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Abstract

Background: Ethnic differences in post-stroke outcomes have been largely attributed to biological and socioeconomic
characteristics resulting in differential risk factor profiles and stroke subtypes, but evidence is mixed.

Aims: This study assessed ethnic differences in stroke outcome and service access in New Zealand (NZ) and explored
underlying causes in addition to traditional risk factors.

Methods: This national cohort study used routinely collected health and social data to compare post-stroke outcomes
between NZ Europeans, Maori, Pacific Peoples, and Asians, adjusting for differences in baseline characteristics, socio-
economic deprivation, and stroke characteristics. First and principal stroke public hospital admissions during November
2017 to October 2018 were included (N =6879). Post-stroke unfavorable outcome was defined as being dead, changing
residence, or becoming unemployed.

Results: In total, 5394 NZ Europeans, 762 Maori, 369 Pacific Peoples, and 354 Asians experienced a stroke during the
study period. Median age was 65years for Maori and Pacific Peoples, and 71 and 79years for Asians and NZ Europeans,
respectively. Compared with NZ Europeans, Maori were more likely to have an unfavorable outcome at all three time-
points (odds ratio (OR)=1.6 (95% confidence interval (Cl)=1.3—1.9); 1.4 (1.2-1.7); 1.4 (1.2-1.7), respectively). Maori
had increased odds of death at all time-points (1.7 (1.3-2.1); 1.5 (1.2-1.9); 1.7 (1.3-2.1)), change in residence at 3 and
6months (1.6 (1.3-2.1); 1.3 (1.1-1.7)), and unemployment at 6 and |2months (1.5 (I.1-2.1); [.5 (1.1-2.1)). There was
evidence of differences in post-stroke secondary prevention medication by ethnicity.
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Conclusion: We found ethnic disparities in care and outcomes following stroke which were independent of traditional
risk factors, suggesting they may be attributable to stroke service delivery rather than patient factors.
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Introduction

Stroke is a leading cause of death and disability.! Best-
practice stroke care promotes favorable outcomes, but evi-
dence suggests that significant inequity in access exists for
ethnic minorities, potentially resulting in poorer stroke out-
comes.>* For example, a US registry—based study showed
that access to evidence-based treatments was lower among
African Americans compared with Americans of European
descent, even when managed in the same service.?

Evidence from research on post-stroke outcomes for dif-
ferent ethnicities has been mixed and has largely focused
on mortality.* Some studies have found that stroke mortal-
ity is higher for indigenous and other ethnic minority
groups.>® However, other studies reported no differences’
or found lower post-stroke mortality for ethnic minorities.®
Studies that focused on functional improvement® and inde-
pendence,'® physical functioning,'! and employment sta-
tus'? also showed mixed results.

This study aimed to identify the factors that contribute to
improved outcomes for ethnic minorities in New Zealand
(NZ) by assessing differences in mortality, functional inde-
pendence, and access to appropriate stroke management,
while controlling for patient characteristics and stroke
severity.

Methods
Study design

This whole-population study used routinely collected
linked data to compare post-stroke outcomes between eth-
nic groups and is part of a larger research program!® that
will inform the NZ stroke strategy and may guide stroke
services internationally. Approval was obtained from the
Central Region Health and Disability Ethics Committee
(17CEN164).13

Data source

Data were obtained from Stats NZ’s Integrated Data
Infrastructure (IDI), a database of de-identified administra-
tive and survey data about people and households in NZ.'
It includes data about health, education, income, social sup-
port payments, migration, and other life events, which can

be linked at the individual level. The IDI provides a longi-
tudinal record of events.

Study cohort

A cohort of people aged =16years who had a stroke
between 1 November 2017 and 31 October 2018 was estab-
lished for the whole NZ population. All public hospital
admissions with stroke International Classification of
Diseases (ICD) codes (I61=intracerebral hemorrhage,
163 =cerebral infarction, 164 =stroke unspecified) as a prin-
cipal diagnosis during this period were selected for the
2017 resident population. Where someone had >1 stroke
during this period, the first was used.

Ethnicity

Self-identified ethnicity was obtained from public hospital
data and grouped into NZ European, Maori, Pacific Peoples,
Asian, and Other for whom data were not reported given
low stroke numbers (n=30).

Primary outcome: stroke unfavorable outcome

As modified Rankin Scale data were not available, a com-
posite unfavorable outcome of death (birth, death, and mar-
riage data), address change (address notification data), or
job loss (Inland Revenue Department’s tax data) was
defined at 3-, 6-, and 12-months post-stroke. People not
working at the time of stroke were assigned a favorable sta-
tus for the unemployed outcome. We used change in resi-
dence as a surrogate to indicate discharge to either
residential care or moving in with family, both indicating
post-stroke disability warranting additional support with
daily activities. Analyses were conducted for the unfavora-
ble outcome as well as for each of the three components.
Sensitivity analyses excluding people not working at the
time of stroke or with a prior stroke were conducted, as well
as stratified analyses by stroke subtype (161/163/164).

Other outcomes

Secondary outcomes included performance of thrombec-
tomy (hospital discharge data) and medication dispensing
after stroke (pharmaceutical data).
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Statistical analyses

Analyses were conducted using SAS Enterprise Guide ver-
sion 7.1. Logistic regression was used to estimate odds
ratios (ORs) for associations between ethnicity and out-
comes, with NZ Europeans as the reference group. Analyses
were adjusted for age, sex, socioeconomic deprivation (1-2
(least); 3-4; 5-6; 7-8; 9-10 (most)) using the NZ
Deprivation Index 2013 (a census-based index with a rela-
tive deprivation score based on place of residence),' loca-
tion of hospital (urban/non-urban), stroke type (intracerebral
hemorrhage, cerebral infarction, or unspecified stroke),
hypertension, dyslipidemia, atrial fibrillation, and length of
stay (indicator of stroke severity).'® Hospitals were catego-
rized as urban if they were within a 25-km radius of an
urban center with a population of >100,000. Supplemental
Table S1 shows the definitions of co-morbidities.

Smoking data were collected from the 2018 Census.
Due to a large number of missing data (n=753, 10.9%) and
results being similar after adjustment, we excluded smok-
ing in final regression models.

Reporting

The IDI confidentiality requirements necessitate that counts
are randomly rounded up or down to the next multiple of 3
and percentages calculated from the rounded counts.
Therefore, the total numbers in each figure vary slightly
and may not add to 100%. However, statistical tests were
performed on the unrounded counts. Counts under six and
the results of the associated tests were suppressed and
marked as “S” in the table/figures.

Results

The resident population in 2017 consisted of 4,743,345
people. During the study period, 6879 people meeting
inclusion criteria had a primary diagnosis of incident
stroke (a typical annual incidence for NZ). The age-
standardized incidence was 93.5/100,000 for NZ Europeans,
139.2/100,000 for Maori, 173.1/100,000 for Pacific
Peoples, and 64.0/100,000 for Asians and Other.

Median (interquartile range) age for Maori, Pacific
Peoples, Asians, and NZ Europeans was 65 (20), 65 (22),
71 (19), and 79 (16), respectively (Table 1). Ever smoking
was the highest among Maori (55%), followed by NZ
Europeans (40%), Pacific Peoples (28%), and Asians
(16%). Over 50% of Maori and Pacific Peoples were in the
most socioeconomically deprived quintile compared with
<25% among NZ Europeans and Asians. More Pacific
Peoples (91%) and Asians (93%) were admitted to urban
hospitals than NZ Europeans (61%) and Maori (51%).

Pacific Peoples were most affected by hypertension
(85%), diabetes (56%), and dyslipidemia (67%). Over 30%

of NZ Europeans and Maori had atrial fibrillation compared
with Pacific Peoples (25%) and Asians (15%) (Table 1).

Unfavorable outcomes

Compared with NZ Europeans, Maori had an increased risk
of an overall unfavorable outcome at 3, 6, and 12 months
(adjusted OR=1.6, 95% confidence interval (CI)=(1.3—
1.9); 1.4 (1.2-1.7); and 1.4 (1.2—1.7), respectively; Figure
1). The risk of death for Maori was significantly higher at
all time-points (1.7 (1.3-2.1); 1.5 (1.2-1.9); 1.7 (1.3-2.1)).
Change in residence was also higher at all time-points and
statistically significant at 3 and 6 months (1.6 (1.3-2.1); 1.3
(1.1-1.7); 1.2 (1.0-1.5)). Finally, unemployed had increased
at all time-points and statistically significant at 6 and
12months (1.4 (1.0-2.1); 1.5 (1.1-2.1); 1.5 (1.1-2.1)). We
found no associations with Pacific or Asian ethnicity.
Excluding people who were not working at the time of
stroke did not significantly change the results nor did
excluding people with previous stoke (data not shown).
Outcomes for people with 163=cerebral infarction and
164 =stroke unspecified subtypes did not differ to all strokes
combined. For the 161=intracerebral hemorrhage group,
unemployed increased at all three time-points for Asians
and became significant at 6 and 12 months (2.3 (0.9-6.1);
2.4 (1.0-5.6); 2.3 (1.0-5.1)). For Pacific Peoples with 161,
the risk of an overall unfavorable outcome was decreased
and statistically significant at 3 and 6 months (0.5 (0.3-0.8);
0.6 (0.3-1.0); 0.6 (0.3-1.1)).

Thrombectomy and post-stroke medication
prescriptions

There was no difference in accessing thrombectomy
between ethnic groups; however, numbers were small for
this outcome. Compared with NZ Europeans, Maori were
prescribed fewer antihypertensives, statins, and antiplate-
lets at all three time-points and more anticoagulants at
6 months. Pacific Peoples were prescribed fewer antiplate-
lets at 3 and 6 months. There were fewer anticoagulant and
more antihypertensives prescriptions for Asians at all time-
points (Figure 2).

Discussion

We found significantly worse post-stroke outcomes for
Maori compared with NZ Europeans; disparities among
Maori, Pacific, and Asian people in accessing post-stroke
secondary prevention medications were also observed.

Greater job loss for Maori could be due to Maori being
younger at stroke onset, when they are more likely to
be of working age. However, a similar pattern would be
expected for Pacific Peoples who also experience stroke
at a younger age.

International Journal of Stroke, 18(6)
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Table I. Demographics and baseline characteristics of stroke patients by ethnicity.

NZ European

Pacific Peoples

n %

n %

*New Zealand Deprivation Index.

bTwo or more antihypertensive prescriptions in the 10years prior to stroke event or public hospital discharge for hypertension (see Supplemental

Table S| in Supplemental Material for detailed frequencies).

“Two or more prescriptions used to lower cholesterol in the |0years prior to stroke event or public hospital discharge for dyslipidemia (see

Supplemental Table S| for detailed frequencies).

9Two or more anticoagulant prescriptions in the 10years prior to stroke event or public hospital discharge for atrial fibrillation (see Supplemental

Table S| for detailed frequencies).

Several risk factors, including smoking and diabetes,
were more common among Maori than NZ Europeans,
which likely explains some differences, as described previ-
ously."” Stroke etiology and type also differed between

International Journal of Stroke, 18(6)

ethnic groups potentially explaining why Pacific Peoples
and Asians had better outcomes than Maori as the higher
rate of atrial fibrillation among Maori may have resulted in
more severe strokes.'® However, the atrial fibrillation rate
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in NZ Europeans was similar, and Pacific Peoples and
Asians experienced more intracerebral hemorrhages, which
are typically associated with the most severe strokes.!”
Furthermore, length of stay, a marker of severity, was simi-
lar between groups and controlled for in the analysis along
with stroke type, suggesting that these factors are unlikely
to fully explain poorer outcomes among Maori. While it
was not a main objective, sensitivity analyses suggested
there may be some differences in outcomes by stroke sub-
type, warranting further investigation.

In contrast to this study, previous studies finding ethnic
disparities in post-stroke outcomes in NZ, for example, the
Auckland Regional Community Stroke Study (ARCOS
IV), reported similarities between Pacific Peoples and
Maori, and to a lesser degree Asian people.?’ Data for
ARCOS IV were collected between 2011 and 2012, and it
is possible that treatments introduced in more recent years
have benefited other groups more than Maori. Indeed, we
recently reported greater access to secondary prevention
support for Pacific Peoples compared with Maori patients.?!
Also, overall stroke service improvements may have been
implemented more rapidly in urban areas (more Pacific
Peoples attended urban hospitals compared with Maori
(91% vs 51%)), and we have recently shown that patients
presenting to non-urban hospitals experience worse out-
comes.?? However, this cannot fully explain poorer out-
comes for Maori as the proportion attending urban area
hospitals is similar to that of NZ Europeans (51% and 61%,
respectively), and we controlled for hospital location.

There were differences in medication dispensing follow-
ing discharge. Some of these may relate to differences in
stroke type, for example, Maori may require less antihyper-
tensives as their main risk factor is atrial fibrillation and
Asians may require fewer antiplatelets as they have more
hemorrhagic strokes. However, risk factors and stroke
types were controlled for. Disparities in appropriate pre-
scriptions, as demonstrated in related conditions,?® raise
concerns about health provider choices that are unrelated to
underlying pathology and may instead be informed by per-
sonal beliefs around anticipated adherence or other uncon-
scious bias. These findings should prompt practitioner
self-reflection and service-level initiatives to monitor and
address these potential barriers.

We observed no differences in thrombectomy. However,
this was based on small numbers; thus, analyses may have
been underpowered to detect this.

Socioeconomic factors have been implicated in stroke
patterns.?* However, hospital attendance is free in NZ, and
prescriptions are heavily subsidized. In addition, adjusting
for socioeconomic status showed no differences in out-
comes, confirming that this was unlikely to be a strong risk
factor in this cohort. Nonetheless, socioeconomic status
impacts other risk/protective factors such as transport,
childcare and leisure time to enable access to primary
health care, healthy foods, and physical exercise.

In the absence of a clear explanation of why Maori expe-
rience poorer post-stroke outcomes and secondary preven-
tion implementation, it is important to consider that Maori
may experience specific ethnicity-based social disadvan-
tages. Health and stroke disparities between indigenous and
other ethnic minority peoples have been described interna-
tionally,>?>® and underlying causes, including colonization
and institutional racism, are well described.?’”?° There are
widely available cultural support services for Maori at all
NZ hospitals; however, these are inconsistently offered by
stroke teams.?? Enhancing cultural awareness and safety, as
well as increasing diversity among the stroke workforce to
improve trust and culturally safe care, represent opportuni-
ties for improvement.*® Recent health system reforms in
NZ include the establishment of a Maori Health Authority,
Te Aka Whai Ora, which will ensure greater influence
of Maori throughout the health system and support self-
determination and indigenous innovation. These approaches
need to be introduced alongside ongoing efforts to optimize
pre-stroke risk factor management in primary -care,
although, here too, recognition of unconscious bias is
important. In addition, the notion that all stroke risk factor
patterns are due to “poor” patient behavior among disad-
vantaged populations needs to be refuted.’!

There is also a need for stroke researchers to standardize
approaches to collecting and reporting data about minority
and indigenous populations. Not stratifying by ethnicity
could overlook important differences in stroke risk factors,
incidence, access to care, and outcomes, with resulting
interventions potentially increasing, rather than reducing,
health inequity.

The study has several strengths. It is a comprehensive
national cohort with sufficient sample size and reliable fol-
low-up allowing differences by ethnicity to be assessed.
The surrogate outcome for functional independence pro-
vides valuable information about post-stroke status beyond
mortality. Information on length of stay, a marker of stroke
severity, allowed control for a strong predictor of post-
stroke outcome. Finally, access to other governmental data
enabled adjustment for employment and social deprivation,
addressing further potential confounding.

Limitations include that the IDI does not contain data on
key stroke interventions such as thrombolysis or acute
stroke unit care; this could therefore not be taken into
account but was explored in a smaller study using non-
administrative data.?! Furthermore, as health administrative
data rely on hospital coders for diagnostic assignment, we
cannot exclude the possibility that some individuals with
stroke were missed or incorrectly assigned a stroke diagno-
sis. We made assumptions about medication dispensing
to identify baseline risk factors that may have resulted
in incorrect risk factor identification in some cases
(Supplemental Table S2). In addition, while length of stay
is associated with stroke severity,'® it may be impacted by
other factors. However, as these services are provided
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under a universal health care system, thus reducing inequal-
ity, it is unlikely that the use of this marker would have
biased the results. Some people may have moved residence
after stroke for reasons other than needing additional sup-
port with daily activities, leading to misclassification.
However, the number is likely to be small, and misclassifi-
cation is unlikely to be considerably different among ethnic
groups. Finally, this study focused on NZ ethnic popula-
tions and may not be generalizable to other populations.
However, similar themes have been observed elsewhere,
and this work adds to the global evidence of disparities
among indigenous and ethnic minority populations.

In conclusion, there are significant disparities in post-
stroke outcomes for Maori with a suggestion of poorer
access to some key post-stroke secondary prevention medi-
cations for Maori and other minority populations. These
differences were not fully explained by differences in risk
factors or socioeconomic deprivation, suggesting that they
may be attributable, at least in part, to stroke service deliv-
ery rather than patient factors. Reducing these gaps repre-
sents a high priority for future stroke service planning,
which may require addressing systemic cultural barriers,
unconscious bias, improving cultural safety practices, and
ongoing monitoring, in addition to efforts to optimize pri-
mary prevention risk factor management.

Data availability

All data were obtained from the Stats NZ Integrated Data
Infrastructure (IDI). Access to the IDI is granted to approved
researchers for projects that have met strict privacy and security
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