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Aim: CKD-EPIcr (Chronic Kidney Disease Epidemiology Collaboration creatinine) and BIS1 (Berlin Initiative
Study) are two serum creatinine-based formulae for the estimation of glomerular ﬁltration rate (GFR). However,
their comparative accuracy in older people has not been well established. Our aim was to conduct a systematic
comparative study of the accuracy of estimation of GFR in older people with these two formulae.
Methods: We conducted a systematic search in Pubmed, EMBASE and Central databases on the validity of the
CKD-EPIcr and BIS1 formulae in people aged 60 or more years. The search ranged from 2009 and 2012 for CKDEPIcr and BIS1, respectively, until May 2017. The validity criterion for comparing the formulae was to have a
P30 accuracy level equal to or greater than 80%.
Results: Of 1295 identiﬁed studies, 16 met our inclusion criteria. Out of 16 studies reporting the accuracy of the
CKD-EPIcr formula, only 5 (31.3%) had P30 scores ≥80% (mean P30 was 77.1 ± 7.711 range 55.5–91.7), and
out of 9 studies on accuracy using the BIS1 formula, 6 (66.7%) were ≥80% (mean P30 was 83.88 ± 9.37, range
67.0–95.8).
Conclusion: Our results suggest that for the estimation of the GFR in older people, BIS1 formula may be more
accurate than CKD-EPIcr.

1. Introduction
The evaluation of renal function in older people is important for
three main reasons. Firstly, the aging process is associated with a gradual impairment of the glomerular ﬁltration rate (GFR), which has been
estimated to range between 0.4 and 2.6 ml/min per year (Bolignano,
Mattace-Raso, Sijbrands, & Zoccali, 2014). There may be signiﬁcant
variation in this average rate of decline; for example, in two large cohort studies (Jiang et al., 2012; Lindeman, Tobin, & Shock, 1985) it was
reported that in 36% (Baltimore Longitudinal Study of Aging, BLSA)
and 44% of the individuals studied, renal function was not modiﬁed
during the follow-up period (14 and 5 years, respectively). Secondly,
pharmacological therapeutic interventions require knowledge of the
current GFR to calculate drug doses, especially those that are eliminated by the kidneys. Thirdly, estimated GFR is the main criterion for
the diagnosis of chronic renal failure, which is an independent

cardiovascular risk factor, and is associated with an increased risk of
mortality, cardiovascular events and hospitalizations (Go, Chertow,
Fan, McCulloch, & Hsu, 2004).
Renal function is assessed with the GFR, which is deﬁned as the
volume of puriﬁed plasma of an ideal substance (ﬁltered at the renal
level and not absorbed or secreted by the renal tubules) per unit of time
(expressed in milliliters/minute) (Traynor, Mactier, Geddes, & Fox,
2006). GFR can be measured and estimated. Measurement of the GFR is
performed using exogenous markers (e.g. inulin, iohexol) (Soveri et al.,
2014). The estimation of the GFR is performed using endogenous
markers of the organism such as creatinine and cystatin C. Available
methods of estimation of GFR include: serum creatinine, creatinine
clearance, cystatin C and predictive GFR formulae (e.g. Cockcroft and
Gault, Modiﬁcation of Diet in Renal Disease: MDRD).
GFR estimation formulae are frequently used in older people. In
2010 a systematic study evaluated the accuracy of 16 methods of
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Box 1
Creatinine-based equations to predict glomerular ﬁltration rate in older patients.
1. CKD-EPIcreatinine o CKD-EPIcr (Chronic Kidney Disease Epidemiology Collaboration).

female
male

Serum creatinine (mg/dl)

Equation

< 0.7
> 0.7
< 0.9
> 0.9

144 x(Scr/0.7)−0.329 × 0.993 age (×1.159,if black)
144 x(Scr/0.7)−1.209 × 0.993 age (×1.159,if black)
141 x (Scr/0.9) 0.411 × 0.993age(×1.159,if black)
141 x (Scr/0.9)−1.209 0.993age(×1.159,if black)

Reference: Levey AS, et al. A new equation to estimate glomerular ﬁltration rate. Ann Intern Med. 2009;150(9): 604–612.
2. BIS1 (Berlin Initiative Study 1).
BIS1 = 3736 × creatinine−0.87 × age−0.95 × 0.82 (if female)
Reference: Schaeﬀner ES, et al. Two novel equations to estimate kidney function in persons aged 70 years or older.Ann Intern Med. 2012
Oct 2;157(7):471-81

2. Methods

measuring GFR, including 14 formulae. Of all methods included in the
study, the measurement of the serum concentration of cystatin C,
Cockcroft and Gault formula and MDRD, seemed the most accurate
(Van Pottelbergh, Van Heden, Matheï, & Degryse, 2010). The Cockcroft
and Gault formula, created in 1976, is actually an estimate of creatinine
clearance and not of GFR and does not appear to be accurate enough in
people with chronic kidney disease. Recently, new formulae have been
published with their respective validations in older people such as CKDEPI (Chronic Kidney Disease Epidemiology Collaboration) (8,9) and BIS
(Berlin Initiative Study) (Schaeﬀner et al., 2012a). The full details of the
latter two formulae are shown in Box 1.
The CKD-EPI formula was developed by Levey et al. of Tufts Medical
Center, Boston, USA, based on the analysis of a cohort of 2019 patients
aged ≥70 years (Levey et al., 2009). Two studies (Levey et al., 2009;
Michels et al., 2010) have noted that the CKD-EPIcr formula is as accurate as MDRD when the GFR is < 60 ml/min/1.73 m2, but its accuracy is greater than MDRD if the GFR is > 60 ml/min/1.73 m2. There
are two variations of this formula. One is based on cystatin alone (CKDEPIcys), and the second uses both creatinine and cystatin (CKD- EPIcrcys). The inclusion of cystatin C aims to improve the variability of
creatinine in older people due to sarcopenia, which may be associated
with aging. A recent study favored CKD-EPIcr-cys as showing greater
precision and accuracy than formulae containing Cystatin C or creatinine only (Inker et al., 2012). In 2012, Elke S. Schaeﬀner and colleagues
published two formulae that emerged from studies in white people
aged > 70 years (Schaeﬀner et al., 2012a). These formulae were validated in two studies (Koppe, Klich, Dubourg, Ecochard, & Hadj-Aissa,
2013a; Liu, Chen, & Wang, 2013a). The ﬁrst formula (BIS1) is based on
serum creatinine, whereas the second (BIS2) uses both serum creatinine
and cystatin C. In a comparative study between MDRD, CKD-EPI and
BIS1 formulae for estimation of GFR, BIS1 was shown to be the most
reliable in older people, especially in those with stage 1 and stage 2
chronic kidney disease (Liu et al., 2013a). A recent systematic study on
the validity of the MDRD formula in older people found that, out of 9
studies reviewed, only one met the criterion of acceptable validity in
older people (P30 greater than 80%). Therefore, the authors concluded
that this formula may not be valid in this population group (Eppenga
et al., 2015).
CKD-EPIcr and BIS1 are two serum creatinine-based formulae for
the estimation of GFR. However, their comparative accuracy in older
people has not been well established. Our aim was to conduct a systematic comparative study of the accuracy of estimation of GFR in older
people with these two formulae.

2.1. Search strategy
We conducted a systematic search in MEDLINE, EMBASE, and
Central databases of published studies on the validity of the CKD-EPIcr
and BIS1 formulae in population aged 60 or more years of age. The
search covered the period between 2009 and 2012 for CKD-EPIcr and
BIS1, respectively (the dates are related to the year of publication of the
formulae), until May 31, 2017. In addition, other databases (Google
Scholar, Database of Abstracts of Systematic Reviews from the
Cochrane Library) and a secondary search based on reference lists of
original articles were used. The terms used for the overall search
strategy are listed in File S1 in Appendix A. Titles and abstracts were
reviewed independently by two authors (JA and JH). Disagreements
between two reviewers were resolved by consensus.

2.2. Selection criteria
The inclusion criteria for the studies were: a) study population aged
60 years or older, or where other age groups were included, speciﬁc
data for the 60+ group were available; b) the estimation of the GFR
made against a reference method such as Inulin, 51Cr-EDTA (chromium
51 labeled with ethylenediaminetetraacetic acid), 99Tc-DTPA (technetium 99 labeled with diethylene triamine pentacetic acid), iohexol, or
iothalamate (Brandstrom, Grzegorczyk, & Jacobsson, 1998; James,
Lewis, & Tan, 2007; O’Reilly et al., 1986); c) results included statistical
analysis of bias, precision and accuracy. We excluded studies that did
not have results of accuracy (P30), case reports, abstracts and posters,
as well as studies with data already used in previous publications.
Three instruments were used to evaluate the formulae: bias, precision and accuracy. The bias and precision were used as a representation
of systematic error and random error, respectively. Accuracy was used
as a marker of both bias and precision. Bias is deﬁned as the mean (or
median) diﬀerence between the estimated GFR (eGFR) and measured
GFR (mGFR) (Delanaye, Pottel, & Botev, 2013). Precision was deﬁned
operationally as standard deviation (SD) or interquartile range (IQR) of
the bias, and represents the spread of 68% (assuming normal distribution) or 50% of the values around the bias, respectively (Delanaye
et al., 2013). Accuracy is the percentage of eGFRs within a deﬁned
range of their respective mGFRs; in other words, it is a percentage of the
eGFR within k% of the mGFR (Pk%). P30 is the proportion of values of
eGFR that lie within 30% of mGFR. For example, if P30 (which represents the number that is the 30th percentile) is 50%, it means that in
half of the cases the eGFR falls within ± 30% of the mGFR (Delanaye
et al., 2013).
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studies), 99mTc-DTPA (4 studies), 51Cr-EDTA (3 studies) and inulin (2
studies). Recruitment included participants from the community (5
studies), patients referred for measurement of GFR (4), hospitalized
patients (5) and kidney transplant recipients (2). Serum creatinine determination was performed using the enzymatic method in 13 studies,
mostly calibrated with the IDMS (Isotope Dilution Mass Spectrometry)
method. Jaﬀé method was used in 3 studies (Table 1).

In serum creatinine-based equations in older people, it is diﬃcult to
achieve a 100% of P30 due to diﬀerent factors aﬀecting the results of
serum creatinine measurement (e.g. analytical variation of the measurement of serum creatinine levels and decreased muscle mass associated with aging or sarcopenia) (Delanaye et al., 2013). Currently, it is
considered that a P30 of 80% or higher is an indicator of suﬃcient
validity (Eppenga et al., 2015). In order to compare the two studied
formulae (CKD-EPIcr and BIS1), a validity indicator was considered
when accuracy expressed in P30 was ≥80%.
The quality of the studies was assessed by using the guidelines of the
updated Quality Assessment of Diagnostic Accuracy Studies (QUADAS2) tool (Whiting et al., 2011). The systematic review was undertaken
according to the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) checklist (Liberati et al., 2009).

3.2. Performance of CKD-EPIcr and BIS1 equations in estimating GFR in
older people
Out of 16 studies on the accuracy of CKD-EPIcr using P30 as indicator, 5 (31.3%) were ≥80%. The P30 median was 77.0 (range
55.5–91.7). Using the same indicator, of a total of 9 studies on BIS1
accuracy, 6 (66.6%) had P30 ≥ 80%. The P30 median was 83.3 (range
67.0–95.8).

3. Results
We initially identiﬁed 1295 abstracts with the search terms listed in
File S1 in Appendix A. In total, we included 16 studies (Bevc, Hojs,
Ekart, Gorenjak, & Puklavec, 2011; Buron et al., 2011; Changjie et al.,
2017; David-Neto et al., 2016; Fan et al., 2015; Kilbride et al., 2013;
Koppe, Klich, Dubourg, Ecochard, & Hadj-Aissa, 2013b; Lopes et al.,
2013; Liu et al., 2013b; Nyman et al., 2014; Schaeﬀner et al., 2012b;
Segarra et al., 2011; Vidal-Petiot et al., 2014; Werner et al., 2017; Ye
et al., 2014; Zhu et al., 2014). Fig. 1 shows the ﬂow diagram of selected
studies. The most relevant information from the selected studies included in the review is presented in Table 1. The quality assessment of
all included studies based on QUADAS-2 is show in Table 2.

3.3. Subgroup analyses
We analyzed the eﬀect of age on the accuracy of the formulae. When
the population group was older than 70 years (mean age > 70), of the 7
studies performed with BIS1, 6 studies (85.7%) had a P30 ≥ 80%. In
this population group, 11 studies on CKD-EPIcr were performed, of
which only 4 (36.4%) studies had a P30 ≥ 80% (Table 1).
When the eﬀect of the GFR on the accuracy of the formulae was
studied, only 8 of the 16 studies described their ﬁndings in detail, although the GFR intervals were not uniform (Table 3). When GFR
≥60 ml/min/1.73m2, with the BIS1 formula 5 of 5 studies (100%) reported a P30 ≥ 80%; with the CKD-EPIcr formula 5 out of 7 studies
(71.4%) had a P30 ≥ 80%. In one study, it was not possible to compare
because the cutoﬀ point was GFR > 45 ml/min/1.73m2 (in the latter
study, both BIS1 and CKD-EPIcr had a P30 ≥ 80% (Werner et al.,
2017). Comparisons in other GFR ranges (e.g. < 60 or > 45) were not
possible due to the very low number of studies (see Table 3).
Of the 16 included studies, 9 compared the two formulae in the
same study. Among these studies, 6 achieved a P30 > 80% with BIS1
and only 3 with CKD-EPIcr.

3.1. Study characteristics
The 16 studies included were conducted in 9 diﬀerent countries
(China: 4; France: 3; Sweden: 2; Brazil: 2; Slovenia: 1; Spain: 1; United
Kingdom: 1; Iceland: 1; Germany: 1). The mean size of the total population studied was 572 (range: 95–2017). The age range was 60 to 97
years old. Seven studies included people < 70 years of age in the total
analysis.
The reference method for the measurement of GFR was iohexol (7

Fig. 1. Flow diagram of the selection of eligible
studies.
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China

Zhu et al.
(2014)

126/126

Sweden

Werner et al.
(2017)
Changjie
et al.
(2017)
David-Neto
et al.
(2016)
Ye et al.
(2014)

Population (n
ages > 60 years/n
total)

Country

Autor

> 60

> 70

65–90 (72.7 ± 5.1)

> 70 (78.5)

70–79

70–88.4 (75.3 ± 4.1)

63–77 (69.9 ± 6.8)

80–97 (85.3 ± 4.3)

74–97 (80)

76–85 (80.3 ± 4.0)

70–90 (75.9 ± 4.4)

64–75 (69)

60–94 (68)

61–71 (65 ± 4)

75–96 (82)

77–89 (82.7 ± 6.4)

Age range(mean ± SD)

retrospective

prospective

prospective

prospective

retrospective

retrospective

prospective

prospective

prospective

retrospective

retrospective

prospective

prospective

prospective

prospective

prospective

Design

inulin

51CrEDTA
iohexol

iohexol

iohexol

inulin

99mTcDTPA

iohexol

iohexol

iohexol

51CrEDTA

99mTcDTPA

99mTcDTPA

51CrEDTA

99mTcDTPA

iohexol

Gold
standard

69.6

34.5

60.3

52

41.3

53.4

55

53.4

80.3

40.6

76.4

74.2

47

47.6

54.0

Mean GFR

Table 1
Performance of CKD-EPIcr and BIS1 creatinine-based equations in 16 studies with an older (sub)population.

sample
hospitalized
patients
kidney transplant
recipients

referred

nephrology
clinics,
community
communitydwelling
independent
Patients Third
Aﬃliated Hospital
of Sun Yat-sen
University
referred to
Nephrology
Department,
patients referred
for measurement
of GFR
community-based
population

patients referred
to hospitals for
GFR measurement
adults enrolled in
the community-

patients Nanjing
Medical
University
patients First
Aﬃliated Hospital

community-based
population
Patients with
chronic kidney
disease.
kidney transplant
recipients

Inclusion criteria

enzymatic
(calibration
IDMS)
Jaﬀe (calibrated
with 3 European
standards

enzymatic
(calibration
IDMS)
enzymatic
(calibration
IDMS)
enzymatic
(calibration
IDMS)
Jaﬀé

−22.2
2.7

1.5

71.6
78

82

9.7

77.9

95.1

11

75

5.4

72

75.6

0.5

1.7

74.7

55.5

1.7

83

80

95.8

0.8

4.1

−6.6

5.7

−2.7

91.7

0.01

−0.16

84.3

81.8

−5.2

−1.4

−2.6

79.7

79

4 ± 11 (mean ± SD)

21 ± 12 (mean ± SD)

−3.8

−1.22

19.2

14.9

23.0

13.3

13.1

12.1

18.01

21.49

13.7

11.2

−3.6

2.4

76.0

67

74

enzymatic
(calibration
IDMS)
enzymatic
(calibration
IDMS)
enzymatic
(calibrated SRM
967)
enzymatic
(calibration
IDMS)
enzymatic
(calibration
reference
material 909b)
enzymatic
(calibration
IDMS)
Jaﬀé
(calibration
IDMS)
enzymatic
(calibration
IDMS)

88.5

75.7

enzymatic

88.9

84.1

CKDEPIcr

11.4

11.9

21.58

10.2

13.5

BIS1

Precision (IQR),
mL/min/1.73 m2

BIS1

CKD-EPIcr

CKDEPIcr

BIS1

Median bias mL/min/1.73 m2

Acuracy: P30
(%)

enzymatic

creatinine
measurement
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Table 2
Quality assessment of individual studies. Quality Assessment of Diagnostic Accuracy Studies (QUADAS-2) tool.
Study

Werner et al. (2017)
Changjie et al. (2017)
David-Neto et al. (2016)
Ye et al. (2014)
Zhu et al. (2014)
Vidal-Petiot et al. (2014)
Fan et al. (2015)
Kilbride et al. (2013)
Lopes et al. (2013)
Liu et al. (2013b)
Koppe et al. (2013b)
Nyman et al. (2014)
Schaeﬀner et al. (2012b)
Bevc et al. (2011)
Segarra et al. (2011)
Buron et al. (2011)

Risk of Bias

Applicability Concerns

Patient Selection

Index Test

Reference Standard

Flow and Timing

Patient Selection

Index Test

Reference Standard

L
L
L
H
H
U
L
L
L
H
L
L
L
L
L
L

L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L

L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L

L
L
L
L
L
L
L
L
H
L
H
L
L
L
L
H

L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L

L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L

L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L

L = low risk, H = High risk; U = unclear risk.

4. Discussion

present study, the frequency of use of the BIS1 formula for the estimation of GFR in people older than 70 years is likely to increase.
When considering the accuracy and cost-eﬀectiveness of GFR estimation, it is important to compare formulae based on creatinine versus
those based on cystatin alone or associated with creatinine. In this case,
it is necessary to take into account three facts. Firstly, the applicability
of the determination of cystatin C in routine clinical practice is low, due
to its high cost (Creatinine: $ 0.25 versus cystatin C: about $ 3.00)
(Filler et al., 2005). Secondly, a recent meta-analytic study with 16
cohorts reported that both CKD-EPIDs with cystatin and those combined with creatinine are better predictors of cardiovascular mortality
than the CKD-EPI formula with creatinine alone. However, the study
population included younger participants, resulting in a heterogeneous
muscle mass. Therefore, the ﬁndings may not applicable to older people
(Shlipak, Matsushita, Arnlov, Inker, & Katz, 2013). Thirdly, in a recent
prospective study of a cohort of 1165 women over 70 years of age, CKDEPI with cystatin alone or creatinine-associated formulae did not improve the predictive ability for clinical events (i.e. mortality and hospitalization for cardiovascular events) compared to CKD-EPIcr (Lim
et al., 2014).
Our study has limitations. We have included studies that used P30
as an indicator of accuracy, and therefore, the exclusion of studies with
other forms of expression of results (e.g. mean square error) could vary
the comparison between the formulae studied. The number of studies
included with BIS1 is relatively small, which implies that we should be
attentive to the results of other studies in the future to conﬁrm present
ﬁndings. On the other hand, when GFR < 30 none of the two formulae
had a P30 ≥ 80%, although these ﬁndings were described in only 4
studies (Changjie et al., 2017; Koppe et al., 2013b; Liu et al., 2013b;
Vidal-Petiot et al., 2014). The eﬀectiveness of formulae to correctly
classify patients with chronic renal failure as compared to the reference
test has not been studied, nor the eﬀectiveness of formulae to predict
outcomes such as mortality. These last two limitations require more
studies with longer follow-up periods. BIS1 was only proposed in 2012.
In summary, this systematic review showed that for the estimation
of the GFR in older people, the BIS1 formula may be more accurate than
CKD-EPIcr.

Results in the present study suggest that in older people BIS1 may
estimate GFR more accurately than CKD-EPIcr, when using the indicator P30 ≥ 80%, especially in individuals aged > 70 years. The accuracy of BIS1 may be higher than CKD-EPIcr especially in patients
with GFR ≥ 60 ml/min/1.73 m2.
Possible explanations for our ﬁndings may be in relation to the
characteristics of the investigated formulae, samples, markers for
measuring clearance, methods of measuring GFR (plasma and urine
clearance) and calibration of serum creatinine (Koppe et al., 2013b).
The BIS1 formula was developed and validated from a sample of people
older than 70 years, whereas CKD-EPIcr only included a small percentage of older people (Levey et al., 2009). BIS1 validation studies used
uniform and accurate reference methods for mGFR (iohexol clearance),
while CKD-EPIcr used diﬀerent methods (plasma clearance of iohexol,
urinary clearance of 99mTc-DTPA, renal clearance of nonradiolabeled
iothalamate, 51Cr-EDTA or inulin) (Koppe et al., 2013b). Validation of
BIS1 was performed with isotope dilution mass spectrometry, while in
CKD-EPIcr the lack of standardization of the creatinine assay method
was observed in some studies. On the other hand, in the present study
none of the two formulae investigated had a P30 ≥ 80% when GFR
< 30 ml/ min/1.73 m2, probably because the two formulae come from
studies with populations with normal GFR or > 30 ml/min/1.73 m2.
The evolution of the accuracy evaluation of creatinine-based GFR
estimation formulae for older people has been relatively rapid in the
last decade. Ten years ago, the classic Cockcroft-Gault formula was
found to be less accurate than the MDRD (P30 of 69% versus 83% respectively) (Levey, Inker, & Coresh, 2014; Stevens, Coresh, & Feldman,
2007). In the year 2012, a systematic review was published, in which it
was found that the CKD-EPIcr formula is more accurate than the MDRD
(Earley, Miskulin, Lamb, Levey, & Uhlig, 2012). These ﬁndings may
have caused an increase in its use since 2014 especially in Australia,
France and some laboratories in the USA (Earley et al., 2012; Levey
et al., 2014; Stevens et al., 2007). A recent study found that the BIS-1
formula is better than the CKD-EPIcr formula for risk stratiﬁcation of
chronic kidney disease in older people with cardiovascular disease
(Tarantini et al., 2016). If new studies conﬁrm the ﬁndings of the
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Equation

File S1: Search terms
Data base: Pubmed (MEDLINE). < Database inception January
2009–May 2017 >
Search terms:
(a) “Glomerular Filtration Rate”[All Fields] AND (“Predictive Value of
Tests”[Mesh] OR “Reference Values”[Mesh]).
(b) Pubmed: Chronic AND Kidney AND Disease AND Epidemiology
AND Collaboration
(c) Pubmed: Berlin AND Initiative AND Study.
Pubmed: (a) AND ((b) OR (c))
Data base: EMBASE. < Database inception January 2009–May
2017 > 60+ years.
Search terms:
(“Glomerular Filtration Rate” AND (“Predictive Value of Tests” OR
“Reference Values”)) AND ((Chronic AND Kidney AND Disease AND
Epidemiology AND Collaboration) OR (Berlin AND Initiative AND
Study)).

< 45 ml/min/
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