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Background: Renal function impairment is common in geriatric palliative care patients. 

Accurate assessment of renal function is necessary for appropriate drug dosage. Several equations 

are used to estimate kidney function.

Aims: 1) To investigate the differences (Δ) in kidney function assessed with simplified Modifi-

cation of Diet in Renal Disease (MDRD), Berlin Initiative Study (BIS1), and Cockcroft–Gault 

(C-G) formulas in geriatric palliative care patients, and 2) to assess factors that may influence 

these differences.

Methods: A retrospective analysis of data of patients aged $70 years admitted to a palliative 

care in-patient unit. The agreement between C-G, MDRD, and BIS1 equations was assessed 

with Bland–Altman analysis. Partial correlation analysis was used to analyze factors influencing 

the discordance.

Results: A total of 174 patients (67 men; mean age 77.9±5.8 years) were enrolled. The mean 

Δ MDRD and C-G was 18.6 (95% limits of agreement 55.3 and −18.2). The mean Δ BIS1 and C-G 

was 6.1 (25.7 and −13.5), and the mean Δ MDRD and BIS1 was 12.5 (40.6 and −15.6). According 

to the National Kidney Foundation classification, 61 (35.1%) patients were differently staged 

using MDRD and C-G, while ~20% of patients were differently staged with BIS1 and C-G and 

MDRD and BIS1. Serum creatinine (SCr) and body mass index (BMI) had the most important 

influence on variability of Δ MDRD and C-G (partial R2 37.7% and 28.4%). Variability of Δ BIS1 

and C-G was mostly influenced by BMI (34.8%) and variability of Δ MDRD and BIS1 by SCr 

(42.2%). Age had relatively low influence on differences between equations (3.1%–9.5%).

Conclusion: There is a considerable disagreement between renal function estimation formulas, 

especially MDRD and C-G in geriatric palliative care patients, which may lead to errors in 

drug dosage adjustment. The magnitude of discrepancy increases with lower SCr, lower BMI, 

and higher age.

Keywords: creatinine clearance, estimated glomerular filtration rate, MDRD, BIS1, Cockcroft-

Gault

Introduction
Renal function impairment is a common pathology in cancer patients.1–3 In subjects with 

advanced disease, its prevalence may reach 35%–52%, depending on the method of 

assessment.4 As kidney function is known to deteriorate with age, the prevalence of renal 

impairment in geriatric patients with advanced cancer should be expected to be particularly 

high. Data from population studies indicate that almost every other subject .70 years has 

chronic kidney disease (CKD),5–7 so it may be undoubtedly assumed that most geriatric 

patients with advanced cancer have compromised renal function.
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Accurate assessment of renal function is an important 

issue in palliative care, as it determines appropriate drug 

dosage adjustment. Multiple anti-cancer agents and drugs 

used to control symptoms, or their active metabolites, 

are excreted by the kidneys and may accumulate when 

renal function is impaired, resulting in increased risk of 

dose-dependent adverse drug reactions. The list of drugs 

used in symptomatic treatment that require dosage modi-

fication based on the degree of renal dysfunction comprise 

most opioids (including morphine, oxycodon, fentanyl, 

tramadol, codeine, and dihydrocodeine) and benzodiaz-

epines, gabapentin, pregabalin, duloxetine, baclofen, halo-

peridol, risperidone, levomepromazine, metoclopramide, 

and tranexamic acid.8,9 Special attention should be paid to 

drugs having nephrotoxic properties, such as nonsteroidal 

anti-inflammatory drugs, bisphosphonates, allopurinol, 

cyclosporine, and aminoglicosides.8,9

Glomerular filtration rate (GFR) is regarded to be the most 

accurate measure of kidney function. As direct measurement 

of GFR is not easy in clinical practice because of complex 

methodology and costs, several estimation equations have 

been developed. While most manufacturers’ recommenda-

tions on drug dosage adjustment were developed based on 

creatinine clearance (CrCl) calculated with the Cockcroft–

Gault equation (C-G),10 the simplified Modification of Diet in 

Renal Disease (MDRD) formula11 is currently the most popu-

lar method to evaluate GFR and kidney function in clinical 

practice. Importantly, neither C-G nor MDRD was developed 

in a population of geriatric subjects, and their reliability in 

estimating GFR in the elderly is being questioned.12,13 More 

recently, a new formula has been developed and validated 

in a population-based cohort study of subjects .70 years 

(the Berlin Initiative Study [BIS1]).14–16

The aim of this study was to investigate the differences 

in the kidney function assessed with MDRD, BIS1, and 

C-G formulas in a population of in-hospital palliative care 

patients .70 years of age. Additionally, we analyzed factors 

that may influence the magnitude of discrepancy between 

these equations.

Methods
We retrospectively analyzed medical records of patients 

aged $70 years admitted to the Palliative Care In-patient 

Unit of the University Hospital of Lord’s Transfiguration in 

Poznan, Poland, in years 2013 and 2014. We excluded sub-

jects in whom serum creatinine (SCr) levels were not assessed, 

in whom body weight or height was not measured, and 

patients with end-stage renal disease who required dialysis. 

If a patient was admitted more than once, data on consecutive 

hospitalizations were excluded from further analysis. 

Anthro pometric characteristics, diagnosis, performance 

status (Karnofsky performance status [KPS] and Eastern 

Cooperative Oncology Group [ECOG]), and SCr levels 

were collected. Body mass indexes (BMIs) were categorized 

according to World Health Organization classification:17 

underweight patients, BMI ,18.5 kg/m2; normal-weight 

patients, BMI 18.5–24.9 kg/m2; overweight patients, BMI 

25–29.9 kg/m2; obese patients, BMI $30 kg/m2. SCr was 

measured with the Jaffe reaction using alkaline picrate 

(Dimension EXL with LM; Siemens AG, Munich, Germany). 

The assay was calibrated with a method traceable to isotope 

dilution mass spectrometry (IDMS). The upper limit of 

the SCr at the hospital central laboratory was 115 µmol/L. 

Kidney function was assessed with creatinine clearance 

calculated using the C-G formula10 and estimated glom-

erular filtration rate (eGFR) calculated using the simplified 

MDRD11 and the BIS1 equations.14

C-G formula:

 

CrCl age years body weight kg

if 

(mL/min) [( ( )) ( )

. (

=
×

140

0 85

− ×
ffemale SCr mg dL)]/[ ( )]72 ×  

In order to improve accuracy, adjustments for the C-G 

equation based on BMI were used: in underweight patients, 

total body weight (TBW) was used; in subjects with normal 

weight, ideal body weight (IBW) was used; in overweight or 

obese patients, adjusted body weight (ABW) was used.18

 

IBW male kg

(every 2.54 cm over 1.524 m)

( ) .= 50 2 3+
×  

 

IBW female kg

(every 2.54 cm over 1.524 m)

( ) . .= +45 5 2 3

×  

 ABW IBW TBW-IBW= + ×0 4. ( )  

Simplified, re-expressed MDRD formula:

 

eGFR SCr (mg/dL)

 age years

(mL/min/ . m )

( )

.

.

1 73 1752 1 154

0

= ×
×

−

− 2203 0 742× . ( )if female  

BIS1 formula:

 

eGFR (mL/min/1.73 m ) SCr (mg/dL )

 age years

2 0 873 736= ×
×

−

−

,

( )

.

00 95 0 82. . ( )× if female  

Renal function calculated with all equations was staged 

using the National Kidney Foundation classification.19

The study protocol was approved by the ethical committee 

of Poznan University of Medical Sciences. Patients’ data were 

anonymized to ensure confidentiality.
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statistical analysis
Continuous data are shown as mean ± standard deviation 

and discrete variables as median (lower quartile, upper 

quartile). Statistical analyses were performed with StatSoft 

Statistica v12 and PQStat software. The normal distri-

bution of the data was verified with Shapiro–Wilk test. 

Comparisons between two groups were performed with 

Student’s t-test or Mann–Whitney test (if appropriate). The 

agreement between C-G, MDRD, and BIS1 equations was 

assessed with the Bland–Altman plots using the 95% limits 

of agreement that are calculated as the average difference 

± 2 standard deviation (SD).20,21 To assess factors that may 

influence the discordance between kidney function estimates, 

we used Spearman’s correlation and partial correlation 

analysis between the variables of interest and the difference 

(Δ) between the estimation equations. P-value ,0.05 was 

considered significant.

Results
We identified 174 subjects (67 men/107 women) eligible for 

analysis. All subjects were White, and their mean age was 

77.9±5.8 years. Patients’ characteristics and data on estimates 

of renal function obtained with C-G, MDRD, and BIS1 

formulas are shown in Table 1. The parameters did not differ 

significantly between men and women, with the exception of 

SCr levels (P,0.01). MDRD-derived GFR was significantly 

higher than C-G and BIS1 GFR estimations, and BIS1 was 

higher than C-G (P,0.01 for all comparisons).

Among the study population, 99 (56.9%) patients had 

normal weight, 24 (13.8%) subjects were underweight, 

36 (20.7%) overweight, and 15 (8.6%) obese. The primary 

diagnoses included gastrointestinal tract cancer – 59 patients 

(33.9%), urogenital cancer – 37 patients (21.3%), respiratory 

tract cancer – 25 patients (14.4%), breast cancer – 17 patients 

(9.8%), other cancer – 35 patients (20.1%), and one subject 

had no malignancy (0.5%).

The Bland–Altman plots in Figure 1 show comparisons 

of kidney function estimates with C-G, MDRD, and BIS1 

equations. The mean difference between C-G and MDRD 

estimates was 18.56 mL/min/1.73 m2, and 95% limits of 

agreement were 55.30 and −18.17 mL/min/1.73 m2. For 

comparisons between C-G and BIS1 estimates, the mean 

difference was only 6.09 mL/min/1.73 m2, and 95% limits 

of agreement were 25.69 and −13.50 mL/min/1.73 m2. 

The mean difference between BIS1 and MDRD was 

12.47 mL/min/1.73 m2, and 95% limits of agreement were 

40.56 and −15.62 mL/min/1.73 m2.

As MDRD is less accurate for higher values of GFR, 

we separately analyzed the subgroup of patients with 

MDRD-derived GFR ,60 mL/min/1.73 m2 (n=74; plots 

not shown). In this subgroup, the mean difference between 

C-G and MDRD was 8.32 mL/min/1.73 m2, and 95% 

limits of agreement were 24.83 and −8.19 mL/min/1.73 m2. 

The mean difference between BIS1 and MDRD was 

2.47 mL/min/1.73 m2, with 95% limits of agreement 11.30 

and −6.35.

Staging of kidney disease using the National Kidney 

Foundation classification based on C-G-, MDRD-, and 

BIS1-derived eGFR is shown in Table 2. Stages I and II 

were analyzed as one category (eGFR $60 mL/min/1.73 m2), 

because of lower accuracy of MDRD for higher values of 

eGFR and limited clinical importance of discrimination 

between stages I and II. Staging based on C-G- and MDRD-

derived eGFR was consistent in 113 (64.9%) patients. Staging 

with C-G and BIS1 was consistent in 138 (79.3%) subjects, 

while staging with MDRD and BIS1 was consistent in 

141 (81.0%) patients. Comparative analysis between men 

and women showed that Δ C-G and BIS1 was significantly 

Table 1 Anthropometric characteristics, performance status, and estimates of renal function obtained with C-g, the MDrD, and the 
BIs1 equations

Parameter All patients 
(n=174)

Men 
(n=67)

Women 
(n=107)

Men vs 
women

Age (years) 77.9±5.8 78.4±5.6 77.5±5.9 ns
KPs score 40 (30, 50) 40 (30, 50) 40 (30, 50)
eCOg score 4 (3, 4) 4 (3, 4) 4 (3, 4)
BMI (kg/m2) 23.5±5.1 22.3±3.5 24.2±5.9 ns
sCr (µmol/l) 94.8±51.3 105.8±51.7 87.9±50.1 P,0.01
Creatinine clearance C-g (ml/min) 53.4±25.4 56.4±25.6 51.6±25.3 ns
egFr-MDrD (ml/min/1.73 m2) 72.0±37.0* 73.1±33.6* 71.3±39.1* ns
egFr-BIs (ml/min/1.73 m2) 59.5±23.6*,# 59.1±21.7*,# 59.8±24.8*,# ns

Notes: Mean values ± sD or median (1st quartile, 3rd quartile). *P,0.01 vs C-g. #P,0.01 vs MDrD.
Abbreviations: BIs1, Berlin Initiative study; BMI, body mass index; C-g, Cockcroft–gault; eCOg, eastern Cooperative Oncology group; egFr, estimated glomerular 
filtration rate; KPS, Karnofsky performance status; MDRD, the modification of diet in renal disease; NS, not significant; SCr, serum creatinine; SD, standard deviation.
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lower in men (2.7±9.08 vs 8.2±9.48, P,0.01), while Δ BIS1 

and MDRD tended to be higher in men (14.0±12.75 vs 

11.5±15.22, P=0.05). No significant differences were found 

for Δ C-G and MDRD (16.7±15.27 in men, 19.7±20.61 in 

women; P=not significant).

Spearman’s rank correlation coefficients, partial correla-

tion coefficients, and coefficients of partial determination are 

shown in Table 3. The difference between C-G and MDRD, 

as well as between BIS1 and MDRD, correlated significantly 

with age, SCr level, and BMI. The difference between C-G 

and BIS1 correlated significantly with age and BMI but not 

with SCr level. Partial correlation analysis demonstrated 

that SCr level and BMI had the most important influence on 

variability of Δ C-G and MDRD. BMI had the most important 

influence on variability of Δ C-G and BIS1 and SCr level 

on variability of Δ BIS1 and MDRD. The proportion of 

variability in difference between GFR estimation equation 

that can be determined from the relationship with age was 

relatively low for all comparisons (partial R2 3.1%–9.5%).

Discussion
Accurate renal function assessment is an important issue 

in geriatric palliative care patients, as it is necessary for 

appropriate drug dosage adjustments in order to avoid dose-

related toxicity, adverse effects, and unnecessary suffering. 

Figure 1 (A) Bland–Altman plot comparing MDrD and C-g. (B) Bland–Altman plot comparing MDrD and BIs1. (C) Bland–Altman plot comparing BIs1 and C-g.
Abbreviations: BIS1, Berlin Initiative Study; C-G, Cockcroft–Gault; MDRD, modification of diet in renal disease; SD, standard deviation.

Table 2 Agreement in classification of CKD (according 
to the national Kidney Foundation: stages I and II – egFr 
$60 ml/min/1.73 m2; stage III – 30–59 ml/min/1.73 m2; stage IV – 
15–29 ml/min/1.73 m2; stage V – ,15 ml/min/1.73 m2) between 
C-g creatinine clearance and egFr calculated with MDrD 
equation and BIs1 equation in 174 patients

C-G MDRD

Stage I + II Stage III Stage IV Stage V

stage I + II 55 1 0 0
stage III 45 45 2 0
stage IV 0 10 12 1
stage V 0 0 2 1

C-G BIS1

Stage I + II Stage III Stage IV Stage V

stage I + II 53 3 0 0
stage III 17 73 2 0
stage IV 0 12 11 2
stage V 0 0 0 1

BIS1 MDRD

Stage I + II Stage III Stage IV Stage V

stage I + II 70 0 0 0
stage III 30 56 2 0
stage IV 0 0 14 1
stage V 0 0 0 1

Note: Shaded cells indicate patients in whom CKD classification with different 
equations was consistent.
Abbreviations: BIs1, Berlin Initiative study; C-g, Cockcroft–gault; CKD, chronic 
kidney disease; eGFR, estimated glomerular filtration rate; MDRD, the modification 
of diet in renal disease.
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Palliative care patients are a very special population for 

several reasons, including high prevalence of cachexia and 

substantial muscle mass loss (and thus a decrease in creati-

nine source). In people with very abnormal basal creatinine 

production, it is recommended to assess kidney function with 

direct measurement of GFR or creatinine clearance.22 How-

ever, such methods are hardly applicable in a palliative care 

setting, owing to their complex methodology requiring exog-

enous substance administration or 24-hour urine collection, 

and high cost. Therefore, GFR estimation equations based on 

SCr levels and anthropometric data are used to assess renal 

function in clinical practice. Among these formulas, BIS1 

was developed especially to assess GFR in people 70 years 

or older14 and was validated in further studies as being the 

most reliable for assessing renal function in the elderly.15,16 

In this study, we analyzed GFR estimations with the BIS1 

equation as compared to MDRD and C-G equations in a 

group of palliative care patients aged .70 years.

We observed important discrepancies between the 

equations, with the highest mean GFR values for MDRD 

estimations and lowest with C-G. While it has been previ-

ously observed that MDRD estimations in elderly subjects 

are higher than C-G and BIS1,14–16,23 comparisons of C-G and 

BIS1 estimations have given variable results. In the study 

of Douros et al,16 C-G estimations were higher than BIS1, 

in contrast to this study and to a population-based trial of 

Mandelli et al.24 As C-G calculations incorporate body mass, 

these differences most probably derive from the differences in 

anthropometric parameters in study populations. Mean BMI 

in our study group was within the normal range and was very 

similar to that of Mandelli et al24 (23.3±4.3 kg/m2), while in 

the study of Douros et al,16 most participants were overweight 

or obese (mean BMI 29.4±4.5 kg/m2). In order to improve 

C-G accuracy, we used IBW in patients with normal body 

weight and ABW in overweight and obese subjects, as sug-

gested by Winter et al.18 However, these adjustments do not 

correct for changes of muscle mass independent of total body 

mass, eg, in patients with cachexia or edemas. Importantly, 

in some validation studies using a reference method, MDRD 

equation was found to overestimate measured GFR across the 

whole spectrum of GFR values in elderly subjects.15,16

Discordance between the estimation equations was illus-

trated with the Bland–Altman plots (Figure 1). On average, 

MDRD estimations were higher than BIS1 and C-G results 

(the difference was 12.5 and 18.6 mL/min/1.73m2, respec-

tively). At an individual level, differences between estima-

tion equations were much more important, as indicated by 

a wide range of 95% limits of agreement. Although direct 

comparison is impossible, bias found in our study seems to 

be higher than that in previously reported validation studies 

using a reference method.15,16 However, the biggest discor-

dance was observed for higher GFR values. When analysis 

was restricted to the subgroup of patients with MDRD-

derived GFR ,60 mL/min/1.73 m2, the average difference 

between MDRD and BIS1 or C-G was much smaller (2.47 

and 8.32 mL/min/1.73 m2, respectively). GFR estimations 

with BIS1 and C-G yielded quite consistent results.

The differences between GFR estimations with the three 

formulas resulted in high discordance rate in National Kidney 

Foundation staging, especially between MDRD and C-G. 

Overall, the staging with MDRD and C-G GFR estimates 

was consistent in 64.9% of patients only. The most impor-

tant discordance was observed in discrimination between 

normal or mildly reduced GFR vs moderately reduced 

GFR: 45% of patients classified with MDRD (and 24.3% 

classified with BIS1) as stages I–II CKD had moderately 

reduced GFR (stage III) based on C-G creatinine clearance. 

As most recommendations on drug dosage adjustment were 

elaborated using the C-G equation, such discrepancies in 

CKD staging may result in inappropriate dosing of renally 

excreted drugs.16,25,26

The magnitude of discrepancy between GFR estima-

tion equations was influenced by SCr levels, BMI, age, and 

sex. We observed strong, negative correlation between SCr 

level and Δ C-G and MDRD, as well as Δ BIS1 and MDRD. 

This finding can be explained by the worse performance of 

Table 3 spearman rank correlations and partial correlations of difference (Δ) between gFr estimates obtained with C-g, MDrD, and 
BIs1 equations and sCr levels, age, and BMI

Difference 
between GFR 
estimates

Age (years) SCr level (μmol/L) BMI (kg/m2)

Spearman cc Partial cc Partial R2 Spearman cc Partial cc Partial R2 Spearman cc Partial cc Partial R2

Δ C-g and MDrD 0.294* 0.308* 9.5% −0.716* −0.614* 37.7% −0.513* −0.533* 28.4%
Δ C-g and BIs1 0.283* 0.271* 7.4% −0.081 −0.093 0.9% −0.590* −0.590* 34.8%
Δ MDrD and BIs1 0.170* 0.176* 3.1% −0.865* −0.629* 42.2% −0.243* −0.212* 4.5%

Note: *P,0.05.
Abbreviations: BIS1, Berlin Initiative Study; BMI, body mass index; cc, correlation coefficient; C-G, Cockcroft–Gault; GFR, glomerular filtration rate; MDRD, the modification 
of diet in renal disease; sCr, serum creatinine.
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MDRD in subjects with normal SCr levels.27 Partial correla-

tion analysis demonstrated that ~40% of variability in Δ C-G 

and MDRD and Δ BIS1 and MDRD can be determined from 

the relationship with SCr. In contrast, SCr did not influence 

the difference between BIS1 and C-G.

In line with previous studies,23 the discrepancy between 

MDRD and C-G increased with age (weak correlation), which 

can be explained by the fact that neither MDRD nor C-G was 

developed in the elderly population, and performance of both 

equations is known to be poorer in older age.13 Similarly, the 

discrepancy between MDRD and BIS1 and between BIS1 

and C-G increased with more advanced age (weak correla-

tions). The proportion of variability in differences between 

GFR estimation equations that can be determined from the 

relationship with age was low (3.1%–9.5%). The discordance 

between estimation equations was higher in subjects with 

lower BMI values. We observed moderate, negative cor-

relation between BMI and Δ C-G and MDRD and Δ C-G 

and BIS1. BMI determined ~30% of variability in both dif-

ferences. The disagreement between C-G and the remaining 

equations may be explained by the fact that body mass is 

included in the C-G equation only. More interestingly, BMI 

had an influence on Δ BIS1 and MDRD, also the magnitude of 

this influence was much smaller (weak, negative correlation; 

BMI explained 4.5% of variability in Δ BIS1 and MDRD). As 

for sex differences, the disagreement between BIS1 and C-G 

was higher in women, while discrepancy between MDRD 

and BIS1 tended to be higher in men.

Study limitations
The most important limitation of our study is the lack of 

directly measured GFR, which precludes determination 

as to which of the compared estimation equations gives 

the most reliable results in elderly palliative care patients. 

Second, it was a single-center, retrospective analysis. Fur-

thermore, we did not include bedridden subjects in whom 

body weight measurement was impossible and patients in 

whom creatinine concentrations were not measured due 

to short life expectancy (hours–days), which has probably 

biased the results.

Conclusion
In palliative care patients .70 years, there is a noticeable 

disagreement between estimation of renal function with dif-

ferent formulas, especially between MDRD and C-G. The 

magnitude of discrepancy between the formulas increases 

with lower SCr levels, lower BMI, and higher age. Clinicians 

should be aware of these discrepancies and take them into 

account in daily practice, especially while adjusting drug 

dosage.
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The authors report no conflicts of interest in this work.

References
 1. Dogan E, Izmirli M, Ceylan K, et al. Incidence of renal insufficiency 

in cancer patients. Adv Ther. 2005;22(4):357–362.
 2. Launay-Vacher V, Oudard S, Janus N, et al. Prevalence of renal 

insufficiency in cancer patients and implications for anticancer drug 
management. Cancer. 2007;110:1376–1384.

 3. Janus N, Launay-Vacher V, Byloos E, et al. Cancer and renal insuf-
ficiency of the BIRMA study. Br J Cancer. 2010;103:1815–1821.
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