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to rise from 171 million in 2000 to 366
million in 2030.1 Most people with diabetes
will die from or be disabled by macrovascu-
lar and microvascular complications that
can be reduced by blood pressure (BP)-
lowering therapy.2 Traditional strategies
have set BP thresholds and targets for treat-

patie
Desig
Actio
Evalu
11 14
indap
Main
320 MJ
ABSTRACT

Objective:  To determine the cost-effectiveness of routine administration, irrespective 
of blood pressure (BP), of a fixed-dose combination of perindopril and indapamide to 

nts with type 2 diabetes mellitus.
n, setting and participants:  Prospective cost-effectiveness analysis within the 

n in Diabetes and Vascular Disease: Preterax and Diamicron-MR Controlled 
ation (ADVANCE) trial, an international, multicentre, randomised controlled trial of 
0 participants with type 2 diabetes randomly allocated to receive perindopril plus 
amide (4 mg–1.25 mg/day) or placebo.
 outcome measures:  Health-related quality-of-life measured by the EuroQol-5D, 

resource utilisation, and cost-effectiveness (cost per death averted at 4.3 years’ average 
follow-up, and estimated cost per life-year gained, by extrapolation).
Results:  The mean health-related quality-of-life score of survivors was 0.80 (on a 0–1 
scale [death to full health]), with no difference between treatment groups. Active 
treatment reduced hospital admissions for coronary heart disease and coronary 
revascularisation by 5%. For the Australian participants, perindopril–indapamide cost 
A$1368 per patient during the trial period, but reduced total hospitalisation costs by 
A$410 and other medication costs (mainly other BP-lowering drugs) by A$332. The 
absolute reduction in all-cause mortality for the active treatment group was 1.1%, giving 
a cost per life saved of A$49 200. Lifetime extrapolation gave an estimated cost per life-
year saved of A$10 040 (discounted at 5% per year).
Conclusion:  The combination of perindopril and indapamide in patients with type 2 
diabetes appears to be cost-effective.
Trial registration: 
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 United States National Library of Medicine NCT00145925.
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ment. While effective, these strategies are
resource intensive, requiring multiple
patient visits, careful monitoring of BP and
side effects, and the management of com-
plex drug regimens. Hence, few patients
ever achieve recommended BP goals.3-5 This
strategy also neglects patients with diabetes
whose BP is not high enough for the arbi-
trary label of “hypertension”6 but is still a
major determinant of their risk of vascular
disease.7

A simpler approach in patients with dia-
betes may be routine BP-lowering therapy,
additional to any current treatment and
irrespective of initial BP. This is more inclu-
sive and less resource intensive than the
target-setting strategy. In testing this alterna-
tive strategy, the Action in Diabetes and
Vascular Disease: Preterax and Diamicron-
MR Controlled Evaluation (ADVANCE) trial
recently demonstrated the benefits of a
fixed-dose combination of an angiotensin-
converting enzyme inhibitor, perindopril,
and a diuretic, indapamide, versus placebo
in preventing macrovascular and microvas-
cular events in participants with type 2
diabetes, irrespective of their BP at inclu-
sion.8 This approach was found to reduce
cardiovascular mortality (relative risk reduc-
tion, 18%; P < 0.03) and all-cause mortality
(relative risk reduction, 14%; P < 0.03).8

However, concerns have been raised about
the expense if it is widely implemented.

We undertook a prospective cost-effective-
ness analysis within the ADVANCE trial8-10

and report here on the health-related quality
of life, resource utilisation, and cost-effec-
tiveness of treatment with perindopril–inda-
pamide compared with placebo.

METHODS

Study design and population 
description
The ADVANCE trial was a 20-country, ran-
domised controlled, 2 � 2 factorial trial
involving 11 140 participants with type 2
diabetes. One arm of the study compared
routine BP lowering based on a fixed-dose
(4 mg–1.25 mg per day) perindopril–inda-
pamide combination or matching placebo
on top of whatever other hypertensive treat-
ment was being used, if any.10 The study
began in June 2001 and patient recruitment
ended in March 2003; the BP-lowering treat-
ment arm closed in June 2007. Data on
mortality, morbidity, quality of life, and hos-
pitalisation came from the main ADVANCE
study. We also performed a substudy of the
978 Australian participants, which provided
additional information on outpatient

resource usage, including outpatient diag-
nostic investigations and procedures.

People with type 2 diabetes were eligible
for the ADVANCE trial if they had been
diagnosed at the age of 30 years or older,
were aged 55 years or older on entry to the
study, and had established vascular disease
or at least one other major risk factor for
cardiovascular diseases.8 There were no BP
criteria for inclusion.

Economic evaluation

We undertook an incremental cost-effective-
ness analysis from the perspective of the
health care purchaser. Only direct health
service costs were included. The analysis
was by “intention-to-treat” for both effects
and costs: that is, all events and resources
were attributed according to a patient’s ini-
tial randomisation. Thus, perindopril–inda-
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pamide in the active group was costed on an
as-dispensed basis.

The aim of the cost-effectiveness analysis
was to estimate the cost per death averted
within the trial, and the cost per life-year
gained (estimated by extrapolating for individ-
ual survivors beyond the mean follow-up
period). There were four major data elements:
survival to the end of the study; measurements
of quality of life; resource usage; and costs for
each of the resources used (unit costs).

Outcomes and survival
All-cause mortality and cardiovascular mor-
tality from the clinical trial have previously
been reported.8 We calculated the survival
time within the study for each treatment
group from survival curves. Life expectancy
of survivors beyond the close of the study
was based on multistate life tables under the
assumption of no continuing benefits from
the within-trial treatment. These life tables
were constructed from parametric survival
models, and estimates were based on infor-
mation about all ADVANCE participants
who were alive 2 years after randomisation,
including age, sex, smoking status, duration
of diabetes and history of major cardiovas-
cular disease.

Quality of life
To measure health-related quality of life, we
administered the EuroQol-5D (EQ-5D)
instrument11 to all participants from the 20
participating countries. For comparison,
version 2 of the 36-item short-form health
questionnaire (SF-36v2)12 was also used
with the Australian subgroup of partici-
pants. Both questionnaires were adminis-
tered at baseline, and at 2 years and 4 years
after randomisation. A comparison of the
baseline data13 found that the EQ-5D

appeared to be as reliable and valid for
measuring utility as the SF-36v2, hence the
final analysis used the EQ-5D alone.

Resource usage
Hospitalisation data for participants from all
20 countries were included in an assessment
of resource usage, and costs were based on
diagnosis-related-group (DRG) categories
using core grouping computer software
(casemix expert release 2.3.1 AR [Australian
revision]-DRG 5.1; 3M Australia, Sydney,
NSW), together with information extracted
from the National Hospital Cost Data Col-
lection (NHCDC) in Australia.14

Of the 978 Australian participants, 948
(97%) consented to retrieval of Medicare
claims data on medical services they received
outside of hospital. Data on long-term (out-
of-hospital) medications were collected as
part of the main study, but information about
dispensed medications and dosage were only
collected for the Australian subgroup.

Unit costs
Unit costs of resources were allocated as
suggested by the Australian Pharmaceutical
Benefits Scheme manual of costs. The prin-
cipal sources for establishing the unit costs
of resources were:
• for hospitalisations — DRG costs;14

• for outpatient visits and outpatient diag-
nostic testing — the Australian Medicare
Benefits Schedule; and
• for the costs of medications — the Phar-
maceutical Benefits Schedule.

All costs are reported in Australian dollars
at 2007 values (Box 1).

Statistical analysis
Our analysis comprised a descriptive phase
and a cost-effectiveness analysis. A general-

ised negative binomial regression was used
to compare the numbers of medications,
DRG episodes, and out-of-hospital visits
and procedures between the two treatment
groups (as the variance was greater than the
mean). Quality-of-life utility scores from the
EQ-5D were also compared at the end of
the study. No adjustment was made to P
values for multiple comparisons.

Mean values for both cost and outcomes
with SDs, mean differences and 95% confi-
dence intervals were reported, as well as
cost-effectiveness ratios. A non-parametric
bootstrap process, in which participants
were sampled with replacement, was used to
estimate uncertainty in the estimated results.
We report undiscounted 2007 costs and
outcomes, along with amounts expressed in
net present values using discount rates of 0
(ie, undiscounted) 3%, 5% and 10% per year.
The effect on our main results of uncertainty
surrounding some aspects was examined
using sensitivity analyses.

RESULTS
At baseline, characteristics of the 11 140
participants allocated to the two treatment
groups were similar.8 About a third had a
prior history of cardiovascular disease. Par-
ticipants’ mean age was 66 years (SD, 6
years); mean number of years since diagno-
sis was 8 (SD, 6); 43% were women; 46%
were from Europe, 37% from Asia, 9% from
Australia, and 4% each from Canada and
New Zealand. At the first (registration) visit,
their mean BP was 145/81 mmHg. Forty-
one per cent had a systolic BP less than
140 mmHg and diastolic BP less than
90 mmHg, and 25% were using no antihy-
pertensive medication.

Mean follow-up was 4.3 years, during
which allocated treatment was continued for
20 001 patient-years (83% of the time) in
the active treatment group and 20 849
patient-years (87%) in the placebo group.

During the study, 879 participants died:
408 (7.3%) in the active treatment group
and 471 (8.5%) in the placebo group (rela-
tive risk reduction, 14% [95% CI, 2%–
25%]; P = 0.025). This overall mortality dif-
ference was primarily due to the reduction
in cardiovascular deaths (Box 2) with active
treatment (relative risk reduction, 18%
[95% CI, 2%–32%]; P = 0.027).

Quality of life
Based on the EQ-5D,15 the mean quality-
of-life utility assessment (on a scale from 0
[dead] to 1 [full health]) in survivors was

1 Australian unit costs and their sources for the major cost items

Resource item Unit cost 2007 (A$) Source

Standard single GP visit 28.30 MBS

Perindopril–indapamide (4 mg–1.25 mg daily), per month 29.83 PBS

Other drugs Cost per item PBS

The four most frequently used DRGs Cost per hospital episode

K60B: Diabetes episode without severe complication 3556 NHCDC

B70C: Stroke without other complication 5810 NHCDC

F62B: Heart failure and shock without catastrophic 
complication

4314 NHCDC

F66B: Coronary atherosclerosis without complication 1560 NHCDC

DRG = diagnosis-related group. GP = general practitioner. MBS = Medicare Benefits Schedule. 
NHCDC = National Hospital Cost Data Collection. PBS = Pharmaceutical Benefits Schedule. ◆
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0.80, with a slight decline over time (from
0.82 at baseline), but with no statistically
significant difference between the active
treatment and placebo groups. Therefore,
we did not adjust the life-years for qual-
ity-of-life differences in the economic
analysis.

Hospital costs
The total in-trial average hospital costs per
patient, by treatment group and based on
Australian DRGs, for both the Australian
substudy and all countries, are presented in
Box 3. The overall difference in hospital
costs between placebo and active treatment
groups (placebo minus active) in all coun-
tries combined was just over A$1 million
(about 4% of total hospital costs), with most
of this arising from reductions in hospitali-
sations for cardiovascular episodes. Active
treatment reduced hospital admissions for
coronary heart disease and coronary revas-
cularisation by 5%. There was a statistically
significant reduction in cardiovascular
events for participants in the active treat-
ment group, with an average cost reduction
of A$222 per patient. However, there were
wide variations in hospital resource use by
ADVANCE study participants in different
regions of the world.16 In the Australian
subgroup, the costs of hospitalisation were
about double the average (Box 3), and the
cost difference between treatment groups
larger, at A$410 per patient (Box 2). This
was somewhat higher than costings based
on hospitalisation across all countries,

mainly due to higher rates of hospitalisation
in Australia.

Medication costs

At the end of follow-up, treatment adherence
was 73% and 74% in the active and placebo
treatment groups, respectively. Participants
assigned to perindopril–indapamide used it
for an average of 43.1 months (of 52 months’
average follow-up), resulting in a cost of
A$1368 per patient when three assumed

additional general practitioner visits for pre-
scribing were included (Box 2). Significantly
more additional BP-lowering agents were
used by the placebo group, and some other
cardiovascular agents were also used more in
the placebo group (Box 4). The net differ-
ence in cost for drugs other than perindo-
pril–indapamide was A$332 per patient (Box
2), representing a further 24% medication
cost offset gained by active treatment.

Outpatient costs
The 948 Australian participants for whom
data were retrieved reported an average of
10.2 visits per year to a GP, 3.4 to a medical
specialist, and 17.4 to other outpatient serv-
ices (including diagnostic testing). Over the
duration of the trial, none of the differences
in outpatient services costs between the
perindopril–indapamide and placebo
groups were statistically significant (Box 5).

Cost-effectiveness
For Australian participants, the average
cost of the study therapy at A$1368 per
patient was partly offset by lower average
costs for other types of health care use:
hospital costs were on average A$410
lower; outpatient visit costs A$72 lower;
and other drug therapies were $332 lower
(Box 2). The combined difference was
A$814, which represents 60% of the in-
study cost of perindopril–indapamide. At
the trial close, the absolute difference in all-
cause mortality was 1.1%, and the cost

2 Summary of outcomes and mean costs per patient over the follow-up period 
and mean cost differences, for perindopril–indapamide compared with 
placebo, by cost category*

Outcome

Perindopril–
indapamide 
(n = 5569)

Placebo 
(n = 5571)

Difference 
(95% CI)†

Cardiovascular mortality, no. (%) 211 (3.8%) 257 (4.6%) 0.8% (0.1% to 1.6%)

All-cause mortality, no. (%) 408 (7.3%) 471 (8.5%) 1.1% (0.1% to 2.1%)

Mean (SD) cost per patient for Australian participants

Hospital costs‡ 7 913 (11 826) 8 323 (12 957) − 410 (− 2007 to 1187)

Outpatient visit costs§ 5 317 (3 583) 5 389 (3 807) − 72 (− 547 to 404)

Intervention costs 1 368 0 1 368

Other drug therapies§ 8 616 (6 212) 8 948 (5 678) − 332 (− 1092 to 428)

Total costs (undiscounted) 23 214 (16 155) 22 660 (17 002) 555 (− 730 to 1580)

Total costs (discounted at 3%) 21 811 (15 159) 21 281 (15 984) 529 (− 1476 to 2535)

Total costs (discounted at 5%) 21 001 (14 565) 20 499 (15 377) 502 (− 1425 to 2431)

Total costs (discounted at 10%) 19 223 (13 284) 18 775 (14 070) 447(− 1314 to 2209)

* Costs are in 2007 A$ (undiscounted unless stated). Subtotals may not sum due to rounding. † Negative cost 
differences indicate net cost reduction associated with perindopril–indapamide. ‡ n = 978. § n = 948. ◆

3 Total in-trial average hospital costs per patient by treatment group, based on 
Australian diagnosis-related groups (DRGs) at 2007 values*

* All 20 countries combined (n = 11 140; solid bars); and for the Australian participants only (n = 978; lines, with 
cost per patient shown). ◆
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difference per patient treated was A$555.
Hence the cost per death prevented was
around A$49 200.

Predicted survival times for both treat-
ment groups were substantially shorter than
those for the general population of the same
age. Within the period of follow-up, partici-
pants allocated to the perindopril–indapa-
mide intervention lived a mean of 4.17 years
(95% CI, 4.15–4.18 years) compared with
4.14 years (95% CI, 4.12–4.16 years) for the
placebo group — an incremental gain in life
expectancy of 0.03 years (95% CI, 0.00–
0.05 years) (Box 6). Based on the observed
within-trial treatment effects of perindopril–
indapamide, the modelled mean life expect-
ancy from the date of randomisation was
15.0 years (95% CI, 13.8–16.4 years) in the
intervention group and 14.9 years (95% CI,
13.7–16.4 years) in the placebo group, a
difference of 0.09 years (95% CI, 0.06–0.12

years), or 0.05 years (95% CI, 0.03–0.06
years) when discounted at 5%.

With no discounting, this is about
A$8470 per life-year saved, and at a 5%
discount rate, the incremental average cost
in the perindopril–indapamide group was
A$502 more per patient and the discounted
benefits gained were 0.05 life-years, giving a
cost-effectiveness ratio of A$10 040 per dis-
counted life-year gained. Analysis of uncer-
tainties showed there is a 30% chance the
treatment is cost-neutral or cost-reducing
(cost per quality-adjusted life-year [QALY]
less than 0), and a 95% chance the cost per
QALY is less than A$40 000. Applying the
average EQ-5D utility score of 0.80 would
mean the cost per QALY is around $10 600.

Sensitivity analysis
When we used only the cost of the therapy
and hospitalisations for all Australian par-

ticipants, the incremental cost of the ther-
apy was A$1176 (A$1368 −A$192 [the
offset by a reduction in hospital costs]).
When costs and effects were discounted at
3%, the incremental cost-effectiveness
ratio was around A$19 800 per life-year
saved.

In the United Kingdom and United States,
the price for 30 days’ medication is £14.49
and US$42, respectively. Assuming a similar
proportional reduction in hospital and other
costs, the UK and US costs per QALY would
be about £4 085 and US$11 842 per dis-
counted life-year saved.

DISCUSSION
Our cost-effectiveness analysis of data from
the ADVANCE trial found that the cost offset
attributable to the intervention was roughly
two-thirds of the total costs of perindopril–
indapamide dispensed during the trial. The
resultant cost-effectiveness of A$49 200 per
premature death prevented is within a range
generally considered acceptable and is com-
parable to that of many other interventions.
There was no difference in quality of life
between groups, but applying the average
quality-of-life score results in a cost per
QALY of around $10 600.

These findings are comparable to previ-
ous studies of BP reduction in patients with
diabetes and patients at high risk of cardio-
vascular events. For example, in the UK
Prospective Diabetes Study, the estimated
cost per QALY was £1049 (in 1998
pounds).17 For participants with stable cor-

4 Non-study medication use by therapeutic class 
(Australian participants only, n = 948)*

* Based on Pharmaceutical Benefits Scheme (PBS) data. ◆

5 Comparison of total outpatient services costs for 
the duration of the trial (Australian participants only, 
n = 948)*

* Based on Medicare Benefits Schedule data. ◆
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onary disease in the EUROPA trial, the
estimated cost per QALY of perindopril
alone was £9700.18 Similar relative risk
reductions were found across different age,
sex, and lipid profile groupings.17,18 Abso-
lute risk, and hence cost-effectiveness, is
therefore largely dependent on individual
predicted risk.

Although we could make some approxi-
mation of cost-effectiveness in the UK and
US from the ADVANCE trial data, differ-
ences in health care systems would require
additional analyses to extend this analysis to
other countries in more detail. The absolute
benefit is unlikely to be substantially influ-
enced by country-specific factors and, given
a similar price for perindopril–indapamide
in other countries, the cost offsets are
unlikely to repay the medication costs.
However, such country-specific variations
are still likely to leave perindopril–indapa-
mide in the cost-effective range.

If the monthly costs of medication were
reduced to around $12, then this interven-
tion would reduce net costs as well as being
clinically important. However, as it is, from
the Australian payer’s perspective, perindo-
pril–indapamide is clearly cost-effective for
patients with type 2 diabetes mellitus, inde-
pendent of their BP level.
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