
Dixit et al. BMC Public Health         (2022) 22:1295  
https://doi.org/10.1186/s12889-022-12841-6

RESEARCH

The role of chronic disease in the disparity 
of influenza incidence and severity 
between indigenous and non‑indigenous 
Australian peoples during the 2009 influenza 
pandemic
Rashmi Dixit1*, Fleur Webster2, Robert Booy1,3 and Robert Menzies4 

Abstract 

Background:  The 2009 H1N1 influenza pandemic (influenza A(H1N1)pdm09) disproportionately impacted Indig-
enous peoples. Indigenous Australians are also affected by a health gap in chronic disease prevalence. We hypoth-
esised that the disparity in influenza incidence and severity was accounted for by higher chronic disease prevalence.

Methods:  We analysed influenza data from Western Australia, South Australia, the Northern Territory, and Queens-
land. We calculated population prevalence of chronic diseases in Indigenous and non-Indigenous Australian popu-
lations using nationally-collected health survey data. We compared influenza case notifications, hospitalisations, 
intensive care admissions, and deaths reported amongst the total population of Indigenous and non-Indigenous 
Australians ≥ 15 years. We accessed age-specific influenza data reported to the Australian Department of Health dur-
ing the 2009 ‘swine flu’ pandemic, stratified by Indigenous status and the presence of one of five chronic conditions: 
chronic lower respiratory conditions, diabetes mellitus, obesity, renal disease, and cardiac disease. We calculated age-
standardised Indigenous: non-Indigenous rate ratios and confidence intervals.

Findings:  Chronic diseases were more prevalent in Indigenous Australians. Rates of influenza diagnoses were higher 
in Indigenous Australians and more frequent across all indices of severity. In those with chronic conditions, Indig-
enous: non-Indigenous influenza notification rate ratios were no lower than in the total population; in many instances 
they were higher. Rate ratios remained above 1·0 at all levels of severity. However, once infected (reflected in notifica-
tions), there was no evidence of a further increase in risk of severe outcomes (hospitalisations, ICU admissions, deaths) 
amongst Indigenous Australians compared to non-Indigenous Australians with a chronic disease.

Interpretation:  Higher rates of influenza infection was observed amongst those Indigenous compared to non-Indig-
enous Australians, and this difference was preserved amongst those with a chronic condition. However, there was 
no further increase in prevalence of more severe influenza outcomes amongst Indigenous Australians with a chronic 
condition. This suggests that the prevalence of chronic disease, rather than Indigenous status, affected influenza 
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Introduction
The 2009 H1N1 influenza pandemic (influenza A(H1N1) 
pdm09) disproportionately impacted Indigenous popu-
lations in colonised countries, including Aboriginal and 
Torres Strait Islander peoples (Indigenous Australians) 
[1–7]. Colonised Indigenous populations around the 
world have a greater burden of chronic, non-communi-
cable diseases compared to their non-Indigenous coun-
terparts [2, 8–11]. Both seasonal and pandemic influenza 
affect those with chronic diseases more frequently and 
severely [3, 7, 12–15]. It has frequently been hypothe-
sised that the greater influenza A(H1N1)pdm09 disease 
burden and severity in Indigenous populations is due 
to their larger burden of chronic diseases, but very few 
studies have directly examined this [3, 16].

While the 2009 pandemic strain appeared over 10 years 
ago, the question is still relevant. Influenza A(H1N1) 
pdm09 continues to be predominately circulate, as indi-
cated by an World Health Organization report that 
showed it represented 49% of strains in 2019 [17]. More-
over, emergent strains with pandemic potential have the 
capacity to cause greater disease severity amongst First 
Peoples populations [18]. The nature of interactions 
between acute influenza, Indigeneity, and  prevalence 
of chronic diseases during the 2009 pandemic are also 
likely to apply to other seasonal influenza strains. Other 
reports have been based on data collected from states 
or / regions rather than national data, and have not pri-
marily examined the relationship between differential 
chronic disease rates between Indigenous and non-Indig-
enous patients and 2009 pandemic influenza severity. We 
accessed national data sets with a view to specifically ana-
lyse these associations. The current COVID-19 outbreak 
has likewise provided an opportunity for researchers to 
study the impact of viral pandemics on Indigenous popu-
lations in colonised nations, with respect to background 
health and socioeconomic inequities, with a recognition 
of the urgency to collect prospective data [19].

Our central tenet is: if higher rates of pandemic influ-
enza infection (notifications) and influenza severity (hos-
pitalisation, ICU admission and death) in Indigenous 
compared to non-Indigenous peoples were due to the 
higher prevalence of chronic noncommunicable diseases, 
then this disparity  in influenza incidence and sever-
ity would be eliminated by only comparing influenza 
rates amongst those with chronic conditions. However, 
if other factors are also influential, then disparities in 
disease and severe outcomes between Indigenous and 

non-Indigenous people would remain, even after restrict-
ing the analysis to those with chronic diseases.

Acute influenza surveillance was conducted nation-
ally in Australia in 2009. National influenza notification 
rates reflect the incidence of influenza infection; while 
hospitalisation, intensive care, and mortality data broadly 
reflect the incidence of progressively more severe out-
comes, notwithstanding the limitations of these sources. 
Routine data collection provided Indigenous and chronic 
disease status on individual cases.

The aim of this study was to determine whether the 
higher incidence of infection (notifications) and severity 
(hospitalisation, ICU admission and death) of influenza 
A(H1N1)pdm09 in Indigenous populations compared 
to the non-Indigenous Australian population was 
reduced or eliminated after stratifying by chronic disease 
prevalence.

Methods
Population prevalence of chronic diseases
Prevalence data for chronic conditions  amongst Aus-
tralians were obtained by analysing the Confidentialised 
Unit Record Files of Health Surveys conducted by the 
Australian Bureau of Statistics (ABS). For Indigenous 
Australians, data were from the 2012–13 National Abo-
riginal and Torres Strait Islander Health Survey, collected 
between April 2012 and February 2013 from 5000 private 
dwellings across Australia [20]. Prevalence data for non-
Indigenous Australians were from the 2011–12 National 
Health Survey, conducted between 6 March 2011 and 17 
March 2012 from a sample of 15,500 private dwellings 
across Australia [21]. Whilst the 2011-12 National Health 
Survey included data on all Australians regardless of eth-
nicity, as Indigenous Australians make up only 3.3% of 
the total population, the results were used to reflect the 
prevalence of chronic conditions amongst the 96.7% of 
Australians that are non-Indigenous [22]. Only data for 
those aged ≥ 15 years were available from each survey, 
therefore our analysis was limited to these age groups. 
Within the health surveys, all chronic disease data were 
self-reported except obesity, which was directly meas-
ured. Respondents were asked whether they had been 
identified with the condition, and whether the condition 
was current and long-term; and were classified as hav-
ing a chronic disease for the purposes of our study if they 
answered positively to both questions. All reported long-
term medical conditions were coded to a classification 
developed for use in the ABS Health Surveys, based on 

severity. Other factors may be important, including presence of multiple morbidities, as well as social and cultural 
determinants of health.
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an international disease classification system (see Addi-
tional file 1) [23].

Percentage prevalence of each condition in the mor-
bidity, mortality, and health survey data was stratified 
by the following age groups for each state and terri-
tory: 15–24 years, 25–34 years, 35–44 years, 45–54 years, 
and ≥ 55 years. The survey percentages were adjusted 
using weightings for age, gender, and state or territory 
provided to the ABS, to adjust for differences between 
survey and census populations [24].

Influenza laboratory notifications, hospitalisations, ICU 
admissions, and deaths
We obtained data on influenza cases during the 2009 
‘swine flu’ pandemic from the Communicable Diseases 
Network of Australia (CDNA), a division of the Depart-
ment of Health and Aging (DoHA). Influenza surveil-
lance data were actively collected during the pandemic, 
under the provisions specified within the National 
Health Agreement, and state or territory Public Health 
Acts. Cases of laboratory-confirmed influenza A(H1N1) 
pdm09 infections, hospitalisations, ICU admissions, and 
deaths were collected by states or territories from general 
practitioners, hospitals, and laboratories and reported to 
the National Incident Room of the DoHA. The DoHA 
entered the data onto the NetEpi database, a web-based 
outbreak case reporting system. Data from those 15 years 
of age and older, were obtained from the CDNA, to allow 
NetEpi influenza data to match the age range of people 
surveyed for chronic conditions. Data from 1 April 2009 
to 31 December 2009 were examined. For the total (gen-
eral) population, data were only available from all of Aus-
tralia, not by state or territory (Table 5).

Indigenous status was recorded by self-reporting to 
health professionals. If a patient was clinically unable to 
answer questions (e.g., they were receiving ventilation 
or they had died) their next of kin was asked about the 
patient’s Indigenous status. ‘Non-Indigenous Australians’ 
included those for whom Indigenous status was recorded 
as ‘not Aboriginal or Torres Strait Islander peoples.’ Data 
in which Indigenous status was not specified were omit-
ted from this analysis. The presence of chronic disease in 
a case with influenza was reported by the health care pro-
vider or obtained from clinical notes.

The exact definitions applied to the chronic conditions 
were not available from NetEpi, and may have differed 
from that of the ABS Health Surveys, specified above. 
The CDNA NetEpi database was unable to provide data 
on those cases of influenza without any chronic condi-
tions. We could not calculate these simply by subtracting 
cases with a chronic condition, as a case may have had 
more than one chronic condition.

Statistics
The analyses that were conducted were limited by data 
availability. Table  5: amongst those with chronic condi-
tions, data on influenza notifications stratified by Indig-
enous status were available only from Western Australia 
(WA) and South Australia (SA); whereas data on hos-
pitalisations, ICU admissions, and deaths from influ-
enza stratified by Indigenous status were available from 
WA, SA, the Northern Territory (NT), and Queensland 
(QLD). This represents 57·5% of Aboriginal and Torres 
Strait Islander peoples within Australia. For comparison, 
the background population dubbed ‘all Australia’,  that is 
those with and without chronic conditions, data on noti-
fications and hospitalisations were available by state and 
territory; whereas, data for ICU admissions and death 
were only available for the whole of Australia, not sepa-
rated by state or territory. We combined data from states 
or territories where equivalent data were available, to 
increase statistical power.

To obtain estimated population numbers for each 
chronic condition, we multiplied the percentage preva-
lence of each chronic condition reported within the 
Australian Bureau of Statistics (ABS) Health Surveys 
(Indigenous and all Australian, the latter serving as a 
proxy for non-Indigenous) for each age group by the total 
2011 census population numbers [24]. Percentage prev-
alence of each condition in the health survey data pro-
vided to the Australian Bureau of Statistics were adjusted 
using weightings for age, gender, probability of being 
selected, non-response rates and state or territory to 
adjust for differences between survey and census popula-
tions [25]. The rate ratios we reported reflected weighted 
and age standardized calculations of disease prevalence 
and infection incidence.

For rates of influenza within the total population, we 
used reported total cases of influenza for each state or 
territory as the numerator, and ABS Census population 
data as the denominator. For rates of influenza amongst 
those with each chronic condition, we used reported 
cases of influenza with the comorbid chronic disease 
within each state or territory as the numerator, and the 
estimated numbers of people with the chronic disease in 
the corresponding background population (as described 
above) for the denominator.

We calculated rates for influenza notifications, hospi-
talisations, ICU admissions, and deaths. These rates were 
then used to calculate Indigenous: non-Indigenous rate 
ratios (RRs) and 95% confidence intervals (CIs). We per-
formed direct age-standardisation of the influenza case 
data, with the non-Indigenous population as a reference. 
We calculated 95% CIs using the method described by 
Armitage and Berry [26]. We defined lack of statistical 
significance as overlapping CIs—a conservative indicator 
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of statistical significance. While indirect age-standardi-
sation is recommended for analyses of small numbers of 
events, that was not feasible in this study as it required 
replacement of those with chronic conditions as the 
denominator with a general reference population, which 
would have made it impossible to test our hypothesis. 
Confidence intervals were calculated using the Poisson 
process described by Liddell, via a statistical calculator 
[27].

Chronic disease population estimates had 95% CIs 
derived from the ABS Health Surveys. Therefore, influ-
enza rates and rate ratios in chronic disease populations 
were calculated using both the upper and lower chronic 
disease population estimates. Confidence intervals for 
the rates and ratios incorporated the full range generated 
from the upper and lower population estimates.

Ethics approval was granted on 17 May 2017 from the 
Human Research Ethics Committee of the University of 
Sydney; Project no.: 2017/356.

Results
General
All chronic conditions analysed—chronic lower respira-
tory conditions, diabetes mellitus, obesity, renal disease, 
and cardiac disease—were more prevalent in Indigenous 
Australians (Table  1). Tobacco use amongst those diag-
nosed with influenza A(H1N1)pdm09 during the 2009 
pandemic was not available for further analysis; however, 
tobacco underlies many respiratory diseases in adults, 
and so usage statistics have been included in Table 1.

Amongst the total population (all notified cases of 
influenza with no reference to chronic disease status), 
Indigenous status was most complete in WA and SA 
(81.4% Indigenous status reported), with data less reli-
able from WA/SA/NT/QLD (68.7%) and from the whole 
of Australia (60.7%) (Table 2). Amongst those with influ-
enza and any of the chronic diseases, Indigenous status 
was again most complete from WA/SA, and less so when 
the four states were combined (Table 3). As stated above, 
cases with missing Indigenous status were excluded from 
further analysis.
Rate ratios for Indigenous compared to non‑Indigenous 
for influenza in the all Australia (total) population vs. 
chronic disease populations
Total numbers of influenza cases are presented in Table 4 
by state or territory, severity, and chronic disease status, 
as well as their respective ethnicities.

Rates of influenza were higher in the Indigenous com-
pared to the non-Indigenous Australian ‘total’ (with or 
without chronic disease) populations for notifications 
(WA/SA), hospitalisations (WA/SA and WA/SA/NT/
QLD), ICU admissions (all Australia), and deaths (all 
Australia) (Table 5). The rate ratios (RR) for Indigenous 

compared to non-Indigenous were the same or higher 
in all chronic disease sub-populations compared to the 
RRs in the ‘total’ population for the same level of severity 
(i.e. notifications, hospitalisations, ICU admissions and 
deaths).

For influenza notifications, the RR for Indigenous 
compared to non-Indigenous Australians were statisti-
cally significantly higher in all chronic disease popula-
tions than in the ‘total’ population of all Australians (i.e. 
with or without chronic disease) (Table 5). For influenza 

Table 1  Age Adjusted Chronic disease prevalence in Aboriginal 
and Torres Strait Islander peoples vs. Total Population a

a  ≥ 15 years of age
b Rate ratio
c Confidence interval
d Western Australia / South Australia
e Western Australia / South Australia / the Northern Territory / Queensland

State/territory Rates RRb 95% CIc

Chronic lower 
respiratory con‑
ditions

WA/SAd 21.0% vs. 13.7% 1·53 1·36–1·73

WA/SA/NT/QLDe 18.2% vs. 13.6% 1·34 1·23–1·46

All Australia 30.0% vs. 13.4% 2·23 2·11–2·36

Smoking WA/SA 44.0% vs. 19.1% 2·40 2·21–2·60

WA/SA/NT/QLD 46.2% vs. 18.4% 2·41 2·28–2·55

All Australia 43.3% vs.17.3% 2·50 2·39–2·61

Diabetes mellitus WA/SA 18.9% vs. 5.5% 3·40 2·91–3·98

WA/SA/NT/QLD 16.9% vs. 5.0% 3.36 2·98–3·75

All Australia 21.6% vs. 5.4% 4·04 3·73–4·38

Obesity WA/SA 4.9% vs. 2.9% 2.40 1.69-4.05

WA/SA/NT/QLD 6.4% vs. 3.4% 1.98 1.86-2.82

All Australia 8.5% vs. 3.5% 2·45 2·13–2·82

Renal disease WA/SA 2.8% vs. 1.7% 1.67 1·16–2.39

WA/SA/NT/QLD 2.7% vs. 1.4% 1.99 1·52–2.60

All Australia 4.5% vs. 1.0% 4·43 3·66–5·35

Cardiac disease WA/SA 10.1% vs. 4.7% 1·99 1·52–2·60

WA/SA/NT/QLD 7.4% vs. 4.4% 2.17 1·78–2.64

All Australia 10.2% vs. 4.8% 2·13 1·92–2·36

Table 2  Indigenous status distribution by state or territory—
influenza notifications, total populationa

a With or without chronic disease
b Western Australia / South Australia
c Western Australia / South Australia / the Northern Territory / Queensland

Indigenous Non-Indigenous Indigenous 
status not 
specified

WA/SAb 6·4% 75·0% 18·6%

WA/SA/NT/QLDc 13·9% 54·8% 31·3%

All Australia 10·8% 49·9% 39·3%
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hospitalisations in WA/SA, the RR for Indigenous com-
pared to non-Indigenous point estimates were higher 
(confidence intervals did not overlap) amongst those with 
diabetes mellitus and cardiac disease; and not statistically 
different in those with chronic lower respiratory condi-
tions, obesity, and renal disease, compared to the ‘total’ 
population. In contrast, in the larger geographic region 
of WA/SA/NT/QLD, point estimates for influenza hos-
pitalisation were significantly higher in all chronic dis-
ease populations compared to the total population except 
for those with obesity, in whom there was no statistical 
difference.

For intensive care unit admissions for influenza, RR for 
Indigenous compared to non-Indigenous point estimates 
were higher for populations with diabetes mellitus, renal 
disease, and cardiac disease compared to the RR point 
estimates for the ‘total’ population; whilst no significant 
difference was noted amongst those with chronic lower 
respiratory disease and obesity compared to the ‘total’ 
population. For influenza deaths, RR for Indigenous 
compared to non-Indigenous were higher in those with 
diabetes mellitus and cardiac disease compared to the 
‘total’ population. The point estimates were higher, but 
not statistically significant different  (confidence  inter-
vals overlapped), in RR for Indigenous compared to non-
Indigenous for the other chronic conditions (Table 5).

Rate ratios for Indigenous compared to non‑Indigenous, 
by severity of influenza disease
In the ‘total’ population, RR for Indigenous compared to 
non-Indigenous were significantly higher for influenza 
hospitalisations compared to notifications (Table  5). 
However, there was no difference between RRs for ICU 
admissions and deaths.

In contrast to the ‘total’ population, amongst the 
chronic disease subgroups, there was no statistically sig-
nificant difference between RRs between notifications 
and  hospitalisations, nor between hospitalisations, ICU 
admissions or death, in any chronic disease population or 
geographic grouping, with one exception—a higher RR 

for hospitalisation compared to notification in those with 
chronic lower respiratory conditions in WA/SA.

Discussion
As expected, we demonstrated higher rates of all five 
chronic conditions as well as higher rates of pandemic 
influenza notifications, hospitalisations, ICU admis-
sions, and deaths amongst Indigenous Australians com-
pared to non-Indigenous Australians. Amongst those 
with chronic diseases, we found that rate ratios for 
Indigenous compared to non-Indigenous for influenza 
infection (notifications), morbidity (hospitalisation and 
ICU), and mortality were not lower than for the ‘total’ 
population but, in the majority of instances, were higher. 
The increases were most marked amongst notifications, 
where the RRs were significantly higher in every chronic 
disease population compared to the ‘total’  popula-
tion. For example from Table 5, influenza notification RR 
in the ‘total’ population in WA/SA was 1.50 (1.37–1.64) 
whereas for WA/SA diabetes mellitus, the corresponding 
RR was 9.37 (7.30–12·03).

However, the differences in RRs between chronic dis-
ease subgroups and the ‘total’ population were less con-
sistent as influenza severity increased (hospitalisation, 
ICU  and death). For example, influenza hospitalisation 
RR in the ‘total’ population of  WA/SA was 7.48 (6.35–
8.80), which is lower than for WA/SA diabetes mellitus, 
RR 12.68 (9.17–17.54). In contrast, there was no signifi-
cant difference between ‘total’ hospitalisations and WA/
SA obesity, RR 5.55 (3.49–8.63) - Table 5.

There was no clear trend of RRs between markers of 
severity within any of the chronic disease subgroup pop-
ulations e.g. WA/SA influenza notifications RR amongst 
those with renal disease was 13.26 (8.37–21.03) - versus 
influenza hospitalisations RR 11.56 (6.81–19.62).

Thus, an increased risk of influenza infection amongst 
Indigenous compared to non-Indigenous people with 
chronic disease does not appear to increase further for 
more severe outcomes.

Table 3  Indigenous status distribution by state or territory—influenza cases with chronic disease

a Western Australia / South Australia
b Western Australia / South Australia / the Northern Territory / Queensland

Indigenous status Notifications Hospitalisations ICU admissions Deaths

WA/SAa Indigenous 13·7% 18·2% ·· ··
Non-Indigenous 82·1% 80·7% ·· ··
Indigenous status not specified 4·3% 1·1% ·· ··

WA/SA/NT/QLDb Indigenous ·· 30·1% 26·7% 20·5%

Non-Indigenous ·· 41·3% 44·1% 44·6%

Indigenous status not specified ·· 28·6% 29·1% 34·9%
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Table 4  Influenza cases for the total population and for each chronic conditiona

a  ≥ 15 years of age
b Western Australia / South Australia
c Western Australia / South Australia / the Northern Territory / Queensland
d Number of cases of chronic condition ≥ years of age calculated from health survey data and ABS census population data (with 95% confidence intervals)
e Data only available from > 25 years onwards

State/territory Category Indigenous Australians Age-standardised 
Indigenous Australians

Other Australians

Total population WA/SAb Population 81,700 81,700 3,167,603

WA/SA Notifications 517 483 12,516

WA/SA Hospitalisations 148 172 893

WA/SA/NT/QLDc Population 246,189 246,189 6,766,712

WA/SA/NT/QLD Hospitalisations 490 569 1675

All Australia Population 429,261 429,261 17,677,150

All Australia ICU admissions 72 84 367

All Australia Deaths 22 33 157

Chronic lower res‑
piratory conditions

WA/SA Populationd 14,663 (13,235–16,226) 17,137 (15,613–18,783) 439,754 (408,304–473,240)

WA/SA Notifications 65 83 763

WA/SA Hospitalisations 44 60 319

WA/SA/NT/QLD Populationd 37,322 (34,639–40,178) 44,779 (41,901–47,835) 937,016 (887,116–989,293)

WA/SA/NT/QLD Hospitalisations 153 205 377

WA/SA/NT/QLD ICU admissions 31 36 62

WA/SA/NT/QLD Deaths 5 8 20

Diabetes mellitus WA/SA Populationd 9283 (8113–10,588) 15,408 (14,093–17,157) 195,822 (174,218–219,831)

WA/SA Notifications 61 88 199

WA/SA Hospitalisations 37 58 97

WA/SA/NT/QLD Populationd 25,984 (23,708–28,459) 38,877 (36,141–41,778) 374,113 (341,719–409,386)

WA/SA/NT/QLD Hospitalisations 135 201 114

WA/SA/NT/QLD ICU admissions 20 31 22

WA/SA/NT/QLD Deaths 4 8 3

Obesitye WA/SA Populationd 4368 (3540–5372) 5562 (4625–6667) 83,783 (69,172–101,646)

WA/SA Notifications 35 35 162

WA/SA Hospitalisations 24 24 84

WA/SA/NT/QLD Populationd 12,235 (10,630–14,054) 15,526 (13,730–17,546) 206,383 (180,718–235,327)

WA/SA/NT/QLD Hospitalisations 38 39 101

WA/SA/NT/QLD ICU admissions 7 8 30

WA/SA/NT/QLD Deaths 2 3 7

Renal disease WA/SA Populationd 1515 (1070–2141) 2281 (1748–3047) 32,774 (24,391–43,713)

WA/SA Notifications 18 29 47

WA/SA Hospitalisations 13 21 39

WA/SA/NT/QLD Populationd 4332 (3422–5465) 6707 (5736–8297) 70,243 (56,840–87,291)

WA/SA/NT/QLD Hospitalisations 72 108 42

WA/SA/NT/QLD ICU admissions 12 18 9

WA/SA/NT/QLD Deaths 2 4 2

Cardiac disease WA/SA Populationd 4978 (4126–5997) 8283 (7247–9616) 165,974 (150,461–193,224)

WA/SA Notifications 40 67 144

WA/SA Hospitalisations 27 47 100

WA/SA/NT/QLD Populationd 12,202 (10,635–13,984) 18,170 (16,667–20,754) 331,543 (297,059–360,666)

WA/SA/NT/QLD Hospitalisations 82 125 115

WA/SA/NT/QLD ICU admissions 18 24 22

WA/SA/NT/QLD Deaths 4 7 4
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This suggests that 1) the higher rates of influenza infec-
tion (notifications) amongst Indigenous Australians is 
not explained by higher rates of the five chronic disease 
categories we examined, and 2) a substantial proportion 
of the higher rates of more severe outcomes (hospitalisa-
tions, ICU admissions, and death) in Indigenous people 
with chronic conditions is a result of higher infection 
(notification) rates. Caution in interpretation of the more 
severe outcomes may be warranted, due to the wide con-
fidence intervals for some of the rate ratios for whom 
case numbers were small, especially for more severe 
outcomes.

Our findings of higher disease rates in Indigenous 
Australians concurred with other data sources, which 
reported 8-fold hospitalisation and 6-fold death rates 
for influenza amongst Indigenous Australians compared 
to non-Indigenous Australians during the 2009 ‘swine 
flu’ pandemic [28]. Other researchers have also hypoth-
esised that these disparities are likely to be attributable 
to a higher prevalence of chronic disease [2, 5]. Goggin 
et al. found that Indigenous status was not independently 
associated with hospitalisation in WA, after adjustment 
for age and the presence of two or more chronic diseases 
amongst those already diagnosed with H1N1 infection 

[16]. Similarly, our finding of an increased risk of influ-
enza infection amongst Indigenous compared to non-
Indigenous people with chronic disease, did not increase 
further for more severe outcomes. In contrast, Zarychan-
ski et al. found that Indigenous status was independently 
associated with ICU admission for Canada’s First Nations 
in Manitoba after adjustment for comorbidity, age, sex, 
income, and rural location [3].

If higher rates of influenza notifications amongst Indig-
enous people are not explained by higher rates of chronic 
disease, what alternative explanations may there be? 
More vigilant testing of Indigenous people in Aborigi-
nal Medical Services is possible. However, the majority 
of testing was done whilst there was a national universal 
testing policy, during the first few months of the pan-
demic. Differential testing would have been more likely 
to influence notification rates  rather than hospitalisa-
tions from influenza. During the 2009 influenza pan-
demic within the Top End of Australia, encompassing the 
north part of the Northern Territory, universal testing 
was implemented, and yielded a statistically significantly 
higher notification rate among Indigenous Australians 
as compared to non-Indigenous Australians, indicating 
ascertainment bias would not be solely responsible [29]. 

Table 5  Indigenous: Non-Indigenous relative risk of influenza incidence amongst the total (general) population and chronic disease 
sub-populationsa

a Age-standardised
b Confidence interval
c Western Australia / South Australia
d Western Australia / South Australia / the Northern Territory / Queensland

State/
territory

Notifications—
relative risk

Notifications—
95% CIb

Hospitalisations—
relative risk

Hospitalisations—
95% CI

ICU 
admissions 
—
relative risk

ICU 
admissions 
—
95% CI

Deaths 
—
relative 
risk

Deaths 
—
95% CI

All Aus‑
tralia

WA/SAc 1·50 1·37–1·64 7·48 6·35–8·80 ·· ·· ·· ··
WA/SA/NT/
QLDd

·· ·· 9·34 8·50–10·27 ·· ·· ·· ··

All Australia ·· ·· ·· ·· 9·46 7·47–11·99 8·71 5·99–12·67

Chronic 
lower 
respiratory 
conditions

WA/SA 3·26 2·60–4·09 5·62 4·26–7·40 ·· ·· ·· ··
WA/SA/NT/
QLD

·· ·· 13·63 11·50–16·15 14·63 9·71–22·05 10·13 4·47–22·94

Diabetes 
mellitus

WA/SA 9·37 7·30–12·03 12·68 9·17–17·54 ·· ·· ·· ··
WA/SA/NT/
QLD

·· ·· 25·39 20·19–31·94 34·88 20·23–60·15 68·40 18·30–255·55

Obesity WA/SA 4·14 2·88–5·96 5·55 3·49–8·63 ·· ·· ·· ··
WA/SA/NT/
QLD

·· ·· 6·55 4·53–9·46 4·50 2·07–9·82 7·19 1·85–27·86

Renal 
disease

WA/SA 13·26 8·37–21·03 11·56 6·81–19·62 ·· ·· ·· ··
WA/SA/NT/
QLD

·· ·· 41·51 29·09–59·22 32·11 12·42–71·53 29·10 5·16–163·88

Cardiac 
disease

WA/SA 15·46 11·85–20·64 15·82 11·21–22·33 ·· ·· ·· ··
WA/SA/NT/
QLD

·· ·· 29·52 22·93–38·01 30·16 16·96–53·64 48·71 14·34–165·48
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A non-age-standardised serological survey from the Top 
End revealed an attack rate of 1·85-fold higher for Indig-
enous Australians than for non-Indigenous Australians 
[30]. Our age-standardised rates yielded a lower relative 
risk for influenza notifications (RR 1·50, 95%, CI 1·37–
1·64); this may be explicable by pre-existing immunity in 
older age groups [31]. Non-clinical reasons for hospitali-
sation (e.g., residence in remote areas requiring admis-
sion for observation) are possible, but are unlikely to have 
any impact on laboratory diagnosis, ICU admission, or 
death. Certain clinical factors may have been relevant in 
the disparity in influenza notification rates. Chronic dis-
eases of greater severity in Indigenous Australians may 
result in more cases of symptomatic influenza amongt 
those with these conditions, as may a greater burden 
of multiple chronic comorbidities, such as the concur-
rence of diabetes mellitus and renal disease [32]. Certain 
socioeconomic factors, such as a larger family size, over-
crowding, and poorer access to sanitation facilities may 
increase influenza transmission within some Indigenous 
communities, and thus account for some of the disparity 
[33].

Genetic factors are unlikely to be relevant given the 
similar outcomes amongst genetically diverse Indige-
nous populations in Australia, New Zealand, and North 
America. Thus, there are factors relating to colonisation 
itself that appear to be partially causal in the gap between 
Indigenous and non-Indigenous populations [1–7, 
34–36].

Physical health is also influenced by the downstream 
effects of intergenerational psychosocial trauma result-
ing from colonisation, loss of language and culture, and 
ongoing systematic, structural, and personal racism [11]. 
This results partly from the breakdown of traditional 
lifestyles and poor access to their modern replacements, 
such as 24-hour health care, running water, and sanita-
tion facilities. It also results from  imposition of drastic 
environmental changes to which human physiology is 
maladapted (e.g., drastic changes in dietary quality and 
caloric volume) [10, 34]. Differences in health care access 
based on race have been demonstrated: once admitted to 
hospital for cardiovascular disease, Indigenous Austral-
ians received fewer medical interventions and prescrip-
tions, but had poorer outcomes, than non-Indigenous 
Australians [11]. The Australian Human Rights Com-
mission identifies financial poverty, chronic stress, lack 
of control over health services, lack of ownership of tra-
ditional lands, and social and political racism as social 
determinants of poorer health amongst Indigenous 
Australians [37]. A 2014 report stated that connection 
to traditional ways of life and living in one’s ancestral 
homelands, rather than educational attainment and mon-
etary resources, was protective against chronic disease 

amongst Indigenous Australians [38]. Amongst Canadian 
First Nations communities, prevalence of suicide varied 
greatly based on presence of protective factors: self-gov-
ernment (most protective); successful land claims; com-
munity control over health and adjacent services; and 
presence of cultural facilities [39]. This all suggests that 
broader models of health, which address social inequali-
ties, integrate Indigenous health knowledge into clinical 
practice, and in which collaboration and empowerment 
of community leaders occurs, may more effectively 
address the gap in severe influenza between Indigenous 
and non-Indigenous Australians [11, 15, 40]. This knowl-
edge adds impetus to the Australian federal government 
initiative of ‘Closing the Gap’ in health outcomes between 
Indigenous and non-Indigenous Australians [41].

Our study had certain limitations. Self-reported data 
on chronic conditions from the ABS Health Surveys may 
not have perfectly matched the ascertainment of chronic 
conditions amongst influenza cases, this may or may 
not have affected rate ratios depending on whether the 
error was equal amongst Indigenous and non-Indigenous 
groups. There were small numbers of ICU admissions 
and deaths from influenza, causing sensitivity to small 
errors leading to wide confidence intervals and thus a 
lack of power to detect real differences. Rate ratios with 
confidence intervals are a conservative estimate of sig-
nificance and may have underestimated significant differ-
ences in RR for Indigenous compared to non-Indigenous 
cases of influenza. Collection of complete Indigenous 
status data is a recognised challenge leading to data loss, 
as close to a third of cases of swine flu needing to be 
excluded, the direction of change on RR for Indigenous 
compared to non-Indigenous is uncertain. Data on influ-
enza amongst those with multiple comorbidities and 
those with no chronic disease were not available, thus the 
RR amongst all Australia may have been higher and the 
contrast to those with specific chronic conditions lower, 
than if we were able to calculate RR amongst Australians 
without chronic conditions.

Conclusions
We are the first investigators to access and analyse data 
from a large geographic area on chronic disease preva-
lence and its relationship to pandemic influenza inci-
dence and severity amongst Indigenous people. Amongst 
those with chronic diseases, Indigenous Australians 
had significantly higher rates of influenza infection than 
non-Indigenous Australians with chronic disease; how-
ever, there was no further incremental increase in rates 
of severe influenza. Thus, higher background preva-
lence of chronic disease in Indigenous Australians does 
not account for the overall higher rates of 2009 H1N1 
influenza pandemic (influenza A(H1N1)pdm09) in 
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Indigenous Australians, but may contribute to more 
severe outcomes. Broader social and cultural factors also 
may play an important role.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12889-​022-​12841-6.

Additional file 1. Diseases as grouped in health survey analyses.

Acknowledgements
Nil.

Authors’ contributions
There are four contributing authors of this work. The primary author is Rashmi 
Dixit, PhD. As primary author, Dr. Dixit generated the hypothesis for this paper; 
liaised with health bodies, Australian governmental organizations, and ethics 
committees for permission to obtain and use data; collated data; graphed 
and charted data for analysis; analysed data; performed literature searches; 
and wrote the final article. Fleur Webster, MPH, is a contributing author to 
this paper. As a contributing author, Ms. Webster analysed data from the 
Australian Bureau of Statistics on background rates of chronic conditions from 
the National Aboriginal and Torres Strait Islander Health Survey, and from the 
National Health Survey; and provided guidance on application and limitations 
of said data. Robert Booy, MD, is a contributing author to this paper. As a 
contributing author, Dr. Booy guided ethics approval submission; provided 
input into statistical analysis; and provided oversight of the writing of the 
final article. Robert Menzies, PhD, is a contributing author to this paper. As 
a contributing author, Dr. Menzies oversaw each stage of the paper; guided 
and corrected data collection and analysis; guided the interpretation of data; 
and provided edits to the final article. The authors read and approved the final 
manuscript.

Funding
There was no funding received for the purposes of this study.

Availability of data and materials
The data that support the findings of this study were obtained upon author 
application to various sources. 1. Prevalence data for chronic conditions were 
obtained by analysing the Confidentialised Unit Record Files of health surveys 
conducted by the Australian Bureau of Statistics (ABS). 2. We obtained data on 
influenza cases during the 2009 ‘swine flu’ pandemic from the Communicable 
Diseases Network of Australia (CDNA), a division of the Department of Health 
and Aging (DoHA). Restrictions apply to the availability of both these sets 
of data, which were used under license for the current study, and so are not 
publicly available. Data are, however, available from the authors upon reason-
able request and with written permission of Australian Bureau of Statistics 
and Department of Health. 3. Percentage prevalence of each condition in the 
morbidity, mortality, and health survey data were adjusted using weightings 
for age, gender, probability of being selected, non-response rates and state 
or territory provided to the ABS to adjust for differences between survey 
and census populations: this was obtained by accessing the 2011 Australian 
census available at Commonwealth of Australia, Australian Bureau of Statistics, 
available from https://​www.​abs.​gov.​au/​AUSST​ATS/​abs@.​nsf/​allpr​imary​mainf​
eatur​es/​E8D5D​E6EDB​7BB6A​4CA25​82F90​013E6​A1.

Declarations

Ethics approval and consent to participate
This data is de-identified and collated from health and census surveys and 
clinical records. Thus, consent was obtained by relevant governmental surveil-
lance bodies. Ethics approval was granted by The University of Sydney Human 
Research Ethics Committee (2017/356). All procedures were performed in 
accordance with the Declaration of Helsinki.

Consent for publication
Not applicable.

Competing interests
Nil.

Author details
1 Westmead Clinical School, University of Sydney, NSW 2145 Sydney, Australia. 
2 School of Public Health and Community Medicine, University of New South 
Wales, NSW 2052 Sydney, Australia. 3 Westmead Institute for Medical Research, 
NSW 2145 Sydney, Australia. 4 Kirby Institute, Faculty of Medicine, University 
of New South Wales, NSW 2052 Sydney, Australia. 

Received: 28 December 2020   Accepted: 1 February 2022

References
	1.	 Castrodale L, McLaughlin J, Imholte S, et al. Deaths related to 2009 pan-

demic influenza a (H1N1) among American Indian/Alaska natives – 12 
states, 2009. MMWR Morb Mortal Wkly Rep. 2009;58(48):1341–4.

	2.	 Wenger JD, Castrodale LJ, Bruden DL, et al. 2009 pandemic influenza A 
H1N1 in Alaska: temporal and geographic characteristics of spread and 
increased risk of hospitalization among Alaska native and Asian/Pacific 
islander people. Clin Infect Dis. 2011;52(Suppl 1):S189–97. https://​doi.​org/​
10.​1093/​cid/​ciq037.

	3.	 Zarychanski R, Stuart TL, Kumar A, et al. Correlates of severe disease in 
patients with 2009 pandemic influenza (H1N1) virus infection. CMAJ. 
2010;182(3):257–64. https://​doi.​org/​10.​1503/​cmaj.​091884.

	4.	 Harris PN, Dixit R, Francis F, et al. Pandemic influenza H1N1 2009 in North 
Queensland–risk factors for admission in a region with a large indigenous 
population. Commun Dis Intell Q Rep. 2010;34(2):102–9. Available from: 
http://​www.​ncbi.​nlm.​nih.​gov/​pubmed/​20677​419.

	5.	 Verrall A, Norton K, Rooker S, et al. Hospitalizations for pandemic (H1N1) 
2009 among Maori and Pacific Islanders, New Zealand. Emerg Infect Dis. 
2010;16(1):100–2. https://​doi.​org/​10.​3201/​eid16​01.​090994.

	6.	 Miller A, Durrheim AD, Aboriginal and Torres Strait Islander Community 
Influenza Study Group. Aboriginal and Torres Strait Islander communities 
forgotten in new Australian National Action Plan for Human Influenza 
Pandemic: “ask us, listen to us, share with us.” Med J Aust. 2010;193(6):316–
7. Available from: http://​www.​ncbi.​nlm.​nih.​gov/​pubmed/​20854​233.

	7.	 Wilson N, Barnard LT, Summers JA, Shanks GD, Baker MG. Differential 
mortality rates by ethnicity in 3 influenza pandemics over a century, New 
Zealand. Emerg Infect Dis. 2012;18(1):71–7. https://​doi.​org/​10.​3201/​eid18​
01.​110035.

	8.	 Zhao Y, Demspsey K. Causes of inequality in life expectancy between 
Indigenous and non-Indigenous people in the Northern Territory, 
1981–2000: a decomposition analysis. Med J Aust. 2006;184(10):490–4. 
Available from: http://​www.​ncbi.​nlm.​nih.​gov/​pubmed/​16719​745.

	9.	 Robson B, Harris R, editors. Hauora: Māori Standards of Health IV: a study 
of the years 2000–2005 [eBook]. Wellington: Te Rōpū Rangahau Hauora a 
Eru Pōmare; 2007. Available from: http://​www.​hauora.​maori.​nz/​hauora.

	10.	 Dixit R. Obesity in developing countries: a review. Ann ACTM. 
2015;16(1):18–26. Available from:  http://​search.​infor​mit.​com.​au/​docum​
entSu​mmary;​dn=​25197​78007​40370;​res=​IELHEA.

	11.	 Brown A. Addressing cardiovascular inequalities among indigenous 
Australians. Glob Cardiol Sci Pract. 2012;2012(1):2–12.

	12.	 Schanzer DL, Langley JM, Tam TW. Co-morbidities associated with influ-
enza-attributed mortality, 1994–2000, Canada. Vaccine. 2008;26(36):4697–
703. https://​doi.​org/​10.​1016/j.​vacci​ne.​2008.​06.​087.

	13.	 Flint SM, Davis JS, Su JY, et al. Disproportionate impact of pandemic 
(H1N1) 2009 influenza on indigenous people in the top end of Australia’s 
Northern Territory. Med J Aust. 2010;192(10):612–22.

	14.	 Helferty M, Vachon J, Tarasuk J, Rodin R, Spika J, Pelletier L. Incidence of 
hospital admissions and severe outcomes during the first and second 
waves of pandemic (H1N1) 2009. CMAJ. 2010;182(18):1981–7. https://​doi.​
org/​10.​1503/​cmaj.​100746.

	15.	 Rudge S, Massey PD. Responding to pandemic (H1N1) 2009 influenza in 
Aboriginal communities in NSW through collaboration between NSW 
health and the Aboriginal community-controlled health sector. N S W 
Public Health Bull. 2010;21(1–2):26–9. https://​doi.​org/​10.​1071/​NB090​40.

	16.	 Goggin LS, Carcione D, Mak DB, et al. Chronic disease and hospitalization 
for pandemic (H1N1) 2009 influenza in indigenous and non-indigenous 

https://doi.org/10.1186/s12889-022-12841-6
https://doi.org/10.1186/s12889-022-12841-6
https://www.abs.gov.au/AUSSTATS/abs@.nsf/allprimarymainfeatures/E8D5DE6EDB7BB6A4CA2582F90013E6A1
https://www.abs.gov.au/AUSSTATS/abs@.nsf/allprimarymainfeatures/E8D5DE6EDB7BB6A4CA2582F90013E6A1
https://doi.org/10.1093/cid/ciq037
https://doi.org/10.1093/cid/ciq037
https://doi.org/10.1503/cmaj.091884
http://www.ncbi.nlm.nih.gov/pubmed/20677419
https://doi.org/10.3201/eid1601.090994
http://www.ncbi.nlm.nih.gov/pubmed/20854233
https://doi.org/10.3201/eid1801.110035
https://doi.org/10.3201/eid1801.110035
http://www.ncbi.nlm.nih.gov/pubmed/16719745
http://www.hauora.maori.nz/hauora
http://search.informit.com.au/documentSummary;dn=251977800740370;res=IELHEA
http://search.informit.com.au/documentSummary;dn=251977800740370;res=IELHEA
https://doi.org/10.1016/j.vaccine.2008.06.087
https://doi.org/10.1503/cmaj.100746
https://doi.org/10.1503/cmaj.100746
https://doi.org/10.1071/NB09040


Page 10 of 10Dixit et al. BMC Public Health         (2022) 22:1295 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Western Australians. Commun Dis Intell Q Rep. 2011;35(2):172–6. Avail-
able from: http://​www.​ncbi.​nlm.​nih.​gov/​pubmed/​22010​511.

	17.	 Dixit R, Khandaker G, Ilgoutz S, Rashid H, Booy R. Emergence of oseltami-
vir resistance: Control and management of influenza before, during and 
after the pandemic. Infect Disord Drug Targets. 2013;13(1):34–45. https://​
doi.​org/​10.​2174/​18715​26511​21299​90006.

	18.	 Dixit R, Herz J, Dalton R, Booy R. Benefits of using heterologous polyclonal 
antibodies and potential applications to new and undertreated infectious 
pathogens. Vaccine. 2016;34(9):1152–61. https://​doi.​org/​10.​1016/j.​vacci​
ne.​2016.​01.​016.

	19.	 Mallard A, Pesantes MA. Zavaleta-Cortijo C, et alAn urgent call to collect 
data related to COVID-19 and indigenous populations globally. BMJ Glob 
Health. 2021;6:e004655.

	20.	 Commonwealth of Australia, Australian Bureau of Statistics. Australian 
Aboriginal and Torres Strait Islander Health Survey: Updated Results, 
2012–13. Canberra, ACT: Commonwealth of Australia; 2014. Available 
from: http://​www.​abs.​gov.​au/​AUSST​ATS/​abs@.​nsf/​mf/​4727.0.​55.​006.

	21.	 Commonwealth of Australia, Australian Bureau of Statistics. Australian 
Health Survey: First Results, 2011–2012. Canberra, ACT: Commonwealth 
of Australia; 2012. Available from: http://​www.​abs.​gov.​au/​AUSST​ATS/​
abs@.​nsf/​allpr​imary​mainf​eatur​es/​79CFD​9E8B1​DB36E​ACA25​7F140​01334​
7E.

	22.	 World Health Organization. ICD-10 Version: 2010 [Internet]. Geneva: 
World Health Organization; 2010. Available from: http://​icd.​who.​int/​brows​
e10/​2010/​en#/.

	23.	 ABS 2018b. Estim​ates of Abori​ginal​ and Torre​s Strai​t Islan​der Austr​alian​s, 
June 2016. ABS cat. no. 3238.0.55.001. Canberra: ABS. Viewed 22 Oct 2018.

	24.	 Commonwealth of Australia, Australian Bureau of Statistics. Estimates 
of Aboriginal and Torres Strait Islander Australians, June 2011. Canberra, 
ACT: Commonwealth of Australia; 2013. Available from: http://​www.​abs.​
gov.​au/​AUSST​ATS/​abs@.​nsf/​allpr​imary​mainf​eatur​es/​E8D5D​E6EDB​7BB6A​
4CA25​82F90​013E6​A1.

	25.	 https://​www.​abs.​gov.​au/​ausst​ats/​abs@.​nsf/​Lookup/​CD71A​707B0​4A8F5​
BCA25​7BBB0​014CB​EC?​opend​ocume​nt accessed 10 July 2016.

	26.	 Armitage P, Berry G. Statistical methods in medical research. 3rd ed. 
London: Blackwell; 1994. p. 131.

	27.	 Liddell FD. Simple exact analysis of the standardised mortality ratio. J 
Epidemiol Community Health. 1984;38(1):85–8.

	28.	 Commonwealth of Australia, Department of Health and Aging. Review 
of Australia’s health sector response to pandemic (H1N1) 2009: lessons 
identified. Canberra, ACT: Commonwealth of Australia; 2011. Available 
from: http://​www1.​health.​gov.​au/​inter​net/​publi​catio​ns/​publi​shing.​nsf/​
Conte​nt/​review-​2011-​l/%​24File/​lesso​ns%​20ide​ntifi​ed-​oct11.​pdf.

	29.	 Su JY, Markey P. The epidemiology of the pandemic (H1N1) 2009 influ-
enza in the Northern Territory, June–September 2009. North Territory Dis 
Control Bull. 2009;16(3):1–7. Available from:  http://​hdl.​handle.​net/​10137/​
506.

	30.	 Trauer JM, Laurie KL, McDonnell J, Kelso A, Markey PG. Differential effects 
of pandemic (H1N1) 2009 on remote and indigenous groups, Northern 
Territory, Australia, 2009. Emerg Infect Dis. 2011;17(9):1615–23. https://​
doi.​org/​10.​3201/​eid17​09.​101196.

	31.	 Markey P, Su JY, Krause V. Summary of influenza in 2009 in the Northern 
Territory. North Territory Dis Control Bull. 2010;17(1):1–10. Available from: 
http://​hdl.​handle.​net/​10137/​506.

	32.	 Burrow S, Ride K. Review of diabetes among Aboriginal and Torres Strait 
islander people [Internet]. Perth, WA: Australian Indigenous HealthIn-
foNet; 2016. Available from: http://​healt​hinfo​net.​ecu.​edu.​au/​key-​resou​
rces/​publi​catio​ns/​31397/.

	33.	 Korff J. Overcrowded houses: Creative Spirits. 2012. Available from: http://​
www.​creat​ivesp​irits.​info/​abori​ginal​cultu​re/​land/​overc​rowded-​houses.

	34.	 O’Dea K, Spargo RM, Akerman K. The effect of transition from traditional 
to urban life-style on the insulin secretory response in Australian aborigi-
nes. Diabetes Care. 1980;3(1):31–7. https://​doi.​org/​10.​2337/​diaca​re.3.​1.​31.

	35.	 Lange R. ‘Te hauora Māori i Mua – history of Māori health – changing 
health, 1945 onwards’, Te Ara – the encyclopedia of New Zealand [Inter-
net]. Wellington: Manatū Taonga Ministry for Culture and Heritage; 2011. 
Available from: http://​teara.​govt.​nz/​en/​te-​hauora-​maori-i-​mua-​histo​ry-​of-​
maori-​health/​page-5.

	36.	 Gracey M, King M. Indigenous health part 1: determinants and disease 
patterns. Lancet. 2009;374(9683):65–75.

	37.	 Calma T, Dick D. Social determinants and the health of Indigenous peo-
ples in Australia – a human rights based approach. Presented at: Inter-
national Symposium on the Social Determinants of Indigenous Health. 
Adelaide, SA: Australian Human Rights Commission; 2007. Available from:  
http://​www.​human​rights.​gov.​au/​about/​news/​speec​hes/​social-​deter​
minan​ts-​and-​health-​indig​enous-​peopl​es-​austr​alia-​human-​rights-​based.

	38.	 Commonwealth of Australia, Department of Prime Minister and Cabinet, 
Australian Health Ministers’ Advisory Council. Aboriginal and Torres Strait 
Islander Health Performance Framework 2014 Report. Canberra, ACT: 
Commonwealth of Australia; 2015. Available from: http://​www.​niaa.​
gov.​au/​resou​rce-​centre/​indig​enous-​affai​rs/​health-​perfo​rmance-​frame​
work-​2014-​report.

	39.	 Chandler MJ, Lalonde C. Cultural continuity as a hedge against suicide in 
Canada’s First Nations. Transcult Psychiatry. 1998;35(2):191–219. https://​
doi.​org/​10.​1177/​13634​61598​03500​202.

	40.	 Massey PD, Miller A, Saggers S, et al. Australian Aboriginal and Torres 
Strait Islander communities and the development of pandemic influenza 
containment strategies: community voices and community control. 
Health Policy. 2011;103(2–3):184–90. https://​doi.​org/​10.​1016/j.​healt​hpol.​
2011.​07.​004.

	41.	 The Lowitja Institute. Close the Gap Report 2020: We Nurture Our 
Culture for Our Future, and Our Culture Nurtures Us [Internet]. Carlton, 
VIC: The Close the Gap Campaign Steering Committee; 2020. Avail-
able from: http://​www.​lowit​ja.​org.​au/​page/​servi​ces/​resou​rces/​
Cultu​ral-​and-​social-​deter​minan​ts/​cultu​re-​for-​health-​and-​wellb​eing/​
close-​the-​gap-​report-​2020.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

http://www.ncbi.nlm.nih.gov/pubmed/22010511
https://doi.org/10.2174/18715265112129990006
https://doi.org/10.2174/18715265112129990006
https://doi.org/10.1016/j.vaccine.2016.01.016
https://doi.org/10.1016/j.vaccine.2016.01.016
http://www.abs.gov.au/AUSSTATS/abs@.nsf/mf/4727.0.55.006
http://www.abs.gov.au/AUSSTATS/abs@.nsf/allprimarymainfeatures/79CFD9E8B1DB36EACA257F140013347E
http://www.abs.gov.au/AUSSTATS/abs@.nsf/allprimarymainfeatures/79CFD9E8B1DB36EACA257F140013347E
http://www.abs.gov.au/AUSSTATS/abs@.nsf/allprimarymainfeatures/79CFD9E8B1DB36EACA257F140013347E
http://www.icd.who.int/browse10/2010/en#/
http://www.icd.who.int/browse10/2010/en#/
https://www.abs.gov.au/ausstats/abs@.nsf/mf/3238.0.55.001
https://www.abs.gov.au/ausstats/abs@.nsf/mf/3238.0.55.001
http://www.abs.gov.au/AUSSTATS/abs@.nsf/allprimarymainfeatures/E8D5DE6EDB7BB6A4CA2582F90013E6A1
http://www.abs.gov.au/AUSSTATS/abs@.nsf/allprimarymainfeatures/E8D5DE6EDB7BB6A4CA2582F90013E6A1
http://www.abs.gov.au/AUSSTATS/abs@.nsf/allprimarymainfeatures/E8D5DE6EDB7BB6A4CA2582F90013E6A1
https://www.abs.gov.au/ausstats/abs@.nsf/Lookup/CD71A707B04A8F5BCA257BBB0014CBEC?opendocument
https://www.abs.gov.au/ausstats/abs@.nsf/Lookup/CD71A707B04A8F5BCA257BBB0014CBEC?opendocument
http://www1.health.gov.au/internet/publications/publishing.nsf/Content/review-2011-l/%24File/lessons%20identified-oct11.pdf
http://www1.health.gov.au/internet/publications/publishing.nsf/Content/review-2011-l/%24File/lessons%20identified-oct11.pdf
http://hdl.handle.net/10137/506
http://hdl.handle.net/10137/506
https://doi.org/10.3201/eid1709.101196
https://doi.org/10.3201/eid1709.101196
http://hdl.handle.net/10137/506
http://healthinfonet.ecu.edu.au/key-resources/publications/31397/
http://healthinfonet.ecu.edu.au/key-resources/publications/31397/
http://www.creativespirits.info/aboriginalculture/land/overcrowded-houses
http://www.creativespirits.info/aboriginalculture/land/overcrowded-houses
https://doi.org/10.2337/diacare.3.1.31
http://teara.govt.nz/en/te-hauora-maori-i-mua-history-of-maori-health/page-5
http://teara.govt.nz/en/te-hauora-maori-i-mua-history-of-maori-health/page-5
http://www.humanrights.gov.au/about/news/speeches/social-determinants-and-health-indigenous-peoples-australia-human-rights-based
http://www.humanrights.gov.au/about/news/speeches/social-determinants-and-health-indigenous-peoples-australia-human-rights-based
http://www.niaa.gov.au/resource-centre/indigenous-affairs/health-performance-framework-2014-report
http://www.niaa.gov.au/resource-centre/indigenous-affairs/health-performance-framework-2014-report
http://www.niaa.gov.au/resource-centre/indigenous-affairs/health-performance-framework-2014-report
https://doi.org/10.1177/136346159803500202
https://doi.org/10.1177/136346159803500202
https://doi.org/10.1016/j.healthpol.2011.07.004
https://doi.org/10.1016/j.healthpol.2011.07.004
http://www.lowitja.org.au/page/services/resources/Cultural-and-social-determinants/culture-for-health-and-wellbeing/close-the-gap-report-2020
http://www.lowitja.org.au/page/services/resources/Cultural-and-social-determinants/culture-for-health-and-wellbeing/close-the-gap-report-2020
http://www.lowitja.org.au/page/services/resources/Cultural-and-social-determinants/culture-for-health-and-wellbeing/close-the-gap-report-2020

	The role of chronic disease in the disparity of influenza incidence and severity between indigenous and non-indigenous Australian peoples during the 2009 influenza pandemic
	Abstract 
	Background: 
	Methods: 
	Findings: 
	Interpretation: 

	Introduction
	Methods
	Population prevalence of chronic diseases
	Influenza laboratory notifications, hospitalisations, ICU admissions, and deaths
	Statistics

	Results
	General
	Rate ratios for Indigenous compared to non-Indigenous for influenza in the all Australia (total) population vs. chronic disease populations
	Rate ratios for Indigenous compared to non-Indigenous, by severity of influenza disease

	Discussion
	Conclusions
	Acknowledgements
	References


