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INTEREST IN THE QUALITY of prescrib-
ing has been driven by three main
forces: concerns about drug costs,1 the
adverse effects of prescription drug use
in the community,2 and the desire to
ensure that the results of large clinical
trials are integrated into clinical practice.

Ensuring that prescribing practices
are in line with the best evidence on
efficacy and safety requires objective
information to enable audit and review
of current practices. Feedback of pre-
scribing data to practitioners has been
introduced in several countries includ-
ing Australia.3-9 Data for these pro-
grams are usually derived from
administrative systems established to
enable prescription payments. A com-
mon prescribing “indicator” is the vol-
ume of prescribing by a doctor, often
expressed as a prescribing rate, where
numbers of prescriptions are related to
numbers of patients or consultations.
In most feedback programs (including
that of the Australian Health Insurance
Commission), the individual is com-
pared with the average performance of
her or his peers, which may not reflect
best practice. Some authors have sug-
gested the need to move beyond meas-
ures of prescribing volume and to
identify clinically relevant indicators
that reflect prescribing quality.10 A key
requirement of these indicators is the
availability of valid and reliable data for
their derivation.

The aim of this study was to deter-
mine whether it is possible to use pre-
scribing data collected routinely by the

Health Insurance Commission (HIC)
to generate meaningful prescribing indi-
cators for use in general practice. HIC
prescribing data are incomplete, and we
were particularly interested in the
effects of this on the validity of the
prescribing indicators.

METHODS
1.METHODS

Development of prescribing indicators

We used two expert groups which
sequentially and systematically reviewed
each of 22 classes of drugs available on
the Pharmaceutical Benefits Scheme
(PBS), identifying issues of compara-
tive efficacy, safety and cost that might
be reflected in prescribing indicators.
One group, convened specifically for
this project, comprised general practi-
tioners, specialist physicians, clinical
pharmacologists and pharmacists from
the Newcastle area and drug utilisation
experts from Canberra. The second
group, the Prescriber Education Refer-
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ence Group (an expert group convened
by the HIC to advise on a broad range
of prescribing-related activities),
reviewed the work of the first group,
offering further expert input and critical
comment. The indicators identified for
testing reflected a range of issues,
including high overall levels of use of
individual drugs and classes of drugs,
relative use of agents within and
between classes of drugs (on the basis of
safety and efficacy), and the use of a
limited number of agents within a drug
class. Additional prescribing indicators
identified through a literature search
were also included in this study3,11-13

(see Box 1).

HIC data

The HIC data collection has been
described elsewhere.14 Records are gen-
erated when the government contrib-
utes to the cost of a medical service
provided under Medicare or a pharma-
ceutical product dispensed under the
PBS. Almost all services provided by
GPs generate a record in the Medicare
services file.

For pharmaceuticals, there is a series
of graded copayments, with a maximum
patient contribution of $20.00 (in
1997) for general beneficiaries and
$3.20 for concession card holders
(mostly pensioners and other social
security beneficiaries). When the
patient pays the entire cost of the medi-

cation, there is no HIC record of the
prescription.

Many commonly prescribed drugs
(eg, NSAIDs, anti-infective agents, diu-
retics, �-blockers, benzodiazepines and
tricyclic antidepressants) cost less than
$20.00, so only prescriptions of these
drugs to concession card holders are
recorded by the HIC. During the study
period, there was complete capture for
more expensive drugs (including statins,
proton pump inhibitors and H2-recep-
tor antagonists). Between 1993 and
1997, the maximum patient copayment
per item rose from $15.90 to $20.00,
resulting in a number of drugs changing
from complete to incomplete data cap-
ture.

Prescriptions recorded by the HIC
cannot be attributed to individual
patients, so there is no information on
the age or sex of the patient, co-
prescribed medications, or the indica-
tion for treatment.

Deriving prescribing indicators 
from HIC files

Analyses were restricted to GPs provid-
ing �1500 Medicare services per year.
This workload stratification has been
used in other studies,15 and excludes
GPs whose prescribing profiles are
likely to be unreliable because of small
numbers of prescriptions. Prescribing
and Medicare services data from the
HIC for the years 1993 to 1997 were

used. Analyses were based on original
prescriptions, as these represent oppor-
tunities for prescribing decisions by
GPs (ie, to start, stop or continue treat-
ment), and because the identity of the
prescriber was poorly recorded for
repeat prescriptions (authorised on the
prescription form at the same time as
the prescribing decision) in HIC data-
sets in the earlier years of analysis.

Drug-prescribing records for individ-
ual GPs were extracted by the HIC and
summarised. Records were identified
only by a recoded provider number to
prevent identification of individual GPs.
Prescribing rates were defined as the
numbers of original prescriptions for a
drug or drug class dispensed per 100
Medicare services provided by the GP.6

Ratio and proportional indicators were
used to estimate the relative use of
agents within a drug class, or the rela-
tive use of different classes of drugs by
the GP.

Assessing validity and the effects 
of incomplete data capture

Indicator data were stratified according
to the completeness of data collection in
the HIC files: “complete”, “incom-
plete” or “changing” data capture
between 1993 and 1997. The influence
of incomplete capture was explored by
stratifying GPs according to the propor-
tions of the practice patients who were
concession card holders. The higher the
proportion of concession card holders,
the greater the degree of prescribing
data capture for that GP.

Temporal trends in the prescribing
indicators were compared with national
trends in estimated prescription num-
bers obtained from Australian Statistics
on Medicines (ASM).16 ASM data com-
prise prescription totals derived from
HIC data files and an estimate of use of
“under-copayment” drugs and drugs
purchased with a private prescription.
These estimates are derived from a statis-
tically representative sample of Austral-
ian pharmacies. The two datasets are not
directly comparable: the prescribing
indicators were calculated for individual
GPs and were derived from HIC records
of original prescriptions, whereas data in
ASM are aggregated across all practi-
tioners (GPs and specialists) by drug,
and include original and repeat prescrip-

1: Summary of the process used to identify and evaluate 
prescribing indicators

Consider comparative efficacy, safety
and cost for 22 classes of drugs

Reviewed by 
Prescriber Education

Reference Group
(HIC-convened expert

advisory group)

Newcastle expert group
(GPs, clinical pharmacologists,
physicians and pharmacists)

Additional indicators from  medical literature

Criteria
• Prescribed by >80% of GPs
• Adequate number of prescriptions †

• Variability between prescribers
• Clear rationale for indicator ‡

75 candidate indicators proposed*

Indicators tested using data for 1993-1997

Local expert group reviewed analysis

43 potentially useful prescribing indicators*
* A full list is available from the authors
† Infrequently prescribed drugs reflect needs of individual patients
‡ Potential for adverse effects, preferred drugs within class,
   cost-effective choices, supported by trial evidence
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tions. ASM utilisation data are popula-
tion adjusted and expressed as numbers
of Defined Daily Doses (DDDs)/1000
inhabitants/day.17 Despite their differ-
ences, the trends in the two datasets

should be similar. PBS prescription
packs generally provide one month of
treatment (or a standard course of treat-
ment), so numbers of prescriptions
should relate to DDD estimates.

Statistical analysis

The individual GP was the unit of
analysis. Descriptive statistics were used
to summarise prescribing data. Means,
standard deviations, medians and
ranges (defined as the 5th to 95th per-
centiles) were obtained using the SAS
procedure Proc Univariate.18

RESULTS
1.RESULTS

Prescribing indicators

The expert groups identified 75 pre-
scribing indicators worthy of further
analysis (the full list is available from
the authors). The statistical properties
of these (and other indicators identified
in the literature) were examined using
1993–1997 data for approximately
14 000 GPs providing � 1500 Medi-
care services per year (ranging from
13 206 in 1993 to 15 425 in 1997).
Four indicators reflected the use of
personal formularies (based on the use
of a limited number of agents within a
drug class) and have been reported
elsewhere.19 Of the remainder, 43 pre-
scribing indicators were identified
which were thought to reflect the qual-
ity of prescribing and to be informative
for GPs and regional or national
authorities (Box 2).

Thirty-one indicators were prescrib-
ing rates. Sixteen applied to drugs or
groups of drugs where high prescribing
rates were believed to be suboptimal.
These related to adverse effects: antibi-
otics (resistance);20,21 flucloxacillin
and amoxycill in–clavulanic acid
(hepatotoxicity);22 prochlorperazine
(drug-induced parkinsonism and tar-
dive dyskinesia);23 non-steroidal anti-
inflammatory drugs (NSAIDs) (gas-
trointestinal and cardiac effects);24-26

benzodiazepines (dependence);27 or
where the benefits of therapy may be
outweighed by the risks of serious
adverse effects (eg, cisapride28). Two
prescribing rate indicators involved
drugs where a relatively high rate of
prescribing could be interpreted as
desirable in the absence of additional
clinical information (phenoxymethyl-
penicillin and trimethoprim). There
were various reasons for the other 13
indicators. For example, some were
drugs of interest because they were

2: Potentially useful prescribing indicators identified by the expert groups 
(extent of data capture)

Prescribing rate indicators ( n = 31) Prescribing ratio indicators ( n = 12)

Antibacterial agents*
Quinolones (complete†)
Paediatric‡ antibacterial agents (incomplete)
Trimethoprim–sulfamethoxazole (incomplete)
Trimethoprim (incomplete)
Cephalosporins (incomplete)
Macrolides (incomplete)
Phenoxymethylpenicillin (incomplete)
Oral antibacterial agents (variable)
Antistaphylococcal penicillins (variable)
Tetracyclines (variable)

Antibacterial agents
(Paediatric‡) Amoxycillin–clavulanic 

acid : amoxycillin (incomplete)
Roxithromycin : erythromycin 

(incomplete)
Trimethoprim–sulfamethoxazole:

trimethoprim (incomplete)
Amoxycillin–clavulanic 

acid : amoxycillin (variable)

Gastrointestinal drugs
H2-receptor antagonists (complete)
Proton pump inhibitors (complete)
Cisapride tablets (complete)

Endocrine drugs
Long-acting sulfonylureas : short-acting 

sulfonylureas (incomplete)

Central nervous system drugs
Newer antidepressants (complete)
Hypnosedative benzodiazepines (incomplete)
Anxiolytic benzodiazepines (incomplete)
Hypnosedative and anxiolytic benzodiazepines 

combined§ (incomplete)
Prochlorperazine tablets (incomplete)
Tricyclic antidepressants (incomplete)

Musculoskeletal drugs
Non-steroidal anti-inflammatory drugs (incomplete)

Musculoskeletal drugs
(High-risk NSAIDs¶) : (low- + medium-

risk NSAIDs**) (incomplete)
Allopurinol 300 mg : allopurinol 100 mg 

(incomplete)

Cardiovascular drugs
Lipid-lowering statins (complete)
Thiazide diuretics (incomplete)
Combination diuretics (incomplete)
Angiotensin-converting enzyme inhibitors (variable)
Calcium-channel blockers (variable)
Diuretics overall (variable)
Indapamide (variable)
�-Blockers (variable)

Cardiovascular drugs
Indapamide : thiazide diuretics 

(variable)
(ACE inhibitors + calcium channel 

blockers) : (diuretics + �-blockers)
(variable)

Isosorbide mononitrate : isosorbide 
dinitrate (variable)

Respiratory drugs
Inhaled bronchodilators (variable)
Inhaled glucocorticoids (variable)
Inhaled ipratropium (variable)

Respiratory drugs
Nebuliser : other inhaled dosage forms 

(all drugs) (variable)
Nebuliser : other inhaled dosage forms 

(ipratropium) (variable)

*Unless otherwise specified, indicators for antibacterial agents are based on prescriptions for oral tablet and 
capsule formulations. †Complete = HIC data capture was essentially complete. Incomplete = HIC data 
capture was consistently incomplete. Variable = Extent of HIC data capture changed between 1993 and 
1997, or some brands, formulations or strengths were above and some below the general patient 
copayment. ‡Paediatric dosage forms (syrup, drop, chewable and dispersible tablet formulations). 
§Diazepam, oxazepam, nitrazepam, temazepam.*  ¶Ketoprofen, piroxicam. ** Ibuprofen, diclofenac, 
indomethacin, naproxen, sulindac.
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comparatively new and expensive, oth-
ers had been rapidly taken up into
prescribing and there was evidence of
more cost-effective choices, and single-
drug products were generally preferred
to combination drugs.

Twelve indicators were ratios,
reflecting relative use within (or
between) classes of drugs. Concerns
related to adverse effects: long-acting
sulfonylureas may be associated with
hypoglycaemic episodes, particularly
in the elderly,29 and NSAIDs with low
to medium risk of gastrointestinal
adverse effects are preferred over
high-risk agents24,25 (the study was
conducted before the introduction of
COX-2 inhibitors). Others were based
on a lack of evidence of additional
benefits or clinical superiority to jus-
tify the increased cost of therapy
(indapamide versus cheaper thiazide
diuretics;29 nebuliser therapy over
other metered-dose inhalers with
spacer devices30).

Variability in prescribing indicators

There was substantial variability
between prescribers. This is illustrated
in Box 3 for 17 indicators, where there
were fivefold to more than 300-fold
differences between GPs’ prescribing.
Generally, the variation in ratio indica-
tors was greater than that seen for pre-
scribing rates.

Influence of variable HIC data capture

Data capture was complete for six indi-
cators, consistently incomplete for 20
indicators and variable for 17 indicators
(Box 2).

Prescribing rate indicators
Trends in estimated prescribing rates
were similar to those in national aggre-
gate data from ASM for drugs for which
HIC data capture was consistently com-
plete or incomplete. However, when
data capture varied, indicators based on
HIC data alone provided a misleading

picture of prescribing trends (Box 4).
The apparent decrease in prescribing of
antistaphylococcal penicillins from
1996 to 1997 concealed a change in
extent of capture of flucloxacillin pre-
scribing data in 1997. An increase from
one to two inhaler units per prescription
in 1995 explains some of the observed
differences in prescribing trends for
ipratropium.

Prescribing ratio indicators
None of the ratio indicators involved
drugs for which there was complete
HIC data capture for both numerator
and denominator. When data capture
was consistently incomplete, ratios were
broadly similar to the crude ratios
derived from aggregate data from ASM
(Box 5). The two estimates differed
when data capture changed over time.
The discrepant trends in the ratio of

3: Variability in indicators for individual GPs’ prescribing (1997)

Indicator Median Range*
Ratio of  highest 

to  lowest †

Prescribing rates‡

H2-receptor antagonists 2.24  0.61–5.24 9

Proton pump inhibitors 0.30  0.05–0.97 19

Cisapride (tablets) 0.17  0.03–0.68 23

Non-steroidal anti-inflammatory drugs 1.90  0.47–4.64 10

Hypnosedative benzodiazepines 2.56  0.40–8.79 22

Anxiolytic benzodiazepines 2.04  0.29–7.64 26

Hypnosedative and anxiolytic benzodiazepines 4.76  0.80–15.91 20

Prochlorperazine (tablets) 0.52  0.09–1.85 21

Antistaphylococcal penicillins 0.22  0.03–0.92 31

Oral antibacterial agents 6.60  2.52–12.44 5

Ratios

Amoxycillin–clavulanic acid : amoxycillin 0.56  0.06–4.57 76

(Paediatric) Amoxycillin–clavulanic 
acid : amoxycillin

0.20  0–2.57 >250

Indapamide : thiazide diuretics 1.50  0.05–12.00 240

High-risk NSAIDs : low- + medium-risk NSAIDs 0.37  0.08–1.42 18

Long-acting : short-acting sulfonylureas 0.45  0–3.00 >300

Nebuliser : other inhaled dosage forms (all drugs) 0.34  0.09–0.86 10

Nebuliser : other inhaled dosage forms 
(ipratropium)

1.36  0.13–8.00 62

* Range is the values between the 5th and 95th percentiles of the prescribing indicator. † Ratio of the highest 
(95th percentile) to lowest (5th percentile) estimates and rounded to whole numbers. ‡ Number of original 
prescriptions dispensed per 100 Medicare services provided. NSAID = non-steroidal anti-inflammatory 
drug.

4: Temporal trends for prescribing 
rate indicators: Health 
Insurance Commission (HIC) 
versus Australian Statistics on 
Medicines (ASM) data
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indapamide to thiazide diuretics
between 1996 and 1997 can be
explained in part by a change from
complete to incomplete data capture for
indapamide in 1996.

Influence of incomplete data capture 
on GP comparisons

For drugs with incomplete capture
(NSAIDs, benzodiazepines), there were
fivefold to sevenfold differences in
median prescribing rates across the five
strata defined by the proportion of con-
cession card holders in the practice
(Box 6). In comparison, differences
were twofold to threefold for drugs with
complete capture (statins, newer anti-
depressants).

Ratio indicators for drugs with
incomplete capture were less affected
(Box 6). Estimates for the ratios of high-
risk to low-+medium-risk NSAIDs and
long-acting to short-acting sulfonyl-
ureas varied only slightly across the GP
strata (Box 6). This was also true for
estimates of the ratio of indapamide to
thiazides in 1997. However, there was
more variability across the strata in
estimates for 1996, when there was
complete capture of indapamide pre-
scriptions and incomplete capture for
thiazide diuretics (Box 6).

DISCUSSION
1.DISCUSSION

The prescribing indicators used in this
study were based on consensus rather
than evidence. Nevertheless, the meas-
ures recommended for further testing
have face validity, reflect important clin-
ical or cost-effectiveness issues, and can
be derived from aggregate prescribing
data. Despite the systematic approach
taken by the two expert groups to
review all 22 major drug classes, and the
large size of the HIC files, only a small
number of prescribing indicators cover-
ing a narrow range of prescribing prac-
tices were identified as potentially
useful. Few of these could be inter-
preted unambiguously without access to
additional clinical information. For
example, assessing the appropriateness
of prescribing decisions for angiotensin-
converting enzyme inhibitors, calcium-
channel blockers or lipid-lowering stat-
ins requires clinical information that is
not available from HIC data.

Of equal concern is the effect of
incomplete data capture (where pre-

scribing costs are below the levels of the
general patient copayment) on the inter-
pretation of the prescribing indicators.
For instance, in the case of NSAIDs, the
apparent rates of prescribing by GPs
with the highest proportions of conces-
sion card holders were five times higher
than those of GPs with the lowest pro-
portion of card holders among their
patients. The data for drugs with com-
plete data capture indicate that about
half of this range is due to artefact, while
the other half might reflect real differ-
ences in the needs of the populations,
based on age, disease severity and
comorbidity. The main danger of using
flawed indicators is that doctors might
have profiles that appear suboptimal, but
are confounded by the socioeconomic
profile of their patient population.

Ratio indicators (which show choice
of medication once a decision to pre-
scribe has been made) were less affected
by incomplete data capture (Box 6).
However, the ratio measures had more
extreme values and more variability
among prescribers, which might make
them difficult to interpret.

5: Temporal trends for prescribing 
ratio indicators: Health 
Insurance Commission (HIC) 
versus Australian Statistics 
on Medicines (ASM) data
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6: Effects of incomplete data capture on prescribing rates and ratios (1997)

Median prescribing rate per 100 Medicare services

Median prescribing ratio

*Hypnosedative and anxiolytic benzodiazepines combined (diazepam, oxazepam, nitrazepam, 
temazepam). †Ratio (high-risk NSAIDs) : (low- + medium-risk NSAIDs). ‡Ratio (long-acting 
sulfonlyureas) : (short-acting sulfonylureas). §The numbers of GPs in each stratum were smaller for this 
analysis (1857, 3485, 3841, 2813 and 1542 GPs).

Proportion of 
concession patients 
(number of GPs)

Incomplete data capture Complete data capture

NSAIDs Benzodiazepines* Statins Newer  antidepressants

0–19% (2722) 0.75 1.58 0.52 0.66

20%–29% (4016) 1.44 3.37 0.81 0.87

30%–39% (4110) 2.19 5.58 1.15 1.05

40%–49% (2934) 2.88 7.93 1.44 1.14

�50% (1643) 3.66 10.6 1.63 1.17

All GPs 1.90 4.76 1.04 0.96

Proportion of 
concession patients 
(number of GPs)

Incomplete data  capture Changing data capture

NSAIDs† Sulfonylureas ‡
Indapamide:  

thiazides §  (1996)
Indapamide:  

thiazides  (1997)

0–19% (2722) 0.32 0.33 2.00 1.33

20%–29% (4016) 0.35 0.43 2.00 1.50

30%–39% (4110) 0.39 0.45 1.75 1.56

40%–49% (2934) 0.39 0.50 1.64 1.54

�50% (1643) 0.41 0.48 1.50 1.61

All GPs 0.37 0.45 1.79 1.50
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Changes in the extent of data capture
over time introduced measurement
artefacts that affected interpretation of
prescribing trends. There is no gold
standard against which to test the indi-
cators; however, we assumed that ASM
data provide the best estimates of over-
all trends in prescribing. We expected
that HIC data, however expressed,
should provide a similar picture of pre-
scribing over time. However, trends in
both prescribing rate and ratio indica-
tors were misleading when there were
changes in the extent of HIC data cap-
ture (Box 4 and Box 5).

There are attractions in deriving pre-
scribing indicators from routinely col-
lected HIC data. Data collection,
analysis and feedback can be performed
cheaply. However, the data will never
satisfy the requirement that GPs should
only be compared with other GPs prac-
tising in similar settings, seeing similar
numbers of patients with similar clinical
conditions.

To achieve a satisfactory degree of
validity and reliability, prescribing indi-
cators need to be based on all prescrip-
tions, irrespective of whether they
attract a Commonwealth payment. This
information is available on the comput-
ers of community pharmacists across
the country, but is inaccessible for rou-
tine monitoring purposes. The identifi-
cation of valid, reliable, credible and
clinically relevant prescribing indicators
is in its infancy. Prescribers themselves
need to become involved in their devel-
opment and interpretation. A key
requirement is valid, complete and reli-
able data to support their derivation.
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