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Abstract
Background: To date, there has been no validated method to identify cases of pelvic floor disorders in primary care electronic medical record (EMR) data. We aimed to develop and validate symptom-based case definitions for urinary incontinence, fecal incontinence and pelvic organ prolapse in women, for use in primary care epidemiologic or clinical research.
Methods: Our retrospective study used EMR data from the Southern Alberta Primary Care Research Network (SAPCReN) and the
Canadian Primary Care Sentinel Surveillance Network (CPCSSN) in southern Alberta. Trained researchers remotely reviewed a random sample of EMR charts of women aged 18 years or older from 6 rural and urban clinics to validate case definitions for urinary
incontinence, fecal incontinence and pelvic organ prolapse. We calculated sensitivity, specificity, positive predictive value (PPV) and
negative predictive value (NPV), and estimated SAPCReN prevalence as appropriate.
Results: Charts of 900 women were included. Sensitivity was 81.9% (95% confidence interval [CI] 75.1–87.2) for urinary incontinence, 61.2% (95% CI 46.2–74.5) for fecal incontinence, and 51.8% (95% CI 40.6–62.8) for pelvic organ prolapse. Corresponding
specificity values were 71.9% (95% CI 68.4–75.1), 99.2% (95% CI 98.2–99.6) and 98.8% (95% CI 97.7–99.4), PPVs 40.6% (95% CI
35.4–46.0), 81.1% (95% CI 64.3–91.4) and 81.1% (95% CI 67.6–90.1), and NPVs 94.4% (95% CI 92.1–96.1), 97.8% (95% CI 96.5–
98.6) and 95.3% (95% CI 93.6–96.6). The SAPCReN-observed prevalence for urinary incontinence was 29.7% (95% CI 29.3–30.0),
but the adjusted prevalence was 2.97%.
Interpretation: The case definition for urinary incontinence met our standard for validity (sensitivity and specificity > 70%), and the
case definitions for fecal incontinence and pelvic organ prolapse had PPVs greater than 80%. The urinary incontinence definition
may be used in epidemiologic research, and those for fecal incontinence and pelvic organ prolapse may be used in qualityimprovement studies or creation of disease registries. Our symptom-based case definitions could also be adapted for research in
other EMR settings.

W

omen’s pelvic floor disorders such as urinary or
fecal incontinence and prolapse of pelvic organs
(bladder, intestines or uterus) into the vagina
occur when muscles and connective tissue are unable to provide sufficient support. Pelvic floor disorders are common,
being reported to affect as many as 40% of women, with
symptoms that may be embarrassing and disabling.1,2 The
prevalence of pelvic floor disorders is increasing owing to
the aging population with a longer lifespan,1,3,4 and health
policy-makers and health care providers must be prepared to
manage these conditions more frequently and effectively as
budgets and services become more constrained.3,5–8 No previously validated methods were available to us to estimate
the current burden of pelvic floor disorders in Canadian
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primary care that would enable providers or policy-makers
to predict the types and extent of future service demand.
We wished to investigate the prevalence of pelvic floor
disorders in primary care using data from the Canadian Primary Care Sentinel Surveillance Network (CPCSSN), a
national network of primary care clinics. In collaboration
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with the Southern Alberta Primary Care Research Network
(SAPCReN), we then used the CPCSSN methods9 with the
aim of developing and validating case definitions for pelvic
floor disorders in women who consult primary care
providers.

Methods
This was a 2-part retrospective study. In the first part, we used
the regional SAPCReN–CPCSSN database to develop and
refine case definition algorithms to identify women with urinary incontinence, fecal incontinence or pelvic organ prolapse.
In the second part, we investigated the diagnostic accuracy of the case definition algorithms compared with the reference standard of detailed review of primary care electronic
medical record (EMR) charts. Validated CPCSSN case definitions were already available for 8 chronic conditions:
chronic obstructive pulmonary disease, dementia, depression, diabetes, epilepsy, hypertension, osteoarthritis and parkinsonism.9 The definitions were based on combinations of
codes in the EMR data fields: encounter diagnoses, “problem list,” billing, medications prescribed, referrals made and
physiologic data (such as height, weight and blood pressure).
We also investigated the prevalence of these disorders using
the CPSSN data.

Setting

In Canada’s universal publicly funded health care system,
family medicine clinics provide the first point of contact for
patients seeking health care, including women concerned
about their pelvic floor disorders.2 Many primary care clinics
use EMRs to record patient encounters and support all
aspects of clinical care.10 The CPCSSN was established in
2005 to provide a data source to support clinical research and
national chronic disease surveillance.

Development of case definition algorithms
Our population for the development phase was 55 335 female
patients aged 18 years or older registered in the SAPCReN–
CPCSSN database at the time of the initial data extraction for
this study, in December 2014.
We based the preliminary case definitions of pelvic floor
disorders on previous work that outlined relevant International
Classification of Diseases, 9th Revision (clinical modification)
(ICD-9-CM) diagnostic, procedural codes and textual
descriptors.5,7,11 We supplemented these codes with further
textual and ICD-9 descriptors and Anatomical Therapeutic
Chemical pharmacological codes12 for medications used for
“urinary frequency and incontinence.” The preliminary definitions were reviewed for face validity by a urogynecology
clinic primary care physician (D.S.) and revised as necessary.
The algorithms were applied to the relevant fields within the
SAPCReN–CPCSSN database.
The final case definition algorithms incorporated 3 elements: ICD-9-CM diagnostic codes, textual descriptors and
relevant drugs (Appendix 1, available at www.cmajopen.ca/
content/8/2/E414/suppl/DC1). These generated prevalence

estimates were similar to the existing evidence and were thus
selected for validation.

Validation study

Validation of the proposed case definition algorithms tested
the accuracy of the algorithms compared with detailed
review of the primary care EMR chart (reference standard).
Consenting SAPCReN physicians working in 6 rural and
urban clinics across southern Alberta allowed reviewers
(S.R., H.F., D.S., M.D., R.M.) to access their patients’ EMR
charts remotely. Two different EMR system vendors were
represented. From each physician’s panel, a random sample
of eligible women (aged ≥ 18 yr) was identified. Women
were excluded if they did not have a valid personal health
number (a unique identifier for all residents in Alberta registered with the provincial health care insurance plan), if they
had died, or if their care provider no longer participated in
SAPCReN–CPCSSN.
We developed a data collection tool to facilitate EMR
data abstraction and ensure completeness of each review. The
tool included all the specific terms described in Appendix 1,
with check boxes for each item. Five reviewers took part in
the chart review: 3 principal reviewers (S.R., H.F., R.M.),
1 expert arbitrator (D.S.) and an assistant reviewer (M.D.).
Reviewers were blinded to each other’s as well as the algorithms’ designation of charts as cases or noncases. The entire
EMR chart was reviewed, including clinic staff notes, copies
of laboratory or procedure results, and referrals attached to
the patient record. Only information needed to define cases
or noncases was derived from the EMR. No personally identifying patient information was recorded. All reviewers
attended training sessions to ensure familiarity with the relevant EMRs, the data collection tool and application of the
case definitions. Uncertain cases were discussed and resolved
at biweekly meetings involving all reviewers, with the expert
knowledge of the urogynecology clinic primary care phys
ician (D.S.) guiding consensus.
For each of the 3 conditions (any urinary incontinence, any
fecal incontinence and any pelvic organ prolapse), women
were classified as cases if any of the descriptor elements were
present anywhere in their EMR data, and as noncases if the
elements were absent. For each woman, we used the personal
health number to link the outcomes of the case definition
algorithms to the results of detailed EMR chart review.
We tested interrater reliability among the 3 principal
reviewers using a subsample of 10 charts from 1 specific EMR
(weighted to include at least 1 case for each definition). We
used the Fleiss κ statistic to determine consistency among
reviewers.13

Sample size for validation

The estimated sample size for the study was 1000 EMR
charts. Assuming a sensitivity of 80% for each of the conditions under study and prevalence estimates of 8% for urinary incontinence, 4% for fecal incontinence and 5% for
pelvic organ prolapse,1 the sample of 1000 charts would
ensure a margin of error for the sensitivity estimate of no
CMAJ OPEN, 8(2)
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more than 15% for any condition and a margin of error of
no more than 10% for urinary incontinence.

Sampling of electronic medical record charts

Stratification was carried out for the validation study, with
10% of EMR charts selected randomly from among women
less than 55 years old and 90% selected randomly from
among those aged 55 years or older, in order to intentionally
inflate the prevalence of pelvic floor disorders within the sample.9 Because the expected prevalence of fecal incontinence
was lower than that of the other disorders,9 we augmented the
sample by selecting all 49 fecal incontinence cases remaining
in the participating sites and interspersing them randomly
among the sample charts.
After review of the charts at the first 3 clinics, 1 of the
2 EMR vendors unexpectedly removed a patient-specific
identifier from the search interface during a system upgrade,
which meant we were unable to search for our sample cases in
that vendor’s charts. We generated a second sample from sites
using the other vendor’s system.
The initial sample of 1050 patients was generated in
December 2014, the second sample was generated in February
2015, and the EMR chart review was completed in June 2015.

Statistical analysis

We analyzed the data using Stata (StataCorp) with the
exception of the Fleiss κ statistic, which was calculated with
SAS (SAS Institute). We used simple descriptive statistics to
characterize the sample of patients. We assessed the validity
of the case definition algorithms in terms of sensitivity,
specificity, positive predictive value (PPV) and negative predictive value (NPV) with 95% confidence intervals (CIs) for
each, according to reporting guidelines.14 Case definitions
were considered valid for epidemiologic uses if the sensitivity and specificity were at least 70%. For clinical uses such
as case-finding in SAPCReN–CPCSSN data, case definitions were considered valid if PPVs and NPVs were at least
70%.9 To illustrate the use of the case definitions, we estimated the prevalence of the 3 conditions (if appropriate) by
applying the validated case definition algorithms to the
SAPCReN–CPCSSN data for April–June 2015 for women
aged 18 years or older.

Ethics approval

Ethics approval was provided by the University of Alberta
Health Research Ethics Board and University of Calgary
Conjoint Health Research Committee.

Results
We conducted the final analysis using the charts of
900 patients from the 6 primary care medicine clinic sites
(Figure 1, Table 1).
Interrater reliability testing showed acceptable agreement
among the 3 reviewers for all 3 case definitions: there was
substantial agreement for urinary incontinence (κ = 0.76, 95%
CI 0.42–1.00), and excellent agreement for fecal incontinence
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(κ = 0.81, 95% CI 0.38–1.00) and pelvic organ prolapse (κ = 1,
95% CI 1.00–1.00).
Table 2 summarizes the diagnostic accuracy of the 3 case
definition algorithms. The sensitivity was 81.9% (95% CI
75.1–87.2) for urinary incontinence, 61.2% (95% CI 46.2–
74.5) for fecal incontinence and 51.8% (95% CI 40.6–62.8)
for pelvic organ prolapse, and the specificity was 71.9% (95%
CI 68.4–75.1), 99.2% (95% CI 98.2–99.6) and 98.8% (95%
CI 97.7–99.4), respectively. The corresponding PPVs were
40.6% (95% CI 35.4–46.0), 81.1% (95% CI 64.3–91.4) and
81.1% (95% CI 67.6–90.1), and NPVs 94.4% (95% CI 92.1–
96.1), 97.8% (95% CI 96.5–98.6) and 95.3% (95% CI
93.6–96.6).
The definition of urinary incontinence was found to be
valid according to our predefined criteria (> 70% for sensitivity and specificity), so we calculated the prevalence of urinary incontinence in the complete SAPCReN–CPCSSN
data for women aged 18 years or older. The observed prevalence was 23 929/80 694 (29.7%, 95% CI 29.3–30.0).
Because of concern about levels of misclassification suggested by the sensitivity and specificity values, we calculated

Total population of female
patients in SAPCReN database
at time of sampling
n = 72 135
Excluded: girls < 18 yr n = 16 780
All women ≥ 18 yr in SAPCReN
database
n = 55 355*

Research sample
n = 1001

Patients with fecal
incontinence augmenting
original sample
n = 49

Sample for chart review
n = 1050
Excluded n = 150
• Missing personal health number n = 5
• Deceased (including 1 patient with fecal
incontinence) n = 6
• Change in format of 1 EMR vendor (personal
health number not available) n = 54
• Patient’s physician no longer in CPCSSN
n = 85

Sample for analysis
n = 900†

Figure 1: Flow diagram showing selection of sample of electronic
medical record (EMR) patient charts for analysis. Note: CPCSSN =
Canadian Primary Care Sentinel Surveillance Network, SAPCReN =
Southern Alberta Primary Care Research Network. *Anonymous
data from these women were used to develop the case definitions.
†Case definition algorithms for pelvic floor disorders were applied
to these charts.
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Table 1: Characteristics of sample for detailed review of the
primary care electronic medical record chart (n = 900)

Clinic

Setting

No. of patients
(% of sample)

Mean age,
yr

Age range,
yr

A

Urban

85 (9.4)

66

23–99

B

Urban

97 (10.8)

65

22–93

C

Urban

180 (20.0)

62

19–103

D

Rural

181 (20.1)

68

28–97

E

Rural

179 (19.9)

67

22–95

F

Urban

178 (19.8)

62

18–98

the Rogan–Gladen estimator,15 which yielded an adjusted
“true” prevalence of 2.97%.
We did not calculate the prevalence of fecal incontinence
and pelvic organ prolapse for the complete SAPCReN data
because neither of these definitions met our predefined characteristics of validity for epidemiologic purposes. They met
the predefined characteristics of validity for clinical uses such
as case-finding.

Interpretation
With random selection of primary care patients from
SAPCReN physicians, our results show that the SAPCReN–
CPCSSN database may be used to apply complex symptombased case definitions for pelvic floor disorders (urinary
incontinence, fecal incontinence and pelvic organ prolapse),
incorporating a variety of textual and coded items to identify
cases for epidemiologic research. High PPVs and NPVs for
the case definitions for fecal incontinence and pelvic organ

prolapse suggest their suitability for clinical applications, such
as quality improvement or creation of disease registries, or
establishing research cohorts for observational studies. 16
Acceptable values for sensitivity and specificity mean that our
definition of urinary incontinence may be used to estimate the
prevalence of urinary incontinence, bearing in mind that it
may be necessary to apply relevant statistical methods (such as
the Rogan–Gladen estimator15 or a Bayesian approach17) to
adjust for possible misclassification.
In studies of US ambulatory care administrative databases,
investigators used case definitions based on ICD-9 diagnoses
and billing codes alone, without evidence of definitional validity.5,7,11 In contrast, our study reports the measurement characteristics of our case definitions.
With our validated case definition for urinary incontinence, the observed prevalence among women was 29.7%
(95% CI 29.3–30.0); adjustment for possible misclassification
error with the Rogan–Gladen estimator15 yielded a true prevalence as 2.97%. It is likely that the actual prevalence is somewhere between those estimates, which casts doubt on higher
published estimates of urinary incontinence prevalence. Both
our estimates are below the range of published population
prevalence estimates (30%–60%1,3), which often rely on selfreported symptom questionnaires in selected populations.
Our findings reflect the situation for primary care patients,
who must overcome their discomfort about discussing these
topics and consult a primary care provider3,18 in order to be
identified as having pelvic floor disorders. The care provider
must also judge that the women’s concerns are sufficiently relevant to record them in the EMR. Thus, only women with
problematic symptoms would be likely to appear in the
SAPCReN–CPCSSN database, fewer than might report
symptoms in an anonymous questionnaire.2,3,18

Table 2: Results of validation of case definition algorithms for urinary incontinence, fecal incontinence and pelvic organ prolapse
Case definition
algorithm; disorder

Chart review
Cases

Noncases

Total

Sensitivity
(95% CI)

Specificity
(95% CI)

PPV (95% CI)

NPV (95% CI)

Cases

140

205

345

81.9 (75.1–87.2)

71.9 (68.4–75.1)

40.6 (35.4–46.0)

94.4 (92.1–96.1)

Noncases

31

524

555

Total

171

729

900
61.2 (46.2–74.5)

99.2 (98.2–99.6)

81.1 (64.3–91.4)

97.8 (96.5–98.6)

51.8 (40.6–62.8)

98.8 (97.7–99.4)

81.1 (67.6–90.1)

95.3 (93.6–96.6)

Urinary
incontinence

Fecal incontinence
Cases

30

7

37

Noncases

19

844

863

Total

49

851

900

Pelvic organ
prolapse
Cases

43

10

53

Noncases

40

807

847

Total

83

817

900

Note: CI = confidence interval, NPV = negative predictive value, PPV = positive predictive value.
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Data from the CPCSSN database have been used to study
organization of primary care19–23 and to describe prevalence
and risks associated with specific conditions.24,25 Our study
provides a foundation for research into the prevalence and
treatment of pelvic floor disorders in women and the increasing burden of pelvic floor disorders.1,3,4 This work will be useful for estimating and predicting workload associated with
women’s pelvic floor disorders, for example, enabling clinics
to predict the need for additional incontinence staff.
Our case definitions may be used to estimate the prevalence of urinary incontinence in other CPCSSN data sets and
to develop practice disease registries for managing fecal
incontinence and pelvic organ prolapse. These uses are particularly valuable as the population ages and health care planners
prepare for growing numbers of older women, with consequent increase in the need for care of pelvic floor disorders.
Symptom-based case definitions tend to be complex: our case
definitions underwent rigorous review, and our results provide a strong case for validating case definitions before their
application in research.

Limitations

It was difficult to develop case definitions for pelvic floor disorders because EMR data entry is not standardized, and
symptoms may be recorded in several parts of the EMR chart.
Complex case definitions were needed to capture the variety
of descriptions used by different sentinels (Appendix 1).
Patient symptoms may be underreported compared to clearly
defined physiologic measures, such as blood pressure for
hypertension, hemoglobin A1c level for diabetes or use of
highly specific drugs.2,26 Our research explored “any” report
of a pelvic floor disorder; this definition could be refined to
look at other time frames, such as “during the past year,” as
necessary for other research purposes.
Technical aspects of clinical EMRs can cause problems.
For example, the unannounced system upgrade of 1 EMR
vendor resulted in the loss of a large part of our initial sample.
We were able to overcome this problem, but other researchers may not have the luxury of working with different EMRs.
Another limitation of CPCSSN EMR data is that patients are
associated with individual sentinels. If a sentinel leaves
CPCSSN for any reason, data from their patients are no longer included in the database. In addition, there is a reported
lack of representativeness of CPCSSN providers and
patients.27 We needed only a sample of women stratified
based on age less than 55 years, or 55 years or more; therefore, this was not a problem for our research.

Conclusion

Our case definition for urinary incontinence met our standard
for validity (sensitivity and specificity > 70%) and can be used
for epidemiologic research. High PPVs for case definitions
for fecal incontinence and pelvic organ prolapse mean these
definitions can be used in applications such as qualityimprovement studies, cohort studies and creation of disease
registries. With the increasing development of primary care
data networks worldwide, our research methods should be
E418
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useful in studying pelvic floor disorders and in developing
other symptom-based algorithms for application to other
health conditions encountered in primary care.
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