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Long-Term Outcomes From Acute Rheumatic Fever

and Rheumatic Heart Disease
A Data-Linkage and Survival Analysis Approach

BACKGROUND: We investigated adverse outcomes for people with acute
rheumatic fever (ARF) and rheumatic heart disease (RHD) and the effect of
comorbidities and demographic factors on these outcomes.

METHODS: Using linked data (RHD register, hospital, and mortality data)
for residents of the Northern Territory of Australia, we calculated ARF
recurrence rates, rates of progression from ARF to RHD to severe RHD,
RHD complication rates (heart failure, endocarditis, stroke, and atrial
fibrillation), and mortality rates for 572 individuals diagnosed with ARF and
1248 with RHD in 1997 to 2013 (94.9% Indigenous).

RESULTS: ARF recurrence was highest (incidence, 3.7 per 100 person-
years) in the first year after the initial ARF episode, but low-level risk
persisted for >10 years. Progression to RHD was also highest (incidence,
35.9) in the first year, almost 10 times higher than ARF recurrence. The
median age at RHD diagnosis in Indigenous people was young, especially
among males (17 years). The development of complications was highest
in the first year after RHD diagnosis: heart failure incidence rate per 100
person-years, 9.09; atrial fibrillation, 4.70; endocarditis, 1.00; and stroke,
0.58. Mortality was higher among Indigenous than non-Indigenous RHD
patients (hazard ratio, 6.55; 95% confidence interval, 2.45-17.51), of
which 28% was explained by comorbid renal failure and hazardous alcohol
use. RHD complications and mortality rates were higher for urban than for
remote residents.

CONCLUSIONS: This study provides important new prognostic information
for ARF/RHD. The residual Indigenous survival disparity in RHD patients,
which persisted after accounting for comorbidities, suggests that other
factors contribute to mortality, warranting further research.
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Clinical Perspective

What Is New?

e Data linkage between an rheumatic heart disease
(RHD) register, hospital data, and death register was
used to investigate RHD disease progression, com-
plication development, and survival and to examine
the impact of comorbidities.

e In the first year after an acute rheumatic fever (ARF)
episode, the incidence of progression to RHD was
10 times higher than ARF recurrence.

¢ Ten percent of RHD patients had severe disease at
RHD diagnosis.

e The presence of comorbidities was associated
with a higher incidence of RHD complications and
mortality.

¢ Among the RHD patients, comorbid renal failure and
hazardous alcohol use accounted for 28% of the
excess Indigenous mortality.

What Are the Clinical Implications?

¢ To emphasize the need for integrated chronic dis-
ease management strategies for patients with ARF/
RHD. This recommendation has relevance globally
for settings with high ARF/RHD rates.

* To raise the question of what factors, other than
higher comorbidity burden, account for remaining
gaps in Indigenous mortality and complication rates.

¢ To show that although secondary penicillin prophy-
laxis is an important strategy to reduce ARF recur-
rence and RHD development, the persisting high
progression rate from ARF to RHD reinforces the
need for new ARF treatments and broader health
policies focusing on primary and primordial preven-
tion strategies.

heart valves during episodes of acute rheumatic fever

(ARF) after group A streptococcal infection. It is a dis-
ease overwhelmingly acquired in childhood among children
living in poverty and overcrowded conditions. In the Austra-
lian general population and other developed countries, new
cases of RHD have been rare for many decades; it is now
almost entirely a disease of the elderly who acquired it as
children >60 years ago.

However, RHD remains very common among Indig-
enous (Aboriginal and Torres Strait Islander) Australians,t
many of whom live in conditions of poverty and over-
crowding. Such conditions are particularly common in
the Northern Territory (NT), a large, sparsely populated
area of northern Australia where Indigenous Australians
make up 30% of the population and live mostly in re-
mote, isolated communities.2 ARF and RHD incidence
rates among the NT Indigenous population are among
the highest rates reported worldwide. A recent study re-
ported that the ARF incidence and RHD incidence were

R heumatic heart disease (RHD) involves damage to the
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both >60 times higher for Indigenous compared with
non-Indigenous NT residents, with significantly higher
excess mortality.! Another recent study reported that
Indigenous Australians living in the NT are 54.8 times
more likely to die of RHD than non-Indigenous Australians
and have higher RHD mortality than Indigenous people
elsewhere in Australia.?

In 1997, an RHD control program began in the NT.
A register of all people diagnosed with ARF or RHD in
the NT is a central component of this control program.
The RHD Register is a recording and reminder system
for regular penicillin prophylaxis (to prevent recurrent
ARF episodes that cause cumulative damage to heart
valves) and to coordinate specialist monitoring and man-
agement for those with heart valve damage. The RHD
Register has also enabled comprehensive epidemiologi-
cal analysis of ARF and RHD incidence, prevalence, and
disease progression.!

Limited evidence is available on the development
of complications of RHD*5 or on the impact of chronic
disease comorbidities on outcomes for RHD patients,
despite the high prevalence of many chronic diseases
among Indigenous Australians.® Expanding on previous
research,! this study incorporated a datalinkage ap-
proach using the RHD Register, hospital inpatient data,
and death register data to investigate adverse outcomes
(eg, RHD complications and mortality) for people with
ARF and RHD and the effect of chronic disease comor-
bidities and other factors (eg, hazardous alcohol use,
exposure to violence, and trauma) on these outcomes.

METHODS

Data Sources

The NT RHD Register was used to identify NT residents with a
first episode of ARF or diagnosed with RHD between January
1, 1997, and June 30, 2013. Data obtained from the register
included demographic (sex, date of birth, Indigenous status,
place of residence), diagnostic (date of first ARF episode, date
of RHD diagnosis), and clinical information. The register also
includes the NT's unique health client identifier (the Hospital
Registration Number ) that is used by all public health services
(hospitals, primary health care, etc) in the NT.

An extract of all NT residents on the RHD Register was
linked to the NT public hospitals inpatient data set (matched
on Hospital Registration Number) to obtain data on all hospital
inpatient episodes for individuals on the register. Date of birth
and sex were used to verify the match. Data were obtained
from the inpatient data set for each inpatient episode: dates
of admission and discharge and principal and additional diag-
noses. Diagnosis data were used to identify inpatient episodes
with ARF or RHD as a principal or secondary diagnosis and
those with chronic disease comorbidities and, for RHD patients
only, those who had been hospitalized for serious RHD com-
plications (heart failure, stroke, atrial fibrillation, and endocar-
ditis) or indicators of high-risk behaviors and environments
(hazardous alcohol use, assault, and transportation accidents;
Table 1). The Charlson Comorbidity Index (CCl) was used to
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Table 1. Diagnosis Godes for Adverse Qutcomes
and Health Behavior—-Related Hospitalization

Hospitalization ICD-9 Codes* ICD-10 Codes*
ARF 390-392 100-102
RHD 393-398 105-109
Complications
Atrial 427.31 148
fibrillation
Endocarditis 421.0,421.9,424.9 133.0, 133.9, 138
Heart failure 428 150
Stroke 430-436 160164

Hospitalizations that indicate high-risk behavior or environment
Assault E96 X85-Y09, Y87.1

Hazardous 265.2,291.1-291.3, F10, E52, G62.1,
alcohol uset 291.5-291.9, 303.0, 142.6,K29.2, K70.0,
303.9, 305.0, 357.5, K70.3,K70.9,T51,
425.5,535.3,571.0- | 750.2,771.4,772.1
571.3,980,V11.3
Transportation E800-E848, V00-V99, Y85
accident £929.0-E929.1

ARF indicates acute rheumatic fever; ICD-9, International Classification
of Diseases, Ninth Revision, ICD-10, International Classification of
Diseases, 10th Revision; and RHD, rheumatic heart disease.

*Diagnosis code in the hospital inpatient data set was classified with
the /CD-9 (January 1991—June 1998) and /CD-10 (July 1998 onward).

THazardous alcohol use (alcohol abuse) was one of the comorbidities in
the Elixhauser Comorbidities Index.”

measure chronic disease comorbidity. The CCl is a widely used
summary measure of 19 comorbid conditions that has been
adapted for use with health administrative data.”® In the CClI,
each comorbidity was assigned a weight, and the sum of all the
weights results in the total CCl score’: CCl score=0 indicates
no comorbidities; CCl score=1 indicates presence of only 1
comorbidity; and CCl score =2 indicates multiple comorbidities
or serious comorbidities. Comorbidities and high-risk indica-
tors were identified from principal and secondary diagnoses
for inpatient episodes in the 5 years preceding the first ARF
episode or RHD diagnosis.

The RHD Register extract was also linked (using the Hospital
Registration Number) to the NT Department of Health’s Client
Master Index to obtain information on vital status and date of
death. All deaths registered in the NT are recorded in the Client
Master Index, although deaths of NT residents that occur inter-
state are not recorded.

The first ARF episode was defined as the first ARF episode
recorded in the register. Patients with a diagnosis of RHD
before or on the same day as their first ARF episode were
excluded from the ARF analysis because they may have had a
prior ARF episode that had not been diagnosed or recorded.
Patients with a first ARF episode before January 1, 1997 or
after June 30, 2013, were excluded.

The date of RHD incidence was defined as the earliest of
the RHD diagnosis date recorded in the register, the date of
first clinical review for RHD recorded in the register, or the
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admission date of the first inpatient episode with a diagnosis
of RHD. Patients with a diagnosis date before January 1, 1997,
or after June 30, 2013, were excluded, as were those with
an inpatient episode that included a diagnosis of heart failure,
endocarditis, stroke, or atrial fibrillation before the RHD diag-
nosis date (because these were likely to be complications of
previously undiagnosed RHD).

Patients living in the cities of Darwin and Alice Springs and
their hinterlands were classified as urban residents; all others
were classified as remote residents.

Study Outcomes

The primary outcomes for patients with a first ARF episode
were recurrent ARF and progression to RHD. The RHD Register
was used to identify recurrent ARF episodes. The primary out-
comes for patients with RHD were progression to severe RHD,
diagnosis of a serious complication (heart failure, endocardi-
tis, stroke, or atrial fibrillation), or death. Data from the RHD
Register about clinical reviews by medical specialists were
used to identify progression to severe RHD. Since 2004, the
NT RHD control program has classified the patient’s cardiac
status into 4 categories (no, mild, moderate, or severe RHD)
based on Australian national guidelines.® Hospital inpatient
data were used to identify the occurrences of RHD complica-
tions (atrial fibrillation, endocarditis, heart failure, or stroke).
All 4 are almost always investigated and treated in hospital at
their first occurrence. The secondary outcomes were hospital-
ization for treatment of ARF or RHD after the first ARF episode
or RHD diagnosis.

Statistical Analysis

Statistical analyses were conducted with Stata, version 13
(StataCorp, College Station, TX). The x? test was used to com-
pare prevalence of comorbidities, high-risk indicators, and RHD
hospitalization (within 1 year) between Indigenous and non-
Indigenous patients and other population subgroups.

Survival analysis was used to analyze the following adverse
outcomes for ARF patients: ARF recurrence and progression
to RHD. For RHD patients, the following adverse outcomes
were analyzed: progression to severe RHD, the occurrence of
RHD complications, and death. For each of the adverse events
except death, the follow-up time was censored at the earliest
of the following: date of diagnosis of each adverse event, date
of death, or June 30, 2013. For the analysis of death, follow-
up time was censored at June 30, 2013. The incidence rate
(per 100 person-years) of adverse outcomes was calculated
for years 0, 1 to 4, 5 t0o 9, and 10 to 14 after diagnosis.
The Stata stptime command was used to calculate incidence
rates, which allowed variable follow-up time for each patient.
The risks of the adverse outcomes at each time point (1, 5,
and 10 years) were calculated from the Kaplan-Meier failure
function as the cumulative probability of each event using the
Stata sts list command.

For the multivariable analysis, separate Cox proportional haz-
ards regression analysis was used to identify factors associated
with each adverse outcome. The same independent variables
were included in all final regression models: Indigenous status
(Indigenous compared with non-Indigenous); remoteness of resi-
dence (remote compared with urban); sex (male compared with
female); age at diagnosis (per year); year of diagnosis (per year);
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and comorbidity (CCI scores of 1 and 2 or more compared with
0). Cox regression and logistic regression were used to identify
the factors associated with higher hospitalization for ARF/RHD
treatment of ARF patients and higher hospitalization for RHD
treatment (within 1 year) of RHD patients.

Ethics

The study was approved by the Human Research Ethics
Committee of the NT Department of Health and the Menzies
School of Health Research (HREC-2011-1680). Approval
to access RHD Register data was obtained from the NT
RHD Steering Committee and the Register's data custodian.
Approval to access the NT hospital inpatient data and Client
Master Index data was obtained from the NT hospital inpatients
data custodian.

RESULTS

After the exclusion of those who died before 1997 or
had their first ARF episode or RHD diagnosis after June
30, 2013, there were 2660 potentially eligible individu-
als in the RHD Register.

To derive the ARF cohort, we excluded 926 patients
with first ARF episode or RHD diagnosis before 1997,

Rheumatic Heart Disease: Lessons From Linked Data

193 with unconfirmed ARF, and 969 patients in whom we
were unable to identify the first ARF episode, leaving 572
individuals with a first ARF episode in the study period.
To derive the RHD cohort, we excluded 746 with no RHD
diagnosis, 561 patients diagnosed before 1997, and
105 patients who had prior hospitalization for heart fail-
ure (n=62), endocarditis (n=11), stroke (n=10), or atrial
fibrillation (n=22), leaving 1248 patients diagnosed with
RHD during the study period. There were 152 RHD pa-
tients who had a clinical review for RHD before their RHD
diagnosis date was recorded in the RHD Register; the
diagnosis date was replaced with the first review date.
Similarly, the RHD diagnosis date was replaced for 330
patients who had a prior inpatient episode with a diag-
nosis of RHD. For the analysis of ARF and RHD patients,
there were no missing data for Indigenous status, sex,
age, and remoteness.

ARF Patient Cohort

ARF Patients’ Characteristics

Of the 572 confirmed first ARF episodes, 97.0% patients
were Indigenous, 43.5% were male, and 5.1% had co-
morbidities (CCI score >1; Table 2). The median age of

Table 2. Demographic Characteristics of ARF and RHD Patients, NT, 1997 to 2013

ARF, % RHD, %
Indigenous (n=555) Non-Indigenous (n=17) | Indigenous (n=1173) Non-Indigenous (n=75)
Male 43.2 52.9 352 28.0
Remote resident 85.4 29.4 84.1 20.0
Age group, y
0-4 0.9 0.0 0.3 0.0
5-9 21.1 5.9 10.3 0.0
10-14 39.5 23.5 20.0 6.7
15-24 25.4 23.5 26.0 9.3
25-34 79 17.7 17.8 10.7
35-44 43 29.4 131 18.7
>45 0.9 0.0 124 547
Median age, y 12 19 21 46
Year of diagnosis
1997-2000 16.8 41.2 18.2 17.3
2001-2005 337 17.7 38.3 56.0
2006-2010 28.7 11.8 315 18.7
2011-2013 20.9 29.4 11.9 8.0
CCl score
0 94.8 100.0 78.9 73.3
1 4.0 0.0 13.0 14.7
>2 1.3 0.0 8.0 12.0

ARF indicates acute rheumatic fever; CCI, Charlson Comorbidity Index; NT, Northern Territory; and RHD, rheumatic heart disease.
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first presentation was 12 years for Indigenous subjects
regardless of sex. Eleven ARF patients died in the 16-
year study period.

ARF Recurrence

The incidence of recurrent ARF was greatest in the first
year after the first ARF episode (Table 3); recurrences
continued to be seen >10 years after the first episode
(incidence rate, 1.41 per 100 person-years 10-14 years
after first ARF episodes). Among the ARF patients who
were <12 years of age, the incidence rate was 2.52 per
100 person-years (95% confidence interval, 1.05-6.04)
inyears 10 to 14.

The cumulative incidence of ARF recurrence at 10
years was 19.8% (Table 3). Among Indigenous people,
the cumulative incidence of ARF recurrence was 3.8%
at 1 year, 14.9% at 5 years, and 20.1% at 10 years.
In multivariable analysis, the only factor associated with
time to ARF recurrence was age at first ARF episode
(incidence decreased by 9% per year of age; Table 4).

Progression to RHD

The risk of progression to RHD was higher than ARF
recurrence, was very high in the first year after the
first ARF episode, and decreased thereafter (Table 3).
The cumulative incidence of progression to RHD was
27.1% at 1 year, 44.0% at 5 years, and 51.9% at 10
years. In multivariable analysis, the rate of progres-
sion to RHD decreased with age at first ARF episode
(by 3% per year of age). The risk of developing RHD
was higher for remote residents and those with CCI
score =2 (Table 4).

Hospitalization for ARF or RHD Treatment

Among the 572 ARF patients, the date of hospital ad-
mission corresponded with the date of first ARF notifi-
cation in 163 patients (28.5%), and 323 (56.5%) were
hospitalized for ARF or RHD treatment within 14 days of

Table 3. Incidence Rate and Cumulative Incidence
Rate (95% Confidence Interval) of Adverse Qutcomes
for ARF Patients (n=572) at Different Years After the
First ARF Diagnosis

Year ARF Recurrence
3.72 (2.40-5.77)
3.01 (2.27-3.99

Progression to RHD
35.92 (30.66—42.09)
6.66 (5.31-8.35)
2.99 (1.99-4.50)
1.47 (0.55-3.92)
9.84 (8.70-11.12)
(
(

Incidence 0-1
rate (per 1-5
100 person-
years)

( )
5-10 | 1.31(0.80-2.14)
>10 | 1.41(0.63-3.14)
Total | 2.38 (1.94-2.93)
( )
(
(

3.66 (2.38-5.61
14.43 (11.53-17.98)
10 | 19.82 (16.18-24.16)

Cumulative 1
incidence (%) 5

27.09 (23.61-30.96)
43.95 (39.67-48.47)
51.89 (47.12-56.84)

ARF indicates acute rheumatic fever; and RHD, rheumatic heart
disease.
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notification. After adjustment for age, sex, remoteness
of residence, and diagnosis year but not comorbidities,
Indigenous people had higher hospitalization for ARF/
RHD treatment than non-ndigenous people (hazard ra-
tio [HR], 2.18; P=0.047); after further adjustment for
comorbidities, the association of being Indigenous and
higher hospitalization for ARF/RHD treatment became
statistically insignificant (HR, 2.14; P=0.053; Table 5).
In the multivariable analysis adjusting for comorbidities,
the hospitalization for ARF/RHD treatment was higher for
ARF patients who were younger and with later diagnosis
years (Table 5).

RHD Patient Cohort

RHD Patients’ Characteristics

Of the 1248 people diagnosed with RHD, 94.0% were
Indigenous and 34.8% were male (Table 2). Age at RHD
diagnosis was younger for male than female patients
and for Indigenous than non-ndigenous patients (me-
dian age at diagnosis: Indigenous: male patients, 17
years; female patients, 23 years; non-Indigenous: male
patients, 42 years; female patients, 49 years). Of RHD
patients, 13.1% had a CCl score of 1 and 8.25% had a
CCl score =2. Urban residents had more comorbidities
(19.8% with CCl score of 1 and 13.8% with a CCl score
>2) than remote residents (11.5% with a CCl score of
1 and 6.9% with a CCl score >2; P<0.001). After ad-
justment for age, Indigenous RHD patients were more
likely to have comorbidities (CCl score >1) than non-
Indigenous patients (odds ratio, 2.50; 95% confidence
interval, 1.34-4.64).

Table 4. Multivariable Cox regression for ARF
Adverse Qutcomes, NT, 1997 to 2013

ARF Recurrence Progression to RHD

Variable HR (95% Cl) HR (95% Cl)
Indigenous 2.00 (0.26-15.27) 0.97 (0.38-2.43)
vs non-Indigenous
Remote vs urban 1.02 (0.55-1.91) 1.70 (1.14-2.55)
Male vs female 0.97 (0.64-1.48) 0.84 (0.65-1.08)
Age at diagnosis 0.91 (0.87-0.95) 0.97 (0.96-0.99)*
(per year of age)
Diagnosis year 1.03 (0.97-1.09) 1.02 (0.99-1.05)
(per year)
CCl score

1 1.21(0.44-3.31) 0.88 (0.43-1.80)

>? 1.71(0.24-12.44) 5.63 (2.17-14.61)

ARF indicates acute rheumatic fever; CCl, Charlson Comorbidity Index;
Cl, confidence interval; HR, hazard ratio; NT, Northern Territory; and RHD,
rheumatic heart disease.

*P<0.05.
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Table 5. Hospitalization for ARF/RHD Treatment of ARF Patients (n=572) and Hospitalization (Within 1 Year of
RHD diagnosis) for RHD Treatment of RHD Patients (n=1248), NT, 1997 to 2013

Hospitalization for ARF/RHD Treatment Hospitalization for RHD Treatment
Baseline Plus CCI Baseline Plus CCI

Exposure Variables HR (95% Cl) HR (95% Cl) OR (95% Cl) OR (95% Cl)
Indigenous 218 (1.01-4.71) 2.14(0.99-4.63) 2.08 (1.18-3.67)* 1.61 (0.89-2.90)
Urban vs remote 0.98 (0.75-1.28) 0.97 (0.74-1.27) 0.79 (0.58-1.08) 0.92 (0.66-1.27)
Female vs male 1.12 (0.92-1.36) 1.12 (0.93-1.36) 1.47 (1.15-1.88)" 1.56 (1.21-2.01)"
Age (per year of age) 0.98 (0.97-0.99)* 0.98 (0.97-0.99)* 1.00 (1.00-1.01) 0.99 (0.98-1.00)*
Diagnosis year (per year) 1.04 (1.02-1.06)" 1.04 (1.02-1.06)" 1.00 (0.97-1.03) 1.00 (0.97-1.03)
CCl score 1vs 0 0.93 (0.54-1.59) 4.95 (3.41-7.19)"
CCl score 22 vs 0 1.81(0.72-4.54) 3.88 (2.45-6.13)*

ARF indicates acute rheumatic fever; CCl, Charlson Comorbidity Index; Cl, confidence interval; HR, hazard ratio; NT, Northern Territory; OR, odds ratio;

and RHD, rheumatic heart disease.
*P<0.05.

RHD Hospitalization After RHD Diagnosis

Fewer than half of the 1248 RHD patients were hospital-
ized for RHD treatment within 1 year of diagnosis: 345
(27.6%) on the day the diagnosis was first recorded,
422 (33.8%) within 90 days, and 492 (39.4%) within 1
year. The proportion hospitalized within 1 year for RHD
treatment was greater for female than male patients
(42.6% compared with 33.1%) and for Indigenous than
non-Indigenous patients (40.1% compared with 29.3%)
but was similar for remote and urban residents (41.9%
compared with 38.8%). After adjusting for age, sex,
remoteness of residence, and diagnosis year but not
comorbidities, Indigenous people had higher hospital-
ization within 1 year for RHD treatment than non-Indig-
enous people (odd ratio, 2.08; P=0.011); after further
adjustment for comorbidities, the association between
Indigenous status and hospitalization within 1 year for
RHD treatment become statistically insignificant (odds
ratio, 1.61; P=0.116; Table 5). In the multivariable

logistic regression adjusted for comorbidities, the hos-
pitalization rate within 1 year for RHD treatment was
higher for RHD patients who were female, younger,
and with comorbidities (Table 5).

Progression to Severe RHD

Seventy-eight of the 772 patients (10.1%) diagnosed
with RHD between 2004 and 2013 had severe RHD at
diagnosis. The rate of progression to severe RHD was
highest in the first year after diagnosis and decreased
thereafter (Table 6).

Complications

Heart failure and atrial fibrillation were more common
complications than endocarditis or stroke (Table 6). The
incidence of development of all 4 complications was
highest in the first year after diagnosis and decreased

Table 6. Incidence Rate and Cumulative Incidence Rate (95% Confidence Interval) of Adverse Qutcomes for
RHD Patients (n=1248) at Different Years After the First RHD Diagnosis

Year Severe RHD* Atrial Fibrillation

Endocarditis

Heart Failure Stroke Death

Incidence 0-1 125.72 (21.99-30.09) | 4.70 (3.61-6.13)

1.00 (0.57-1.76) | 9.06 (7.46-11.00)

0.58 (0.28-1.22) | 0.50 (0.22-1.10

rae (per | 4 5 | 261 (196-347)

0.77 (0.54-1.10)
100 person-

0.31(0.18-0.54) | 1.23(0.92-1.63)

0.24(0.13-0.44) | 0.83(0.59-1.15

years) 5-10| 1.95(1.23-310) | 1.30(0.95-1.76)

0.38 (0.22-0.66) | 1.44(1.07-1.94)

>10 | 3.43(1.11-10.65) 1.41(0.85-2.33)

0.77 (0.40-1.48) | 1.90 (1.26-2.85

0.42(0.18-1.02) | 1.60(0.98-2.62)
)

)
)
0.38(0.22-0.66) | 1.33(1.00-1.78)
)
)

Total | 6.55(.75-7.47) | 1.51(1.28-178) | 0.43(0.32-058
Cumulative | 1 |2045(17.75-23.49) | 4.46 (3.44-577) |0.97 (0.55-17) | 8.24(6.84-9.92 | 058(0.28-121) | 0.5(0.22-1.1)
incidence (%) 5 | 0804 (24.87-3152) | 7.42(6.04-9.1) | 217 (1.47-32) |12.63 (10.85-14.67) | 151(0.94-2.42) | 3.75(2.77-5.06)
10 |34.62(304-39.23 |13.35(11.23-15.84) | 4.03 (2.9-558) | 18.62(16.25-21.28) | 3.63(25-528) |10.27 (8.33-12.63)

(
(
(
(
233(203-267) | 0.39(0.29-0.54) | 1.09(0.90-1.31
(
(
(

RHD indicates rheumatic heart disease.
*Only for those with diagnosis year of 2004 or later (n=772).
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thereafter (Table 6). In the multivariable analysis, urban
residents were more likely than remote residents to de-
velop atrial fibrillation and heart failure; atrial fibrillation
and stroke incidence increased with age at diagnosis
(by 5% and 4% per year of age, respectively; Table 7).
RHD patients with comorbidities (CCl score >1) had a
higher incidence of atrial fibrillation, endocarditis, and
heart failure.

Death

After adjustment for age, sex, remoteness of residence,
and diagnosis year but not comorbidities, Indigenous
people had higher risk of death after a RHD diagnosis
than non-Indigenous people (HR, 6.59; P<0.01). Adjust-
ment for comorbidities (Table 7) reduced this disparity
somewhat (HR, 5.19; P<0.01). In the multivariable analy-
sis (Table 7), the death rate was higher for patients who
were Indigenous, male, older, or urban-dwelling or who
had comorbidities.

Comorbidities of RHD Patients >18 Years Old

The proportion of patients with any comorbidity (CCl
score >1) was the same for Indigenous and non-Indig-
enous RHD patients. However, the Indigenous RHD pa-
tients had a higher prevalence of hospitalization as a
result of hazardous alcohol use (13.2% compared with
0%; P=0.002) and assault (12.3% compared with 0%;
P=0.003) than the non-ndigenous RHD patients (Table
8). RHD patients with hazardous alcohol use also had
higher hospitalization resulting from assault (53.4% com-
pared with 5.4%; P<0.001; Table 8). Among Indigenous
RHD patients, the prevalence of any comorbidity (CCl
score =1) was higher for urban than for remote resi-
dents (43.0% compared with 27.0%; P=0.001), as was
the prevalence of many individual conditions (Table 8).

In the baseline Cox regression model, death rates
were higher for Indigenous, urban, male, and older RHD
adult patients (Table 9). The HR for Indigenous status de-
creased from 6.55 in the baseline model to 4.64 when
also adjusted for renal failure, and it decreased further
to 3.87 when further adjusted for hazardous alcohol use
(Table 9), indicating that the higher prevalence of renal
failure and hazardous alcohol use (which are both asso-
ciated with higher mortality) was part of the reason for
the higher mortality of Indigenous RHD patients. Further
adjustment for other comorbidities (ie, adding CCI ex-
cluding renal failure to the model) did not decrease the
HR for Indigenous individuals much further. Adjustment
for renal failure and hazardous alcohol use similarly re-
duced the HR for urban compared with remote residents
(Table 9).

DISCUSSION

The NT RHD Register has previously been used to inves-
tigate ARF and RHD occurrence, progression, and sur-
vival for a population with a very high RHD burden.! This
study used a data-linkage approach to refine and expand
that work to include adverse outcomes other than death
and the influence of chronic disease comorbidity on ad-
verse outcomes. Linking hospital inpatient data to the
RHD Register enabled us to more accurately identify the
timing of the onset of RHD, to identify the occurrence of
serious complications, and to document chronic disease
comorbidities in ARF and RHD patients.

Our results confirm the previous findings! that the pro-
gression from ARF to RHD is rapid and is occurring faster
than documented ARF recurrences; RHD incidence was
almost 10 times higher than the incidence of ARF recur-
rence in the year after the first ARF episode. Secondary
prophylaxis with penicillin is important for reducing ARF
recurrence and the consequent worsening of heart valve

Table 7. Multivariable Cox Regression for RHD Adverse Outcomes, NT, 1997 to 2013

HR (95% CI)
Variable Severe RHD* Atrial Fibrillation Endocarditis Heart Failure Stroke Death
Indigenous 0.73(0.43-1.25) | 1.37 (0.76-2.46) | 1.18(0.32-4.37 1.21 (0.70-2.07 1.39 (0.44-4.41 519 (1.96-13.77)t

Urban vs remote | 1.16 (0.83-1.62) | 1.67 (1.12-2.50)t

1.72 (0.84-3.50

1.78 (1.29-2.45)t | 1.67 (0.77-3.64) | 1.70 (1.08-2.67)t

1.30(0.92-1.84

1.04 (1.02-1.06)t

)
( )

Male vs female 0.89 (0.68-1.17)
Age (per year) 1.00 (0.99-1.01)
1.05 (1.00-1.11)

Diagnosis year 1.01 (0.96-1.06

) ) ( ) (

( ) ( ) ) ( ) (

( ) | 1.19(0.64-2.23) | 1.09(0.81-1.45) | 0.94 (0.46-1.90) | 1.67 (1.13-2.47)f
1.05 (1.04-1.06)t | 0.99 (0.97-1.02) ) ( ) (

( ) | 1.05(0.96-1.14) ) ( ) (

)

)
1.04 (1.03-1.06)

)

(
(

1.01 (1.00-1.02
( 0.96 (0.90-1.02

0.99 (0.95-1.03) | 0.99 (0.90-1.10

CCl

1 1.25(0.85-1.83) | 1.85 (1.24-2.78)t

1.68 (0.75-3.80)

2.81(2.01-3.93) | 1.05(0.44-2.50) | 1.28 (0.76-2.15)

>2 1.19(0.74-1.91) | 1.37 (0.83-2.26)

325 (1.33-7.92)1

2.94 (1.95-4.44)t | 1.28(0.49-3.38) | 2.85(1.73-4.70)F

CCl indicates Charlson Comorbidity Index; Cl, confidence interval; HR, hazard ratio; NT, Northern Territory; and RHD, rheumatic heart disease.

*Only for those with diagnosis year of 2004 or later (n=772).
1P<0.05.
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Table 8. Prevalence of Selected Gomorbidities and Health Behavior-Related
Hospitalizations Among Indigenous (Urban and Remote) and Non-Indigenous RHD

Patients (>18 Years 0ld)

Indigenous, % Non-Indigenous (n=66), %
Conditions Urban (1=128) | Remote (1=541)
Selected comorbidities
Chronic obstructive pulmonary 14.1* 6.5 6.1
disease
Congestive heart failure 16.4t 9.8 15.2
Diabetes mellitus 13.3t 6.8 121
Diabetes mellitus with complications 10.2% 44 3.0
Liver disease (mild) 4.7 2.0 0.0
Liver disease (moderate/severe) 0.8 0.9 0.0
Renal failure 7.8 4.3 3.0
Hospitalizations that indicate high-risk behavior or environment
Assault 21.9 10.0 0.0t
Hazardous alcohol use 25.8* 10.2 0.0
Transportation accident 7.8t 15.3 9.1

RHD indicates rheumatic heart disease.

*Significant difference between urban- and remote-residing Indigenous RHD patients (P<0.01).
tSignificant difference between urban- and remote-residing Indigenous RHD patients (P<0.05).
FSignificant difference between Indigenous and non-Indigenous RHD patients (P<0.01).

damage, but the high proportion of patients with RHD at
or shortly after their first diagnosed ARF episode demon-
strates the limitations of secondary prevention and the im-
portance of primordial and primary preventive strategies.
Secondary prophylaxis with penicillin is recommended
to continue for 10 years after a diagnosis of ARF or to
age 21, whichever comes later, according to Australian
and New Zealand guidelines.® US guidelines differ slight-

ly, recommending penicillin for only 5 years or to age 21
after ARF without carditis,'® and Gordon et al'! indicate
that a b-year duration is commonly used in Canada. In the
10- to 14-year interval after the initial ARF diagnosis, we
found an ARF recurrence rate of 1.41 per 100 person-
years overall and 2.52 per 100 person-years among pa-
tients <12 years of age. This contrasts somewhat with
our previous study that also confirmed decreasing recur-

Table 9. Multivariable Cox Regression for Mortality of RHD Patients (=18 Years Old) With Adjustment for

Different Comorbidities

HR (95% Cl)
Plus Hazardous
Exposure Variables Baseline Plus Renal Failure Alcohol Use Plus CCI
Indigenous 6.55 (2.45-17.51)* 4.64 (1.72-12.49) 3.87 (1.41-10.57) 3.79 (1.39-10.36)"
Urban vs remote 2.03 (1.26-3.27)* 1.76 (1.09-2.85) 1.54 (0.94-2.54 1.52 (0.92-2.50

Male vs female

1.63 (1.06-2.51)

1.67 (1.08-2.57)*

Age (per year of age)

1.05 (1.04-1.07)*

1.04 (1.02-1.06)*

Diagnosis year (per year)

(

( )
1.73 (1.13-2.65)"

( )

( )

0.99 (0.93-1.05

0.99 (0.92-1.05

0.97 (0.91-1.04

Renal failure

(

( )
1.71 (1.11-2.62)"
1.04 (1.03-1.06)"

( )

( )

4.48 (2.58-7.77)"

4.16 (2.38-7.25)"

3.61 (2.01-6.48)"

Hazardous alcohol use

(

( )

( )
1.04 (1.03-1.06)"

( )

( )

( )

1.94 (1.10-3.40)*

1.78 (1.01-3.15)

CCl score 1vs 0

1.37 (0.82-2.29

CCl score =2 vs 0

(

( )
( )
( )
0.96 (0.90-1.03)
( )
( )
( )
1.61(0.89-2.93)

CCl indicates Charlson Comorbidity Index; CI, confidence interval; HR, hazard ratio; and RHD, rheumatic heart disease.

*P<0.05.
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rence risk in each year after ARF diagnosis (9%/y) but
found that the risk fell to O by 10 years.! These findings
support the longer secondary prophylaxis duration rec-
ommended in our national guidelines® but indicate that
continuing low-level risk may persist thereafter, again em-
phasizing the fundamental importance of broader control
strategies than secondary prophylaxis alone. Recom-
mending penicillin for >10 years would be difficult to jus-
tify given the need to balance morbidity related to needle
administration against the low risk of further recurrences
more than a decade after the last ARF episode.

This study demonstrates that although there are guide-
lines stating that all patients with suspected ARF should
be hospitalized as soon as possible,*!213 only 56.5% of
patients were admitted to hospital for the treatment of
ARF or RHD within 14 days of the onset of their first ARF
episode. Early hospitalization facilitates specialist review,
exclusion of differential diagnosis, confirmation of the
ARF diagnosis, access to echocardiography, beginning
of penicillin and ARF treatments (eg, salicylates for ARF
arthritis or arthralgia), and provision of education for the
patient and their family about ARF/RHD. Although treat-
ment might have been initiated in primary care, these find-
ings suggest delays in the initiation of treatment for ARF
patients that might have contributed to the early onset
or progression of heart valve damage. This study dem-
onstrates the importance of the use of routine linkage of
RHD Register and hospital data to investigate this miss-
ing link, consistent with another study!* suggesting the
effectiveness of using hospitalization data to identify ARF/
RHD cases not documented in the RHD Register. Even in
a jurisdiction with an effective and long-asting register,
our study has demonstrated that data are incomplete and
that a linkage approach can supplement additional data
on both outcomes and case ascertainment.

Our finding of higher mortality in older and Indigenous
RHD patients is consistent with previous studies.!s In
the multivariable analysis, male patients had a higher
mortality despite having a similar incidence rate for all of
the 4 complications compared with female patients. Al-
though it was previously shown that males have a lower
ARF and RHD incidence than females,'!> our study found
that when they do have RHD, male patients are more
likely to die. Other factors may contribute to the higher
mortality of male RHD patients, such as lower adherence
to secondary prophylaxis, a higher prevalence of comot-
bidities, or hazardous alcohol use. The findings of a simi-
lar hospitalization rate for male and female ARF patients
(mainly children) but a lower proportion of male RHD pa-
tients (mainly young adults) receiving RHD treatment at
hospital suggest different health-related behaviors of the
2 sexes at different phases of their lives.

Our finding that the highest incidence of all 4 compli-
cations occurred in the first year after diagnosis high-
lights the importance of prompt action plans within this
time frame to prevent or manage these complications
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in RHD patients (who were mainly young people with a
median age at diagnosis of 21 years) because they con-
tributed to higher death rates. Atrial fibrillation and heart
failure were more common among RHD patients (5% and
8%, respectively, in first year; 13% and 19% within 10
years), whereas endocarditis and stroke were less com-
mon but still occurred in 4% of RHD patients within 10
years. Unfortunately, the development of complications
was not less common in those diagnosed with RHD in
more recent years.

Progression from ARF to RHD was more common for
remote than for urban residents, but for RHD patients,
urban residents had higher rates of atrial fibrillation and
heart failure and higher mortality even after adjustment
for comorbidities and hazardous alcohol use. Lower
identification of atrial fibrillation and heart failure among
remote residents could be an artifact of lower access
to inpatient care for them, but this seems unlikely be-
cause hospitalization rates were similar for remote and
urban RHD patients. Alcohol is less accessible or not
accessible at all in remote communities; thus, individuals
labeled as having hazardous alcohol use, who mostly live
in remote locations and drink only when visiting town,
would have lower risk than urban-based individuals with
hazardous alcohol use. In addition, the death data, being
the most reliable source of data (compared with hospi-
tal and register data), also showed that remote RHD pa-
tients have lower mortality, which is consistent with the
findingst® of lower-than-expected cardiovascular morbid-
ity and all-cause mortality for people residing in remote
Aboriginal communities.

Because this is the first study to link hospital data with
register data to investigate the incidence of long-term
RHD complications, there were no available studies with
which to compare our results. This study may have un-
derestimated the incidence of complications and mortal-
ity among RHD patients because some who developed a
complication might not have been admitted to hospital,
either because the complication was very mild or be-
cause it was very severe and they died before arriving at
hospital. The latter possibility could be investigated by
linking RHD Register and hospital inpatient data with the
National Death Index (which includes cause of death) to
identify RHD patients who died of a complication before
hospital admission; this was beyond the scope of the
present study.

Our study demonstrated the high prevalence of co-
morbidities in RHD patients and their role in adverse out-
comes. The presence of comorbidities was associated
with a higher incidence of atrial fibrillation, endocarditis,
and heart failure (but not stroke) and higher mortality. In
particular, renal failure and hazardous alcohol use were
more common among Indigenous than non-Indigenous
patients, which accounted for 28% of the excess mortal-
ity of Indigenous patients (HR decreases from 6.55 to
3.87). The finding of the adverse effect of kidney failure
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on Indigenous RHD patients is consistent with the finding
from another study that kidney failure is the only chronic
disease that is associated with 30-day and long-term
mortality after RHD-related valve surgery, particularly for
Indigenous RHD patients (30-day mortality odds ratio,
14.1; 95% confidence interval, 1.0-200.0).17 Between
2007 and 2009, renal failure was the main contributor
(19%) to deaths of people with RHD.®> Hazardous alco-
hol use was the other comorbidity that contributed to
Indigenous/non-Indigenous and urban/remote differen-
tials in adverse outcomes. This is particularly relevant
to NT, which has the highest alcohol consumption rates
in Australia.'®1% In a 2012-2013 national survey, 30.5%
of NT Indigenous adults reported alcohol consumption
at risky or high-risk levels (28.4% for remote residents,
35.3% for urban residents)'® compared with 16.1% of
NT non-Indigenous adults in a comparable national sur-
vey in 2010. Our finding that 25.8% of urban Indigenous
adult RHD patients had been admitted to hospital for a
condition related to hazardous alcohol consumption is
consistent with these high consumption levels.

Our study suggests that hazardous alcohol use is the
greatest contributor (among factors that we could inves-
tigate) to the urban/remote differentials in mortality. RHD
patients with hazardous alcohol use are almost twice as
likely to die even after adjustment for other comorbidi-
ties. In this case, hazardous alcohol use should not be
seen only as a behavior. Rather, it could be also seen as
a proxy for other unmeasured variables that are causing
it. To complicate things, hazardous alcohol use could
also affect other chronic diseases and other unfavorable
health-related behaviors, leading to poorer outcomes.

Even after adjustment for comorbidities and hazard-
ous alcohol use, Indigenous RHD patients are still >3
times more likely to die than non-Indigenous patients,
indicating that there are other unmeasured factors con-
tributing to this disparity that need further research. No
data were available for this study on socioeconomic con-
ditions, which may be major contributors to this dispar-
ity. Indigenous Australians, particularly in the NT, have
much poorer socioeconomic conditions, including hous-
ing, than other Australians.?2° An NT study found that so-
cioeconomic disadvantage accounted for more than one
third of the gap between Indigenous and non-Indigenous
life expectancy and that >60% of the gap was explained
by the combined effects of socioeconomic disadvantage
plus smoking, hazardous alcohol use, obesity, pollution,
and intimate partner violence.?!

Unlike in other Australians, ARF is a common child-
hood disease of Indigenous Australians, and RHD is a
dangerous, sometimes fatal disease among their chil-
dren and young adults. The NT RHD Register, the most
comprehensive data on ARF and RHD available in Aus-
tralia, has previously been used to demonstrate the
very high incidence of and mortality from ARF and RHD
among the NT Indigenous population. By linking the
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RHD Register to hospital and death records, this study
has demonstrated the high frequency of serious com-
plications in the years after the onset of RHD and the
deleterious effect of the higher prevalence of chronic
disease comorbidity, particularly chronic kidney disease
and hazardous alcohol use, among Indigenous people
(including those with RHD) on both the development of
complications and survival. ARF incidence and RHD inci-
dence have not declined in recent years. It is not clear
whether this is a result of inadequate compliance with
secondary prophylaxis or of the limitations of secondary
prophylaxis in the absence of improvements in housing
and other socioeconomic conditions. The RHD Register
includes data on the administration of secondary pro-
phylaxis that could be used to investigate the effective-
ness of secondary prophylaxis, which needs to be done
urgently. Data are not so readily available to investigate
socioeconomic conditions; data on housing also need to
be investigated with similar urgency.

ACKNOWLEDGMENTS

We acknowledge the support of the NT Department of Health
and thank the staff of the NT Department of Health Data Man-
agement and System Reporting Branch for extracting and link-
ing the hospital inpatient data and mortality data; Cath Milne
from the NT RHD control program for extracting the RHD Reg-
ister data; and Shu Qin Li from the Department of Health Health
Gains Planning Branch for linking the RHD Register to the hos-
pital inpatient data.

SOURCES OF FUNDING

V.Y.F. He was supported by a University Postgraduate Re-
search Scholarship from Charles Darwin University. Dr Ralph is
supported by the National Health and Medical Research Coun-
cil of Australia (GNT1113638). J.L. de Dassel is supported by
an Australian Postgraduate Award scholarship. Dr Zhao, Dr
Roberts, Dr Currie, M. Fittock, and Dr Edwards are supported
by the NT Department of Health.

DISCLOSURES

None.

AFFILIATIONS

From Menzies School of Health Research, Charles Darwin
University, Darwin, Australia (V.Y.F.H., JR.C., APR., KR.,
J.L..d.D., B.J.C.); Royal Darwin Hospital (A.P.R., K.R., B.J.C.,
K.N.E.) and Health Gains Planning Branch (Y.Z.), Northern Ter-
ritory Government Department of Health, Darwin, Australia;
Northern Territory Rheumatic Heart Disease Control Program,
Centre for Disease Control, NT Department of Health, Darwin,
Australia (M.F., K.N.E.); Telethon Kids Institute, University of
Western Australia, Perth, Australia (J.R.C.); and Princess Mar-
garet Hospital for Children, Perth, Australia (J.R.C.).

July 19,2016 231

10114V

(=]
=
=
=
=
=
=
m
(7]
m
=
E=]
o
==




He et al

FOOTNOTES

Received December 16, 2015; accepted May 27, 2016.
Circulation is available at http://circ.ahajournals.org.

REFERENCES

1.

10.

232

Lawrence JG, Carapetis JR, Griffiths K, Edwards K, Condon JR.
Acute rheumatic fever and rheumatic heart disease: incidence
and progression in the Northern Territory of Australia, 1997 to
2010. Circulation. 2013;128:492-501. doi: 10.1161/CIRCULA-
TIONAHA.113.001477.

. NT Department of Health, Health Gains Planning. Northern Territo-

ry demography, 2015. 2015. http://hdl.handle.net/10137/649.
Accessed December 15, 2015.

. Colguhoun SM, Condon JR, Steer AC, Li SQ, Guthridge S, Cara-

petis JR. Disparity in mortality from rheumatic heart disease in In-
digenous Australians. J Am Heart Assoc. 2015;4. doi: 10.1161/
JAHA.114.001282.

. Sani MU, Karaye KM, Borodo MM. Prevalence and pattern of

rheumatic heart disease in the Nigerian savannah: an echocardio-
graphic study. Cardiovasc J Afr. 2007;18:295-299.

. Okello E, Wanzhu Z, Musoke C, Twalib A, Kakande B, Lwabi P, Wil-

son NB, Mondo CK, Odoi-Adome R, Freers J. Cardiovascular com-
plications in newly diagnosed rheumatic heart disease patients at
Mulago Hospital, Uganda. Cardiovasc J Afr. 2013;24:80-85. doi:
10.5830/CVJA-2013-004.

. Zhao Y, Connors C, Wright J, Guthridge S, Balilie R. Estimating

chronic disease prevalence among the remote Aboriginal popula-
tion of the Northern Territory using multiple data sources. Aust
NZ J Public Health. 2008;32:307-313. doi: 10.1111/j.1753-
6405.2008.00245 .x.

. Quan H, Sundararajan V, Halfon P, Fong A, Burnand B, Luthi JC,

Saunders LD, Beck CA, Feasby TE, Ghali WA. Coding algorithms
for defining comorbidities in ICD-9-CM and ICD-10 administrative
data. Med Care. 2005;43:1130-1139.

. Thygesen SK, Christiansen CF, Christensen S, Lash TL, Sgrensen

HT. The predictive value of ICD-10 diagnostic coding used to
assess Charlson comorbidity index conditions in the population-
based Danish National Registry of Patients. BVC Med Res Meth-
odol. 2011;11:83..

. RHDAustralia (ARF/RHD Writing Group), National Heart Foundation

of Australia, Cardiac Society of Australia and New Zealand. Austra-
lian guideline for prevention, diagnosis and management of acute
rheumatic fever and rheumatic heart disease (2nd edition). 2012.
https://www.rhdaustralia.org.au/sites/default/files/resources/
guideline_0_0.pdf. Accessed April 22, 2016.

Gerber MA, Baltimore RS, Eaton CB, Gewitz M, Rowley AH, Shulman
ST, Taubert KA. Prevention of rheumatic fever and diagnosis and
treatment of acute Streptococcal pharyngitis: a scientific statement
from the American Heart Association Rheumatic Fever, Endocardi-

July 19, 2016

11.

12.

13.

14.

15.

17.

18.

19.

20.

21.

tis, and Kawasaki Disease Committee of the Council on Cardiovas-
cular Disease in the Young, the Interdisciplinary Council on Func-
tional Genomics and Translational Biology, and the Interdisciplinary
Council on Quality of Care and Outcomes Research: endorsed by
the American Academy of Pediatrics. Circulation. 2009;119:1541-
1551. doi: 10.1161/CIRCULATIONAHA.109.191959.

Gordon J, Kirlew M, Schreiber Y, Saginur R, Bocking N, Blakelock
B, Haavaldsrud M, Kennedy C, Farrell T, Douglas L, Kelly L. Acute
rheumatic fever in First Nations communities in northwestern
Ontario: social determinants of health “bite the heart.” Can Fam
Physician. 2015;61:881-886.

Carapetis JR, Brown A, Wilson NJ, Edwards KN; Rheumatic Fever
Guidelines Writing Group. An Australian guideline for rheumatic
fever and rheumatic heart disease: an abridged outline. Med J
Aust. 2007;186:581-586.

World Health Organization. Rheumatic fever and rheumatic heart
disease: report of a WHO expert consultation, Geneva. 2001.
http://www.who.int/cardiovascular_diseases/resources/en/cvd_
trs923.pdf. Accessed April 22, 2016.

Murdoch J, Davis S, Forrester J, Masuda L, Reeve C. Acute
rheumatic fever and rheumatic heart disease in the Kimberley:
using hospitalisation data to find cases and describe trends.
Aust NZ J Public Health. 2015;39:38-43. doi: 10.1111/1753-
6405.12240.

Australian Institute of Health and Welfare. Rheumatic heart dis-
ease and acute rheumatic fever in Australia: 1996-2012: cardio-
vascular disease series. Cat. no. CVD 60. Canberra: Australian
Institute of Health and Welfare; 2013. http://www.aihw.gov.au/
WorkArea/DownloadAsset.aspx?id=60129542747.  Accessed
April 22, 2016.

. Rowley KG, O'Dea K, Anderson I, McDermott R, Saraswati K, Tilm-

outh R, Roberts |, Fitz J, Wang Z, Jenkins A, Best JD, Wang Z,
Brown A. Lower than expected morbidity and mortality for an Aus-
tralian Aboriginal population: 10-year follow-up in a decentralised
community. Med J Aust. 2008;188:283-287.

Russell EA, Tran L, Baker RA, Bennetts JS, Brown A, Reid CM,
Tam R, Walsh WF, Maguire GP. A review of outcome following valve
surgery for rheumatic heart disease in Australia. BMC Cardiovasc
Disord. 2015;15:103. doi: 10.1186/512872-015-0094-1.

NT Department of Health, Health Gains Planning. Alcohol use in
the Northern Territory. 2014. http://hdl.handle.net/10137/515.
Accessed December 15, 2015.

Gray D, Chikritzhs T. Regional variation in alcohol consumption in
the Northern Territory. Aust NZ J Public Health. 2000;24:35-38.
Australian Institute of Health and Welfare. The health and welfare
of Australia’s Aboriginal and Torres Strait Islander peoples: 2015.
Cat. no. IHW 147. Canberra: Australian Institute of Health and
Welfare; 2015. http://www.aihw.gov.au/WorkArea/DownloadAs-
set.aspx?id=60129551281. Accessed April 22, 2016.

Zhao Y, Wright J, Begg S, Guthridge S. Decomposing Indigenous
life expectancy gap by risk factors: a life table analysis. Popul
Health Metr. 2013;11:1. doi: 10.1186,/1478-7954-11-1.

Circulation. 2016;134:222-232. DOI: 10.1161/CIRCULATIONAHA.115.020966





