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BACKGROUND: Large-scale epidemiological studies of primary
biliary cirrhosis (PBC) have been hindered by difficulties in case
ascertainment.

OBJECTIVE: To develop coding algorithms for identifying PBC
patients using administrative data — a widely available data source.
METHODS: Population-based administrative databases were used to
identify patients with a diagnosis code for PBC from 1994 to 2002.
Coding algorithms for confirmed PBC (two or more of antimitochon-
drial antibody positivity, cholestatic liver biochemistry and/or compat-
ible liver histology) were derived using chart abstraction data as the
reference. Patients with a recorded PBC diagnosis but insufficient
confirmatory data were classified as ‘suspected PBC’.

RESULTS: Of 189 potential PBC cases, 119 (60%) had confirmed
PBC and 28 (14%) had suspected PBC. The optimal algorithm includ-
ing two or more uses of a PBC code had a sensitivity of 94% (95% CI
71% to 100%) and positive predictive values of 73% (95% CI 61% to
75%) for confirmed PBC, and 89% (95% CI 82% to 94%) for con-
firmed or suspected PBC. Sensitivity analyses revealed greater accu-
racy among women, and with the use of multiple data sources and one
or more years of data. Inclusion of diagnosis codes for conditions fre-
quently misclassified as PBC did not improve algorithm performance.
CONCLUSIONS: Administrative databases can reliably identify
patients with PBC and may facilitate epidemiological investigations of
this condition.
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La validation d’algorithmes de codage pour
dépister les patients ayant une cirrhose biliaire
primitive au moyen de données administratives

HISTORIQUE : Les études épidémiologiques a grande échelle de la
cirrhose biliaire primitive (CBP) sont entravées par des problemes de
détermination des cas.

OBJECTIF : Elaborer des algorithmes de codage pour repérer les patients
atteints de CBP au moyen de données administratives, une source de
données largement disponible.

METHODOLOGIE : Les auteurs ont utilisé des bases de données
administratives en population pour dépister des patients ayant obtenu un
code diagnostique de CBP entre 1994 et 2002. Ils ont dérivé les algorithmes
de codage de CBP confirmée (au moins deux des éléments suivants :
positivité aux anticorps antimitochondries, biochimie du foie cholostatique
et histologie hépatique compatible) au moyen de données d’abstraction des
dossiers en guise de référence. Les patients ayant un diagnostic de CBP
établi mais des données de confirmation insuffisantes étaient classés
comme « CBP présumée ».

RESULTATS : Sur 189 cas de CBP potentiels, 119 (60 %) avaient une CBP
confirmée et 28 (14 %), une CBP présumée. Lalgorithme optimal incluant
au moins deux usages du code de CBP avait une sensibilité de 94 % (95 %
IC 71 % a 100 %) et des valeurs prédictives positives de 73 % (95 % IC
61 % a2 75 %) en cas de CBP confirmée, et de 89 % (95 % IC 82 % a 94 %)
en cas de CBP confirmée ou présumée. Les analyses de sensibilité ont
révélé une plus grande précision chez les femmes et a I'aide de multiples
sources de données et d'au moins une année de données. Linclusion des
codes diagnostiques de troubles souvent mal classés comme une CBP
n’améliorait pas le rendement de 'algorithme.

CONCLUSIONS : Les bases de données administratives peuvent
permettre de repérer avec fiabilité les patients atteints d'une CBP et
faciliter les explorations épidémiologiques de cette maladie.

rimary biliary cirrhosis (PBC) is a chronic cholestatic disor-

der characterized by nonsuppurative destruction of the inter-
lobular and septal bile ducts, which may progress to cirrhosis (1).
The hallmark serological feature is the presence of antimito-
chondrial antibodies (AMAs) (2). In general, PBC is considered
to be a rare disease predominantly affecting women. However,
incidence and prevalence figures have varied from two to 49
cases per million, and 19 to 402 cases per million, respectively
(3,4). Contemporary data describing the epidemiology of PBC in
Canada are limited; only two population-based studies have
been reported (5,0). In the first, Witt-Sullivan et al (5) surveyed

502 Ontario physicians regarding their patients with PBC. In
1987, the incidence and prevalence of AMA -positive, biopsy-
proven PBC were 3.3 and 22.4 per million, respectively. In a
Quebec study from the early to mid-1980s, Villeneuve et al
(6) reported incidence and prevalence rates of 3.9 and 25.4
per million, respectively. Population-based studies describing
the natural history of PBC are also limited (7,8). This paucity
of data is partly explained by the rarity of PBC and the com-
plexity of its diagnosis, which requires clinical, biochemical,
serological and, in some cases, histological data. These prob-
lems are compounded by the difficulty of collecting data from
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multiple sources — which can be time-consuming, expensive
and difficult over prolonged periods — and the requirement for
collaboration among providers spanning large geographical
areas.

Administrative databases, which are used in all areas of
health care financing and delivery, represent an alternative
data source that may overcome these limitations. Health care
providers, policy-makers and payers use administrative data for
reimbursement, budgetary planning, monitoring clinical activ-
ities, measuring the quality of care and health services research
(9,10). The critical variable in these applications is the
patient diagnosis, typically recorded using the International
Classification of Diseases (ICD) — Ninth Revision, Clinical
Modification (ICD-9-CM) (11) or 10th Revision (ICD-10) (12)
coding systems. These data can be used to identify specific
patient cohorts and assess disease epidemiology, risk factors and
outcomes. Clearly, the accuracy and completeness of diagnoses
within these databases is vital to reaching valid conclusions
(13). As such, the validation of administrative data has been
the focus of several investigations, typically via medical record
audits (14-26). Although administrative databases have been
used in several studies to help identify patients with PBC
(6,7,27-35), their accuracy has not been rigorously evaluated.
In the majority of these reports, multiple additional case-finding
approaches have been used, including surveys, transplant regis-
tries, death certificates, histology databases and laboratory
reports for positive AMA serology. Although such multifaceted
approaches to case ascertainment may maximize sensitivity,
administrative databases have the advantage of broad geo-
graphical coverage, relatively complete capture of health care
encounters and limited expense (9). In addition, because
administrative databases are ubiquitous, they may facilitate
comparisons of PBC across regions with variable access to
other data sources. To embark on such studies, the accuracy of
a PBC diagnosis based on administrative data must be con-
firmed. Therefore, the objective of the present study was to
validate diagnostic coding algorithms for PBC using three
population-based administrative databases for use in future
epidemiological studies.

METHODS

Data sources

The present study used administrative data to identify poten-
tial cases of PBC in the Calgary Health Region (CHR) between
fiscal years 1994 and 2002 (April 1, 1994, to March 31, 2003).
The CHR is one of the largest fully integrated, publicly funded
health care systems in Canada, and provides all medical and
surgical care to residents of Calgary and surrounding commun-
ities in southern Alberta (population approximately 1.1 mil-
lion in 2002). Contained in the region are 12 academic and
community hospitals, including three adult hospitals within
the city of Calgary. Three databases were used to identify
potential PBC cases (36). These databases have been used to
examine the epidemiology (37-39), outcomes (40-43) and cod-
ing accuracy (14,17-20,37) of a variety of medical conditions.

Physician claims database

The physician claims database records claims submitted for pay-
ment by Alberta physicians for services provided to registrants
of the Alberta Health Care Insurance Plan. Approximately
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4500 providers submit more than 36 million claims annually
(36). Each record in the database includes up to three diagnosis
fields, the date of service and the specialty of the care provider.

Inpatient discharge abstract database

The inpatient discharge abstract database contains patient
demographic, diagnosis, procedure and mortality information
on all discharges from hospitals within the CHR. These data
are routinely transmitted to the Canadian Institute for Health
Information for aggregation with nationwide hospitalization
data (36). Chart validation studies have shown rates of agree-
ment exceeding 95% for demographic data and 75% to 96% for
most responsible diagnosis codes (44).

Ambulatory care classification system database

The ambulatory care classification system (ACCS) database
contains information on facility-based ambulatory care, includ-
ing clinic and emergency department visits, same-day surgery,
day procedures and rehabilitation services. Data are available
from fiscal year 1996 onward (36).

Study population

The administrative database population included adults 20 years
of age and older 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 (11,12).
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 cirrhosis as PBC. Date of
birth and sex were extracted from the Alberta Health Care
Insurance Plan Registry, which contains demographic details
on more than 99% of Alberta residents who participate in this
government-administered universal health care plan (36). To
calculate the sensitivity of the administrative data, a cohort of
17 well-characterized PBC patients who participated in two
clinical trials for PBC at the University of Calgary (Calgary,
Alberta) were included (45,46). All patients were women and
were diagnosed before or during the study interval. Sixteen
of the 17 patients (94%) had definite or probable PBC (see
case definitions for PBC below). The remaining patient, who
relocated to the CHR after her PBC diagnosis by a hepatolo-
gist, was classified as having suspected PBC because the diag-
nostic details could not be confirmed.

Validation study

The validation study was designed to develop coding algorithms
for diagnosing PBC using administrative data. A unique patient
identifier in the administrative databases enabled linkage with
medical records that included the outpatient charts of all hepa-
tologists 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 to a hepatologist at some point during the course
of their disease. All CHR hepatologists practice at this clinic.
Inpatient medical records from the three adult acute care hos-
pitals in Calgary were also reviewed. Charts were reviewed by a
trained physician using a structured data collection instrument.

Case definitions for PBC in medical records

Using chart review data, 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
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considered definite when all three of the following criteria were
met: cholestatic liver biochemistry (ie, raised serum alkaline
phosphatase and/or gamma glutamyl-transpeptidase concentra-
tion), positivity for AMA (titre 1:40 or higher) and/or anti-
bodies against the pyruvate dehydrogenase complex (2,47,48),
and compatible liver histology (49). Probable PBC was defined
when any two of these criteria were met. Because it is widely
accepted that fulfillment of at least two of these criteria is
confirmatory of PBC (1,34), the primary outcome measure was
definite or probable PBC. The date of diagnosis was defined
as the earliest date at which the patient was found to have
fulfilled any two of these criteria (50). A PBC diagnosis was
considered suspect if any physician note (eg, admission history,
progress note or discharge summary) stated that a patient had
PBC. Although not a rigorous definition, it was hypothesized
that misclassification would be minimal due to the rarity of this
disease and that patients would be unlikely to state that they
had PBC unless they were truly afflicted with the condition.
Similarly, a physician would be unlikely to record this condi-
tion if uncertain of the diagnosis. Therefore, as a secondary out-
come measure, the presence of definite, probable or suspected
PBC was considered. A diagnosis was considered to be not PBC
if there was clear evidence of an alternative hepatic condition.
Finally, a diagnosis was considered unconfirmed if insufficient
data were available to assign a particular diagnosis.

Administrative data coding definitions

A variety of coding definitions as predictors of a diagnosis of
PBC were examined. Data from all three databases, combined
and individually, were used. For the inpatient discharge
abstract and ACCS databases, the presence of at least one and
at least two encounters, respectively, with a code for PBC were
considered. Because professional health records coders input
these data, it was assumed that misclassification was minimal.
For the physician claims database, the following case defin-
itions were examined: at least one claim by any physician, at
least one claim by a general practitioner (GP), at least one
claim by a specialist and at least two claims by any physician.
Because PBC is an uncommon disorder typically managed by
specialists, it was hypothesized that specialists would be more
accurate than GPs in coding. Moreover, because PBC is a
chronic disease, it was hypothesized that multiple uses of the
codes over a prolonged period of time would be associated with
greater accuracy. Therefore, sensitivity analyses were con-
ducted to determine the effect of the interval between the first
and second health care contact (within one, two and three
years). Because PBC predominantly affects women, sex-specific
sensitivity analyses were also conducted. Finally, the databases
for diagnosis codes of conditions commonly misclassified as
PBC were queried to determine if they could be used to
improve the diagnostic accuracy of the algorithms. Specifically,
the codes for primary sclerosing cholangitis (PSC, ICD-9-CM
576.1; 1CD-10 K83.0), secondary biliary cirrhosis (ICD-10
K74.4, K74.5) and autoimmune hepatitis (AIH, ICD-9-CM
571.4; ICD-10 K73.x, K75.4) were searched.

Statistical analyses

Using data obtained from medical records as the gold standard,
the positive predictive values (PPVs) (with exact binomial
Cls) of the administrative data coding definitions for the
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Physician claims Inpatient discharge ACCS
database abstract database database
(1994-2002) (1994-2002) (1996-2002)

n=1160 contacts (84%)
(275 patients, 85%)

n=151 contacts (11%)
(81 patients, 25%)

n=76 contacts (5%)
(64 patients, 20%)

Total contacts
n=1387
(325 unique patients)

Medical records available
for validation study

n=198 (61%)

Definite Probable Suspected Not Unconfirmed
PBC PBC PBC PBC PBC
n=42 (21%) n=77 (39%) n=28 (14%) n=50 (25%) n=1 (0.5%)

Figure 1) Flow diagram illustrating the derivation of the study popu-
lation. ACCS Ambulatory care classification system; PBC Primary
biliary cirrhosis

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 clinical trial patients (see Study population
in the Methods section) (45,46). The Appendix includes a
glossary of the statistical terminology.

Descriptive statistical methods were used to describe the
characteristics of the study cohort. Comparisons between
groups were made using Fisher’s exact and 2 tests for categor-
ical variables, and Mann-Whitney and Kruskal-Wallis rank
tests for continuous variables. Statistical analyses were per-
formed using Intercooled Stata 10.0 (StataCorp, USA) and
SAS 9.1.3 (SAS Institute, USA) software. The study protocol
was approved by the Conjoint Health Research Ethics Board of
the University of Calgary.

RESULTS

Study population

Between 1994 and 2002, there were 1387 ‘hits’ or ‘contacts’ in
the administrative data including a diagnosis code for PBC
among 325 individuals. A flow diagram of the derivation of the
study population is presented in Figure 1. The majority of con-
tacts (84%) were identified from the physician claims database.
Of the 325 patients, the medical records of 198 (61%) were
available for review. According to the PBC case definitions,
21% had definite PBC, 39% had probable PBC, 14% had sus-
pected PBC and, in one case (0.5%), a hepatic diagnosis could
not be established (ie, ‘unconfirmed PBC’). Fifty patients
(25%) had a liver condition other than PBC. The most fre-
quently misclassified diseases were PSC (n=14 [28%]), AIH
(n=10 [20%]), secondary biliary cirrhosis (n=5 [10%]), hepa-
titis C (n=5 [10%], four of whom had cirrhosis), alcoholic cir-
rhosis (n=4 [8%]) and cryptogenic cirrhosis (n=4 [8%]). One
patient had PSC/AIH overlap syndrome.
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TABLE 1
Characteristics of the study population
Definite or
probable PBC  Suspected Not PBC
Characteristics (n=119) PBC (n=28) (n=50)
Demographic characteristics
Female sex 91 (108)* 82 (23)* 50 (25)
Age, years
At first contact 52 (44-63) 57 (49-72)* 50 (42-63)
20-39 14 (17) 4(1) 20 (10)
40-59 50 (60) 50 (14) 52 (26)
60-79 34 (40) 36 (10) 24 (12)
>80 2(2 1 (3) 4(2
Administrative data coding
Total PBC contacts 4 (2-8) 4 (2-8) 2(1-4)
>2 contacts 82 (98)* 79 (22)* 30 (15)
Total PBC claims 3 (2-6)* 3 (1-5)* 1(1-1)
Total inpatient PBC contacts 0(0-0) 1(0-2)* 0 (0-0)
Total ACCS PBC contacts 0 (0-1)* 0 (0-0) 0 (0-0)
=2 non-PBC contacts 14 (17) 18 (5) 22 (11)
PSC 8 (10) 18 (5) 12 (6)
Autoimmune hepatitis 2(2) 4(1) 4(2)
Secondary biliary cirrhosis 7(8) 11 (3) 2 (1)

Data presented as median (interquartile range) or proportions % (n).*P<0.05
for comparison with patients with a liver condition other than primary biliary
cirrhosis (PBC) (ie, ‘Not PBC’). ACCS Ambulatory Care Classification System;
PSC Primary sclerosing cholangitis

Characteristics of the study population

Demographics and details of the administrative data according
to disease classification are outlined in Table 1. The data for
the single patient with ‘unconfirmed PBC’ were excluded from
the table. Compared with patients with definite or probable
PBC (n=119), those with other liver conditions (n=50) were
more likely to be men (9% versus 50%; P<0.00001). For
example, 87% of PSC cases were male versus only 9% with
definite or probable PBC (P<0.00001). The proportion younger
than 40 years of age was also higher among PSC patients (33%
versus 14%; P=0.07). The sex and age distributions of AIH and
PBC cases did not differ significantly. Among seven men
younger than 40 years of age — for which PBC is uncommon —
six (86%) had conditions other than PBC (PSC [n=4]; PSC/
AIH [n=1], AIH [n=1]). In contrast, among 21 women in this
age group, 17 patients (81%) had definite, probable or sus-
pected PBC. Compared with patients with definite or probable
PBC, those with other diagnoses had fewer total physician
claims and inpatient contacts for PBC. However, the number
of contacts for alternative diagnoses (PSC, AIH and secondary
biliary cirrhosis) did not differ between groups.

In patients with definite or probable PBC, the median age
at diagnosis was 52 years (interquartile range [IQR] 44 years to
63 years) and 91% were women. The majority (79%) were
AMA positive (median titre 1:640 [IQR 1:160 to 1:640]). An
additional nine patients (8% of those with definite or probable
PBC) were antipyruvate dehydrogenase complex positive (E2
positive, n=9; X positive, n=4). The median (IQR) serum alka-
line phosphatase, alanine aminotransferase, and bilirubin con-
centrations at diagnosis were 268 U/L (176 U/L to 373 U/L), 67
U/L (45 U/L to 100 U/L), and 11 pmol/L (7 pmol/L to 15 pmol/L),
respectively. The diagnosis of PBC was histologically confirmed
in 60 patients (50%).
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Validity of administrative data for definite or probable PBC
Of the 198 patients with at least one contact for PBC, 119 had
definite or probable PBC (PPV 60%; 95% CI 53% to 67%).
This definition was 94% sensitive (95% CI 71% to 100%) for
the 17 PBC clinical trial patients. The median delay between
the diagnosis of PBC and the first administrative data contact
was 54 days (IQR zero to 309 days). The PPV of the administra-
tive data increased and the sensitivity decreased as the number
of contacts necessary to confirm PBC increased (Table 2). The
optimal definition combining all three databases required at
least two contacts for PBC (PPV 73%, 95% CI 61% to 75%;
sensitivity 94%, 95% CI 71% to 100%). The PPV of this defin-
ition (and the remainder) was much higher in women than in
men (78% versus 40%, respectively; P=0.0009) and during the
later years of the study (1994 to 1996: 61% versus 1997 to 1999:
66% versus 2000 to 2002: 90%; P=0.004). Inclusion of diagnosis
codes for other conditions did not improve the predictive utility
of the algorithm (data not shown). For example, an algorithm
requiring at least two contacts for PBC but less than two con-
tacts for other liver conditions had a PPV of 74% (85 of 115,
95% CI 65% to 82%) and a sensitivity of 88% (15 of 17, 95%
CI 64% to 99%).

Because the majority of 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% to 82%). However, the sensitivity was
slightly lower (88%; 95% CI 64% to 99%). Coding by GPs was
less sensitive than specialists (18% versus 82%; P=0.0004), but
the PPVs were similar (73% versus 66%; P=0.51). Although the
PPVs in the ACCS database were similar (74% to 78%) to those
of the optimal definition from all three databases, the sensitiv-
ities were much poorer (6% to 24%). Similarly, the inpatient
database was not sensitive, with a maximum PPV of only 51%.

Validity of administrative data for definite, probable or
suspected PBC

Table 3 includes the operating characteristics of the same cod-
ing definitions for identifying patients with definite, probable
or suspected PBC (n=147). As described above, the definition
requiring at least two contacts from any of the databases had
the optimal balance between PPV (89%, 95% CI 82 to 94%)
and sensitivity (94%, 95% CI 71% to 100%). For this case
definition, the PPVs among women and men were 94% (95%
CI 88% to 98%) and 60% ( 95% CI 36% to 81%), respectively
(P=0.0002). The remainder of the analyses paralleled those
described above, although all PPVs were higher for this less
stringent case definition.

Sensitivity analysis of the diagnostic definitions for PBC
according to the time interval between contacts

As illustrated in Table 4, the PPVs of the diagnostic definitions
requiring at least two contacts for PBC did not change signifi-
cantly (72% to 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 are necessary to maximize
the identification of PBC patients.
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TABLE 2

Coding algorithms for primary biliary cirrhosis

Operating characteristics of coding algorithms for definite or probable primary biliary cirrhosis (PBC)*

Data source and

Positive predictive value, % (95% CIl), (n/n)

Sensitivity for PBC trial

diagnostic criterion Overall

Women Men

patients, % (95% ClI), (n/n)

All databases

21 contact

22 contacts

=3 contacts

24 contacts

=5 contacts
Physician claims database
21 claim

21 GP claim

21 specialist claim
22 claims

23 claims

24 claims

25 claims

Inpatient database

21 inpatient contact
>2 inpatient contacts

ACCS database

21 ACCS contact
22 ACCS contacts

60 (53-67), (119/198)
73 (61-75), (98/135)
73 (64-81), (79/108)
72 (61-81), (61/85)
75 (63-85), (48/64)

64 (56-71), (109/171)
73 (52-88), (19/26)
66 (58-73), (107/163)
75 (66-82), (91/122)
75 (65-84), (70/93)
73 (61-83), (51/70)
78 (64-88), (42/54)

51 (37-64), (29/57)
48 (26-70), (10/21)

74 (58-86), (31/42)
78 (40-97), (7/9)

69 (61-76), (108/157)
78 (70-85), (90/115)
79 (70-87), (73/92)
79 (68-88), (57/72)
82 (69-91), (44/54)

74 (65-81), (100/136)
90 (68-99), (18/20)
74 (65-81), (98/133)
79 (71-87), (85/107)
82 (72-90), (65/79)
81 (69-90), (47/58)
85 (71-94), (39/46)

55 (39-70), (24/44)
60 (32-84), (9/15)

77 (60-90), (27/35)
83 (36-100), (5/6)

27 (14-43), (11/41)
40 (19-64), (8/20)
38 (15-65), (6/16)
31 (9.1-61), (4/13)
40 (12-74), (4/10)

26 (13-43), (9/35)

7 (0.4-64), (1/6)
30 (15-49), (9/30)
40 (16-68), (6/15)
36 (13-65), (5/14)
33 (10-65), (4/12)
38 (8.5-76), (3/8)

39 (14-68), (5/13)
7 (0.4-64), (1/6)

57 (18-90), (4/7)
67 (9.4-99), (2/3)

94 (71-100), (16/17)
94 (71-100), (16/17)
71 (44-90), (12/17)
65 (33-82), (10/17)
47 (23-72), (8/17)

88 (64-99), (15/17)
18 (3.8-43), (3/17)
82 (57-96), (14/17)
88 (64-99), (15/17)
71 (44-90), (12/17)
53 (28-77), (9/17)

41 (18-67), (7/17)

5.9 (0.1-29), (1/17)
5.9 (0.1-29), (1/17)

24 (6.8-50), (4/17)
5.9 (0.1-29), (1/17)

*The coding algorithms with the optimal combination of positive predictive value and sensitivity are shown in bold. Use of the alternative algorithms is not recom-

mended. ACCS Ambulatory Care Classification System; GP General practitioner

TABLE 3

Operating characteristics of coding algorithms for definite, probable or suspected primary biliary cirrhosis*

Positive predictive value, % (95% Cl), (n/n)

Data source and diagnostic criterion

Overall Women Men

All databases

21 contact
22 contacts
23 contacts
24 contacts
25 contacts
Physician claims database
21 claim
21 GP claim
21 specialist claim
22 claims
23 claims
24 claims
25 claims
Inpatient database
21 inpatient contact
22 inpatient contacts
ACCS database
=1 ACCS contact
22 ACCS contacts

74 (68-80), (147/198)
89 (82-94), (120/135)
90 (83-95), (97/108)
91 (82-96), (77/85)
95 (87-99), (61/64)

77 (70-83), (132/171)
77 (56-91), (20/26)
80 (73-86), (130/163)
90 (83-95), (110/122)
90 (82-96), (84/93)
90 (81-96), (63/70)
94 (85-99), (51/54)

81 (68-90), (46/57)
86 (64-97), (18/21)

88 (74-96), (37/42)
89 (52-100), (8/9)

83 (77-89), (131/157)
94 (88-98), (108/115)
95 (88-98), (87/92)
96 (88-99), (69/72)
100 (93-100), (54/54)

88 (81-93), (119/136)
95 (75-100), (19/20)
88 (81-93), (117/133)
94 (88-98), (101/107)
96 (89-99), (76/79)
97 (71-91), (56/68)
100 (92-100), (46/46)

84 (70-93), (37/44)
93 (68-100), (14/15)

91 (77-98), (32/35)
100 (54-100), (6/6)

39 (24-56), (16/41)
60 (36-81), (12/20)
63 (35-85), (10/16)
62 (32-86), (8/13)
70 (35-93), (7/10)

37 (22-55), (13/35)
17 (0.4-64), (1/6)
43 (26-63), (13/30)
60 (32-84), (9/15)
57 (29-82), (8/14)
58 (28-85), (7/12)
63 (24.5-92), (5/8)

69 (39-91), (9/13)
67 (22-96), (4/6)

71 (29-96), (5/7)
67 (9.4-99), (2/3)

*The coding algorithms with the optimal combination of positive predictive value and sensitivity are shown in bold. Use of the alternative algorithms is not recom-
mended. ACCS Ambulatory Care Classification System; GP General practitioner

DISCUSSION
Our study demonstrates the utility of administrative data for
the identification of patients with PBC. Using three adminis-
trative databases containing nine years of data, the optimal
case definition required at least two 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 was

94%. In our opinion, this degree of accuracy is sufficient to
justify the use of administrative data in future studies. To our
knowledge, only one other study has examined the utility of
administrative data for this purpose. Villeneuve et al (6)
reviewed the charts of 648 patients with an ICD-9 code for
PBC in a hospitalization database. Only 257 of these patients
had definite or probable PBC; the 40% PPV is similar to the
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TABLE 4

Sensitivity analysis of diagnostic definitions for primary biliary cirrhosis (PBC) according to the time interval between the

first and second contacts in the administrative data

Positive predictive value, % (95% CI), (n/n)

Definite or
probable PBC

Data source and time interval
between contacts n

Definite, probable or
suspected PBC

Sensitivity for PBC trial
patients, % (95% ClI), (n/n)

All databases

Within 1 year 112 72 (63-80), (81/112)

Within 2 years 129 73 (64-80), (94/129)

Within 3 years 133 72 (64-80), (96/133)
Physician claims database

Within 1 year 103 74 (64-82), (76/103)

Within 2 years 117 74 (66-82), (87/117)

Within 3 years 121 74 (66-81), (90/121)

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)

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)

51% that we observed using the inpatient database. However,
the poor sensitivity of this approach (6% in our study) reinfor-
ces the importance of using multiple data sources including
outpatient databases (see below).

We identified various diseases misclassified as PBC when a
single contact in the administrative data suggested this diagno-
sis. Because false-positive cases had a fewer number of PBC
contacts, increasing the number required to establish a diagno-
sis reduced misclassification, but was less sensitive. However,
attempted exclusion of these competing conditions using their
own diagnosis codes did not improve algorithm performance. In
terms of specific conditions, misclassification of secondary biliary
cirrhosis was inevitable because it shares the same ICD-9-CM
code as PBC. Because this disease is uncommon, we expect this
issue to have minimal impact on future studies that use this
methodology. In contrast, patients with PSC represented a siz-
able proportion of false-positive cases (28% versus 20% in the
study by Villeneuve et al [60]). This finding likely reflects a tran-
scription error in some cases because the ICD-9-CM codes are
similar (571.6 for PBC versus 576.1 for PSC). In addition, both
disorders are characterized by chronic cholestasis, symptoms
including fatigue and pruritus, and autoantibodies, and may
have overlapping histological features (51). Finally, patients
with coexisting PBC and PSC (ie, ‘PBC/PSC overlap syn-
drome’), including one from the CHR (52), have been
described. However, as confirmed by our results, the usual
patient demographics differ — whereas PBC predominantly
affects middle-aged women, PSC is more common in young
men. Twenty per cent of false-positive cases were due to AIH,
likely because both conditions are more common in women
and often associated with autoantibodies (53).

We conducted several sensitivity analyses aimed at refining
the use of administrative data for identifying PBC patients.
Our results demonstrate the benefits of using multiple data
sources. As expected, the majority of our patients (85%) were
identified using the physician claims database because PBC is
predominantly a disease of outpatients. Although the PPVs
of the claims database were similar to that of all three data-
bases combined, its sensitivity was lower (88% versus 94%).
Nevertheless, based on this diagnostic performance, it would
be reasonable to use this data source when the others are
unavailable. Although reasonable for studies of incidence and
prevalence, this approach would be inappropriate for outcome
studies (eg, analyses of rates of hepatic failure) because these
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events require hospitalization data for identification. On the
other hand, the low PPVs and sensitivities of the inpatient and
ACCS databases preclude their use in isolation. This finding is
not unexpected because the inpatient database is most useful
for detecting patients with PBC complications (eg, decom-
pensation), or those hospitalized for nonhepatic conditions in
which PBC may not be recorded. Similarly, the major role of
the ACCS database is to identify 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 these patients.

Because PBC is more common in women, it is not surprising
that the PPVs of the coding algorithms — which are prevalence-
dependent — were higher in women. For definite or probable
PBC, the definition requiring at least two PBC contacts had a
PPV of 78% in women versus only 40% in men. In contrast,
many conditions confused with PBC (eg, PSC, hepatitis C and
alcoholic cirrhosis) are more common in men. Thus, the prob-
ability of erroneously recording a diagnosis code for PBC should
be higher in men — an effect that would contribute to lower
PPVs in this subgroup. An alternative explanation is that clin-
icians have greater difficulty diagnosing PBC in men, although
evidence to support this suggestion is lacking.

We also confirmed our hypothesis that specialists more
accurately code for PBC than GPs. Although the PPVs of at
least one claim by a specialist or GP were similar (approxi-
mately 80%), the sensitivity of this criterion among specialists
was much higher (82% versus 18%). This finding likely reflects
a greater awareness of PBC among specialists, the methods of
its diagnosis and its diagnosis codes. In an inflammatory bowel
disease (IBD)-related study (54) that addressed the latter issue
among Canadian physicians, gastroenterologists were more
likely to know the codes for IBD than GPs, and used them
more frequently for both IBD- and non-IBD-related services.
We also assessed the impact of the duration over which the
diagnosis codes were recorded on the performance of the
administrative data (Table 4). In this analysis, the PPV of the
definition requiring at least two contacts was similar when the
first and second contact occurred within one, two or three
years of each other. However, the sensitivity was significantly
lower when restricted to patients with contacts occurring
within the same year (71% versus 94% for less than two and
less than three years). This finding was likely due to the infre-
quent follow-up of most PBC patients, who are often seen
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annually (or less frequently) if stable (1). It suggests that future
analyses using administrative data should include multiple
years of data to avoid missing nearly 30% of cases that would
otherwise have an insufficient observation period to accrue two
or more contacts.

Our findings support the use of administrative data in future
epidemiological studies of PBC. Because we demonstrated a
short interval between diagnosis dates established using clinical
data and the first contact in the administrative data (median of
less than two months), accurately timing the date of diagnosis
using administrative data is feasible. This point is essential for
defining incident cases and establishing ‘time zero’ for natural
history studies. 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 con-
firming a diagnosis of PBC during the earlier years of the valida-
tion study (eg, due to missing laboratory reports and clinical
data [see below]), or perhaps increased awareness of the diagno-
sis codes for PBC more recently. This finding must be con-
sidered when interpreting temporal changes in PBC burden.
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 single-centre
studies. If our findings are validated in different settings, inter-
regional comparisons of PBC epidemiology will be facilitated.

Our study has several limitations. First, we were unable to
locate the medical records of approximately 40% of patients. In
many cases, charts could not be retrieved because the study
period 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. Because coding accuracy was associ-
ated with physician specialty, this limitation may have over-
estimated algorithm performance. On a related note, a
significant proportion of patients (n=28 [14%]) were labelled
as ‘suspected PBC’ and excluded from our primary outcome due
to a lack of diagnostic information. It is likely that many, if not
all, of these patients actually had PBC. For example, three
patients were AMA-positive with cholestasis, but could not be
given a diagnosis of ‘probable PBC’ because their AMA titre
was unavailable. Many additional patients — including one of
the 17 clinical trial patients — were diagnosed in other health
regions by experienced physicians who prescribed ursodeoxy-
cholic acid. Thus, we would argue that the correct PPV of the
optimal algorithm is closer to the 89% observed in our analysis
of definite, probable or suspected PBC.

CONCLUSION
The present study demonstrated the feasibility of identifying
patients with PBC using administrative data. In future studies,
we plan to apply these coding algorithms to additional data
sources to more accurately define the current epidemiology and
natural history of PBC in Canada. If validated in other settings,
these algorithms will also enable comparisons of PBC burden
and outcomes across regions. These studies will prove useful for
resource planning, patient counselling regarding prognosis and
treatment decisions. Moreover, administrative data will facili-
tate the identification of PBC patient cohorts, which can be
studied in greater detail to fill existing gaps in the literature
(eg, the impact of early diagnosis on outcome, disease associa-
tions, modes of presentation, etc). Finally, comprehensive
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evaluation of such cohorts (eg, via surveys examining potential
risk factors or biofluid collection for high-throughput studies)
may further our understanding of disease pathogenesis includ-
ing the influence of environmental and genetic factors.

APPENDIX

Glossary of statistical terminology used in the assessment
of algorithm performance
1. Positive predictive value (PPV)
The proportion of patients who satisfy the criteria of the coding algorithm
that truly have primary bilary cirrhosis
PPV = True positive/(true positive + false positive)

2. Negative predictive value (NPV)*
The proportion of patients who do not satisfy the criteria of the coding
algorithm that do not have primary bilary cirrhosis
NPV = True negative/(true negative + false negative)

3. Sensitivity
The proportion of patients with primary bilary cirrhosis who satisfy the
criteria of the coding algorithm
Sensitivity = True positive/(true positive + false negative)

4. Specificity*

The proportion of patients without primary bilary cirrhosis who do not
satisfy the criteria of the coding algorithm
Specificity = True negative/(true negative + false positive)

*The negative predictive values and specificities of the algorithms could not
be calculated due to the study design
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