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ABSTRACT 

Primary biliary cirrhosis (PBC) is a chronic hepatic disorder that affects 

predominantly females and may necessitate transplantation. The epidemiology 

and outcomes of PBC in Canada are poorly defined partly due to the difficulty of 

case ascertainment. In this study, we validated an administrative data coding 

algorithm for PBC that requires at least two health care contacts with this 

diagnosis. Using this algorithm, we described the epidemiology of PBC in the 

Calgary Health Region and the natural history in newly-diagnosed cases. 

Between 1996 and 2002, the annual incidence was stable (30 cases per million), 

however, the prevalence increased from 100 to 227 per million population. The 

estimated 10-year survival and requirement for liver transplantation were 73% 

and 5.7%, respectively. In summary, this study demonstrates the feasibility of 

identifying PBC patients using administrative data, and for the first time, 

describes the epidemiology and outcomes of this condition from a Canadian, 

population-based perspective. 
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CHAPTER ONE


INTRODUCTION


BACKGROUND


Primary Biliary Cirrhosis (PBC)


PBC is a chronic cholestatic liver disorder characterized by nonsuppurative 

destruction of the interlobular and septal bile ducts. The consequent cholestasis 

leads to progressive liver fibrosis, cirrhosis, and liver failure in many affected 

patients. The etiology of PBC is unknown although autoimmune, genetic, and 

environmental factors likely play a role.1-4 A hallmark of this condition is the 

presence of antimitochondrial antibodies (AMA) in the serum of 90-95% of 

affected patients.5, 6 These antibodies, in addition to hypergammaglobulinemia, 

other antibodies (e.g. antinuclear antibodies), and concomitant autoimmune 

conditions (e.g. sicca syndrome and thyroid disease) suggest that autoimmune 

mechanisms play a major role in the pathogenesis of PBC.1-4 

PBC is primarily a disease of middle-aged females. Although most patients 

(60%) are asymptomatic at diagnosis, common symptoms include fatigue and 

pruritus. Complications include osteoporosis and fat-soluble vitamin deficiency.7-9 

Due to progressive fibrosis, end-stage liver disease (manifested by ascites, 

jaundice, encephalopathy, and/or portal hypertensive bleeding) requiring liver 

transplantation is a potential complication.10, 11 Because of our limited 

understanding of the pathogenesis of PBC, curative therapy is not available. The 

http:complication.10
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only approved treatment is ursodeoxycholic acid (UDCA).12 UDCA has been 

shown to improve liver biochemistry and histology, reduce the formation of 

esophageal varices, and prolong transplant-free survival.13-16 Unfortunately, only 

one-third of patients have biochemical normalization on UDCA, and despite 

therapy, 25% of patients may die or require transplantation within four years of 

initiating treatment.13 

Epidemiology of PBC 

Numerous population-based studies have examined the epidemiology of PBC 

(see Table 1.1).3, 17, 18 PBC is considered to be most prevalent in England and 

Scandinavia; it is rarely reported in Africa and Asia. However, comparisons in 

incidence and prevalence rates across studies are hampered by the identification 

of small numbers of patients and methodological flaws in some studies, poorly 

defined patient populations, non-uniform case definitions, and uncertainty in 

defining the date of diagnosis, thus making a distinction between incidence and 

prevalence unclear. Moreover, studies that attempt to identify a change in PBC 

incidence over time cannot exclude the potential bias of growing disease 

awareness and testing among health care providers. Similarly, studies identifying 

an increase in prevalence rates may be confounded by differing methods of case 

ascertainment, increased disease awareness leading to earlier diagnosis, and 

better survival due to improved medical treatment (e.g. UDCA and liver 

transplantation).3, 17, 18 
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Many of the published epidemiologic studies of PBC have emerged from 

England.19-22, 36, 37 A 1980 study from Sheffield was important because it was the 

first well-designed study to suggest a link between PBC and an environmental 

factor.19 In this study, Triger et al. identified cases of PBC over a 3-year interval 

(1976-1979) via physician surveys and a search of laboratory results. Diagnostic 

criteria included AMA-positivity and either compatible liver histology or abnormal 

liver biochemistry. The authors identified 34 cases, corresponding to an annual 

incidence and prevalence of 5.8 and 54 per million, respectively. Interestingly, a 

cluster of cases sharing the same water supply was identified; the prevalence of 

cases receiving water from this reservoir was approximately 10-times higher than 

observed elsewhere. Although these findings suggest a potential waterborne 

source of PBC, the reservoir was analyzed and no significant toxins were found. 

In a subsequent study employing formal geographical analysis,37 Prince et al. 

identified an uneven distribution of PBC in Northeast England, again suggesting 

an environmental risk factor for PBC pathogenesis. 

Studies conducted in the Newcastle-upon-Tyne area of England have reported 

some of the highest prevalence rates of PBC.21, 36 In the first study conducted in 

1983,21 Hamlyn et al. reported an annual incidence of 10 per million and 

prevalence varying from 37 to 144 per million in rural and industrial urban areas, 

respectively. In an update from 1997,36 despite using a stricter case definition, 

Metcalf et al. reported an annual incidence and prevalence of 22 and 240 per 
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million, respectively, suggesting an increase in disease burden. However, as 

previously stated, confounding factors such as increasing awareness and 

improved prognosis cannot be excluded. 

Rates of PBC reported in Scandinavian epidemiologic studies are comparable to 

those reported from England.23-26 For example, in a population-based study from 

Norway between 1986 and 1995,26 the mean annual incidence of PBC was 16.2 

per million; the prevalence was 146 per million. Similar rates have been reported 

in studies from Sweden.23-25 In a study from Australia,31 the prevalence of PBC in 

2002 was 51 cases per million, more than 2.5-times higher than that reported in 

1991 by the same investigators.30 The more recent study employed more 

rigorous case-finding methods including physician surveys; and review of a liver 

transplant database, medical records at major teaching hospitals, and a 

laboratory database for AMA results. This may explain the increase in prevalence 

observed in the recent study. 

The epidemiology of PBC in North America is less well described at least partly 

due to difficulties in case ascertainment. Thus far, only four population-based 

studies have been published.32-35 In a study from Olmsted County, Minnesota,34 

Kim et al. identified 46 cases of PBC over a 20-year interval (1975-1995). Cases 

were identified using the Rochester Epidemiology Project administrative 

database for a diagnosis of PBC, and histopathology and laboratory databases 

for compatible liver biopsies and AMA results. In this study, the overall age- and 
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sex-adjusted incidence was 27 per million and prevalence was 402 cases per 

million, among the highest rates ever reported. The incidence was stable over 

time. This study is limited by the small number of cases and potential selection 

bias due to the well known expertise in cholestatic liver diseases at the Mayo 

Clinic, the main providers of gastroenterology care in this region. In the second 

American study,35 Hurlbut et al. described the epidemiology of PBC in Alaskan 

natives, an admittedly selected population. Between 1984 and 2000, 18 patients 

were diagnosed with PBC, corresponding to a prevalence of 160 per million. 

Only two studies have described the epidemiology of PBC in Canada. In the 

first,32 Witt-Sullivan et al. reported an incidence of AMA-positive, biopsy-proven 

PBC in 1987 of 3.26 per million; the prevalence was 22.39 per million. These 

figures are much lower than typically reported likely due to: 1) incomplete 

physician response to the survey (87%); 2) poor sensitivity of physician reporting 

for case finding (i.e. reliance on memory of names); and 3) the strict case 

definition employed by the authors (i.e. requirement for histological confirmation 

of PBC diagnosis). Other limitations include the reliance on patient reports for 

defining the date of diagnosis and the failure to explicitly identify the population at 

risk. Findings in this study that warrant confirmation include an apparent increase 

in incidence during the study interval (1980-1987), and a lack of geographical 

clustering or racial predisposition to PBC. In the second Canadian study from 

Quebec,33 Villeneuve and colleagues reported an incidence (between 1980 and 

1986) and point prevalence (in 1986) of 3.9 and 25.4 cases per million, 
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respectively. Because this study was limited to PBC patients that had been 

hospitalized, it undoubtedly underestimated the true burden of this disease, 

which is predominantly one of outpatients. Both of these studies warrant updating 

using contemporary Canadian data. 

Risk Factors for PBC 

As observed in most autoimmune conditions, PBC is more common in females. 

In population-based studies, females outnumber males on average 9:1 (see 

Table 1.1).3, 17, 18 Although the reason for this gender discrepancy is unclear, 

female sex hormones may augment the risk of PBC by modulation of the immune 

system.38 In addition to female gender, a genetic predisposition to PBC has been 

shown; PBC appears to be more common in people who have a family history of 

the disease. In studies from many countries, between 1-6% of PBC patients had 

a family member with the disease.39-43 Family members of PBC patients have up 

to a 100-fold higher risk of developing PBC. The concordance rate in 

monozygotic twins is 63%.44, 45 Although all of these findings support a genetic 

predisposition to PBC, definitive evidence for a specific genetic allele has not 

been reported.46 

Other factors that have been proposed to increase the risk of PBC include the 

presence of other autoimmune conditions,47 gravidity,48 and lifestyle factors such 

as smoking49 and dietary fat intake.50 A significant association between PBC and 
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previous tonsillectomy, chronic bronchitis, and vaginal or urinary tract infection 

has been reported in some,51 but not all,49 studies. The common link between 

these risks is the potential role of infectious agents (e.g. Escherichia coli, 

Chlamydia pneumoniae, human betaretrovirus) in PBC pathogenesis due to 

“molecular mimicry”.52-54 Finally, exposure to chemical compounds such as 

hydrocarbons from toxic waste sites55 and air pollution18 may increase the risk of 

PBC. 

Liver-Related Outcomes in PBC 

PBC has a highly variable natural history, with some patients requiring liver 

transplantation within months of diagnosis and others remaining asymptomatic 

for decades.10, 11 Although early reports from tertiary referral centers suggested a 

poor prognosis, more recent studies are more optimistic, likely due to the 

diagnosis of patients at an earlier stage with the widespread availability of AMA 

testing. For example, in a recent study by Prince et al.,56 the natural history of a 

population-based cohort of 770 patients with PBC from Northern England was 

described. Median survival was 9.3 years after the diagnosis and mortality was 

nearly 3-times higher than expected based on the general population. Forty-two 

percent of deaths were liver-related. Within 10 years of diagnosis, 26% of 

patients developed liver failure and 5% underwent liver transplantation within the 

study period. In three large European studies including over 750 patients, 10

year survival rates of 71% to 92% were reported.57-59 Improved survival in the 

http:decades.10
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latter studies likely reflects their restriction to patients treated with UDCA and 

their more recent recruitment periods. 

Multiple studies have examined predictors of survival in patients with PBC. A 

widely used model was developed by the Mayo Clinic investigators60 and 

validated in multiple settings including population-based cohorts.34, 56, 61-63 In this 

model, independent predictors of mortality without transplantation include 

advanced age, presence of edema, lower albumin levels, and higher prothrombin 

times and bilirubin levels.60 In the Prince et al. study,56 independent predictors 

were age and levels of bilirubin, alkaline phosphatase and albumin. Other studies 

have shown improved survival in asymptomatic patients,64-66 those with minimal 

fibrosis,57-59, 66-69 and patients treated with UDCA.13, 70 

Administrative Databases in Health Services Research 

Administrative databases are increasingly used in studies of outcomes, 

effectiveness, and health care utilization in a variety of fields including liver 

disease research.71-79 Their availability and readiness to be analyzed, broad 

geographic coverage, and relatively complete capture of health care encounters, 

are important advantages over other data sources.71 With the widespread use of 

administrative data, their accuracy and completeness is paramount such that 

valid conclusions can be drawn.80 Administrative data have been validated using 

different methodologies in multiple fields.81-84 However, information is limited 

http:cohorts.34
http:UDCA.13
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regarding the accuracy of administrative data in liver-related research. In one 

study,85 Karam et al. assessed the quality of the European Liver Transplant 

Registry (ELTR) via a chart audit of 734 files from 21 participating centers. The 

authors reported rates of ELTR incompleteness and inconsistency  5% and 

kappa values ≥ 0.81 for all variables, including the underlying diagnosis 

necessitating liver transplantation. However, some items, including cause of 

death or graft failure and patient outcome, were targeted for improvement. In 

another study employing administrative data from the Calgary Health Region 

(CHR),86 Myers and colleagues derived coding algorithms for acetaminophen-

related hepatotoxicity and acute liver failure that were highly accurate (c-statistics 

0.87 and 0.88, respectively), and subsequently used in a natural history study of 

this condition.77 Finally, Steinke et al. derived diagnostic algorithms based on 

data from multiple sources (e.g. hospital discharge, laboratory, and medication 

databases) to classify subjects with liver disease in Tayside, Scotland.87 In this 

study, agreement between the electronic and clinical diagnoses was 98%, thus 

validating the information contained within the electronic databases. For PBC 

specifically, 17 of 24 suspected cases (71%) according to the algorithm truly had 

PBC. While several other studies have used administrative databases to identify 

patients with PBC, to our knowledge, only one has specifically reported on the 

validity of this case-finding approach.33 In this study by Villeneuve and 

colleagues, the charts of 648 patients who had a diagnosis code for PBC in a 

hospitalization database were reviewed. Of these patients, only 257 (40%) had 

definite or probable PBC according to standard definitions.7 Clearly, refinement 
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of this approach to PBC case ascertainment using administrative data is 

necessary. 

RESEARCH OBJECTIVES 

The primary objective of this research was to determine the validity of a 

diagnosis of PBC based on administrative data. As secondary objectives, we 

aimed to describe the epidemiology and outcomes of PBC in a well-defined 

Canadian population (the CHR) using administrative data. To achieve these 

goals, we employed a framework consisting of the following series of questions 

that form the basis of this thesis: 

1) Is administrative data valid for the identification of patients with PBC? 

2) What are the incidence and prevalence of PBC in the CHR?  Has the 

epidemiology of PBC changed between 1996 and 2002? 

3) What is the natural history of PBC in the CHR? 
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CHAPTER TWO 

IS ADMINISTRATIVE DATA VALID FOR THE IDENTIFICATION OF PATIENTS 

WITH PBC? 

INTRODUCTION 

Administrative databases are ubiquitous and used in all areas of health care 

financing and delivery. Health care providers, policy-makers, and payers use 

administrative data for reimbursement, budgetary planning, monitoring clinical 

activities, measuring the quality of care, and health services research.71, 88 The 

critical variable in all of these applications is the patient diagnosis, typically 

recorded using the International Classification of Diseases (ICD) Ninth Revision, 

Clinical Modification (ICD-9-CM)89 or Tenth Revision (ICD-10)90 coding systems. 

This data can be used to identify specific patient cohorts and assess disease 

epidemiology, risk factors, and clinical outcomes. Clearly, the accuracy and 

completeness of diagnoses within administrative databases is vital to reaching 

valid conclusions.80 As such, the validation of administrative data has been the 

focus of numerous investigations, typically via audits of medical records.86, 91-102 

The results of validation studies have varied depending on the type of 

administrative data (eg. inpatient versus outpatient and diagnostic versus 

procedural), the specific disease area and codes used for case identification, and 

underlying disease severity.80 

http:research.71
http:records.86
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Administrative databases have been used in numerous studies to help identify 

patients with PBC,21, 22, 25, 26, 29-31, 33-36 but their accuracy has not been rigorously 

evaluated. In the majority of these reports, multiple additional case-finding 

approaches have been utilized including physician surveys, transplant registries, 

death certificates, liver histology databases, and laboratory reports for positive 

AMA serology. Although such multifaceted approaches to case ascertainment 

may have improved sensitivity compared with administrative data alone, the 

added complexity, time, and cost may not be justified. Moreover, administrative 

databases have several advantages over these alternative data sources 

including their broad geographic coverage, relatively complete capture of health 

care encounters, and limited expense.71 In addition, because administrative 

databases are ubiquitous, they may facilitate comparisons of PBC between 

regions in which the availability of these other data sources may vary. In order to 

embark on such studies, the accuracy of a PBC diagnosis based on 

administrative data must be confirmed. 

Therefore, the objectives of our study were: 1) to determine the validity of ICD-9

CM and ICD-10 diagnosis codes for PBC using three population-based 

administrative databases; and 2) to derive accurate coding definitions for the 

identification of PBC patients for use in future studies that describe the 

epidemiology and natural history of this condition. 
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METHODS 

Data Sources 

This study utilized administrative data to identify potential cases of PBC in the 

CHR between fiscal years 1994 to 2002 (April 1, 1994 to March 31, 2003). The 

CHR is one of the largest fully integrated, publicly funded health care systems in 

Canada. The CHR provides all medical and surgical care to residents of Calgary 

and surrounding communities in southern Alberta (population ~1.1 million in 

2002). Included within the region are 12 academic and community hospitals, 

including four large hospitals within the city of Calgary. Three databases were 

utilized to identify potential PBC cases:103 

1.	 Physician Claims Database. This database records claims submitted for 

payment by Alberta physicians for services provided to registrants of the 

Alberta Health Care Insurance Plan (AHCIP). Approximately 4,500 

providers submit over 36 million claims annually.103 Each record in the 

database includes up to three diagnosis fields, the date of service, and the 

specialty of the care provider. 

2.	 Inpatient Discharge Abstract Database (DAD). The Inpatient DAD contains 

patient demographic, diagnosis, procedure, and mortality information on all 

discharges from hospitals within the CHR. This data is routinely 

transmitted to the Canadian Institute for Health Information for aggregation 

with nationwide hospitalization data.103 Chart validation studies have 

shown rates of agreement exceeding 95% for demographic data and 75

96% for most responsible diagnosis codes. 104 
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3.	 Ambulatory Care Classification System (ACCS) Database. This database 

contains information on facility-based ambulatory care including clinic and 

emergency department visits, same-day surgery, day procedures, and 

rehabilitation services. Data is available from fiscal year 1996 onwards.103 

These databases have been used to examine the epidemiology,79, 105, 106 

outcomes,77, 107-109 and coding accuracy86, 93-96 of a variety of medical conditions. 

The data was provided by the Health System Analysis Unit of the Quality, Safety 

and Health Information portfolio of the CHR. Studies such as those described in 

this thesis are important because they facilitate our understanding of disease 

burden and natural history and may help improve outcomes among CHR 

patients. To protect patient privacy, personal identifiers were removed from the 

datasets after linkage of the administrative and medical record data (see below), 

and only aggregate statistics are reported. Moreover, we did not have access to 

physician identifiers in the administrative data. Finally, only Dr. Myers and his 

data analyst had access to individual patient data. 

Study Population 

The administrative database population included adult patients (≥ 20 years old) 

with at least one health care encounter in which an ICD-9-CM (571.6) or ICD-10 

diagnosis code for PBC (K74.3) was recorded during the study interval.89, 90 

Whereas the ICD-10 code is specific to PBC, the ICD-9-CM code also codes for 

“biliary cirrhosis”. Therefore, this code may misclassify cases of secondary biliary 

http:interval.89
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cirrhosis (e.g. that due to biliary strictures) as PBC. Date of birth and gender 

were extracted from the AHCIP Registry, which contains demographic details on 

the over 99% of Alberta residents who participate in this government-

administered universal health care plan.103 

To facilitate calculations of the sensitivity of the administrative data (see 

Statistical Analyses), we also included a cohort of 17 well-characterized PBC 

patients who participated in two clinical trials restricted to patients with PBC at 

the University of Calgary.110, 111 All of these patients were female and diagnosed 

with PBC before or during the current study interval. Sixteen of the 17 patients 

(94%) had definite or probable PBC (see Case Definitions for PBC in Medical 

Records). The remaining patient, who relocated to the CHR after being 

diagnosed with PBC by a hepatologist, was classified as having suspected PBC 

because the diagnostic details could not be obtained. 

Validation Study 

The validation component of the study was designed to develop coding 

algorithms for the diagnosis of PBC using administrative data. The personal 

health number (PHN), a unique patient identifier captured in the administrative 

databases, was used to identify medical records for this part of the study. These 

records included the outpatient charts of all hepatologists and gastroenterologists 

practicing at the University of Calgary Medical Clinic. Due to the rarity of PBC 

and the potential requirement for liver transplantation, most patients are referred 
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to a hepatologist at some point during their disease. All hepatologists within the 

CHR practice at this clinic. We also reviewed the inpatient medical records of 

cases from each of the three adult, acute care hospitals in Calgary (Foothills 

Medical Centre, Rockyview General Hospital, and the Peter Lougheed Hospital). 

Medical records were reviewed by a trained physician. 

Case Definitions for PBC in Medical Records 

Using data obtained from the review of medical records, the strength of each 

PBC diagnosis from the administrative data was graded as definite, probable, 

suspected, not PBC, or unconfirmed. A diagnosis of PBC was considered definite 

when all three of the following criteria were met: 1) cholestatic liver biochemistry 

(i.e. raised serum alkaline phosphatase and/or gamma-glutamyl-transpeptidase 

concentration); 2) AMA positivity with a titer ≥ 1:40, and/or positivity for 

antibodies against the pyruvate dehydrogenase complex (anti-PDC);6, 112, 113 and 

3) compatible liver histology.114 Probable PBC was defined when any two of 

these criteria were met. Since it is widely accepted that fulfillment of at least two 

of these criteria is pathognomonic of PBC,7, 31 our primary outcome measure was 

definite or probable PBC. As previously described,115 the date of diagnosis was 

defined as the earliest date at which the patient was found to have fulfilled any 

two of these three diagnostic criteria. 

A PBC diagnosis was considered suspected if any physician note (eg. admission 

history, progress note, discharge summary) stated that a patient had PBC. 
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Although not a rigorous definition, we hypothesized that misclassification would 

be minimal due to the rarity and specialized nature of this disease. We assumed 

that patients would be unlikely to state that they had PBC unless truly afflicted 

with this condition due to a lack of general awareness about its existence. 

Similarly, a physician would be unlikely to record this condition if he/she were 

uncertain of the diagnosis. Therefore, as a secondary outcome measure, we 

considered the presence of definite, probable, or suspected PBC. A diagnosis 

was considered not PBC if there was clear evidence according to conventional 

criteria of an alternative hepatic condition. Finally, a diagnosis was considered 

unconfirmed if we lacked sufficient data to assign a particular liver-related 

diagnosis. 

Administrative Data Coding Definitions 

A variety of administrative data coding definitions were examined as predictors of 

a diagnosis of PBC. We utilized data from all three of the databases combined 

and individually over the entire study interval. For the Inpatient DAD and ACCS 

databases, we considered the presence of at least one and at least two 

encounters with a code for PBC. Since professional health records coders input 

these data, we assumed that misclassification would be minimal. For the 

Physician Claims database, the following case definitions were examined: 

1) At least one claim by any physician; 

2) At least one claim by a general practitioner (GP); 

3) At least one claim by a specialist; 
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4) At least two claims ( 2,  3,  4, and  5) by any physician; 

5) At least one claim by a GP and at least one claim by a specialist; and 

6) At least two claims by a GP and at least two claims by a specialist. 

Since PBC is an uncommon disorder and these patients are typically diagnosed 

and cared for by specialists, we hypothesized that specialists would be more 

accurate than GPs in coding for this condition. Moreover, since PBC is a chronic 

disease, we hypothesized that multiple uses of the code(s) over a prolonged 

period of time would be associated with greater validity of the administrative data. 

Therefore, sensitivity analyses were conducted to determine the effect of the 

interval between the first and second health care contact (within 1, 2, and 3 

years). Finally, since PBC affects predominantly females, sensitivity analyses 

were conducted according to gender. 

Statistical Analyses 

Using data obtained from medical records as the gold standard, the positive 

predictive values (PPVs) (with exact binomial confidence intervals [CI]) of these 

administrative data coding definitions for the diagnosis of PBC were calculated. 

Due to the absence of an unselected control group, specificities and negative 

predictive values could not be determined. However, the sensitivities of these 

definitions were calculated using the aforementioned cohort of 17 PBC patients 

who participated in clinical trials at the University of Calgary (see Study 

Population).110, 111 
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Descriptive statistical methods were used to describe the characteristics of the 

study cohort. Comparisons between groups were made using Fisher’s exact and 

chi-square tests for categorical variables, and Mann-Whitney and Kruskal-Wallis 

rank tests for continuous variables. Statistical analyses were performed using 

Stata/IC 10.0 (StataCorp, College Station, TX) and SAS 9.1.3 (SAS Institute, 

Carey, NC) software. The study protocol was approved by the Conjoint Health 

Research Ethics Board of the University of Calgary (see Appendix A). 

RESULTS 

Study Population 

Between April 1, 1994 and March 31, 2003, there were 1,387 “hits” in the 

administrative data (herein referred to as “contacts”) including a diagnosis code 

for PBC among 325 unique individuals. A flow chart demonstrating the derivation 

of the study population is available in Figure 2.1. The majority of these contacts 

(84%) were identified from the Physician Claims database. Of the 325 unique 

patients, the medical records of 198 (61%) were available for review. According 

to our PBC case definitions, 21% of these patients had definite PBC, 39% had 

probable PBC, 14% had suspected PBC, and in one case (0.5%), a hepatic 

diagnosis could not be established (“unconfirmed PBC”). Fifty patients (25%) had 

a liver condition other than PBC. 
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Figure 2.1: Flow Diagram Illustrating Derivation of the Study Population 

Physician Claims 
Database 

(1994-2002) 

n=1,160 contacts (84%) 

(275 patients, 85%) 

Inpatient Discharge 
Abstract Database 

(1994-2002) 

n=151 contacts (11%) 

(81 patients, 25%) 

ACCS 
Database 

(1996-2002) 

n=76 contacts (5%) 

(64 patients, 20%) 

Total Contacts 

n=1,387 

(325 unique patients) 

Medical Records 
Available for Validation 

Study 

n=198 (61%) 

Definite 
PBC 

n=42 (21%) 

Suspected 
PBC 

n=28 (14%) 

Probable 
PBC 

n=77 (39%) 

Not 
PBC 

n=50 (25%) 

Unconfirmed 
PBC 

n=1 (0.5%) 
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The etiologies of liver disease in patients with hepatic conditions other than PBC 

are listed in Table 2.1. The most frequently misclassified diseases were (PSC) 

(28%) and autoimmune hepatitis (AIH) (20%). One patient (2%) had a PSC/AIH 

overlap syndrome. Most PSC cases were male (87%) versus only 9% of those 

with definite or probable PBC (P<0.00005). The proportion of patients under the 

age of 40 years was also higher among patients with PSC (33% vs. 14%; 

P=0.07). The sex (P=0.38) and age distributions (P=0.10) of AIH and definite or 

probable PBC cases did not differ significantly. Secondary biliary cirrhosis, which 

is identified using the same ICD-9-CM code as PBC, accounted for 10% of false 

positive cases. 

Table 2.1: Etiology of Liver Disease in Patients Misclassified with PBC 
According to the Administrative Data (n=50) 

Etiology of Liver Disease Number of Cases % 

Primary sclerosing cholangitis (PSC) 14 28 

Autoimmune hepatitis (AIH) 10 20 

PSC-AIH overlap syndrome 1 2 

Secondary biliary cirrhosis 5 10 

Hepatitis C (with cirrhosis) 5 (4) 10 (8) 

Alcoholic cirrhosis 4 8 

Cryptogenic cirrhosis 4 8 

Idiopathic adulthood ductopenia 1 2 

Chronic pancreatitis 1 2 

Nonalcoholic fatty liver disease 1 2 

Wilson disease 1 2 

Other 3 6 
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Characteristics of the Study Population 

Demographic characteristics and details of the administrative data according to 

disease classification are outlined in Table 2.2. The single patient with 

“unconfirmed PBC” has been excluded from this table for ease of presentation. 

Table 2.2: Characteristics of the Study Population 

Characteristics Definite or 
Probable 

PBC 
(n=119) 

Suspected 
PBC 

(n=28) 

Not PBC 
(n=50) 

P-value 

Demographic characteristics 

Female gender 

Age, years 
At first contact 

20-39 years 
40-59 years 
60-79 years 
≥ 80 years 

91% (108) 

52 (44-63) 

14% (17) 
50% (60) 
34% (40) 

2% (2) 

82% (23) 

57 (49-72) 

4% (1) 
50% (14) 
36% (10) 
11% (3) 

50% (25) 

50 (42-63) 

20% (10) 
52% (26) 
24% (12) 

4% (2) 

<0.0005 

0.04 

<0.0005 

Administrative data coding details 

Total PBC contacts 
≥ 2 contacts 

Total PBC claims 
Total inpatient PBC contacts 
Total ACCS PBC contacts 

4 (2-8) 
82% (98) 

3 (2-6) 
0 (0-0) 
0 (0-1) 

4 (2-8) 
79% (22) 

3 (1-5) 
1 (0-2) 
0 (0-0) 

2 (1-4) 
30% (15) 

1 (1-1) 
0 (0-0) 
0 (0-0) 

0.0001 
0.0001 

0.0001 
0.0001 

0.07 

All data are median (IQR) or proportions (%, n). 

Compared with patients with definite or probable PBC (n=119), those with 

alternative liver conditions (n=50) were more likely to be male and slightly 
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younger at the first use of a PBC code. Importantly, among 7 male patients under 

the age of 40 years – in whom PBC is uncommon - six (86%) had conditions 

other than PBC (PSC [n=4]; PSC/AIH [n=1], AIH [n=1]). On the contrary, among 

21 females in this age group, 17 patients (81%) had definite, probable, or 

suspected PBC. Compared with patients with definite or probable PBC, those 

with other hepatic diagnoses had fewer total PBC contacts, physician claims, and 

inpatient contacts for PBC. 

In patients with definite or probable PBC, the median age at diagnosis was 51 

years (interquartile range [IQR] 43-61) and 91% were female. The majority (79%) 

of these patients were AMA-positive with a median titer of 1:640 (IQR 1:160

1:640). An additional 9 patients (8% of those with definite or probable PBC) were 

anti-PDC positive (E2-positive, n=9; X-positive, n=4). The median (IQR) serum 

alkaline phosphatase, alanine aminotransferase, and total bilirubin 

concentrations at diagnosis were 268 U/L (176-373), 67 U/L (45-100), and 11 

umol/L (7-15), respectively. In 60 patients (50%), the diagnosis of PBC was 

confirmed with liver biopsy. 
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Validity of Administrative Data for the Diagnosis of Definite or Probable 

PBC 

Of the 198 patients identified in the validation study with at least one contact for 

PBC, 119 were confirmed to have definite or probable PBC (PPV 60%; 95% CI 

53-67%). This definition was 94% sensitive (95% CI 71-100%) in identifying the 

17 PBC clinical trial patients. The median delay between the diagnosis of PBC in 

definite or probable cases and the first contact in the administrative data was 54 

days (IQR, 0 to 309 days). The PPV of the administrative data increased and the 

sensitivity decreased as the number of contacts necessary to confirm a diagnosis 

of PBC increased (Table 2.3). The optimal definition when all three databases 

were combined required at least two health care contacts for PBC (PPV 73% 

[95% CI 61-75%]; sensitivity 94% [95% CI 71-100%]). The PPV of this definition 

(and the remainder) was much higher in females than males (78% vs. 40%; 

P=0.0009). If male patients under the age of 40 years with at least two contacts 

(n=3) – all of whom had PSC - were removed from the analysis due to the rarity 

of PBC in this subgroup, the PPV was 74% (98/132; 95% CI 66-81%). The 

sensitivity was unchanged. The PPV of this definition was higher during the later 

years of the study period (1994-1996: 61% vs. 1997-1999: 66% vs. 2000-2002: 

90%; P=0.004). 

Since the majority of health care contacts were identified using the Physician 

Claims database, the PPV of the optimal definition in this database was similar to 

that of all three databases combined (75%; 95% CI 66-82%). However, the 
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sensitivity was slightly lower (88%; 95% CI 64-99%). As illustrated in Table 2.3, 

coding by GPs was much less sensitive than that of specialists (18% vs. 82%; 

P=0.0004), but the PPVs were similar (73% vs. 66%; P=0.51). Although the 

PPVs in the ACCS database were similar (74%-78%) to those of the optimal 

definition from all three databases, the sensitivities were much poorer (6-24%). 

Similarly, the Inpatient database was insensitive and had a maximum PPV of 

51%. 
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Validity of Administrative Data for the Diagnosis of Definite, Probable, or 
Suspected PBC 

Table 2.4 includes the operating characteristics of the same coding definitions for 

the identification of patients with definite, probable, or suspected PBC (n=147). 

As described above, the definition requiring at least two contacts from any of the 

three databases was optimal with respect to the balance between PPV (89%; 

95% CI 82-94%) and sensitivity (94%; 95% CI 71-100%). For this case definition, 

the PPVs among females and males were 94% (95% CI 88-98%) and 60% (36

81%), respectively (P=0.0002). Exclusion of males under 40 years of age yielded 

a PPV of 91% (120/132; 95% CI 85-95%). The remainder of the analyses 

paralleled those described for the diagnosis of definite or probable PBC although 

all PPVs were higher for this less stringent case definition. 
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Sensitivity Analysis of the Diagnostic Definitions for PBC According to the 

Time Interval between Contacts 

As illustrated in Table 2.5, the PPVs of the diagnostic definitions requiring at least 

two heath care contacts for PBC did not change significantly (72-74%) according 

to the interval between the first and second contact. However, restricting the 

analyses to patients with the first and second contact within the same year led to 

a substantial reduction in sensitivity (from 94% to 71% with all three databases 

combined, and from 88% to 71% with the Physician Claims database). These 

data suggest that more than one year of administrative data is necessary to 

maximize the identification of PBC patients. 

Table 2.5: Sensitivity Analysis of Diagnostic Definitions for PBC According 

to the Time Interval between First and Second Contacts in the 

Administrative Data 

Data Source and 
Interval between 
Contacts 

n Definite or 
Probable PBC 

PPV 
% (95% CI), (n) 

Definite, Probable, 
or Suspected PBC 

PPV 
% (95% CI), (n) 

Sensitivity for PBC 
Trial Patients 

% (95% CI), 
(n) 

All databases 

Within 1 year 
Within 2 years 
Within 3 years 

112 
129 
133 

72 (63-80), (81/112) 
73 (64-80), (94/129) 
72 (64-80), (96/133) 

91 (84-96), (102/112) 
90 (83-95), (116/129) 
89 (82-94), (118/133) 

71 (44-90), (12/17) 
94 (71-100), (16/17) 
94 (71-100), (16/17) 

Physician Claims 
database 

Within 1 year 
Within 2 years 
Within 3 years 

103 
117 
121 

74 (64-82), (76/103) 
74 (66-82), (87/117) 
74 (66-81), (90/121) 

90 (83-95), (93/103) 
91 (84-95), (106/117) 
90 (83-95), (109/121) 

71 (44-90), (12/17) 
88 (64-99), (15/17) 
88 (64-99), (15/17) 

CI, confidence interval; PPV, positive predictive value. 
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DISCUSSION 

Our study demonstrates the feasibility of using administrative data to identify 

patients with PBC. Using three outpatient and inpatient administrative databases 

with 9 years of data, the optimal case definition required at least two health care 

contacts for PBC. This definition had a PPV of 73% for definite or probable PBC, 

and 89% for definite, probable, or suspected PBC. Its sensitivity in a well-

characterized cohort of PBC patients who participated in clinical trials restricted 

to this disease was 94%. In our opinion, this degree of accuracy is sufficient to 

justify use of administrative data in future studies of this condition. To our 

knowledge, only one other study has examined the utility of administrative data 

for this purpose. In this study,33 Villeneuve and colleagues used province-wide 

hospitalization data to describe the epidemiology and outcomes of PBC in 

Quebec. In total, the charts of 648 patients who had an ICD-9 code for PBC were 

reviewed, and of these, only 257 had definite or probable PBC according to our 

case definitions. The corresponding PPV (40%) is similar to the 51% that we 

observed in the Inpatient database. However, the poor sensitivity of this 

approach (6% in our study) reinforces the importance of using multiple data 

sources, particularly outpatient databases (see below). 

We identified a broad spectrum of diseases that were misclassified as PBC when 

a single contact in the administrative data suggested this diagnosis (Table 2.1). 

As these false positive cases had a fewer number of contacts for PBC, 
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increasing the number required to establish a diagnosis reduced the frequency of 

misclassification, but at the expense of a significant loss in sensitivity. In terms of 

specific conditions, misclassification of secondary biliary cirrhosis was inevitable 

because it shares the same ICD-9-CM code as PBC. Since this disease is 

uncommon, we expect this cause of error to have a minimal impact on future 

studies of PBC that utilize this methodology. On the other hand, patients with 

PSC represented a sizable proportion of false positive cases (28% vs. 20% in 

Villeneuve et al.’s study).33 This finding likely reflects a transcription error in some 

circumstances since the ICD-9-CM codes for these conditions are very similar 

(571.6 for PBC versus 576.1 for PSC). In addition, both are chronic disorders 

characterized by cholestatic liver biochemistry, symptoms including fatigue and 

pruritus, the frequent existence of autoantibodies, and in many cases, 

overlapping histological features.9, 116 Finally, patients with coexisting PBC and 

PSC (“PBC/PSC overlap syndrome”),117 including one from the CHR,118 have 

been described. However, as confirmed by our results, the usual patient 

demographics in these diseases differ; whereas PBC affects predominantly 

middle-aged females, PSC is more common in young males. In fact, if male 

patients under 40 years with at least two health care contacts for PBC were 

excluded from our analyses due to the rarity of PBC in this subgroup, the PPVs 

of the optimal definition increased slightly (from 73% to 74% for definite or 

probable PBC, and from 89% to 91% for definite, probable, or suspected PBC). 

Exclusion of these patients did not affect an analysis of the epidemiology of PBC 

(see Chapter Three) due to the small number of affected patients. Twenty 
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percent of false positive cases were due to AIH. Both AIH and PBC are more 

common in females and often associated with autoantibodies (e.g. antinuclear 

and smooth muscle antibodies).119 However, the typically “hepatitic” biochemical 

profile and liver histology of AIH assists in differentiating these disorders. Finally, 

we identified a single patient with a PSC-AIH overlap syndrome who had two 

contacts for PBC.120 Since the appreciation of syndromes with overlapping 

features between autoimmune liver diseases (e.g. PBC, PSC, and AIH) is 

increasing,121 the optimal means of identifying these patients using administrative 

data should be explored. 

We conducted a variety of sensitivity and subgroup analyses in order to refine 

our use of administrative data for identifying PBC patients. Our results 

demonstrate the benefits of using multiple rather than single data sources. The 

majority of our patients (85%) was identified using the Physician Claims 

database, an anticipated finding considering the predominantly outpatient nature 

of this disease. Although the PPVs of the Claims database were similar to that of 

all three databases combined, its sensitivity for the 17 clinical trial patients was 

slightly lower (88% vs. 94%). Nevertheless, based on this diagnostic 

performance, it would be reasonable to use this type of database to identify PBC 

patients in situations where the other databases are unavailable. Although 

reasonable for studies of incidence and prevalence, this approach would not be 

appropriate for outcome studies in PBC (e.g. analyses of rates of hepatic failure) 
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because these events would require hospitalization data for identification. On the 

other hand, the operating characteristics of the Inpatient and ACCS databases, 

particularly their poor sensitivities (from 6-24% for definite or probable PBC), 

preclude their use in isolation for identifying PBC cases. This finding is not 

unexpected since the Inpatient database is most useful for detecting patients with 

complications of PBC (e.g. the minority who develop hepatic decompensation), 

or those hospitalized for non-liver related conditions in which PBC may fail to be 

recorded. Similarly, the major role of the ACCS database is identifying 

emergency department visits, expected to be uncommon in PBC, or day 

procedures such as liver biopsy and endoscopy, which play only a secondary 

role in the management of patients with PBC. 

Since PBC is more common in females than males, we examined the 

performance of the coding algorithms according to gender. In these analyses, the 

PPVs were much higher in females. For example, for definite or probable PBC, 

the definition requiring at least two PBC contacts had a PPV of 78% in females 

versus only 40% in males (comparisons of sensitivity could not be calculated 

because all clinical trial patients were female). This gender-specific variation in 

PPVs is likely mediated by differences in disease prevalence. Specifically, since 

PBC is more common in women, the PPVs, which are prevalence-dependent, 

would be expected to be higher in this subgroup. On the contrary, many of the 

conditions that may be confused with PBC (e.g. PSC, hepatitis C, and alcoholic 
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cirrhosis) are more common in men than women. Thus, the probability of a 

diagnosis code for PBC being erroneously recorded would be expected to be 

higher in men, an effect that would lead to lower PPVs in this subgroup. An 

alternative explanation is that clinicians have greater difficulty diagnosing PBC in 

male patients, although empiric evidence to support this suggestion is lacking. 

We also confirmed our hypothesis that specialists are better than GPs at coding 

for PBC. Although the PPVs of at least one claim by a specialist or GP were 

similar (~80%), the sensitivity of this criterion among specialists was much higher 

(82% vs. 18%). This finding likely reflects a greater awareness of PBC among 

specialists, the methods of making its diagnosis, and its specific diagnosis codes. 

In an inflammatory bowel disease (IBD)-related study that addressed the latter 

issue among Canadian physicians,122 gastroenterologists were more likely than 

GPs to be aware of the diagnosis codes for IBD, and more frequently used these 

codes for both IBD and non-IBD-related services. Since PBC is typically 

managed by specialists, the latter finding likely explains, at least in part, the 

increased sensitivity of specialist claims for this condition. 

In our final sensitivity analysis, we assessed the impact of the duration over 

which the diagnosis codes were recorded on the performance of the 

administrative data. In this analysis, the PPV of the definition requiring at least 

two health care contacts was similar when the first and second contact occurred 
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within 1, 2, or 3 years of each other. However, the sensitivity of the algorithm was 

significantly lower when restricted to patients in whom these contacts occurred 

within the same year (71% vs. 94% for < 2 and < 3 years). This finding is likely 

due to the typically infrequent follow-up of PBC patients who may be seen on an 

annual basis (or less often) if stable.7 It suggests that future analyses of PBC 

using administrative databases should include more than a single year of data so 

as to avoid missing close to 30% of cases who would otherwise have an 

insufficient observation period to accrue two or more health care contacts. 

Our findings support the use of administrative data in future studies of the 

epidemiology and natural history of PBC. First, our data suggests that accurately 

timing the date of diagnosis is feasible using administrative data. Specifically, we 

demonstrated a short interval between diagnosis dates established using clinical 

data and the first contact in the administrative data (median less than 2 months). 

Interestingly, the PPVs of the coding algorithms were higher in recent years, 

suggesting improved accuracy over time. This finding likely relates to greater 

difficulty in confirming a diagnosis of PBC during the earlier years of the 

validation study (e.g. due to missing laboratory reports and clinical data [see 

below]), or perhaps increased awareness of the diagnosis codes for PBC among 

treating physicians in more recent years. This finding must be considered when 

interpreting temporal changes in PBC incidence and prevalence (i.e. that they 

truly reflect fluctuations in disease burden rather than the accuracy of case 
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ascertainment). The major advantage of the administrative databases that we 

used in the current study is their population-based nature, which limits the 

selection bias inherent in many studies that originate in tertiary referral centers. If 

future studies validate our findings in different health care settings, comparisons 

of PBC epidemiology and outcomes between regions will be facilitated. 

Our study has several limitations. Most importantly, we were unable to locate the 

medical records of approximately 40% of patients who had at least one health 

care contact for PBC. In many cases, charts could not be retrieved due to the 

prolonged nature of our study period, which dated back to 1994. In addition, we 

could not access the records of GPs or specialists practicing outside of the 

University of Calgary Medical Clinic. Since coding accuracy was associated with 

physician specialty, this limitation may have introduced selection bias with a 

resultant overestimation of the performance of the coding algorithms. On a 

related note, a significant proportion of patients (n=28, 14%) were labeled as 

having “suspected PBC” and excluded from our primary outcome (definite or 

probable PBC) due to a lack of diagnostic information. In all likelihood, many if 

not all of these patients truly had PBC. For example, three patients were AMA-

positive with cholestasis, but could not be given a diagnosis of “probable PBC” 

because their AMA titer was unavailable. Many additional patients – including 

one of the 17 clinical trial patients - were diagnosed in other health regions by 

experienced physicians who prescribed UDCA, the only approved treatment for 
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PBC.12 Thus, we would argue that the correct PPV of the optimal coding 

algorithm is closer to the 89% that we observed in our analysis of definite, 

probable, or suspected PBC. 

In conclusion, this study demonstrates the feasibility of identifying patients with 

PBC using administrative data. We recommend that future studies utilize a 

coding algorithm requiring at least two health care contacts and at least one year 

of administrative data for the ascertainment of PBC cases. In the following 

studies, we utilize this algorithm to describe the epidemiology and outcomes of 

PBC from a Canadian, population-based perspective. 
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CHAPTER THREE


WHAT ARE THE INCIDENCE AND PREVALENCE OF PBC IN THE CALGARY 


HEALTH REGION?  HAS THE EPIDEMIOLOGY OF PBC CHANGED


BETWEEN 1996 AND 2002?


INTRODUCTION 

PBC is a chronic idiopathic liver disorder characterized by progressive, 

nonsuppurative destruction of the interlobular and septal bile ducts that may lead 

to cirrhosis.7-9 The hallmark serologic feature is the presence of AMAs that are 

highly specific for PBC.5, 6 Since the first descriptive epidemiologic study of PBC 

published by Hamlyn and Sherlock nearly 35 years ago,123 a wealth of literature 

has examined the epidemiology of this condition (see Table 1.1).3, 17, 18 In 

general, PBC is considered a rare disease that affects predominantly females 

(female to male ratio approximately 9:1). Although geographic variation exists, 

PBC occurs worldwide, and represents a substantial cause of morbidity, 

mortality, and health care expenditures. In one study, the Healthcare Cost and 

Utilization Project estimated the annual economic burden from PBC at between 

$69 and $115 million for hospital charges alone.124 

The literature describing the epidemiology of PBC has reported variable rates of 

disease frequency depending on the specific population under investigation, the 

study period, the methods of case ascertainment, and the diagnostic criteria used 

to define PBC. Reported incidence and prevalence rates vary widely from 2 to 49 
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cases per million and 19 to 402 per million, respectively.3, 17, 18 Thus far, two 

studies have described the epidemiology of PBC in Canada; both require 

updating.32, 33 In the first study from Ontario,32 Witt-Sullivan et al. reported a PBC 

incidence of 3.3 per million and prevalence of 22.4 per million in 1987. In the 

second study from Quebec,33 Villeneuve and colleagues reported an incidence 

(between 1980 and 1986) and point prevalence (in 1986) of 3.9 and 25.4 cases 

per million, respectively. As reported by others,22, 31, 36, 115, 125 the study by Witt-

Sullivan and colleagues suggested that the burden of PBC has increased over 

time. For example, in sequential studies from the Northeast of England, the 

annual incidence increased from 11.3 cases per million in 1976 to 31.1 per 

million in the years 1991 to 1994.22, 36, 115 During the same interval, the 

prevalence rose from 16 to 251 cases per million. However, a major limitation of 

many of these studies is the use of variable methodologies for case 

ascertainment over time that hinder the differentiation of true trends from 

artifactual changes. 

The objective of the current study was to provide updated information regarding 

the incidence and prevalence of PBC in a well-defined, Canadian population. To 

conduct this study, we employed a novel methodology for case ascertainment 

using population-based administrative databases and a validated diagnostic 

coding algorithm (see Chapter Two). By using consistent methodology for the 

http:updating.32
http:1994.22
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identification of cases during the entire study interval, we aimed to determine 

whether the incidence and prevalence of PBC have changed over recent years. 

METHODS 

Data Sources and Study Population 

The study population included adult patients (≥ 20 years old) with PBC residing in 

the CHR between fiscal years 1994 to 2003. PBC cases were identified from the 

Physician Claims, Inpatient DAD, and ACCS databases103 using an 

administrative data case definition requiring at least two health care contacts with 

a diagnosis code for PBC (ICD-9-CM 571.6, and ICD-10 K74.3) during the study 

interval.89, 90 This definition was 94% (95% CI 71-100%) sensitive and had PPVs 

of 73% (95% CI 61-75%) for definite or probable PBC and 89% (95% CI 82-94%) 

for definite, probable, or suspected PBC in a chart validation study (see Chapter 

Two). Gender and age at the first PBC contact, an acceptable proxy for the date 

of diagnosis, were determined using the AHCIP Registry.103 

Statistical Analyses 

The incidence of PBC within the CHR was evaluated between fiscal years 1996 

and 2002 (April 1, 1996 to March 31, 2003). The point prevalence on March 31st 

of each year was also determined. Non-residents of the CHR and individuals not 

registered in the AHCIP, as determined from the AHCIP Registry, were excluded 

from these analyses. For our prevalence calculations, we also excluded patients 

http:interval.89
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who died prior to March 31st of the fiscal year, as determined using the Vital 

Statistics database.103 In calculating incidence and prevalence rates, the end-of

fiscal year population of the CHR was considered at risk.126 Overall rates were 

directly age-, sex-, and/or age-sex-adjusted to the 2001 Canadian population.127 

Temporal changes in rates were evaluated using generalized linear models 

assuming a Poisson error structure.128 For all analyses, a washout period of two 

fiscal years at the beginning of the study (1994 and 1995) was utilized. This 

interval was selected to avoid the inclusion of prevalent cases in our incidence 

analyses. Because the majority of PBC patients are evaluated approximately 

yearly for their condition,7 we assumed this period would be sufficient to achieve 

this goal. This assumption is supported by our validation study which showed 

that the use of more than two years of data did not improve the sensitivity or PPV 

of the coding algorithm (see Chapter Two). Moreover, because our definition for 

PBC required the presence of at least two administrative data contacts for PBC, 

we sought to avoid underestimating incidence and prevalence at the beginning of 

the study interval. For the same reason, incidence and prevalence rates for fiscal 

year 2003 are not presented because patients with their first encounter during 

this year had an insufficient observation period for the accrual of at least two 

health care contacts for PBC (see Chapter Two). 

Descriptive statistical methods were used to describe the characteristics of the 

study cohort. Comparisons between groups were made using Fisher’s exact 
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tests for categorical variables and Kruskal-Wallis rank tests for continuous 

variables. Statistical analyses were performed using Stata/IC 10.0 (StataCorp, 

College Station, TX) and SAS 9.1.3 (SAS Institute, Carey, NC) software. 
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RESULTS 

Incidence of PBC 

Between April 1, 1996 and March 31, 2003, 137 CHR residents were newly 

diagnosed with PBC, corresponding to an overall age-sex-adjusted, annual 

incidence of 30.3 per million population. The majority of these patients (83%) 

were female and the median age at diagnosis was 53 years (IQR 44-64 years). 

The age and sex distributions of incident cases were stable during the study 

period (P=0.25 and P=0.75, respectively). The numbers of incident PBC cases 

by age category and sex are illustrated in Figure 3.1. 

Figure 3.1: Incident Cases of PBC in the CHR between 1996 and 2002 
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Females were nearly five-times more likely to be diagnosed with PBC than 

males. Age-adjusted incidence rates were 48.4 per million in females versus 10.4 

per million in males (incidence rate ratio [IRR] 4.83; 95% CI 4.76-4.90). 

The age-sex-adjusted annual incidence of PBC did not change during the 7-year 

study interval (Figure 3.2). Although the incidence appeared lower in 1996 than 

2002 (23.5 vs. 36.2 per million), the rate did not change significantly across years 

in formal Poisson regression analysis (P=0.89). 

Figure 3.2: Annual Age-Sex-Adjusted Incidence of PBC in the CHR between

1996 and 2002
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The incidence of PBC is highly dependent on patient age (Table 3.1). The 

highest adjusted incidence was observed among 60-79 year olds (63.0 per 

million population; IRR vs. 20-39 year age category, 8.27 [95% CI 8.13-8.42]). 

Table 3.1: Incidence Rates of PBC (per Million Population) According to 
Age and Gender in the CHR between 1996 and 2002 

Age Category Female 
Rate * 

Male 
Rate * 

Total Rate 
† 

IRR (95% CI) 

20-39 years 13.7 1.7 7.9 1.00 (reference) 

40-59 years 59.0 12.3 36.4 4.57 (4.50-4.65) 

60-79 years 97.4 26.0 63.0 8.27 (8.13-8.42) 

≥ 80 years 43.4 0 22.4 3.72 (3.59-3.85) 

All ages 48.4 10.4 30.3 ---

CI, confidence interval; IRR, incidence rate ratio. 

* Age-specific incidence rates are unadjusted. Overall incidence rates are age-adjusted to the 
2001 Canadian population. 

† 
Age-specific incidence rates sex-adjusted to the 2001 Canadian population. Overall incidence 

rate is age-sex-adjusted. 

Prevalence of PBC 

A total of 224 PBC patients resided in the CHR at some point during fiscal years 

1996 through 2002. The majority of these patients were women (85%) and the 

median age at diagnosis was 53 years (IQR 45-64 years). The median age (IQR) 

of prevalent cases was greater in 2002 than 1996 (57 [48-67] vs. 53 [44-63] 
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2002 

years). The number of prevalent cases increased during the study interval 

(Figure 3.3). 

Figure 3.3: Prevalent Cases of PBC Residing in the CHR between 1996 and 

Year 
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Figure 3.4: Annual Age-Sex-Adjusted Point Prevalence Rates of PBC in the 
CHR between 1996 and 2002 
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As expected, adjusted point prevalence rates (as of March 31, 2002) were much 

higher among women (383 per million) than men (55 per million). The prevalence 

of PBC was also highly dependent on age (Table 3.2). The highest prevalence 

was observed among individuals aged 60-79 years (573 per million; rate ratio 

15.5 [95% CI 15.2-15.8] vs. the 20-39 year old age category). In females of this 

age group, the prevalence was 952 per million population. 
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Table 3.2: Point Prevalence Rates of PBC (per Million Population) Stratified 

According to Age and Gender in the CHR in 2002 

Age Category Female 
Rate * 

Male 
Rate * 

Total 
Rate † 

Rate Ratio (95% CI) 

20-39 years 58 17 38 1.00 (reference) 

40-59 years 437 43 247 6.37 (6.25-6.49) 

60-79 years 952 167 573 15.5 (15.2-15.8) 

≥ 80 years 264 0 137 4.61 (4.45-4.77) 

All ages 383 55 227 ---

CI, confidence interval. 

* Age-specific prevalence rates are unadjusted. Overall prevalence rates are age-adjusted to the 
2001 Canadian population. 

† 
Age-specific prevalence rates sex-adjusted to the 2001 Canadian population. Overall 

prevalence rate is age-sex-adjusted. 
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DISCUSSION 

In this study, we describe recent trends in the epidemiology of PBC in Canada. 

The major strength of our study design is the ability to accurately define both the 

numerator and denominator populations. Specifically, we employed a validated 

diagnostic definition for the ascertainment of PBC cases and used an 

administrative database linkage system that ensures complete capture of health 

care encounters. Moreover, the background population was clearly defined 

based on geographic boundaries. 

Previous epidemiologic studies of PBC, the majority of which originate in Europe, 

have reported incidence rates of 2 to 49 cases per million and prevalence rates 

of 19 to 402 per million population.3, 17, 18 The estimates from our study (incidence 

and prevalence of 36 and 227 per million, respectively, in 2002) are among the 

highest ever reported. If projected nationally, this data suggests that there are at 

least 5,500 prevalent cases and 900 new cases diagnosed annually in Canada. 

The epidemiology of PBC in North America is thus far poorly described; only four 

population-based studies have been reported.32-35 In the first Canadian study,32 

Witt-Sullivan and colleagues surveyed 502 gastroenterologists and internists 

practicing in acute care Ontario hospitals (with at least 150 beds) regarding their 

patients with PBC. Of those surveyed, 85 physicians reported a total of 225 PBC 

patients under their care. The incidence and prevalence of AMA-positive, biopsy-

proven PBC in 1987 were 3.3 per million and 22.4 per million, respectively. In 

another Canadian study,33 Villeneuve and colleagues reported incidence and 
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prevalence rates in Quebec of 3.9 and 25.4 per million, respectively during the 

early to mid-eighties. The figures from these studies are an order of magnitude 

lower than we observed likely due to a variety of factors. In the study by Witt-

Sullivan et al.,32 an incomplete survey response (87%), the poor sensitivity of 

physician reporting for case ascertainment (i.e. reliance on memory), and the 

requirement for histological confirmation likely led to underestimation of the true 

burden of PBC. In the Quebec study,33 only hospitalized cases were identified. 

As described in our validation study (see Chapter Two), hospitalization 

databases are too insensitive (6% in our study) to accurately identify what is 

predominantly a disease of outpatients. These points aside, we likely 

overestimated the burden of PBC in our study since we employed a case 

definition that is not 100% accurate. Specifically, in our validation study, the PPV 

of this definition for definite, probable, or suspected PBC was 89% and the 

sensitivity was 94% (i.e. 11% false positives and 6% false negatives). 

In a study from Olmsted County, Minnesota,34 Kim et al. identified 46 incident 

cases of PBC over a 20-year interval (1975-1995). The corresponding annual 

incidence of 27 per million is similar to that of our study, while the prevalence of 

402 cases per million is the highest ever reported. In a second American study of 

Alaskan natives,35 Hurlbut et al. identified 18 patients with PBC between 1984 

and 2000, corresponding to a prevalence of 160 per million. Both of these studies 

are limited by small sample sizes. Moreover, the Minnesota study is subject to 

referral bias in that the well known expertise in cholestatic liver diseases at the 
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Mayo Clinic may have prompted patients to relocate to this area. This could 

potentially account for the very high prevalence reported by these authors. In 

addition, Olmsted County has a very homogeneous ethnic composition 

(predominantly of Scandinavian descent),34 whereas the CHR is more ethnically 

diverse. 

Between 1996 and 2002, the incidence of PBC in our region was stable, but the 

point prevalence increased two-fold. These findings confirm data from some, but 

not all investigators. For example, in a study by Steinke and colleagues using 

data from Tayside, Scotland between 1986 and 1996,125 the annual incidence of 

PBC was stable (48-55 cases per million), but the prevalence increased from 186 

to 379 cases per million. In Northeast England, James and colleagues reported a 

rise in prevalence between 1984 and 1994 from 149 to 251 cases per million; the 

incidence did not change over this interval.115 Finally, the incidence was 

unchanged in Olmsted County between 1975 and 1995 (trends in prevalence 

were not reported).34 Based on the stable incidence of PBC in our region, we 

cannot attribute the local rise in prevalence to a true increase in disease 

frequency or recognition (i.e. greater awareness and diagnostic testing). This 

finding may reflect earlier diagnosis during recent years with prolonged survival 

due to lead time bias. However, the stable age distribution of incident cases over 

time would argue against this hypothesis. Alternatively, patients with PBC may 

be living longer due to an improved prognosis. Indeed, the median age of 

prevalent cases was greater in 2002 than 1996 (57 vs. 53 years). Recent 
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American data supports the latter hypothesis. In an analysis of 1995-2006 data 

from the Organ Procurement and Transplant Network (OPTN)/United Network for 

Organ Sharing (UNOS) database,129 Lee and colleagues demonstrated a 

significant reduction in the number of transplants for PBC (~5 patients per year), 

while transplants for all indications increased (~249 cases per year). Similarly, 

the number of additions to the waiting list for all indications increased 265 

patients per year, whereas additions for PBC decreased an average of 12 

patients per year. These findings are supported by a study by Kim and 

colleagues that reported trends in PBC-related mortality using U.S. death 

certificate data.130 Between 1980 and 1998, PBC-related mortality fell in males 

and females under 65 years, whereas older women had an increase in mortality. 

The authors hypothesized that these results may be attributable to the more 

widespread use of liver transplantation (at least in the eighties) and a beneficial 

effect of UDCA on delaying disease progression. The fact that PBC prevalence 

increased while the number of liver transplants for this condition in Alberta 

remained stable between 1996 and 2002 (G. Meeberg, personal communication, 

August 2008) would tend to support this hypothesis. In addition, prior to the 

increase in prevalence that we observed, UDCA was in widespread use since 

pivotal studies in the early nineties demonstrated its efficacy.131-134 

The remainder of our findings is largely confirmatory of other data. As expected, 

the risk of PBC was markedly higher among females than males. However, the 



54 

female to male ratio that we observed (~5:1) is lower than in most other studies 

(see Table 1.1). This may relate to greater diagnostic misclassification in males, 

for whom the PPV of our case definition was lower. The burden of PBC is also 

highly age-dependent. Although typically considered a disease of middle-age, as 

supported by the high number of cases in patients aged 40-59 years, the highest 

incidence and prevalence rates were actually observed in the 60-79 year age 

category (63 and 573 cases per million, respectively). In females of this age 

group, the incidence approached 1 in 10,000 and prevalence was nearly 1 in 

1,000. The proportionately smaller size of the population in this age stratum 

accounts for these high rates despite the relatively small number of absolute 

cases. 

Our study has several limitations. Importantly, misclassification of individuals 

without PBC may have affected our estimates of disease burden. Although the 

PPV of our coding algorithm was higher during recent years (see Chapter Two), 

we are confident in the validity of our observations regarding PBC prevalence. 

Specifically, this bias would tend to nullify any increase in prevalence that we 

observed. On the other hand, due to a greater number of false positive cases 

during the earlier years of the study, the stable incidence that we observed may 

be erroneous (i.e. the incidence may actually have increased). Second, as a 

result of our reliance on administrative data without clinical confirmation, we may 

have labeled some prevalent cases that relocated to the CHR after 1995 as 

incident cases. Third, other than age and gender, we could not examine potential 
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risk factors for PBC because we lacked clinical data. For example, environmental 

exposures such as chemical toxins (e.g. hydrocarbons from toxic waste dumps,55 

air pollution,18 and smoking)49 and microorganisms (e.g. Chlamydia 

pneumoniae52 and human betaretrovirus)53 may play a role in disease 

pathogenesis. We plan to conduct future studies assessing local geographic 

variation in the burden of PBC that would strengthen the case for environmental 

influences on this disease. Finally, the applicability of our results to other regions 

of Canada and elsewhere warrants confirmation. Since we have demonstrated 

the feasibility of using administrative databases, which are ubiquitous, to 

describe PBC epidemiology, similar studies in other areas should be conducted. 

Investigations of this kind have the potential to further our understanding of the 

interplay between environmental and genetic influences on disease 

pathogenesis. 

In summary, using population-based administrative data, we have described the 

recent epidemiology of PBC in Canada. The incidence and prevalence of PBC in 

southern Alberta are among the highest ever reported. Whereas the incidence 

was stable between 1996 and 2002, the prevalence increased, perhaps due to 

an improved prognosis or earlier diagnosis during recent years. 
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CHAPTER FOUR


WHAT IS THE NATURAL HISTORY OF PBC IN THE CALGARY HEALTH 


REGION?


INTRODUCTION 

PBC is a chronic cholestatic liver disorder characterized by progressive 

destruction of the interlobular and septal bile ducts and the presence of AMA in 

the serum.7-9 Although initially thought to be a rare disease associated with rapid 

progression to liver failure, recent studies suggest that PBC encompasses a 

more diverse clinical spectrum.10, 11 In fact, contemporary series have 

demonstrated that only a small proportion of PBC patients will progress to end-

stage liver disease and die of liver-related causes.57-59 With the widespread use 

of automated screening liver biochemistry, the majority of newly-diagnosed 

patients are asymptomatic and at earlier stages of their disease. Accordingly, 

patient survival is now recognized to be much better than previously described.10, 

For example, in two early studies that examined the natural history of PBC in the 

fifties and sixties, the average survival following symptom onset was 

approximately six years in 49 patients studied by Foulk et al.135 and in 23 patients 

followed by Sherlock.136 In a study from the early eighties, Roll and colleagues 

reported an average survival of 11.9 years among 238 patients followed at Yale 

University.66 However, more recent natural history studies have yielded more 

http:spectrum.10
http:described.10
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promising outcomes. For example, in three large European studies including over 

750 patients in total, 10-year survival rates of 71% to 92% were reported.57-59 

Although these studies were restricted to patients receiving UDCA therapy, which 

may explain the improved survival versus earlier reports, the true impact of 

UDCA on the natural history of PBC remains controversial.12, 137, 138 It is more 

likely that the differences in survival between studies relates to an earlier 

diagnosis of PBC in contemporary series and selection bias inherent in early 

studies that were restricted to only a few, often tertiary referral centers. In fact, 

the latter point represents a major limitation of most natural history studies in 

PBC. To our knowledge, only three population-based studies have described the 

outcomes of PBC in an unselected group of patients.34, 56 In the first, Prince et al. 

described a median survival of 9.3 years among 770 patients from Northeast 

England.56 In the second small study from Minnesota (n=46), a 10-year survival 

rate of 59% was reported.34 Finally, Jackson and colleagues recently reported an 

8-year survival rate of approximately 75% among 930 PBC patients who were 

treated with UDCA and identified using the United Kingdom General Practice 

Research Database (UK-GPRD). Both incident and prevalent cases were 

included in this study. To our knowledge, no data from an unselected Canadian 

population has been published. 

Therefore, the objective of our study was to examine the natural history of PBC in 

a Canadian cohort of patients from a population-based perspective. Knowledge 

http:controversial.12
http:patients.34
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of the prognosis of PBC is essential for patient counseling and decisions 

regarding treatment. In addition, since PBC may require liver transplantation and 

its prevalence is rising in an era of donor organ shortage, a thorough 

understanding of its natural history will be useful for resource planning. 

METHODS 

Data Sources and Study Population 

The study population included 137 residents of the CHR (≥ 20 years old) newly 

diagnosed with PBC between April 1, 1996 and March 31, 2003. As described in 

Chapters Two and Three, these incident PBC cases were identified from the 

Physician Claims, Inpatient DAD, and ACCS databases103 using a case definition 

requiring at least two health care contacts for PBC. The date of the first contact 

for PBC was used as a proxy for the date of diagnosis. 

Study Outcome Measures 

The primary outcome measure was all-cause mortality. Secondary outcome 

measures included liver transplantation and transplant-free survival. Mortality 

data was obtained from the AHCIP Registry and Vital Statistics databases.103 

The latter contains death certificate verified data regarding the underlying cause 

of death for CHR residents dying within Alberta. To identify patients who 

underwent liver transplantation and the date of transplantation, the University of 

Alberta Liver Transplant Database was queried.139 Because the CHR does not 
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have a liver transplant program, residents of the CHR requiring a liver transplant 

undergo this surgery at the University of Alberta. 

Statistical Analyses 

Descriptive statistical methods were used to describe the characteristics of the 

study cohort. All-cause mortality, liver transplantation, and transplant-free 

survival were examined using Kaplan-Meier survival analyses with between 

group comparisons made using the log-rank test.140 Censoring for these 

analyses occurred upon deregistration from the AHCIP or March 31, 2007, 

whichever came first. The cumulative survival of PBC patients was compared 

with the expected survival of the age- and sex-matched, Canadian population, 

and expressed as the relative survival ratio (RSR). The RSR, which is frequently 

reported in studies of cancer survival, reflects the net mortality of patients in the 

hypothetical situation in which PBC is the only cause of death.141 The RSR was 

determined using the Ederer II method, which involves calculating survival 

estimates at discrete points in follow-up (in this case, annually) and taking the 

product of interval-specific estimates over sub-intervals of follow-up.142, 143 Age-

and sex-specific conditional probabilities of death in the subsequent year for the 

Canadian population were obtained from life tables published by Statistics 

Canada.144 

The impact of age, sex, and year of diagnosis (categorized as 1996-1999 vs. 

2000-2002) on outcomes were examined using Cox proportional hazards 
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regression.145 Log-log plots of survival confirmed that these analyses satisfied 

the proportional hazards assumption. 

Statistical analyses were performed using Stata/IC 10.0 (StataCorp, College 

Station, TX) and SAS 9.1.3 (SAS Institute, Carey, NC) software. 

RESULTS 

Patient Characteristics and Survival 

The majority of the 137 incident cases of PBC were female (83%) and the 

median age at diagnosis was 53 years (IQR 44-64 years). Total follow-up was 

801 person-years from diagnosis. After a mean and median follow-up period of 

5.8 years (IQR 4.2-8.0 years; range 10 days to 10.9 years), 6 patients underwent 

liver transplantation (4.4%) and 27 patients died (20%). No patient died after 

being transplanted. The causes of death were available in 24 of these 27 patients 

(89%). Deaths were liver-related in 12 patients (50%), due to malignancy in 2 

patients (8%; one each of pancreatic and laryngeal cancer), ischemic heart 

disease in 2 patients (8%), septicemia in 2 patients (8%), and miscellaneous 

causes in the remainder (n=6). The proportion of liver-related deaths was higher 

among patients less than 60 years of age (100% vs. 37%; P=0.04), but did not 

differ according to gender (53% in females vs. 44% in males; P=1.00). 
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The overall survival of PBC patients following their diagnosis (with 95% 

confidence bands) is illustrated in Figure 4.1. The annual mortality rate was 3.4% 

(95% CI 2.3-4.9%). Observed 1-, 5-, and 10-year survival were 93% (95% CI 87

96%), 83% (76-89%), and 73% (60-83%), respectively. 

Figure 4.1: Overall Survival (95% CI) of Patients with PBC Following 
Diagnosis 
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Figure 4.2 illustrates overall survival of PBC patients compared with the age- and 

sex-matched Canadian population with stratification according to gender. 

Survival was significantly lower in males than females (log-rank P<0.00005) and 
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in both groups compared with that expected among the general population. In 

females specifically, observed 1- and 5-year survival were 96% (95% CI 90-98%) 

and 87% (79-92%), respectively. The 10-year survival of females with PBC was 

80% (95% CI 64-90%) compared with 90% expected in the age-sex-matched 

population (RSR 0.88 [95% CI 0.71-0.99]). In males with PBC, observed 1- and 

5-year survival were 78% (95% CI 55-90%) and 64% (40-80%), respectively (10

year survival could not be calculated). After 9 years of follow-up, observed 

survival of males with PBC was 16% (95% CI 0.2-59%) compared with 88% 

expected in the control population (RSR 0.18 [95% CI 0.002-0.67]). 
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Figure 4.2: Observed Survival of Patients with PBC According to Gender 

Compared with Expected Survival of the Age- and Sex-Matched Canadian 

Population 
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Patient survival was also significantly lower with an older age at diagnosis (log

rank P<0.00005; Figure 4.3). For ease of presentation, 95% confidence bands 

are not illustrated in this figure. 

Figure 4.3: Survival of Patients with PBC Stratified According to the Age at 
Diagnosis 
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The year of diagnosis (1996-1999 vs. 2000-2002) did not have a significant 

impact on patient survival (log-rank P=0.81). In multivariate Cox proportional 

hazards regression analysis, both male sex (hazard ratio [HR] 5.06; 95% CI 2.29



65 

11.17) and older age at diagnosis (HR per additional year, 1.10; 95% CI 1.06

1.14) were associated with an increased risk of death during follow-up. 

Liver Transplantation and Transplant-Free Survival 

Six patients (4.4% of total; 5.6% of patients 65 years and under) underwent liver 

transplantation and 33 patients (24%) died or were transplanted during follow-up. 

Survival curves for liver transplantation and transplant-free survival are illustrated 

in Figures 4.4 and 4.5, respectively. The 10-year probability of transplantation 

was 5.7% (95% CI 2.5-12.6%). In an analysis excluding patients over 65 years at 

diagnosis (n=29) in whom transplantation is generally contraindicated, the 10

year probability of transplantation was 6.9% (95% CI 3.1-15.0%). Observed 1, 5, 

and 10-year probabilities of transplant-free survival were 92% (95% CI 86-95%), 

80% (72-86%), and 68% (55-78%), respectively. Neither age (P=0.28) nor 

gender (P=0.85) were significantly associated with liver transplantation in 

multivariate Cox proportional hazards analysis. However, males (HR 3.80; 95% 

CI 1.85-7.82) and older patients (HR per additional year, 1.06; 95% CI 1.03-1.10) 

had a greater risk of the combined endpoint of death and/or liver transplantation. 
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Figure 4.4: Liver Transplantation (95% CI) during Follow-Up in Patients with 

PBC 
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Figure 4.5: Transplant-Free Survival (95% CI) of Patients with PBC 
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DISCUSSION 

In this study, we describe the natural history of PBC in a population-based cohort 

of Canadian patients. Unlike most outcome studies in this condition, ours was not 

restricted to a few health care providers or tertiary referral centers. As a result, 

our study is not subject to the selection bias inherent in most reports, and may 

therefore provide a more accurate description of the natural history of PBC in an 

unselected population. After a median follow-up of 5.8 years, the 10-year 

probabilities of survival, liver transplantation, and transplant-free survival were 

73%, 6%, and 68%, respectively. For comparison purposes, in the only other 

natural history of PBC reported in Canada using population-based data, 

Villeneuve and colleagues reported a 10-year survival rate of 49% among 228 

patients with PBC from Quebec.33 Importantly, all of these patients were 

identified using hospital discharge data, which subjects this study to selection 

bias. 

The figures that we report compare favorably to other contemporary natural 

history studies of PBC. For example, in a multicenter study of 297 patients from 

Holland, ter Borg and colleagues reported 10-year overall and transplant-free 

survival rates of 78% and 71%, respectively.57 Five percent of patients were 

transplanted after a median follow-up of 68 months. Similarly, Poupon et al. 

reported a 10-year transplant-free survival rate of 78% among 225 patients 

followed at multiple centers in France.69 Finally, in a Spanish study of 192 

patients, 10-year survival was 77%; 4% of patients were transplanted during an 
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average follow-up of 6.8 years.59 Importantly, these studies were restricted to 

patients on UDCA treatment, which has been shown to improve liver 

biochemistry and histology and reduce the formation of esophageal varices in 

patients with PBC.12-16 Although two meta-analyses have questioned the clinical 

efficacy of UDCA,137, 138 a combined analysis of three randomized trials,13 an 

updated meta-analysis restricted to trials with sufficient treatment dosage and 

duration,70 and multiple cohort studies57-59, 69 have suggested a survival benefit in 

UDCA-treated patients. This point may partly explain the apparent increase in 

survival observed in these studies and our own compared with two other 

population-based natural history studies of PBC that have been reported. 

Specifically, among 770 patients from Northeast England, Prince et al. reported a 

median survival of 9.3 years (10-year survival approximately 45%).56 Only 37% of 

patients in this cohort were treated with UDCA and the median dosage was 450 

mg/day, much lower than that which is currently recommended (13-15 

mg/kg/day).7, 12 In the second study including 46 patients from Olmsted County, 

Minnesota, 10-year survival was 59%.34 Only one-third of the follow-up in these 

patients was during UDCA treatment. Unfortunately, pharmacy data is not 

available in the administrative databases that we examined, thus the proportion 

of our cohort that received UDCA is unclear. However, among incident cases 

whose charts were reviewed for our validation study (see Chapter Two), 91% 

(67/74) were treated with UDCA. We expect that the majority of the remainder 

were also on UDCA because our recruitment period (1996-2002) began several 

years after the first pilot study (published in 1987)146 and early randomized trials 
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(published in 1991-1994)131-134 supported the benefits of this medication. 

Although the lack of complete data regarding UDCA treatment is a weakness of 

our study, our goal was to describe overall survival in PBC rather than examine 

the specific effects of this treatment, nor was this a randomized, controlled trial to 

truly document its benefit. Another potential explanation for the observed 

differences in survival between these population-based studies relates to the 

difference in recruitment periods (1975-1995 for the Kim study;34 1987-1994 for 

the Prince study;56 and 1996-2002 for our study), since evidence suggests that 

the prognosis for patients with PBC has improved over time. Specifically, two 

recent studies described a reduction in the number of liver transplants and 

deaths due to PBC during recent years in the United States.129, 130 We did not 

observe a significant difference in survival according to the year of diagnosis in 

our study, however, the time intervals that we studied (1996-1999 vs. 2000-2002) 

are likely too close to properly examine this issue. 

The remainder of our findings is largely confirmatory of other reports. As 

previously described,34, 56, 57, 59, 64, 69, 147 we observed reduced survival of 

Canadian patients with PBC compared with an age- and sex-matched, control 

population (Figure 4.2). The RSR in female and male patients with PBC were 

0.88 (95% CI 0.71-0.99) and 0.18 (95% CI 0.002-0.67), respectively, after 9-10 

years of follow-up. This outlook (at least in females) is more optimistic than 

reported by Prince and colleagues who described three-fold mortality among 
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PBC patients compared with the general population.56 Unfortunately, limitations 

in our databases precluded examination of survival stratified according to other 

known prognostic factors including the histological stage at diagnosis and the 

biochemical response to UDCA.10, 11 For example, Poupon et al. reported that 10

year survival among UDCA-treated patients was slightly lower than that of the 

French population, although this difference was mainly explained by increased 

mortality among cirrhotic patients.69 More recently, using a Markov modeling 

approach with longer follow-up, the same investigators reported that overall 

survival in UDCA-treated patients was similar to that of a control population, 

although the subgroup of patients with advanced disease (stages 3 or 4) were at 

higher risk.58 In another study by Pares and colleagues, responders to UDCA 

(defined as normalization or greater than 40% decline in alkaline phosphatase 

concentration at one year of therapy) had similar survival to the standardized 

Spanish population.59 However, patients who did not respond to UDCA had 

increased mortality during follow-up. 

After a median follow-up period of 5.8 years, 20% of our cohort died. In total, 

50% of these deaths were recorded as liver-related on death certificates. This 

data is in keeping with other studies. For example, Prince, ter Borg, and Kim and 

colleagues reported that the proportion of liver-related deaths in their cohorts 

were 42%, 47%, and 56%, respectively.34, 56, 57 As observed in Prince’s study,56 

liver-related deaths were more common in our patients under 60 years, likely due 

http:UDCA.10
http:respectively.34
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to fewer competing risks in these younger individuals. On the contrary, in the 

study by Poupon et al., 77% of deaths were liver-related.69 Nonetheless, all of 

these results must be interpreted cautiously because the accuracy of death 

certificate-based methods for ascertaining deaths due to chronic liver disease 

has been questioned. In a recent study, Manos and colleagues estimated that 

the use of diagnosis codes to estimate rates of chronic liver disease mortality 

underestimates the true burden by nearly 50%.148 This discrepancy is largely due 

to the exclusion of hepatocellular carcinoma as a cause of liver-related death. In 

our study, no patients died of hepatocellular carcinoma. 

We identified two significant predictors of survival, namely the age at diagnosis 

and gender. As expected, mortality was greater in patients diagnosed at an older 

age. While no patients under 40 years died, 10-year survival was 82% and 54% 

in those aged 40-59 years and 60-79 years, respectively. No patients over 80 

years survived 10 years; only 25% were living 5 years after diagnosis. As 

mentioned above, we also observed substantially increased mortality in males 

versus females (HR 5.06, Figure 4.2). The proportion of deaths due to liver 

disease was similar between males and females. Increased mortality among 

male patients with PBC has been reported,57 but not confirmed in most studies.56, 

58, 59, 66, 69 We suspect that much of this discrepancy in survival relates to greater 

diagnostic misclassification in males, in whom our validation study demonstrated 

a lower PPV of our administrative data case definition (60% vs. 94% in females). 

http:studies.56
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For example, patients with PSC and alcoholic cirrhosis – two conditions with a 

worse prognosis than PBC149, 150 - were more likely to be erroneously labeled as 

PBC in males. 

Our data has several additional limitations. As mentioned, we lacked detailed 

clinical data to evaluate all known prognostic factors in PBC including treatment 

with UDCA (or other medications such as methotrexate), baseline liver histology, 

and autoantibody profiles (eg. anti-gp210 and anti-centromere antibodies).10, 11, 

151 In addition, laboratory data for calculation of the Mayo risk score, a validated 

prognostic measure in PBC, is not available in the administrative databases that 

we utilized.60, 61 Second, due to the imperfect accuracy of our diagnostic coding 

algorithm for case ascertainment, we likely failed to identify some patients with 

PBC and included others with alternative hepatic conditions. However, we expect 

these numbers to be small considering the high sensitivity and PPV (94% and 

89%, respectively) of our coding algorithm. Finally, in the absence of detailed 

clinical data, we based the diagnosis date (“time zero”) for our survival analyses 

on the date of the first health care encounter with a diagnosis code for PBC. Our 

validation study demonstrated that this is a median of two months after the date 

of diagnosis recorded in the medical record. Although this bias would tend to 

overestimate mortality rates, it likely had a minimal impact on our results due to 

the prolonged natural history of PBC. 

http:antibodies).10
http:utilized.60
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In conclusion, our study supports contemporary series documenting the natural 

history of PBC in a population-based, Canadian cohort. Patient survival is lower 

than that of the age- and sex-matched Canadian population, emphasizing the 

importance of developing new therapies for this condition. 
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CHAPTER FIVE


FINAL DISCUSSION


SUMMARY OF THE FINDINGS 

In the studies included within this thesis, we utilized CHR administrative data to 

further our understanding of the epidemiology and outcomes of PBC in Canada. 

To achieve these goals, we employed a framework consisting of three series of 

questions: 1) Is administrative data valid for the identification of patients with 

PBC? 2) What are the incidence and prevalence of PBC in the CHR? Has the 

epidemiology of PBC changed between 1996 and 2002? and 3) What is the 

natural history of PBC in the CHR? 

Is Administrative Data Valid for the Identification of Patients with PBC?  

We answered this question by conducting a chart validation study of patients in 

whom a diagnosis code for PBC was recorded in at least one of three CHR 

administrative databases (Physician Claims, Inpatient DAD, and ACCS 

databases) over a 9-year study interval. Upon review of the medical records of 

nearly 200 such individuals, we determined that only 60% of patients had definite 

or probable PBC (our primary outcome measure). Seventy-four percent had 

definite, probable, or suspected PBC, a less stringent, but acceptable secondary 

outcome measure. Frequently misclassified diseases included PSC, secondary 

biliary cirrhosis, and autoimmune hepatitis, which in total, accounted for 60% of 

false positive cases. However, by increasing the number of contacts required to 
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make a diagnosis of PBC, the optimal definition vis-à-vis the balance between 

sensitivity and PPV was determined. Specifically, the presence of at least two 

contacts for PBC was 94% sensitive in a cohort of 17 well-characterized clinical 

trial patients with PBC and had PPVs of 73% and 89% for definite or probable 

PBC and definite, probable, or suspected PBC, respectively. The PPVs of this 

algorithm were greater in females than males in large part due to the greater 

prevalence of PBC among women. 

These and several ancillary findings support the use of administrative data in 

future studies of PBC. First, the interval between the first administrative data 

contact for PBC and the actual date of diagnosis based on chart review was 

short, a median of slightly less than 2 months in our study. Thus, disease onset 

for the definition of incidence and outcome studies can be accurately estimated 

using administrative data. Second, we demonstrated the importance of multiple 

data sources and a sufficient period of observation when using administrative 

databases in studies of PBC. For example, the most sensitive approach 

employed all three databases rather than single databases in isolation. The 

ACCS and Inpatient databases were too insensitive to be used on their own. On 

the contrary, the Physician Claims database could be used in isolation for case 

ascertainment (e.g. for incidence and prevalence studies). However, this 

database would be insufficient to identify adverse outcomes of PBC (e.g. hepatic 

failure) for natural history studies, in which case other data sources such as the 

ACCS and Inpatient databases would be useful. Moreover, we clearly 



77 

demonstrated that databases limited to one year of data underestimate the true 

burden of PBC due to an insufficient observation period for the accrual of at least 

two health care contacts for this condition. 

What are the Incidence and Prevalence of PBC in the CHR? Has the 
Epidemiology of PBC Changed between 1996 and 2002? 

Having demonstrated the utility of administrative data for identifying PBC 

patients, we proceeded to describe the epidemiology of this condition in the 

CHR. The major finding of this part of the study is the high burden of PBC in our 

region, an order of magnitude higher than previously reported in Canada. 

Specifically, between 1996 and 2002, the overall age-sex-adjusted annual 

incidence was 30 cases per million and the point prevalence in 2002 was 227 

cases per million. These figures are among the highest ever reported. As 

expected, we demonstrated that rates of PBC are age and sex-dependent. 

Women and individuals in their sixties and seventies have the highest incidence 

of disease. A striking finding was the very high prevalence of PBC in females 

aged 60-79 years, which approached 1 in 1,000 individuals. 

The second major finding of this part of the study relates to temporal trends in the 

incidence and prevalence of PBC in our health region. Specifically, we observed 

a stable incidence of PBC, but a two-fold increase in the number of prevalent 

cases between 1996 and 2002. These findings have been reported by some, but 
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not all, investigators. We hypothesize that the increased prevalence in the face of 

stable incidence relates to earlier diagnosis and/or improved prognosis during 

recent years due to the widespread use of UDCA and liver transplantation for this 

condition.129, 130 

What is the Natural History of PBC in the CHR? 

The third and final part of this study aimed to describe the outcomes of PBC in an 

unselected Canadian population. To our knowledge, there is no Canadian data of 

this kind in the literature. To achieve this goal, we examined survival and the 

requirement for liver transplantation among 137 incident cases of PBC identified 

in the second part of this study. The aforementioned administrative databases, 

as well as the University of Alberta Liver Transplant Database were used in these 

analyses. During a total follow-up of 801 person-years and median follow-up per 

patient of 5.8 years from diagnosis, the 10-year probabilities of survival, 

transplantation, and transplant-free survival were 73%, 6%, and 68%, 

respectively. Independent predictors of mortality included an older age at 

diagnosis and male gender, but not the year of diagnosis. The outcomes that we 

observed in this population-based cohort are consistent with several other large 

cohort studies reported from Europe.57, 59, 69 Interestingly, survival rates in our 

patients and in these cohort studies were better than those reported in two other 

population-based studies in this condition.34, 56 We assume that this relates to 

differences in UDCA usage and recruitment periods across studies. 

http:Europe.57
http:condition.34
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The second major finding in this part of the study is the reduced survival of PBC 

patients compared to the age- and sex-matched Canadian population. Again, this 

finding is not completely novel, but has not been reported in Canada. Although a 

sobering finding that points to the necessity of developing more effective 

treatments for this condition, the survival disadvantage that we observed in our 

cohort was smaller than reported in many earlier studies of the natural history of 

PBC. 

IMPLICATIONS OF THE FINDINGS 

Our study has two major implications. First, we have added to the literature 

describing the epidemiology and natural history of PBC. Although many of our 

findings have been reported, a major gap has been filled in the Canadian 

literature on this important topic. Second, and perhaps most significantly, we 

have demonstrated the feasibility of using a novel methodology and information 

source – a coding definition based on administrative data - in future studies of 

PBC. Previous reports have employed complex, time-consuming, and often 

expensive case finding approaches to study this condition. In addition to the 

accuracy that we have demonstrated, other advantages of administrative data 

include its limited expense and complete capture of health care encounters that 

permit examination of PBC from a population-based perspective. Moreover, if the 

approaches that we have described are externally validated, this methodology 
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can be utilized in various geographic locations considering the widespread 

availability of this data source. Investigations of this kind will facilitate our 

understanding of the interplay between environmental and genetic influences on 

the pathogenesis and outcomes of PBC. 

LIMITATIONS OF THE STUDY 

This study has several limitations that have been acknowledged throughout this 

thesis. Most importantly, no source of administrative data is perfect. Therefore, 

we have undoubtedly included patients who do not have PBC and missed a few 

with PBC in our studies of the epidemiology and natural history of this condition. 

Unfortunately, this limitation cannot be avoided, but simply must be recognized 

when one is interpreting the findings and drawing conclusions. For example, we 

would argue that the small number of false positives and negatives attributable to 

our case definition cannot refute the very high incidence and prevalence of PBC 

that we observed, particularly when compared to previous Canadian studies in 

this field. 

The second major limitation of our study is the lack of information sources other 

than administrative data. Ideally, clinical details (e.g. history and physical 

examination findings), laboratory data (e.g. for calculation of the Mayo risk 

score), histology reports (e.g. to define the stage of PBC), and pharmacologic 

data (e.g. UDCA therapy) would be used to enrich our study. Although several of 
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these data sources exist in the CHR, their accuracy has not been validated, nor 

is linkage with the databases that we employed feasible at this point in time. 

FUTURE RESEARCH QUESTIONS 

This study will facilitate several further lines of research in the study of PBC and 

other conditions. First, we plan to widen the scope of our study to include these 

databases in the remainder of Alberta and hopefully additional regions within and 

outside of Canada. As mentioned, the ubiquitous nature of administrative data 

will support the examination of PBC epidemiology over a broader geographic 

area and help improve our understanding of the pathogenesis of this condition. 

On a related note, we plan to describe the spatial distribution of PBC cases in 

Alberta in order to investigate potential environmental influences on the 

epidemiology and natural history of this condition. For example, other 

investigators have used geographical clustering analyses to document an 

increased prevalence of PBC near toxic waste sites in New York City55 and in 

areas of high air pollution across the United States.18 This data supports basic 

science investigations that have suggested a role of environmental agents (i.e. 

xenobiotics)152 on PBC occurrence. As a first extension of the current data, I plan 

to use information available from an air pollution monitoring network maintained 

by Environment Canada to examine the role of environmental pollutants on the 

incidence of PBC in Alberta. Additional studies will investigate the natural history 

of PBC in the CHR in more detail. For example, I plan to use the Inpatient and 
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ACCS databases to identify complications of the disease (e.g. features of hepatic 

decompensation such as variceal bleeding, hepatic encephalopathy, and 

ascites). Similarly, linkage with the Alberta Cancer Registry153 will facilitate an 

investigation of the risk of malignancy, particularly hepatocellular carcinoma, in 

this condition. 

In terms of additional studies, the methodology that we have described can be 

applied to other hepatic and non-hepatic conditions. Administrative data is 

particularly useful for studying uncommon disorders such as PBC due to its large 

catchment population. 
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