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Research

repeat prescription at 1 month and 50% had
discontinued therapy within 20 months.8

Overall tablet burden and dosing frequency
are predictors of poor compliance,9,10 and
this has stimulated the development of sin-
gle-pill, fixed-dose combinations adminis-
tered once daily. We analysed Medicare
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ABSTRACT

Objective:  To study patient persistence on therapy for hypertension and dyslipidaemia 
using a single-pill combination compared with a two-pill approach.
Design and setting:  Post-hoc observational assessment of Pharmaceutical Benefits 
Scheme claim records covering the period April 2005 to March 2010.
Participants:  A 10% random sample of Australian long-term concession card holders 

nalysed. The patients studied had commenced on either amlodipine and 
astatin as two individual pills, or a single pill containing both amlodipine and 
astatin (AA), with neither combined approach having been dispensed to them 
 previous 6 months.
 outcome measures:  The proportions of patients failing to fill their first repeat 
ription after 1 month or failing to persist with treatment at 12 months, and the 

ian persistence time (MPT) were measured.
Results:  Of 4146 patients prescribed the AA single pill, 11% failed to fill the first repeat 
prescription and 33% had ceased treatment by 12 months (MPT, 35 months). Of 6204 
patients prescribed amlodipine and atorvastatin as two pills, 23% failed to fill the first 
repeat prescriptions and 59% had ceased treatment by 12 months (MPT, 7 months). 
In a multivariate model, cessation of single-pill therapy increased by 165% if there was 
no prior therapy, but only increased by 48%–55% if there was no prior therapy with a 
calcium channel blocker or statin. MPT on the single pill was 8 months in those without 
prior antihypertensive therapy, but was � 37 months in those with any prior 
antihypertensive therapy.
Conclusion:  A single-pill combination drug is associated with superior long-term 
persistence compared with two-pill therapy in the management of hypertension and 
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hypertension or dyslipidaemia
ypercholesterolaemia) in the com-

munity is known to be unsatisfactory.1-8 Out
of 49 000 patients in Australia who were
initiated on antihypertensive therapy in
2004–2006, 19% failed to collect the first

Australia Pharmaceutical Benefits Scheme
(PBS) claims over the period December
2006 – March 2010 for a single-pill, fixed-
dose tablet combination of amlodipine (a
calcium channel blocker [CCB]) and atorva-
statin (a statin). It is prescribed for the
management of hypertension and dyslipi-
daemia together. Using these data as a broad
surrogate of persistence, we derived a pic-
ture of persistence in Australian patients
prescribed amlodipine and atorvastatin
together (AA) in one pill, in comparison
with those prescribed the separate compo-
nents as two-pill, dual-drug therapy.

METHODS

Participants and study design
We analysed PBS prescription claims for
two periods, April 2005 – March 2010 and
December 2006 – March 2010. For the
April 2005 – March 2010 period, we exam-
ined two-pill prescriptions for amlodipine
and atorvastatin, and for the December
2006 – March 2010 period, we examined
the single-pill AA combination of the same
drugs.

This was based on a 10% sample of the
Australian population, using a random
number selection algorithm of encrypted
(de-identified) Medicare numbers. All
strengths of amlodipine are priced below the
general patient copayment threshold and are
not recorded by Medicare (ie, they are
priced below the standard charge for non-
concessional patients). Hence, the study was
restricted to patients classified as long-term
concessional patients, a group who had
exclusively received concessional medica-

tion over the previous 5 years. They are
estimated to represent around 65% of all
patients receiving these drugs (Maxine Rob-
inson, committee secretary, Drug Utilisation
Sub-Committee of the Pharmaceutical Bene-
fits Advisory Committee, personal commu-
nication, April 2009).

Outcome measures
We analysed our data using four groups of
patients, which were those who had:
• initiated two-pill, dual-drug therapy or
single-pill therapy (had no prescriptions
issued for that option in the previous 6
months)
• ceased two-pill or single-pill therapy (had
no prescription refills for 3 consecutive
months (ie, therapy had lapsed for at least 2
months)
• switched from two-pill to single-pill ther-
apy (these patients were censored [discon-
tinued from our dataset] from the month of
switching)

• been treated before (had used amlodipine,
other CCBs, atorvastatin, other statins or
other antihypertensive drugs in the 3
months before initiation).

Statistical analysis
Using the Kaplan–Meier technique, we gen-
erated persistence curves for the treatment
groups. Persistence curves were compared
pairwise, using proportional hazard models
(ie, time to event, with the outcome being
cessation of the nominated treatment).
There was a progressive catchment of
patients over time, therefore the duration of
follow-up was variable and all patients were
censored at 31 March 2010. The group
initiated on single-pill AA treatment was
used as the reference group, with reporting
of hazard ratios and log rank statistics.

A stepwise multivariate model was used
to adjust single-pill AA treatment persist-
ence for potential confounding by other key
variables. The key assumption of constant
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proportional hazard over time was sup-
ported by parallel persistence curves. A
power calculation was performed for the
hazard ratios from the Kaplan–Meier curves.

If a minimum of 2000 patients entered this
two-treatment parallel-design study, the
study could detect a significant treatment
difference if the hazard ratio was 1.19 with

power of 90%, assuming a two-sided 5%
significance level. This is based on the
assumption of a 24-month accrual period,
12-month follow-up period and 12-month
median survival time. The sample from the
PBS database exceeded this 2000-patient
sample-size minimum.

Patient identities remained anonymous
during this investigation and ethics approval
was obtained from the Medicare External
Request Evaluation Committee.

RESULTS

The PBS database generated information on
6204 patients who were prescribed
amlodipine and atorvastatin as two-pill ther-
apy, and on 4146 patients who were pre-
scribed AA as single-pill therapy. Their
demographic features by selected prior
treatments are summarised in Box 1.

Persistence curves for those initiated on
single-pill AA or dual-pill amlodipine and
atorvastatin are shown in Box 2. Apparent
persistence was far superior in those initiated
on single-pill AA. Median persistence time
(MPT) on single-pill AA was 35 months
(95% CI, 33 to � 38 months), and was only
7 months (95% CI, 6–8 months) on
amlodipine and atorvastatin. Patients switch-
ing from amlodipine and atorvastatin to sin-
gle-pill AA were censored at that point, and
this would slightly overestimate the extent of
cessation on two-pill therapy. The hazard
ratio for cessation of amlodipine and atorvas-
tatin (two pills) versus AA (one pill) was 2.17
(95% CI, 2.05–2.13; P < 0.0001), that is, a
117% higher rate of cessation. Since much of
the persistence data for amlodipine and ator-
vastatin preceded that for single-pill AA by
20 months in real time, the respective pro-
portions of patients failing to collect their
first repeat prescription after 1 month was
highly informative: 23% for the two-pill
combination and only 11% for the single-pill
prescription. The corresponding proportions
of patients failing to persist with treatment at
12 months were 59% and 33%.

Persistence with single-pill AA treatment
varied according to the treatment used in
the 3 months before initiation (see Box 3).
The MPT was only 8 months (95% CI, 6–11
months) in those having used neither a CCB
nor a statin, 32 months (95% CI, 28 to � 38
months) in those using a statin only, 27
months (95% CI, 23 to � 38 months) in
those using a CCB only, and � 38 months
(confidence intervals could not be derived)
in those using both a CCB and a statin. The
corresponding proportions of patients fail-
ing to collect their first repeat prescription at

1 Characteristics of patients and their prior treatments at study entry*

AA = amlodipine+atorvastatin. ns = not significant. na = not applicable. * Data are frequency except age. 
Frequencies are contrasted by χ2, age by t test. ◆

Amlodipine and 
atorvastatin

(two-pill  therapy) (n = 6204)

AA
(single-pill therapy) 

(n = 4146) P

Male 2858 (46%) 1921 (46%) ns

Prescriptions from general practitioner 4589 (74%) 3789 (91%)

Prescriptions from specialist 1615 (26%) 357 (9%) < 0.0001

Age distribution (years)

<50 239 (4%) 165 (4%)

50–59 510 (8%) 352 (8%)

60–69 1591 (26%) 1139 (27%)

70–79 2602 (42%) 1732 (42%)

� 80 1262 (20%) 758 (18%) ns

Mean age, years (SD) 71.2 (10.3) 70.7 (10.3) < 0.007

Treatment during previous 3 months

Amlodipine only 1814 (29%) 751 (18%) < 0.0001

Atorvastatin only 3063 (49%) 993 (24%) < 0.0001

Neither of above 918 (15%) 1358 (33%) < 0.0001

Amlodipine and atorvastatin 409 (7%) 1044 (25%) na

Other statins 523 (8%) 982 (24%) < 0.0001

Other calcium channel blockers 562 (8%) 633 (15%) < 0.0001

Antihypertensive drugs previously 
being used

Nil 665 (11%) 472 (11%) ns

1 1397 (23%) 826 (20%) < 0.002

2 2007 (32%) 1195 (29%) < 0.0001

� 3 2135 (34%) 1653 (40%) < 0.0001

2 Persistence curves for AA single-pill therapy versus amlodipine and 
atorvastatin two-pill therapy*

AA = amlodipine+atorvastatin. * Patients using two-pill amlodipine and atorvastatin therapy were censored 
(discontinued from our dataset) if they switched to single-pill amlodipine and atorvastatin. ◆
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1 month were 25%, 11%, 10% and 7%. The
corresponding proportions of patients fail-
ing to persist with treatment at 12 months
were 57%, 35%, 34% and 23%.

The MPT using the single pill was only 8
months (95% CI, 6–12 months) in those not
previously using any antihypertensive
drugs, compared with � 37 months (95%
CI, 29 to � 38 months) in those using one
or more antihypertensive drugs. The MPT
on single-pill AA varied with age. This was
17 months (95% CI, 6–30 months) in those
aged < 50 years, 28 months (95% CI, 19 to
� 38 months) in those 50–59 years, 36
months (95% CI, 34 to � 38 months) in
those aged 60–69 years, � 38 months (95%
CI, 35 to � 38 months) in those aged 70–79
years, and 25 months (95% CI, 18–32
months) in those aged � 80 years.

Findings from the stepwise multivariate
model of AA, single-pill cessation are pre-
sented in Box 4. Taking prior CCB and statin
therapy as a reference group, if neither a CCB
nor a statin were used in prior therapy,
treatment cessation on single-pill AA
increased by 165% (95% CI, 127%–210%;
P <0.0001). If a CCB only or a statin only had
been used in prior therapy, cessation on
single-pill AA increased by 55% (95% CI,
31%–83%; P < 0.0001) and 48% (95% CI,
29%–70%; P < 0.0001), respectively. Taking
the use of two antihypertensive drugs as a
reference group, in those naive to prior anti-
hypertensive therapy, cessation of single-pill
AA increased by 38% (95% CI, 18%–62%;
P <0.001), while in patients using three or
more antihypertensive agents prior to treat-
ment, cessation of single-pill AA increased by
15% (95% CI, 2%–29%; P < 0.02). Females
were 13% (95% CI, 2%–25%; P < 0.02) more

likely to cease single-pill AA treatment than
males. Cessation of single-pill AA treatment
was significantly greater in younger age
groups, but this was significant only in the
univariate model.

DISCUSSION
We confirmed that long-term persistence
with a single-pill combined formulation in
the management of hypertension and dys-
lipidaemia in the Australian population is
far superior to that observed when patients
have used the separate component drugs.
Since patients in the amlodipine and
atorvastatin group were censored if they
switched to single-pill AA treatment, the
switch being a logical clinical step, this will
have slightly understated the apparent per-
sistence in the two-pill group. If patients
had not been censored at the point of
switch, their apparent excess cessation,
compared with single-pill AA, would have
been reduced from 117% to 110%. Further-
more, the proportion failing to collect the
first repeat prescription was twofold greater
in the two-pill group. Our findings confirm
the thrust of conclusions from United States
health maintenance and managed care
organisations.11-13

By examination of treatment in the 3
months before initiation, we have been able
to identify which patients are more likely to

4 Stepwise multivariate analysis of patients discontinuing AA single-pill therapy*

AA = amlodipine + atorvastatin as a single pill. HR = hazard ratio. GP = general practitioner. ns = not 
significant. CCB = calcium channel blocker. * In the stepwise approach, only items of statistical significance 
remain in the final model. † The statistics on prior statin or CCB therapy relate to the curves in Box 3. ◆

Univariate HR 
(95% CI) P 

Multivariate HR 
(95% CI) P

Female 1.18 (1.07–1.31) < 0.002 1.13 (1.02-1.25) < 0.02

Male 1.00 1.00

Specialist treatment 1.10 (0.92–1.31) ns

GP treatment 1.00

Age (years)

< 50 1.76 (1.39–2.22) < 0.0001

50–69 1.33 (1.11–1.59) < 0.002

60–69 1.05 (0.93–1.19) ns

70–79 1.00

� 80 1.38 (1.21–1.58) < 0.0001 1.36 (1.20-1.54) < 0.0001

Treatment in previous 3 months

Statin only† 1.48 (1.30–1.68) < 0.0001 1.48 (1.29–1.70) < 0.0001

CCB only† 1.53 (1.29–1.81) < 0.0001 1.55 (1.31–1.83) < 0.0001

Neither CCB nor statin† 2.78 (2.44–3.16) < 0.0001 2.65 (2.27–3.10) < 0.0001

CCB and statin† 1.00 1.00

Antihypertensive drugs previously 
used

Nil 2.22 (1.90–2.59) < 0.0001 1.38 (1.18–1.62) < 0.0001

1 1.21 (1.04–1.40) < 0.02

2 1.00

� 3 1.04 (0.92–1.18) ns 1.15 (1.02–1.29) < 0.02

3 Persistence curves for AA single-pill therapy, according to prior therapy

AA = amlodipine+atorvastatin. CCB = calcium channel blocker. ◆
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persist with treatment. Patients appear to be
more likely to persist on a single, combina-
tion pill if they have used one or both
components previously, or if they have
received any antihypertensive therapy, as
noted by others.12 In univariate analysis,
poorer persistence was noted on the single
pill in the youngest and oldest subgroups,
consistent with a pattern we previously
reported in patients newly treated with anti-
hypertensive drugs.8

Other contributors to poor persistence
include the cost of medication and the risk
of adverse events.10 The former is perhaps
less relevant in our study as the patients
paid only a nominal amount for medication.
Adverse events with antihypertensive drugs
do contribute to poor persistence.14

There were some limitations in our
approach. There was an absence of medical
histories; we had no information on the
degree of blood pressure and cholesterol
control; only concession card holders were
studied (yet they still represented around
65% of Australian patients using these med-
ications); and we did not adjust for any
temporal effects in the data.

It must follow that poor persistence will
impact on the clinical outcomes. Cardiovas-
cular disease outcomes in the second Aus-
tralian National Blood Pressure Study were
20%–23% higher in patients reporting poor
compliance with their medication.15 It has
been calculated that hypertensive patients
taking antihypertensive and statin therapy at
real-world adherence levels can be expected
to receive about 50% of the potential benefit
seen in clinical trials.16 In a recent US study
using similar drugs, those on a single-pill
regimen were more adherent and showed a
lower cardiovascular event rate. Incidence
rates per 100 person-years were 1.39 on a
single pill, 2.21 on a two-pill regimen; and
2.26 in the non-adherent group on any
therapy.17

What can be done to improve persist-
ence? Drugs with fewer side effects, more
convenient once-daily dosing schedules, a
greater number of single-pill combination
products and better patient education are
potential solutions. Ultimately, better per-
sistence and better control of hypertension,
dyslipidaemia and other chronic diseases or
risk factors will rest on a partnership
between health professionals and the indi-
vidual patient.
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