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tion.2 Recently, a working group representing
the peak bodies of Australian nephrology,
pathology and biochemistry, plus Kidney
Health Australia (KHA) proposed that an
estimated glomerular filtration rate (eGFR) be
automatically calculated by the clinical labo-
ratory whenever a serum creatinine measure-
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ABSTRACT

Objective:  To examine factors influencing the identification of kidney impairment in 
patients with type 2 diabetes in Australian primary care.
Design, setting and participants:  348 general practitioner investigators were asked to 
estimate kidney function and its severity in 10–15 consecutively presenting patients with 
type 2 diabetes (n = 3893). They were then asked, for each patient, whether they routinely 

ated kidney function. No instruction was provided on how kidney function should be 
ated or categorised. Data were collected between April and September 2005.
 outcome measures:  Kidney function estimated by the Cockcroft–Gault equation 
 clinical and laboratory data provided by the GP; estimates of kidney function 
 by the GP.

lts:  In 24% of the patients with type 2 diabetes, their GP routinely estimated kidney 
ion. However, few of these patients had impaired kidney function or risk factors for 

kidney disease. There was a good statistical correlation between the estimates made by 
GPs and the data-derived estimates (R2 = 0.72). GPs identified patients with data-derived 
estimates of kidney function < 60 mL/min in over 83% of cases, with a specificity of 90%. 
Impaired kidney function was reported by GPs in 34.4% of men and 36.4% of women. 
These figures were discordant with function categorisation using both GP estimates and 
data-derived values, overlapping in half of the patients. Despite GPs’ ability to assess 
creatinine clearance, “raw” (unstandardised) serum creatinine levels inappropriately 
influenced the perception of impairment of kidney function.
Conclusion:  GPs can accurately assess kidney function, without reporting of estimated 
glomerular filtration rate (eGFR). However, even in patients at increased risk of chronic 
kidney disease, routine estimates are seldom made. Our findings underline the value of 
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the recent initiative recommending automatic reporting of eGFR in Australia.
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 etes is the leading cause of chronic

ney disease (CKD) in Australia.1

spite this, CKD frequently remains
 in individuals with type 2 diabe-

tes. Much depends on the general practi-
tioner’s interpretation of routine biochemical
tests to determine appropriate risk stratifica-

ment is requested.3

In this article, we report the frequency of
assessment of kidney function before this
initiative. In addition, we demonstrate the
ability of GPs to estimate their patients’
kidney function from laboratory data and to
classify kidney function from these esti-
mates, without automatic reporting.

METHODS

Subjects
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 Australian
primary care.4 Investigator selection and rep-
resentation of Australian general practice is
described elsewhere.4 In brief, expressions of
interest were invited from all registered GPs
across Australia, and investigators were then
randomly selected (n = 500) proportional to
the census population.5 The selected
NEFRON investigators were requested to
recruit 10–15 consecutively presenting adult
patients with type 2 diabetes, irrespective of
the reason for the consultation.

Patient assessment
Data collection took place between April
and September 2005. A de-identified case
report form was completed for each eligible
patient. Case report forms captured demo-
graphic information, results of physical
examination and the most recent laboratory
test results, including serum creatinine level
and urinary albumin to creatinine ratio.6,7

At the time of the study, most GPs had
access to resources that enabled the estima-
tion of kidney function using the formula
proposed by Cockcroft and Gault. This for-
mula incorporates measures of serum creati-
nine, age, sex and weight to estimate
creatinine clearance.8 Consequently, for the
purposes of our study, creatinine clearance
for each patient was also estimated using the
Cockcroft–Gault formula from data
recorded in the case report forms. No
attempt was made to standardise results
from different laboratories or regions, but
rather to reflect the “raw” (unstandardised)
results on which practitioners currently base
their assessment and management.

Practitioner assessment of kidney 
function

On the same case report forms for each
patient, GPs were asked whether they rou-
tinely estimated kidney function or whether
their clinical laboratory provided an estima-

tion of kidney function. On the basis of each
patient’s current status, GPs were asked to
state whether kidney function was impaired.
Finally, GPs were also requested to provide
their best estimate of their patients’ kidney
function in mL/min. To reflect resources
available to GPs, no instruction was pro-
vided on how kidney function should be
estimated or defined.

Ethical approval
The Royal Australian College of General
Practitioners (RACGP) National Research
and Evaluation Ethics Committee gave
approval for the study. All participating
patients provided written informed consent
to take part in the study.

Data handling and statistical methods
Subanalyses for nominal variables consisted
of either one-way analysis of variance
(ANOVA) for single variables or two-way
ANOVA for comparison of three groups.
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Subanalyses for categorical variables
involved Pearson χ2 analysis of proportions
between independent parameters. Because
of incomplete data recording, different
patient numbers are presented for different
endpoints. Missing variables were not
imputed. The predictive association
between patients’ variables and the percep-
tion of impaired kidney function by their GP
was assessed by the area under the receiver
operating characteristic curve (ROC curve)
using SAS software, version 9.1 (SAS Insti-
tute Inc, Cary, NC, USA).

RESULTS

Data and informed consent were obtained
for 3893 adults with type 2 diabetes. The
clinical characteristics of these patients have
been described previously.4 Data were sub-
mitted by 348 GPs.

Estimation of kidney function by 
laboratories
At the time of this survey, an estimation of
kidney function was provided by the local
laboratory for 2.4% of patients (n = 92/
3783). The mean creatinine clearance in
these patients was similar to that in patients
whose kidney function was not reported by
a laboratory (77 v 78 mL/min). Seventy-two
per cent of the results estimated by laborato-
ries were above 60 mL/min, a level at which
the accuracy of predictions of kidney func-
tion are suboptimal and thus not currently
recommended.3

Routine estimation of kidney function 
by general practitioners
At the time of this survey, one in four
patients (24.0%, n = 904/3766) with type 2
diabetes had their kidney function routinely
estimated by their GP. The clinical character-
istics of these patients are detailed in Box 1.
The likelihood of patients having their kid-
ney function estimated by their GP was not
influenced by the patient’s age, sex, or dura-
tion of diabetes (Box 1), although these are
all key risk factors for impaired kidney
function.4 Patients with a urinary albumin
to creatinine ratio in the macroalbuminuric
range were marginally more likely to have
routine estimation of their kidney function
(P < 0.01) by their GP; however, only 30% of
patients with a urinary albumin to creatinine
ratio in the macroalbuminuric range had
their kidney function routinely estimated by
their GP. Patients receiving metformin or
sulfonylureas with active metabolites were
as likely as patients not receiving these

medications to have their kidney function
routinely estimated by their GP (24% and
26%, respectively), despite the risk of side
effects of these drugs in patients with
impaired kidney function.

The accuracy of kidney function 
estimation by general practitioners
An estimation of kidney function was
recorded by GPs in 85% of patients (n =
3347/3893). There was a good statistical
correlation between practitioner-estimated
values and those derived from data on case
report forms (R2, 0.72), even in patients in
whom kidney function was not routinely
estimated (R2, 0.70). This meant that, when
prompted, practitioners were able to iden-
tify individuals with a creatinine clearance
< 60 mL/min in over 83% of cases, with a
specificity of 90%.

Identification of impaired kidney 
function by general practitioners
Practitioners were also invited to record
whether, on the basis of current results, their
patients had impaired kidney function
(99%, n = 3868/3893). Impaired kidney
function was reported to be present in

34.4% of men and 36.4% of women (P =
0.2). These figures do not accord with
kidney function estimations derived from
data on the case report forms using the
Cockcroft–Gault formula (Box 2A), or with
the level of kidney function estimated by the
GPs themselves (Box 2B). In about half of all
individuals categorised by GPs as having
impaired kidney function, kidney function
estimates using the Cockcroft–Gault for-
mula (52%) or by the GPs themselves (49%)
were < 60 mL/min.

When kidney function was recorded by
GPs as < 60 mL/min, impaired kidney
function was perceived to be present in
74% of patients. Those patients in whom
GPs estimated kidney function at < 60 mL/
min, but in whom impaired kidney func-
tion was not perceived to be present (Box
2), were less likely to have an elevated
urinary albumin to creatinine ratio (30%),
compared with those in whom impaired
kidney function was considered to be
present (63%, P < 0.01). A documented
history of CKD, macrovascular disease or
hypertension was also less common in
these individuals (all P < 0.01). The pres-
ence of impaired kidney function as per-
ceived by the GP made it marginally more

1 The clinical characteristics of patients with type 2 diabetes in whom kidney 
function was, or was not, routinely estimated

Patient parameters

Kidney function 
routinely estimated

(n=904) 

Kidney function not 
routinely estimated 

(n=2862) 

GP-estimated kidney function* (mL/min), mean (SEM) 85 (1) 86 (1)

Data-derived kidney function† (mL/min), mean (SEM) 89 (1) 91 (1)

Impaired kidney function* (%) 46% 34%‡

Age (years), mean (SEM) 65 (1) 66 (1)

Sex (percentage male) 51% 52%

European ethnicity* (%) 76% 84%‡

Duration of diabetes (years), mean (SEM) 8.1 (0.2) 8.1 (0.1)

Obesity (%) 23% 23%

Hypertension* (%) 72% 70%

Blood pressure (mmHg) 132/76 134‡/77

Haemoglobin A1c (%), mean (SEM) 7.4% (0.1%) 7.3% (0.1%)

Fasting plasma glucose (mmol/L), mean (SEM) 8.1 (0.1) 7.9 (0.1)

Treatment with metformin (%) 63% 63%

Treatment with glimepiride or glibenclamide (%) 13% 10%

Normoalbuminuria (%) 62% 66%‡

Microalbuminuria (%) 29% 27%

Macroalbuminuria (%) 9% 7%‡

Retinopathy* (%) 11% 9%‡

* As perceived by the general practitioner. † Derived from case report form data using the Cockcroft–Gault 
formula. ‡ Difference between the two groups significant at P < 0.05. ◆
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likely that kidney function would be rou-
tinely estimated (30% v 23%, P < 0.01).

Impaired kidney function and serum 
creatinine level
In the NEFRON study, men and women
with creatinine levels over 120 μmol/L and
110 μmol/L, respectively, were perceived by
their GP to have impaired kidney function
in 95% of cases (Box 2C). Indeed, in deter-
mining the perception of impaired kidney
function, the raw (unstandardised) creati-
nine level was as strong a determinant as
creatinine clearance estimated by the GP
(area under the ROC curve, 0.82 v 0.81, P =
0.9). Serum creatinine levels were also more
likely to be above these levels in male and
female patients correctly perceived as having
impaired kidney function (50%) than in
those in whom GP-estimated kidney func-
tion — < 60 mL/min — was not seen as
commensurate with impaired kidney func-
tion (19%, P < 0.001). However, the value of
the serum creatinine level in distinguishing
normal from abnormal function in individ-
ual patients is problematic, as individuals
with a serum creatinine level in the normal
range may have abnormal creatinine clear-
ance. Indeed, in the NEFRON study, 55.6%
of all those with a creatinine clearance
< 60 mL/min had a serum creatinine level
< 120 μmol/L in men or < 110 μmol/L in
women (Box 3).

DISCUSSION
Estimation of kidney function is an impor-
tant component in the multifactorial care of
patients with type 2 diabetes. The NEFRON
study shows that, when prompted to do so,

most GPs are able to accurately estimate
kidney function in their patients and to
identify impaired function in over 70% of
patients. However, at the time of this survey,
fewer than one in four patients with type 2
diabetes had their kidney function routinely
estimated by their GP. Moreover, few of the
patients whose kidney function was esti-
mated were at risk of impaired kidney func-
tion or its consequences (Box 1). Nor did
the acknowledged presence of impaired kid-
ney function appear to influence the likeli-
hood of creatinine clearance being routinely
estimated by their GP. Yet, it is precisely
these patients who are most at risk of
adverse outcomes9-13 and in whom estima-
tion of kidney function may be most impor-
tant.

The principal aim of the NEFRON study
was to identify management issues during
any consultation between an individual with
type 2 diabetes and their GP. As a clinic-
based incident-driven study, it has a number
of limitations. The study sample is biased
towards patients who regularly attend their
GP, and the findings depend on the non-
standardised results on which GPs base their
management. While this focus may be rele-
vant to GPs, extrapolation to a wider com-
munity of patients with type 2 diabetes is
inappropriate. Although every effort was
made to ensure a representative distribution
of general practices,4 selection bias in rela-
tion to participating investigators and
enrolled patients cannot be ruled out.

At the time of this study, most GPs would
have had access to resources to estimate
creatinine clearance (eg, prescribing soft-
ware). This is supported by the good corre-
lation observed between creatinine

clearance estimated from data on the case
report forms and GPs’ estimates. Indeed,
patients with a creatinine clearance < 60 mL/
min were, in most cases, identified with the
aid of resources then available to GPs when
the GPs were specifically prompted to do so
as part of our study. Consequently, the need
for the currently proposed initiative for lab-
oratories to routinely report eGFR3 is not
because GPs are not able to estimate kidney
function — they can manage perfectly well
— but rather because they have not always
felt the need to do so.

Kidney function should be measured at
least annually in patients with diabetes;14

yet, at the time of this survey, no Australian
guidelines recommended the routine esti-
mation of kidney function in patients with
diabetes. In addition, Health Insurance
Commission Service Incentive Payments to
GPs, based on a minimum cycle of care, did
not include the estimation of GFR. Plans to
amend the content of the Diabetes manage-
ment in general practice guidelines15 to
include the routine estimation of kidney
function in “diabetes patient record forms”,
would seem an important early step to
improve the uptake of screening for CKD in
patients with diabetes in Australian general
practice.

Despite GPs’ ability to estimate creatinine
clearance in most patients, the raw
(unstandardised) creatinine level was an
equally strong determinant of GP-perceived
impaired kidney function. This means that
the important contributions of age, sex and
body mass to the assessment of kidney
function were seldom considered. Further-
more, over half of the patients in the
NEFRON study with a creatinine clearance

3 Venn diagrams showing the proportion of 
patients with elevated serum creatinine levels 
(upper circle) and the proportion with a 
creatinine clearance of <60mL/min estimated 
by the Cockcroft–Gault formula (lower circle, 
A) or by the GP (lower circle, B), and the 
overlap of these groups (central dark area)

The unshaded area denotes all patients without either characteristic.

A B

73.5%

13.2%

10.6%

67.7%
17.7%

10.4%

3.0%2.7%

2 Venn diagrams showing the proportion of patients perceived as 
having impaired kidney function by their general practitioner 
(lower circle) and the proportion with a creatinine clearance of 
< 60 mL/min estimated by the Cockcroft–Gault formula (upper 
circle, A) or by the GP (upper circle, B), or by elevated serum 
creatinine levels (upper circle, C), and the overlap of these groups 
(central dark area)

The unshaded area denotes all patients without either characteristic.
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< 60 mL/min had a serum creatinine level in
the normal range. This over-reliance on
creatinine levels significantly contributed to
the disparity between patients perceived as
having impaired kidney function and those
estimated by their GP to have a creatinine
clearance < 60 mL/min (Box 3). The pro-
posed automatic reporting of eGFR3 can be
expected to reduce this unreliable focus on
serum creatinine levels.

The impact of automatic reporting of
eGFR in primary care in Australia3 remains
to be established. Critical to its success will
be education to ensure appropriate screen-
ing and management of CKD, focusing on
the significance of impaired kidney function
in the care of patients with type 2 diabetes
and the opportunity for early intervention.
While the ability of GPs to identify impaired
kidney function was not linked to hard
outcomes (eg, mortality) in this cross-sec-
tional study, early identification and inter-
ventions can help prevent or delay the
progression of kidney disease and decrease
morbidity and mortality in patients with
diabetes.9,16-18
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