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NEFRON study (the National Evaluation of
the Frequency of Renal Impairment cO-exist-
ing with NIDDM [Non-Insulin Dependent
Diabetes Mellitus]) to describe how often
patients with type 2 diabetes attain lipid
treatment goals in Australian primary care
and to examine factors that influence the
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ABSTRACT

Objective:  To examine the frequency of dyslipidaemia and treatment with lipid-
lowering drugs in patients with type 2 diabetes managed in Australian primary care.
Design, setting and participants:  The NEFRON study (National Evaluation of the 
Frequency of Renal Impairment cO-existing with NIDDM [Non-Insulin Dependent 
Diabetes Mellitus]) was an incident-driven, cluster-stratified survey of 3893 patients with 

2 diabetes from across Australian primary care between April and September 2005.
 outcome measures:  The most recent fasting lipid levels were compared with 
peutic targets for lipid control and current prescribing guidelines.
lts:  64% of patients with type 2 diabetes presenting in primary care received lipid-
ring medication. Despite the widespread use of statins (61%), 75% of patients had 
l cholesterol level � 4.0 mmol/L, and 47% had a low-density lipoprotein (LDL) 
sterol level � 2.5mmol/L. Few untreated patients met the Australian Pharmaceutical 

Benefits Scheme (PBS) criteria current at the time for subsidised primary prevention with 
lipid-lowering agents (4%). However, new PBS subsidy criteria will potentially include 93% 
of all diabetic patients seeing their general practitioner in primary care.
Conclusion:  Changes in the provision of subsidised therapy for high-risk diabetic 
patients are long overdue. However, more needs to be done to optimise management 
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strategies, which still fail to achieve treatment targets in many treated patients.
ow
co
in L
 ering serum lipid levels is a key

mponent of preventive management
type 2 diabetes.1 Monitoring of lipid

levels and prescription of lipid-lowering ther-
apies are among the most common reasons
for patients with diabetes to see their general
practitioners.2 We used data from the

management of dyslipidaemia.

METHODS

Participants
The NEFRON study was designed as an
incident-driven, cluster-stratified survey of
patients with type 2 diabetes in Australian
primary care.3 Sample selection and its rep-
resentation of general practice are described
in detail elsewhere.3 Five hundred investiga-
tors were enrolled in the study, representa-
tive of the regional distribution of GPs
across Australia.3 The mean age (52 years)
and number of sessions (43 per week) were
also similar to those recorded for all regis-
tered GPs in Australia (50 years and 41
sessions per week, respectively). The study
was approved by the Royal Australian Col-
lege of General Practitioners (RACGP)
National Research and Evaluation Ethics
Committee. Data were collected between
April and September 2005.

Patient assessment
GPs were asked to complete a de-identified
case report form for consecutive patients
with type 2 diabetes, capturing clinical his-
tory, physical examination and laboratory
results, including fasting serum lipid con-
centrations.3 No attempt was made to stand-
ardise results from different laboratories or
regions, but rather to reflect the raw results
on which GPs habitually base management.

Definitions
At the time of the NEFRON study, the use of
lipid-lowering medications in individuals

with type 2 diabetes was subsidised by the
Australian Pharmaceutical Benefits Scheme
(PBS):
• for individuals with established coronary
heart disease and a total cholesterol level
> 4.0 mmol/L (after appropriate dietary
interventions); and
• in the absence of overt coronary heart
disease, for individuals with a total choles-
terol level � 5.5 mmol/L and a high-density
l ipoprotein (HDL) cholesterol level
< 1.0 mmol/L (after appropriate dietary
interventions).

Targets recommended by the National
Heart Foundation and the RACGP Diabetes
Management in General Practice guidelines
are:
• total cholesterol < 4.0 mmol/L;
• low-density lipoprotein (LDL) choles-
terol < 2.5 mmol/L;
• HDL cholesterol > 1.0 mmol/L; and
• triglycerides < 1.5 mmol/L.

Data handling and statistical methods
Patients were stratified on the basis of
receiving lipid-lowering therapy. Sub-
analyses for nominal variables comprised
either one-way analysis of variance
(ANOVA) for single variables or two-way

ANOVA for comparison of three groups.
Subanalyses for categorical variables
involved Pearson χ2 analysis of proportions
between independent parameters.

RESULTS

Patients using lipid-lowering 
medication
Lipid-lowering medication was prescribed
for 63.9% of patients with type 2 diabetes in
the NEFRON study (2487/3893) (Box 1).
Most patients received a statin (61.3%;
2388/3893). Fewer received a fibrate (2.5%;
n = 96) or a cholesterol absorption inhibitor
(1.5%; n = 59).

The National Heart Foundation target for
total cholesterol (< 4.0 mmol/L) was
achieved in 31% of patients receiving lipid-
lowering therapy, while the LDL treatment
target of < 2.5 mmol/L was achieved in 63%
(Box 2A). Treated individuals achieving lipid
targets were older, more likely to have an
established history of cardiovascular disease
(CVD), and also better glycaemic and blood
pressure control (multivariate P < 0.001).
Smoking, morbid obesity or the use of other
medications that influence lipid levels (diu-
retics or β-blockers) did not affect the
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achievement of lipid targets. A third of
treated patients (35%) achieved target levels
for triglycerides (< 1.5 mmol/L), and 84%
for HDL cholesterol (Box 2A).

Patients not receiving lipid-lowering 
therapy
About a third (36.1%) of patients with type
2 diabetes attending their GPs were not
receiving any lipid-lowering medications
(Box 1). A minority of these patients met
optimal targets for lipid control (Box 2B).
Many of these individuals had a high bur-
den of cardiovascular risk markers or
established CVD (Box 1). Despite this, only
11% of the patients not currently receiving
lipid-lowering therapy met the criteria for
government-subsidised treatment with a
lipid-lowering agent current at the time of
NEFRON (Box 3). Most of the untreated
patients who did meet the criteria for sub-
sidy had established CVD. Fewer than 4%
of all patients without CVD and not receiv-
ing lipid-lowering medications met the cri-
teria for subsidised primary therapy. This
figure potentially reflected the small
number of diabetic patients with HDL cho-

lesterol level < 1.0 mmol/L (Box 2B), a
required threshold for the subsidised pre-
scription of lipid-lowering medication for
primary prevention.

Potential impact of subsidy changes
Since 1 October 2006, eligibility for subsi-
dised lipid-lowering therapy has been
expanded. In particular, subsidised therapy
is now available at any cholesterol level for
patients with diabetes who are aged 60
years or older, are of Aboriginal or Torres
Strait Islander ethnicity, or have sympto-
matic macrovascular disease or increased
urinary albumin excretion. All other
patients with diabetes are eligible for subsi-
dised therapy with total cholesterol
> 5.5 mmol/L (after appropriate dietary
interventions).

From the NEFRON data, we estimate
that 82% of patients who were not receiv-
ing lipid-lowering therapy will now have
access to subsidised therapy. Treatment of
all these patients, as suggested by the low
rates of untreated patients meeting previ-
ous subsidy criteria, would result in an
increase of about 28% in lipid-lowering

therapy in patients with type 2 diabetes, to
potentially include 93% of all diabetic
patients seeing their GPs in primary care.
However, many of these patients have a low

1 Clinical characteristics of patients with type 2 diabetes from the NEFRON 
study, by use of lipid-lowering medications

Lipid-lowering medications

Yes (n = 2487) No (n = 1406)

Mean age in years (SEM) 66.5 (0.2) 63.8 (0.4)*†

Sex (% male) 53% 50%*

Mean duration of diabetes in years (SEM) 8.6 (0.1) 7.4 (0.2)*†

European ancestry (%) 84% 80%*

Asian (%) 9% 13%*

Indigenous Australian (%) 3% 5%*†

Obesity (%) 78% 72%*†

Coronary heart disease (%) 31% 10%*†

Cerebrovascular disease (%) 9% 6%*

Peripheral vascular disease (%) 11% 5%*

Current smoker (%) 10% 11%*

Blood pressure (mmHg) 134/76 133/77

Mean HbA1c (%) (SEM) 7.3% (0.1%) 7.3% (0.1%)

Mean total cholesterol (mmol/L) (SEM) 4.5 (0.1) 4.9 (0.1)*

Mean LDL cholesterol (mmol/L) (SEM) 2.3 (0.1) 2.8 (0.1)*

Mean HDL cholesterol (mmol/L) (SEM) 1.3 (0.1) 1.3 (0.1)

Mean triglycerides (mmol/L) (SEM) 2.0 (0.1) 1.9 (0.1)*

GFR < 60 mL/min/1.73 m2 (%) 26% 19%*

Elevated ACR (micro- or macroalbuminuria) (%) 36% 32%*

* Univariate P < 0.05. † P < 0.05, adjusting for age, duration of diabetes, sex and cardiovascular disease. 
SEM = standard error of the mean. HbA1c = glycated haemoglobin. LDL = low-density lipoprotein. 
HDL = high-density lipoprotein. GFR = glomerular filtration rate. ACR = albumin to creatinine ratio. ◆

3 Distribution of cardiovascular risk* 
in patients not receiving lipid-
lowering therapy

* Risk estimated by the UKPDS (United Kingdom 
Prospective Diabetes Study) calculator.4 
† Criteria for subsidy of lipid-lowering therapy from 
the Australian Pharmaceutical Benefits Scheme. 
Percentage in shaded section represents the 
percentage of patients in this risk group who 
would meet the new criteria. ◆
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estimated cardiovascular risk (Box 3), mak-
ing this a potentially costly way to ensure
coverage of high-risk patients.

DISCUSSION

The identification and management of dysli-
pidaemia is a key component of manage-
ment in patients with type 2 diabetes.1

Australian medical practice has widely
adopted this message, with 64% of patients
in the NEFRON study receiving lipid-lower-
ing medications. Nonetheless, many
patients failed to meet recommended lipid
targets (Box 2). In addition, many people
with diabetes and high cardiovascular risk
were not treated, possibly because of their
failure to meet HDL cut-offs for subsidised
prescription. These data have important
implications for the appropriate stratifica-
tion and management of patients with type
2 diabetes in Australia.

A principal aim of the NEFRON study
was to identify key management issues dur-
ing consultation between an individual with
type 2 diabetes and their GP. As a clinic-
based, incident-driven study it has a
number of limitations, being inherently
biased towards patients who regularly
attend their GPs. This was a deliberate
approach to estimate the characteristics of
patients seen by GPs every day in Australia.
However, bias of GPs against recruiting
patients with complex conditions or those
with whom they were not familiar cannot be
excluded. While extrapolation to a wider
community of patients with type 2 diabetes
is inappropriate, these results are nonethe-
less consistent with population-based stud-
ies,5 where fewer than half of all patients
with type 2 diabetes achieved lipid treat-
ment goals when assessed on a single occa-
sion.

Although every effort was made to ensure
a representative distribution of practices,3

NEFRON investigators were selected from
1500 GPs who initially expressed interest in
participating in the study. While NEFRON
investigators had similar age, sessions per
week and regional distribution to Australian
GPs generally, selection bias in relation to
participating investigators, their prescribing
practice and subsequently enrolled diabetic
patients limit the generalisability of these
data.

Many patients receiving a lipid-lowering
drug still failed to achieve treatment goals for
total cholesterol and triglycerides (Box 2). It
should be acknowledged that achieving
these goals can be difficult, particularly in

patients with obesity, elderly patients, and
those with chronic kidney disease who
make up the majority of Australians with
type 2 diabetes. Previous studies have sug-
gested that inadequate dosing may explain
failure to achieve lipid targets.6,7 Other
important barriers include patient compli-
ance, particularly as many patients receive
multiple medications (Box 1),8,9 are elderly,9

or have reduced ability to pay for medica-
tions. Studies have suggested that long-term
adherence to prescribed lipid-lowering med-
ications is only 30%, and that non-adher-
ence to statin therapy is associated with a
detectable excess of CVD.10 In the NEFRON
study, no descriptive characteristics clearly
predicted patients on lipid-lowering medi-
cation who did not achieve therapeutic tar-
gets. These were not serially recalcitrant
patients, as fewer than half of treated
patients not meeting targets could be identi-
fied from elevated HbA1c (glycated haemo-
globin) or blood pressure levels.

In the NEFRON study, over half of those
patients not meeting National Heart Foun-
dation targets did not receive any lipid-
lowering therapy. This discrepancy may be
partly explained by the regulations at the
time that limited the subsidy for lipid-lower-
ing medications, in the absence of overt
coronary heart disease, to diabetic individ-
uals with total cholesterol > 5.5 mmol/L and
HDL < 1.0 mmol/L. However, low HDL lev-
els are uncommon in this population, as
estimated by the non-standardised labora-
tory tests on which they base their routine
assessment. The changes to PBS eligibility
criteria for lipid-lowering drugs will sub-
stantially improve coverage in patients with
diabetes, with almost all high-risk patients
now having unrestricted access (Box 3). If,
like those currently treated, nearly two
thirds of these patients can also maintain
their LDL cholesterol < 2.5 mmol/L, then the
cost of these changes will be saved many
times over.
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