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Linking Australian Stroke Clinical Registry data with
Australian government Medicare and medication
dispensing claims data and the potential for bias

Nadine E. Andrew,"? Dominique A. Cadilhac,’? Vijaya Sundararajan,* Amanda G. Thrift," Phil Anderson,>®
Natasha A. Lannin,”® Monique F. Kilkenny'3

n Australia, healthcare is mainly provided

and funded within a public/private

federated system with services provided
by all levels of government: commonwealth,
state and territory, and local as well as
private providers. Each routinely collects
their own data for different administrative
purposes.! The Commonwealth Government
is responsible for managing and collecting
data related to health programs, including
those funded under the Medicare
Benefits Schedule (MBS or Medicare) and
Pharmaceutical Benefits Scheme (PBS or
subsidised ‘medication dispensing’) and
collectively termed ‘Commonwealth datasets’
for this article.® These data have been used
by government for surveillance and quality
improvement purposes, and by researchers to
supplement research data from clinical trials
and cohort studies.*®

Non-government operated clinical quality
registries, such as the Australian Stroke
Clinical Registry (AuSCR) have been
established to provide more detailed
disease-specific measures such as clinical care
indicators and patient-reported outcomes
(e.g. quality of life) on clinical populations,
since these are unavailable in government
datasets.” National linkages between claims
data and clinical registries are common in
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Abstract

Objective: We aim to report the accuracy of linking data from a non-government-held clinical
quality registry to national claims data and identify associated sources of systematic bias.

Methods: Patients with stroke or transient ischaemic attack admitted to hospitals participating
in the Australian Stroke Clinical Registry (AuSCR) were linked with Medicare and medication
dispensings through the Australian Medicare enrolment file (MEF). The proportion of
registrants in the datasets was calculated and factors associated with a non-merge assessed
using multivariable analyses.

Results: A total of 17,980 AuSCR registrants (January 2010 — July 2014) were submitted for
linkage (median age 76 years; 46% female; 67% ischaemic stroke); the proportion merged was
97% MEF, 93% Medicare and 95% medication dispensings. Data from registrants born in Asia
were less likely to link with the MEF (adjusted Odds Ratio [aOR]: 0.20; 95%Confidence Interval
[Cl]: 0.15, 0.27). Data for those aged 85-plus compared to those under 65 years were less likely
to merge with Medicare (@OR 0.25; 95%Cl:0.21, 0.30) but more likely to merge with dispensing
claims data (aOR: 2.15 (95%Cl:1.71, 2.69).

Implications for public health: Linkage between the AuSCR, a national clinical quality registry
and Commonwealth datasets was achieved and potential sources of bias were identified.

Key words: data linkage, record linkage, health data, clinical registry, stroke, primary care,
medication, bias

regions with a unique National Health Index
(NHI number) such as Scandinavia and New
Zealand, but are relatively new in Australia.®'°
Recent advances in data linkage and data
security mean that the infrastructure is

now available to enable regular linkage of
Commonwealth-held administrative datasets
and data routinely collected by clinicians for

quality improvement or outcomes research
with a waiver of consent in countries that do
not have an NHI number.'2

The lack of an NHI number means that
probabilistic and/or deterministic methods
are required to perform linkages based on the
available identifying (personal) information

in the datasets to be linked. In the case of
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large administrative datasets, the linkages
are frequently performed by government
data linkage centres and the linked de-
identified data is provided to the researchers.
Consequently, formally published evaluations
of such activities and the potential impact for
research are lacking, especially with regards
to linkages between clinical quality registries
and government-held data. Herein, we report
the accuracy of linking data from the AuSCR,
a non-government-held clinical quality
registry, to the national Australian Medicare
enrolment file (MEF). A secondary aim was

to compare characteristics of registrants
whose data were and were not able to be
merged with the MEF and the content data
from the associated national datasets to
identify potential sources of systematic bias
associated with non-linkage.

Methods

Data sources

We used data from four main data sources
(Figure 1) as outlined below.

Stroke cohort (AuSCR): The AuSCR is a
prospective national clinical quality registry,
initiated to monitor, promote and improve
the quality of acute stroke care in Australia
(www.auscr.com.au).” Data are collected

on all patients with a clinical diagnosis of
stroke or transient ischaemic attack (TIA)
admitted to participating hospitals using

an opt-out method of consent. The AuSCR
provides the systematic collection of data

to identify variability in clinical care and
health outcomes. A minimum core dataset
is collected and includes demographic,
clinical and hospital outcome data. Survivors
who are discharged from hospital are also
contacted at 90-180 days following stroke
with a request to complete a follow-up
questionnaire. The registry holds patients’
details such as full name, address, sex and
date of birth to enable routine patient follow-
up. AuSCR data are linked annually to the
National Death Index (NDI) by the Australian
Institute of Health and Welfare (AIHW).'

Medicare enrolment file: The Medicare
enrolment file contains identifiable
information on all Australians enrolled in

the Australian Medicare Scheme regardless
of whether or not a claim has been made.
Australia has universal healthcare whereby all
people living in Australia who are Australian
or New Zealand citizens or hold a permanent
residency visa are covered for basic health
care services. However, to claim Medicare-
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funded healthcare or medication dispensings
covered under the PBS those eligible are
required to first enrol in Medicare.

Medicare claims data: The MBS database
contains transactional data related to all
services that are subsidised under the
Medicare scheme by the Commonwealth
Government such as general practitioners
(GPs), also known as primary care physicians,
and specialist visits, imaging and pathology.
Non-residents from countries with a
reciprocal healthcare agreement with
Australia (N=11 countries) are also covered for
medically necessary care. In addition to the
restrictions applied to Medicare enrolment,
veterans who hold a Department of Veterans
Affairs (DVA) gold card and their families are
not included in the MBS database as they
are covered under a separate and more
comprehensive DVA scheme.? However, they
are included in the MEF. Following discharge
from hospital after a stroke, patients should
ideally be returned to the care of their GP

for ongoing secondary prevention and
disability management. There are a number
of items that can be provided and claimed
by a GP to support care planning that are
relevant to survivors of stroke. For our study,
all items related to GP and allied health care
as well as relevant specialties (e.g. neurology,
cardiology, rehabilitation and geriatrics) were
requested. Dates of service and an encrypted
service provider number are available and
can be used to determine continuity and
regularity of GP care.'31>

Medication dispensing data: The PBS
database contains records of medications
dispensed that are subsidised by the
Australian Commonwealth Government.'?
Medications such as over-the-counter
medications or those provided while in
hospital that are privately purchased or are
funded under other specialty schemes (such
as for chemotherapy) are not included. All
Australian residents who hold a current
Medicare card, or are covered under the
Medicare reciprocal arrangements, are
eligible under the PBS. At the time of

this project, the Repatriation Schedule of
Pharmaceutical Benefits (RPBS) data were
made available to the research team. In

line with clinical guidelines for the long-
term secondary prevention of stroke,'® we
requested data on all drugs dispensed with
World Health Organization (WHO) Anatomical
Therapeutic Classification (ATC) codes
relevant to antihypertensive, antithrombotic
and lipid-lowering medications.
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Linkage of datasets

Person-level linkages were requested
between all the AuSCR registrants who

had been included in the registry between
January 2010 and December 2014 as well
as their records in the Medicare enrolment
file held by the AIHW Data Linkage Unit

for claims made between June 2010 to
June 2015 (Supplementary Table S1).2'7 A
two-stage separation model of data linkage
was used. This means that linkage variables
pre-specified by the AIHW data linkage

unit (name, address, date of birth, date of
death [if applicable], sex) were submitted
by the AuSCR data manager with a unique
project identifier or linkage key attached.
Linkages were performed by staff at the
AIHW data linkage unit using a combination
of deterministic and probabilistic methods.
A deterministic approach, whereby record
pairs are considered a match if they exactly
agree or disagree on a given set of patient
identifiers, was used for the first round of
linkages. Probabilistic matching, a weighted
statistical approach that considers the
degree to which patient identifiers agree
and so can account, to some extent, for
common typographical errors, was applied
to the remaining unlinked records. This was
followed by an extensive clerical review by
the AIHW staff whereby uncertain matches
were checked manually. This approach has
been shown to yield high levels of sensitivity
and specificity for linkages using the personal
identifiers listed above.'*1®

Approved de-identified content data were
then provided to the research team by the
two organisations (AIHW and the AuSCR) and
merged by the researchers using a unique
project-specific, patient-level identification
number (or‘linkage key’to ensure the
inability to re-identify the data). As this was a
complex linkage project containing large and
detailed unit record datasets, the research
team were required, by the Commonwealth
Department of Health, to access and

merge the content data via a remote access
computing environment known as the
Secure Unified Research Environment (SURE),
managed by the Sax Institute.

Ethics approvals

Institutional ethics was obtained from
Monash University (2017-7864 and 2018-
12405). Additional approvals from ethics
committees and data custodians were
obtained from the AIHW for access to the
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MBS and PBS data (EO2017-1-346). A Public
Health Act approval was required to allow
submission of identifiers from the AuSCR
registrants who resided in Queensland to the
AIHW Data Linkage Unit. Approval was also
sought from the AuSCR Research Task Group
and AuSCR Steering Committee. The AuSCR
uses an opt-out model of consent (opt-out
rate approximately 3%) and a waiver of
consent was granted by the reviewing HRECs
for data linkage.

Statistical analysis

Descriptive statistics were used to determine
the proportion of the AuSCR registrants who
were present in the MEF, Medicare dataset

or medication dispensing dataset or both.
Differences in patient characteristics were
compared between registrants who were
and were not able to be merged to these
datasets. As there were no demographic
details provided to the research team from
the Commonwealth datasets, we were unable
to validate the quality of the matches once
they were merged, e.g. compare sex or age
matches when contained in both the AuSCR
and Medicare or medication dispensings
datasets. Instead, we used the date of death
obtained from the National Death Index
(NDI) that was previously captured within the
AuSCR dataset to investigate the proportion
of Medicare and medication dispensing
claims recorded after death.

Multivariable multilevel logistic regression,
with levels defined as patient and hospital,
was used to investigate patient demographic
and clinical factors associated with registrant
data not being merged with each of the
Medicare and medication dispensing
datasets (Supplementary Table S1). Covariates
included in the model were all of the clinical
and demographic variables routinely
collected in the AuSCR (Table S1). Data

were missing for the following variables:

age (0.03%), stroke type (0.05%) and level

of social advantage (3.3%). Models were
tested for collinearity and odds ratios and
corresponding confidence intervals were
reported. Sensitivity analyses were performed
excluding those registered in the AuSCR in
2010 so that all had a minimum of 12 months
of pre-stroke claims data. Prior to April 2012,
medications that were under the co-payment
threshold were not recorded in the PBS. To
understand the potential impact of this on
our results, a second sensitivity analysis was
performed for those registered in the AuSCR
after April 2012. All analyses were performed
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using Intercooled STATA/SE 15.0 for Windows
(Statcorp, College Station, USA, 2017).

Results

Data from 17,980 AuSCR registrants
submitted by 26 hospitals in New South
Wales, Victoria, Queensland, Tasmania and
Western Australia were provided to the
AIHW for linking: 46% female, median age
(Quartile1 [Q1], Quartile 3 [Q3]) 76 years

(65, 84), 67% ischaemic stroke and 16%

TIA. Among these, 17,439 registrants (97%)
were able to be linked to the MEF, 17,098
(95%) registrants’ data were merged with
medication dispensing data and 16,648
(93%) were merged with Medicare claims
data (Figure 1) resulting in 2,675,931
medication dispensing records and 1,075,064
Medicare claims from the 4.5 years of claims
data (Figure 1). Examination of claims that
occurred after a death date indicated that 127
(0.8%) of cohort members had one or more
(total 1,481) Medicare claims at a median of
5days (Q1: 1, Q3: 206) after date of death
and 411 (2.4%) had one or more (total 5,076)
medications dispensed at a median of 6 days
(Q1: 2, Q3: 30) after date of death.
Registrants whose data were linked to the
MEF differed to those whose data were
successfully merged to the Medicare and

Article

medication content data, according to

the characteristics of registrants (Table 1).
Differences in factors associated with being
successfully merged with the Medicare data
also differed to the medication dispensing
data. In multivariable analyses (Table 2), age
was not associated with a successful linkage
to the MEF. However, registrants aged 85
years or more were less likely to have their
registry data merged with the Medicare data
than the other age groups (adjusted Odds
Ratio [aOR]: 0.25, 95% Confidence Interval
[Cl]: 0.21, 0.30, reference group <65 years)
and those aged <65 years were less likely

to have their registry data merged with the
medication dispensing data than the other
age groups. Compared to registrants born in
Australia, those born in Asia were least likely
to be linked to the MEF (aOR 0.20, 95%Cl:
0.15,0.27) and least likely to be merged to
the Medicare (aOR: 0.45, 95%Cl: 0.35, 0.58)
and medication dispensing data (aOR:

0.28, 95%Cl: 0.22, 0.36). Similar results were
observed for those requiring an interpreter.
Registrants who died in hospital were less
likely to be merged than those who did not
die in hospital for both datasets but not

the MEF (Table 2). Factors associated with
documentation such as missing postcode
and undetermined stroke types were also
associated with a non-linkage or non-merge.

Figure 1: Merging of the Australian Stroke Clinical Registry with the Medicare Enrolment File, Medicare and

medication dispensing datasets.

Australian Stroke Clinical Registry (AuSCR)
(2010-2014)
N=17,980 registrants
N=19,095 episodes

Linked to the MEF
(1/4/2010 -30/06/2015)
N=17439 registrants

Medicare
(1/4/2010 -30/06/2015)
N=16,650 registrants
N=1,075,400 claims

1

Medicare + AuSCR
matched
N=16,648 registrants
N=1,075,064 claims
93%
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l

Medication dispensings
(1/4/2010 -30/06/2015)
N=17,081 registrants
N=2,676,344 dispensings

l

Medication dispensings +
AuSCR matched
N=17,079 registrants
N=2,675,931 dispensings
95%
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Discussion

Results support the linkage of the AuSCR,

a national researcher-held clinical quality
registry, with Commonwealth datasets
through the MEF, where previously we

have linked clinical quality registry with
hospital data.'"'* In our study, a large
proportion of registrants were linked to the
MEF and merged between datasets. The
small proportion of claims for medication
dispensing or Medicare items made after

a date of death were consistent with claim
delays, Medicare-funded death confirmation?
or claim delays or errors.” Although these
factors indicate overall accuracy for linkages
of this kind, we have identified potential
sources of systematic bias associated with the
small proportion of people whose data were
unable to be linked to the MEF or merged
with the claims data.

Linking registry data with Australian Medicare and medication data

An advantage of using routinely collected
data for monitoring and surveillance is a
reduced susceptibility to selection bias
compared to trials and cohort studies that
rely on active recruitment of participants.
However, the systematic exclusion of
populations due to an inability to link their
information or eligibility based exclusions
can also result in biases leading to inaccurate
conclusions from the data.? Unlike clinical
trials data, registry data relies on accurate,
routine inputting of data by clinical staff who
work in the hospital and may have variable
training in research. Although training and
audits of data are in place to maximise data
quality there is still the potential for missing
or poorly recorded variables that may impact
linkage to other datasets, as noted in the
reduced linkage accuracy for those with
missing postcode or stroke type. Since data
are rarely missing at random, this situation

Table 1: Proportion of AuSCR registrants in each category merged with Medicare data, medication dispensing

data, or either dataset.

AuSCR merged with AuSCR registrants in
each category
Total N=17,980
n
Female 8,289
Age Groups
<65 years 4,502
65-74 years 4,038
75- 84 years 5,584
85 years or more 3,850
Country of birth
Australia 12,597
United Kingdom 1273
Europe 2,480
Asia 721
Other 909
Interpreter required 941
IRSAD
Most disadvantaged 1,977
Second most disadvantaged 2,827
Third most disadvantaged 3,403
Fourth most disadvantaged 3,968
Least disadvantaged 5,211
Postcode unknown 594
In-hospital stroke 894
Able to walk on admission 6,767
Type of stroke
Intracerebral haemorrhage 2,452
Ischaemic stroke 12,077
Transient ischaemic attack 2,816
Undetermined 626
Discharged to aged care facility 847
Died in hospital 1,826
Metropolitan residence 14,787
Notes:

Medication MEF
dispensing only

Medicare only

% % %
92 95 97
95 93 97
95 95 9%
95 96 97
84 96 97
92 96 98
9% 95 9
96 95 97
85 83 87
91 90 93
89 89 90
94 95 98
92 96 98
94 97 98
94 96 98
92 95 97
74 76 79
94 96 98
95 96 97
92 93 97
93 95 97
94 96 98
88 94 96
90 9 97
86 90 98
92 97 97

AuSCR: Australian Stroke Clinical Registry; IRSAD: Index of Relative Socio-economic Advantage and Disadvantage
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may disproportionately impact certain
patient types.

Non-merges as opposed to non-linkages may
also be influenced by not having a record

in the associated datasets. Patients with
stroke require regular contact with their GP
and use secondary prevention medications
following their stroke.'® Although all
registrants eligible for Medicare should have
had one or more claims in these datasets,

this may not always be the case. For example,
despite recommendations in guidelines for
the prescription of secondary prevention
medications following a stroke, there is
evidence that younger patients are less likely
to be prescribed these medications than
older patients.?’?2 Non-merges may also be
due to claims-based eligibility rather than
Medicare eligibility.?® In Australia, the majority
of veterans are elderly; it is likely that the
absence of DVA gold card recipients in the
Medicare dataset contributed to the reduced
ability to merge registrants aged over 85 years
to these data. The reduced probability of
merging but not linkage for in-hospital death
is another example and likely a reflection of
survivor bias in which those who survived
had an increased opportunity to have a
Medicare claim and medication dispensing
claims.?* The impact of this form of bias on
study design and outcomes has been well
documented in the pharmacoepidemiology
literature.?> Knowledge of these nuances is
important for accurate interpretation of these
types of linked data.

The greatest potential source of bias is

the poor linkage and merging rates for
those born in Asian countries compared
to registrants of other nationalities. People
born in countries such as China and India
make up the majority of people residing in
Australia on non-resident visa types. These
countries do not have reciprocal Medicare
arrangements with Australia. Differences
in naming conventions for surnames and
given names between Asian and Western
cultures along with poor English language
skills (i.e. requiring an interpreter) can lead
to inaccuracies in the recording of details in
both administrative and registry datasets,
thereby affecting linkage accuracy.>?> Given
the median age of our cohort, this is likely
to account for the majority of the non-
merges. These biases have been shown to
be particularly problematic with linkages
to death data where a non-linkage would
be assumed to mean that the person had
not died.?® Biased assumptions relating to
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disparities in healthcare access, medication
adherence or physician attendances by
cultural subgroups are also likely. These biases
will be inflated when measuring multiple
episodes across longitudinally linked data,
thereby creating multiple opportunities

for missed linkages. For example, a missed
linkage to a medication claim as a result of
incorrect recording of personal identifiers can
mean registrants may be incorrectly assumed
to have poor adherence to medication due to
fewer medication claims over a given period.

The research potential of this large linked
dataset is great and will enable us to

gain novel insights into the primary care
management of patients following stroke.
This information will help address gaps

in recommendations for primary care
attendances and enable us to describe
changes in the use of subsidised medication
dispensing and Medicare claim items

as a consequence of stroke. It will also

allow a comprehensive assessment of

the discontinuation and adherence to
medications as well as medical consultations
before and after patients experience a
stroke/TIA event. Use of data on medication
dispensing has been found to be reliable
and valid for health services research and
monitoring in Australia.’®

The main limitation of our findings is that
our analysis of covariates was limited to
those contained within the AuSCR data and
there may be other factors associated with
absences in the Commonwealth datasets
that we were not able to discern. We did not
have access to identifiable data and so were
not able to perform our own manual review
to discern the accuracy of the linkages. As
such, we were only able to address the issue
of false-negative errors (records that did

not find a match) and could not investigate
false-positive errors. Nevertheless, we have
demonstrated some systematic biases in the
characteristics of people contained in the
final merged datasets, which may affect the
generalisability of future research findings.
This knowledge is important for accurate
interpretation of analyses when using these
and similar linkages for epidemiological
research.

Our results confirm that good quality linkages
can be achieved between the AuSCR and

the Medicare enrolment file, creating a case
for future linkages of this kind. We have also
identified potential sources of linkage bias
that may need to be addressed through
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Table 2: Factors associated with successful merging of the AuSCR with Medicare or medication dispensing data.

AuSCR merged with

Patient characteristics
Female
Age (ref <65 years)
65-74 years
75- 84 years
85 years or more
Country of birth
Australia
United Kingdom
Europe
Asia
Other
Interpreter required
Able to walk on admission
In-hospital stroke
IRSAD
Most disadvantaged
Second most disadvantaged
Third most disadvantaged
Fourth most disadvantaged
Least disadvantaged
Postcode unknown
Type of stroke
Intracerebral haemorrhage
Ischaemic stroke
Transient ischaemic attack
Undetermined

Discharged to aged care facility

Died in hospital
Metropolitan residence

MEF
aOR (95% CI)
N=17,974
n

0.80(0.67,0.96)

Reference
0.80(0.62, 1.03)
1.06 (0.82, 1.36)
1.16(0.86, 1.55)

Reference
0.56 (0.40, 0.78)
0.76 (0.57,1.02)
0.20(0.15,0.27)
0.35(0.26, 0.48)
0.46 (0.34,0.62)
1.17(0.95, 1.43)
1.44(0.88,2.34)

Reference
0.81(0.55,1.19)
1.64(0.98, 2.75)
1.16(0.83, 1.63)
0.99(0.66, 1.48)
0.09(0.06, 0.13)

Reference
0.86 (0.65,1.12)
0.95(0.65,1.37)
0.42(0.25,0.68)
1.19(0.77,1.84)
1.34(0.95, 1.89)
0.69 (0.47,1.00)

Medicare
a0R (95% ()
N=17,675
%

1.06 (0.94, 1.20)

Reference
0.87(0.71,1.13)
0.85(0.70,1.03)
0.25(0.21,0.30)

Reference
1.46 (1.12,1.90)
2.24(1.78,2.83)
0.45(0.35,0.58)
0.74(0.57,0.96)
0.66 (0.51, 0.86)
1.22(1.06, 1.41)
1.28(0.96, 1.71)

Reference
0.81(0.63,1.09)
1.15(0.84,1.38)
0.97(0.77,1.23)
0.94(0.72,1.19)
0.16(0.12,0.21)

Reference
0.90(0.75,1.07)
0.90(0.71,1.15)
0.53(0.38,0.73)
1.21(0.94,1.57)
0.57(0.48,0.67)
0.95(0.78,1.16)

Medication dispensing

aOR (95% CI)
N=17,675
%

0.92(0.79, 1.06)

Reference
1.51(1.24,1.83)
2.11(1.74,2.57)
2.15(1.71,2.69)

Reference
0.72(0.55,0.95)
0.89(0.71,1.13)
0.28(0.22,0.36)
0.45(0.35,0.59)
0.59(0.45,0.77)
1.15(0.97,1.36)
1.32(0.92, 1.88)

Reference
0.88(0.65,1.19)
1.63(1.10,2.43)
1.19(0.92,1.54)
1.00(0.73,1.37)
0.14(0.10,0.19)

Reference
1.18(0.97,1.43)
1.24(0.93,1.64)
0.55(0.36,0.83)
0.94(0.65,1.35)
0.34(0.28,0.42)
0.59(0.37,0.94)

Notes:

AuSCR: Australian Stroke Clinical Registry; IRSAD: Index of Relative Socio-economic Advantage and Disadvantage, also adjusted for year

sensitivity analyses and other analytic
techniques to ensure accurate interpretation
of findings to guide policy and practice.
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