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Abstract t 

Background:: The glomerular filtration rate (GFR) can be estimated from plasma creatinine 

accordingg to the formula of Cockcroft and Gault (CG). When tubular secretion of creatinine is 

inhibitedd by cimetidine the mean difference between the Cockcroft-Gault formula (CGGm) and 

GFRR approximates zero, but there is still some interindividual difference, especially in type 2 

diabeticc patients. We studied during longitudinal follow-up, whether the discrepancies between 

CGGmm and GFR per patient are consistent in time in type 2 diabetic patients. 

Methods:: In 1996 and 1998 (interval 20 - 26 months) GFR was measured in 21 patients as the 

urinaryy clearance of continuously infused 125I-iothalamate. Plasma creatinine was analyzed with an 

enzymaticc assay before and after oral cimetidine 800 mg t.i.d. during 24 hours. GFR-estimations 

weree calculated with the Cockcroft-Gault formula before (CG) and after cimetidine (CGaJ and 

expressedd as means + SEM. 

Results:: GFR deteriorated from 89.7  5.7 to 81.3  5.8 rrd/min/1.73m2 and C G^ from 85.3

5.77 to 81.1 + 6.6 ml/min/1.73m2, whereas CG decreased from 102.4  6.8 to 98.4  7.0 

ml/min/1.73m2.. Changes in GFR and changes in CGGm were correlated (r = 0.72, P < 0.001) 

andd were not significantly different from each other. The discrepancy between CGGm and GFR 

perr patient in 1996 also correlated with the discrepancy between CGGm and GFR in 1998 ( r = 

0.85,/><0.001). . 

Conclusions:: In individual patients the discrepancies between the CGGm and GFR are consistent 

inn time and the change in GFR is reflected by the change in CGĉ  . This small variability means 

thatt CGG m, based on an enzymatic plasma creatinine assay, would be suitable for follow-up of 

GFRR in type 2 diabetic patients, independent of albuminuria. 
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Introduction n 
Thee degree of renal impairment in patients with type 2 diabetes mellitus is usually examined by 

determiningg urinary albumin excretion [1]. However, there is a potential for misleading 

conclusionss when proxy markers of nephropathy progression are used and hard endpoints are 

neededd such as a change in GFR or the incidence of end-stage renal disease [2]. Only recendy it 

waswas shown that GFR was preserved by captopril in normotensive type 1 diabetic patients with 

microalbuminuriaa [3]. The usefulness of the plasma creatinine concentration - or its reciprocal 

valuee - for follow-up of GFR is limited because the contribution of tubular creatinine secretion 

increasess when GFR deteriorates, thus keeping overall clearance fairly constant [4,5]. The same 

holdss for the endogenous creatinine clearance based on an outpatient urine collections and for 

assessmentt of this clearance from plasma creatinine, age, weight and gender using the formula of 

Cockcroftt and Gault (CG) [6-10]. 

Tubularr secretion of creatinine can be inhibited by administration of cimetidine, which uses 

thee same organic cation transporter in the proximal tubule but with much higher affinity [11], 

whereass this drug has no influence on GFR or renal plasma flow [12]. In an earlier studie we 

havee shown that in patients with a plasma creatinine concentration < 180 ^imol/1 a new steady 

statee of - increased - plasma creatinine is reached within 24 hours of cimetidine administration 

[13].. Using this approach the Cockcroft-Gault formula ( C G QJ was shown to give a good 

approximationn of GFR in patients with various nephropathies and with type 2 diabetes at 

differentt stages of albuminuria [13,14]. It was also noticed that the application of an enzymatic 

creatininee assay was necessary for accurate GFR-estimation, compared to the alkaline picrate 

Qaffé)) method [15]. 

However,, while there was a good accuracy of GFR-estimation in type 2 diabetic patients, the 

precisionn of GFR-estimation was found to be lower than in renal patients. We hypothesized that 

thiss was due to a larger variability in the relationship between body weight, used in the 

Cockcroft-Gaultt formula, and muscle mass than in non-diabetic patients. If the discrepancy 

betweenn CGĉ  and GFR is patient-specific and consistent in time, than any change in GFR 

wouldd be reflected by a change in CGQm, provided that body mass index (BMI) and muscle mass 

remainn constant [16]. The aim of the present study was therefore to investigate the usefulness of 

CGon,, for GFR-estimation during longitudinal follow-up in type 2 diabetic patients. 
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Materiall  and Methods 
StudyStudy population 

Wee studied a cohort of 30 patients of mixed ethnic origin, aged 30-70 years with a plasma 

creatininee concentration < 180 ^imol/1, equally distributed over a normo-, micro- and 

macroalbuminuricc group; BMI was <35 kg/m2 in the absence of edema. The results of the 

initiall  evaluation have been published previously [14]. Two years later the same patients were 

askedd to participate in a second assessment of GFR This could be done in 21 of them, 20 to 26 

monthss after the first investigation. Median age was 52 years (range 32 to 68), median BMI was 

299 kg/m2 (22.5 to 34.2) and median change in BMI was 0.6 kg/m2 (-2.2 to +5.1). There were 12 

malee and 9 female patients. Nine were Caucasian, 7 Asian and 5 were African patients. During 

thiss study no patient had jaundice or used drugs known to interfere with tubular creatinine 

secretion. . 

Studyprotocd Studyprotocd 

Thee study was performed on three consecutive days. The patients collected 3 morning urine 

sampless for calculation of the albumin/creatinine ratio. Plasma creatinine samples were drawn 

thee 1st and 3rd day around 8:00 A-M. and the patients were instructed to take cimetidine 800 mg 

orallyy on the 2nd day at 7:00 A.M. and at 3:00 and 11:00 P.M. The 3rd day from 9:00 A.M. to 

3:000 P.M. GFR and renal plasma flow was measured during continuous infusion of  125I-labeled 

iothalamatee and 131I-labeled hippuran as described before [13,17]. The study protocol was 

approvedd by the committee of Medical Ethics of the Hospital Onze Lieve Vrouwe Gasthuis, 

Amsterdam. . 

Creatininee concentration in plasma was measured in duplicate with an enzymatic PAP+ 

(Phenol/4-AminoantiPyrine)-assayy (Hitachi 747, Roche Diagnostics, Mannheim, Germany). GFR 

wass calculated as the mean urinary clearance of  125I-iothalamate of two 2-hour periods after a 2-

hourr equilibration period as described before [13,17] and in the appendix of this thesis. GFR-

estimationss were calculated with the formula of Cockcroft and Gault: 

(140-- age) *body weight 

0.815*plasmaa creatinine 

[forr women correction factor 0.85; age in years, weight in kg, plasma creatinine in jmiol/I] . 

58 8 



Follow-upp of cimetidine aided GFR-estimation 

Priorr to administration of cimetidine this was done with the plasma creatinine concentration of 

dayy 1 (CG) and after cimetidine with the concentration of day 3 (CGG|11). All clearances were 

correctedd for body surface area according to the DuBois-DuBois formula [18] and expressed as 

ml/min/1.733 m2. 

StatisticalStatistical analysis 

Dataa are expressed as means + standard deviations (SD), unless stated otherwise. The paired t-

testt was used for comparison. Pearson's correlation coefficients were calculated for comparison 

off  discrepancies between and changes in GFR and CGam. The agreements between GFR and 

CGaraa were tested with an analysis of agreement, as described by Bland and Altman [19]. The 

accuracyy and precision of agreement are shown in this type of analysis by relating the difference 

betweenn two methods in each patient to the mean of the same two methods in the same patient. 

Itt can also be analyzed whether a trendwise change in the difference is present for increasing 

meann values. The limits of agreement can be expressed as mean + 2SD and mean - 2SD, in 

whichh 95% of the values are situated. A difference with P < 0.05 was considered to be 

significant. . 

Results s 

Figuree 1 The mean + standard 

errorr of the Cockcroft-Gault 

clearancee before (CG) and after 

cimetidinee (CGGm) and GFR of 

211 type 2 diabetic patients in 1996 

)) and 1998 . The values are 

102.44 + 6.8 , 98.4 + 7.0 , 85.3

5.77 , 81.1  6.6 , 89.7 + 5.7 and 

81.33 +5.8 ml/min/1.73 m2. 

~~ii 1 1 
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Figuree 2 The analysis of agreement in 21 patients. In this analysis the difference between two methods is 

plottedd against their mean for each individual patient. This was done for the Cockcroft-Gault clearance 

afterr cimetidine ( G G QJ and GFR in 1996 (left panel) and in 1998 (right panel). Mean difference is 

indicatedd by a drawn line, the limits of agreement (mean - 2SD and mean +2SD) are indicated by the 

dashedd lines. 

Thee comparison between 1996 and 1998 for CG, CGam and GFR is shown in Figure 1. In both 

yearss CG overestimated GFR {P < 0.001), whereas GGGm did not. The decrease in mean GFR 

waswas 8.4 and in C G^ 4.2 ml/min/1.73 m2. In 1998 GFR ranged from 27 to 139 ml/min/1.73 m2. 

Inn Figure 2, the analysis of agreement demonstrated a discrepancy between CGQ,,, and GFR of 

-4.44  15.1 ml/min/1.73 m2 in 1996 and -0.2  18.4 ml/min/1.73 m2 in 1998 (N.S.). The 

differencee between the change in GFR and the change in C G^ was 4.2  9.8 ml/min/1.73 m2 

(N.S.).. Figure 3 shows that the changes in GFR correlated well with the changes in GGQ,,, (r = 

0.72,, P < 0.001). In only 3 cases the changes were discordant, i.e. GFR remained constant while 

C G ^^ increased. The discrepancy between GGĉ  and GFR per patient in 1996 also correlated 

withh the discrepancy between CGQ,,, and GFR in 1998, as shown in Figure 4 (r = 0.85, P < 

0.001). . 
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Figuree 3 The change in GFR and the change in 

Cockcroft-Gaultt clearance after cimetidine 

( C G QJJ of all 21 patients in relation to the line 

off  identity. Negative values indicate a decrease 

betweenn 1996 and 1998. The Pearson's 

correlationn coefficient was 0.72 (P <0.001). 

Figuree 4 The discrepancy of GGam and GFR 

inn 1996 and that of 1998 of all 21 patients in 

relationn to the line of identity. Positive values 

indicatee an overestimation of GFR by GGGm. 

Thee Pearson's correlation coefficient was 0.85 

(P(P < 0.001). 
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Conclusions s 

Inn this study it was analyzed whether the cimetidine aided GFR-estimation by the formula of 

Cockcroftt and Gault ( C G QJ might be a useful approach for the routine follow-up of renal 

functionn in type 2 diabetic patients. For this purpose we studied on two occasions with an 

intervall  of two years a group of patients with a BMI < 35 kg/m2 and a plasma creatinine < 180 

/imol/1.. We used the urinary clearance of continuously infused 125I-iothalamate as representing 

truee GFR. We chose this patientgroup because weight, used in the numerator of the Cockcroft-

Gaultt formula, overestimates muscle mass at higher BMI and then leads to inaccuracies in GFR-

61 1 



Chapterr 3 

estimationn from the Cocke roft-Gault formula (CG). Furthermore the change in GFR is not 

accuratelyy reflected by the plasma creatinine concentration or its reciprocal value in the range 

investigatedd [4,5]. The study shows that the accuracy and precision of the GFR-estimations from 

CGGmm were the same on the two occasions. In individual patients the discrepancy between the 

CGGmm and GFR appeared to be consistent in time. Also, the change in GFR was reflected by the 

changee in CGGn). This indicates that CGGm is a simple and useful approach for the follow-up of 

renall  function in type 2 diabetic patients at all stages of albuminuria. 

Otherr studies have shown that follow-up of GFR by plasma creatinine with or without the 

CG-formula,, the reciprocal value of plasma creatinine or timed urinary clearance is not accurate 

[5]]  [7-10]. These studies used an alkaline picrate method for determination of the plasma 

creatininee concentration. Shemesh et al. followed patients with deteriorating or improving renal 

functionn during treatment of glomerular disease [5]. They demonstrated large percentual 

differencess between the change in GFR, measured with continuously infused inulin, and the 

changee in simultaneously measured creatinine clearance, plasma creatinine and the reciprocal 

valuee of plasma creatinine. Nielsen et al. reported follow-up in type 2 diabetic patients with 

microalbuminuriaa and normal renal function [10]. GFR was measured by the plasma clearance of 

singlee shot 51Cr-EDTA and estimated by the CG-formula. The change in GFR did not correlate 

welll  with the change in CG-clearance (r = 0.49). They therefore considered the CG-formula of 

limitedd value. In an earlier study we have found major differences between plasma creatinine 

measurementss using an alkaline picrate or an enzymatic plasma creatinine assay [15]. As a 

consequence,, C G^ calculated with the alkaline picrate creatinine concentration was not 

appropriatee for GFR-estimation. This makes it likely that the negative results of the previously 

publishedd studies can be explained by the method of plasma creatinine determination used. 

Thee most important advantage of the CGCjni over GFR measurements is the convenience to 

obtainn it as often as necessary during follow-up of patients. It is conceivable that our results can 

bee extrapolated to non-diabetic patients as we have previously shown in a transversal study that 

inn these patients GFR-estimation has the same accuracy and even a better precision [13]. We did 

nott correct the decrease of GFR for changes due to aging, since the cause of a change in GFR 

wass not the primary goal of our study. However, caution should be made in patients above the 

agee of 70 years, who were excluded from this study. In an elderly patientgroup an 

underestimationn of GFR by CG without cimetidine was reported [20]. 
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Inn conclusion, during an interval of two years the discrepancies between C G^ and GFR in 

individuall  patients are consistent and the change in GFR is reflected by the change in CGQ,,,. 

Thiss small variability means that GFR-estimation from the Cockcroft-Gault formula after one 

dayy of cimetidine administration would be suitable for follow-up of GFR in type 2 diabetic 

patients,, independent of albuminuria, provided plasma creatinine is determined with an 

enzymaticc assay and below 180 /imol/1 and BMI is less than 35 kg/m2. 
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