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Abstract
This study investigated the use of population-based administrative databases for stroke
surveillance. First, a meta-analysis was conducted of four studies, identiﬁed via a PubMed
search, which estimated the sensitivity and speciﬁcity of hospital data for ascertaining
cases of stroke when clinical registries or medical charts were the gold standard.
Subsequently, case-ascertainment algorithms based on hospital, physician and prescription
drug records were developed and applied to Manitoba’s administrative data, and prevalence
estimates were obtained for ﬁscal years 1995/96 to 2003/04 by age group, sex, region of
residence and income quintile. The meta-analysis results revealed some over-ascertainment
of stroke cases from hospital data when the algorithm was based on diagnosis codes for
any type of cerebrovascular disease (Mantel-Haenszel Odds-Ratio [OR] – 1.70 [95%
conﬁdence interval (CI): 1.53 – 1.88]). Analyses of Manitoba administrative data revealed
that while the total number of stroke cases varied substantially across the algorithms, the
trend in prevalence was stable regardless of the algorithm adopted.
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Introduction
Death due to stroke is ranked third in
Canada and in other developed countries
after heart diseases and cancer, while the
stroke burden and case fatality rate is
estimated to eclipse that of other chronic
diseases.1-3 Despite advances in acute
stroke care, prevention of stroke-related
risk factors is likely to remain the most
effective mechanism to reduce the disease
burden.4 Population-based surveillance
allows researchers and policy analysts to
describe the disease burden for population
groups deﬁned by such characteristics as
age, sex, region of residence and income
level. Surveillance can also facilitate
assessments of the effectiveness of risk
prevention strategies over time. Large-scale
administrative databases have been used
for population-based surveillance of a
number of chronic conditions, including

stroke.5, 6 The advantages of administrative
data include: (a) ability to generalize
prevalence estimates to the whole
population rather than just to speciﬁc subpopulations, (b) lower costs associated
with establishment and maintenance of a
surveillance system,7 (c) ability to monitor
trends in prevalence, and (d) opportunity
to investigate associated co-morbidities.7
Hospital administrative data have often
been used to identify stroke cases in the
population, but there has been only limited
investigation of physician billing claims
for this purpose.8-12 The choice of diagnosis
codes to identify stroke cases has been
a critical issue in the development of caseascertainment algorithms using administrative data. An algorithm based on
diagnostic codes for all forms of cerebrovascular disease will have improved

sensitivity, but could result in possible
over-ascertainment of stroke cases when
compared with a clinical data source. An
algorithm based on a narrower set of
diagnostic codes will have improved
speciﬁcity, but may result in conservative
estimates of the number of stroke cases.13,14
In the medical literature, ischemic stroke is
often classiﬁed according to the TOAST
(Trial of ORG 10172 in Acute Stroke
Treatment) criteria.15-17 This classiﬁcation
better deﬁnes the aetiology of ischemic
stroke by focusing on clinical treatment
strategies such as the use of warfarin for
cardio-embolic stroke or anti-platelet
therapy for large and small vessel disease.
At present, no studies have extended the
methodology of stroke case ascertainment
to include data from population-based
prescription drug dispensation records,7
which are now routinely maintained in a
number of jurisdictions. It is possible that
the combination of three data sources –
hospital separations, physician billing
claims, and prescription drug records –
may improve stroke case ascertainment.18,19
In fact, in one study of six chronic diseases
(hypertension, heart failure, chronic lung
disease, arthritis, glaucoma and diabetes),
the use of multiple administrative databases to ascertain disease cases resulted in
speciﬁcity greater than 0.95 and sensitivity
greater than 0.90 when compared with an
independent validation data source.20
In the current study we begin by using
meta-analysis techniques to assess the
validity of diagnoses in administrative data
for stroke case ascertainment. We then
apply the meta-analysis results to develop
case-ascertainment algorithms based on
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diagnoses in hospital and physician data as
well as records of dispensations for prescription drugs used in the treatment of
stroke. The algorithms are applied to administrative data from Manitoba, Canada, to
estimate the prevalence of stroke by age,
sex, region of residence and income group
over time.

Methods
Meta-analysis of stroke case ascertainment
A comprehensive PubMed search on the
terms administrative database AND stroke
OR cerebrovascular disease identiﬁed a
total of 28 references for the period 19652005. After full review of these articles by
the ﬁrst author, four were selected for
investigation using meta-analytic techniques. All of the selected studies used a
“gold standard”, that is, an independently
maintained stroke registry or a prospective
or retrospective chart review to validate
administrative data for stroke case ascertainment. The studies selected for the
meta-analysis relied on hospital data in
which diagnoses were coded using the
International Classiﬁcation of Diseases,
9th revision (ICD-9). Studies excluded from
the meta-analysis did not validate the
administrative data, did not use ICD-9
codes to ascertain disease cases, and/or
did not disclose the information necessary
to construct a 2 x 2 classiﬁcation table
composed of the number of stroke cases
and non-cases in the administrative and
validation datasets.
The studies selected for the meta-analysis
identiﬁed acute stroke cases using a
“sensitive” algorithm based on all diagnosis
codes for cerebrovascular disease (i.e.
ICD-9-CM 430 to 438) and/or a “speciﬁc”
algorithm based on a subset of ICD-9-CM
codes most likely to identify only acute
stroke cases in administrative data.
Odds ratios (ORs) were calculated for each
of the studies included in the meta-analysis
for the sensitive and speciﬁc algorithms.
Pooled odds ratios were calculated for the
sensitive and speciﬁc algorithms using the
Mantel-Haenszel method.21,22 The pooled
ORs were based on three datasets for the
sensitive algorithm and four datasets for
the speciﬁc algorithm. An OR = 1.0 indicates
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that the probability of the event (i.e. stroke
case ascertainment) is equally likely in
both the administrative data and validation
data source. An OR > 1.0 indicates an
overestimate of stroke ascertainment by
the administrative data compared to the
validation data source while an OR < 1.0
indicates that stroke case ascertainment is
lower in administrative data than in the
validation data source. The meta-analysis
was conducted using SAS software.23

Stroke case ascertainment in Manitoba’s
administrative data
The Research Data Repository housed at
the Manitoba Centre for Health Policy
(MCHP) was used to estimate stroke
prevalence for sensitive and speciﬁc caseascertainment algorithms. The Repository
has been used in many studies of population
health and health services use.24,25
MCHP maintains comprehensive populationbased administrative data, including hospital
separations, physician billing claims, and
out-patient prescription drug dispensation
records, for all health insurance registrants.5
The Manitoba population is approximately
1.2 million according to Statistics Canada
Census ﬁgures.26 Nonparticipation in the
provincial health insurance program is
minimal since no premium payment
requirement exists.5 Administrative data
ﬁles in the Repository can be linked over
time via a unique anonymized personal
health identiﬁcation number (PHIN).
Demographic information for health insurance registrants, including age, sex and
geographic location of residence is available
in the Repository by linking to the population registry. As well, income groups have
been derived by linking the Repository data
to data for dissemination areas. These are
the smallest geographic areas for which
Statistics Canada Census data are provided.
A hospital separation abstract is completed
at the point of discharge from an acute
care facility; each abstract contains up to
16 diagnosis codes. Physician billing claims
contain a single diagnosis code. A small
number of physicians in Manitoba are
salaried; however, most of them submit
“shadow billing claims” for billing purposes.
It has been estimated that shadow billing
results in at least 80% capture of services
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(Katz A., personal communication, February
2007). Diagnoses in hospital and physician
data are recorded using ICD-9-CM codes up
to ﬁscal year 2003/04, but commencing in
ﬁscal year 2004/05, ICD-10-CA coding was
introduced in hospital separations.
The Drug Programs Information Network
(DPIN) is an on-line point-of-sale prescription drug database linking all retail
pharmacies in Manitoba. DPIN captures
prescription drug dispensations for all
Manitoban residents regardless of coverage
mechanism. Prescription drugs are identiﬁed
via drug identiﬁcation numbers (DINs)
which are linked to the Drug Product
Database maintained by Health Canada.
Anatomic Therapeutic Chemical (ATC)
codes27 are added to allow categorization of
drugs into appropriate therapeutic and
pharmacological subgroups.
All 16 diagnosis ﬁelds in a hospital separation abstract were searched to identify
stroke cases. Table 1 lists ICD-9-CM codes
for cerebrovascular disease, the stroke type
to which each code corresponds, and its
relationship to the TOAST criteria. Using
TOAST, ischemic stroke is categorized as
stroke related to (a) large artery atherosclerosis (including large artery thrombosis
and artery-to-artery embolism), (b) cardioembolism, (c) small artery occlusion, (d)
stroke of other determined cause, and/or
(e) stroke of undetermined cause. The
TOAST cardio-embolic stroke category cannot be identiﬁed from ICD-9-CM codes.
After reviewing the literature and consulting
with clinical experts, the authors selected
the following drug categories for identiﬁcation of stroke cases from the DPIN data:
(a) anti-platelet agents such as aspirin
(ASA) at 81 or 325 mg once a day, clopidogrel, ticlopidine, dipyridamole and combination agents such as Aggrenox (ASA
25 mg dipyridamole 200 mg slow release)
and (b) oral anti-coagulants such as warfarin, phenindione, and nicoumalone. The
ATC codes (ﬁfth level) were B01AA02,
B01AA03, B01AA07, B01AC07, B01AB01,
B01AC30, B01AC05, B01AC06, B01AC04,
B01AB09, B01AB04, B01AB10. Thrombolytic
agents such as rt-PA (recombinant tissue
plasminogen activator) and intravenous
anti-platelet agents (anti GP 2b/3a) such as
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abciximab, tiroﬁban and eptiﬁbatide cannot
be identiﬁed in DPIN data.
Stroke cases were identiﬁed by the following
rules: at least one hospital separation in
one ﬁscal year (i.e. 1+ H), or at least two
ICD-9-CM physician billing claims in one
ﬁscal year (i.e. 2 + P), or at least one
physician billing claim in one ﬁscal year
together with at least two prescription drug
records in one ﬁscal year (i.e. 1+ P and
2+ Rx). Case counts were derived for each
of the ﬁscal years 1995/96 to 2003/04. The
ﬁscal year extends from April 1 to March 31
of the following year. This time period was
chosen because in 1994/95 the DPIN
system originated, while in 2004/05 ICD10-CA coding was introduced. Consistency
was therefore maintained by the yearly
application of a case-ascertainment algorithm
based on ICD-9-CM codes.
Frequencies of stroke cases were compiled
for both sensitive and speciﬁc algorithms
by study year, age group (19 to 44, 45 to 54,
55 to 64, 65 to 74, 75 to 84, 85 years and
older), sex, region of residence (Northern
Regional Health Authorities, Southern
Regional Health Authorities and Winnipeg

Regional Health Authority, with the Regional
Health Authority representing the health
administrative unit of the province) and
income quintile (Q1 to Q5, with Q1
representing the lowest income group). The
geographic areas broadly correspond to
sparsely populated rural, rural, and urban
communities. Individuals were assigned to
income quintiles using average household
income data for dissemination areas, and
then ranked according to these areas. The
quintiles are deﬁned so that approximately
20% of the total population is assigned to
each group.24 Income quintiles are deﬁned
separately for urban and rural areas.
Prevalence estimates were calculated using
data from the provincial registry to compute
the denominator of the estimate.
Regression analyses were conducted to test
for differences in the relative rate (RR) of
stroke for different population sub-groups
and over time. The data for each study year
were ﬁrst analyzed using generalized linear
models28 to relate stroke counts to the main
effects of age group, sex, region of residence,
income quintile and algorithm (i.e. sensitive, speciﬁc), as well as selected two-way
interactions among these variables. To

TABLE 1
ICD-9-CM codes for ascertaining cases of stroke in administrative data, relationship to
TOAST criteria and frequency in Manitoba hospital separations, 1995/96 to 2003/04
ICD-9CM Code

Stroke Type

TOAST Criterion

Freqb

%

430

Subarachnoid hemorrhage

N/Aa

901

1.7

431

Cerebral hemorrhage

N/A

2038

4.0

432

Other and unspecified
intracranial hemorrhage

N/A

951

1.8

433

Occlusion and stenosis of
pre-cerebral arteries

Large vessel disease

5957

11.9

434

Occlusion of cerebral arteries

Large and small vessel disease

5968

11.9

435

Transient cerebral ischemia

N/A

436

Acute but ill-defined
cerebrovascular disease

Stroke of other determined cause

437

Other and ill-defined
cerebrovascular disease

Stroke of undetermined cause

438

Late effects of
cerebrovascular disease

N/A

All

8189

16.3

12 061

24.0

2667

6.5

12 266

22.4

50 098

100.0

a

N/A = not applicable

b

Frequencies are the number of individuals (19 years and older) with at least hospital separation having the identified
ICD-9-CM code
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ensure a parsimonious model, only those
interactions that resulted in a signiﬁcant
improvement in model ﬁt, as evaluated
with a likelihood ratio test, were retained.
An offset, the log of the total population,
was included in all models. The data
were initially parameterized using Poisson,
negative binomial and gamma distributions.
Goodness-of-ﬁt statistics were compared,
and the distribution resulting in the best
ﬁtting model was selected. The longitudinal
data were analyzed using a generalized
linear model with generalized estimating
equations (GEEs) to account for correlation
among the stroke case counts over time.29
The main effects of age group, sex, region
of residence, income quintile, algorithm
and year/time were included in the model.
Selected two-way interactions were included,
but these model effects were only retained
if they resulted in a signiﬁcant improvement
in model ﬁt. Again, the data were initially
parameterized using Poisson, negative
binomial and gamma distributions, and
goodness-of-ﬁt statistics were compared.
The correlation structure was chosen to be
exchangeable after examination of the sample
correlation matrix. The regression analyses
were conducted using SAS software.23

Results
Meta-analysis of stroke case ascertainment
Table 2 reports the study-speciﬁc ORs for
stroke case ascertainment from hospital
administrative data. The speciﬁc algorithm
based on the restricted set of ICD-9-CM
codes, for which there were three datasets
available for analysis, resulted in ORs
which were smaller in magnitude and
closer to 1.0 than the ORs for the sensitive
algorithm based on all diagnosis codes for
cerebrovascular disease, for which there
were four datasets available for analysis.
As Table 2 reveals, the pooled OR for the
datasets that used a sensitive algorithm
was 1.70 (95% CI: 1.53, 1.88) while the
pooled OR for the datasets that used a
speciﬁc algorithm was 1.02 (95% CI: 0.93,
1.13), indicating some over-ascertainment
for the former but not for the latter.
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TABLE 2
Odds ratios (ORs) for the meta-analysis of stroke case ascertainment in hospital data for
sensitive and specific sets of diagnosis codes
Study

Sensitive Algorithm

Specific Algorithm

OR (95% CI)a

OR (95% CI)b

Ellekjaer et al. 32

1.76 (1.51, 2.05)

1.17 (1.00, 1.38)

Leibson et al. 18

1.47 (1.17, 1.86)

1.20 (0.95, 1.53)

33

Reker et al.

1.76 (1.46, 2.10)

0.72 (0.58, 0.89)

--

1.02 (0.80, 1.31)

1.70 (1.53, 1.88)

1.02 (0.93, 1.13)

Tirschwell et al. 13
Pooled OR
a

The sensitive algorithm is based on ICD-9-CM codes 430 to 438 for all studies except for Reker et al. 33 who excluded
437 and 438

b

The specific algorithm is based on ICD-9-CM codes 430, 431, 434 and 436 for all studies except Reker et al. 33
(excluded 436), Leibson et al. 18 (included 437), and Tirschwell et al. 13 (included 435)

Stroke case ascertainment in Manitoba’s
administrative data
Table 1 shows the frequency of stroke cases
identiﬁed from hospital data for each of
ICD-9-CM codes 430 to 438 for the period
1995/96 to 2003/04. More than half (54.7%)
of cases had non-speciﬁc diagnostic codes of
432, 436, 437 and 438.
The frequency of stroke cases from hospital,
physician, and pharmacy administrative data
is reported next. The number of cases
satisfying the 1 + H rule was identiﬁed ﬁrst,
followed by the number of cases identiﬁed
with the 2 + P rule, and then the number
of additional cases identiﬁed with the 1 + P
and 2 + Rx rule. The results are reported
separately for the sensitive algorithm based
on all diagnoses for cerebrovascular disease
in hospital and physician administrative
data and the speciﬁc algorithm based on a
subset of diagnoses most likely to identify
acute stroke cases. For the latter, we initially
reported the results for two different subsets
of ICD-9-CM codes: one set included
transient ischemic attacks while the other
did not. Only the results for the ﬁrst speciﬁc
algorithm are included in subsequent
regression analyses.
As Table 3 reveals for the sensitive algorithm,
49.9% of stroke cases were identiﬁed from
hospital data at the beginning of the study
period (i.e. 1995/96); this percentage
dropped substantially to 38.5% by the end
of the study period. However, the percentage of stroke cases identiﬁed solely
from physician data remained relatively
constant over time. The percentage of cases
identiﬁed from a combination of physician
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data and prescription drug data increased
over time, from 5.6% in 1995/96 to 15.8%
in 2003/04. The same trend of decreasing
numbers of stroke cases identiﬁed from
hospital data and increasing numbers
identiﬁed from physician and prescription
drug data was also observed when the
more speciﬁc algorithm was adopted.
The crude provincial prevalence estimates
(Table 3) are relatively unchanged across time
regardless of the algorithm used. However,
the rate based on the smallest set of ICD-9CM codes is approximately half the value
of the rate derived using the full set of
diagnostic codes for cerebrovascular disease.
Next, the number of stroke cases in each
year was analyzed using generalized linear
models. The negative binomial distribution
provided a better ﬁt to the data than either
the Poisson or gamma distributions as
judged by the ratio of the residual deviance
to the model degrees of freedom. The
likelihood ratio test showed that models
containing two-way interactions were not
a signiﬁcantly better ﬁt to the data than a
simpler model containing main effects only
(p > .05), thus the latter was retained. The
model results for ﬁscal year 1998/99 are
reported in Table 4; similar results were
observed for all other years of data and are
therefore not reported here. The relative
rate (RR) of stroke was signiﬁcantly lower
in both southern rural and urban regions
than in northern Manitoba, and signiﬁcantly
higher in older groups. An income gradient
was observed, such that the RR of stroke
was lower in higher income quintiles. The
rate was higher in males than in females,
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and the rate for the speciﬁc algorithm was
signiﬁcantly lower than for the sensitive
algorithm.
The longitudinal prevalence data were also
modeled. A negative binomial distribution
was again selected because it resulted in
a better ﬁt to these data than either the
gamma or Poisson distributions. The inclusion of year x region and year x age group
interaction terms resulted in a signiﬁcant
improvement in model ﬁt; other two-way
interaction terms were not retained in the
model because they did not signiﬁcantly
improve model ﬁt. For the year x region
interaction, the analyses revealed that after
adjusting for other model effects, the RR of
change in stroke prevalence was greater for
southern rural (RR = 1.01, 95% CI = 1.00,
1.02) and for urban (RR = 1.02, 95% CI =
1.01, 1.04) regions than for the northern
regions of Manitoba. For the latter, the
analyses showed that compared to the
19 to 44 years age group, the RR of change
in stroke prevalence was lower for 55 to
64 years (RR = 0.96; 95% CI = 0.95, 0.99),
65 to 74 years (RR = 0.96; 95% CI = 0.94,
0.97), 75 to 84 years (RR = 0.95; 95% CI =
0.94, 0.97), and 85+ years (RR = 0.96;
95% CI = 0.94, 0.98). Figures 1 and 2 illustrate the nature of the trends in prevalence
estimates for age groups and regions. Main
effects of sex, income quintile and algorithm
were also signiﬁcant (p < 0.05), and the
RR estimates were similar to those reported
in Table 4.

Discussion
This study builds on previous research that
has explored the potential role of administrative data for stroke surveillance. A number
of case-ascertainment algorithms were
applied to administrative databases available
in Canadian provinces and territories. The
stroke prevalence estimates were indirectly
validated via a meta-analysis of previous
studies that compared hospital data to
medical chart or registry data. The results
of the meta-analysis revealed that the odds
of agreement between administrative data
and chart or registry data were better when
a speciﬁc set of diagnostic codes was used
instead of a sensitive set of codes.
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TABLE 3
Frequency (%) of stroke cases by data source and ICD-9-CM codes and crude prevalence of stroke, 1995/96 – 2003/04
Hospitala
(1 + H)

Physician
(2 + P)
Freq

Physician + Drug
(1 + P & 2 + Rx)

Fiscal Year

Freq

%

%

Freq

1995/96

4882

49.9

4349

44.5

1996/97

5053

51.5

4203

42.9

1997/98

4790

48.7

4339

1998/99

4777

48.6

4357

1999/00

4488

45.8

4398

44.9

920

2000/01

4585

44.3

4587

44.3

1176

2001/02

4276

41.5

4557

44.3

1462

2002/03

3948

39.9

4447

45.0

1488

2003/04

3993

38.5

4746

45.7

1635

Total

%

Freq

Prev (%)

551

5.6

9782

1.16

547

5.6

9803

1.16

44.1

701

7.1

9830

1.16

44.3

702

7.1

9836

1.16

9.4

9806

1.16

11.4

10 348

1.21

14.2

10 295

1.20

15.1

9883

1.14

15.8

10 374

1.19

Sensitive Algorithm (ICD-9-CM 430 to 438)

Specific Algorithm #1 (ICD-9-CM 430, 431, 434, 435, 436)
1995/96

3283

43.8

3704

49.4

517

6.9

7504

0.89

1996/97

3239

43.8

3573

48.3

584

7.9

7396

0.88

1997/98

3166

42.3

3656

48.9

662

8.8

7484

0.89

1998/99

3234

43.4

3554

47.7

656

8.8

7444

0.88

1999/00

2956

39.9

3603

48.6

855

11.5

7414

0.87

2000/01

2955

37.5

3836

48.7

1084

13.8

7875

0.92

2001/02

2831

36.1

3726

47.5

1281

16.3

7838

0.91

2002/03

2666

35.6

3546

47.4

1275

17.0

7487

0.87

2003/04

2705

33.8

3869

48.4

1422

17.8

7996

0.92

1995/96

2431

45.1

2518

46.7

439

8.1

5388

0.64

1996/97

2406

45.7

2433

46.2

426

8.1

5265

0.62

1997/98

2281

43.2

2525

47.9

468

8.9

5274

0.62

1998/99

2328

44.1

2478

46.9

475

9.0

5281

0.62

1999/00

2091

40.1

2507

48.1

614

11.8

5212

0.61

2000/01

2197

39.5

2599

46.8

761

13.7

5557

0.65

2001/02

2113

37.7

2601

46.3

898

16.0

5612

0.65

2002/03

2035

37.8

2468

45.9

875

16.3

5378

0.62

2003/04

2023

35.3

2683

46.8

1024

17.9

5730

0.66

Specific Algorithm #2 ( ICD-9-CM 430, 431, 434, 436)

a

Hospital separations (1 + H) have precedence over physician billing claims (2 + P), which in turn have precedence over combined physician and prescription drug data (1 + P and 2 + Rx)
for identification of stroke cases

Examination of the distribution of stroke
cases across the diagnosis codes can yield
insights into health-care resource requirements. In Manitoba we found that in hospital
data, almost 1000 stroke cases per year
(i.e. about 16%) are identiﬁed as transient
ischemic attacks with, by deﬁnition, no
extended functional neurological deﬁcits.
Patients with such events are good candidates for secondary prevention through the
correct assessment of cerebrovascular risk
factors together with subsequent treatment
involving surgery or medical therapy. The
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number of subarachnoid and cerebral hemorrhages was seen to represent approximately
10% of all stroke cases in Manitoba compared to the usually quoted 20% rate for
hemorrhagic stroke in most population
studies. While it is likely that coding for
hemorrhagic stroke is reliable due to the
nature of the clinical encounter, such discrepancies in ascertainment can only really be
resolved by validation studies involving
direct chart review or by development of
an inclusive stroke registry.
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The use of physician billing claims and
prescription drug records in addition to
hospital separations increased the total
number of stroke cases identiﬁed with
Manitoba’s administrative data. In fact, the
number of identiﬁed cases nearly doubled
merely by inclusion of the physician billing
data. The use of prescription drug records
in combination with physician billing claims
resulted in identiﬁcation of a small but
increasing number of cases over time.
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TABLE 4
Regression analyses of the relative rate (RR) of stroke in Manitoba, 1998/99
Model Effect

Estimate (se)a,b

RR (95% CI)c

South Rural

-0.27 (0.05)

0.77 (0.70, 0.84)

Winnipeg

-0.25 (0.05)

0.78 (0.71, 0.85)

North Rural

Ref

–

85 years and older

4.54 (0.05)

93.41 (84.92, 102.76)

75-84 years

4.24 (0.05)

69.61 (63.67, 76.10)

65-74 years

3.55 (0.05)

34.97 (31.95, 38.28)

55-64 years

2.72 (0.05)

15.20 (13.83, 16.72)

45-54 years

1.70 (0.05)

4.47 (4.93, 6.06)

19-44 years

Ref

–

Quintile 5

-0.30 (0.03)

0.74 (0.69, 0.79)

Quintile 4

-0.20 (0.03)

0.82 (0.49, 0.62)

Quintile 3

-0.16 (0.03)

0.86 (0.81, 0.91)

Quintile 2

-0.13 (0.03)

0.88 (0.83, 0.93)

Quintile 1

Ref

Male

–

0.23 (0.02)

Female

1.26 (1.21, 1.31)

Ref
d

Specific algorithm

-0.27 (0.02)

Sensitive algorithm

Ref

–
0.77 (0.74, 0.80)
–

a

se = standard error

b

Parameter estimates were obtained using a generalized linear model with a negative binomial distribution

c

CI = confidence interval

d

The specific algorithm was based on the following ICD-9-CM codes: 430, 431, 434, 435 and 436

The total number of stroke cases identified with Manitoba’s administrative data
changed very little over time, although the
total number of cases identiﬁed with
hospital data decreased. This has important
implications for future stroke surveillance
studies. Use of a single administrative data
source could give a misleading picture of
changes in stroke prevalence over time.
Analyses of the annual stroke data revealed
signiﬁcant variations across both income
groups and geographic areas of Manitoba,
even after adjusting for differences in age
and sex. The trend analyses showed that
the prevalence of stroke decreased slightly
across older age groups relative to the
youngest age group, but increased slightly
across urban and southern rural regions
relative to the northern region. Our study
results are largely consistent with other
epidemiological studies, such as the
Framingham study, which shows a greater
prevalence of stroke in males compared to
females and a stroke burden that is largely
unchanged over time.4 These results have
important implications for stroke therapy,
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post stroke dependency, rehabilitation and
the development of targeted stroke prevention programs. For example, thrombolytic
therapy in the older age group results in a
higher mortality, although this age group
has higher mortality than younger age
groups even without rt-PA.30,31
This study has some limitations. We have
estimated the annual prevalence of stroke,
but stroke incidence is not investigated.
However, the stroke incidence rate can be
estimated using the slope of the prevalence
trend. The stability of the prevalence
estimates over time suggests that incidence
remains relatively constant in Manitoba.
A complete picture of incidence would,
however, use provincial vital statistics data
in addition to hospital, physician, and
prescription drug data. Like all epidemiological studies, investigations of stroke case
ascertainment from administrative databases represent a snapshot of events with
an implied estimation error. While estimation error was not quantiﬁed in the current
study, it was approximated by reporting
results for both sensitive and speciﬁc
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algorithms, which likely represent the upper
and lower bounds of stroke prevalence.
The data capture all residents of Manitoba
having health registration coverage from
Manitoba Health in any one year. No
attempt was made to eliminate residents
who were only partially covered during the
ﬁscal year due to in-province or out-ofprovince migration, and therefore may have
had a lower probability of meeting the
criteria required for identiﬁcation of stroke
cases. At the same time, the inclusion of
residents with only partial coverage during
the ﬁscal year because of death means that
the data represent a better estimate of all
stroke cases in Manitoba, not just stroke
survivors.
In a recent review of the transition from
ICD-9 to ICD-10 coding, no signiﬁcant
difference was found between the two classiﬁcation systems for stroke case ascertainment or risk factors.6 However, the
effect of the change in coding on stroke
case ascertainment in hospital separations warrants further investigation using
Manitoba data.
In conclusion, administrative data can be
used for population-based surveillance of
a variety of chronic conditions, including
stroke. Administrative data can be used to
describe socio-demographic variations in
the population-prevalence of stroke and to
conduct retrospective studies of change over
time. These data represent a cost-effective
tool for providing information about the
burden of stroke on the population and for
informing health policy decisions.
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FIGURE 1
Trends in crude prevalence of stroke by age group for (a) the sensitive algorithm and
(b) the specific algorithm,a 1995/96 to 2003/04
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FIGURE 2
Trends in crude prevalence of stroke by region of residence for (a) the sensitive
algorithm and (b) the specific algorithm,a 1995/96 to 2003/04
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