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Abstract: Age-related physiologic changes and comorbidities make it difficult to estimate the glomerular 

filtration rate(GFR) in older adults. Although inulin clearance is accepted as the gold standard for 

measuring GFR, it is impractical in clinical practice. A total of 228 patients who underwent a 24-hour 
creatinine clearance test for the measured GFR (mGFR) were included in the study.The estimated 

GFR(eGFR) was calculated according to the Modification of Diet in Renal Disease(MDRD) and Chronic 

Kidney Disease Epidemiology Collaboration(CKD-epi), Berlin Initiative Study-1(BIS-1) and Full Age 
Spectrum(FAS) formula. The medians of the differences between mGFR and each eGFR equation were 

used for assessing the bias, and the interquartile range(IQR) of the differences was used for expressing the 

precision of each equation. The mean age was 76.98±7.83 years and the frequency of female patients was 
58.20%. In all patients, FAS[bias=0.40(1.09%), IQR= 26.55 (%52.49)] and BIS-1[bias=1.36(4.27%), 

IQR=26.71 (%55.28)] were less biased.In the mGFR≥60 mL/min/1.73 m2 subgroup, MDRD was the 

most precise[bias= -1.73(-1.69%), IQR=25.14 (%49.75)]. in four equations.In patients younger than 75 
years, MDRD and CKD-epi equations were less biased, and the CKD-epi equation had the smallest 

IQR[bias=2.80(4.52%),bias= -2.93(-4.29%), IQR=32.97(49.94%)], whereas, in those older than 75 years, 

BIS-1 and FAS equations were less biased. However, for the patients 30≤mGFR<60 and mGFR<30 
mL/min/1.73 m2, BIS-1 had the lowest bias and smallest IQRs[bias=3.49(7.81%),IQR=14.28(33.20%) 

and bias=7.60(40.11%), IQR=13.81(39.59%)]. In conclusion, BIS-1 and FAS equations were less biased 

in older patients with mGFR<60 mL/min/1.73 m2, and MDRD and CKD-epi were less biased in patients 
with mGFR≥60 mL/min/1.73 m2. 

Keywords: Glomerular filtration rate; Older adults; Creatinine clearance; Glomerular filtration rate 

equation. 

  

 

 

 

 

Özet: Yaşla ilişkili fizyolojik değişiklikler ve eşlik eden hastalıklar, yaşlı bireylerde glomerüler filtrasyon 
hızının (GFH) tahmin edilmesini güçleştirmektedir. Klinik uygulamada altın standart olarak kabul edilen 

inülin klirensi, pratikte kullanımı zor olduğundan tercih edilmemektedir. Bu çalışmada, ölçülen GFH 

(mGFH) için 24 saatlik kreatinin klirens testi uygulanan toplam 228 hasta değerlendirilmiştir. Tahmini 
GFH (eGFH), Modification of Diet in Renal Disease (MDRD), Chronic Kidney Disease Epidemiology 

Collaboration (CKD-EPI Berlin Initiative Study-1 (BIS-1) ve Full Age Spectrum (FAS) formüllerine göre 

hesaplanmıştır. MGFH ile her bir eGFH formülü arasındaki farkların medyanı yanlılığı, interkuartil 
aralığı (IQR) ise her formülün hassasiyetini göstermek amacıyla kullanılmıştır. Hastaların ortalama yaşı 

76.98±7.83 yıl olup, kadın hasta sıklığı %58.20’dir. Tüm hastalarda FAS [yanlılık=0.40 (1.09%) 

IQR=26.55 (%52.49)] ve BIS-1 [yanlılık=1.36 (4.27%) IQR=26.71 (%55.28) ], formülleri daha az 

yanlılık göstermiştir. mGFH ≥60 mL/dk/1,73 m² alt grubunda, MDRD formülü dört formül arasında en 

hassas olanıdır [yanlılık= -1.73 (-1.69%), IQR=25.14 (%49.75)]. 75 yaş altı hastalarda MDRD ve CKD-

EPI formülleri daha az yanlılık göstermiş, CKD-EPI formülü en dar IQR değerine sahip olmuştur 
[yanlılık=2.80 (4.52%), yanlılık= -2.93 (-4.29%), IQR=32.97 (49.94%)]. Ayrıca, 75 yaş üzerindeki 

bireylerde BIS-1 ve FAS formülleri daha az yanlılık göstermiştir. mGFH 30≤mGFH<60 ve mGFH<30 

mL/dk/1.73 m² olan hastalarda ise, BIS-1 formülü en düşük yanlılık ve en dar IQR değerleriyle öne 
çıkmıştır [sırasıyla yanlılık=3.49 (7.81%), IQR=14.28 (33.20%) ve yanlılık=7.60 (40.11%), IQR=13.81 

(39.59%)]. Sonuç olarak, mGFH <60 mL/dk/1.73 m² olan yaşlı hastalarda BIS-1 ve FAS formülleri daha 

az yanlılık gösterirken, mGFH ≥60 mL/dk/1.73 m² olan hastalarda MDRD ve CKD-EPI formülleri daha 
doğru sonuçlar vermektedir. 

Anahtar Kelimeler: Glomerüler filtrasyon hızı; Yaşlı bireyler; Kreatinin klirensi; Glomerüler filtrasyon 

hızı formülleri 
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1. Introduction 

Age-related changes occur in the urinary system, as 

in all systems. The number of nephrons decreases by 

50%, and compensatory hypertrophy develops in the 

remaining nephrons [1]. After the age of 40 years, 

creatinine clearance decreases by 1 mL/min/1.73 m
2
 

each year [2]. In addition, comorbidities such as 

chronic kidney disease (CKD), type 2 diabetes 

mellitus (T2DM), hypertension (HT), and the 

number of drugs increase with aging [3]. Among 

individuals with advanced CKD, older adults form 

the most significant demographic. These changes 

make it difficult to evaluate the glomerular filtration 

rate (GFR), the key to the diagnosis of CKD, the 

adjustment of drug dosage, and the administration of 

intravenous contrast in older adults [4–6]. 

Various procedures for measured GFR (mGFR) are 

available. In the assessment of renal function, inulin 

clearance is the gold standard measurement; 

however, it is too complicated for clinical practice 

[7]. Creatinine, one of the most commonly used 

markers, is the end product of creatine phosphate in 

muscle [8]. It is freely filtered from the glomeruli, 

whereas it is actively secreted from the peritubular 

capillaries [9]. This appears as an excess of 10-20% 

in the GFR calculation. Despite this situation, 

creatinine is frequently the preferred marker for 

GFR calculation because of its ease of measurement 

and use. Also, the 24-hour creatinine clearance test 

is expensive and urine collection is difficult due to 

mobility, gait and balance problems, and cognitive 

impairment in older adults. Urinary tract 

catheterization to collect urine is impractical because 

of the many complications in older patients [10]. 

Due to these challenging issues, estimated GFR 

(eGFR) is more prominent in older adults than 

mGFR.  

Accurate estimation of GFR is important for drug 

dose adjustment and rationalization of 

pharmacotherapy in older adults. Modification of 

Diet in Renal Disease (MDRD) and Chronic Kidney 

Disease Epidemiology Collaboration (CKD-epi) are 

the most used creatinine-based equations for 

estimating GFR [11,12]. Additionally, Berlin 

Initiative Study (BIS) and Full Age Spectrum (FAS) 

are other systems based on creatinine equations 

[13,14]. However, which equation is optimal for 

accurate assessment of GFR in Turkish older adults 

has not yet been studied in detail. In this study, we 

aimed to define the most precise equation among 

MDRD, CKD-EPI, BIS-1, and FAS, at various GFR 

ranges in Turkish older adults. 

2. Materials and Methods  

2.1.Participants and Study Design 

This is a retrospective and cross-sectional study. 

Between January 2013 and October 2021, patients 

who were hospitalized in our geriatric clinic for any 

reason were screened. A total of 228 patients who 

underwent a 24-hour creatinine clearance test were 

included in the study (Figure 1).  The 24-hour urine 

collection process was conducted under the 

supervision of nurses and doctors for hospitalized 

patients. All data were collected retrospectively from 

the patients’ medical records, including descriptive 

information, comorbidities, Charlson Comorbidity 

Index (CCI), blood tests, and 24-hour creatinine 

clearance test results. Exclusion criteria included 

undergoing kidneyreplacement therapy, acute kidney 

failure, acute glomerulonephritis, cirrhosis, 

congestive heart failure, hypovolemia, cachexia, 

muscle disease, and sepsis. 

2.2. Measurement of GFR 

The 24-hour urinary creatinine clearance test was 

performed to evaluate hypertensive nephropathy, 

diabetic nephropathy, and stage of chronic kidney 

disease, and to adjust the drug dose. Creatinine 

levels were measured using a Diagnostic Modular 

System AutoAnalyzer (Roche E170 and P 800, 

Switzerland) immunoassay (IUD).  

MGFR was calculated using the following formula: 

Creatinine clearance = urinary creatinine (mg/dL) x 

24-hour urinary volume (mL)/ plasma creatinine 

(mg/dL) x 1440  

2.2.1. Estimation of GFR 

The GFR was estimated according to the MDRD, 

CKD-epi, BIS-1, and FAS formulas. The formulas 

are as follows: 

MDRD= 175 x (serum creatinine)
-1.154 

x (age)
-0.203 

x 

0.742 (if female) [11] 

CKD-epi= 141 x min (serum creatinine /k,1)
α
 x max 

(serum creatinine /k, 1)
−1.209

 x 0.993
Age

 x 1.018 (if 

female) (k = 0.7 for females and 0.9 for 

males, α = 0.329 for females and 0.411 for 

males)[12] 

BIS-1 GFR= 3736 x creatinine
−0.87

 x age
−0.95

 x 0.82 

(if female)[13] 
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FAS−eGFR= (107.3/(serum creatinine /Q)) x 

0.988
(Age−40)

 for age >40 years where Q is 0.70 

mg/dL for females and 0.90 mg/dL for males.[14] 

2.3. Statistical Analysis 

The data were analyzed using the IBM SPSS 

software. For quantitative data, descriptive measures 

are given as means±standard deviations and the 

proportions for qualitative data are provided. For 

normally distributed data, t-tests were employed. 

The differences between eGFR and mGFR were 

tested using the Wilcoxon signed-rank test for 

matched pairs because normality was violated. The 

medians of the differences between mGFR and each 

eGFR equation are used for assessing bias and the 

interquartile range (IQR) of the differences was used 

for expressing the precision of each equation. The 

IQR of the difference was calculated as the 

difference between the 75
th
 and 25

th
 percentiles. 

GFR and positive values indicate cases of 

overestimating. A bias close to zero is therefore 

preferred and smaller IQRs indicate better precision. 

Bland-Altman plots for the differences against the 

means were produced for both the raw and 

percentage differences. Simple linear regression 

models between the differences between each eGFR 

and mGFR and the respective means were built to 

evaluate proportional bias. Subgroup analyses were 

conducted for age groups (<75 years and ≥75 years) 

and different mGFR (mGFR≥60, 30≤mGFR<60, 

mGFR<30 mL/min/1.73 m
2
) ranges. A significance 

level of p<0.05 was applied in all analyses.  

3. Results 

A total of 228 consecutive patients were included in 

the study. The mean age was 76.98±7.83 years and 

the frequency of female patients was 58.20%. The 

demographic features of the patients measured and 

eGFR results are shown in Table 1.  

3.1. Overall patients 

The comparison of mGFR and four equations 

showed that BIS-1 and FAS were not significantly 

different (p=0.853 and p=0.582, respectively), but 

the MDRD and CKD-epi were significantly different 

(p<0.001 for each) (Table 2). Bland–Altman plots of 

four equations against mGFR are given in Figures 1 

and 2 for the differences and percentage differences, 

respectively. We observed that the spread of 

differences varied strongly with the averages when 

raw differences were plotted as in Figure 1; 

therefore, the percentage differences in Bland–

Altman plots in both age groups were also 

considered and plotted in Figure 2. Using the one-

sample t-test, mean differences between the four 

equations and mGFR were tested and the differences 

between BIS-1 and mGFR and FAS and mGFR 

were not statistically significant (p=0.199 and 

p=0.189 respectively) (Table 4). Regression analysis 

of the differences between mGFR and each eGFR 

was conducted using the means of the mGFR and 

eGFR as predictors to investigate proportional bias 

(Table 3). The bias and precision were investigated 

separately for the subgroups with respect to mGFR 

levels in addition to the overall assessments because 

all models yielded significant coefficients. In all 

patients and various mGFR ranges, FAS [bias=0.40 

(1.09%)] and BIS-1 [bias=1.36 (4.27%)] were less 

biased. Regarding precision, the MDRD equation 

had the smallest IQR in all patients [IQR=25.14 

(49.75%)]. In the mGFR ≥60 mL/min/1.73 m
2
 

subgroup, MDRD was better in the estimation of 

GFR than other equations [bias= -1.73 (-1.69%)]; 

FAS had the smallest IQR [25.35 (29.38%)]. For 

estimating the mGFR in 30≤mGFR<60 

mL/min/1.73 m
2 

and mGFR <30 mL/min/1.73 m
2
, 

FAS had less bias than the other equations [bias= 

3.72 and 8.43 (8.21% and 43.35%)] and BIS-1 was 

more precise [IQR=16.53 and 16.07 (32.89% and 

36.46%)] (Table 5).  

3.2. Participants aged <75 years 

In patients younger than 75 years (n=89) and various 

mGFR ranges, MDRD and CKD-epi equations were 

less biased, and the CKD-epi equation had the 

smallest IQR (bias=2.80 (4.52%), bias=-2.93 (-

4.29%), IQR=32.97 (49.94%) respectively). For the 

subgroup 30≤mGFR<60 mL/min/1.73 m
2
, BIS-1, 

and FAS were less biased, and BIS-1 had the 

smallest IQR (bias=9.32 (17.86%) and bias=7.60 

(14.81%), and IQR=22.76 (44.96%) respectively) 

(Table 5). For patients with mGFR<30 

mL/min/1.73 m
2
, the FAS equation was less biased 

[bias=21.49 (56.76%)], and the BIS-1 equation had 

the smallest IQR [IQR=27.50 (76.74%)]. For the 

subgroup mGFR ≥60 mL/min/1.73 m
2
, MDRD was 

less biased [bias= -7.33 (-7.06%) and FAS was more 

precise [IQR=26.30 (28.18%)]. 

3.3. Participants aged ≥75 years 

In patients older than 75 years (n= 139) and various 

mGFR ranges, BIS-1 and FAS equations were less 

biased, but the IQRs of the equations were similar. 

For the mGFR>60 mL/min/1.73 m
2 

subgroup, 

MDRD, and CKD-epi equations were less biased, 

but BIS-1 and FAS had the smallest IQRs [bias=5.75 

(5.86%), bias= -1.89 (-2.87%), IQR=23.24 (30.04%) 

and IQR=23.48 (30.92%), respectively]. For the 

patients with 30≤mGFR<60 mL/min/1.73 m
2
, BIS-1 

and FAS were less biased and had the smallest IQRs 



Estimating GFR in Older Adults 

715 
 

[bias=4.23 (8.63%), bias=3.49 (7.81%), IQR=14.07 

(28.89%), and IQR=14.28 (33.20%), respectively]. 

For the remaining patients with mGFR<30, FAS had 

the least bias [bias=7.60 (40.11%)], whereas BIS-1 

had the smallest IQR [IQR=12.32 (35.75%)]. Table 

5 summarizes the bias and precision of the 

equations. 

Table 1. Patient characteristics of the study. 

Parameter All (n=228) 

Sex (female) (%) 58.20 

Age (year)* 76.98±7.83 

Serum creatinine 1.17±0.70 

HT (%) 82.00 

DM (%) 76.30 

CKD (%) 30.70 

CCI 2.38±1.26 

mGFR (CrCl-24h) 

mL/min/1.73 m² * 
58.15±34.02 

eGFR mL/min/1.73 m² *  

CKD-epi* 62.81±24.93 

MDRD* 68.61±29.71 

FAS* 56.17±23.06 

BIS-1* 56.02±20.79 

CCI: Charlson Comorbidity Index; BIS-1: Berlin Initiative Study 1; CKD: Chronic kidney disease; CKD-epi: The Chronic Kidney 

Disease Epidemiology Collaboration; CrCl-24h: Creatinine Clearance from a 24-hour urine collection; DM: Diabetes Mellitus; 

eGFR: Estimated glomerular filtration rate; Fas: Full Age Spectrum; HT: Hypertension; MDRD: The original Modification of Diet 

in Renal Disease; mGFR: Measured glomerular filtration rate.  

*mean±SD 

 

Table 2. Comparison of measured GFR and estimated GFR values 

Comparison P value Wilcoxon signed-rank statistic 

mGFR-MDRD <0.001 -6.603 

mGFR-CKD-epi <0.001 -3.814 

mGFR-BIS-1 0.853 -0.186 

mGFR-FAS 0.582 -0.550 

BIS-1: Berlin Initiative Study 1; CKD-epi: The Chronic Kidney Disease Epidemiology Collaboration; FAS: Full Age Spectrum; 

MDRD: The original Modification of Diet in Renal Disease; mGFR: Measured glomerular filtration rate.  

 

Table 3. Regression analysis between the differences and the means and the differences (percentage) and the means 

 The differences and the means 
The differences (percentage) and the 

means 

Variable Beta p Beta p 

     

Mean (MDRD, mGFR) -0.153 0.005 -0.452 < 0.001 

Mean (CKD-epi, mGFR) -0.354 < 0.001 -0.582 < 0.001 

Mean (BIS-1, mGFR) -0.544 < 0.001 -0.887 < 0.001 

Mean (FAS, mGFR) -0.436 < 0.001 -0.671 < 0.001 
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BIS-1: Berlin Initiative Study 1; CKD-epi: The Chronic Kidney Disease Epidemiology Collaboration; FAS: Full Age Spectrum; 

MDRD: The original Modification of Diet in Renal Disease; mGFR: Measured glomerular filtration rate. 

 

Table 4. One-sample tests for the mean differences 

 Mean Difference 95% CI p 

MDRD-mGFR 10.69 7.49-13.88 < 0.001 

CKD-EPI-mGFR 4.83 1.78-7.88 < 0.001 

BIS-1-mGFR -1.94 -4.93-1.03 0.199 

FAS-mGFR -1.97 -4.93-0.98 0.189 

BIS-1: Berlin Initiative Study 1; CKD-epi: The Chronic Kidney Disease Epidemiology Collaboration; FAS: Full Age Spectrum; 

MDRD: The original Modification of Diet in Renal Disease; mGFR: Measured glomerular filtration rate. 

Table 5. Bias and precisions of equations compared with measured GFR 

 
Overall 

(n=228) 

mGFR≥60 

(n=93) 

30≤mGFR<60 

(n=83) 

mGFR<30 

(n=52) 

All Participants 

Bias (median differences) 

 

MDRD 9.42 -1.73 15.23 13.17 

CKD-epi 5.39 -9.39 11.59 11.40 

BIS-1 1.36 -17.41 4.93 10.90 

FAS 0.40 -15.44 3.72 8.43 

Precision (IQR of differences) 

MDRD 25.14 30.50 24.94 22.68 

CKD-epi 26.31 30.24 24.24 24.81 

BIS-1 26.71 25.52 16.53 16.07 

FAS 26.55 25.35 18.06 18.11 

Bias (median percentage difference) 

MDRD 18.91 -1.69 31.38 57.21 

CKD-epi 13.14 -11.16 24.83 43.62 

BIS-1 4.27 -23.69 12.13 46.45 

FAS 1.09 -22.57 8.21 43.35 

Precision (IQR of percentage differences) 

MDRD 49.75 32.55 43.72 42.21 

CKD-epi 52.66 36.92 42.07 53.07 

BIS-1 55.28 28.47 32.89 36.46 

FAS 52.49 29.38 36.47 42.33 

Participants <75 years 

Bias (median differences) 

MDRD 2.80 -7.33 13.72 27.63 

CKD-epi -2.93 -13.55 13.47 25.88 

BIS-1 -5.90 -22.01 9.32 23.38 

FAS -5.61 -18.92 7.60 21.49 

Precision (IQR of differences) 

MDRD 34.30 31.92 30.86 36.78 

CKD-epi 32.97 31.71 31.57 34.34 

BIS-1 38.58 27.33 22.76 27.50 

FAS 36.50 26.30 25.10 29.50 

Bias (median percentage difference) 

MDRD 4.52 -7.06 25.22 48.90 

CKD-epi -4.29 -15.88 24.83 64.61 

BIS-1 -8.40 -24.02 17.86 60.26 

FAS -9.72 -22.57 14.81 56.76 

Precision (IQR of percentage differences) 

MDRD 55.43 32.42 50.94 91.97 

CKD-epi 49.94 31.08 51.31 94.78 

BIS-1 52.09 27.98 44.96 76.74 

FAS 53.23 28.18 47.31 85.74 

Participants ≥75 years 

Bias (median differences) 

MDRD 11.04 5.75 16.24 11.32 

CKD-epi 8.12 -1.89 11.41 8.76 

BIS-1 4.93 -12.95 4.23 10.08 

FAS 3.32 -12.91 3.49 7.60 

Precision (IQR of differences) 
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MDRD 20.14 27.60 21.56 18.47 

CKD-epi 19.53 25.98 21.27 16.90 

BIS-1 20.20 23.24 14.07 12.32 

FAS 19.44 23.48 14.28 13.81 

Bias (median percentage difference) 

MDRD 31.38 5.86 31.40 52.41 

CKD-epi 18.76 -2.87 24.41 40.80 

BIS-1 14.18 -22.35 8.63 46.36 

FAS 9.30 -21.54 7.81 40.11 

Precision (IQR of percentage differences) 

MDRD 44.15 33.65 36.09 38.73 

CKD-epi 43.40 38.41 39.81 48.49 

BIS-1 45.77 30.04 28.89 35.75 

FAS 46.64 30.92 33.20 39.59 

BIS-1: Berlin Initiative Study 1; CKD-epi: The Chronic Kidney Disease Epidemiology Collaboration; CrCl-24h: Creatinine 

Clearance from a 24-hour urine collection; Fas: Full Age Spectrum; MDRD: The original Modification of Diet in Renal Disease; 

mGFR: Measured glomerular filtration rate.  

 

Fig. 1 Bland–Altman plots reveal the differences between estimated glomerular filtration rate (eGFR) using a FAS equation, b BIS-1 

equation, c CKD-EPI equation, and d MDRD equation, and measured GFR (mGFR), plotted against the mean of mGFR and eGFR. 

All values are expressed in ml/min/1.73 m2. Horizontal solid lines stand for the mean of bias, and horizontal dash lines represent the 

95% confidence interval of bias. Participants <75 years are represented by a hollow circle and those≥75 years by a filled square. 

 

Fig. 2 Bland–Altman plots reveal the percentage differences between estimated glomerular filtration rate (eGFR) using a FAS 

equation, b BIS-1 equation, c CKD-EPI equation, and d MDRD equation, and measured GFR (mGFR), plotted against the mean of 

mGFR and eGFR. All values are expressed in ml/min/1.73 m2. Horizontal solid lines stand for the mean of bias, and horizontal dash 

lines represent the 95% confidence interval of bias. Participants <75 years are represented by a hollow circle and those≥75 years by 

a filled square 
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4. Discussion 

This cross-sectional and retrospective study 

evaluating the capacity of BIS-1, FAS, MDRD, and 

CKD-epi to accurately assess GFR in older adults 

found that BIS-1 and FAS equations were less 

biased in the patients. Patients with mGFR≥60 

mL/min/1.73 m
2
, MDRD, and CKD-epi equations 

were less biased, and for those with mGFR<60 

mL/min/1.73 m
2
, BIS-1, and FAS were less biased. 

Nevertheless, in those older than 75 years, however, 

MDRD and CKD-epi equations were less biased, 

and BIS-1 and FAS had the smallest IQRs in 

mGFR≥60 mL/min/1.73 m
2
.  

It is known that after the age of 40 years, there is a 

decrease in creatinine clearance every year (7.5 to 10 

mL per minute per decade). In addition to 

physiologic changes, other comorbidities, as well as 

CKD, are common in older adults [15]. The 

management of CKD is closely related to renal 

functions [6,16,17], and most antibiotics require 

dose adjustment based on renal function [18]. 

Considering all these situations, accurate and 

practical GFR measurement becomes even more 

crucial for these patients. The limited applicability 

of the 24-hour urine collecting methods increases the 

importance of estimated GFR methods. Accordingly, 

although cystatin-based measurement methods are 

considered more reliable, creatinine-based eGFR 

equations are the most commonly used worldwide. 

Within this context, the organization Kidney 

Disease: Improving Global Outcomes (KDIGO) 

recommends using CKD-epi as an eGFR equation 

for the entire population, and if eGFR is below 60 

mL/min/1.73 m
2
, it recommends cystatin C 

measurements [19]. However, it is worth noting that 

only 13% of patients were aged 65 years or older in 

the study conducted for the CKD-epi equation [20]. 

Moreover, patients older than 70 years were 

excluded from the MDRD equation study [21]. This 

may be why those equations are poorly related to 

mGFR in older adults, especially those with lower 

GFR.  

Apart from age-related changes in the kidney 

system, changes in the muscle and diet can affect 

serum creatinine, thus measurement methods in 

older individuals may differ from those in younger 

individuals. Therefore, the BIS-1 and BIS-2 

equations were developed for patients older than 70 

years; BIS-2 was reported to be a reliable equation 

in patients with eGFR greater than 30 mL/min per 

1.73 m
2
, and the BIS-1 equation was reported as an 

acceptable alternative in older patients with normal 

or mild-to-moderately reduced kidney function 

[13,22]. Also, the FAS equation was developed to 

eliminate the effect of age and sex on creatinine 

clearance [23]. The FAS and BIS-1 equations were 

recommended as accurate equations to estimate GFR 

in older patients, especially for those with 

moderately reduced kidney function [24]. 

Nevertheless, the present study demonstrated that 

the BIS-1 and FAS equations were less biased in 

older adults with mGFR <60 mL/min/1.73 m
2
. 

In a study, Guan et al. found that the BIS-2 might be 

optimal for Chinese older adults (≥75 years) with 

mGFR ≥ 30 mL/min/1.73 m
2
, and CKD-epi could 

yield better performance than the BIS-2 equation, 

especially in those aged <75 years with mGFR <30 

mL/min/1.73 m
2
. In that study, mGFR was evaluated 

using a renal dynamic imaging method, with 99 m 

Tc-diethylene-tri- amine pentaacetic acid (99m Tc-

DTPA).[15] In our study, we could perform neither 

99 m Tc-DTPA nor cystatin-based equations, but 

both studies showed that most used equations 

(MDRD and CKD-epi) might not be optimal for all 

ages and in various mGFR subgroups. Another 

recent study reported that MDRD, CKD-epi, and 

BIS-1 could not be considered interchangeable for 

assessing eGFR in Chinese centenarians [25]. 

Scarr et al. reported an unexpected finding in a 

study. In their study, MDRD, CKD-epi creatinine 

(CKD-epi-cr), CKD-epi cystatin C (CKD-epi-cys), 

CKD-EPI-cr-cys, and β2 microglobulin were 

performed for eGFR in Canadian older adults with 

type 1 diabetes. All these equations underestimated 

mGFR and were related to greater negative bias and 

lower accuracy in higher mGFR [26]. 

In an older multi-ethnic group, MDRD and 

Cockcroft–Gault (CG) had discordant results in 60% 

of patients [27].
 

Although CG is not the most 

reliable and used equation, it is an important study in 

that it showed that measurement methods could be 

inconsistent with each other in older patients and the 

study was conducted on a multi-ethnic group. In 

accordance with the present study, the BIS-1 

equation was reported to be most accurate in 

Chinese older adults among CKD-epi, Lund-Malmö 

Revised (LMR), BIS-1, and FAS equations based on 

serum creatinine when GFR was measured using the 

dual plasma sample clearance method with 

Technetium-99 m-diethylenetriamine-pentaacetic 

acid (Tc-99 m-DTPA) [28]. Another study 

concluded that the BIS-1 equation was more 

accurate than the MDRD and CKD-epi in patients 

older than 80 years with a GFR<60mL/min/1.73m
2
 

[29].  
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When the literature is reviewed, there is no 

consensus on a gold standard equation for GFR in 

older individuals. Different results in groups with 

different characteristics suggest that biomarkers used 

in equations also relate to age, sex, comorbid 

conditions, various mGFRs, and ethnicity. In our 

study, we evaluated the various mGFR values in 

older adults by dividing by age, those older than 75 

years, and those who were aged 75 years and 

younger, using four different equations. Compatible 

with the literature, this study showed that BIS-1 and 

FAS equations were suitable for older adults with 

moderately reduced kidney function.  

4.1. Strengths and limitations  

This study is the first study on Turkish older adults 

to define the most precise eGFR equation. Four of 

the most commonly used equations were assessed 

for this purpose, and the GFR was measured using 

24-hour creatinine clearance. Also, this study had 

some limitations. First, it was a cross-sectional and 

retrospective study. After that, a single laboratory 

measurement was used to calculate the mGFR and 

eGFR equations, and muscle mass was not 

evaluated. The next issue, inulin clearance, the gold 

standard method, was not measured. Finally, all 

participants were hospitalized, and the results might 

not reflect the entire population. Prospective studies 

with a larger population are needed. 

5. Conclusion 

BIS-1 and FAS equations were found to be less 

biased in older patients with mGFR<60 

mL/min/1.73 m
2
, and MDRD and CKD-epi were 

less biased in patients with mGFR≥60 

mL/min/1.73 m
2
. These equations may become 

valuable in older adults for the estimation of GFR. 

Moreover, equations may be combined to obtain 

accurate eGFR. 
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