these were explored in four ICIQ-UI-SF studies (37,41–43). Content validity refers 

to how the elements of an instrument represent the construct one is attempting to measure (44).  

Content validity would be present if an instrument contained a random subset of the universe of 

applicable items (40). While exhaustive lists of these items are not often available, the 

assessment of content validity usually involves interviews with subject area experts who can 

speak to whether salient domains are represented in the instrument.  In the development of the 

ICIQ-UI-SF instrument, clinicians and social scientists concluded the instrument was easily 

interpretable and covered relevant domains including frequency and amount of leakage, as well 

as impact on daily life (37). Many of the evaluation studies also reported the levels of missing 

data (ranging from 1.00% to 2.59% (37,41,42))  in their  assessment of content validity as a 

proxy for the acceptability of items. 

Construct validity refers to the relationships between items or instrument scores and other 

variables/underlying theories—it is the degree to which the instrument ‘behaves’ the way 

existing research would suggest. In this regard, the ICIQ-UI-SF has been reported to discriminate 

between types of incontinence in men and women (37,41,43), and severity (41).  

Convergence validity refers to the degree that measures of a construct, which are 

theoretically related, are in fact related. With no ‘gold standard’, the relationship between the 

ICIQ-UI-SF and other UI instruments was assessed using Spearman’s rank correlation. 

Agreement with the Bristol Female Lower Urinary Tract Symptoms (BFLUTS) on items 
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measuring ‘frequency’ and ‘usual amount’ of leakage ranged from moderate (rs= 0.53) to strong 

(rs= 0.86) (37). Agreement with the ICSmale short form (ICSmaleSF) assessing perceived cause 

of incontinence was weak (rs= 0.24) to moderate (rs= 0.58) (37). Agreement with King’s Health 

Questionnaire ranged from weak to moderate (rs= 0.44-0.77) (43). Agreement with urodynamic 

tests was moderate (rs= 0.6) (42).  

Table 2.7 Types of validity  

Type Definition 

Content 

Refers to how the elements of an instrument represent the 

construct one is attempting to measure. The assessment usually 

involves interviews with subject area experts.  

Construct 

Refers to the relationships between items or instrument scores and 

other variables/underlying theories. For example if based on 

theory UI is positively related with variables A and B, then an 

instrument measuring UI should demonstrate the same 

relationships to measures of A and B.  

Convergence 

Refers to the degree that measures of a construct, which are 

theoretically related, are in fact related. Absent gold standard 

measures, it is often observed by correlating responses from one 

instrument to another one measuring the same construct.  

 

2.5.1.2 Reliability 

The conceptualization and operationalization of reliability varies based on the type of 

analysis one is conducting, however, in this thesis, reliability is the extent that an instrument’s 

items are without measurement error (35), thus yielding results in a reproducible and consistent 

manner (45). Within Classical Test Theory, there are four main measures of reliability: test-

retest, parallel forms, inter-rater, and internal consistency (36), are summarized in Table 2.8.   
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Table 2.8 Approaches to reliability 

Type Definition 

Test-retest 

Typically computes correlation between two administrations of the 

same test over a period of time where one would not expect a 

change. 

Parallel forms Correlation between sets of items measuring the same construct 

Inter-rater 

Only relevant if raters are involved in the assessment (uncommon 

for PROs). Typically measured by Cohen's Kappa or intraclass 

correlation coefficient. 

Internal consistency  

Assesses whether test tries to measure same general construct—

measured based on correlations between different questions of the 

same test. Typically measured by Cronbach's alpha or McDonald's 

coefficient. 

 

Test-retest reliability refers to the stability of responses over a given period where one would not 

expect them to change (36). This was calculated by the percentage agreement between test/retest 

scores, and weighted Kappa statistics. In the primary study’s development of the ICIQ-UI-SF, 

agreement was ‘good’ to ‘very good’ for all items (κ= 0.68-0.90) except ‘overall quality of life’, 

which had moderate agreement (κ= 0.58) (37). In other studies, reliability was reported as 

κ=0.85 (41), and κ= 0.72 to 0.75 (43). The internal consistency refers to the correlation between 

instrument items. Cronbach’s alpha for all studies was moderate to very high, from α = 0.71 (41), 

α = 0.88 (43), to α = 0.95 (37), all indicating some redundancy and internal consistency.  

1 
2.5.1.3 Responsiveness 

Responsiveness refers to an instrument’s ability to detect changes in an outcome over 

time (46). A number of studies have reported statistically significant differences between 

patient’s ICIQ-UI-SF pre- and post-intervention score (37,41). For example, women with stress 

UI who were treated with tension free vaginal tape observed post-treatment differences in their 

scores (p < 0.005) (47). Among a cohort of patients receiving antimuscarinic therapy, their mean 

scores decreased from 13.9 (±3.7) to 9.4 (±2.9) (48).  
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2.5.2 Other ICIQ-UI-SF studies and applications 

In addition to the literature investigating the instrument’s psychometric properties, other 

studies of the ICIQ-UI-SF were conducted that provide insight into the applicability of the 

instrument.  

2.5.2.1 Mode of administration 

One study examined whether the mode of questionnaire administration affects the results. 

It was found that there is no difference between patients completing the questionnaire alone, or 

through a physician interview. While only women were included in this study, it is a preliminary 

insight into the survey’s reliability (27). 

2.5.2.2 Severity thresholds 

One study compared the ICIQ-UI-SF to the Incontinence Severity Index (ISI), a validated 

instrument that produces severity categorizations (slight, moderate, severe, and very severe) for 

incontinence; it does not assess quality of life (49). A cross-sectional online study of 1,812 

Norwegian women was used. The four severity categories of the ISI were plotted against the 

ICIQ-UI-SF total scores (with and without the quality of life domain question) and evaluated by 

Spearman’s rank correlation. Strong and statistically significant correlations (p < 0.01) were 

found between the ISI severity categories and the ICIQ-UI-SF scores both with the quality of life 

question (rs= 0.62) and without (rs=0.71). The proposed severity categories for the ICIQ-UI-SF 

were: slight (1-5), moderate (6-12), severe (13-18), and very severe (19-21). While this study’s 

average responder was much younger than the average age of those with incontinence, and there 

was limited power in the ‘very severe’ category, this was the first study to try and develop this 

categorization, which may be useful for observing improvement/decline within patients.  
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2.5.2.3 Diagnostic item 

Many studies, particularly pre/post design studies, use the diagnostic item to classify the 

study population (Table 2.9). The question asks: “when does urine leak”, and respondents tick all 

that apply. One study found that the combination of stress test and UI had good predictive value 

and recommends the use of ICIQ-UI-SF for diagnoses in combination with urodynamic tests 

(50). Another recent study used the ICIQ-UI-SF to determine the prevalence of urinary 

incontinence across France, and analyzed how the estimates varied based on the survey design 

and definition of incontinence, and the diagnostic item of the ICIQ-UI-SF was used (33).  

However, the ICIQ Development group did not provide official guidelines for how to use the 

diagnostic item. 

Table 2.9 Diagnostic item  

1 ☐ Never – urine does not leak 

2 ☐ Leaks before you can get to the toilet 

  Leaks when you cough or sneeze 

4 ☐ Leaks when you are asleep 

  Leaks when you are physically active/exercising 

6 ☐ Leaks when you have finished urinating and are dressed 

7 ☐ Leaks for no obvious reason 

8 ☐ Leaks all the time  

 

2.5.2.4 The Minimally Clinically Important Difference (MCID) 

The Minimally Clinically Important Difference (MCID) estimates the change in an 

instrument’s score associated with a patient’s subjective experience of improvement (51). One 

study used data from the Trial of Midurethral Slings, and was applied to women with stress 

urinary incontinence.  The MCID was determined by calculating the difference between mean 

ICIQ-UI-SF scores for individuals with the smallest improvement, and those with no change. It 
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was found that for surgical patients with stress incontinence, a decrease in 5 points at 12 months, 

and 4 points at 24 months is considered clinically meaningful.  
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Chapter 3: Study Purpose and Rationale 

The purpose of this study is to evaluate the ICIQ-UI-SF to provide recommendations on 

the use of this instrument in a surgical population, its limitations, and areas for future inquiry. 

The instruments’ brevity, coupled with its popularity should not dismiss the need for evaluation, 

for two main reasons. The first reason is a practical one: precisely because it is a popular 

instrument, it is important that its psychometric properties are commensurate with the way the 

instrument is used. Facilitating patient-clinician decisions requires a much lower confidence in 

the ICIQ-UI-SF’s validity/reliability than surgical triage for example. The second reason is 

rooted in the evolving nature of measurement science, and that validation is not a discrete event, 

but rather an ongoing process, where “one amasses an evidential and consequential basis for the 

two main functions of test interpretation and test use” (52). Some of the knowledge gaps, which 

are salient to both interpretation and use, are described below.  

3.1 Knowledge gaps and areas for future research  

The first gap is the scarcity of information regarding the instrument’s dimensionality. 

Although the primary study (37) did undergo factor analysis and claimed to find an ‘underlying 

factor’ for the instrument, foundational publications on this instrument did not report what the 

underlying factor (‘latent variable’) is, nor information about the item reduction decisions 

(37,49). Testing whether one factor underlies the ICIQ-UI-SF, and if not, understanding what 

factor(s) underlie the instrument, is fundamental to both the interpretation of the psychometric 

analyses, but also the proper application of the instrument.  

The second gap relates to the methods used to assess reliability at the instrument level. To 

date only Cronbach’s alpha and kappa statistics have been used as measures of reliability.  

However reliability values derived from past studies have ranged dramatically which can signal a 
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number of issues: the assumptions required for calculating the reliability statistics were violated 

or the samples upon which the statistics were calculated are qualitatively different across studies. 

The third gap relates to item level characteristics, which have not been investigated. Item 

response theory is one analytical tool that provides an avenue to assess item level characteristics, 

and is not sample dependent, offering a complement to the existing body of evidence.  

The fourth gap relates to differential item functioning (DIF), a potential source of bias. 

DIF occurs when two groups (e.g. men and women) who are otherwise equal on a trait (e.g. 

‘incontinence burden’) have different probabilities of endorsing an item (such as a score of ‘10’ 

on the item which asks how much incontinence interferes with their life). The ICIQ-UI-SF has 

not been assessed for differential item functioning.  

The fifth gap is presence of ceiling and/or floor effects. Evaluating items/instruments for 

ceiling effects is particularly salient in the surgical population, as their burden is much higher 

and so responses will be concentrated at the extreme. Ceiling effects will have implications on 

calculating responsiveness (sensitivity to change) and the minimally clinically important 

difference (53). A number of studies have evaluated the instrument for responsiveness 

(37,39,41,47,48); however these measures may not be meaningful without exploration of ceiling 

effects.  

The sixth gap is the missing case definitions for types of incontinence based on the 

diagnostic item. While this does not fall under the psychometric evaluation, to ensure some 

uniformity in the application of this instrument, creating a taxonomy for types of incontinence 

may provide value to clinicians.    

Finally, psychometric evaluations of this instrument were not conducted on such a 

clinically homogenous sample, with such high incontinence burden. As such, it is unclear 
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whether the ICIQ-UI-SF is appropriate in this context. Furthermore, while the instrument is 

described as intended for screening for incontinence, summarizing impact/perceived cause, and 

patient-clinician discussions, this may not be true for all types of incontinence, interventions, etc.  

3.2 Analytical strategy  

To address some of the knowledge gaps listed above, this study applied a number of 

analyses to examine the following:  

 Response patterns (distributions, skew, floor and ceiling effects) 

 Dimensionality  

 Reliability using Classical Test Theory and Item Response Theory perspective 

 Differential item functioning for high/low socioeconomic status 

 Mapping of ICIQ-UI-SF severity categories to other instruments  

The analyses will be organized into the following chapters: descriptive statistics, 

confirmatory factor analysis (with principal component analysis for comparison), measures of 

reliability (classical test theory and McDonald’s coefficient), item response theory, and a 

supplemental investigation. Each will have an overview of the method, the application to this 

study sample, and discussion of the limitations and implications on the ICIQ-UI-SF instrument. 

Table 3.1 summarizes the analyses included in this study, and their purpose.   
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Table 3.1 Summary of analyses 

Analysis Purpose 

Descriptive statistics  Understand response pattern (e.g. skew), floor/ceiling effects 

Confirmatory factor analysis,  

Principal component analysis  

 Confirm whether ICIQ-UI-SF is unidimensional 

 Compare result with other method 

Cronbach’s alpha  Calculate a measure of reliability  

McDonald’s coefficient   Calculate an alternative measure of reliability 

Item response theory  Investigate item level characteristics 

Differential item functioning  Investigate response patterns by low/high SES 

Mapping of severity categories  Preliminary investigation of potential application 
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Chapter 4: Data  

4.1 Data sources 

This study uses primary data from the Value and Limitations in Hospital Utilization and 

Expenditures (VALHUE) project, which is a partnership between Vancouver Coastal Health 

(VCH), Providence Health Care (PHC), and the University of British Columbia (UBC). 

VALHUE collects and analyzes PROs from a sample of elective surgery patients in the VCH 

region, assessing whether health-related quality of life, pain, and mental health status change as 

patients wait for surgery, and following surgery. Data collection has been ongoing since 

September 2012. This project was approved by the UBC BREB (approval number: H12-02062). 

4.2 Data collection 

Patients in this study have consented to surgical treatment of their chronic UI. Recruitment 

of patients begins with a phone call by Vancouver Coastal Health. Two telephone recruitment 

attempts are made during regular working hours. Patients that are not successfully contacted are 

cold mailed a survey invitation. Patients who express willingness to complete PROs are given 

the option of completing surveys online or by mail. Mailed surveys are sent back to VCH where 

data entry clerks input the information (54). Two reminder emails are sent to those participating 

through the web-based system, and reminder calls are made to those who opt for mailed surveys.  

Each email or survey package includes details about the study, and a survey package 

containing generic instruments, the EuroQol EQ-5D-3L with Visual Analogue Scale (VAS) 

survey, along with a condition-specific instrument. Patients waiting for urological surgery 

receive the ICIQ-UI-SF condition-specific instrument.   

The EQ-5D-3L contains five items, and measures the dimensions of mobility, self-care, 

usual activities, pain/discomfort, and anxiety/depression (55). Patients score each item on three 
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levels: no problem, some problems, and severe problems. Utility scores, based on a random 

sample of Canadians, are available for all of the instrument’s possible health states. Utility scores 

represent preferences for different health states (56). The values range from -0.34 (worse than 

death) to 1 (perfect health) (57). The EQ-5D-3L also includes a visual analogue scale (VAS) 

ranging from 0 (“the worst health you can imagine”) to 100 (“the best health you can imagine”).   

4.3 Study sample construction 

Patients undergoing procedures for UI were identified by their diagnostic codes reported 

in the VCH’s Operating Room Management Information System (ORMIS). The ORMIS system 

is used for the scheduling, documentation, and tracking of surgical cases. Patients in this study 

were waitlisted for two main types of surgeries: insertion/removal of an artificial sphincter, or 

insertion of urethral sling. The corresponding ORMIS codes for insertion of an artificial 

sphincter are ‘37230’ or ‘UR0093’, and insertion of urethral sling are ‘39108’, ‘URO0092’, or 

‘URO080’. Those undergoing removal of an artificial sphincter (‘39109’, ‘URO044’) were 

excluded as surgery is performed due to infection/complications, rather than treatment for UI. 

These procedures are typically performed on males with moderate to severe stress urinary 

incontinence. For patients who completed multiple surveys prior to surgery, only the first survey 

was used (baseline); most patients who completed multiple baselines were undergoing follow up 

surgeries. For clinical homogeneity, only those undergoing initial treatment for UI were 

included, namely, insertion of an artificial sphincter or urethral sling. 

Demographic variables retained for this analysis included age, sex, and deprivation index. 

In this study of the ICIQ-UI-SF, only men received the instrument. Women who presented with 

stress incontinence, on average, were waitlisted for treatment of various pelvic floor disorders, 

and were administered a separate instrument that assesses symptom severity specific to this 
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condition, as well as incontinence related questions. The deprivation index is a neighborhood-

level indicator of socioeconomic status (SES). It is determined by linking a patient’s contact 

address with a deprivation index that was created at the level of Dissemination Areas in British 

Columba. It is a composite measure integrating community level information such as highest 

educational achievement, unemployment, income, and housing. It is presented as quintiles, with 

the first quintile representing the 20% with highest SES, and the fifth quintile representing the 

20% with lowest SES (58). The clinical variable retained was the diagnosis, determined by the 

ORMIS system. 
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Chapter 5: Descriptive Statistics 

5.1 Demographics 

Between September 2012 and August 2016, 196 ICIQ-UI-SF were returned from men 

waiting for either insertion/removal of an artificial sphincter, or insertion of a urethral sling.  The 

response rate of patients waiting for the indicated surgeries was 64.5%. This reflects those that 

agreed to participate, as well as those who were cold mailed the instruments. In accordance with 

past studies, missing data was not an issue in this analysis of ICIQ-UI-SF data (37,41,42). The 

rate of missing data was 1.0%. Thus, a complete case analysis was used, and it was not expected 

excluding approximately one percent of patients would bias the findings. Applying the exclusion 

criteria above, this study was based on 177 patients.   

The average age of patients was 68.8, and 31.1% were characterized by being in lowest or 

second lowest SES quintile (Table 5.1). 8.5% of SES indicators were missing, which could be 

attributable to: new housing developments not yet assigned an SES indicator, living on reserve, 

homeless, or out-of-province. Just over half (53.1%) of patients were waiting for insertion of 

urethral sling.  
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Table 5.1 Sample characteristics 

Age 

 Mean  68.86 

 Standard deviation  8.71 

Range   21-87 

SES 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 

 Missing 15 8.47 

Surgery Type N % 

 Urethral sling 94 53.11 

 Artificial sphincter 83 46.89 

UI Severity N % 

 Slight 1 0.56 

 Moderate 36 20.34 

 Severe 85 48.02 

 Very severe 55 31.07 

 

 The average general health utility value was 0.8, and just the VAS was 73.3. Of the 177 

patients in this sample, the rate of missing data for the EQ-5D-3L was 2.6%, and 3.4% for the 

VAS (Table 5.2).  

Table 5.2 Responses to PROs 

General Health: EQ-5D-3L Utility value 

Mean  0.79 

 Standard deviation  0.16 

 Range 0.24-1.00 

General Health: VAS   

Mean  73.25 

 Standard deviation  17.51 

 Range 20.00-100.00 
Given some missing responses, the samples for each reported outcome are:  

EQ-5D-3L (N=173), VAS (N=171) 
 

5.2 ICIQ-UI-SF response summary statistics  

The distribution of ICIQ-UI-SF total scores was left skewed. The mean score was 15.9 

(SD: 3.9), with a range of 3 to 21 (Figure 5.1). Note that if an individual answered 0 for either of 
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the first two questions, they were not classified incontinent; this did not occur in the sample not 

unexpectedly since these patients were proceeding with surgical treatment for UI. Distributions 

of item responses can be found in Figure 5.2, Figure 5.3, and Figure 5.4. Responses to items 1, 2, 

and 3 were also left skewed although there was variability in responses.  
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Figure 5.1 Distribution of total ICIQ-UI-SF 

scores 

Figure 5.2 Distribution of item 1 responses: “how 

often do you leak urine?” 

 
 

 

Mean, SD: 15.86, 3.94 

Range: 3-21 

 

 
 

 

Mean, SD: 4.51, 0.62 

Range: 1-5 

Figure 5.3 Distribution of item 2 responses: “how 

much urine do you usually leak?” 

Figure 5.4 Distribution of item 3 responses: 

“overall, how much does leaking urine interfere 

with your everyday life?” 

 
 

Mean, SD: 4.54, 1.47 

Range: 2-6 

 
 

Mean, SD: 6.81, 2.90 

Range: 0-10 
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5.3 Floor and ceiling effects 

Instruments that are ‘too difficult’ or ‘too easy’ may exhibit floor or ceiling effects, 

respectively. If the items of an instrument are too difficult, respondents will score near the 

minimum. The analogue, a ceiling effect, occurs when items are ‘too easy’. If most respondents 

score near the maximum, there is little variance in responses, and so little information about 

respondents is revealed. For the ICIQ-UI-SF, if across levels of UI burden, most of the sample 

scored near the maximum, a ceiling effect would be present. 

There are no defined quantitative tools for ascertaining floor or ceiling effects, however 

visually observing skewedness, or the percentage of extreme score values is a useful indication 

of the presence of either. Some studies of PROs have used the criterion that if greater than 15% 

of respondents achieved the lowest score (ICIQ-UI-SF: 0/21) or highest score (ICIQ-UI-SF: 

21/21), this distribution could be evidence of a floor or ceiling effect, respectively (59). For the 

ICIQ-UI-SF, a score of 3/21 was used—since a score of 0/21 implies the individual does not 

have UI, a value which would be unexpected in this study’s sample. This score is associated with 

an individual leaking a small amount of urine about once a week or less often and this leakage is 

not reported to interfere with their lives. For ceiling effects, the percentage of respondents who 

scored 21/21 was reported. 

Regarding floor effects, 0.56% scored 3/21. Furthermore, 10.73% of respondents scored 

10/21 or below, which using this criterion suggests there is no floor effect. Regarding ceiling 

effects, 14.69% scored 21/21, which can be interpreted as a ceiling effect. This suggests 

individuals may have scored higher if the instrument allowed them to do so.  
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5.4 Correlations between items  

For a cursory exploration of the relationships between items, both Pearson and Spearman 

correlations were calculated. This demonstrated that item pairs 1 and 2 (rp= 0.50, rs= 0.55) were 

much more strongly correlated than item pairs 1 and 3 (rp= 0.28, rs= 0.31), and item pairs 2 and 3 

(rp= 0.30, rs= 0.30).  

5.4.1 Summary 

The response distributions demonstrated skewing, which when applicable, required 

application of methods robust to skewedness. Ceiling effects were detected at the instrument 

level, which hints that there may be less information revealed at high levels of UI burden. The 

computed correlations provided early evidence that item 3 would not be interchangeable with 

items 1 or 2, may be less related to the construct of UI Burden, or that more than one construct is 

being measured by the ICIQ-UI-SF.  
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Chapter 6: Confirmatory Factor Analysis  

6.1 An overview of confirmatory factor analysis 

Factor analysis encompasses a collection of methods that test how constructs influence 

responses on a number of measured items. The two types of factor analysis are: exploratory 

factor analysis (EFA)—which involves discovering the number and nature of constructs 

influencing responses, and confirmatory factor analysis (CFA)—which involves testing 

hypotheses about the relationships between the constructs and responses (40,60). EFA is 

hypothesis exploring; CFA is hypothesis testing. These hypotheses are informed by theory or 

previous study results (40). For example, if previous studies indicated that ‘sadness’, 

‘withdrawal’, and ‘lost sleep’ were strong predictors of depression, there is evidence to support 

that an instrument containing questions about each of these symptoms, measures one underlying 

construct: depression.  

The primary study reported that the ICIQ-UI-SF has one underlying construct. Because 

the items address severity and interference, both elements that contribute to disease burden 

and/or quality of life (26), the underlying construct was defined as “UI burden”.  

A one-factor model was applied to this data. It specifies that a single construct (UI burden) 

is the underlying cause of responses to the three ICIQ-UI-SF items. This model is summarized 

visually through the path diagram in Figure 6.1.  

Figure 6.1 One-factor path diagram for ICIQ-UI-SF 
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The underlying factor, termed theta (θ) underlies the observed responses to the three 

ICIQ-UI-SF items (X1, X1, and X3). Because they are related through the factor, UI burden, it 

assumes these three items are correlated. The lambdas (λi1) are factor loadings. They are a 

measure of association between each item and the θ. Items measuring a similar construct should 

exhibit similar factor loadings; this can be tested in CFA.  

 The purpose of this CFA was to confirm whether there is evidence supporting one 

underlying factor for the ICIQ-UI-SF, as suggested by the developers (37). 

6.2 Methods – confirmatory factor analysis  

The first assumption to proceed with a CFA includes a relatively large sample; it is 

recommended there are at least 15 participants per item. The second assumption is that there is 

indication that at least 1 factor explains the observed variation in the data; this can be 

investigated through inter-item correlations (≥ 30) (61). The third assumption is multivariate 

normality. The last assumption, or requirement, is that at least 3 items are being modeled 

otherwise the model is under-identified (61). The parameters in the CFA can only be estimated 

when the number of freely estimated parameters (factor loadings and corresponding errors) does 

not exceed the input matrix. This is why at least 3 items are required for CFA. This will produce 

a ‘just-identified’ model where the parameter estimates will perfectly fit the data (61).   

The Robust Maximum Likelihood method was chosen for this CFA is because it is robust 

to the violation of the normality assumption (62). In this model all item responses were treated as 

continuous. However, since only up to 10 response levels could be supported, the bottom two 

responses options (0 and 1) were combined. These had low counts and it was not expected this 

would bias findings. For sensitivity, the model was run treating all data as categorical, and also 

run one whereby the first two items were categorical and the last continuous (which is how the 
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instrument is structured). Wald Tests were applied to test whether factor loadings across the 

items are equal.  Here the null hypothesis is that the parameters of item 1 = item 2 and that item 1 

= item 3.  

In just-identified models, goodness of fit statistics cannot be computed because they 

exhibit ‘perfect fit’. This analysis was conducted in MPlus (63).  

6.3 Results – confirmatory factor analysis 

Assumptions to proceed with the analysis were met, and the Robust Maximum Likelihood 

was applied to address the violations to normality. All three iterations of analyses produced 

similar results; and indicated that factor loadings for items 1 and 2 were much more similar than 

item 3. For item 3, only 17% of the variance was attributable to the latent construct ‘UI burden’. 

The Wald Test value was 17.4, with a p-value of 0.0002. This provides strong evidence against 

the null hypothesis that parameters of items 1 and 2 are equal to the parameters of item 3 (Table 

6.1).  

Table 6.1 CFA factor loadings – all continuous 

 Factor 

Loading 

R2 Standard 

Error 

P-Value 

Item 1 0.689       0.475 0.104       0.0001 

Item 2 0.732       0.536 0.105       0.0001 

Item 3 0.412       0.170 0.092       0.0001 

 

6.4 Interpretations – confirmatory factor analysis 

While this CFA could not test model fit, the factor loadings revealed that two possible 

factors underlie the model. Items 1 and 2 are similar in that they measure symptom severity, and 

item 3 measures interference.  However with so few items, it is not possible to test a two-factor 
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model. This analysis also indicates that the first two items explain most variance. This also 

provides evidence contrary to the primary study that one factor underlies the ICIQ-UI-SF.  

6.5 Follow-up investigation – principal component analysis  

As a comparative exercise, principal component analysis (PCA) was included. Factor 

analysis is a measurement model of a latent variable (such as “UI burden”) and it does so by 

accounting for (co)variances among the measured items. PCA conversely produces composite 

variables that account for a combination of common and random error. Thus when wanting to 

explain as much variance as possible, PCA should be favoured; if wanting to understand the 

source of common variance, factor analysis should be pursued (64). Given the CFA model was 

just-identified, and model fit could not be assessed, the PCA was included as a complementary 

assessment of dimensionality‡. Principal component analysis, while primarily a technique for 

data reduction, can also be used for identifying dimensions.  

PCA is conducted on a matrix of Pearson correlation coefficients§, and thus should meet 

the assumptions for that statistic. This includes: interval-level measurement, random sampling, 

linearity, and normality (65). The method is robust to violations of normality with large sample 

sizes. Running the PCA involved the following steps (65,66):  

1. Checking assumptions/sample size adequacy  

2. Computing the correlation matrix 

3. Extracting a full components solution  

4. Applying decision criteria to select the number of components 

                                                 

‡ It is recognized that a measurement theoretical framework would suggest PCA should be used when data reduction 

is the goal; when exploring factor structure, factor analysis should be favoured (64).  
§ The computational difference between factor analysis and principal component analysis is minor. Factor analysis 

uses communality estimates along the main diagonal of the correlation matrix, rather than unities, which are used for 

PCA (40). 
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5. Rotating for a final solution 

6. Interpreting results  

Assumptions of normality and linearity were assessed with residual plots. The suitability 

of the sample size was assessed using Kaiser’s Measure of Sampling Adequacy (KMO Index), 

which indicates whether partial correlations between items were reasonably small to conduct the 

analysis; a cut-off value of >0.5 was used for proceeding with the analysis.   

 Following this, the correlation matrix was computed and components were extracted. 

Upon extracting the full component solution, a decision was made regarding how many 

components to retain. Generally, only the first few components account for ‘meaningful’ 

amounts of variance. Commonly used criteria are: eigenvalue-one, proportion of variance 

accounted for, interpretability, and scree tests (65).  

The eigenvalue-one criterion is one of the most commonly used because it limits 

subjectivity. It states that one retains all components with eigenvalues greater than 1.00. An 

eigenvalue of 1.00 corresponds to 1/k of the total variance among a set of items (40). In PCA, 

each item contributes ‘one unit’ of variance to the total, and thus any components with 

eigenvalues greater than one contribute more variance than one item, and is thus would be 

preferable to retain those components (65).  

The next criterion is the proportion of variance accounted for. This criterion is more 

subjective—however it is typical that researchers retain components that account for at least 70% 

of the variance (67). 

The third criterion is interpretability. This involves assessing: (i) the constructs being 

investigated, (ii) number of items loading on each component, and (iii) whether there is a simple 

factor structure. Regarding the first interpretability criterion, suppose three items loaded on 
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component one, and a different four items loaded on component two. The interpretability 

criterion would ask whether it is reasonable to assume they are measuring different constructs 

(such as language or math ability).  The second interpretability criterion is to check how many 

items load on each component—the widely used threshold is three (65). The last interpretability 

criterion asks whether the factor pattern demonstrates a simple structure, meaning that items 

have high loadings on one component and not the others.  

The last criterion is to visually examine a graph of the eigenvalues, and look for a ‘break’ 

in the graph. Components that are before the break are rendered meaningful.  

6.6 Results – principal component analysis 

The first two items in this instrument are ordinal, and the last is a rating scale however 

was treated as ordinal in this analysis. Observations were independent as only one instrument per 

patient was used. Assumptions of linearity and normality were sufficient to proceed, and the 

KMO index was 0.611. The full components solution (Table 6.2) shows all of the components, 

which accounted for the total variance.  

Table 6.2 Full components solution 

 Eigenvalue Proportion Cumulative 

Component 1 1.739 0.580 0.580 

Component 2 0.766 0.255 0.835 

Component 3 0.495 0.165 1.000 

 

The application of the decision criteria to the ICIQ-UI-SF instrument is captured in Table 6.3. In 

this analysis, only one component met the eigenvalue-one criterion with a value of 1.74. 

Regarding proportion of variance, retaining one component only accounted for 58% in this 

study, and thus this criterion suggested retention of the first two. Since there are only three items, 

widely regarded as the minimum number to extract a factor, the first part of the interpretability 
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criterion suggested retention of one. Checking for a simple structure was not applicable with one 

component. Upon visual inspection, the scree plot too indicated retention of one component 

(results not shown).   

Table 6.3 Decision criteria for component retention  

  Component 1 Component 2 Component 3 

Eigenvalue-one >1    

Variance 

accounted for 

>70% 
  

 

Interpretability 3 items loading on 

each component  
  

 

Scree plots Noticeable break in 

plotted eigenvalues  
  

 

 

Weighing the decision criteria, one component was retained, and all three questions 

‘meaningfully’ loaded onto that component (see Table 6.4). All factors ranged from 0.65 to 0.82. 

Although it is worth noting that the third item had a much lower loading and contributed to less 

variance than the first two items. Again, this result is unsurprising; although all three items 

assess UI burden, the first two items measure more closely related underlying construct than the 

third item. The next step in the analysis was matrix rotation, which is a technique that makes it 

easier to determine what each component measures. However rotation is not possible with one 

component.   

Table 6.4 Truncated solution and factor loadings  

 Item 1 Item 2 Item 3 

Factor Pattern 0.81 0.82 0.65 

Final Communality Estimates (Total = 1.74) 0.65 0.67 0.42 
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6.1 Interpretations and implications – principal component analysis   

The outcome supports the original study’s proposition that the ICIQ-UI-SF is a 

unidimensional instrument (37), although this slightly conflicts with the results of the CFA. 

While the CFA could not test model fit, it did provide evidence that the third item was 

fundamentally different from the first two. In this PCA this is too evident, however because PCA 

looks at both shared and error variance, it may overstate the meaningfulness of the loading of the 

third item on component 1. The outcome is that if this analysis were conducted in isolation it 

would support unidimensionality; if conducted along with CFA, it shows that this assumption 

may be strong for subsequent analyses.  
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Chapter 7: Measures of Reliability: CTT and McDonald’s Coefficient  

7.1 An overview of classical test theory 

Classical Test Theory (CTT) is a widely used approach to psychological assessment. The 

distinct feature of CTT is that it assumes an observed instrument score is comprised of an 

individual’s ‘true score’, which is unobserved, plus measurement error (46):  

X = T + ε 
{Observed  Score} 

 

{True Score} 

 

{ Random Error} 

 

The true score, is the measure of the latent variable, and is what ‘causes’ an item to take on a 

specific value. The three primary assumptions (40) within CTT, about the relationship between 

the latent variable and error term are as follows: 

1. Error associated with individual items varies randomly. When aggregated across many 

observations, it has a mean of 0.  

2. An item’s error term is not correlated with another item’s error term.  

3. Errors are not correlated with the true score of the latent variable. 

In its basic form, CTT is based on the notion of parallel tests, where each item is a ‘test’ of the 

value of the latent variable. From this, two additional assumptions emerge: 

4. The influence from the latent variable is assumed to be the same for all items (i.e. factor 

loadings are the same for each item, they are tau-equivalent).  

5. The influence of factors outside of the latent variable is equal for all items (each item has 

the same amount of error).  
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Consequently, with strictly parallel forms, each item is as good a measure of the latent variable 

as the other items**.  

CTT assess instruments rather than individual items, with focus on the reliability and 

validity of these instruments. Validity is the degree to which empirical and theoretical rationale 

support the interpretations of test scores (68). Reliability, while conceptually thought of as the 

degree to which an instrument score is free of measurement error, in CTT is more specifically 

the proportion of variance attributable to the true score of the latent variable. This analysis 

applied only the most common CTT approach to assessing reliability, internal consistency, and 

followed by calculation of McDonald’s coefficient.  

7.2 Methods – internal consistency 

The most commonly used measure of internal-consistency (or homogeneity) for continuous 

data is Cronbach’s Alpha. It assesses the degree to which items in an instrument measure the 

same construct (45), and is based on the correlations between different items  on the same test. 

Since, under parallel tests, there is an assumption that items are linked through the latent variable 

rather than the error term, and so, if the items have a strong relationship to the latent variable, 

they will have a strong relationship to other items (i.e. ‘highly consistent’). Cronbach’s alpha is 

calculated as follows: 

 

 

                                                 

** Note there are other approaches within CTT that loosen some of these assumptions under certain conditions (e.g. 

sample size requirements), such as models based on tau-equivalency (40).   

∝=
𝑘𝑐̅ 

�̅� + (𝑘 − 1)𝑐̅
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where k refers to the number of items (in this case 3), 𝑐̅ refers to the average of item covariances, 

and �̅� refers to average variance. The statistic has a value between 0 and 1. A value closer to 1 

implies higher consistency/redundancy (69).  

7.3 Results – internal consistency  

This analysis was conducted using SAS version 9.4 (Cary, NC). Table 7.1 presents the 

findings including the raw and standardized coefficient alpha. Table 7.2 presents the 

standardized coefficient alpha with deleted items. This allows one to see how each item affects 

the alpha. 

Table 7.1 Internal consistency of ICIQ-UI-SF instrument   

 Cronbach’s alpha 

 Raw 0.438 

 Standardized 0.632 

 

Table 7.2 Standardized Cronbach’s alpha with deleted item 

Deleted Item Correlation with total Alpha 

 Item 1 0.490 0.463 

 Item 2 0.502 0.446 

 Item 3 0.339 0.670 

 

The standardized coefficient indicated a low/moderate level of consistency. This result 

failed to meet the subjective, albeit widely used threshold for acceptability of greater than, or 

equal to, 0.70 (46). Although it should be noted, rules of thumb are often clumsily applied—in 

some cases a modest alpha of 0.70 is sufficient—in other cases, where inappropriate application 

of the scores poses risk to patients, an alpha of 0.90 may be too low. Interpreting whether 

Cronbach’s alpha is indeed ‘high’ or ‘low’ is only meaningful when the intended use of the 

instrument is clearly articulated (70). This value is also lower than reported in previous studies 
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(37,41,43). Deletion of the third item also results in much higher internal consistency than 

deletion of items one or two.  

7.4 Interpretations and implications – internal consistency  

The range of values from analyses of Cronbach’s alpha, from 0.63 in this study, to 0.95 

(37), suggests that the ICIQ-UI-SF may not be very reliable, as it is very sensitive across 

populations. One possible explanation for these ranges is the characteristics of the sample 

completing the instrument. For example, if differential item functioning is an issue for the ICIQ-

UI-SF, and this study sample contains distinct groups where differential item functioning occurs, 

then reliability estimates will be different than previous studies. Past studies have been 

conducted in various cultural settings, and so this too may explain some inconsistency across 

samples.   

A second likely explanation is that the assumptions under parallel tests and tau-

equivalency was violated, as suggested in the CFA. This means that some items are unrelated to 

the latent construct of incontinence burden, or two constructs are being measured. Looking at 

Table 7.2 there is some evidence that the first two items may not be measuring the same latent 

construct as the third item, since the third item’s correlation with the other items is much weaker 

compared to the other items. Conceptually, one may expect more heterogeneity with the third 

item, as the first two questions are concerned with discrete phenomena ‘how often do you leak 

urine/how much do you leak’ and the last asks for a subjective evaluation of interference in daily 

life.  

A third possible explanation is that there are other issues that were not present in past 

validation studies, such as floor/ceiling effects. Since this sample is more clinically homogenous 
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with higher symptom burden than past studies, the differences in symptom severity may account 

for why Cronbach’s alpha is much lower compared to past studies.  

Interpreting Cronbach’s alpha should be coupled with a number of caveats. First, if an 

instrument is unidimensional, simply adding questions or scales of measurement may increase 

the alpha. However this may counteract the benefit of having a brief instrument (such as low 

levels of missing data). Second, since Cronbach’s alpha can assume high values even if the 

constructs measured are unrelated, assessing dimensionality should precede the assessment of 

internal consistency. Thirdly, in classical measurement, the reliability of items cannot be isolated 

from the instrument itself. If issues with individual items are suspected, other analytical 

approaches must be employed.  

7.5 Conclusions from classical test theory  

This analysis highlighted issues for the ICIQ-UI-SF that required application of methods 

outside of CTT including: differential item functioning or item response theory. These other 

analyses helped explain why internal consistency in this study sample is much lower than 

reported in past studies.  

7.6 McDonald’s coefficient 

One of the main limitations of Cronbach’s alpha is the assumption of tau-equivalence, 

where item variances for true scores are the same across items, but error variances can vary (40). 

Some instrument developers argue the expectation that all items are equally influenced by the 

latent variable is too restrictive and unrealistic, and rather, favour congeneric models. 

Congeneric models have the least restrictive assumptions, whereby item and error means and 

variances can vary across items. The central assumption is that all items have a shared common 
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latent but they do not need to be equally influenced by that latent variable. However, the stronger 

the association, the more reliable the instrument will be (40).  

When tau-equivalency is violated, Cronbach’s alpha will generate a lower bound 

reliability estimate. However the magnitude of this underestimation can be difficult to assess, as 

it can depend on the samples from which alpha is calculated (71,72).  

As a complement to Cronbach’s alpha, a congeneric model reliability statistic—

McDonald’s coefficient—was calculated as another indicator of reliability. Since it does not 

require associations between the items and latent to be equal for all items, it uses the factor 

loadings generated by the CFA (71).   

McDonald’s Coefficient =  
(∑λ𝑖)

2

(∑λ𝑖)
2

+(∑𝜀𝑖)
 

The λi are the factor loading for item i , and εi is its corresponding error. The item r-square (λi
2) is 

the percent of variance of item i, explained by the underlying variable (73) (UI burden). A cut-

off value for McDonald’s coefficient is ≥ 0.70 (74). Again, similar to Cronbach’s alpha, if the 

instrument is used for direct comparisons, a much higher value is favoured.  

 To calculate McDonald’s coefficient, the factor loadings from the CFA above were used. 

This resulted in a value of 0.65. This value is comparable to Cronbach’s alpha and lower than the 

recommended cut-off. This provided further evidence that the ICIQ-UI-SF has low/moderate 

reliability.  
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Chapter 8: Item Response Theory  

8.1 An overview of item response theory 

Item Response Theory (IRT) refers to a collection of latent trait modeling techniques, used 

for evaluating instrument items. While in CTT, reliability is improved through redundancy, in 

IRT reliability is improved by selecting better items for an instrument (40). Broadly, IRT models 

describe the relationship between the level of a respondent’s latent trait (such as ‘UI burden’), 

and their propensity to select certain responses when completing items in an instrument. This can 

be graphically depicted using item characteristic curves (ICC) (dichotomous data) or category 

response functions (CRF) (polytomous data). In addition, one can measure where along a 

respondent’s latent trait the item or instrument is most reliable, through item and test information 

functions, respectively. Latent traits in IRT are denoted by theta (θ). A unidimensional latent trait 

θ in these models is transformed to have a mean of 0 and standard deviation of 1 (Figure 8.1). 

For example, respondents with θ=3 have UI burden 3 standard deviations away from the sample 

average.  

Figure 8.1 Illustration of the latent trait (θ) scale in IRT 

 

A number of IRT models can be applied based on the instrument or item characteristics.  

In the case of the ICIQ-UI-SF, a graded response model (GRM) will be applied since the method 

accommodates ordered categorical responses, and items that have varying number of response 
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levels (75). The general equation for the GRM is based on the 2-parameter logistic model (2PL) 

as follows (76,77):  

𝑃𝑖𝑔
∗ =  

𝑒𝑎𝑖(𝜃−𝑏𝑖𝑔)

1 + 𝑒𝑎𝑖(𝜃−𝑏𝑖𝑔)
 

The two parameters of interest in this model are: the location (𝑏𝑖𝑔) and discrimination (𝑎𝑖). The 

location parameter indicates the level of the latent trait (θ) where respondents are indifferent 

between response levels (e.g. ‘strongly agree’ vs. ‘agree’).  If the item has g response levels, 

there will be g – 1 location parameters. The discrimination parameter (slope) indicates how well 

items discriminate between respondents along their latent trait scale (75). Each item has one 

discrimination parameter. When individuals have latent traits that are close together (e.g. θ = 3.1 

vs. θ = 3.2), highly discriminating items will predict with greater accuracy whether respondents 

will provide different responses to adjacent response levels. Low discrimination means that 

respondents may not answer consistently between adjacent response levels.  

Complementary IRT models may include a guessing parameter (c) and upper asymptote 

parameter (d), however these parameterizations are often more applicable to instruments 

measuring ability (such as numeracy), rather than behaviours/preferences and so are not pursued 

here. 

CRFs can be transformed into item and test information functions (IIF/TIF), each of 

which is an index showing the item or test’s ability to differentiate across individuals as a 

function of their latent trait. When interpreting these graphs, high discrimination will exhibit tall 

and narrow IIFs/TIFs (high precision, low range). Low discrimination will be characterized as 

short and wide IIFs/TIFs with low precision and wide range. Depending on the intended use of 

the instrument, various IIF/TIF patterns are desirable. For example, if the instrument is for 
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screening, precision may be most important at high levels of the latent trait (e.g. between 

severe/very severe depression), and so a TIF peaked around θ = 4 may be desirable over a peak 

around the average (θ = 0).  

8.1 Methods – item response theory 

A graded response model was applied to this data. All analyses were conducted using R 

Version 3.3.1 and the MIRT package (78).  

8.1.1 Assumptions 

To proceed with an IRT analysis, several assumptions must be investigated: (i) 

unidimensionality of the latent trait, (ii) local independence, and (iii) item invariance (79).  

The first assumption is unidimensionality; this was examined through factor 

analysis/principal component analysis.  

 The second assumption is local independence (LI). LI means that after controlling for the 

latent trait (e.g. depression), items are uncorrelated (80)—alternatively put, items should be 

unrelated other than they measure the same latent trait (79). The first common reason for 

violations to LI are that item responses depend on a common source, such as an excerpt for a 

language test; the second reason is due to sequential presentation of questions (81). A number of 

methods exist for checking LI. In this analysis, the Pearson’s X2 statistic, often applied to 

polytomous data was be used. X2 is defined as the correlation of deviation scores across all 

examinees (82). Deviation refers to the difference between observed responses and expected 

performance based on the IRT model.  X2 values exceeding 0.20 generally indicate LI may be 

violated (83).  

 The last assumption is item invariance. Since the IRT model applies to all members of 

that population, the population must be qualitatively homogenous. If this is violated, there is 
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evidence of differential item functioning (DIF).  DIF occurs when respondents from qualitatively 

distinct groups, such as male/female, who are equal on the level of a latent trait (such as level of 

depression), have different probabilities of selecting certain responses to an item. When DIF is 

present, it causes latent trait estimates to be too high/low for one group relative to the other (84).  

For this analysis, DIF was assessed using the Likelihood Ratio Test (LRT), which is an 

IRT based method (85), although non-IRT methods can be applied as well. With the LRT 

approach, two models are fit. In the first, item parameters are constrained across groups, and in 

the second, item parameters can vary. When conducting pairwise DIF analysis, anchor items 

(items assumed to be DIF-free) must be selected. While the selection of DIF-free anchor items is 

an evolving science, different methods exist based on the type of instrument and level of prior 

insight about candidate DIF items. One common approach is using ‘all others as anchors’ 

(AOAA). Here each item is tested one at a time in a separate analysis, using the other items as 

anchors (‘constrained’). One extension to this method is selecting anchors based on items with 

the largest discrimination parameters—however it still remains unclear ‘how many’ anchors this 

would require. For this analysis since there are only three items, the AOAA approach was used 

(86). DIF was performed on patients’ SES level. Studies have found that low SES groups not 

only report higher impairment (this is a true score difference), but also provide lower valuations 

of their health once impaired. It is the latter than can introduce bias at a group level, when SES 

differences are unaccounted (87). Another study cited that among a cohort of stress UI patients, a 

number of factors, including socioeconomic status, independently impacted scores on 

instruments valuing quality of life; this again provides a rationale for considering DIF on SES 

(88). Although the relationship between SES and health is a robust finding in research, the 

relationship is not perfectly linear (89), which makes selection of a cut-off value challenging. For 
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this reason, two grouping were tested.  The two highest SES quintiles were compared to the three 

lowest SES quintiles. Then for sensitivity analyses, just the highest SES quintile was compared 

to the lowest quintile. DIF on age was investigated, but was abandoned since response levels 

were very unbalanced between categories in this sample of patients.  

8.1.2 Assessing model fit 

First, the CRFs were visually inspected for clear distinction across response levels, and 

peaks for each response level somewhere across the latent trait scale. This implied that at some 

point along the scale of ‘UI burden’, one response was the most likely. In addition, it was noted 

if 𝑎𝑖 parameters demonstrated good discrimination (greater than 1.70) (90). CRFs that were not 

well defined, or were shallow and wide, were evidence of poor discrimination. When this was 

identified, the IRT analysis was re-run to investigate whether definition improves by collapsing 

response levels. Models with collapsed response levels were compared using the Akaike 

information criterion (AIC) and Bayesian information criterion (BIC) statistic, with lower values 

indicating better fit, as well as further visual inspection of CRFs. 

Assessing model fit statistically was not possible with a three-item instrument due to low 

degrees of freedom. Otherwise it would have been examined using the M2 statistic, whereby the 

null hypothesis is perfect model fit (91). 

 Item and test information functions were inspected visually to make conclusions about 

where the along the latent trait scale items and the instrument have the highest discrimination.  

8.2 Results – item response theory  

Although unidimensionality was a strong assumption for this analysis based on the 

evidence from the CFA and PCA, the degrees of freedom were too low to investigate a 

multidimensional model.  This analysis proceeded under the assumption of unidimensionality. 
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Table 8.1 presents the results for LI. Item pairs 1 and 3 met the threshold for violations to local 

independence, although this value was not significant.  

Table 8.1 Local independence 

Item Pair X2 P-value 

1,2 0.137 0.576 

1,3 0.242 0.402 

2,3 -0.166 0.973 

 

For assessing DIF, first the 2 highest SES quintiles (48.15%) were compared to the 3 

lowest SES quintiles (51.85%). Those with missing deprivation indices were excluded from the 

analysis. No items were flagged as exhibiting DIF. Subsequently, just the highest SES quintile 

(20.90%) and lowest SES quintiles (16.95%) were compared.  Again, no DIF was detected. For 

illustrative purposes, expected test score plots for the two groups are included in Appendix C, 

and scores were overlapping for all items. 

In the first iteration of the IRT the 𝑎𝑖 parameters for the first two items were considered 

high (90), indicating good discrimination (Table 8.2). It should be noted however that the curves 

for the lower response levels did not have unique peaks.  Only 4 responses were ever the most 

likely across the scale of UI burden. Nevertheless, for both items 1 and 2, the probability of 

selecting higher response levels increased as one moved along the latent trait scale (Figure 8.2-

Figure 8.4). Item 1 had a bimodal IIF, with highest discrimination when θ was between -4 and -

2, and at the mean. Item 2 had a peaked and very narrow IIF suggesting highest discrimination 2 

standard deviations below and above the mean θ. With item 3, the 𝑎𝑖 parameter indicated 

moderate discrimination (90), and the CRFs were flat and overlapping, suggesting poor 

discrimination. Item fit could improve by collapsing this item’s response levels. The IIF was 

correspondingly wide and flat.  Two subsequent models were fit to see if there would be 
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improvement through collapsing response levels of the third item. While there are no official 

guidelines for collapsing, item response levels that were adjacent were selected, particularly 

when responses were sparse.  

Table 8.3 shows which response levels were collapsed. The third model that collapsed the 

original ten response levels to seven had the best fit assessed through the AIC and BIC statistic 

(Table 8.4) and CRFs were defined across the latent trait scale. Discrimination (𝑎𝑖) also 

improved marginally (from 0.88 to 0.90) (Figure 8.5). Statistical assessment of model fit was not 

possible since the degrees of freedom were too small.  

The TIF (Figure 8.6) showed that the most information is revealed when respondents are 

below the average UI burden (-4<θ<0). Thus the ICIQ-UI-SF does not differentiate well when 

individuals have high UI burden. The TIF of the model with collapsed response levels for the 

third item (Figure 8.7) showed similar results, however with a tighter range (-2<θ<0.5).  
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Table 8.2 IRT coefficients for iterations of analyses 

Parameter Item 1 Item 2 Item 3 

 M1 M2 M3 M1 M2 M3 M1 M2 M3 

A 2.55 2.47 2.06 2.44 2.53 3.3 0.88 0.90 0.90 

B1 -3.11 -3.14 -3.42 -1.19 -1.17 -1.09 -4.41 -4.34 -4.33 

B2 -2.75 -2.78 -3.02 0.17 0.17 0.16 -3.56 -2.91 -2.90 

B3 -2.31 -2.33 -2.52    -2.95 -1.60 -1.60 

B4 -0.18 -0.18 -0.19    -1.97 -0.85 -0.51 

B5       -1.65 0.11 0.92 

B6       -0.92 1.41  

B7       -0.6   

B8       0.01   

B9       0.81   

B10        1.36   
 

Table 8.3 Response levels collapsed for model iterations 

Model 1 levels 

(original) 

Number of 

respondents 

Model 2 

levels 

Number of 

respondents 

Model 3 

levels 

Number of 

respondents 

0 5 0 5 0 5 

1 5 
1 11 1 11 

2 6 

3 17 
2 24 2 24 

4 7 

5 21 3 21 
3 32 

6 11 
4 32 

7 21 
4 47 

8 26 
5 40 

9 14 
5 58 

10 44 6 44 

 

Table 8.4 IRT model comparisons 

 Model 1 

No collapsed response 

levels 

Model 2 

7 response levels 

Model 3 

6 response levels 

AIC 1381.16 1238.87 1158.90 

BIC 1158.90 1241.85 1161.49 
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Figure 8.2 CRFs and IIFs for item 1 

  
Figure 8.3 CRFs and IIFs for item 2 

  
 

Figure 8.4 CRFs and IIFs for item 3 
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Figure 8.5 CRFs and IIFs for item 3 (collapsed model) 

  

 

Figure 8.6 TIF - model 1 

 

Figure 8.7 TIF - model 3 

 

 

8.3 Interpretations and implications 

This analysis found that the first two items have good discrimination just above and below 

average UI burden for this population. The third item could benefit from collapsing response 

levels since only 4 are ever the most likely; the low discrimination of the third item means 

respondents will not consistently choose between adjacent response categories (such as 7 versus 

8 out of 10 when describing interference of UI), particularly at high levels of UI burden. The 

model fit was best when 11 response levels were collapsed to 6, and this echoes literature 
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investigating optimal response levels for highest reliability (92). While no DIF was found for 

SES, there still remain areas of investigation, particularly on sex, age, and cultural differences 

(88).  

The primary contribution of the IRT analysis is that the ICIQ-UI-SF has low 

discrimination for patients with a high UI burden—this is of particular importance since most 

past studies have investigated populations with much lower UI burden.  The degree to which this 

poses concern is a function of how clinicians and other health practioners intend to use the ICIQ-

UI-SF instrument. For example if treatment trajectories vary greatly across high levels of UI 

burden, then reliability is needed on the higher end of the latent trait scale, and adjustments to the 

instrument should be made.    

There were a number of limitations with this analysis. Model fit could only be assessed 

qualitatively because the degrees of freedom were too low. Since there were few respondents 

with low levels of UI burden, reflecting this study’s sample of patients, model fit may have been 

undetectably poor. Fortunately this limitation does not necessarily reduce confidence in the DIF 

analysis, since LRT is susceptible to type I errors, rather than type II, in the event of poor model 

fit. Second, because the third item has so many response levels, DIF for age could not be 

investigated, since the two groups did not have balanced responses. Lastly, unidimensionality 

was a strong assumption for this analysis, although it the directionality of bias introduced is 

unclear.  

This analysis also highlighted tension between brevity and reliability. While having low 

levels of missing data is desirable, many techniques for dealing with missing data exist. When 

confidence in the precision of scores is needed for proper application of the instrument, adding 

items to increase reliability whilst occasionally employing techniques for missing data may be 
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more desirable.  Brief instruments, such as the 3-item ICIQ-UI-SF are not necessarily unreliable, 

however, the challenge they pose is quantitatively ascertaining reliability.  

8.4 Conclusions from item response theory  

The main finding from the IRT analysis were: the instrument does not discriminate well 

when respondents have a high level of UI burden, the reliability of the third item may improve 

by collapsing response levels, and there was no evidence of DIF between patients of high/low 

SES. 
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Chapter 9: Supplemental Investigation 

Although most evaluations of instruments focus on the application of CTT and/or IRT, a 

number of other evaluations can be conducted that are indicators of reliability, validity, and 

general appropriateness for routine collection. The supplemental investigation included was a 

validation of the severity categories derived for the ICIQ-UI-SF against other PROs.  

9.1 An overview of ICIQ-UI-SF severity categories 

A past analysis mapped the ICIQ-UI-SF to the Incontinence Severity Index, which yielded 

four severity categories based on ones total score on the ICIQ-UI-SF: slight (1-5), moderate (6-

12), severe (13-18), and very severe (19-21) (49). The advantage of this categorization is it 

provides clinicians with some indicator of UI burden, which can be applied with more 

confidence than individual scores if there is concern about the score’s reliability. Given the 

findings of the analyses above, the application of severity categories to patients’ ICIQ-UI-SF 

scores may be more appropriate than individual scores. As such, similar to investigations of 

convergence validity in CTT, one may be interested in seeing whether these categories ‘behave’ 

in accordance to existing evidence about the effect of UI on quality of life.  For example, one 

may want to check whether there is an inverse relationship between moving up the UI severity 

category, and ones self-reported general health.  

The goals of this supplemental investigation were (1) assess how well the ICIQ-UI-SF 

severity categories concord with other commonly collected PROs, (2) determine whether these 

findings corroborate past analyses, and (3) comment on the appropriateness of using ICIQ-UI-SF 

severity categories over individual scores. 
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9.1.1 Methods – ICIQ-UI-SF severity categories   

To conduct this analysis, instrument sum scores were assigned a severity categorization 

based on the previous literature: slight (1-5), moderate (6-12), severe (13-18), and very severe 

(19-21). Note, given that there was only one person in the slight category, they were added to the 

moderate category. Thus the investigation only mapped the moderate, severe, and very severe 

categories. Then, responses to the PROs were compared using analysis of variance (ANOVA), 

with significance set at p < 0.05. The PROs were the EQ-5D-3L utility value and the VAS score. 

This is similar to assessing convergence reliability in CTT. However, rather than observing the 

correlations between ICIQ-UI-SF sum scores and scores of other PROs, the categories were 

compared to the mean scores of the other PROs.    

9.1.2 Results – ICIQ-UI-SF severity categories   

The results are shown in Table 9.1. As one increases ICIQ-UI-SF severity, mean EQ-5D-

3L and VAS scores decreased. There was a pairwise significance between slight/moderate and 

very severe, (p-value: 0.02) for the EQ-5D-3L. Note there have been many MCIDs reported for 

the EQ-5D-3L, ranging from 0.03 to 0.54 (93)—suggesting differences in health states between 

the severity categories. This implies that regarding general health, there is a difference between 

those with slight/moderate incontinence and very severe incontinence. Regarding the VAS, the 

differences were not statistically significant and the differences between severe and very severe 

were negligible. 
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Table 9.1 Results from ANOVA 

ICIQ-UI-SF Severity Category EQ-5D-3L VAS 

 Mean, std. dev Mean, std. dev 

Slight/Moderate 0.86 (0.16) 78.89 (15.11) 

Severe 0.79 (0.15) 72.68 (16.36) 

Very severe 0.75 (0.17) 70.28 (20.01) 

P-value 0.02 0.07 

 

9.1.3 Interpretations and implications – ICIQ-UI-SF severity categories   

This analysis helped to confirm that the severity categories ‘behave’ as literature on the 

impact of UI on quality of life would suggest, namely there is an inverse relationship between UI 

burden and general health. It is conceptually understandable that the EQ-5D-3Lwould pick up an 

effect over the VAS alone, as domains of mental health, self-care, and usual activities are more 

closely related to UI burden than just a broad question about one’s health.  

These findings offer the unique opportunity to ‘sense check’ some of the findings of the 

psychometric assessments above.  For example, given there was only pairwise significance 

between slight/moderate and very severe, rather than severe and very severe, it provides 

additional evidence the ICIQ-UI-SF does not discriminate well across those with high 

incontinence burden.  

Clinicians could dichotomize patients based on their ICIQ-UI-SF score as mild/moderate or 

severe/very severe, so that all else equal, those in the latter group would be prioritized for 

treatment first. Research on whether the EQ-5D-3L is a substitute for the ICIQ-UI-SF should be 

pursued in future research.   

The limitation of this analysis is it was not possible to examine differences between slight 

and moderate incontinence because apart from one patient, no one classified as having slight 
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incontinence. The challenge is it would likely be assessed in only non-surgical groups, since 

those with slight incontinence would generally not be candidates for surgery.   
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Chapter 10: Summary of Analyses   

The analyses above, in concert, revealed aspects of what the ICIQ-UI-SF measures, and 

how well the instrument and items do so. Table 10.1 summarizes the analyses conducted, their 

primary findings, and implications.  

Table 10.1 Summary of analyses  

Analysis Purpose Main Findings/Implications 

Descriptive statistics 

Understand response 

pattern (e.g. skew), 

floor/ceiling effects 

 Responses to all questions are left 

skewed 

 Instrument exhibits ceiling effects 

 Past measures of responsiveness 

may be underestimated 

Confirmatory factor 

analysis,  

Principal component 

analysis  

Confirm whether ICIQ-UI-

SF is unidimensional 

 

Compare result with other 

method 

 CFA could not test model fit but 

showed factor loadings are different 

(p < 0.0002) between items 1 and 2, 

and item 3.  

 PCA provided some evidence for 

unidimensionality, but showed 

proportion of variance explained is 

lower than expected for a 

unidimensional instrument 

Cronbach’s alpha 
Calculate a measure of 

reliability  

 Reliability is low/moderate (0.63) 

 Reliability is too low for direct 

patient comparisons; better suited 

for group averages or as a 

complement to other measures 

McDonald’s 

coefficient  

Calculate an alternative 

measure of reliability 

 Reliability is low/moderate (0.65) 

 Reliability is too low for direct 

patient comparisons; better suited 

for group averages or as a 

complement to other measures  

Item response theory 
Investigate item level 

characteristics 

 Does not discriminate among those 

with high incontinence burden 

 Item 3 has too many response levels 

 Most information is gathered when 

individuals have less UI burden 

than the mean (up to -4 SDs) 

Mapping of severity 

categories 

Preliminary investigation 

of potential application 

 Severity categories are sensitive to 

differences between slight/moderate 

and very severe 
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Chapter 11: Discussion 

11.1 Recommendations on the use of the ICIQ-UI-SF 

Conclusions from psychometric evaluations must be tailored to the use of the instrument, 

as expectations for reliability and validity vary based on the application. This analysis, in 

combination with past studies generally shows that reliability of the ICIQ-UI-SF is 

low/moderate—as such, assigning a severity level or categorizing scores in some way may be 

appropriate for broad use. If the instrument is intended for facilitating patient-clinician 

discussions, where the scores are used more qualitatively, it may be used as is. If the goal is to 

use the ICIQ-UI-SF for direct comparisons, the instrument should be amended. This analysis 

also indicated that the severity questions and interference questions might not be measuring one 

underlying construct of UI burden. Thus, if a clinician has interest in understanding interference 

aspects of quality of life, other instruments may be favoured. The fact that the severity items 

explain much more variance than the third interference item may be desirable for clinicians, as 

they have much more control on this aspect through the intervention, than elements of 

interference. Table 11.1 summarizes some recommendations and considerations for applying the 

ICIQ-UI-SF in the surgical population.  
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Table 11.1 Recommendations for intended use 

Intended Use Recommendations/Notes 

Directly comparing patient 

scores (e.g. triage) 
 Reliability is too low for direct patient comparison 

 Risk of misclassification is high due to measurement 

error 

Summarizing group averages 

(e.g. pre-post change of group) 

 Ceiling effects may mute pre-post scores  

 Will primarily detect differences in symptom severity 

Assessing impact on quality of 

life 

 Current instrument mostly explains differences in 

severity in patients, not interference 

 If interested in ‘interference’ more so than ‘symptom 

severity’ aspects of quality of life, can consider using 

other instruments as a complement. After examination 

of their measurement properties, possible candidates 

are the Incontinence Impact Questionnaire (94) or 

Incontinence Quality of Life Questionnaire, although 

it is propriety (95).  

Facilitating discussions 
 Starting point for discussion, used as a complement to 

other measures  

 

Reflecting on the intended use of the instrument is also salient in deciding what type of 

psychometric evaluation one conducts. If analyses are cursory and budget is limited, relying on 

CTT, some academics say is sufficient. However if the results are to be actionable and affect 

respondents at an individual level (triage, delivery of care, etc.) academics suggest augmenting 

evaluations with IRT, since it is more capable of detecting items that threaten validity/reliability 

(96). One example of where the bar for reliability is set very high is in FDA labeling claims (97). 

11.2 Limitations and areas for future research  

One of the pressing areas for future research is creating taxonomy for the use of the 

diagnostic item, which asks ‘When does urine leak?’  Although the diagnostic item is one of the 

more widely used components of the ICIQ-UI-SF, there is little standardization in its application. 

While this does not fall under psychometric assessment per se, it was added to this instrument at 

the request of clinicians, and so it is likely required to warrant collection. To illustrate 



 

 

64 

idiosyncrasies of the diagnostic item, consider this study sample where five combinations of 

responses comprise 49.1% of the sample (Table 11.2). While some combinations are likely to be 

interpreted with less ambiguity—for example ticking ‘leaks urine when I cough/sneeze’ along 

with ‘leaks urine when I am physically active’. This combination of responses would widely be 

an indicator of some level of stress incontinence. However with other responses, there may be 

heterogeneity in the interpretation of results. Consider the following response patterns: some 

patients only tick ‘leaks urine all the time’, others tick every box as well as ‘urine leaks all the 

time’, and some tick half of the options as well as ‘leaks urine all the time’. Ostensibly all of 

these patients have the same problem: ‘urine leaks all the time’—however perhaps the additional 

ticking of responses may be a signal to clinicians that patients are more burdened. In this sample, 

using ANOVA, there were no statistical differences in the ICIQ-UI-SF, EQ-5D, or VAS scores 

between those that answered just ‘leaks all the time’ and those that ticked all responses. As such, 

it would be expected that patients would be triaged and treated equally, but whether this would 

happen in practice is unclear. Follow up discussions with clinicians may be a useful avenue for 

understanding the relative importance of how respondents complete the diagnostic item.  

Table 11.2 Combination of diagnostic item responses  

Combination of responses  N % of study sample 

8 32 18.1 

2,3,4,5,6,7,8 20 11.3 

2,3,5,6,7 14 7.9 

3,5 11 6.2 

3,5,7 10 5.6 

 

The next area for research is further investigation of DIF, since this sample was unable to 

investigate DIF based on age, sex, and cultural background.  



 

 

65 

The third area for research is investigation of ordering effects of instrument items. Both 

theory and empirical work has shown that the ordering of questions can have consequences. For 

example, one study found that ordering response options from ‘poor’ to ‘excellent’ might reduce 

positive clustering. In particular, reducing the attractiveness of the first option is one of the 

reasons why one may put the ‘least desirable’ option first. Another study found that putting self-

reported general health questions after domain-specific questions affected their general health 

responses (98) suggesting there may be a difference if item 3 ( a more generic quality of life 

question) preceded items 1 and 2. While for the ICIQ-UI-SF this may be less pressing since it is 

a brief instrument, it should be noted that this phenomenon can affect reliability for PROs and 

should be considered in evaluations.  

The next area for research is to do a formal crosswalk between a generic instrument, such 

as the EQ-5D-3L, and the ICIQ-UI-SF, to create a repository of possible instruments that can act 

as substitutes rather than complements. Since respondents have limited time and attention, PROs 

should be used judiciously—and so in some cases just collecting the EQ-5D-3L and the 

diagnostic item may be sufficient. Furthermore, many generic PROs have undergone very 

scrupulous psychometric assessment and may be a favourable option over a condition-specific 

instrument with moderate levels of reliability.  

The final area for research is revisiting the MCID. While this research did not study the 

MCID—it did detect ceiling effects, which may impact this measure. Given the low/moderate 

reliability of the ICIQ-UI-SF detected in this study, the previously calculated MCID may not be 

applicable to this study’s population.   
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11.3 Conclusion 

As PROs garner more attention, it is important to set standards for instruments’ evaluation 

that correspond to their intended use. While the upfront investment of time may seem 

discouraging and is not within every analyst’s toolkit, the high bar should not be reserved to 

psychometricians. Particularly in high-stake settings such as using PROs for triage or cost-utility 

analysis, applying methods outside of CTT may be required to maximize the use of PROs.  One 

likely bottleneck to the uptake of proper evaluation is disconnect between academics that 

conduct analyses, and the setting they are applied in. Clearer articulation of how 

low/moderate/high reliability and validity affects interpretations of scores for example, may 

increase demand for higher quality instrument evaluations.  

The movement toward patient-centered care offers a promising future for the routine 

collection of PROs, as they are a quick and cost-effective way of integrating patient level data 

into the timeliness and type of care patients receive. Regarding the ICIQ-UI-SF for routine 

collection, as it stands, both results from CTT and IRT reveal reliability is low/moderate, and is 

particularly threatened for patients with high UI burden.  
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Appendices 

Appendix A  PROs used for urinary incontinence  

 International Consultation on Incontinence Questionnaire Short Form (ICIQ-UI-SF) 

 Incontinence Quality of Life Questionnaire (I-QoL) 

 Female/Male Lower Urinary Tract Symptoms (ICIQ-FLUTS, ICIQ-MLUTS) 

 Incontinence Impact Questionnaire (IIQ) 

 Urinary Incontinence-Specific Quality of Life Instrument (ICIQ-Uqol) 

 Incontinence Symptom Severity Index (ISS) 

 King’s Health Questionnaire (KHQ) 

 Leicester Urinary Symptom Questionnaire (LUSQ) 

 Nocturia Quality of Life Questionnaires (N-QoL) 

 Overactive Bladder Questionnaire (OAB-q) 

 Pelvic Floor Distress Inventory (PFDI) 

 Nocturia Quality of Life Questionnaires (N-QoL) 

 Protection, Amount, Frequency, Adjustment, Body image (PRAFAB) 

 Overactive Bladder Questionnaire (OAB-q) 

 Protection, Amount, Frequency, Adjustment, Body image (PRAFAB) 

 Pelvic Floor Distress Inventory (PFDI)  

 Quality of Life Assessment Questionnaire Concerning Urinary Incontinence (Contilife) 

 Urinary Incontinence Severity Score (UISS)  

 Incontinence Outcome Questionnaire (IOQ) 

 Actionable Bladder Symptom Screening (ABSST) 

 Incontinence Severity Index (ISI) 

 Incontinence Stress Index (ISQ) 

 Urinary Incontinence Severity Score (UISS) 

 Epidemiology of Prolapse and Incontinence Questionnaire (EPIQ) 
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Appendix B  International Consultation on Incontinence Questionnaire Short-Form 

1. How often do you leak urine? (Tick one box) 

□ Never 

□ About once a week or less often 

□ Two or three times a week 

□ About once a day 

□ Several times a day 

□ All the time 

 

2. We would like to know how much urine you think leaks? How much urine do you 

usually leak (whether you wear protection or not)? (Tick one box)  

□ None 

□ A small amount 

□ A moderate amount 

□ A large amount  

 

3. Overall, how much does leaking urine interfere with your everyday life? Please 

circle a number between 0 (not at all) and 10 (a great deal).  

 

0 1 2 3 4 5 6 7 8 9 10 

Not at all    A great deal  

  

4. When does urine leak (Please tick all that apply to you) 

□ Never – urine does not leak 

□ Leaks before you can get to the toilet 

□ Leaks when you cough or sneeze 

□ Leaks when you are asleep 

□ Leaks when you are physically active/exercising 

□ Leaks when you are finished urinating and are dressed 

□ Leaks for no obvious reason 

□ Leaks all the time  
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Appendix C  Comparison of expected scores of low and high SES respondents 

 

 


