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STROKE IS THE THIRD-greatest single
cause of death in Australia, after
ischaemic heart disease and cancer.1

Each year, more than 40 000 Austral-
ians suffer a stroke;2 a third of these
people will die within a year,3,4 and half
will be disabled.5 The incidence of
stroke increases with age, approximately
doubling with each decade of life.4

Given the ageing of the Australian
population, the number of strokes
occurring is likely to dramatically
increase unless stroke incidence can be
reduced.

Substantial advances in acute stroke
management have occurred in recent
years, including the use of aspirin,
increased access to stroke units and, for
selected patients, thrombolysis with
tissue plasminogen activator.6 However,
the most effective method of reducing
the burden of stroke is prevention.7,8

There are two approaches to prevention:
the “high-risk” approach, in which
individuals with high absolute risk of
stroke are identified and interventions
initiated, and the “population”
approach, in which levels of risk factors
are reduced in the population.

Important risk factors for stroke are
increasing age, hypertension, smoking,
diabetes, hypercholesterolaemia, atrial
fibrillation and prior stroke or transient
ischaemic attack (TIA). Other factors
include family history, male sex, exces-
sive alcohol intake, prothrombotic fac-
tors, socioeconomic status and possibly

physical inactivity, obesity, infection and
stress.9 The prevalence of these risk
factors in a typical general practice
population is unknown. Our study was
primarily designed to obtain this infor-
mation, to facilitate both the high-risk
and population approaches to stroke
prevention.

Our aims were to assess among
patients consulting general practitioners
in Australia (1) the prevalence of
important stroke risk factors, and (2)
the type and extent of use of pharmaco-
therapies to modify risk factors.

METHODS
1.Methods

We conducted a multicentre, observa-
tional study of patients attending gen-
eral practices in Australia.

The study was undertaken during
2000 in Queensland, New South Wales,
South Australia, Victoria, Tasmania and
the Australian Capital Territory. West-
ern Australia and the Northern Terri-
tory were not included for logistical
reasons (GPs from WA had participated
in an earlier feasibility study). All
registered GPs (18 066) were sent a
letter seeking expression of interest in
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ABSTRACT

Objectives:  To determine the prevalence of stroke risk factors in a general practice 
population and to identify pharmacotherapies currently used in management of 
stroke risk factors.
Design:  Multicentre, observational study by 321 randomly selected general 
practitioners who each collected data on 50 consecutive patients attending their 
surgery.
Patients and setting:  16 148 patients aged 30 years or older attending general 
practices across Australia during 2000.
Outcome measures:  Prevalence of hypertension, current smoking, diabetes, 
hypercholesterolaemia, atrial fibrillation, recent history of stroke or TIA; extent of 
pharmacotherapy use in risk-factor management.
Results:  70% of patients had one or more risk factors and 34% had two or more. 
Hypertension was the risk factor with greatest prevalence (44%), followed by 
hypercholesterolaemia (43%) and current smoking (17%). The prevalence of risk 
factors generally increased with age, except for current smoking, where a decrease 
with age was seen. The most common pharmacotherapies were cardiovascular 
agents, followed by antiplatelet agents. Two-thirds of patients with hypertension 
were taking cardiovascular drugs, most commonly angiotensin-converting enzyme 
inhibitors.
Conclusions:  Stroke risk factors are highly prevalent in general practice patients 
and GPs are ideally placed for opportunistic case-finding. There is considerable 
scope for improving management of stroke risk factors. The Avoid Stroke as Soon 
as Possible (ASAP) general practice stroke audit provides a baseline against which 
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progress in risk-factor management can be measured.
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the study. Of these, 1850 replied and
were eligible for participation. The
study area was divided into 22 regions,
each serviced by about 600 GPs. From
each region, 18 doctors were randomly
selected from the 1850 eligible (396 in
total). If a doctor was unavailable or
refused participation, the geographically
closest GP was approached. This pro-
cess ensured that rural and urban
practices and a representative range of
socioeconomic settings were included. 

Each GP approached 50 consecutive
patients aged 30 years or older to
participate in the study. Demographic
data only were recorded on patients who
refused consent. 

Management of patients with risk
factors was left to the GPs’ discretion.

Risk-factor assessment and definitions

Risk-factor and demographic informa-
tion was obtained through a four-page
questionnaire. The GPs completed the
questionnaires for participating patients
during the standard consultation for
which the patient had attended the
clinic.

Hypertension was defined as a past
history of hypertension or a current
presentation with blood pressure
� 140 mmHg systolic or � 90 mmHg
diastolic. Each patient’s most recent
blood pressure measurement was
recorded. Hypercholesterolaemia
was defined as a past history or current
presentation with a total fasting choles-
terol level � 5.5 mmol/L. Diabetes was
defined as a past history or a current
presentation with a fasting blood glu-
cose level � 7.0 mmol/L. Atrial fibril-
lation was defined as a past history or a
current presentation with atrial fibrilla-
tion confirmed on electrocardiography. 

Current smoking status and history of
stroke or TIA within the past 12 months
was also recorded.

Pharmacological therapies

The classes of medications taken to treat
specific risk factors were recorded. For
patients taking cardiovascular agents,
the GP was asked to specify whether
hypertension, congestive cardiac failure
or ischaemic heart disease was being
treated.

Analysis

Data were entered into SPSS10 for
analysis. Proportions of patients with
risk factors and receiving medications
were calculated. Differences in age and
sex distribution between participating
and non-participating patients were
examined using Student’s t test and �2

analysis, respectively.

Ethics

The Quality Assurance Unit of the
Royal Australian College of General
Practitioners approved the study. Parti-
cipation earned Clinical Audit and
Continuing Medical Education points.
Informed consent was obtained from
each patient before the interview was
conducted.

RESULTS
1.Results

Demographics

Of the 396 GPs included in the study,
321 (81%) returned data on 50 patients.
Of these, 120 doctors were practising in
NSW, 92 in Victoria, 59 in Queensland,
27 in SA, 18 in Tasmania and 5 in the
ACT. Two hundred and thirty-one GPs
were from metropolitan and 90 from
rural areas. Twelve doctors provided
data on some patients but did not
complete the study. 

Overall, 16 148 patients were
approached. Of these, 1398 (9%)

refused participation or their doctor
withdrew them. Thus, 14 750 patients
(91%) were included. Some data on
individual risk factors or medication use
were missing; the tables include the
number of patients for whom data were
available.

Box 1 summarises the age and sex
distribution of patients approached for
the study. The mean age of male
patients was 58 years (range, 30–99
years) and of female patients 57 years
(range, 30–99 years). Patients of both
sexes were evenly distributed across age
groups. There was no significant differ-
ence in age between patients included in
the study and those who refused to
participate (mean, 57.2 v 56.5 years;
P = 0.13); however, there was a higher
proportion of men in the participating
group (P < 0.001).

Risk factors

Seventy per cent of patients (74% of
men; 67% of women) had one or more
risk factors and 34% (37% of men; 33%
of women) had two or more. Overall
prevalence of risk factors increased with
age. The prevalence of individual risk
factors is given in Box 2 and the
prevalence by age groups in Box 3.
Hypertension and hypercholesterolae-
mia were most common. Within the
past 12 months, 2% of patients had
suffered a stroke or TIA; however, 3%
had any history of stroke and 4% had
any history of TIA. 

1: Age and sex distribution of participants and non-participants

 Participants Non-participants Australian population11

Age group (years)

 30–39 2 197 (15%) 258 (19%) 26%

 40–49 2 792 (19%) 264 (20%) 25%

 50–59 3 036 (21%) 234 (18%) 20%

 60–69 2 699 (19%) 203 (15%) 13%

 70–79 2 717 (19%) 231 (17%) 10%

� 80 1 086 (7%) 144 (11%) 5%

 Not specified 223 64

 Total 14 750 (100%) 1398 (100%) 100%

Sex

 Male 5 989 (41%) 491 (36%) 49%

 Female 8 646 (59%) 877 (64%) 50%

 Not specified 115 30

 Total 14 750 (100%) 1398 (100%) 100%
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Pharmacotherapy

Medication use for treating stroke risk
factors is summarised in Box 4. Cardio-
vascular therapies (defined as treatment
for hypertension, cardiac failure or
ischaemic heart disease) were most
common, followed by antiplatelet
agents and lipid-lowering agents. Men
had slightly higher rates of use for all
classes of medication.

Cardiovascular medication use for
patients with hypertension, cardiac
failure and ischaemic heart disease is
shown in Box 5. Overall, 67% of
patients with hypertension were being
treated with antihypertensive medica-
tion. Of these, 70% had blood pressure
recordings above the range recom-
mended in published guidelines (40%
had mild hypertension, 22% had mod-
erate hypertension, and 8% had severe
hypertension).12 Five per cent of
patients had a history of heart failure
and, of these, 73% were taking cardio-
vascular agents, most commonly diuret-
ics. Eleven per cent of subjects had a
history of ischaemic heart disease and,
of these, 48% were receiving treatment,
most with �-blockers or calcium-
channel blockers. The pattern of cardi-
ovascular medication use was similar for
men and women.

DISCUSSION
1.Discussion

Our study has yielded unique data on
the prevalence of stroke risk factors in
an Australian general practice popula-
tion. The data were obtained from
general practices that were spread
throughout Australia, including metro-
politan and rural communities and a
range of socioeconomic settings. Thus,
the information obtained is likely to be

2: Stroke risk factor prevalence among patients aged 30 years and older consulting general practitioners*

Total Men Women

n†
Percentage with risk

factor (95% CI) n†
Percentage with risk

factor (95% CI) n†
Percentage with risk

factor (95% CI)

Hypertension 14 280 44% (43%–45%) 5839 45% (43%–46%) 8441 43% (42%–44%)
Hypercholesterolaemia 12 516 43% (42%–44%) 5186 44% (43%–45%) 7330 42% (41%–44%)
Current smoking 14 297 17% (16%–18%) 5851 20% (19%–21%) 8446 15% (14%–16%)
Diabetes 13 767 12% (12%–13%) 5607 16% (15%–16%) 8160 10% (10%–11%)
Atrial fibrillation 14 194 4% (4%–5%) 5801 6% (5%–6%) 8393 4% (3%–4%)
Stroke/TIA‡ 14 321 2% (2%–2%) 5861 2% (2%–3%) 8460 2% (1%–2%)
*The totals exceed 100% because some patients had multiple risk factors. †Number for whom information was available. ‡Within the past 12 months. 

3: Stroke risk factor prevalence, by age group and sex, in patients aged 
30 years and older consulting general practitioners
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representative of most Australian gen-
eral practice environments.

Nevertheless, there is likely to be
selection bias in the study. Ethnic origin
of patients was not recorded; therefore,
we cannot be sure our sample is
representative of all ethnic groups. As
no doctors were from the Northern
Territory, people of Aboriginal popula-
tions are found in capital cities covered
by the study. The age and sex structure
of the general population differs from
that of the sample. Whether the high
proportion of women in the study is due
to women being more likely to attend
GPs or to chance is uncertain. Of
patients aged over 80 years, 10% were
taking warfarin, a higher rate than
would be expected in the general
population. Our definition of hyperten-
sion as a past history or a single
recording of greater than 140/90 mmHg
may include patients who do not have
persistent hypertension. This may partly
explain why the prevalence of hyperten-
sion in our study is higher than in a
previous Australian survey13 (although
the previous sample consisted of people
between 20 and 69 years of age,
therefore excluding the age groups with
the highest rates of hypertension). The
prevalence of hypertension in our study
is similar to other published figures.14

The prevalences of hypercholesterolae-
mia,13 atrial fibrillation,15 diabetes16 and
smoking13 are similar to those previ-
ously reported.

About 86% of adults in Australia
consult a GP at least once a year
(Carolynn Fredericks, Department of
Health and Ageing, personal communi-
cation). Therefore, GPs can play an
important role in stroke prevention by
opportunistic case-finding of patients
with stroke risk factors. The National
Health and Medical Research Commit-
tee (NHMRC) guidelines on stroke
prevention recommend routine screen-
ing of all patients over 45 years of age
and younger patients who have risk
factors.17 This can be achieved at little
additional cost to the community if
conducted during routine consultations.
Systematic screening for risk factors
during routine consultations would
enable identification of patients at high
risk of stroke, particularly those with
multiple risk factors. Of course, people
who do not attend general practices may

have different prevalence of risk factors
than those who do, and will not benefit
from case-finding by GPs. 

Most of the stroke risk factors
increased in prevalence with age.
Hypercholesterolaemia and diabetes
were more common with increasing age,

but less prevalent in the oldest age
groups. Age is an independent risk
factor for stroke9 and this, together with
the risk-factor prevalence profiles,
explains the exponential increase in
stroke risk with age. Importantly, hyper-
tension, hypercholesterolaemia and

4: Pharmacotherapy use, by age group, in patients aged 30 years and 
older consulting general practitioners

Age group 
(years)

Cardiovascular agent† Oral hypoglycaemic agent

 n* % (95% CI)  n* % (95% CI)

30–39 2 134 7% (6%–8%) 2 182 1% (1%–1%)

40–49 2 730 17% (16%–19%) 2 774 3% (2%–4%)

50–59 2 979 36% (34%–37%) 3 018 6% (6%–7%)

60–69 2 647 56% (54%–58%) 2 684 11% (10%–12%)

70–79 2 663 69% (67%–71%) 2 699 10% (9%–12%)

� 80 1 067 76% (73%–78%) 1 076 9% (7%–10%)

Total 14 220 41% (40%–42%) 14 433 7% (6%–7%)

Antiplatelet agent‡ Insulin

30–39 2 182 1% (1%–2%) 2 182 1% (0%–1%)

40–49 2 774 4% (4%–5%) 2 774 1% (1%–1%)

50–59 3 018 12% (11%–13%) 3 018 2% (1%–2%)

60–69 2 684 27% (25%–29%) 2 684 3% (2%–4%)

70–79 2 699 42% (40%–43%) 2 699 2% (2%–3%)

� 80 1 076 48% (45%–51%) 1 076 1% (1%–2%)

Total 14 433 20% (19%–21%) 14 433 2% (2%–2%)

Lipid-lowering agent Anticoagulant (warfarin)

30–39 2 182 2% (1%–3%) 2 182 0% (0%–1%)

40–49 2 773 8% (6%–9%) 2 774 1% (1%–1%)

50–59 3 017 17% (16%–19%) 3 018 2% (2%–3%)

60–69 2 684 30% (29%–32%) 2 684 4% (4%–5%)

70–79 2 699 32% (31%–34%) 2 699 8% (7%–9%)

� 80 1 076 20% (18%–23%) 1 076 10% (8%–11%)

Total 14 431 19% (18%–19%) 14 433 4% (3%–4%)

* Number for whom information was available. † Angiotensin-converting inhibitor, angiotensin II blocker, 
�-blocker, calcium-channel blocker, diuretic. ‡ Aspirin, clopidogrel, dipyridamole.

5: Distribution of pharmaceutical use in patients with cardiovascular 
disease 

Percentage (95% CI) of patients treated for 
cardiovascular disease with each drug class

Hypertension 
(n = 4162) 

Cardiac failure 
(n = 553)

Ischaemic heart 
disease (n = 782)

ACE inhibitor 47% (45%–48%) 53% (48%–57%) 25% (21%–28%)

Angiotensin II blocker 19% (18%–20%) 8% (6%–10%) 7% (5%–9%)

�-Blocker 21% (20%–22%) 12% (10%–15%) 42% (38%–45%)

Calcium-channel blocker 36% (35%–38%) 9% (7%–12%) 39% (36%–43%)

Diuretic 29% (28%–31%) 75% (71%–78%) 10% (8%–13%)

Other 5% (4%–5%) 17% (14%–20%) 28% (25%–31%)

ACE=Angiotensin-converting enzyme.
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smoking had a prevalence of more than
10% in men and women aged 30–39
years. This suggests that screening for
risk factors in any patient aged over 30
years is worthwhile, so that risk-factor
modification may begin before the onset
of symptomatic atherosclerosis. In con-
trast, atrial fibrillation had a very low
prevalence below the age of 60 years and
it is older patients who require screening
for this. 

Some of our results are perplexing,
such as 10% of patients receiving
diuretics for treatment of ischaemic
heart disease. Lower proportions of
women were receiving each type of
pharmacotherapy than men. Although
intriguing, reasons for this were not
addressed in the study. Surprisingly,
TIA had a higher prevalence than
stroke. Possible explanations include
chance, post-stroke dependency, or
misclassification (TIA is difficult to
differentiate from minor stroke or non-
vascular causes).

The high prevalence of stroke risk
factors suggests that many patients
could benefit from interventions to
prevent stroke. Antihypertensive agents
for hypertension,18 antiplatelet agents in
people with prior stroke or TIA,19

warfarin for atrial fibrillation20 and the
use of statins for hypercholesterolaemia
in patients with evidence of coronary
artery disease21 are effective in reducing
stroke incidence. The evidence in
observational studies for the reduction
of stroke incidence with cessation of
smoking is overwhelming.22 Hyperten-
sion may be modified by reducing salt
intake,23 and obesity9 and lack of
physical exercise9 have been associated
with increased risk of stroke. However,
whether lifestyle advice delivered by
GPs is effective in reducing stroke risk is
unproven.

Medical diagnosis and intervention
does not necessarily imply adequate
control of stroke risk factors. Of patients
receiving medications for hypertension,
30% had blood pressures recorded in
the moderate to severely hypertensive
range. Stroke is associated with under-
treated hypertension,24 so ongoing med-
ical supervision is required to ensure
therapy is adequate. 

Substantial numbers of patients in our
study with a history of hypertension,
cardiac failure and ischaemic heart

disease were not receiving cardiovascu-
lar medication. Although reasons for
non-treatment (such as contraindica-
tion, poor compliance, or stable disease)
were not addressed, it is likely that some
of these patients are being denied
potentially beneficial therapy. 

Overall, our study offers unique
Australian data on the prevalence of
stroke risk factors in a population highly
relevant to GPs. The high prevalence of
stroke risk factors in patients attending
Australian general practice clinics sug-
gests that GPs are ideally placed to
undertake opportunistic risk-factor
management. The Avoid Stroke as Soon
as Possible (ASAP) audit provides
baseline data against which progress in
risk factor management can be meas-
ured.
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