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Abstract
Stroke is the second leading cause of death and the third greatest cause of disability worldwide. In some countries,
stroke disproportionally affects Indigenous Peoples, with greater incidence and mortality at younger ages, higher
rates of conventional cardiovascular risk factors and lower treatment rates. Worldwide there are 470 million
Indigenous Peoples, residing in 90 countries. Analogous to the general health of all populations, the cause of stroke
and its outcomes are the result of complex interactions between factors that act at societal, service, and individual
levels. Colonisation, including the cultural and material losses associated with it, is a major indirect driver of
disparities in lifestyle, biological and other risk factors for stroke in Indigenous Peoples. In addition, structural
racism and the inability to access culturally safe education, employment and health care, further contribute to
stroke health inequities for Indigenous Peoples globally. In this narrative review we provide an outline of stroke
incidence rates, common risk factors for stroke, treatment rates with intravenous thrombolysis and endovascular
clot retrieval in adult Indigenous populations in comparison to the non-Indigenous population of the same region.
Our objective is to describe the differences that exist between the Indigenous and non-Indigenous populations with
stroke in a particular region and discuss potential solutions that support a “strengths-based” approach driven by
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INTRODUCTION
It is estimated that 476 million Indigenous Peoples live in over 90 countries worldwide[1]. The World Health
Organisation (WHO) defines Indigenous Peoples as “communities that live within, or are attached to,
geographically distinct traditional habitats or ancestral territories, and who identify themselves as being part
of a distinct cultural group, descended from groups present in the area before modern states were created
and current borders were defined. Usually, they are considered the original inhabitants of their lands (“First
Peoples”). They generally maintain cultural, economic, political and social identities separate from the
mainstream or dominant society or culture in which they live[2]. There is great diversity between and within
Indigenous Peoples around the world. However, Indigenous Peoples typically share more holistic concepts
of health as well as the common experience of poorer health outcomes, particularly in relation to
cardiovascular diseases (including stroke), when compared with their non-Indigenous counterparts[3]. These
health inequities relate to the ongoing socio-economic, cultural and environmental consequences of
colonisation and racism[3-5]. These health inequities exist not only in low- and middle-income countries, but
also in high-income countries where the dominant society typically experience substantially higher quality
of life and life expectancy[6].
Stroke is the second leading cause of death and the third greatest cause of disability worldwide[7]. Seventy
percent of those strokes and 87% of stroke-related deaths and disability-adjusted-life-years (DALYs) occur
in low- and middle-income countries[8-10]. Within those low- and middle-income countries, where stroke
typically affects patients at younger ages, there is typically a greater proportion of intracerebral haemorrhage
(ICH) compared with ischaemic stroke (IS), and greater mortality rates[9]. These patterns of stroke incidence
and mortality are also seen in Indigenous populations around the world, even within high-income
countries[11].
In this narrative review we provide an outline of stroke incidence rates, common risk factors for stroke,
treatment rates with intravenous thrombolysis and endovascular clot retrieval in adult Indigenous
populations in comparison to the non-Indigenous population in the same region. This narrative review
includes Indigenous Peoples where data have been published on the subject. We acknowledge that stroke
has not been studied in all Indigenous groups; hence, we were unable to provide data on these Indigenous
Peoples. Given the breadth of this topic, we will focus on Indigenous Peoples who represent a minority
group within their country, many of whom share a history of colonisation. We will not draw direct
comparisons between different Indigenous populations, due to inconsistencies in determining Indigenous
status, study design, data collection and standardisation[12].
Our objective is to understand the differences in stroke between Indigenous and non-Indigenous
populations leading to a discussion on potential solutions for improving stroke-related health outcomes for
Indigenous Peoples around the world. Specifically, we focused on peer-reviewed literature that discusses
stroke incidence, cardiovascular risk factors and treatment with thrombolysis or endovascular clot retrieval
in Indigenous populations in comparison to the non-Indigenous population in the same region.
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METHODS
Using narrative review methods[13] we searched PubMed and performed manual searches of references from
retrieved literature. Our PICO model was defined as: P: Indigenous Peoples, I: Stroke, C: Non-Indigenous
Peoples, O: Incidence or prevalence, risk factors and treatment. Our Indigenous search terms were extensive
and comprehensive in order to include all possible Indigenous groups worldwide. Papers were only
included if they comprehensively assessed either incidence or prevalence, cardiovascular risk factors, or
treatment of stroke in the Indigenous population of the specific region and made reference to the nonIndigenous Peoples in the same region.

RESULTS
Incidence of stroke in Indigenous Peoples

Indigenous populations typically experience greater rates of stroke incidence compared with the nonIndigenous population in the same region[11,14,15]. The reasons for this are multifactorial and differ between
the different populations; however, many Indigenous populations share common health and socioeconomic
disadvantages as described above[3,4]. Relatively few comparative data for certain regions have been
published. There are many reasons for this, including that some Indigenous groups have expressed the wish
not to be compared in this way to other population groups.
In Australia, the age-standardised incidence rate of stroke in Aboriginal and Torres Strait Islander
(Indigenous) Australians has been reported to be significantly greater than that in the non-Indigenous
population[11,14-16], with even greater disparities at younger ages[11]. In one study, comprising prospectively
ascertained data, the incidence of all stroke subtypes in the Indigenous Australian population of South
Australia aged < 55 years was 3.5-fold that of the non-Indigenous population[11]. In this study, the rate of
ICH was especially high in this younger population, 16-fold greater than that in the non-Indigenous
population of the same age[11]. In Aotearoa (New Zealand), the Māori population have experienced
improvements in stroke incidence over the past three decades. However, these improvements have been of a
lesser magnitude than New Zealanders of European descent[17]. In the Pacific Islands, stroke is one of the
leading causes of death and disability; however, precise measurements of incidence in these regions are
sparse[18].
In Asia, few studies have specifically been undertaken to investigate the incidence of stroke in Indigenous
Peoples. In one study, the age-standardised incidence rate of stroke in Lhasa, Tibet, was less in Indigenous
Tibetan people than that in Han Chinese people[19]. However, in those with incident stroke, Tibetan patients
had a greater proportion of ICH (47.9%) than Han Chinese patients (29.5%)[19]. Similarly, few data are
available on the incidence of stroke in Indigenous Peoples of the Middle East. In one retrospective cohort
study, the Ramadan month of fasting was associated with a significantly increased rate of hospitalisation for
incident IS among the Indigenous Bedouin Arab people in southern Israel, when compared with the rest of
the year, and when compared with non-Bedouin people during the month of Ramadan[20]. Furthermore,
during the full (Ramadan and non-Ramadan) study period, Bedouin patients with incident IS were younger
than non-Bedouin patients (66.9 years vs. 73.1 years, P < 0.001)[20]. In our search, we were unable to identify
any peer-reviewed literature describing the incidence of stroke in Indigenous minorities of Africa.
In a single study in the Americas (excluding Hawaii), there was a greater incidence of stroke in American
Indians and Alaska Natives than in White and Black Americans[21,22]. Overall, there were similar proportions
of ischaemic and haemorrhagic stroke subtypes between these different groups. However, in younger age
groups, there was a greater proportion of haemorrhagic stroke in American Indians[21]. Muller et al.[23]
recently pooled data from two cohort studies, and showed that the age-standardised incidence of stroke in
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American Indians was greater than in Whites and generally less than in Blacks, before adjusting for the
presence of risk factors. Notably, they also found that post-stroke mortality was greater in American Indians
than in Black or White Americans[23]. In a more recent study on the incidence of stroke in the Alaska Native
population, Boden-Albala et al.[24] found that the overall annual age-standardised incidence of stroke was
similar to that of the annual incidence estimates for United States Whites, and lower or similar to other
ethnic minority groups in the United States. However, Alaskan Native people experienced greater rates of
stroke than United States Whites in all age groups except among those aged 20-24 years, when using data
from the Northeast Manhattan Study as a benchmark[25]. Furthermore, substantial geographic heterogeneity
in incidence rates was noted. The incidence rates of stroke in Alaska Natives residing in the Northwestern
Arctic region were significantly greater than in the Kodiak and Interior regions. Rates of stroke in Alaskan
Natives were greater in men than in women, though women aged > 75 years had greater rates of
haemorrhagic stroke[24]. In Canada, the age-standardised prevalence of stroke was 2-fold greater in Inuit
adults in northern Canada than in the general Canadian population, with disparities most notable in those
aged < 60 years[26]. Greater incidence rates of stroke have also been reported in the Métis Peoples of Canada,
compared to others in the same region of Manitoba[27]. Few data have been published on the incidence of
stroke in the Indigenous Peoples of South America[28]. Saposnik et al.[28], in their systematic review of stroke
in South America found relatively low incidence rates in the Indigenous population, but these studies
comprised datasets from the 1980s to 1990s, and are likely to be outdated. In a 1-year follow-up of a cohort
of 1514 individuals conducted among the Chiquitano tribe from the southern Amazonas region in Bolivia,
the crude incidence of stroke was estimated to be 35 per 100,000[28]. Case numbers were small and agestandardised incidence rates were not available; these relatively low crude rate estimates may have been
affected by selection bias as well as a younger age structure of this specific population, relative to the WHO
World Standard Population[29]. There was no comparison with a non-Indigenous population in the same
region[30].
In Europe and Russia, disparities in the incidence of stroke between the Indigenous and non-Indigenous
populations are less clear. In Scandinavia, the incidence of stroke has been reported to be greater in the
Sami population compared with that in the non-Sami population of the same Nordic regions[31,32], with
notable differences also reported between reindeer-herder and non-herder Sami people[32]. Sjölander et al.[32]
reported a greater incidence of stroke in the Sami population of Sweden overall, when compared with the
non-Sami population. However, reindeer-herding Sami men had a significantly lower age-adjusted
incidence of stroke, and reindeer-herding Sami women had a significantly greater incidence of stroke, when
compared to the non-Sami population. In particular, subarachnoid haemorrhage was significantly greater in
reindeer-herding Sami women than in non-Sami women with a standardised incidence ratio of 3.2. This
disparity was seen to a lesser extent in reindeer-herding Sami men (standardised incidence ratio of 1.4),
though with overlapping confidence intervals. Interestingly, reindeer-herding Sami women had a
significantly lower incidence of myocardial infarction than non-Sami women[32]. In a study in Yakutia,
Russia, a region which is home to a significant proportion of Indigenous Peoples (including Yakuts, Evenks,
Evens, Dolgans, Yukagirs and Chukchi Peoples), there were no significant differences in the mean age of
incident stroke[33]. Still, the proportion of haemorrhagic stroke was greater in the Indigenous patients (38%)
than in the Caucasian Russian patients with incident stroke (20.2%, P < 0.05)[32].
Risk factors for stroke in Indigenous Peoples

The major traditional modifiable risk factors for stroke are similar to coronary heart disease and peripheral
vascular disease. These include hypertension, hypercholesterolaemia and diabetes mellitus[34]. Lifestyle
factors such as smoking, inadequate levels of physical activity, unhealthy diet and obesity[34] are equally
important and often trend higher in Indigenous Peoples[5,35-38]. Age is the single most important risk factor
for stroke[39], yet Indigenous patients worldwide experience stroke approximately a decade younger than
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their non-Indigenous counterparts[11,15,36,40-44]. Why stroke occurs at a younger age in Indigenous people is
unclear. It may be attributed to a greater burden of modifiable risk factors[44], linked to social determinants
of health as well as the effects of colonisation, systemic racism, institutional bias and loss of traditional
cultural practices[3-5,45].
The Table 1 summarises the available studies identified in our narrative review that specifically address
cardiovascular risk factors in Indigenous populations with stroke.
Management of Indigenous patients with stroke

Stroke management has been revolutionised over recent years. Initial momentum started with multidisciplinary stroke units and development of national guidelines to enable protocol development and
standardisation of care[58]. Intravenous thrombolysis with alteplase[59], more recently tenecteplase[60], and
endovascular clot retrieval[61] has given patients a chance of recovery from what could previously have been
lifelong disability, or death. In particular, endovascular thrombectomy is now one of the most powerful
treatments in medicine with a number-needed-to-treat as low as 2.6 to reduce disability from stroke[61].
Despite the strong evidence that exists in support of treatment, analysis of Indigenous patients receipt of
this care is lacking. The limited data that exist demonstrate that Indigenous patients may be less likely to
receive evidence-based care[40,42,62-64].
In Australia, Kilkenny et al.[40] reported that out of the 33 hospitals included in the 2009 study, rates of
thrombolysis were low (< 10%). Of major concern, no Indigenous patient included in the audit received
intravenous thrombolysis. Additionally, Indigenous patients were less likely to receive care in a stroke unit
(adjusted odds ratio of 0.53), and when their stroke was ischaemic, Indigenous patients were less likely to
receive aspirin within 48 h or be discharged on antithrombotic medications than non-Indigenous patients.
Indigenous patients with stroke were also less likely to have an allied health assessment within 48 h of
admission. This may have contributed to the greater dependency of Indigenous patients at discharge.
Tiedeman et al.[42] reported that Indigenous patients were less likely to have in-hospital cardiac monitoring
and upon discharge were less likely to be followed up by a specialist.
Similarly, in a population-based cohort study from Ontario[62], First Nations people admitted with stroke
were less likely to receive thrombolysis than other Canadians (6.3% vs. 11.0%), although no difference was
detected when comparing assessment with neuroimaging, carotid revascularisation or referral to
rehabilitation.
In research from the United States, racial disparities are evident when analysing the use of intravenous
thrombolysis for treatment of ischaemic stroke[65-67]. However, most studies fail to include identification of
Indigenous Peoples as a separate treatment group and largely characterise race as “non-Hispanic White” or
“Black”. Within the studies that specifically mention American Indigenous groups (Native American,
American Indians or Pacific Islander), Indigenous Peoples are sometimes grouped with other minority
groups. For example, Aparicio et al.[68] analysed the difference in treatment rates of patients presenting to
primary stroke centres versus non-primary stroke centres. They performed a retrospective cohort study
using data from the Nationwide Inpatient Sample (NIS) from 2004 to 2010. The NIS classifies race/ethnicity
as White, Black, Hispanic, Asian/Pacific, Native American or Other. There were 304,152 patients included
in the analysis, 71.5% were White, 15.0% Black, 7.9% Hispanic and 5.6% were grouped as Other
(Asian/Pacific Islander, Native American or other). When they compared thrombolysis rates between
groups, all racial groups compared to Whites were significantly less likely to be treated. The adjusted odds
ratio (OR) for “others” vs. White at the primary stroke centres was 0.75 (CI: 0.64-0.89) and at the non-
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Table 1. Cardiovascular risk factors in Indigenous populations in the world

Country/Ref.

Aim

Study design

Sample

Results

Conclusions

United States
Nakagawa et al.
(2013)

[44]

Evaluate disparities in CVD risk
factors among Asians and NHPI
compared with Whites,
hospitalised with IS in Hawaii

Retrospective; single
tertiary centre; 20042010

1921 patients hospitalised
with ischaemic stroke.
(NHPI 20%, Asians 53%,
Whites 24%, and Others
3%)

NHPI were more likely to be younger (OR: 0.95, 95%CI:
Disparities could be attributable to
0.94-0.96), female (OR: 1.55, 95%CI: 1.07-2.24), and have biological and social determinants of
diabetes (OR: 2.74, 95%CI: 1.87-4.00), hypertension (OR: disease
1.98, 95%CI: 1.27-3.10), and obesity (OR: 1.82, 95%CI:
1.25-2.65) than Whites. Compared with Asians, NHPI were
more likely to be younger (OR: 0.95, 95%CI: 0.94-0.97)
and have diabetes (OR: 1.88, 95%CI: 1.35-2.61), previous
stroke or TIA (OR: 1.57, 95%CI: 1.09-2.25), and obesity
(OR: 6.05, 95%CI: 4.31-8.48)

Nakagawa et al.
(2012)

[46]

Evaluate disparities in CVD risk
factors among NHPI hospitalised
with ICH

Retrospective; single
tertiary centre; 20042010

562 patients hospitalised
for acute ICH (Asian 63%,
NHPI 18%, White 16%,
other 3%)

NHPI were younger (NHPI 55 years vs. White 66 years, P < NHPI with ICH are younger and have a
0.0001), and had higher prevalence of diabetes (NHPI 35% greater burden of risk factors
vs. White 20%, P = 0.01) and history of HTN (NHPI 77%
compared to White patients
vs. White 64%, P = 0.04) than White patients

Nakagawa et al.
(2015)

[47]

Compare clinical characteristics
between NH and PI hospitalised
with IS

Retrospective; single
tertiary centre; 20062012

561 patients (57% NH and
43% PI)

PI were younger (59 years vs. 62 years, P = 0.002), higher
prevalence of diabetes mellitus (58% vs. 41%, P < 0. 0001)
and lower prevalence of smoking (14% vs. 21%, P = 0.03)
compared to NH

Whilst differences were seen, they
were not as significant as seen in other
studies comparing Native Hawaiians to
a non-Hispanic population

Compared characteristics and
risk factors of stroke in IA in West
[48]
Africa (SIREN study)
with
strokes in AA and EA in the
[
United
States (REGARDS study)
49]

SIREN is a large
multinational casecontrol study in West
Africa. REGARDS is a
cohort study in the
United States

1928 included, 811 were IA,
452 AA and 665 EA

IA were younger (68) compared with AA (73) and even
younger than EA (76) P < 0.0001. IA were much more
likely to have haemorrhagic strokes than EA (IA 27%, AA
8%, EA 5.4%, P < 0.001). IA and AA had a greater
prevalence of hypertension, high cholesterol and diabetes
mellitus

They concluded that race played a
major role in the predisposition of
vascular risk factors whilst
geographical location potentially
influenced stroke type

Estimate the magnitude of the
association between Mapuche
ethnicity and stroke occurrence

Incident case controlpaired study with patients
hospitalised in a single
centre between 20172018

208 patients, 104 cases
admitted with stroke
matched with 104 controls
without stroke. Within the
cases, 27.9% were
Mapuche compared with
32.7% of the controls

No detectable difference in the association between
Mapuche ethnicity and stroke (OR: 0.84, 95%CI: 0.46-1.51,
P = 0.55). Ethnicity was not a factor associated with stroke
when adjusted for hypertension, obesity, low
socioeconomic status, rurality, diabetes mellitus and
smoking

Risk factors for stroke included obesity,
hypertension and smoking, but
Mapuche ethnicity was not a risk
factor

The only difference detected in the cardiovascular risk
The authors concluded that none of
factor profile was that cases undertook less physical
the measured risk factors were
activity than controls (OR: 2.8, 95%CI: 1.2-4.3, P < 0.0001) associated with the occurrence of
vascular events

[37]

Owolabi et al.
(2017)

Chile
[50]

Soto et al.
(2019)

Ecuador
[51]

To assess which risk factors are
Population-based caseassociated with the occurrence of control study in a single
vascular events (stroke and
region; 2013
ischaemic heart disease) in
natives/Mestizos living in rural
coastal Ecuador

642 residents aged 40+
years, with 24 cases of
vascular events and 96
matched controls

[42]

To compare investigations and

43 Indigenous and 167 non- Compared to non-Indigenous patients with stroke,

Del Brutto et al.
(2014)

Australia
Tiedeman et al.

Historical cohort study;

Indigenous patients within rural NSW
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(2020)

[52]

He et al.

[41]
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management of Indigenous and
non-Indigenous patients with IS
to national stroke standards

single centre; 2010-2015

To estimate the difference in
stroke recognition, risk factors,
treatment rates and outcomes
between Indigenous and nonIndigenous peoples at a single
centre

Prospective cohort study; 1843 patients, 2.5%
single centre; 2012-2017 Indigenous

(2015) Compare stroke recurrence and
Retrospective cohort
role of comorbidities in adverse
study; single centre;
stroke outcomes (recurrence and 1996-2011
death) between Indigenous and
non-Indigenous Australians
[40]

Indigenous patients
admitted to a single centre
with an IS

2105 patients, 43.9%
Indigenous
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Indigenous patients with stroke were 15.8 years younger
have a higher prevalence of
(56.8 years vs. 72.6 years, P < 0.001), and were more likely preventable disease, including those
to have risk factors for stroke, including smoking (51.2% vs. that confer a higher stroke risk
15.0 %, P < 0.001), diabetes mellitus (37.2% vs. 16.8%, P =
0.003) and past history of CVA or TIA (50.2% vs. 31.1%, P
= 0.032)
Indigenous patients were younger (62 years vs. 74 years),
and more likely to have diabetes (RD: 22.3% [95%CI: 3%,
41.7%]), dyslipidaemia (RD: 19.4% [95%CI: 21.%,
36.7%]), and have ever smoked (RD: 24.9% [95%CI:
9.5%, 40.3%])

Indigenous Australians with stroke are
a decade younger and have a higher
prevalence of important, modifiable
stroke risk factors

In multivariable analyses, adjusting for comorbidities
Indigenous patients’ excess risk for both case fatality (OR:
1.25, 0.88-1.78) and long-term death (HR: 1.27, 1.01-1.61)
was considerably reduced (when compared to unadjusted
analyses

Some of the excess risk of death
following a stroke was attributable to a
greater prevalence of comorbidities

Kilkenny et al.
(2013)

Compare guideline-directed care Australian national stroke 305 patients, 18%
and outcomes in Indigenous and audit, data from 33
Indigenous, age-restricted
non-Indigenous patients admitted hospitals; 2009
from 18-64 years
with acute stroke

Katzenellenbogen
[36]
et al. (2014)

To determine the prevalence of
State-wide linked hospital 13591 cases, 5% Indigenous Indigenous stroke survivors aged less than 70 years had a
hospitalized stroke and coexistent and mortality data 2007greater comorbidity burden than non-Indigenous patients
conditions in Indigenous and non- 2011
of the same age
Indigenous people in Western
Australia

Whilst primary prevention can reduce
disparities in incidence and prevalence,
the wider solutions lie in tackling
environmental, social and economic
disadvantage

To determine which factors,
account for the variations in
cardiovascular risk (determined
[53]
by the INTERHEART risk
score) in First Nations
communities in Canada

Smoking, diabetes mellitus and excessive alcohol
Indigenous patients with stroke had
consumption were greater in Indigenous patients admitted worse health outcomes even after
to hospital with stroke than in non-Indigenous patients
adjusting for hospital site, age, risk
factors (diabetes mellitus, smoking,
alcohol), stroke severity variables
(speech impairment, incontinent
within 72 h), stroke subtype, and
access to a stroke unit

Canada
[5]

Anand et al.
(2019)

[26]

Hu et al.

(2019) To describe the cardiovascular
health profile of Canadian Inuit, in
comparison to the general
Canadian population

Population-based study
from 8 First Nations
communities, crosssectional analysis; 20132018

1302 participants, all First
Nations

More than 85% of individuals had a risk score in the
moderate to high range

Communities with greater
socioeconomic advantage (greater
employment, higher income and longterm marital partnerships), greater
trust between community members,
higher education levels and supportive
environments had a lesser burden of
cardiovascular risk factors

Two cross-sectional
surveys (Inuit
communities -HIS; 20072008) and (general
Canadian population CHMS; 2007-2009 and
2012-2013)

IHS; 2070 Inuit adults (2079 years). CHMS; 3464
Canadian adults (20-79
years). To compare results
between the IHS and
CHMS, age-standardized
estimates were calculated

Inuit females had greater prevalence of heart attack (3.1%
vs. 1.8%), stroke (2.2% vs. 1.0%), diabetes (14.6% vs.
9.0%), obesity (35.8% vs. 24.2%), HTN (7.5% vs. 2.5%)
than non-Inuit females
Inuit males had a higher prevalence of stroke (2.1% vs.
0.8%) and HTN (12.2% vs. 2.5%) than non-Inuit males
Inuit males and females had better blood lipid profile than

Canadian Inuit, in comparison to the
general Canadian population, have
different health profiles and a greater
burden of cardiovascular diseases
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non-Inuit males and females
Norway
[54]

To assess and compare
cardiovascular risk factors and
the 10-year risk of myocardial
infarction or stroke (using
[56]
NORRISK2 model)
among
Sami and non-Sami populations
of Northern Norway

[38]

(2019) To describe the changes in
cardiovascular risk factor profile
and risk of myocardial infarction
or stroke amongst the Sami and
non-Sami population

Siri et al.
(2018)

Siri et al.

Cross-sectional
6004 participants; 5318
population-based survey; included (40.8% Sami)
2012-2014

Between the Sami and non-Sami population of Northern
Norway, only minor differences were seen in the
prevalence of cardiovascular risk factors

Sami and non-Sami populations have a
similar risk of either cerebral stroke or
acute myocardial infarction

Cross-sectional surveys - 6417 participants in
Estimated 10-year risk of myocardial infarction and stroke
[55]
SAMINOR 1 ; 2003SAMINOR 1, 5956
declined in all strata of sex and ethnicity over this 10-year
[54]
2004, SAMINOR 2 ;
participants in SAMINOR 2 period (P < 0.001)
2012-2014

Cholesterol, blood pressure and
hypertension declined over time,
leading to a reduced 10-year risk of
cerebral stroke and acute myocardial
infarction in both groups

Prospective cohort study; 433 patients identified, 302
single centre; 2007-2009 were Han Chinese (70%)
and 131 were Taiwanese
Aborigines (30%)

Traditional cardiovascular risk factors
for stroke are similar but given betel
nut chewing correlates with
cardioembolic stroke; this should be
considered in Taiwanese Aborigines

Taiwan
[57]

Hung et al.
(2016)

Comparison of demographic
details, conventional and
behavioural risk factors between
Taiwanese Aborigines and Han
Chinese patients with stroke

No difference in demographic profile (age, sex, social class,
marital status, body mass index) between groups. In both
groups, hypertension was the most common risk factor.
The prevalence of ischaemic heart disease, high
cholesterol, smoking, sedentary lifestyle was similar. Han
Chinese more likely to have diabetes than Taiwanese
Aborigines and less likely to have atrial fibrillation (P =
0.018), consume alcohol (P = 0.046) and betel nuts (P =
0.001)

CVD: Cardiovascular disease; NH: Native Hawaiians; PI: Pacific Islanders; NHPI: Native Hawaiian and Pacific Islanders; IS: ischaemic stroke; OR: odds ratio; CI: confidence interval; ICH: intracranial haemorrhage;
HTN: hypertension; IA: Indigenous Africans; AA: African Americans; EA: European Americans; RD: risk difference; HIS: Inuit Health Survey; CHMS: Canadian Health Measures Survey.

primary stroke centre 0.75 (CI: 0.62-0.88), showing that 25% fewer Asian/Pacific Islander, Native American or other received thrombolysis in comparison to
Whites.
In 2014 Kimball et al.[64] also analysed the NIS database. Their retrospective study included 477,474 patients between 2002 and 2008 with ICD-9 codes for
ischemic stroke. Race was classified as White, African American, Hispanic, Asian/Pacific Islander, Native American, or Other. They did not combine Native
American with Other. They determined that race was independently associated with thrombolysis (OR: 0.59; 95%CI: 0.39-0.91; P = 0.0166). They also
determined that, relative to Whites, Native Americans were unlikely to be treated in a high-volume stroke centre (OR: 0.73; 95%CI: 0.65-0.83; P < 0.0001). They
comment that Native Americans are more likely to live in the remote “Four Corners region of the southwest United States and rural Oklahoma”.
Consequently, these patients are then less likely to receive thrombolysis as they are less likely to present to a large volume stroke centre within treatment
windows.
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Regarding endovascular thrombectomy, several United States-based studies have similarly grouped
Indigenous Peoples with other minority groups and shown racial disparities[69,70].
Attenello et al.[63] separated racial groups when they examined the 2008 NIS database. They reported that
White, Hispanic and Asian/Pacific Islander received endovascular thrombectomy at higher rates than Black
and Native Americans (P < 0.001). Additionally, they noted that, compared to Whites, Native American
patients were less frequently admitted to hospitals that could perform thrombectomy than other racial
groups (P < 0.001).

DISCUSSION
Within the constraints of a narrative review, stroke incidence rates appear variable between the Indigenous
and non-Indigenous populations, depending on the country. From the available studies in our review,
incidence rates are greater for Indigenous groups of Australia[11,14-16], New Zealand[17], Sweden[32], and
Israel[20]. There are conflicting reports from the United States[23-26] and Canada[27,28,30] and incidence rates are
either similar or lower in South America[31], Russia[33] and Tibet[19].
There is overwhelming evidence from the literature that Indigenous Peoples are affected by stroke at a
younger average age, in comparison to the non-Indigenous people in the same region[11,14-17,40-43]. This not
only affects the individual, due to longer time spent with disability and reduced quality of life, but also has a
domino effect on their family and community. There are additional economic considerations for countries,
with the indirect costs after IS estimated to be 6 times greater for adults aged < 65 years compared with
adults aged ≥ 65 years in the United States[47]. Cardiovascular risk factors are generally more prevalent
amongst the Indigenous population compared to the non-Indigenous population in Australia[36,40-42,52],
United States[37,44,45] and Canada[5,26] but not in Chile[50], Ecuador[51], Taiwan[57] and Norway[54,55]. Drawing
conclusions regarding guideline-directed treatment with intravenous thrombolysis and/or endovascular clot
retrieval is problematic due to the lack of studies designed to specifically address this question. However,
from the studies included in this review, there was clear evidence that Indigenous patients in Australia[40,42],
United States[65-70] and Canada[62] were less likely to receive treatment with thrombolysis or undergo
endovascular clot retrieval in comparison to their non-Indigenous counterparts.
Similar to the general health of all populations, stroke and its outcomes are the result of the complex
interactions between different factors that act at the individual, community, societal, and service levels. As
shown in our hierarchical framework, human rights factors and the social determinants of health resulting
from these, trigger a cascade of events leading to stroke and stroke inequities that are particularly marked in
Indigenous Peoples worldwide [Figure 1]. In particular, colonisation (including the cultural and material
losses associated with it), is a major indirect driver of disparities in lifestyle, biological and other risk factors
for stroke in Indigenous Peoples[12,45].
Our findings suggest that a rapid shift must occur in those countries where Indigenous patients have greater
incidence rates of stroke, more prevalent comorbidities, and lesser treatment rates than non-Indigenous
patients. In particular, there is an urgent need for the provision of evidence-based care to increase the
opportunities for optimal health outcomes preventing stroke[41]. However, before this occurs, improvement
of social infrastructure and an emphasis on the importance of culture for Indigenous People, should become
the norm. The loss of traditional cultural practices, dispossession from the land, loss of connectedness, loss
of Indigenous identity and the misalignment of what “health” means to Indigenous Peoples continue to
underpin the foundations of the health gap. Coupled with discrimination and disadvantage (including
economic, environmental and educational)[5,36] there are issues such as institutional racism[71],
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Figure 1. Hierarchical framework of stroke inequity. TIA: Transient ischaemic attack; CVD: cardiovascular disease.

communication barriers and the lack of culturally appropriate services.
Other considerations include poorer access to culturally sensitive, comprehensive primary and secondary
prevention programs. Without this, there is under-diagnosis of cardiovascular risk factors and lesser
treatment rates[5,38]. This is particularly important in the younger age groups[36,41]. There are geneenvironment interactions that highlight the importance of the social environment, which should be further
explored[44]. In addition, biological differences in genetic polymorphisms and variation in drug metabolism
play integral roles in the risk factor profile[46]. However, Indigenous Peoples’ justified concerns surrounding
the use of Indigenous biologic samples, and unresolved tensions surrounding the need for Indigenous
governance and data sovereignty[72-74] in mainstream health and medical research must be addressed before
research of this kind can proceed.
Improvements in, and access to, education will give rise to improved health literacy with reinforced
messages that encourage medication adherence[47]. Community-led support programs where traditional
cultural values strengthen families and communities will help reduce smoking rates, alcohol intake and
obesity, although these lifestyle factors are not solely Indigenous-specific issues[5,36,37].
Transformative, innovative, population-specific public health policies should be developed to specifically
target the unique challenges of health care delivery in Indigenous populations, including but not limited to
regional and remote areas[26]. Issues in relation to transportation, delays in treatment, lack of access to
specialists, housing and food insecurity, have specific consequences for health. A delayed hospital
presentation translates to reduced treatment rates and poorer outcomes[75]. In contrast, in the context of
United States, in high volume primary stroke centres, where access to stroke specialists, neurologists,
neurointerventionists and neurosurgeons is greater, all patients are 3.7 times[76] more likely to receive
thrombolysis and are more likely considered for endovascular clot retrieval. This, in turn, results in lower
mortality and morbidity rates. Several United States states have adopted the “Hub and Spoke” model[77,78]
with the use of telemedicine, whereby a smaller peripheral hospital can contact a stroke specialist and gain
advice on rapid treatment before transferring to the primary stroke centre. This model of care is particularly
relevant for all Indigenous Peoples, in all countries, who may live in areas without access to a primary stroke
centre. Additional considerations as to the reasons why Indigenous Peoples are less often treated include
delayed presentation to hospital due to lack of awareness of stroke symptoms, mistrust or misunderstanding
of the health care system, language barriers and resultant poor communication, low income or education
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level and the possibility of lower National Institute of Health Stroke Scale scores, differences in aetiology or
contraindications to thrombolysis or endovascular thrombectomy[41,62,63,68,78]. Besides individual-level risks,
institutional racism plays an important role in reduced access to specialist interventions. There is also
evidence that, even when arriving to hospital in a timely manner, Indigenous Peoples wait longer in the
emergency department[63]. The flow-on effects of lifelong disability related to delayed treatment, no
treatment or curtailed treatment, are unacceptable.
Whilst our review did not specifically address mortality, several studies have provided evidence that
Indigenous Peoples have greater mortality rates than non-Indigenous Peoples[11]. In Australia, there are
multiple reports of higher stroke mortality rates in Indigenous Australians compared with nonIndigenous[36,52,79]. In New Zealand[80], the 30-day case fatality rate for patients with IS was analysed over 2
time periods and compared. In 2000-2004 the case fatality rate was larger for Māori than Europeans, and in
2010-2014 it was greater for all ethnic groups than Europeans. In Canada[62] similar results have shown
Indigenous Peoples have a greater case fatality rate following stroke than non-Indigenous.
In Australia and the United States, greater rates of haemorrhagic stroke are reported amongst Indigenous
Peoples than non-Indigenous people. It is likely that this large rate of haemorrhagic stroke is associated with
greater disability and mortality, given that this type of stroke has significantly poorer outcomes than IS[46].
Thus stroke subtype, whilst influenced by the prevalence of risk factors, may also have a causal relationship
with higher case fatality.
The cumulative effects of lower socioeconomic status and Indigenous identity on stroke incidence rates, risk
factors and treatment, have been difficult to elucidate. Many of the referenced authors observed that the
data sources do not directly record socioeconomic status[40,79]; hence, this variable could not be included in
analyses. Despite this, it is well documented that lower socioeconomic status is a risk factor for
cardiovascular disease[62], and poorer access to quality health care[54] including access to high volume stroke
centres[63], particularly in regions where there is residential segregation[46]. Therefore, it is likely that
socioeconomic status may be one of the mediators of the observed greater incidence rates of stroke and
poorer outcomes in Indigenous Peoples.
A major hindrance to quality data on this topic is the lack of large samples of Indigenous Peoples[40,62].
Indigenous Peoples commonly represent a minority group in their region, and hence sample sizes are often
small. This makes meaningful statistical comparisons with the non-Indigenous population difficult, as
sample sizes may be underpowered. Points raised relating to this issue include the need for a greater
emphasis on research questions that are driven by the communities identified needs, the Indigenous
consent process, consensus for Indigenous identity procedures and reinforcing the dialogue of Indigenous
governance and data sovereignty[81,82]. Gaining informed consent, which can be compounded by language
barriers, cultural incompetence and insensitivity of researchers, is a difficult issue. However, suggestions for
improvement lie in the involvement of healthcare workers from the selected communities before the
research begins. Community views on the need of the research objective and cultural considerations should
be entwined in the research question and protocol. This should not be an afterthought. Once community
consultation has been sought, healthcare workers that are fluent in the regional dialect can translate
materials for participants. Not only does this bolster the workforce capacity of the community, creating
jobs, but it also ensures appropriate research is undertaken that meets the needs of the community and
incorporates cultural considerations into the entire process, including consent.
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Cruz-Flores et al.[76] discuss race and ethnicity and describe the reasons why race has been replaced with the
term ethnicity in modern society. In their words, ethnicity describes common ancestry, history or culture
and emphasises the social rather than biological characteristics. In Australia, Kilkenny et al.[40] note that,
whilst there was agreement between the auditors for recording Indigenous status, there are no available data
on the accuracy of these records to determine the true number of Indigenous patients admitted to hospital
with stroke. Similarly, in the United States[63,68] the NIS remains subject to biases and recording error, as a
large proportion of patients are recorded as “other”. In Norway, Siri et al.[38] comment on the difficulties
experienced by the Sami population, particularly related to assimilation processes and historically unethical
research leading to a reduced likelihood of disclosing ethnicity. Lastly, the impact of not recording ethnicity
at all may be a reason for lack of available data. The most powerful way to ensure correct identity is with
self-identification. Frontline health care workers should routinely seek information about ethnicity to avoid
prejudice.
Lastly, the sovereignty of data is increasingly being recognised as an important factor in Indigenous selfdetermination. The importance of Indigenous voices speaking for the rights and interests of Indigenous
Peoples - “nothing about them without them”[83] - has been missing from past conversations[81,82]. Given
these data and their application are about Indigenous Peoples, it is imperative that within the protocols,
consent process, interpretation of findings and translation of research, Indigenous involvement should be
forefront and ownership of those data not forgotten.
The future of stroke and its effect on Indigenous Peoples has shifted from documenting the relative
disadvantage of individuals and their communities to finding solutions that can be targeted for improved
Indigenous stroke outcomes. This can only be achieved once Indigenous Peoples write the narrative, for
example, inclusion in the design and delivery of culturally safe health care that understands their lived
experience and meets their needs as Indigenous People. For millennia, Indigenous groups have known the
important influence of Indigenous culture on health outcomes. Culture can act as a protection against social
harms and build community resilience. Health inequities will continue unless government policies address
the needs of Indigenous Peoples and societal systems change to incorporate practices/policies that are
appropriate for those outside the dominant culture. To decrease the incidence of stroke, we need a rapid
shift towards a strength-based approach to stroke prevention and management[11,36,41]. This includes
innovative ideas and health care system redesign, led by Indigenous Peoples, to improve early recognition of
stroke and the quality of, and access to, acute treatment and rehabilitation services with Indigenous health
care providers. We need culturally appropriate services that support the healing process. Examples of these
include Indigenous specialists, Indigenous health workers/navigators, Indigenous community health
professionals, increased use of interpreters, culturally appropriate information about causality and
explanation of medications, and family-focused care. Cultural safety training that teaches non-Indigenous
health professionals how to interact with Indigenous Peoples would help these health professionals improve
health outcomes for their Indigenous patients, while community-based rehabilitation, tele-stroke and telerehabilitation services could extend care to communities[5,64,71].

LIMITATIONS
Limitations of this study include variation in study design, including quality, data sources and methods.
Furthermore, as this was conducted as a narrative rather than systematic review, we do not provide a
comprehensive overview of all available literature, which may have led to bias in reporting.
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CONCLUSION
There is now overwhelming evidence that a biomedical model alone cannot make the changes necessary for
Indigenous Peoples. Many Indigenous peoples have a deep attachment to alternative paradigms of health
and wellbeing that do not align with Western medicine[84]. Indigenous knowledge, beliefs and values should
be practised in parallel. For example, in Australia, Aboriginal and Torres Strait Islander nations have
medicine and healing practices that have sustained physical and mental health for tens of thousands of years
- as have other Indigenous Peoples. These traditions have survived to the present day and are being
integrated into the contemporary Australian health care system to ensure their survival into the future[84].
The “hands on” and breath-based healing practices are combined with traditional plants and balms to heal
within a unique belief system that combines the spiritual, physical, mental and emotional levels of being, in
the context of a spiritual world, not recognised by Western medical programs[84]. Embracing these cultural
considerations can only strengthen health, not dismantle it. We must move forward from viewing
Indigenous health and wellbeing from a Western biomedical lens only. Failure to embrace Indigenous-led
healthcare will perpetuate colonisation and its harmful legacy.
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