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ABSTRACT

Introduction

A new classification of chronic kidney disease (CKD) has been widely
adopted that stratifies patients into 5 'stages' according to estimated
glomerular filtration rate (eGFR). In adults the most commonly used
formulae to calculate eGFR are the Cockcroft and Gault (C&G) and
Modification of Diet in Renal Disease (MDRD) formulae. The UK Renal
Association has recommended calculation of MDRD eGFR to screen for
reduced kidney function in primary and secondary care.

Aim
The aim of this study was to explore the implication of using these
predictive formulae.

Methods

We searched for patients currently attending a renal clinic who have ever
had a serum creatinine (SCr) of exactly 100 mol/L, 150 mol/L or
200 mol/L. The C&G and MDRD eGFRs corresponding to that SCr were
calculated. The proportion of patients in each stage of the CKD
classification was determined.

Results

For a SCr of 100 mol/L mean eGFR was 86.5ml/min (range 31.0 - 192.8)
by C&G and 63.8ml/min (range 39.7 - 99.9) by MDRD (p<0.0001; t-test of
mean). For SCr 150 mol/L mean eGFR was 51.7ml/min (18.0 - 110.4) by
C&G and 38.0ml/min (20.7 - 54.8) by MDRD (p<0.0001). For SCr of
200 mol/L mean eGFR was 34.4ml/min (12.6 - 89.5) by C&G and
27.3ml/min (16.7 - 41.3) by MDRD (p<0.0001). Using MDRD eGFR 46.5%
patients with a SCr of 100 mol/L have stage 3 CKD (GFR 30-60ml/min)
and all patients with a SCr of 150 mol/L or 200 mol/L have CKD 3 or
worse. 8.6% of males with SCr 100 mol/L had stage 3 CKD or worse
compared with 86.8% females. 70.2% patients > 65 years old with SCr
100 mol/L had stage 3 CKD.

Conclusions

Targeted screening of patients at-risk for CKD will identify a large number
of patients who require management of CKD and potential referral to
nephrology services even at levels of SCr regarded as 'normal’ or mildly
elevated. This will apply especially to elderly patients and females.

Introduction

In the last few years it has become increasingly recognised
that what was previously thought to be ‘mild" impairment
of kidney function is associated with an increased risk of
cardiovascular events.! In this context a new classification
of chronic kidney disease (CKD) has been widely adopted
(Table I) that attempts to stratify patients according to
risk and need for interventions.Z In the last three years the
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Table | Classification of chronic kidney disease (CKD).
Adapted from the National Kidney Foundation K/DOQI clinical
practice guidelines for chronic kidney disease?

|'Stage | | Normal GFR; GFR >90 mL/min with other evidence of chronic kidney
damage®

| Stage 2 | Mild impairment; GFR 60-89 mL/min with other evidence of chronic
kidney damage®*

Stage 3 | Moderate impairment; GFR 30-59 mL/min

Stage 4 | Severe impairment: GFR 15-29 mL/min

[ Stage 5 | Established renal failure (ERF): GFR < 15mL/min or on dialysis

* The "other evidence of chronic kidney damage" may be one of the
following: persistent microalbuminuria; persistent proteinuria; persistent
haematuria (after exclusion of other causes, e.g. urological disease);
structural abnormalities of the kidneys demonstrated on ultrasound
scanning or other radiological tests, e.g. polycystic kidney disease, reflux
nephropathy; biopsy-proven chronic glomerulonephritis (most of these
patients will have microalbumuria or proteinuria, and/or haematuria)

** Patients found to have a GFR of 60-89 mL/min/1.73 m2 without one of
these markers should not be considered to have CKD and should not be
subjected to further investigation unless there are additional reasons to do
so.

Best Practice Guidelines and the UK Renal Association
have all recommended the use of estimated glomerular
filcration rate (eGFR) rather than serum creatinine (SCr)
to assess and monitor kidney function. 234 Furthermore,
the UK Renal Association has recommended the use of
eGFR to screen at-risk patients for reduced kidney
function in primary and secondary care and that all

biochemistry laboratories report eGFR alongside scrt

Glomerular filtration rate (GFR) is the best measure of
kidney excretory function. Direct measurement of GFR is
impractical for routine clinical practice. Calculation of
creatinine clearance from a SCr concentration and 24 hour
urine creatinine measurement is often used as an estimate
of GFR but is too cumbersome and inaccurate for
widespread monitoring. For this reason SCr concentration
is usually used to estimate kidney function. Creatinine is
a metabolic product of creatine and phosphocreatine, both
of which are found almost exclusively in muscle.”  SCr
concentration 1s inversely proportional to GFR and
directiy proportional to muscle bulk and dietary protein

intake.® The clinician must therefore take the patient’s




muscle bulk in to account when considering how the SCr
relates to GFR in an individual patient. Several authors
have suggested the use of mathematic formulae to predict
GER. In large populations these methods show correlations
with the gold standard but they can lead to inaccuracy in
individual subjects. In adults the most commonly used
formulae are the Cockeroft and Gault formula (C&G)
which uses SCr, age, sex and Weight7 and the MDRD
formula which was derived from data collected in the
Modification of Diet in Renal Disease (MDRD) study8
and gives an estimate of GFR based on age, sex, race, serum
urea, SCr and serum albumin. By avoiding the need for
patient weight the MDRD formula is less prone to errors
related to fluid overload, obesity and limb amputation all of
which can adversely affect the accuracy of the C&G

formula‘

The aim of this study was to explore further the
implication of using these predictive formulae by analysing
the estimated glomerular filtration rate (eGFR) in adult
patients who had a SCr of exactly 100, 150 or 200[Jmol/L
during follow up at the renal clinic in a single centre. We
chose these values because 100[Jmol/L is in the middle of
the usually quoted ‘normal” range for SCr, 150[]mol/L is
the upper limit of the reference interval for SCr in the
Oxford Handbook of Clinical 1\/Iedicine,9 and has
previously been used as a threshold of kidney damage in
management guidelineslo’II

200[]Jmol/L is often perceived to be ‘mild” kidney failure.

and, in our experience,

Methods

All patients attending the Renal Unit of the Western
Infirmary, Glasgow are included in the Renal Unit database.
Clinical data are entered prospectively at each attendance
and data are transferred automatically from relevant
laboratories. We performed a search for all patients who
are currently attending a general renal clinic and have ever
had a SCr of exactly 100[Jmol/L, 150[]mol/L or
200[Jmol/L. Once identified, the C&G and MDRD eGFRs
corresponding to that SCr were calculated. Patient sex and

age were 3.150 I‘(?COI‘CI(?C[.

The C&G formula is:
¢GFR = [Mx_iz} x (0.85 if female)
SCr
Where age is expressed in years, SCr in [Jmol/L and weight in kg.
The MDRD formula is:
eGFR = 170 x (SCt/88.4)70-999 x age 0176 « (SU/0.357)70-170 « (SAlb

x 10) +0318 (x 0.762 if female) x (1.180 if black)

Where SCr = serum creatinine in Dmol/L, SU = serum urea in
mmol/LL, SAlb = serum albumin in g/L and age 1s expressed n

years.

The means, standard deviations, medians, inter—quartile
ranges and absolute ranges of ¢GFR were compared. The
proportion of patients in each stage of the CKD
classification was determined, with sub—analyses by sex and
age. Patients with transplants and patients on dialysis were
excluded to ensure that the SCr of interest related to native

kidney function alone.

Statistics

Boxpiots were created for visual comparison using SPSS
for Windows vI13.0. Comparison of mean eGFR between
C&G and MDRD formulae and by sex was by unpaired
t-test with p<0.05 being regarded as statistically
significant. Statistical calculations were done using SPSS

for Windows vI13.0.

Results

549 patients with SCr of 100[Jmol/L, 305 with SCr of
ISODmol/L and 196 with SCr of ZOODmoi/L were
identified. For simplicity oniy the 187 patients with SCr of
IOODmol/L since the beginning of 2003 were included.
This left a total of 688 patients. The mean ages of the
patients with SCr of 100[Jmol/L, 150[Jmol/L and
ZOODmol/L were 55.2, 60.5 and 64.0 years respectively‘
The proportions of males in the groups with SCr of
IOODmoI/L, ISODniol/L and 200|:|1nol/L were 49.7%,
60.0% and 53.1% respectively. Calculation of eGFR by
C&G requires a measure of patient Weight; this is recorded
at each clinic visit but the SCr measurement of interest may
not have been at the time of a clinic visit. Calculation of
eGFR by MDRD requires a measure of serum albumin and
the patient may not have had a measurement of serum
albumin at the same time as the SCr of interest. Therefore
C&G estimates were available for 383 patients (55.6%),
and MDRD estimates were available for 575 patients
(83.6%). The number of measures of C&G eGFR and
MDRD eGFR for each level of SCr are shown in Table II.

The results for the whole study sample are summarised in
Table II. The mean C&G e¢GFR was consistently higher
than the mean MDRD eGFR and the range was wider
using the C&G formula: for a SCr of 100[Jmol/L the mean
eGFR was 86.5ml/min (range 31.0 — I92.8> by C&G and
63.8ml/min (range 39.7 — 99‘9) by MDRD (p<0.000I;
t-test of mean). For a SCr of 150[Jmol/L the mean eGFR
was 51.7ml/min (range 18.0 — 110.4) by C&G and
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Table Il. Summary data. Cockcroft and Gault formula (C&G) or
MDRD formula eGFR (mL/min) for patients with SCr of exactly
100 mol/L, 150 mol/L or 200 mol/L

SCr (pmollL) 100 150 200

C&G | MDRD | C&G | MDRD | C&G MDRD

n=80 n=157 | n=183 | n=258 | n=120 | n=160

Minimum 31.0 39.7 18.0 207 12,6 16.7
Maximum 192.8 99.9 1104 54.8 89.5 41.3
Median 80.55 63.8 49.2 30.3 31.8 27.6

First quartile 61.38 52.9 395 32.9 252 23.4

Third quartile 110.65 73.8 627 442 414 31.0

Mean 86.5 63.8 51.7 38.0 344 27.3
Standard
deviation 325 12.4 17.3 6.9 12.9 49

38.0ml/min (range 20.7 — 54.8) by MDRD <p<0.000I;
t-test of mean). For a SCr of 200[Jmol/L the mean eGFR
was 34.4ml/min (range 12.6 — 89.5) by C&G and
27.3ml/min (range 16.7 — 41.3) by MDRD (p<OiOOOI;
The spread is illustrated in the boxplot

t-test of mean).

in Figure 1.

The proportion of patients in each stage of the new CKD
classification is shown in Figure 2. Using the MDRD

Figure 1 Boxplot of of MDRD and C&G eGFR for patients with
SCr of exactly 100 mol/L, 150 mol/L and 200 mol/L
illustrating median (thick horizontal line), interquartile range
and full range with outliers
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eGFR 46.5% patients with a SCr of 100[Jmol/L have stage
3 CKD (GFR 30—601111/min> and all patients with a SCr of
150[Jmol/L or 200[]mol/L have CKD 3 or worse.
Furthermore 7.8% of patients with SCr 150[]mol/L and
67.5% of patients with SCr 200[]mol/L have stage 4 CKD
(GFR IS—SOml/min). Using the C&G formula a slightly
lower proportion of patients is classified as having CKD

stage 3 or worse (Figure 2).

As expected the mean ¢GFR was consistently higher in
Using the MDRD formula for
patients with SCr IOODmol/L mean eGFR was 72.6ml/min
for males v 54.4ml/min for females (p<0.000I>; for

males than females.

Figure 2 Proportion of patients with serum creatinine of
exactly 100. mol/L, 150 mol/L or 200: mol/L within each stage
of the new classification of CKD using MDRD or C&G formulae
to calculate eGFR.
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patients with SCr 150[Jmol/L mean eGFR was 43.5ml/min
for males v 32.7ml/min for females (p<0.000I); and for
patients with SCr 200[]Jmol/L mean eGFR was 30.7ml/min
for males v 23.3ml/min for females (p<0.000I).

The impact of sex on eGFR is shown in Figure 3. Using
the MDRD formula 91.4% of males with SCr 100[Jmol/L
have eGFR >60ml/min compared with only 13.2%
females. Similarly all females with SCr 200[]Jmol/L had
stage 4 CKD (GFR IS—SOml/min) compared with only
42.9% males. The impact of sex on C&G eGFR was

similar.

As expected patients with advancing age had lower eGFR

for any of the 3 levels of SCr. The impact of age on eGFR

Figure 3 Proportion of females (F) and males (M) with serum
creatinine of exactly 100 mol/L, 150 mol/L or 200 mol/L
within each stage of the new classification of CKD using
MDRD or C&G formulae to calculate eGFR.
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is illustrated in Figure 4 which shows the proportion of
patients in each CKD stage in the subset of patients > 65
years (n=254 for MDRD formula and n=157 for C&G
formula) at the time of the SCr measurement. Using the
MDRD formula 70.2% patients > 65 years with SCr
100[Jmol/L have CKD stage 3 (eGFR 30—60ml/min).
Furthermore 16.1% patients >65 years with SCr
150[Jmol/L and 79.8% with SCr 200[Jmol/L have CKD
stage 4 (eGFR 1 S—SOml/inin) The iinpact of age on C&G
eGFR was similar; 3 patients >65 years with SCr
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200[Jmol/L  were found to have stage 5 CKD
(GFR<ISml/min).

Discussion

Our data show that for any level of SCr the range for
eGFR is wide. The range of eGFR measures is greater
when using the C&G formula than the MDRD formula.
Furthermore, even with an apparently ‘normal’ SCr
(IOODmol/L) almost 50% of patients will be classified as
CKD stage 3. Analysing patients with exactly the same SCr
illustrates the wide inter-individual variability of SCr as a
measure of kidney function and the fact that a substantial
proportion of patients with SCr in the laboratory quoted
“normal” range have significantly reduced kidney function.
This is especially true for females and patients with

advancing age.

It is no surprise that males have a higher ¢GFR for a given
SCr, or that younger patients have a higher e¢GFR than
older patients since sex and age are included in the
formulae to calculate eGFR. The design of our study
demonstrates the implications for assessing kidney

function, however, in a secondary care setting.

The results are not applicable only to patients attending a
renal clinic: any population with the same age, sex, race and
weight distribution will have the same distribution of
eGFR for any given serum creatinine concentration
because age, sex, race and weight are the dominant varaibles
variables in the formulae. Recent guidelines suggest that in
routine clinical practice kidney function should be assessed
by formula-based estimates of GFR (eGFR) and that
laboratories should report eGFR using the MDRD
formula whenever SCr is measured.?:3+# This guidance has
been linked to the new classification of chronic kidney
disease and the observation that even mild reductions in
GFR are associated with increased risks of morbidity and

mortality‘I

UK guidelines recommend that patients with CKD stage 3
should have a management plan that includes attention to
cardiovascular risk factors, assessment of urine protein
excretion, haematuria, renal osteodystrophy and anaemia,
regular follow-up and consideration for referral to a
neplirologist.4 Patients with CKD 4 and 5 should be
managed in conjunction with local nephrology services in

addition to the interventions described for CKD stage 3.

The recommendation that eGFR is the best way to assess

kidney function is based on the fact that only a blood

sample is required and that previous studies have validated
these formulae. The C&G formula was first developed in
a study of 236 adult males with near-normal kidney
function using SCr, age, sex and weight to predict
measured creatinine clearance rather than measured GFR. 7
It was subsequently modified for females simply by
1nultiplying by a factor of 0.85 based on other studies
available at the time. 121314 The C&G formula tends to
overestimate true GFR by as much as 16% when compared
with inulin clearance, the gold standard for GFR
measurement.® C&G substantially overestimates GFR in
patients who are obese and fluid overloaded as the fat and
fluid contributions to the body weight are incorrectly
‘credited’ as muscle.!® This probably explains the higher
mean ¢eGFR measured by C&G compared with MDRD in
our study. C&G has been shown to be particularly
inaccurate among younger individuals whose measured

GFR was greater than 60 ml/min.16

The MDRD formula was developed more recently using
stepwise regression analysis to predict measured GFR
(corrected for body surface area) in a sample of 1070
patients enrolled in the Modification of Diet in Renal
Disease study.8 The formula uses SCr, age, sex, ethnicity,
serum urea and serum albumin to calculate eGFR. The fact
that weight is not included in this formula reduces errors
associated with obesity, fluid overload and amputations. As
the contribution of serum urea and albumin to the final
equation were found to be relatively minor, a siinplified 4-
variable. MDRD formula has been widely adopted17
although we used the 6 variable version in our study.
Subsequent studies have raised concern about the accuracy
of the MDRD formula in specific groups of patients; the
MDRD formula has been shown to overestimate GFR in
those with advanced chronic kidney failure, and
underestimate it in Chinese patients with mild chronic
kidney failure. 18 Tn a study of patients with chronic
kidney disease but normal SCr only 24% of MDRD eGFR
results were within 30% of measured GFR.19 The MDRD
formula has not been validated in those without kidney
disease, those with diabetes or those with serious

comorbidities.

Several studies have compared C&G and MDRD directly;
one showed that GFR was overestimated by 2ml/min using
C&G and underestimated by I ml/min by the MDRD
l:otrnula,ZO and another showed that in patients with GFR
of less than 60ml/min (measured byIZSI—iothalomate
clearance) C&G overestimated GFR by 3.5 ml/min and
MDRD underestimated it by 0.5 ml/min. 20
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These previous observations raise concern that the eGFR
may not be an accurate reflection of true GFR in the
patients with SCr 100[Jmol/L in our study and that some
patients may be diagnosed as having CKD stage 3 or worse
who do not have kidney disease. This may not be a bad
thing since most of the interventions suggested for these
patients (life-style measures to reduce cardiovascular risk,
control of hypertension, cholesterol lowering) are safe and
inexpensive; it may be, however, that the diagnosis of
reduced kidney function is associated with unnecessary

anxiety for an individual patient‘

The Widespread implementation of eGFR reporting by
biochemistry laboratories in UK will provide important
information regarding the prevalence of reduced kidney
function in targeted populations in primary and secondary
care. It is likely this will lead to refinement of the formulae
used to derive eGFR and of the screening and treatment

plans that have been proposed.

Conclusion

This study highlights the implications of adopting the
recommendation to report eGFR alongside measures of
SCr. Our data suggest that targeted screening of patients
at-risk for CKD will identify a large number of patients
who require management of CKD and potential referral to
nephrology services even at levels of SCr regarded as
‘normal” or mildly elevated. This will apply especially to
elderly patients and to females. Further studies are needed
to determine whether modification of the recommended
MDRD formula is required at higher levels of kidney
function. Clinicians in primary and secondary care need to
become familiar with formula-based ¢eGFR. Despite the
resource implications the recent guidance to identify
patients with significantly reduced kidney function by
targeted screening has the potential to substantially reduce
morbidity and mortality with the adoption of relatively

simple cardiovascular risk reduction interventions.
P
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