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Abstract

Background: Serum cystatin C has been identified as a marker for the estimation of glomerular filtration rate (GFR). Although this
marker is more sensitive than creatinine, it is too expensive and not available in all laboratories. In this study, we compared cystatin
C-based equations with creatinine-based formulas to select the most precise creatinine-based formula for estimating GFRin patients
with chronic kidney disease (CKD).

Methods: 120 patients with CKD were enrolled in this cross-sectional study. The patients were divided into groups according to
BMI (< 25,25-29.9,and > 30) and age (< 40, 41- 60, and > 60). The patients’ GFRs were estimated and analyzed by using three
creatinine-based equations (modification of diet in renal disease (MDRD), abbreviated MDRD, and Cockcroft and Gault (C-G)) and
five cystatin C-based equations (Filler, Le Bricon, Rule, Hoek, and Larsson).

Results: The mean age of patients was 56.4 £ 16.4 years. The mean of GFRs using C-G, MDRD, and abbreviated MDRD formulas were
36.2 -14.3,32.6 = 11.4, and 32.4 &= 11.3 mL/min/1.73 m?, respectively. The mean of GFRs using Filler, Le Bricon, Larsson, Rule, and Hoek
equations were 54.7 + 20.1, 53.0 & 15.7, 43.6 + 18.5, 45.1 + 17.2, and 46.2 + 16.2 mL/min/1.73 m’, respectively. The closest correlation
was observed between GFRs generated by Abbreviated MDRD and cystatin C-based equations (P < 0.001, r: 0.4, R>: 0.16). Differences
in GFR estimation between cystatin C-based equations and C-G equation were lower at higher BMI levels (P: 0.004 - 0.01, F: 4.5 - 6.7).
Differences in GFR estimation between cystatin C-based equations and C-G as well as MDRD equations were greater in older patients
(P: 0.01-0.04, F:3.2-4.1).

Conclusions: GFRs estimated by Abbreviated MDRD equation are closer to GFRs estimated by cystatin C equations regardless of

patients’ BMI in CKD subjects.
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1. Background

The best method to assess renal function is measur-
ing the glomerular filtration rate (GFR) (1). Chronic kid-
ney disease (CKD) patients are classified into stages 1-5
based on GFR. Inulin has been used as a gold standard
indicator for measuring GFR (2). Other substances used
as filtration markers include 125 Iothalamate, chromium-
51 ethylenediaminetetraacetic acid, and Iohexol (3). How-
ever, these substances are not often used because they are
time-consuming, expensive, and difficult to process (4).
Ideally, GFR should be determined with an accurate, in-
expensive method. Estimation of GFR can be done using
Modification of Diet in Renal Disease (MDRD), abbreviated
MDRD, or Cockcroft and Gault (C-G) equations (5), which
can present different results. Differences in results are due
to the standardization of analytical techniques, the rate of
production and tubular secretion of creatinine (6).

Furthermore, creatinine concentration is not only af-
fected by GFR butalso affected by other factors such as diet,

muscle mass, gender, and age.

The best marker to estimate GFR should be a product
thatis produced continuously in the body and excreted by
the kidney via free glomerular filtration without tubular
absorption or secretion (7).

Cystatin C has been proposed as a new filtration
marker to substitute creatinine, and it is very sensitive to
changes in GFR (8). Cystatin C is a low molecular-weight
basic protein (13 kDa) that is produced at a constant rate
by all nucleated cells of the body and freely filtered by the
glomeruli of the kidney without tubular secretion and ab-
sorption (8).

Some investigators have suggested that serum cystatin
C has advantages over serum creatinine to estimate GFR as
it is not affected by age, gender, muscle mass, drugs, and
diet (9, 10). However, some other investigators have ques-
tioned this idea (11). To determine GFR based on serum cys-
tatin C, several equations such as Larsson, Hoek, Filler, Le
Bricon, and Rule have been proposed (12-16).
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Studies have shown that BMI is related to the serum
levels of cystatin C (17-19). The mechanism of this as-
sociation is unclear, but experimental evidence suggests
that adipocyte tissues secrete large amounts of cystatin C,
which can lead to the increased levels of serum cystatin C
in obese individuals with high BMI (20). According to this
assumption, estimated GFRs based on cystatin C formulas
in obese cases maybe different from those estimated by the
gold standard. Whereas, in high BMI cases, it is expected
that the result of GFR estimation by creatinine-based for-
mulas be different from that of cystatin C-based equations.

In this study, we compared cystatin C-based equations
with creatinine based formulas to identify the most precise
formula to estimate GFR in Iranian population diagnosed
with CKD. Also, the relation of these formulas results with
patients BMI, age, and sex is presented.

2. Methods

In this cross-sectional study, we investigated 120 pa-
tients with CKD, whose 3-month baseline GFR was less than
60 mL/min per 1.73 m?.

Our exclusion criteria were pregnancy, liver cirrhosis,
hypothyroidism, hyperthyroidism, or administration of
any medication interfering with creatinine tubular secre-
tion. Each subject gave his/her informed consent.

Non-fasting morning blood samples were taken and
analyzed for serum creatinine, urea, and cystatin C. The
Jaffe method was used to measure creatinine with a
Boehringer Mannheim/Hitachi 747 analyzer. Serum cys-
tatin C levels were determined with the Human cystatin
C ELISA kit using Bio Vendor Laboratory Medicine, AS. The
calibrated creatinine was used in all analyses involving the
MDRD equations. GFR was estimated using the creatinine-
based MDRD, Abbreviated MDRD, and C-G equations (21) as
well as the cystatin C-based Le Bricon (12), Filler (13), Hoek
(14), Larsson (15), and Rule (16) equations per surface area
of 1.73 m?, as shown in Table 1.

For analysis, the patients were divided into three cate-
gories according to their BMI as: normal weight (BMI: 18.5
to < 25), overweight (BMI: 25 - 30), and obese (BMI > 30).
They were also divided into three groups according to their
age as: under 40 years, 40 to 60 years, and more than 60
years.

2.1. Statistical Analyses

SPSS software (version 20.0) was used to analyze data.
The normality of the distribution of variables was checked
by one- sample Kolmogorov-Smirnov test. Pearson corre-
lation coefficient was used to examine relations among
quantitative variables. Linear regression models were used

to determine relations among different methods of GFR
assessment. Chi-square was used to compare qualitative
variables in groups, two sample t-test to compare quanti-
tative variables between two groups, and one-way analysis
of variance (ANOVA) to compare quantitative variables be-
tween multiple groups. Student’s t-test was used to evalu-
ate each parameter in female and male groups. Spearman
rank correlation, Mann Whitney U test, and Kruskal Wallis
test were used for variables with non-normal distribution
as appropriate non-parametric tests. A P value less than
0.05 was considered significant.

3. Results

Out of 120 patients, 45.8% (55) were female and 54.2%
were male (65). The mean age of patients was 56.4 + 16
years. The patients’ height ranged from 143 to 180 cm and
the mean height was 163 &= 8 cm. The mean weight of pa-
tients was 68.2 £ 11 kg ranging from 37 to 95 kg. The mean
BMI of the patients was 25.6 £ 3 kg/m?, mean creatinine
was 2.2 £ 0.6 mg/dL, and mean cystatin C was 1.7 £ 0.5
mg|L.

The other characteristics of patients are shown in Table

The mean values of estimated GFRs by three creatinine-
based formulas (C-G, MDRD, and abbreviated MDRD) and
five cystatin C-based equations (Filler, Le Bricon, Larsson,
Rule, and Hoek) are demonstrated in Table 3. Also, the fre-
quencies of different CKD stages according to the GFR esti-
mating formulas are shown in Table 3.

3.1. Correlation Between Creatinine-Based and Cystatin C-
Based Equations for GFR Estimation

There was a strong significant relationship among GFR
values estimated by three creatinine-based formulas (r:
0.74 to 0.98, P value < 0.0001). Also, the correlation coeffi-
cient showed that there are significant correlationsamong
all the five cystatin C-based GFRs estimating equations (r:
0.99 to1,Pvalue < 0.0001).

In addition, based on the results, all of the creatinine-
based and cystatin C-based equations had a significant cor-
relation for GFR estimation (P value < 0.001), as demon-
strated in Table 4.

The linear regression model of creatinine-based for-
mulas and cystatin C-based equations for GFR estimation
indicated that the most significant correlations were be-
tween abbreviated MDRD formula and Hoek and Le Bricon
equations (r: 0.40), as shown in Figure 1and 2.

As shown in Figure 1 and 2, the estimated GFRs by ab-
breviated MDRD are able to predict 16% of variances of
the Hoek-estimated GFRs and Le Bricon-estimated GFRs (R
square: 0.165).
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Table 1. Five Cystatin C-Based and Three Creatinine-Based Estimates of GFRs

Equation Formula, mL/min/1.73 m*
Cystatin C-based
Filler Log (GFR) =1.962 +(1.123 X log (1/cystatin C))
Le Bricon GFR=(78 X (1/cystatin C))+4
Hoek GFR=-4.32 +(80.35 X 1/cystatin C)
Larsson GFR=77.24 X cystatin C'*
Rule GFR=76.6 X cystatin C'*®

Creatinine-based

-0.999 -0.176

MDRD GFR=170 X creatinine X age

1154

Abbreviated MDRD GFR=186 X creatinine

Cockcroft and Gault

X blood urea nitrogen

-0.170 0.318

X albumin X (0.762 for women) X (1.180 for African-Americans)

-0.203

X age X (0.742 for women) X (1.212 for African-Americans)

GFR=((140 - age) X body weight)/(creatinine X 72) X (0.85 for women)

Table 2. Demographic Characteristics of the Patients®

Characteristics Value
Male 55 (45.8)
Female 65 (54.2)
Age,y 56.41+16.4
Hight, cm 163.04 + 8.4
Weight, Kg 6822 +11.7
BMI, kg/m® 25.65 +3.9
Serum creatinine, mg/dL 220 £ 0.65
Serum cystatin C, mg|/L 173 £ 0.51
Serum Albumin, g/dL 4.55 £ 0.47
BUN, mg/dL 4176 +18.3

*Values presented as number (percentage) for sex and mean = SD (range) for
other variables.

The result of the study showed that there is a signifi-
cant correlation between serum cystatin C and serum cre-
atinine (r: 0.48, P value < 0.001). On the other hand, there
was not any significant correlation between BMI and cre-
atinine (r: -0.01, P value: 0.91,) and cystatin C (r: -0.009, P
value: 0.92).

3.2. Association Between Creatinine-Based and Cystatin C-
Based Equations for GFR Estimation and Their Relationship
with BMI, Age, and Sex

The correlation between BMI and GFRs estimated by
creatinine based-formulas is demonstrated in Table 5.
Mean GFR estimated by C-G equation was higher in the
cases with higher amount of BMI (P value < 0.001). How-
ever, changes in BMI did not show any significant relation-
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Figure 1. Correlation Between Abbreviated MDRD and Hoek Formulas for GFR Esti-
mation

ship with the mean GFR estimated by other formulas (P
value: 0.9).

The results showed that increases in age significantly
reduce the mean GFR generated by C-G formula (P value <
0.0001). However, changes in age did not show any signifi-
cant correlation with the mean GFR estimated by other for-
mulas.

Arelation was detected between GFRs from creatinine-
based formulas and gender, but such a relation was not
found for GFRs from cystatin C-based equations.
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Table 3. Demographic Characteristics of the Patients (Estimated GFRs by Creatinine-Based and Cystatin C-Based Equations)®

Variables Value Stage1 Stage 2 Stage3 Stage 4 Stage 5
Cockcroft and Gault 36.26 +14.33 0 7(5.8) 72(60) 36(30) 5(4.2)
Abbreviated MDRD 32.44 1138 0 1(0.8) 62(51.7) 53(44.2) 4(33)
MDRD 32.69 1 11.44 0 2(1.7) 63(52.5) 52(433) 3(2.5)
Rule 4512 +17.27 3(2.5) 12 (10) 91(75.8) 14 (11.7) 0
Larsson 43.69 £ 18.52 3(2.5) 9(7.5) 91(75.8) 17 (14.2) 0
Hoek 46.22 £16.26 3(2.5) 13(10.8) 90 (75) 14 (11.7) 0
Le Bricon 53.06 +15.78 4(3.3) 19 (15.8) 92(76.7) 5(4.2) 0
Filler 54.78 +20.18 7(5.8) 21(17.5) 83(69.2) 9(7.5) 0
?Values presented as number (percentage) for sex and mean = SD (range) for other variables; GFRs expressed as mL/min/1.73 m>.
Table 4. Correlation Among Creatinine-Based and Cystatin C-Based Equations for for GFR Estimation
Cystatin C-Based Equations Creatinine-Based Equations
Cockcroft and Gault Abbreviated MDRD MDRD
r Pvalue r Pvalue r Pvalue
Rule 0.384 < 0.001 0.400 < 0.001 0.383 < 0.001
Larsson 0.380 < 0.001 0396 < 0.001 0.379 < 0.001
Hoek 0.391 < 0.001 0.407 < 0.001 0.390 < 0.001
Le Bricon 0.391 < 0.001 0.407 < 0.001 0.390 < 0.001
Filler 0.386 < 0.001 0.402 < 0.001 0.375 < 0.001
Table 5. Association Between Creatinine-Based and Cystatin C-Based Equations for for GFR Estimation and Their Relationship with BMI, Age, and Gender

Variables Body Mass Index Age,y Gender

Normal Weight Over weight Obesity PValue <40 40-60 > 60 PValue Male Female PValue
Cockcroftand Gault 30.5 111 37.9 133 471£18.0 < 0.001 4324152 419 + 149 295 £ 101 < 0.001 319 1.7 39.9 153 0.003
Abbreviated MDRD 333+ 122 3214104 35+ 122 0.8 357 £133 324+ 17 3122102 0.6 26.6 1 8.8 37311 < 0.001
MDRD 324+ 122 328 1106 33.0 £ 1.9 0.9 365+ 138 R21+17 316 £10.0 05 272+ 91 373+ 12 < 0.001
Rule 448 +189 451+ 137 458 222 0.9 440196 494+ 227 4211+ 136 0.4 45.0 +17.6 452+ 171 0.8
Larsson 434 1203 43.6 £14.6 44.6 £ 237 09 4242 +10.0 483 £ 247 405+ 142 0.4 43.6 +19.0 4381182 0.8
Hoek 458 £17.8 46.4 +12.9 46.7 £ 20.9 0.9 454193 50.2 = 21.0 434+133 0.4 461+ 16.4 463 £ 162 0.8
Le Bricon 526 +173 532125 537+ 203 0.9 523+ 91 56.9 & 20.4 503 129 0.4 529 £159 531+ 157 0.8
Filler 543+ 221 54.8 +16.0 55.6 & 25.9 0.9 53.6 £ 113 59.7 £ 26.5 512 116.0 0.4 54.6 + 205 54.8 +19.9 0.8

3.3. The Prevalence of Stages 3- 4 CKD by Using Creatinine-Based
and Cystatin C-Based Formulas, and Their Relation with BMI,
Age, and Sex

As presented in Table 6, the prevalence of stages 3-4
CKD is significantly lower in patients with higher BMI than
patients with lower BMI (P value: 0.005) by using C-G for-
mula, while no appreciable difference was seen between
BMI groups using other formulas. In addition, the preva-
lence of stages 3 - 4 CKD, estimated by C-G and MDRD for-
mulas, was affected significantly by age (P value: 0.03 and

0.008, respectively). Also, there was no significant sex dif-
ference in the prevalence of stages 3 - 4 CKD.

3.4. Difference Between Creatinine-Based and Cystatin C-Based
Formulas for GFR Estimation and Their Correlation with BMI,
Age, and Sex

The differences between GFRs estimated by cystatin C-
based equations and those estimated by C-G equation are
lower at higher BMI levels (P value: 0.004 - 0.01), as shown
in Table 7.

Nephrourol Mon. 2017; 9(3):e46917.
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Table 6. The Prevalence of Stages 3 - 4 CKD by Using Creatinine-Based and Cystatin C-Based Formulas, and Their Relation with BMI, Age, and Sex®

Variables Body Mass Index, kg/m? Age,y Sex

Normal Weight (18.5 - 24.9) Over weight (25.0-29.9) Obesity (> 30.0) Pvalue <40 40-60 > 60 Pvalue Female Male Pvalue
No. 50 52 18 21 44 55 55 65
Cockcroft and Gault 49(98) 50(96.2) 14(77.8) 0.005 18(85.7) 40(90.9) 55(100) 0.030 54(98.2) 59(90.8) 012
Abbreviated MDRD 49(98) 52(100) 18(100) 0.49 20(95.2) 44(100) 55(100) 0.093 55(100) 64(98.5) 10
MDRD 48(96) 52(100) 18(100) 024 19(90.5) 44(100) 55(100) 0.008 55(100) 63(96.9) 1.0
Rule 44 (88) 45(86.5) 16(88.9) 0.95 20(95.2) 36 (81.8) 49(89.1) 027 50(90.9) 55(84.6) 0.41
Larsson 45(90) 47(90.4) 16 (88.9) 0.98 20(95.2) 37(84.1) 51(92.7) 0.24 50(90.9) 58(89.2) 0.49
Hoek 43(86) 45(86.5) 16 (88.9) 0.95 19(90.5) 36(81.8) 49(89.1) 0.48 49(89.1) 55(84.6) 0.83
Le Bricon 39(78) 44(84.6) 14(77.8) 0.65 16 (76.2) 33(75) 48(873) 0.25 46 (83.6) 51(78.5) 0.49
Filler 39(78) 41(78.8) 12(66.7) 0.55 16(76.2) 31(70.5) 45(81.8) 0.41 43(78.2) 49 (75.4) 0.83
AValues are expressed as No. (%).

Table 7. Difference Between Creatinine-Based and Cystatin C-Based Formulas for GFR Estimation and Their Correlation with BMI, Age, and sex

Variables Body Mass Index, kg[mz AGE,y Sex.
Differences between cystatin-based Normal Weight (18.5 - 24.9) Over weight (25.0-29.9) Obesity (> 30.0) PValue <40 40-60 > 60 PValue Female Male PValue
and creatinine-based equations
Rule-Cockcroft-Gault 14.20 7.23 120 0.004 0.79 8.09 12,58 0.031 B 53 0.015
Larsson-Cockcroft-Gault 1.8 5.70 224 0.007 0.86 7.01 10.94 0.045 1.6 3.8 0.021
Hoek-Cockcroft-Gault 22.09 1530 6.47 0.002 9.02 15.58 20.76 0.018 21.06 132 0.01
Le Bricon-Cockcroft-Gault 22.09 1530 6.47 0.002 9.02 15.58 2076 0.018 21.06 B2 0.01
Filler-Cockcroft-Gault 23.79 16.94 8.52 0.01 10.32 18.45 21.73 0.078 227 14.9 0.03
Rule-abbreviated MDRD 12.44 13.02 1232 0.98 831 17.02 10.87 0.073 183 7.8 <0.001
Larsson-abbreviated MDRD .04 11.49 1.08 0.99 6.65 15.95 9.23 0.068 16.9 6.4 0.001
Hoel-abbreviated MDRD 13.48 1426 B17 0.95 9.67 17.79 1212 0.082 19.4 8.9 <0.001
Le Bricon-abbreviated MDRD 2033 2110 20.00 0.95 16.54 24.52 19.05 0.083 263 158 <0.001
Filler-abbreviated MDRD 22.03 2273 22.06 0.98 17.85 2738 20.02 0.073 28.0 17.5 0.002
Rule-MDRD 1238 1233 12.83 0.99 7.46 17.28 10.44 0.40 177 7.9 0.001
Larsson-MDRD 10.98 10.80 159 0.98 5.81 16.20 8.80 0.038 163 6.4 0.002
Hoek-MDRD 13.41 1357 13.68 0.99 8.83 18.05 11.69 0.044 18.9 89 <0.001
Le Bricon-MDRD 2027 2041 20.50 0.99 15.69 2477 18.62 0.044 257 15.8 <0.001
Filler-MDRD 21.96 22.04 2256 0.99 17.00 27.64 19.59 0.043 274 175 0.004

The differences between GFRs estimated by cystatin C-
based equations and those estimated by C-G and MDRD
equations were greater in older patients (P value: 0.01 -
0.04).

The differences between GFRs estimated by cystatin C-
based equations and creatinine-based equations were sig-
nificantly different between males and females (P value:
0.15-0.001).

4. Discussion

Chronic kidney disease is an important public health
problem. Estimation of GFR is essential for the evaluation
of kidney function in CKD patients. The current kidney dis-
ease outcomes quality initiative (K/DOQI) guidelines clas-
sify CKD into five stages based on GFR estimations (10).

Nephrourol Mon. 2017; 9(3):e46917.

There is evidence showing that using creatinine con-
centration as an ideal marker for GFR estimation is accom-
panied by problems (22).

Studies have reported that cystatin C is less affected by
age, gender, and muscle mass when compared to serum
creatinine (23) and it is not affected also by dietary protein
intake, inflammation, fever, and agents such as proteins
and bilirubin (24).

Our aim in this study was to compare cystatin C-based
equations with creatinine based-formulas for estimation
of GFRs.

Many studied have suggested that cystatin C concen-
tration is a better indicator to estimate GFR than serum cre-
atinine concentration (9, 10, 25-30), especially in patients
with spinal injury, liver cirrhosis, cystic fibrosis, diabetes,
and old age (31). While, other investigators have reported
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Figure 2. Correlation between Abbreviated MDRD and Le Bricon formulas for GFR
estimation

that these two substances are equally accurate (14, 32-35).

Also, some researchers believe that many factors such
as male sex, weight, height, cigarette smoking, higher
serum C reactive protein levels, steroid therapy, and
rheumatoid arthritis can increase the serum level of cys-
tatin C. Thus, this substance may be less accurate to evalu-
ate kidney function (35-38).

In this study, we calculated the GFRs of 120 patients
with CKD based on creatinine and cystatin C equations.
The results indicated that there was a significant correla-
tion between all creatinine-based estimated GFRs and cys-
tatin C-based estimated GFRs (P value < 0.001), and abbre-
viated MDRD-estimated GFRs were comparable with those
of Hoek and Le Bricon equations in CKD subjects (P value <
0.001,1: 0.4,R2: 0.16).

In general, only the mean estimated GFRresulted from
C-G formula was under the influence of BMI (P value <
0.001), because it was higher in individuals with higher
BML. Increasing age significantly reduced the mean esti-
mated GFR (Pvalue < 0.0001). This result was expected due
to the influence of age and weight on C-G formula. But, we
do not have any explanation why BMI and age were not ef-
fective in other creatinine-based equations (Table 5).

In addition, a relationship was verified between GFRs
estimated by creatinine-based formulas and gender, but
such a relation was not found in GFRs from cystatin C-
based equations. Since the factors of weight, age, and gen-

der are not considered in the cystatin C-based formulas,
this result is not surprising.

On the other hand, since the number of patients on
stages 2 and 5 CKD was low, we evaluated the effect of BMI,
age,and sex on the prevalence of stages 3-4 CKD. The preva-
lence of stages 3 - 4 CKD, determined by C-G and MDRD for-
mulas, was affected significantly by age (P value: 0.03 and
0.008, respectively).

Also, BMI had an influence on the prevalence of stages
3 - 4 CKD in creatinine-based formulas although it was
not statistically significant. The effect of BMI was statisti-
cally significant only when C-G formula was used (P value:
0.005). Patients with higher BMI had lower frequency in
stages 3 - 4 CKD.

Also, there were no significant sex differences in the
prevalence of stages 3 - 4 CKD patients (P value > 0.05) by
using creatinine-based formulas.

Differences in estimated GFRs between cystatin C-
based equations and C-G and MDRD equations were
greater in older patients (P value: 0.01- 0.04, F:3.2-4.1).

In terms of differences between GFRs estimated by cys-
tatin C-based equations and GFRs estimated by creatinine-
based formulas, they were lower at higher BMI levels when
C-G equation was used (P value: 0.004 - 0.01), and they
were greater in older patients when C-G and MDRD equa-
tions were used (P value: 0.01- 0.04). The differences were
also significant between males and females (P value: 0.15 -
0.001).

According to sex, all the creatinine-based formulas
showed significant differences while cystatin C-based for-
mulas did not. This result was predictable due to the influ-
ence of sex factor in creatinine-based equations, while sex
factor is not considered in cystatin C-based equations.

4.1. To Summarize

Our findings revealed that the abbreviated MDRD for-
mula, among creatinine-based GFR formulas, provides
GFRs closer to GFRs estimated by cystatin C-based equa-
tions in CKD patients. Since the cost of laboratory tests
for cystatin C is higher and it does not show superiority
over MDRD, we recommend that the abbreviated MDRD
formula be used for estimating GFR in CKD patients.

4.2. Limitation

There are two limitations for this study: 1) lack of a gold
standard test and, 2) the small number of patients in the
study.
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