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Clinical outcomes associated with changes in a chronic disease
treatment program in an Australian Aboriginal community
Wendy E Hoy, Srinivas N Kondalsamy-Chennakesavan and Jennifer L Nicol

A

n epidemic of chronic disease has
arisen among Indigenous people in
remote areas of Australia, and renal
failure is an important component.1-3 The
underlying renal disease is marked by albuminuria, has multiple causes, progresses
over time, and marks a greatly increased risk
of death
from non-renal as well as renal
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causes. The first 3–4 years of operation of
the program have been described previously.9-11 In 2000, responsibility for the
program was assumed by the community’s
Health Board, after a year-long handover.
The Board had been constituted under the
Coordinated Care Trials initiative and was
funded for primary care services through the
federal and territory governments. It
retained the same protocols and treatments
for chronic disease “activities”, and initially
the same Aboriginal staff.
Here, we describe the subsequent evolution of the program and the clinical outcomes to mid-2003.
The chronic disease program
Treatment was offered to all adults with
overt albuminuria (urine albumin–creatinine ratio [ACR] ⭓ 34 g/mol), all with diabetes and microalbuminuria (ACR ⭓ 3.4 g/
mol), and all with blood pressure ⭓ 140/
90 mmHg. Treatment centred around use
of the drug Coversyl (perindopril, a longacting angiotensin-converting enzyme
inhibitor; Servier Laboratories), blood
pressure control, and attempts to control
blood glucose and lipid levels where appropriate.9-11
Two hundred and sixty-four people were
identified as eligible and enrolled in the
program.10,11 Their mean age was 43.4
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• In late 1995, a treatment program for renal disease and hypertension was introduced
into a remote Aboriginal community. Over the next 3.5 years, mean blood pressure
levels were markedly reduced, renal function stabilised, and rates of both renal and
non-renal deaths declined significantly.
• In 1999–2000, responsibility for the program was passed to the community’s local
Health Board, which subsequently faced deficiencies in clinical information systems
and a shortfall in funding.
• After the handover, the intensity of the program declined, and compliance with
medicines fell. Blood pressures in the treatment cohort increased, renal function
deteriorated, and rates of deaths from natural causes subsequently rose. From 2002 to
mid-2003, the adjusted risks of renal and non-renal deaths in the treatment cohort
were three and 9.5 times the respective risks of people during the first 18 months of
treatment in the systematic phase of the program.
• Sustained vigorous activity, both in treatment of people already identified and in
community screening for treatment eligibility, is required to maintain good results in
any chronic disease program. Adequate resources and well supported staff are
essential, and constant evaluation is needed to follow outcomes and modify strategies
as necessary.
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years; 53% were female, 44% had diabetes,
55% had hypertension, 64% had overt
albuminuria, and 11% had serum creatinine levels above the laboratory’s reference
range. In the first 3 years of the program,
two-thirds of the participants reported that
they were taking their medicines “some or
most of the time”. In the treatment cohort,
average blood pressure fell dramatically
with treatment, and urine ACR, previously
deteriorating, stabilised.5 Average serum
creatinine level rose over the first 2 years,
and then fell to below baseline values.
At an average of 3.4 years after enrolment,
all-cause natural deaths in participants with
overt albuminuria had fallen by 50%, and
deaths from renal causes had fallen by 57%,
when compared with historical controls
matched for baseline disease severity.11
Whole-of-community trends in terminal
events supported these estimates. Savings in
dialysis avoided were estimated at $3.4 mil-
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lion, representing $12 879 per treated person over that period.12,13
What happened to the program?
The community’s Health Board encountered
a series of problems, including deficiencies
in the computer systems and a shortfall in
anticipated funding, which affected the
chronic disease program. The program’s
intensity gradually diminished, starting in
the last months of the handover and continuing in subsequent years.
There were problems generating lists of
people due for rescreening and treatment,
diagnoses, and clinical and laboratory
results.14 Regular testing of the whole community decreased. Staff roles were reassigned, and the program coordinator left in
late 2001 and was not replaced. The discrete
chronic disease program was ultimately
abandoned, and its activities were incorporated into mainstream care.15
In late 2001, a pharmacy review
revealed that only 8% of people prescribed
multiple medications were regularly picking up their weekly packs of medicine
(Rollo Manning, consultant pharmacist to
the Health Board, personal communication). Some concerted action followed,
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1 Blood pressure and renal function in the treatment cohort over yearly
intervals after enrolment
A. Entire treatment cohort (n=264)
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Participants in the treatment program were
tracked through the community Health
Board’s clinical information system and individual medical records, using their unique
hospital record numbers. Clinical parameters, documented annually, were followed up to 31 December 2002.14,15 Deaths
of program participants and in the community as a whole were documented through
community and hospital records to 30 June
2003. All people who started long-term
renal dialysis were documented from
records of the dialysis unit in Darwin and,
more recently, the satellite dialysis unit in
the community itself.
A renal “death” was defined as the institution of long-term renal dialysis or death with
end-stage renal disease without dialysis.6,7
Non-renal deaths comprised all other deaths
from natural causes. Deaths from misadventure, intoxications and self-harm were
excluded from the analyses, and participants
were censored from the observations when
these occurred.
A longitudinal analysis of the treatment
cohort was undertaken. Use of contemporaneous controls was rejected, as it would
have involved withholding best standard of
care from some participants. Use of historical controls, as applied in our earlier analyses,10,11 was no longer possible, as the mean
follow-up of the treatment cohort (with an
extra 3 years) now vastly exceeded the
follow-up of controls in the untreated state.
Average blood pressure levels and the
proportions of participants with heavy albuminuria (ACR ⭓ 100 g/mol) and raised
serum creatinine levels (men, ⭓ 120μmol/L;
women, ⭓102 μmol/L) were calculated for
annual intervals after enrolment. Because
enrolment into the program was staggered,
the numbers of people contributing to each
observation fell as the interval since enrolment increased. Calculations were repeated
for the 127 people who were followed up for
6 years or more after enrolment. Rates of
terminal events were calculated as events/
total person-years at risk. Cox regression

115

306

Bars represent 95% CIs

135

130
125

Mean BP (mmHg)

78
74

Percentage with urine ACR > 100 g/mol

40%

Diastolic blood pressure

82
78
74
70

Baseline 1
2
3
4
5
6
)
)
)
)
)
)
)
263 = 2 4 1 = 2 3 4 = 2 2 4 = 1 9 7 = 1 6 1 =127
=
(n
(n
(n
(n
(n
(n
(n

50%

Baseline 1
2
3
4
5
6
27) 1 2 1 ) 1 2 2 ) 1 2 2 ) 1 2 1 ) 1 2 4 ) 1 2 7 )
1
(n=
(n=
(n=
(n =
(n=
(n=
(n=

86

Baseline 1
2
3
4
5
6
)
)
)
)
)
)
)
1 2 7 = 1 2 1 =122 =122 = 1 2 1 = 1 2 4 = 1 2 7
=
(n
(n
(n
(n
(n
(n
(n

60%
% Participants

Mean BP (mmHg)

82

60%

40%

30%

30%

20%

20%
0%

Baseline 1
2
3
4
5
6
59) 212) 213) 179) 140) 1 08) =93)
2
(n
(n=
(n=
(n=
(n=
(n=
(n =

Percentage with raised serum creatinine*

30%
20%

40%

Percentage with raised serum creatinine*

30%
20%
10%

10%
0%

Baseline 1
2
3
4
5
6
93) = 82) = 83) = 7 9 ) = 78) = 80) =93)
(n
(n
(n
(n
(n
(n

(n=

% Participants

40%

Percentage with urine ACR > 100 g/mol

50%

0%

% Participants

Bars represent 95% CIs

135

115

Diastolic blood pressure

86

% Participants

140

120
Baseline 1
2
3
4
5
6
)
63) 241) 234) 224) 197) 161) =127
2
(n=
(n=
(n=
(n=
(n=
(n
(n=

70

Systolic blood pressure

145
Mean BP (mmHg)

140

What happened to participants?

B. Cohort with > 6 years follow-up (n=127)

Systolic blood pressure

145
Mean BP (mmHg)

and, in mid to late 2002, medication
orders to the supplier suggested that 35%–
40% of people prescribed perindopril were
taking it with some regularity.
The community’s Health Board went
into receivership in September 2003.
Responsibilities for health services were
then assumed by the Northern Territory
Department of Health and Community
Services.
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BP = blood pressure. ACR = albumin–creatinine ratio.
* Raised serum creatinine was defined as serum creatinine level ⭓ 120 μmol/L (men) or ⭓ 102 μmol/L (women).

analyses were used to calculate hazard ratios
for terminal events in the remaining treatment cohort for the period 1 January 2002
to 30 June 2003, compared with terminal
events in participants in the first 18 months

after their enrolment in the systematic phase
of the program. These hazard ratios were
adjusted for sex, age and baseline urine
ACR, which are strong predictors of terminal outcomes.6,7
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2 Deaths in the treatment cohort
between 1996–97 and 2002–03
A. Renal deaths
Treatment program
Handover
Local health board control

Rate (per 1000 person-years)
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B. Non-renal deaths
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Blood pressure and renal markers: Box 1A
shows trends in blood pressure and renal
function at annual intervals after enrolment
in the participants remaining in the cohort.
Average blood pressure began to rise 3 years
after enrolment, followed by deteriorations
in ACR and serum creatinine level 1–2 years
later. Box 1B shows similar trends in the
cohort of 127 people who were followed up
for at least 6 years.
Renal and non-renal deaths: There were 49
renal and non-renal natural deaths in the
treatment cohort over a total observation
period of 1539 person-years: 20 people
entered long-term dialysis, two died of terminal chronic renal failure without undergoing dialysis, and 27 died of non-renal
natural causes.
Box 2 shows death rates over sequential
intervals. For the first five intervals, renal
death rates remained suppressed, at a rate
about 60% lower than in matched controls
in the pre-treatment era.7,8,10,11 However,
rates increased in the last two intervals
(2001–2002 and 2002–2003). Trends in
non-renal natural deaths were not so clear,
although the rate in the last interval was the
highest in the observation period.
Box 3 shows that the risk of all-cause
natural deaths (renal plus non-renal) in
people remaining in the treatment cohort in
2002–2003 was 4.3 times the risk within
the first 18 months of starting treatment.
The risk of renal death was increased threefold and the risk for non-renal death was
increased 9.5-fold.
Box 4 shows the numbers of renal and
non-renal deaths in the community as a
whole, regardless of participation in the
treatment program. It reflects the improvement during the systematic phases of the
program, and the deterioration in the last
two observation intervals. Almost 75% of
the renal deaths after the handover of the
program were among people in the treatment cohort. Trends in non-renal deaths
were not definitive.
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Eighty per cent of the people in the
community who developed renal failure
entered the dialysis program. Thus, the
reduction in terminal events during the
more active phase of the treatment program
and the resurgence in the last few years had
major impacts on the numbers of people in
the end-stage renal disease treatment program and the costs of running it.
What have we learnt?
In this high-risk community, systematic treatment of renal disease and hypertension produced clinical benefit and reduced renal and
non-renal deaths. Diminished intensity of the
program was associated with deterioration in

blood pressure and kidney function, and
ultimately increases in rates of renal failure
and non-renal deaths. The deterioration in
outcomes followed the marked reduction in
compliance with medication documented
after the handover, although regression to the
mean and ageing of the treatment cohort
could also have contributed.
Thus, vigorous treatment of people with
morbidities must be sustained. Although
treatment retards disease progression, it
does not eliminate risk.
The resurgence of renal failure and deaths
has serious impacts on suffering, family and
community dynamics, and health care costs.
However, incentives for community services
to reduce these costs are not powerful when
primary care is disassociated (conceptually,
operationally and fiscally) from hospital and
renal dialysis and transplantation services,
and when the societal costs of premature
death in Aboriginal adults, especially in
remote settings, are not assigned a value.
The events reported here, together with
our experiences in a chronic disease outreach program in five other remote settings,
suggest some ingredients that contribute to
a successful and sustained program.16,17
There needs to be a commitment to ongoing
chronic disease surveillance, treatment and
education, as an essential and major element
of primary care. Activities must be adequately and reliably funded and staffed over
the long term. When health care funding
and staff are spread thinly, activities perceived to be elective (eg, health promotion,
mental health and chronic disease care) are
the first to be pared in the face of further
constraints or crises. An informed and supportive administration and a specifically
trained Indigenous work force, which is
allocated significant roles, respected and
properly paid, are also essential.16-21 The
clinical environment should be welcoming
and respectful, regardless of the extent to
which people can comply with lifestyle and
treatment recommendations.

3 Renal and non-renal deaths in the treatment cohort in the final 18-month observation period (January 2002 to June 2003)
compared with deaths in the cohort in the initial 18 months after enrolment in the treatment program*
No. deaths
Initial

Rate per 1000 person-years (95% CI)

Final

Initial

Final

P†

Unadjusted
hazard ratio
(95% CI)

P‡

Adjusted
hazard ratio
(95% CI)§

P‡

All-cause natural deaths

5

18

13.3 (5.5–31.8)

56.7 (35.7–90.0)

0.002

4.3 (1.6–11.5)

0.0004

4.9 (1.8–13.6)

0.002

Renal deaths

4

10

10.6 (4.0–28.3)

31.5 (17.0–58.6)

0.05

3.0 (0.9–9.5)

0.07

4.6 (1.4–15.0)

0.01

Non-renal deaths

1

8

2.7 (0.4–18.8)

25.2 (12.6–50.4)

0.009

9.5 (1.2–75.8)

0.03

7.3 (0.9–59.5)

0.06

*Initial 18-month period was not a specific calendar period as enrolment was staggered from 1996. There were 377.3 person-years at risk in the initial period and 317.4 in
2002–2003. † Log-rank test for significance of difference between death rates. ‡ Wald test for significance of hazard ratios.
§ Adjusted for sex, age and baseline urine albumin–creatinine ratio.
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4 Community-wide rolling average annual deaths in adults (aged ⭓ 18 years)
Treatment program
Handover

18
Renal cause

16

chronic disease deaths in a remote Aboriginal
Community: a ten year follow-up” (2003). The last
has also been approved by the Human Research
Ethics Committee of the University of Queensland
and the Royal Brisbane Hospital.

Local health board control

Non-renal cause

Competing interests
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No. of deaths
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In addition, treatment decisions should be
simplified and expedited, 22,23 using a
restricted number of drugs in each class, oncea-day dosing whenever possible, and easily
transportable multidrug blister packs. Home
visits and reminder systems based on daily
events could improve medicine taking. However, there is serious need for innovation, such
as a range of therapeutic dose “polypills”24 and
transdermal drug delivery systems.
It is important to keep abreast of treatment advances. Better outcomes can now be
expected from target blood pressures ⭐ 125/
75 mmHg in people with albuminuria, combination treatment with angiotensin-converting enzyme inhibitors and angiotensinblockers,25,26 vigorous lipid-lowering therapy, better glucose control (often with added
long-acting insulin), and more widespread
use of aspirin.
Finally, a good clinical information system
is needed to schedule visits, to follow clinical and laboratory results, to document
process measures, outcomes and trends, to
create community health profiles, to estimate cost effectiveness, and to assess the
need for program modifications.13,21,27
Looking forward
In the past 2 years, chronic disease management has been reinvigorated in this community. The medical workforce has increased
(at least for a time), systematic testing of the
population has been re-established with
appropriate management referrals, and, on a
more recent audit, about 70% of prescribed
medication was being picked up from the
pharmacy. These events promise some
308

regression of the current resurgence in renal
morbidity and mortality.
Titrating management to a level of excellence and maintaining vigorous program
activity remain ongoing challenges.
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