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Abstract
Aims/hypothesis The Modification of Diet in Renal Disease
(MDRD) equation has recognised limitations when using
estimated GFR in persons at risk of chronic kidney disease.
Equations based on cystatin C provide an alternative
method. We compared performance of the MDRD equation
with a selection of cystatin C-based formulae for estimation
of GFR in normoalbuminuric patients with type 2 diabetes.
Methods Estimated GFR was calculated using the MDRD
equation and the cystatin C formulae proposed by several
investigator teams. Isotopic GFR was measured using
plasma clearance of 51Cr-EDTA.
Results We studied 106 participants, of whom 83 (78%) were
men with the following characteristics, mean (SD): age 61
(9) years, HbA1c 7.10 (1.27)%, creatinine 89.0 (12.7) µmol/l,
cystatin C 0.859 (0.234) mg/l and isotopic GFR 104.5
(20.1) ml min−1 1.73 m−2. MDRD estimated GFR was 77.4
(13.6) ml min−1 1.73 m−2 (p<0.05 for difference from
isotopic GFR). Cystatin C-based calculations of estimated
GFR were: Perkins 124.5 (31.8), Rule 90.0 (30.0), Stevens
(age) 96.0 (30.4) and Stevens (creatinine) 85.6 (19.0) ml

min−1 1.73 m−2 (p<0.05 for difference with isotopic GFR).
For Arnal’s, MacIsaac’s and Tan’s formulae cystatin-C
estimated GFR were 101.7 (34.8), 102.1 (27.0) and 101.6
(27.8) ml min−1 1.73 m−2, respectively (p=NS for difference
with isotopic GFR). Cystatin C-based formulae were less
biased and, with the exception of Perkins’ formula, more
accurate to within 10% of isotopic GFR than MDRD.
Conclusions/interpretation Performance of cystatin C
equations was superior to MDRD in normoalbuminuric
patients with type 2 diabetes. These results support further
evaluation of cystatin C for estimation of GFR in persons at
risk of chronic kidney disease.
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Introduction

Strong evidence supports the need for early detection of
diabetic nephropathy, when timely intervention can improve
long-term outcome [1]. Currently, estimation of glomerular
filtration rate (estimated GFR) derived from the Modification
of Diet in Renal Disease (MDRD) formula [2] is recom-
mended in the annual evaluation of all patients with type 2
diabetes [1]. However, this formula has well-known limi-
tations [3]. Therefore, new alternatives that more accurately
reflect early decline in kidney function are needed.

Cystatin C, a low molecular mass basic protein that is
filtered at the glomerulus and then completely reabsorbed
and catabolised by tubular cells, has emerged as a potential
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surrogate marker of GFR [4, 5]. Reports have suggested
that the reciprocal of cystatin C is a more sensitive indicator
of declining kidney function than estimated GFR [4].
Cystatin C is also reported to better predict longitudinal
changes in GFR [4, 5]. Recently, several cystatin C-based
formulae have been proposed for estimation of GFR [4, 6–
9], some of which also incorporate age, sex and race [10].

This study was designed to compare the performance of
GFR estimations obtained by cystatin C-based formulae
with those obtained by the MDRD formula in predicting
isotopically measured GFR in patients with type 2 diabetes
and normoalbuminuria.

Methods

All participants in this study provided informed consent.
Following an overnight fast anthropometric and biochemical
measurements were made. Serum creatinine concentrations
(μmol/l) were determined using the Johnson & Johnson dry-
slide system (Johnson & Johnson, High Wycombe, UK). The
laboratory reported that the coefficient of variation of the assay
was 4.2% at a creatinine concentration of 103 µmol/l and
1.92% at a creatinine concentration of 516 µmol/l. Cystatin C
concentrations (mg/l) were determined using a human cystatin
C colorimetric immunoassay (Quantikine, R&D Systems
Europe, Abingdon, UK), with a reported coefficient of
variation of 7.0%. Isotopic GFR (ml min−1 1.73 m−2) was
measured by the single injection plasma clearance of 1 MBq
of 51Cr-EDTA; the four sample method used has previously
been validated against plasma clearance determined by
multiple sampling [11].

Estimation of GFR Estimated GFR was calculated using
the abbreviated four-variable MDRD formula and seven
other cystatin C-based formulae, as shown below, where
eGFR stands for estimated GFR:

The abbreviated four-variable MDRD formula [2] was:

eGFR ml min�11:73 m�2
� � ¼186 � serum creatinine½

μmol=lð Þ=88:4��1:154 � age yearsð Þ½ ��0:203

� 0:742 if femaleð Þ
ð1Þ

The cystatin C-based formulae were:
Perkins et al. [4]:

eGFR ml min�1 1:73 m�2
� � ¼ 100= cystatin Cð Þ ð2Þ

Arnal et al. [6]:

eGFR ml min�1 1:73 m�2
� � ¼ 74:835= cystatin C1:333

� � ð3Þ

Rule et al. [7]:

eGFR ml min�1 1:73 m�2
� � ¼ 66:8= cystatin C1:30

� � ð4Þ

MacIsaac et al. [8]:

eGFR ml min�1 1:73 m�2
� � ¼ 84:6=cystatin Cð Þ � 3:2 ð5Þ

Tan et al. [9]:

eGFR ml min�1 1:73 m�2
� � ¼ 87:1=cystatin Cð Þ � 6:87

ð6Þ
Stevens et al. (cystatin C–age) [10]:

eGFR ml min�1 1:73 m�2
� � ¼ 127:7= cystatin C1:17

� �

� age yearsð Þ½ ��0:13� 0:91 if femaleð Þ
ð7Þ

Stevens et al. (cystatin C–creatinine) [10]:

eGFR ml min�1 1:73 m�2
� � ¼ 177:6� creatinine½

μmol=l=88:4ð Þ��0:65 � cystatin C�0:57
� �

� age yearsð Þ½ ��0:20� 0:82 if femaleð Þ
ð8Þ

Statistical analysis In order to assess the performance of
formulae, estimated GFR results were compared with isotopic
GFR by means of two-tailed, paired and unpaired t tests
(confirmed by non-parametric equivalents for non-normal
distributions as appropriate), and by Levene’s test for equality
of variance. All calculations were performed using SPSS
(12.0.1; 2003; SPSS, Chicago, IL, USA). Results are pre-
sented as mean (SD) and mean (95% CI) unless otherwise
indicated. p<0.05 was taken to indicate statistical significance.

Results

A total of 106 patients participated in the study. The
majority (83, i.e. 78%) of participants were men. The group
consisted of 104 (98%) whites and two (2%) persons of
South Asian origin, with 67 members (63.2%) newly
diagnosed with type 2 diabetes.

The mean (SD) age of the study population was 60.9
(8.7) years, with BMI 31.14 (6.53) kg/m2, fasting plasma
glucose 8.09 (1.96) mmol/l, HbA1c 7.10 (1.27)%, serum
creatinine 89.0 (12.7) μmol/l, cystatin C 0.859 (0.234)
mg/l and 51Cr-EDTA-measured isotopic GFR 104.5
(20.1) ml min−1 1.73 m−2.

Performance of the MDRD and cystatin C-based
formulae for GFR are presented in Table 1. Performance
was assessed in terms of bias (mean difference between
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estimated GFR and isotopic GFR), precision (SD of the
bias) and accuracy (proportion of estimated GFR results
within 10% and 30% of isotopic GFR).

The MDRD formula significantly underestimated isoto-
pic GFR. Underestimation was also observed using the
formula proposed by Rule et al. [7] and both recent
formulae proposed by Stevens et al. [10], while the formula
proposed by Perkins et al. [4] significantly overestimated
GFR. However, no statistically significant difference was
seen between mean cystatin C-estimated GFR and isotopic
GFR when using the formulae proposed by Arnal et al.,
MacIsaac et al. or Tan et al. [6, 8, 9].

Without exception all cystatin C-based formulae were
less biased than the MDRD formula with distinct 95% CIs
being observed.

However, except for Stevens’ (cystatin C–creatinine)
formula [10], cystatin C–estimated GFR values were less
precise than the MDRD formulae (p<0.05).

With regard to accuracy, the proportion of estimated
GFR results within 10% of isotopic GFR was greater using
cystatin C-based formulae (except with Perkins’ formula
[4]) than the MDRD formula, as evidenced by distinct 95%
CIs. However, only the equations proposed by MacIsaac et
al. and Tan et al. [8, 9] had a significantly greater
proportion of results within 30% of isotopic GFR than the
MDRD formula.

A regression formula, GFR=138.7–39.8 (cystatin C)
(r=0.462, p<0.0001), was derived from the relationship
between isotopic GFR values and cystatin C-derived

values. The relationship between cystatin C and isotopic
GFR is shown in Fig. 1.

Discussion

GFR prediction is widely employed to screen for chronic
kidney disease especially in high-risk groups such as
persons with diabetes. Although validated for use in
established chronic kidney disease [2], the MDRD has
recognised limitations [3] and a tendency to underestimate
GFR in patients who are free of chronic kidney disease. In

Table 1 Performance of GFR estimation formulas

Formula eGFR Biasb Biasb (95% CI) Precision (SD of bias) Accuracy, % (95% CI)

10% 30%

MDRD 77.4 (13.6)a −27.1 (18.0) −30.6, −23.7 18.0 10 (4, 16) 65 (56,7 4)

Perkins 124.5 (31.8)a 20.0 (29.5) c 14.3, 25.7 29.5c 21 (13, 29) 64 (55, 73)

Arnal 101.7 (34.8) −2.8 (32.2) c −9.0, 3.4 32.2c 30 (21, 39)c 75 (66, 83)

Rule 90.0 (30.0)a −14.5 (28.4)c −20.0, 9.1 28.4c 31 (22, 40)c 68 (59, 77)

MacIsaac 102.1 (27.0) −2.4 (26.0)c −7.4, 2.6 26.0c 34 (25, 43)c 85 (78, 92)c

Tan 101.6 (27.8) −2.9 (26.6)c −8.0, 2.2 26.6c 34 (25, 43)c 84 (77, 91)c

Stevensd 96.0 (30.4)a −8.5 (28.1)c −13.9, −3.1 28.1c 29 (20, 38)c 75 (66, 83)

Stevense 85.6 (19.0)a −18.9 (19.0)c −22.5, −15.2 19.0 27 (19, 36)c 78 (70, 86)

Isotopic GFR 104.5 (20.1) ml min−1 1.73 m−2

Data are shown as mean (SD) unless otherwise indicated
a p<0.05 for difference between isotopic GFR and estimated GFR
bMean difference between estimated GFR and isotopic GFR
c p<0.05 for difference in bias, precision and accuracy between cystatin C-and MDRD-estimated GFR
dCystatin C–age
e Cystatin C–creatinine
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Fig. 1 Scatter plot of cystatin C vs isotopic GFR. Isotopic GFR=
138.7–39.8 cystatin C, r=0.462. The diagonal line represents the line
of best fit for the relationship of cystatin C and isotopic GFR
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light of these deficiencies, interest has focused on novel
markers of kidney function such as cystatin C, and recently
several formulae have been proposed, from which estima-
tions of GFR can be made on the basis of cystatin C
concentration. We examined a selection of these formulae
and applied them to our own cohort of participants with
type 2 diabetes and normoalbuminuria.

We have demonstrated that cystatin C-based estimations
of GFR were generally less biased than those obtained
using the MDRD formula. With the exception of Perkins’
formula improved accuracy within 10% of isotopic GFR
was seen with all of the cystatin C formulae when
compared with the MDRD formula. However, only the
equations proposed by MacIsaac et al. [8] and Tan et al. [9]
were more accurate within 30%.

The performance of cystatin C-based equations in our
cohort is consistent with others who have demonstrated the
superiority of cystatin C over other methods of estimating
GFR [4, 5, 8, 9]. Consistent with MacIsaac [8] and co-
workers, who studied a population of white patients with
type 2 diabetes with a mean GFR of 88 ml min−1 1.73 m−2,
we demonstrated accuracy within 30% in over 80% of
results, with a similar degree of bias. In our population,
performance of the MDRD equation was less robust than in
MacIsaac’s cohort with greater bias and less accuracy being
observed. This may reflect the higher mean isotopic GFR
and lack of patients with chronic kidney disease in our
group. Similarly to Perkins et al. [4], who studied patients
with type 2 diabetes, we found that in our cohort the
reciprocal of cystatin C tended to overestimate isotopic
GFR.

Interestingly, the equations proposed by MacIsaac [8]
and Tan [9], which were obtained in diabetic patients
mainly free of chronic kidney disease, performed better
than those of the MDRD group [2], and of Rule [7] and
Stevens [10], which were developed in patients with
established chronic kidney disease. This suggests that the
relationship between cystatin C and GFR may be different
in patients with chronic kidney disease than in those
without chronic kidney disease.

When we derived a regression formula for isotopic GFR
based on cystatin C values the r values obtained were
significantly lower than those of Rule, MacIsaac, Tan and
Stevens [7–10], which may again reflect the absence of
patients with established chronic kidney disease in our
study.

Currently cystatin C is not widely used to assess kidney
function, having not been extensively validated in different
patient groups and at different stages of chronic kidney
disease. Compared with serum creatinine, cystatin C is
more expensive and there is also no standardised measure-
ment of cystatin C. In our study, a colorimetric assay was
used to measure cystatin C, while other investigators have

used immunonephelometric or turbidometric assays. Cur-
rently, standardisation of these different methods remains
unresolved. However, the establishment of an international
working group for standardisation of cystatin C measure-
ments is under way. This body will seek to promote
standardisation of cystatin C measurement through the
definition of an international reference standard. In this
context and with a view to defining normal ranges for
adults, recent studies have also looked at distribution of
cystatin C within the healthy population [12].

Emerging evidence supports the superiority of cystatin C
over serum creatinine as a way to assess GFR [10]. Our
work shows that cystatin C is a potential marker of kidney
function in type 2 diabetic patients at risk of chronic kidney
disease. However, further work is required to evaluate
cystatin C as an indicator of kidney function in persons at
risk of chronic kidney disease.

Duality of interest The authors declare that there is no duality of
interest associated with this manuscript.
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