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GUIDELINES

No recommendations possible based on Level | or Il evidence

SUGGESTIONS FOR CLINICAL CARE

(Suggestions are based on Level lll and IV sources)

Serum creatinine alone should not be used as a measure of kidney
function as it is particularly insensitive for identifying chronic kidney
disease (CKD) in its early-to-middle stages and in certain patient
groups (e.g. small body size, females, elderly) when population-
based decision points are used. (Level lll evidence, multiple large
cohort studies in community and institutional settings, clinically
relevant outcomes, strong effects)

For minor changes in renal function, changes in serum creatinine
compared to the patient’s previous results are the best available tool
where assay precision and within-person biological variation can be
used to determine the Critical Change at a desired certainty.

The use of age- and gender-specific cut-points (upper limits of
normal) of serum creatinine level or the reciprocal of serum
creatinine concentration do not sufficiently improve the sensitivity
and specificity of the serum creatinine measurement for CKD
detection to obviate the need for additionally calculating or
measuring glomerular filtration rate (GFR). (Level Ill evidence,
multiple large cohort studies in community and institutional settings,
clinically relevant outcomes, strong effects)

In vitro diagnostic manufacturers and clinical laboratories should
calibrate serum creatinine assays to give results equivalent to the
international reference method (Isotope dilution mass spectrometry).
Where assay non-specificity is significant (e.g. the effect of non-
creatinine chromogens on the Jaffé reaction), the assay
standardisation should correct for this effect in individuals with
otherwise normal serum biochemistry. (Level lll evidence, multiple
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large cohort studies in community and institutional settings,
clinically relevant outcomes, strong effects)

Background

Chronic kidney disease is a major public health problem in Australia and
throughout the world. Based on data from the Ausdiab study (Chadban et al
2003), it is estimated that over 1.7 million Australian adults have at least a
moderately severe reduction in kidney function, defined as an estimated GFR
less than 60 mL/min/1.73 m?. This pernicious condition is often not associated
with significant symptoms or urinary abnormalities and is unrecognised in
80%—-90% of cases (Chadban et al 2003, McClellan et al 1997, John et al
2004). Chronic kidney disease progresses at a rate that requires
approximately 1900 individuals each year in Australia to commence either
dialysis or kidney transplantation (McDonald et al 2005). Furthermore, the
presence of CKD is one of the most potent known risk factors for
cardiovascular disease, such that individuals with CKD have a 10- to 20-fold
greater risk of cardiac death than age- and sex-matched controls without CKD
(Foley et al 1998, Weiner et al 2004). Early detection of CKD in the primary
care setting is therefore critically important for facilitating the timely institution
of therapies proven to slow or prevent kidney failure progression, enhance the
appropriate assessment and modification of cardiovascular risk, and inform
decisions regarding the prescription of drugs excreted by the kidneys (Akbari
et al 2004, Johnson et al 2004).

The most commonly used measure of overall kidney function in clinical
practice is serum creatinine concentration. Unfortunately, this measurement is
affected by many factors other than the level of kidney function and varies
markedly with age, gender and muscle mass. Moreover, there are significant
calibration issues associated with the measurement of serum creatinine that
lead to inter-laboratory variation of up to 34% (Coresh et al 2002, Miller et al
2005). Consequently, many guidelines, including the K/DOQI (K/DOQI 2002),
British Renal Association (Joint Specialty Committe of the Royal College of
Physicians of London and the British Renal Association 2005) and Kidney
Disease Improving Global Outcomes (KDIGO) guidelines (Levey et al 2005)
have recommended that serum creatinine concentration alone should not be
used to assess the level of kidney function.

The objective of this guideline is to review the evidence pertaining to the use
of serum creatinine concentration to reliably detect CKD and prevent its
sequelae.
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Search strategy

Databases searched: Text words for creatinine were combined with MeSH
terms and text words for renal function or kidney function. The search was
carried out in Medline (1966 — 18 April 2005). The conference proceedings of
the American Society of Nephrology from 1994-2004 were also searched for
trials.

Date of searches: 18 April 2005.

What is the evidence?
No randomised controlled trials (RCTs) are available which address this issue.

There have been no RCTs comparing the effect of employing serum
creatinine concentration versus other measures of kidney function on relevant
clinical outcomes, such as detection or prevention of CKD, prevention of
cardiovascular disease or reduction in medication-related adverse events.

The relationship between serum creatinine concentration and GFR is
hyperbolic and is influenced by age, gender, muscle mass, ethnicity, dietary
protein intake, certain medications (e.g. trimethoprim, cimetidine) and
laboratory analytical methods (K/DOQI 2002, Young et al 1975, Levey et al
1988). Consequently, serum creatinine concentration is generally considered
inadequate for detecting mild-to-moderate kidney failure, such that patients
must lose up to 50% or more of their kidney function before the serum
creatinine value rises above the upper limit of normal, depending on how
close a patient’s baseline serum creatinine is to the upper reference limit
(K/DOQI 2002, Levey et al 1999, BRA 2005). The critical serum creatinine
concentration range over which CKD patients are often misclassified as
having normal renal function is in the general vicinity of 80—120 nmol/L (Levey
et al 1999).

Choosing appropriate serum creatinine cut-off points which account
particularly for the influence of age and gender and which accurately identify
patients with CKD has proven to be extraordinarily difficult.

The diagnosis of CKD is usually suspected when the serum creatinine
concentration is greater than the upper limit of the reference range, defined as
the 97.5" percentile established empirically in a large sample of population
that is considered healthy. One study determined the normal range for serum
creatinine concentration to be 63—112 mmol/L in men and 53-102 mmol/L in
women, based on 18,000 serum creatinine determinations using the Jaffé
reaction (Lauture et al 1973). These intervals compare well with the data
reported by Mazzachi et al (2000) for an Australian population of blood
donors. Nevertheless, the use of these empiric reference ranges is limited by
the untested assumption that the reference population is healthy with no
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evidence of CKD. Ethnic differences may play a role, since Sugita et al (1992)
found distinctly lower reference intervals for a Japanese population (62—109
nmol/L for males and 45-75 mmol/L for females). The well known increase in
serum creatinine with age (e.g. NHANES Ill) has rarely been included in
reference interval studies, such as those indicated above. Thus, the value of
decision points based on age-appropriate reference intervals has not been
subject to assessment. Moreover, reference intervals may be altered
depending on the type of creatinine assay performed. Finally, there have been
no studies of the diagnostic value of these upper limits for the detection of
CKD.

Iseki et al (1997) attempted to identify serum creatinine concentrations that
were predictive of a significantly increased risk of end-stage kidney disease
(ESKD) in a community-based mass screening health examination program of
107,192 Japanese subjects over 18 years of age (51,122 men, 56,070
women), conducted by the Okinawa General Health Maintenance Association
between April 1983 and March 1984. Serum creatinine concentrations were
ordered in the event of an abnormal urinalysis, hypertension, any other
identified problems or upon patient request. The cumulative incidence of
ESKD increased linearly with baseline serum creatinine level in both men and
women, although the incidence of ESKD was higher in women than in men at
every serum creatinine level. The adjusted relative risk of ESKD became
significant at a serum creatinine level of 105 nmol/L in women and 125 nmmol/L
in men. For each 18 nmol/L rise in serum creatinine concentration above
these cut-off points, the risk of ESKD increased by 5.31 in men and 3.92 in
women. However, the limitations of this study and its recommended cut-points
include the limited generalisability of data from Japanese to Australian and
New Zealand populations, and the possibility of selection bias, given that
serum creatinine determinations were only performed in patients with
observed risk factors for CKD (it should also be noted that the cumulative
incidence of ESKD was 4 times higher in those who had a blood test in the
1983 mass screening compared with those who did not).

Couchoud and coworkers (1999) attempted to define cut-off values for serum
creatinine as an indicator of several levels of kidney disease using data
obtained from laboratory assessments of renal function (Jaffé reaction serum
creatinine and inulin clearance measurements) in 984 patients (464 women,
520 men). The patients were recruited from various medical units and
included individuals suspected of having CKD, those with risk factors for CKD
and 83 ‘healthy’ patients (healthy volunteers and living-related kidney donors).
Using receiver operator curves constructed from the data and the Younden
index ([sensitivity + specificity] — 1), which gives equal weighting to false
positives and false negatives, the authors calculated that, for a measured
GFR of 60 mL/min/1.73m?, the cut-off values for serum creatinine
concentrations were 137 mmol/L for men and 104 nmol/L for women. Cut-offs
were similarly defined for measured GFR values of 80 mL/min/1.73 m* (115
and 90 nmol/L, respectively) and 30 mL/min/1.73 m? (177 and 146 mmol/L,
respectively). The principal weakness of this study was ascertainment bias, in
that patients without CKD were greatly under-represented. One cannot
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therefore be sure of the diagnostic accuracy of these cut-offs in the primary
healthcare setting.

Couchoud et al (1999) did attempt to address this limitation by determining
projected predictive values for several plausible values of prevalence,
assuming a sensitivity of 90%. For an estimated 10% prevalence of GFR < 60
mL/min/1.73 m? (i.e. similar to that reported by AusDiab), the positive
predictive value for the cut-offs would only be approximately 60%, meaning
that many healthy patients would be ‘caught’ by the screening study and
possibly be subjected to unnecessary investigations and anxiety. It could also
be argued that the use of cutpoints in serum creatinine that disregard age are
biologically implausible and are likely to result in overestimation of kidney
function in older people due to the confounding effect of age-related
sarcopenia. Couchoud and coworkers reported that they had validated their
cut-points in age-specific subgroups, but did not provide these data. The
relatively small size of their population makes a type 2 statistical error likely.

Numerous general and patient population studies have demonstrated that
measuring serum creatinine level is insensitive for detecting mild-to-moderate
kidney failure, especially in the elderly and females.

The Australian Diabetes, Obesity and Lifestyle (AusDiab) Study (Chadban et
al 2003) was a national population-based cross-sectional survey of indicators
of kidney damage in 11,247 non-institutionalised Australians aged 25 years or
over, randomly selected using a stratified, cluster method. A representative
sample of the national population was drawn from 42 randomly selected urban
and nonurban areas (census collector districts) across Australia, with six
census-collector districts in each of the six states and the Northern Territory.
An elevated serum creatinine level was found in only 1.06% of the cohort,
indicating that the upper reference limit was set higher than standard
protocols dictate. However, the prevalence of CKD, defined as a Cockcroft-
Gault eGFR less than 60 mL/min/1.73 m?, was 11.2%. The prevalence of an
estimated GFR < 30 mL/min/1.73 m? was 0.3%. Subsequent analyses using
either Cockcroft-Gault or MDRD eGFRs have shown that, in patients with
normal serum creatinine concentrations (< 120 nmol/L), the prevalence of an
eGFR < 60 mL/min/1.73 m? is relatively high over the age of 65 years (Table
1).

The principal limitation of the AusDiab study is that the presence of CKD was
defined according to estimated, rather than measured, GFR, such that
significant misclassification of CKD by estimated GFR could not be excluded.
The precision and accuracy of eGFR compared with measured GFR is
discussed in detail in a following guideline (‘Use of estimated GFR to assess
level of kidney function’). The other limitations of the AusDiab study were the
lack of partitioning of data for age and sex, which may have dramatically
affected the results of the study if they had been used. For example, the upper
reference interval of 120 umol/L was clearly invalid as only 1.06% of the entire
population was outside this limit, when strictly this should have been 2.5%.
Moreover, the assay in use for the studies may have had a significant effect,
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even if a good reference interval had been established for a particular method,
since the use of non-method adjusted GFR estimates (MDRD or Cockcroft-
Gault) could have introduced study biases.

Clase et al (2002) examined the prevalence of CKD in 13,251 adult, non-
diabetic black and white Americans sampled in the Third National Health and
Nutrition Examination Survey (NHANES IIl), using Couchoud creatinine cut-
points, reciprocal creatinine, Cockcroft-Gault GFR and MDRD GFR.
Compared with the two eGFR methods, Couchoud categories and reciprocal
creatinine seriously underestimated the presence of CKD categories (GFR <
80, < 60 and < 30 mL/min/1.73 m?), particularly in those over the age of 60
years (i.e. the population at greatest risk of CKD).

Duncan et al (2001) studied 2781 outpatients referred by community
physicians to an urban laboratory network in British Columbia, Canada, for
serum creatinine measurement. Of the patients referred, 2543 (91.4%) had
normal serum creatinine levels (£ 130 nmol/L). Three hundred and eighty-
seven (15.2%) of these 2543 patients with normal serum creatinine levels had
Cockcroft-Gault GFRs £ 50 mL/min, representing substantially impaired renal
function. The underdiagnosis of serious renal dysfunction increased with
increasing age (1.2% 40-59 years old, 12.6% 60-69 years old, 47.3% over
the age of 70 years). The limitations of this study were the lack of a ‘gold
standard’ measure of GFR and the inability to differentiate transient renal
dysfunction from early CKD. The authors attempted to address the latter issue
by analysing available historical laboratory data. In each of the previous 4
years, 10%—-20% of people who developed overt renal dysfunction had normal
serum creatinine levels but Cockcroft-Gault GFR values £ 50 mL/min. This
represented over half of the patients with normal serum creatinine and
impaired eGFR at these time points, suggesting that a substantial number of
patients with overt kidney failure pass through a stage of normal serum
creatinine and impaired eGFR.

This situation of a ‘normal’ creatinine masking a significant decline in kidney
function is especially important in elderly patients, in whom the age-related
decline in kidney function may not be reflected by an increase in serum
creatinine level because of a concomitant decrease in muscle mass.

Swedko and others (2003) conducted a retrospective medical record review of
865 patients aged 65 years and older in an outpatient academic family
medicine practice in Canada. Significant kidney failure, defined as a
Cockcroft-Gault GFR £ 50 mL/min, was found in 247 (28.9%) patients and
severe kidney failure (Cockcroft-Gault GFR £ 30 mL/min) was present in
6.4%. As a test for kidney failure (Cockcroft-Gault GFR £ 50 mL/min) in the
elderly, a serum creatinine measurement > 150 mnmol/L had a sensitivity of
12.6%, a specificity of 99.9%, and a negative likelihood ratio of 0.87, and was
inconsistent across genders. The corresponding values for severe kidney
failure (Cockcroft-Gault GFR £ 30 mL/min) were sensitivity 45.5%, specificity
99.1%, and negative likelihood ratio 0.55. Only 27.3% of patients with severe
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kidney failure were referred to a nephrologist; the odds of being referred
increased by 2.4 for each 20 nmol/L increase in serum creatinine level above
150 mmol/L.

Cumming et al (2004) undertook a population-based, cross-sectional study of
3222 people aged = 49 years (mean age: 65 years) in the general community
in an urban area of the Blue Mountains, Australia. The study population
represented 82% of the eligible community population. The proportion of
patients with a serum creatinine level = 125 mmol/L (13.5% of men and 4% of
women) was much lower than the proportion with significant kidney failure
(Cockceroft-Gault GFR £ 50 mL/min; 19% of men and 35% of women).
Cockcroft-Gault GFR was strongly associated with the prevalence of anaemia,
such that the attributable risk of CKD to anaemia was 68% in men and 82% in
women. The major limitation of this study was the lack of a direct measure of
GFR and the fact the Cockcroft-Gault GFR was not adjusted for body surface
area.

In addition to predicting those at risk of progressing to ESKD, another key
rationale for assessing kidney function level is to try to accurately identify and
manage those individuals who are at increased risk of cardiovascular disease.

There are numerous reports that serum creatinine is associated with
cardiovascular mortality (Wannamethee et al 1997, Ruilope et al 2001, Mann
et al 2001, Langford et al 1986, Drey et al 2003, Shlipak et al 2001, Shlipak et
al 2002, Muntner et al 2002, Shulman et al 1989). However, other
investigators have not been able to identify an association between
cardiovascular mortality and serum creatinine (Culleton et al 1999, Garg et al
2002).

A recent paper by Shlipak et al (2005) compared serum creatinine, estimated
GFR (eGFR; calculated according to the abbreviated MDRD formula) and
serum cystatin C as predictors of cardiovascular mortality in 4637 individuals
aged 65 years or more who participated in the Cardiovascular Health Study.
Unadjusted hazard ratios for cardiovascular death were significantly different
from the reference group for the lowest 40% of eGFR values (< 66.62
mL/min/1.73 m?), but only the highest 14% of serum creatinine values (>120
nmol/L). Following multivariate adjustment for demographic factors and
comorbid illnesses, the adjusted hazard ratios for death from cardiovascular
causes were not significantly different between the lowest quintile (reference)
and all other quintiles of serum creatinine. However, eGFR remained
significantly and independently predictive of cardiovascular death in the
patients with the lowest 7% of eGFR values (< 45.64 mL/min/1.73 n?). Hence,
eGFR was more strongly predictive of cardiovascular death than serum
creatinine. Interestingly, higher cystatin C levels were directly and dose-
dependently associated with higher risks of all-cause and cardiovascular
mortality and were more strongly predictive of these outcomes than either
serum creatinine or eGFR. The limitations of this study were the possibility of
residual confounding (especially as adjusted and unadjusted hazard ratios
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varied substantially from each other) and the restriction of study participants to
those aged 65 years and over (hence, it is uncertain whether similar mortality
associations would be observed in younger populations).

Sources of error/bias in serum creatinine results

a) Errors in laboratory measurement

The traditional assay for measurement of creatinine is the alkaline picrate
method (Jaffé reaction). There are now many variations of this method in
use which produce results that overestimate serum creatinine levels by up
to 27 mmol/L for results in the reference interval, due to the presence of
interfering, pseudochromogenic constituents, mainly proteins, in the blood
(Wuyts et al 2003, Appel et al 2003, Van Lente et al 1989). Modern
versions of Jaffe assays have minimised these effects by adjusting
temperature, assay constituents, read frame, calibrator set points and
offsets. Alternatively, the protein error can be reduced by the use of
enzymatic creatinine methods (Wuyts et al 2003), HPLC or isotope dilution
mass spectroscopy (Coresh et al 2002, Coresh et al 1998, Perrone et al
1992).

Calibration of serum creatinine measurements is not standardised, thereby
leading to substantial variation within and between laboratories. Of 11
common biochemical tests evaluated across 700 laboratories by the
College of American Pathologists, differences in calibration of serum
creatinine assays (approximately 18 nmol/L between labs) accounted for
85% of the difference between laboratories and were greater than for any
of the other 10 analytes examined (Ross et al 1998). Serum creatinine
concentration was over-estimated by an average of 13.3% compared with
a reference method. Calibration biases appear to be particularly important
at lower serum creatinine levels. In contrast, within-laboratory variation of
serum creatinine was only 8%. Similar results were found among the 102
laboratories participating in the Nordic Reference Interval Project (NORIP)
(Rustad 2003). A more recent evaluation of participants in the College of
American Pathologists Chemistry Survey demonstrated that the mean bias
for 50 instrument-method peer groups varied from -0.06 to 0.31 mg/dL (-
5.3 to 27.4 pmol/L), with 30 (60%) of 50 peer groups having significant
bias (p < 0.001) (Miller et al 2005).

b) Random errors

- The first source of variation in results is random error of the assay
itself.

- The coefficient of variation for this error varies with the absolute serum
creatine concentration and the laboratory methodology employed and
has been reported to range from 1% (Hse et al 2002) to 11% (Perrone
et al 1992). The median within-instrument precision for serum
creatinine in the RCPA/AACB QAP is 3.5% (General Chemistry
Program, End of Cycle report, Cycle 68, 2005).
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c) Real short-term fluctuations in serum creatinine

- Serum creatinine concentration can vary significantly during the day
and between consecutive days due to short-term variations in renal
function (e.g. due to changes in hydration or posture), tubular
creatinine secretion, extra-renal creatinine excretion and creatinine
generation. Taken together, these effects give an average variation due
to changes in the patient of a coefficient of variation of about 4.3%
(www.westgard.com) although a value of 6.3% was recently obtained
from NHANES IILI.

- Short-term variations in renal function

i. Perrone et al (1990) re-measured GFR in the same
individuals within 7 to 28 days and showed that the between-
day coefficient of variation in measured GFR ranged from
12%—-17%.

- Variations in tubular creatinine secretion

i. In addition to being freely filtered by the glomerulus,
creatinine is also secreted by the cation exchanger in the S2
segment of the proximal tubule.

ii. The proportion of total creatinine excretion by secretion, as
opposed to glomerular filtration, ranges between 10% and
50% (K/DOQI 2002), Berlyne et al 1964). Variation in tubular
creatinine secretion alters the relationship between serum
creatinine level and GFR.

iii. Tubular creatinine secretion is inhibited by a number of
medications competing for secretion by the proximal tubular
cation exchanger, including cimetidine, trimethoprim,
amiloride, procainamide, quinine, quinidine and cis-platinum
(K/DOQI 2002, Young et al 1975). This can lead to a
significant (up to 50%) elevation of serum creatinine
concentration without a change in GFR.

iv. The proportion of creatinine secreted versus filtered into the
urine rises as GFR falls, leading to a tendency for creatinine
to underestimate GFR.

- Variations in extra-renal creatinine excretion

i.  Extra-renal (via the gut) creatinine excretion is minimal in
most people, but is increased in situations characterised by
bacterial overgrowth of the small bowel.

i. ~ Small bowel bacterial overgrowth is common in CKD
patients, such that two-thirds of total daily creatinine
excretion can occur by extra-renal elimination in patients with
severely reduced kidney function (Dunn et al 1997). The net
effect is a tendency for serum creatinine to underestimate
GFR.

- Variations in creatinine generation
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i. Creatinine is mainly derived from the metabolism of creatinine
in muscle. Creatinine generation therefore tends to be
proportional to muscle mass and is consequently influenced by
age, gender, race, body size, nutritional status, catabolic
status and the presence of certain disease states (e.g. muscle
disorders, paraplegia, amputation) (Mitch et al 1980).

ii. Creatinine generation is also affected by dietary meat intake,
because the process of cooking meat converts a variable
proportion of creatine to creatinine. Several authors have
observed diurnal variation in serum creatinine concentrations
of up to 30%, with the peak around 1900h, which has been
attributed to dietary intake (Rappoport et al 1968, Pasternack
and Kuhlback 1971).

d) Total measurement error for a single sample

- The variation on a single result for serum creatinine (CVtot) can be
calculated from the analytical coefficient of variation (CVa) and the
within-person biological variation (CVwi) as follows:

CVtot = SQRT (CVa’ + CVwi?d).

- The critical difference, i.e. the smallest change that can be considered
statistically significant can be estimated from this parameter. For
example, a change of 2.77 times the CVtot is required for 95% certainty
when the change may occur in either direction.

Summary of the evidence

There are no RCTs on this topic. There have been no RCTs comparing the
effect of employing serum creatinine concentration versus other measures of
kidney function on relevant clinical outcomes, such as detection or prevention
of CKD, prevention of cardiovascular disease or reduction in medication-
related adverse events. Serum creatinine is affected by many factors other
than the level of GFR, including laboratory calibration bias (of the order of 18
nmol/L), age, gender, race, body size, diet, certain drugs and some disease
states. Consequently, no serum creatinine cut-off points have been developed
to date, which effectively identify patients with CKD with acceptable sensitivity
and specificity. The use of serum creatinine alone as a measure of kidney
function is particularly insensitive at identifying CKD in its early stages and in
certain patient groups (i.e. small body size, females, the elderly).

What do the other guidelines say?

Kidney Disease Outcomes Quality Initiative: The serum creatinine
concentration alone should not be used to assess the level of kidney function.
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Autoanalyzer manufacturers and clinical laboratories should calibrate
creatinine assays using an international standard.

British Renal Association: Within a renal network, which may or may not be
co-terminous with a pathology network, laboratories should provide
comparable creatinine results, ideally by use of identical methodology. This
should be audited by internal quality control procedures across the network
and satisfactory performance in a national quality assessment scheme.
Renal/pathology networks should agree a common approach to the estimation
of GFR.

Kidney function in patients with CKD should be assessed by formula-based
estimation of GFR using either the 4-variable Modification of Diet in Renal
Disease (MDRD) or Cockcroft-Gault equations (Level of evidence 3 DA).

Canadian Society of Nephrology: Use of serum creatinine as the only
indicator of renal failure will fail to diagnose an abnormally low creatinine
clearance in 35% of those 40 to 49 yrs old, and this increases to 92% of those
> 70 yrs old.

European Best Practice Guidelines: Renal function should not be estimated
from measurements of blood urea or creatinine alone. Dialysis terms such as
Kt/ and weekly creatinine clearance should be avoided to reduce confusion
when communicating with general physicians and to encourage timely referral
of patients with renal failure.

International Guidelines: Kidney Disease Improving Global Outcomes:
Serum creatinine measurements should be standardised.

Calibration should be traceable to a reference creatinine method (isotope
dilution mass spectrometry).

Implementation and audit

Serum creatinine and eGFR at commencement of renal replacement therapy
should be collected by the ANZDATA Registry.

Suggestions for future research

1. The usefulness of serum cystatin C measurement for determining level of
kidney function (alone or in combination with creatinine) should be
evaluated.
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2. The effects of improved standardisation and reduced assay imprecision on
early detection of changes in renal function should be evaluated.

3. The relative abilities of serum creatinine, eGFR and other measures of
kidney function (e.g. serum cystatin C) to predict cardiovascular events
and kidney disease progression should be evaluated and compared in
population-based studies over a broad age range.
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Appendix

Table 1 Prevalence of Cockcroft-Gault (C-G) or MDRD eGFR < 60
mL/min/1.73 m? in AusDiab Study subjects with normal serum creatinine
concentration (E 120 mmol/L) according to age

eGFR | Prevalence of eGFR < 60 mL/min/1.73 m? by age category (yr)

25-34 | 3544 | 45-54 | 5564 | 65-74 | 275

C-G 0% 0% 0.6% |4.8% |38.1% | 77.4%

MDRD | 0.3% [0.4% |3.9% |6.7% |23.0% | 37.0%

Source: Polkinghorne et al 2005
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