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Research

diabetes and an estimated glomerular filtra-
tion rate (eGFR) < 60 mL/min/1.73 m2 has
over 10 times the risk of cardiovascular
disease compared with an individual with
diabetes and normal kidney function.2 Con-
sequently, the identification of CKD has
significant implications for the routine man-
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ABSTRACT

Objective:  To estimate the frequency of chronic kidney disease (CKD) in a clinic-based 
sample of patients with type 2 diabetes in the setting of Australian primary care.

Design, setting and participants:  Expressions of interest were invited from all 
registered general practitioners in Australia: 500 GP investigators were randomly 
selected from each stratum (state and urban versus rural location), proportional to 

ensus population, and asked to recruit and provide data for 10–15 consecutively 
nting adults with type 2 diabetes between April and September 2005.
 outcome measures:  Estimated glomerular filtration rate (eGFR) less than 
L/min/1.73 m2 and evidence of kidney damage on urinalysis (eg, microalbuminuria).

lts:  348 GP investigators submitted data for 3893 individuals with type 2 diabetes 
 men; median age, 66 years). Almost one in every four patients consulting their GPs 
n eGFR < 60 mL/min/1.73 m2 (23.1%; 95% CI, 21.8%–24.5%). More than one in three 

had an elevated urinary albumin–creatinine ratio (ACR) (34.6%; 95% CI, 33.3%–35.9%). 
There was an overlap of 10.4% of patients with both an eGFR < 60 mL/min/1.73 m2 and 
an elevated urinary ACR, meaning that almost one in two patients with type 2 diabetes 
consulting their GPs (47.1%; 95% CI, 45.8%–48.4%) had CKD. CKD was significantly more 
common in women, in older people, and in individuals with established macrovascular 
disease.
Conclusion:  CKD is a common complication of type 2 diabetes, found in about half of 
all patients with type 2 diabetes consulting their GPs. Efforts to increase the recognition 
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of CKD will lead to improved care, and possibly survival, of patients with type 2 diabetes.
iab
sta
traD
 etes is the leading cause of end-

ge kidney disease (ESKD) in Aus-
lia,1 and chronic kidney disease

(CKD) in individuals with diabetes is associ-
ated with adverse outcomes, which contrib-
ute to significant morbidity and premature
mortality.2-4 For example, an individual with

agement of patients with diabetes.
The National Evaluation of the Frequency

of Renal impairment cO-existing with Non-
insulin dependent diabetes mellitus
(NEFRON) study was an incident-driven,
clinic-based, clustered and stratified survey
of patients with type 2 diabetes in the
Australian primary care setting. Its main aim
was to determine the frequency of CKD
complicating any consultation between
patients with type 2 diabetes and their gen-
eral practitioners.

METHODS

Sampling and investigator selection
GPs were recruited on the basis of interest
in participating in the study. Expressions of
interest were invited via a mail-out con-
ducted in February 2005 using a commer-
cial database of all 18 810 registered GPs
from all jurisdictions in Australia (Pharbase,
Dendrite, Sydney, NSW). Expressions of
interest were stratified according to location
within each state (rural or urban) in a
classification derived from Rural, Remote
and Metropolitan Area categories.5 A
number of expressions of interest from each
stratum, proportional to the census popula-
tion (Australian Bureau of Statistics, 2001),
were then randomly selected by Quintiles
Strategic Research Services (Melbourne,
VIC) using SPSS version 13.0 (SPSS Inc,
Chicago, Ill, USA), to make up a total of
500 GP investigators nationally (Box 1). In
the event that a cohort did not achieve
target levels of GP registration, another
mail-out was targeted to the sector. In the
event of investigator withdrawal from the

study, the geographically closest GP who
had returned an expression of interest but
not been selected was approached as a
potential replacement.

Target population and eligibility
NEFRON GP investigators were requested
to recruit 10–15 consecutively presenting
adult patients perceived as having type 2
diabetes, irrespective of the reason for the
consultation. Data were collected prospec-
tively between April and September 2005.
No instruction was provided on how a
diagnosis of type 2 diabetes was to be
established. Patients were required to give
written informed consent in English. Indi-
viduals with disabilities that precluded par-
ticipation and those declining to participate
were not included in the study.

Sample size determination
The sample size was selected on the basis of
data from the AusDiab study that identified
28% of individuals with diabetes as having
an eGFR < 60 mL/min/1.73 m2.6 As it is
estimated that about 0.6 million Australians

have known diabetes, a sample of 4238
patients was planned for NEFRON, to allow
a 95% confidence interval of 26.5%–31.5%,
around a true frequency of 28%. Five hun-
dred GP investigators, each recruiting 10–
15 consecutive patients, were predicted to
generate this sample size, based on rates of
investigator dropout and protocol violation
in previous Australian research studies in
primary care.7

Survey protocol and procedures
GPs completed a case report form for each
eligible patient, which captured demo-
graphic and clinical information (see Box 2).
In addition, GPs recorded non-standard-
ised results of routine physical examination
(height, weight, waist circumference, blood
pressure [seated, right arm, diastolic at
Korotkoff phase V], resting pulse rate and
rhythm) and data from the most recent
blood tests and urinalysis, including serum
creatinine, urea, electrolytes, glycated hae-
moglobin (HbA1c), fasting glucose and
lipid levels, and urinary albumin and creat-
inine levels.
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Definitions used
For our study, CKD was defined according
to standard Kidney Disease Outcomes
Quality Initiative (K/DOQI) guidelines:
individuals with an eGFR < 60 mL/min/
1.73 m2 or evidence of kidney damage on
urinalysis (eg, albuminuria) were defined
as having CKD.8 For primary analyses, the
presence of an eGFR < 60 mL/min/1.73 m2

was determined as a categorical variable
using the four-variable formula proposed
by the Modification of Diet in Renal Dis-
ease (MDRD) Study, which forms the basis
of automatic reporting of GFR in Aus-
tralia.9 This has been shown to be a relia-
ble tool for determining impaired kidney
function in older individuals10 and Aus-
tralians with type 2 diabetes,11 where
serum creatinine measurements are cali-
brated with the MDRD methodology.
Albuminuria was stratified according to
In te rn a t io na l  D iabe te s F eder a t ion
guidelines12,13 as follows:
• Microalbuminuria — urinary albumin–
creatinine ratio (ACR) of 3.5–35 mg/mmol
(women) or 2.5–25 mg/mmol (men).
• Macroalbuminuria — urinary ACR
>35mg/mmol (women) or >25mg/mmol
(men).

• Normoalbuminuria — urinary ACR
<3.5mg/mmol (women) or <2.5mg/mmol
(men).

Patients with macro- or microalbuminuria
were deemed to have an elevated urinary
ACR.

Ethical approval
The Royal Australian College of General
Practitioners (RACGP) National Research
and Evaluation Ethics Committee gave
approval for data collection, and all subjects
provided written informed consent to par-
ticipate.

Data handling and statistical methods
Patients with missing data were excluded
from the relevant analysis, but were included
in other analyses where all information was
provided. Subanalyses for nominal variables
were by one-way analysis of variance
(ANOVA) (for single comparisons) or two-
way ANOVA (for comparison of three vari-
ables). Subanalyses for categorical variables
were by Pearson χ2 analysis of proportions
between independent parameters.

Multivariate predictors of a reduced eGFR
(defined as eGFR < 60 mL/min/1.73 m2)

were identified using reverse stepwise logis-
tic regression analysis and expressed as their
odds ratios. Model validity was confirmed
using the Akaike Information Criterion.14

The residuals from this model were
checked, and no major departures from the
assumptions of randomness and normality
were seen. The influence of each patient on
the model was also examined, and no indi-
vidual patient had an undue impact on it.
All regression diagnostics available in the
SAS computer program (SAS Institute, Cary,
NC, USA) were produced and plotted. In
particular, the Pearson residuals and devi-
ance residuals were used to identify observa-
tions that were not well explained by the
model. Plots were obtained and examined
for observations with unduly large residuals.

The overall predictive ability of the model
was assessed by the area under the receiver
operating characteristic curve. Multivariate
models were built using the SAS PROC
LOGISTIC computer program (SAS 9.1, SAS
Institute, Cary, NC, USA).

RESULTS

Investigator recruitment
Expressions of interest were received from
1445 GPs across Australia. From the 500
GPs selected, 117 withdrew before submit-
ting data; 86 of these were replaced by GPs
from the same geographic region. Of the
469 GPs, 348 submitted data within the
study timeframe. The distribution of GP
investigators is shown in Box 1.

Patient characteristics
Informed consent was gained and data were
collected from 3893 patients with type 2
diabetes. Their demographic and clinical
details are summarised in Box 2. For the
group as a whole, 52% were male, median
age was 66 years, and median duration of
diagnosed diabetes was 6 years. Most
patients (82.5%) were of European ancestry,
10.2% were Asian, and 3.7% were identified
as Indigenous Australians by their GPs.
According to body mass index criteria,15

83.6% of patients were overweight or obese.

Frequency of CKD
The frequency of CKD in patients with type
2 diabetes is shown in Box 3. Almost one in
every four patients with type 2 diabetes
attending their GPs had a reduced eGFR
(< 60 mL/min/1.73 m2) (23.1%; 95% CI,
21.8%–24.5%), and more than one in three
had an elevated urinary ACR (34.6%; 95%
CI, 33.3%–35.9%). There was an overlap of

1 Geographic distribution of NEFRON general practitioner investigators

Stratum

Distribution
of Australian 

GPs

No. of 
expressions 
of interest 

No. of
investigators 

selected
No. of active 
investigators

No. of patients 
recruited

Median no.
per GP Total

NSW urban 23% 395 (27%) 114 (23%) 83 (24%) 11 933 (24%)

NSW rural 10% 119 (8%) 56 (11%) 28 (8%) 10 294 (8%)

VIC urban 19% 180 (12%) 89 (18%) 66 (19%) 11 725 (19%)

VIC rural 7% 69 (5%) 36 (7%) 24 (7%) 11 268 (7%)

QLD urban 11% 192 (13%) 56 (11%) 42 (12%) 11 470 (12%)

QLD rural 7% 145 (10%) 39 (8%) 28 (8%) 10 324 (8%)

SA urban 6% 88 (6%) 27 (5%) 21 (6%) 12 221 (6%)

SA rural 3% 40 (3%) 13 (3%) 10 (3%) 11 109 (3%)

WA urban 6% 132 (9%) 32 (6%) 22 (6%) 11 267 (7%)

WA rural 3% 32 (2%) 18 (4%) 9 (3%) 11 100 (3%)

TAS urban 1% 11 (1%) 3 (1%) 3 (1%) 11 37 (1%)

TAS rural 2% 17 (1%) 7 (1%) 4 (1%) 10 64 (2%)

NT urban 0.5% 3 (0.2%) 0 0 0 0 

NT rural 1% 5 (0.3%) 5 (1%) 3 (1%) 12 23 (1%)

ACT urban 1% 17 (1%) 5 (1%) 4 (1%) 11 49 (1%)

Unknown 0 0 0 1 (0.3%) 9 9 (0.2%)

All 100% 1445 500 348 11 3893

NEFRON = National Evaluation of the Frequency of Renal impairment cO-existing with Non-insulin 
dependent diabetes mellitus. NSW = New South Wales. VIC = Victoria. QLD = Queensland. 
SA = South Australia. WA = Western Australia. TAS = Tasmania. NT = Northern Territory. 
ACT = Australian Capital Territory. ◆
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10.4% of patients who had both a reduced
eGFR and an elevated urinary ACR. Thus,
almost one in every two patients with type 2
diabetes seen by their GP had CKD, as
defined by K/DOQI guidelines (47.1%; 95%
CI, 45.8%–48.4%) (Box 3).16 There was no
clinically significant influence of clustering
in the estimated frequency of endpoints
(data not shown).

Predictors of a reduced eGFR
The main predictors of a reduced eGFR are
shown in Box 2. More women than men
with type 2 diabetes had a reduced eGFR
(adjusted odds ratio, 2.27; 95% CI, 1.75–
2.95). These sex-specific differences were

not explained by older age or longer dura-
tion of diabetes in women. Even in individu-
als with a short duration of disease (< 5
years), more women than men had a
reduced eGFR.

Individuals aged 65 years or over were
also more likely to have a reduced eGFR,
with more than a third (35.1%) in this age
group having an eGFR < 60 mL/min/
1.73 m2, compared with fewer than 9% of
individuals aged less than 65 years (Box 4A).
The frequency of a reduced eGFR also
increased in proportion to the duration of
diabetes (P = 0.02, Box 4B). However, it was
also observed that 14.2% of all patients in
whom type 2 diabetes had been diagnosed

within the previous year had an eGFR
< 60 mL/min/1.73 m2, increasing to 30.2% if
patients were aged 65 years or over at the
time of diagnosis.

Unadjusted data showed a similar frequency
of reduced eGFR across ethnic groups, with a
significantly lower frequency only in Asian
individuals (Box 5). However, this difference
was eliminated by adjustment for differences
in age, sex and duration of diabetes.

Other independent risk factors for a
reduced eGFR included albuminuria, treat-
ment of hypertension, height, a history of
macrovascular disease or urinary tract infec-
tion, or a first-degree relative with CKD (Box 2).
The overall predictive ability of the model
was good, with a c-statistic of 0.792 (likeli-
hood ratio test, χ2 = 673.9; P < 0.001).

Albuminuria
The distribution of albuminuria in the
patients is shown in Box 3: 27.3% of
patients had microalbuminuria (95% CI,
25.9%–28.7%), and 7.3% had macroalbu-
minuria (95% CI, 5.9%–8.6%). The fre-
quency of an elevated urinary ACR was
statistically similar in men and women with
type 2 diabetes (36.9% v 34.0%; P = 0.07).
There was no association between age or
duration of diabetes and the frequency of an
elevated urinary ACR (Box 4).

2 Clinical characteristics of patients with type 2 diabetes enrolled in the 
NEFRON study, by estimated glomerular filtration rate (eGFR) (data show 
the mean [SEM])

Patient parameter

Estimated GFR

Adjusted odds 
ratio* (95% CI)

� 60 mL/min/
1.73 m2

< 60 mL/min/
1.73 m2

Age (years) 63.3 (0.2) 73.0  (0.3)† 2.21 (2.00–2.46)‡

Sex (% female) 45 (1) 57 (2)† 2.27 (1.75–2.95)

Diabetes duration (years) 7.6 (0.1) 9.9 (0.3)†

European ancestry (%) 81 (1) 88 (1)†

Asian (%) 11 (1) 7 (1)†

Indigenous Australian (%) 4 (1) 3 (1)

Weight (kg) 86.0 (0.4) 80.8 (0.6)†

Height (cm) 166 (1) 164 (1) 1.25 (1.10–1.42)§ 

Smoking (% current smokers) 11 (1) 7 (1)†

Smoking (% ex-smokers) 32 (1) 30 (1)

Haemoglobin A1c (%) 7.4 (0.1) 7.2 (0.1)†

Fasting plasma glucose (mmol/L) 8.0 (0.1) 7.7 (0.1)†

LDL cholesterol (mmol/L) 2.5 (0.1) 2.3 (0.1)†

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

Triglycerides (mmol/L) 2.0 (0.1) 2.0 (0.1)

Treatment for hypertension (%)¶ 67 (1) 84 (1)† 1.92 (1.52–2.43)

Systolic blood pressure (mmHg) 133 (1) 135 (1)† —

Diastolic blood pressure (mmHg) 77 (1) 74 (1)† 0.92 (0.87–0.97)**

Retinopathy (%)¶ 8 (1) 14 (1)†

Macrovascular disease (%)†† 27 (1) 47 (2)† 1.74 (1.43–2.12)

Normoalbuminuria (%) 69 (1) 54 (1)† —

Microalbuminuria (%) 26 (1)† 32 (1)† 1.26 (1.02–1.55)

Macroalbuminuria (%) 5 (1)† 14 (1)† 3.31 (2.40–4.57)

Family history of kidney disease (%) 6 (1) 9 (1)† 1.83 (1.29–2.60)

History of urinary tract infection (%) 9 (1) 15 (1)† 1.37 (1.03–1.81)

* Odds ratios are shown for variables retained in the multivariate model. As study selection was randomised 
on the basis of geographic distribution, these odds ratios were adjusted for regional differences. 
† ANOVA, P < 0.05. ‡ Per 10-year difference. § Per 10 cm difference.
¶ As identified by their general practitioners. ** Per 5 mmHg difference.
†† As denoted by a history, identified by their general practitioners, of cardiovascular, cerebrovascular 
or peripheral vascular disease. LDL = low-density lipoprotein. HDL = high-density lipoprotein. ◆

3 Venn diagram showing the 
distribution of albuminuria and 
estimated glomerular filtration rate 
(eGFR) <60mL/min/1.73m2 among 
patients with type 2 diabetes*

*The unshaded area denotes patients without 
chronic kidney disease (52.9%). ◆

20.1%

52.9%

4.1%

3.2%
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Microalbuminuria

Macroalbuminuria

eGFR < 60 mL/min/1.73  m2
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Almost half (45.1%) of the individuals
with macroalbuminuria had a reduced
eGFR, compared with 28.2% of those with
microalbuminuria, and 19.0% of those with
a urinary ACR in the normal range. Two out
of every three patients had a normal urinary
ACR, including over half of all those with a
reduced eGFR (Box 3). However, there were
significant ethnic differences in this pattern.
Notably, 90% of Indigenous Australians and
over 80% of Pacific Islanders with a reduced
eGFR had an abnormal ACR, mostly in the
macroalbuminuric range. In contrast, only
46% of patients of European ancestry with a
reduced eGFR also had an abnormal ACR,
with fewer than 12% in the macroalbumin-
uric range (Box 5).

DISCUSSION

Chronic kidney disease is common in Aus-
tralian general practice, where one in every
four patients with type 2 diabetes consulting
their GPs will have an eGFR < 60 mL/min/

1.73 m2, and one in three will have an
elevated urinary ACR in their most recent
laboratory results. These data have impor-
tant implications for the appropriate stratifi-
cation and management of patients with
type 2 diabetes in Australia.

The principal aim of the NEFRON study
was to determine the frequency of CKD (as
defined by guidelines and data available to
Australian practitioners) being present in
any consultation between an individual with
type 2 diabetes and their GP. As a clinic-
based, incident-driven study, it has limita-
tions, being inherently (and deliberately)
biased towards patients who regularly con-
sult their GPs. While this approach is poten-
tially more relevant for GPs, it is not
population-based, and extrapolation to a
wider community of patients with type 2
diabetes is inappropriate. In addition, initial
recruitment of investigators was based on
interest in undertaking the study. Although
every effort was made to ensure a represent-
ative distribution of general practices, bias
in relation to participating investigators, and
consequently enrolled patients, cannot be
ruled out.

The estimation of GFR from a single
measurement of serum creatinine concen-
tration is also a potential source of impreci-
sion. Nevertheless, the NEFRON data are
consistent with findings from the small
cohort of patients with known diabetes in
the AusDiab study (n = 420), where 27.6%
of individuals had an eGFR < 60 mL/min/
1.73 m2 using the same estimation equa-
tion.6

In the NEFRON study, most patients with
type 2 diabetes and an eGFR < 60 mL/min/
1.73 m2 were older women. Some of this
sex-related difference probably reflects vari-
ability in muscle mass and possibly protein
intake that was not adequately modelled by
the MDRD formula. The frequency of ele-
vated urinary ACR was not significantly
different between men and women with
diabetes. Much of the increased frequency
with age of an eGFR < 60 mL/min/1.73 m2

was attributable to an excess of older
women with reduced eGFR but a urinary
ACR in the normal range (Box 4). Similar
findings have been reported in population
studies6,17 and an Australian clinic study.18

While the nature of kidney damage in these
patients is yet to be established, even in this
population, an eGFR < 60 mL/min/1.73 m2

remains a potent independent risk marker that
is clearly correlated with adverse outcomes.19

Of individuals with type 2 diabetes con-
sulting their GPs, 29.5% had an abnormal

ACR. Although these patients are broadly
classified as having CKD,16 not all will have
diabetic kidney disease, and a number of
non-kidney diseases may contribute to an
abnormal ACR (eg, hypertension, macrovas-
cular disease, and heart failure). Nonethe-
less, regardless of aetiology, the presence and
severity of albuminuria is strongly associated
with adverse outcomes in this population.

The NEFRON study also highlights key
racial and ethnic differences in the fre-
quency of CKD. It is well known that Indig-
enous Australians have high rates of ESKD
caused by diabetes.20 However, in the
NEFRON study, the unadjusted frequency
of CKD was similar in Indigenous and non-
Indigenous populations. While this finding
is clearly influenced by survival and selec-
tion biases inherent in this survey, it is
consistent with results of surveys in other
minority populations21 and the global
DEMAND study.22 Secondly, although eGFR
is well validated for adult white people,
caution is required when applying eGFR to
other patient groups, such as Indigenous
Australians and people of Asian origin.
Nonetheless, high rates of ESKD are more
likely a result of the accelerated natural
history of kidney disease in Indigenous Aus-
tralians. Notably, over half of Indigenous
Australian patients with type 2 diabetes and

5 Unadjusted frequency of a reduced 
eGFR (<60mL/min/1.73m2) in 
patients with type 2 diabetes by 
racial or ethnic background*

*Patients were categorised with macro-, micro- 
or normoalbuminuria according to the urinary 
albumin–creatinine ratio. 
eGFR = estimated glomerular filtration rate. ◆
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an eGFR <60 mL/min/1.73m2 had an ACR
in the macroalbuminuric range, compared
with fewer than 12% of patients of Euro-
pean ancestry. If this is the real situation in
the Australian community, then it is hardly
surprising that Indigenous patients now
make up over 8% of all Australians receiving
dialysis, despite only 2% of Australians
identifying themselves as Indigenous.

A working group representing the peak
bodies of Australian nephrology, pathology
and biochemistry, plus Kidney Health Aus-
tralia, has proposed that, whenever a serum
creatinine measurement is requested
through any pathology service in Australia,
the eGFR should be reported when its value
is < 60 mL/min/1.73 m2.9 According to the
NEFRON study, this means that an eGFR
value will be reported for almost one in
every four individuals with type 2 diabetes
consulting their GPs. The same proportion
will have an elevated urinary ACR reported,
without an eGFR sufficient to trigger report-
ing. This large, and currently unrecognised,
health care burden has the potential to
overwhelm clinical practice as the frequency
of diabetes and the number of ageing Aus-
tralians continue to increase. It is hoped that
efforts to increase the recognition of CKD
will result in a significant change to clinical
practice and lead to improved care and
survival of patients with type 2 diabetes.
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