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Abstract
Objectives—To evaluate performance of kidney function estimation equations and to determine
the frequency of drug dose discordance in an older population.

Design—Cross-sectional analysis of data from community-dwelling volunteers randomly
selected from the Baltimore Longitudinal Study of Aging from January 1, 2005–December 31,
2010.

Subjects—Two hundred sixty-nine men and women with a mean ± SD age of 81 ± 6 years,
mean serum creatinine concentration (Scr) of 1.1 ± 0.4 mg/dl, and mean measured 24-hour
creatinine clearance (mClcr) of 53 ± 13 ml/minute.

Measurements and Main Results—Kidney function was estimated by using the following
equations: Cockcroft-Gault (CG), Modification of Diet in Renal Disease Study (MDRD), and
Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI). The performance of each
equation was assessed by measuring bias and precision relative to mClcr. Dose calculation errors
(discordance) were determined for 10 drugs requiring renal dosage adjustments to avoid toxicity
when compared to the FDA-approved dosages. The CG equation was the least biased estimate of
mClcr. The MDRD and CKD-EPI equations were significantly positively biased compared to CG
(mean ± SD 34 ± 20% and 22 ± 15%, respectively, p<0.001) and mClcr (29 ± 47% and 18 ± 40%,
respectively, p<0.001). Rounding low Scr values (< 1.0 mg/dl) up to an arbitrary value of 1.0 mg/
dL resulted in CG values (44±10 mL/min) that were significantly lower than mClcr (56±12 mL/
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min, p<0.001) and CG (56±15 mL/min, p<0.001). The MDRD and CKD-EPI equations had
median dose discordance rates of 28.6% and 22.9%, respectively.

Conclusion—The MDRD and CKD-EPI equations significantly overestimated creatinine
clearance (mClcr and CG) in elderly individuals. This leads to dose calculation errors for many
drugs, particularly in individuals with severe renal impairment. Thus, GFR-estimating equations
should not be substituted in place of the CG equation in older adults for the purpose of renal
dosage adjustments. In addition, the common practice of rounding or replacing low Scr values with
an arbitrary value of 1.0 mg/dL for use in the CG equation should be avoided. Additional studies
that evaluate alternative eGFR equations in the older populations that incorporate pharmacokinetic
and pharmacodynamic outcomes measures are needed.
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Age-related decline in kidney function is seen in a substantial portion of the older
population.1 Nearly 40% of adults aged 70 years or older have an estimated glomerular
filtration rate (eGFR) < 60 ml/min/1.73 m2.2 Most of these older adults have no obvious
source of loss of kidney function other than physiologic aging. Accurate estimation of
kidney function is especially important in this population (13% of the US population), as
these older adults consume nearly 34% of all prescription drugs,3 and many of these drugs
have elimination that is dependent on the kidneys. Estimating kidney function by using an
equation that is based on serum creatinine concentration (Scr) instead of directly measuring
kidney function can lead to substantial dosing errors in some populations. Older adults can
have normal or minimally increased Scr in the presence of significantly reduced renal
function due to their reduced muscle mass. Failure to account for reduced glomerular
filtration rate (GFR) can lead to excessive drug doses due to prolongation of the drug’s half-
life, especially in older adults.4,5 Hanlon et al. recently reported that nearly 12% of the
residents in a Veterans Affairs nursing home were prescribed at least one incorrect dosage
based on kidney function; excessive drug doses were the most common medication error
reported in this study.6

Collecting urine for determination of measured 24-hour creatinine clearance (mClcr) is the
gold standard measurement of kidney function in pharmacokinetic studies conducted during
drug development. However, this method is time consuming and logistically difficult, and is
rarely done in clinical settings. For almost 50 years, kidney function has been estimated
using the Cockcroft-Gault (CG) equation, which estimates creatinine clearance based on Scr,
age, sex, and weight.7 A recent survey of new drug applications submitted to the FDA from
1998–2007 showed that the CG equation was specifically mentioned as the basis for
calculating dosage adjustments in patients with renal impairment for 25% of the drugs
reviewed.8 Other equations have been proposed for estimating renal function, including the
Modification of Diet in Renal Disease (MDRD) equation9 and the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) equation.10 It is important to note that the CG
equation was designed to estimate creatinine clearance, whereas the MDRD and CKD-EPI
equations estimate GFR. The GFR is the volume of blood delivered to Bowman’s capsule
per unit of time and is regulated by afferent and efferent tone in the vessels before and after
the capsule. The GFR can be directly measured by inulin or iothalamate clearance.
Creatinine clearance, on the other hand, is affected by GFR and postcapsule secretion and is
directly measured in a 24-hour urine collection. Although the MDRD and CKD-EPI
equations were not designed to estimate creatinine clearance, in clinical practice they are
often used interchangeably with the CG equation. The values obtained from the three
equations are used as if they all estimate creatinine clearance, and the numeric values
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obtained from the three equations are used without adjustment when considering changing
the dosage of a medication to account for kidney function.

A recent study showed that using estimated GFR (eGFR) values obtained from the MDRD
equation instead of the traditional CG equation led to higher doses and increased risk of
bleeding for enoxaparin and eptifibatide11, as well as excessive doses of dofetilide, which
has been associated with cardiac conduction abnormalities such as changes in the QTc
interval and the life-threatening arrhythmia, torsade de pointes.12 A recent review of FDA-
approved drug dose labels showed that the most common estimating equation used in renal
drug dose algorithms is the CG equation.8 Clinicians often use the MDRD and CKD-EPI
equations to calculate drug dosages since clinical laboratories routinely report eGFR values
obtained when Scr tests are ordered. The National Kidney Disease Education Program
(NKDEP) recently recommended that eGFR (MDRD equation) and the CG equation can be
used interchangeably for the purpose of drug dosing13, a recommendation that is
controversial and has not been rigorously evaluated in older patients. In older individuals
with very low Scr values (<1.0 mg/dL) and reduced muscle mass, a common practice of
replacing Scr with an arbitrary value, such as 1.0 mg/dL, for use in the CG equation, has
been reported but not fully evaluated.14–16

The objectives of the current study were to evaluate performance of kidney function
estimation equations and to determine the frequency of drug dose discordance in an older
population. Specifically, we identified the bias and precision of the CG, MDRD, and CKD-
EPI equations relative to mClcr in older subjects, evaluated differences in dose calculations
between the CG and MDRD equations for commonly prescribed drugs, and evaluated the
use of an arbitrary Scr value (1.0 mg/dL) in the CG equation in patients with very low Scr
values (< 1.0 mg/dl).

Methods
Study Population

Study subjects were randomly selected from the Baltimore Longitudinal Study of Aging
(BLSA) database.16 The BLSA, started in 1958, is a continuing observational study of
normative aging in community-dwelling volunteers conducted at, and sponsored by, the U.S.
National Institute on Aging (NIA). Subjects undergo comprehensive medical, physiological,
and psychological examinations at regular intervals. The data used in our study are from a
cross-sectional evaluation of subjects who participated in the BLSA from January 1, 2005–
December 31, 2010. Subjects were included if they were at least 70 years of age and had an
mClcr less than 70 ml/min. Subjects were excluded if they had overt signs of renal failure or
were receiving any form of dialysis. Our study population therefore consisted of individuals
at high risk for taking medications, and because of their reduced kidney function, they were
likely to require drug dosage adjustments. Our study protocol was approved by the
institutional review boards at both the NIA and the University of Maryland.

Primary Outcome Measures
Our primary outcome variables were mClcr, estimation of creatinine clearance calculated by
using the CG equation, estimations of GFR based on the MDRD and CKD-EPI equations,
and estimation of creatinine clearance calculated by using the CG equation where Scr is
replaced with 1.0 mg/dL (r-CG) in individuals with Scr < 1.0 mg/dl. The equations we used
are provided in Appendix S-1. Twenty-four hour creatinine clearance was measured as part
of the comprehensive medical evaluations that BLSA subjects receive during a 2–3 day stay
at the clinical research unit of the BLSA at Harbor Hospital (Baltimore, MD). Creatinine
concentrations in serum and urine were determined by using the enzymatic Vitros CREA
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method performed on the Ortho Fusion 5.1 Analyzer (Ortho-Clinical Diagnostics,
Rochester, NY). The isotope dilution mass spectrometry (IDMS)-traceable serum creatinine
assay was used for BLSA samples acquired after September 2009.

Statistical Analysis
Data for the CG, MDRD, and CKD-EPI equations are expressed in mL/min. Values for the
MDRD and CKD-EPI equations (in mL/min/1.73m2) were multiplied by each subject’s
body surface area (BSA) and divided by 1.73 (i.e., BSA/1.73) to yield units of mL/min. The
accuracy (and reliability) of the three equations was computed as the average (and standard
deviation) of the within-person difference between the value returned by each of the three
equations and the mClcr. Similarly, the accuracy (and reliability) of the MDRD and CKD-
EPI equations was also computed as the average (and standard deviation) of the within-
person difference between the value returned by each of the two equations and CG equation.
The variance of the three estimating equations and the mClcr was compared using the Fisher
F test. Agreement between the CG, CKD-EPI and MDRD equations with mClcr was
inspected visually by using Bland-Altman plots and quantified as the 95% limits of
agreement between estimates. The limits of agreement represent a range of values within
which the true difference between two methods can be said to lie with 95% confidence.

For ten drugs (Table 1) and for each of the three equations estimating kidney function, we
identified a dose discordance when there was a disagreement in recommended dose based on
the CG equation (and the drug packaging insert) and one or more of the equations used to
estimate GFR. For example, if for a given subject the CG value was 30 mL/min and the
MDRD 50 mL/min, and the package insert for one of the ten drugs studied (Table 1) called
for a reduction in drug dose for Clcr below 40 mL/min, we would identify a dose
discordance (CG indicating need for dosage adjustment, MDRD indicating no need for
adjustment). For each drug, we quantified percent dose discordance as 100 times the total
number of subjects with a dose discordance divided by the total number of subjects studied.
Unless otherwise specified, values are given as mean ± SD. A two-tailed p value less than
0.05 was considered significant. The R statistical package, version 2.15 (available from
http://www.r-project.org/) was used for all statistical analyses.

Results
A total of 269 subjects were included in the analysis, 129 men and 140 women. The mean
age of the subjects was 80.7±6.0 (mean±SD) years, mean Scr was 1.12±0.37 mg/dL, and
mean body surface area was 1.76±0.20 m2. Women had significantly lower Scr, height,
weight, BSA, and body mass index (BMI) than did men (Table 2). There were very few
obese participants in the cohort; only 13 men (10%) and 15 women (11%) had a BMI > 30
kg/m2, and none of the subjects had a BMI ≥40 kg/m2. The mean mClcr of the cohort was
52.8±12.6 mL/min. The estimated creatinine clearance obtained by using the CG equation
was 49.6±14.3 mL/min, estimated GFR from the MDRD equation was 65.5±18.5 mL/min,
and estimated GFR from the CKD-EPI equation was 59.9±16.1 mL/min. Using the MDRD
equation and mClcr to determine CKD categories, the numbers of subjects with various
stages of chronic kidney disease were as follows: 0 vs. 1 (0% vs. 0.4%) stage 5, 6 vs. 16 (2%
vs. 6%) stage 4, 105 vs. 154 (39% vs. 57%) stage 3, 141 vs. 98 (52% vs. 36%) stage 2, and
17 vs. 0 (6% vs. 0%) stage 1, for MDRD vs. mClcr.

All three estimating equations, CG, MDRD, and CKD-EPI, provided a biased estimate of
mClcr, but the bias was smallest for CG. CKD-EPI and MDRD overestimated mClcr,
whereas CG underestimated mClcr (Figure 1). The mean within-subject differences relative
to mClcr were as follows: 7.1±15.1 ml/minute for CKD-EPI (p<0.001), 12.8±17.5 ml/minute
for MDRD (p<0.001), and −3.2±14.2 ml/minute for CG (p<0.001). The limits of agreement
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of each method with mClcr were as follows: 7.1 ± 29.6 ml/minute for CKD-EPI, 12.8 ± 34.5
ml/min for MDRD, and −3.2 ± 27.8 ml/min for CG (Figure 2). Both CKD-EPI and MDRD
were significantly higher than CG (10.3 ± 6.9 ml/min for CKD-EPI, p<0.001, and 16.0 ± 9.2
ml/min for MDRD, p<0.0001 [Figure S-1]). All three estimates had less precision (larger
variance) than did mClcr. The ratios of the variances were as follows: CKD-EPI/mClcr 1.63
(p<0.001), MDRD/mClcr 2.2 (p<0.001), and CG/mClcr 1.3 (p<0.04). The MDRD had less
precision than CG, with a ratio of variances of MDRD/CG 1.67 (p<0.0001). The CKD-EPI
had a marginally larger variance than CG, with a ratio of variances of 1.26 (p<0.06). MDRD
had less precision than CKP-EPI, with a variances of 1.32 (p<0.03).

There were 103 subjects with Scr values <1.0 mg/dl (0.80 ± 0.10 mg/dl, range 0.44–0.94 mg/
dl). In these subjects, creatinine clearance estimated by using CG with Scr replaced by 1.0
mg/dl (r-CG) was 44.1±10.2 ml/minute vs. 55.8±15.0 ml/minute for the CG calculated by
using the observed Scr, and 56.2±11.5 ml/minute for mClcr. The r-CG was significantly
lower than either mClcr or CG for both comparisons (p<0.0001 [Figure S-2]).

The percent discordance for 10 commonly prescribed drugs was calculated to quantify the
implication that use the different methods for estimating kidney function could have on drug
therapy (Figure 3). Median discordances relative to CG among the drugs tested were 28.6%
(range 2.2 – 44.6%) for MDRD and 22.9% (range 2.2 – 36.4%) for CKD-EPI. The highest
discordance was observed for drugs requiring dosage adjustment in patients with moderate-
to-severe renal impairment (Clcr < 50 mL/min). For example, enoxaparin, dabigatran, and
daptomycin had discordances for MDRD and CKD-EPI that increased from 2.2% in the
entire cohort to 50% in those with mClcr < 30 mL/min, with all cases resulting in higher
doses being given compared to using the CG equation. For piperacillin-tazobactam, the
discordance rate increased from 19.3% in the entire cohort to 34.4% in patients with mClcr <
50 mL/min.

Discussion
Our results show that in older adults with mild-to-moderate renal dysfunction but without
any overt signs or symptoms of kidney impairment, MDRD and CKD-EPI should not be
used in making decisions regarding drug dosage. Both MDRD and CKD-EPI values were
consistently higher than CG, whereas the CG slightly underestimated mClcr. Our results also
show that substituting 1.0 mg/dl for Scr when the concentration is <1.0 mg/dl should be
avoided, as it leads to underestimation of renal function and can lead to subtherapeutic doses
of critical medications. Discordance rates of approximately 25% for the MDRD and CKD-
EPI equations were associated with higher drug doses calculated in all cases when compared
to the CG equation.

An important role of health care practitioners is to maximize drug safety and ensure that the
correct dose of a drug is given based on kidney function. The FDA-approved drug dose label
provides dosing algorithms based on creatinine clearance, often estimated by the CG
equation.8 Newer equations that estimate GFR, such as the MDRD and CKD-EPI equations,
were originally developed for the purpose of epidemiologic research and CKD staging, not
for calculating dosages in patients with altered renal function. Substitution of MDRD or
CKD-EPI in place of the CG equation for calculating drug doses in patients with renal
impairment is widely discouraged17–20, and a recent report by the FDA has cautioned
against this practice.21 Surprisingly, in 2010, the NKDEP recommended that the eGFR
(MDRD) and CG can be used interchangeably for the purpose of drug dosing13.

The CG equation has gained international acceptance as the primary index of kidney
function in prospective, longitudinal studies of aging and renal function in Italy23
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(InCHIANTI [Aging in the Chianti Area]) and Brazil23 (EPIDOSO [Epidemiology of the
Elderly]), and is endorsed by the French Drug Agency24,25. In our study, we observed that
both the MDRD and CKD-EPI equations were significantly positively biased compared to
mClcr and CG, with the CG equation providing the least biased estimate of mClcr in this
older population. These findings were not likely impacted by use of the non-IDMS assay,
which showed < 4% bias when compared to the IDMS calibrators used on the Ortho-
Diagnostics system employed here. This is also consistent with a previous study evaluating
the performance of the MDRD and CG equations relative to mClcr in 122 older hospitalized
patients in France.26 In the 122 older patients, the MDRD equation overestimated mClcr by
46 ± 64%, resulting in misclassification of nearly 50% of patients into lower CKD
categories when compared to mClcr. The higher values for kidney function yielded by the
MDRD and CKD-EPI equations in older patients is particularly worrisome for drugs with
narrow therapeutic indexes or dose-dependent toxicities, in which FDA-approved drug dose
algorithms are based on creatinine clearance, either using mClcr or the CG equation.8

The positive bias of the MDRD equation translated into significant dosing discordances for
medications that require renal dosing based on creatinine clearance. For example, use of the
MDRD equation resulted in a 41% discordance rate for famotidine, in which all discordant
cases would have resulted in higher doses being given to patients if the MDRD equation was
used instead of the CG equation. Failure to reduce doses of famotidine in patients with
severe renal impairment is known to be associated with mental status changes including
confusion, agitation, delirium, irritability, and hallucinations.27,28

Our results are consistent with several retrospective studies in over 20,000 patients with
CKD reporting that use of the MDRD equation overestimates Clcr, leading to significantly
higher drug doses compared to doses calculated by using CG.29–32 Our median discordance
of 28% for the MDRD equation is consistent with data reported by Wargo et al.29 in 409
patients with stages 3–5 CKD, Wargo et al. showed that use of the MDRD equation resulted
in kidney function estimates that were 14–28% higher (p<0.001) than CG, leading to
discordant dosage adjustments in 20–36% of patients for eight antibiotics including
cefazolin, cefepime, and meropenem. Similar findings were reported by Golik et al. in 207
hospitalized patients with stable kidney function.30 In their study, Golik et al. showed that
the median MDRD eGFR values overestimated CG by nearly 40%, resulting in discordance
rates of 54% and 57% for patients with CG values in the ranges of 11–30 and 31–60 mL/
min, respectively. Similar discordance rates were also reported for levofloxacin,
meropenem, and piperacillin-tazobactam. Discordance was also reported in a cross-sectional
study of 180 older patients, aged 85 ± 8 years, with a CG of 49 ± 22 mL/min, residing in a
long-term care facility in Canada.31 Gil et al. showed that the MDRD equation consistently
overestimated CG by 40%, and provided discordant estimations of CKD category in over
60% of patients. This translated into significant dose discordance, in which the MDRD
equation yielded 35% higher doses for amantadine compared to CG, and 32% of patients
would have received higher initial doses of digoxin when using the MDRD equation, as
compared to the CG equation. Taken together, the results of the current study and others are
not consistent with the findings reported by Stevens et al.33 As pointed out previously34,
Stevens et al. used a standard dose for their drug subset that was calculated based on
“measured GFR”, which was then compared to doses calculated using two estimation
methods (MDRD and CG Clcr). This analysis inherently favors the MDRD equation, since
MDRD was derived from iothalamate-measured GFR. However, use of measured GFR as
the index by which to calculate drug doses is neither consistent with the FDA-approved
package label nor included in the FDA’s Guidance on Pharmacokinetic Studies in Patients
with Renal Impairment.35 The lack of studies with findings similar to Stevens et al. may also
be explained by use of a pooled dataset obtained from studies that used an abbreviated GFR
measurement with short-term urine collections. Use of his method has recently been shown
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to be imprecise, with high intrasubject variability, and is not recommended when evaluating
kidney estimation equations.36

Lack of appropriate renal dosage adjustments for oral anticoagulants such as enoxaparin and
dabigatran could lead to serious adverse safety events. Our finding that both enoxaparin and
dabigatran had 50% discordance rates when either the MDRD or CKD-EPI equations were
used in subjects with mClcr < 30 mL/min is concerning and is consistent with other studies
with these agents.11, 37,38 For example, Moranville et al. reported that use of the MDRD
equation, when compared to Clcr, resulted in a failure to make manufacturer-recommended
dosage reductions of enoxaparin in up to 11% of 4,698 hospitalized patients with stage 3 or
4 CKD.37 Higher doses of enoxaparin, when using the MDRD equation, were also reported
by Melloni et al.11 and Nutescu et al.,38 in nearly 20,000 patients, resulting in fewer patients
with dose reductions of enoxaparin when compared to the CG equation. To our knowledge,
our study is the first to evaluate dabigatran dose discordance in an older population with
reduced kidney function. This is important since few patients with renal impairment were
enrolled in dabigatran pivotal clinical trials, and the renal dosing recommendation provided
in the FDA-approved label is based on a pharmacokinetic study that used mClcr to stratify
patients.39,40 It is further concerning that the largest randomized study with dabigatran (RE-
LY [Randomized Evaluation of Long-Term Anticoagulation Therapy] trial) excluded
subjects with a creatinine clearance lower than 30 mL/min/1.73 m2, and only 19% of
subjects had a creatinine clearance of 30 to 49 mL/min/1.73 m2.41 A recent analysis of the
RE-LY trial revealed that a subset of older subjects (> 75 years) without renal impairment
had an increased risk of bleeding (hazard ratio 1.22 [95% confidence interval 0.65–
2.266]).42 Coupled with recent case reports of serious bleeding with dabigatran in older
adults with decreased renal function43–45, this further suggests that the higher doses of oral
anticoagulants that are calculated using the MDRD and CKD-EPI equations can be
problematic in older adults with reduced renal function.

Dalfampridine is contraindicated for use in patients with Clcr ≤50 mL/min due to its narrow
therapeutic range and risk of dose-dependent seizures.46 A previous pharmacokinetic study
conducted during drug development for dalfampridine showed significant accumulation in
patients with moderate renal impairment (Clcr 30 to 50 mL/min using the CG equation),
where area under the concentration-time curve (AUC) and maximum concentration (Cmax)
values were 1.6 to 2.0-fold higher than in subjects with normal renal function.47 In our
study, use of the CKD-EPI and MDRD equations resulted in discordance rates of 34% and
41.3%, respectively, for dalfampridine. In these discordance cases, nearly 100 patients
would have received dalfampridine when it was contraindicated, but it is uknown whether
these patients would have experienced adverse events. However, the FDA recently
published a Drug Safety Communication warning about the risk of seizures when
dalfampridine is used in patients with renal impairment and recommends that the CG
equation should be used to calculate creatinine clearance before initiating therapy.48

Metoclopramide is associated with drug-induced Parkinsonism and tardive dyskinesia and
requires dosage adjustment based on creatinine clearance. We found dosing discordances of
approximately 18% for both CKD-EPI and MDRD equations, which resulted in higher doses
being given in all cases (n=57) relative to doses calculated using the CG equation. This is
important because dose-dependent toxicities related to extrapyramidal symptoms and QT-
prolongation syndrome and torsade de pointes in renal impairment have been reported.49,50

In older patients with low Scr values, the practice of replacing Scr values with an arbritrary
value is often performed by pharmacists in hospital settings; however, there is little evidence
in the literature to support this practice. In a prior study conducted in 23 hospitalized
patients over the age of 60 years with Scr values <1.0 mg/dL (mean ±SD 0.7 ± 0.1 mg/dL),
Smythe et al. rounded Scr values up to 1.0 mg/dL and compared the rounded CG result to
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mClcr.14 Their study showed that rounded CG values were 27% lower than mClcr, leading to
dose calculation errors for aminoglycosides that were confirmed by serum drug
concentrations. Our results in a larger, community-based older population confirm that
replacing low Scr values with an arbitrary value of 1.0 mg/dL leads to rounded CG values
that were significantly lower than both mClcr (−17%) and unrounded CG values (−20%).
Thus, the practice of rounding up or replacing Scr with an arbitrary value should be avoided
and may lead to subtherapeutic doses of medications.

Understanding the limitations of using newer eGFR equations, such as CKD-EPI and
MDRD, is particularly important in older patients. Our study provides strong support that
both of the newer eGFR equations significantly overestimate creatinine clearance. The fact
that eGFR calculated by using either CKD-EPI or MDRD is greater than mClcr suggests that
the eGFR obtained from these equations is too high. This finding is independent of the
creatinine assay employed (legacy vs. IDMS) because the measured creatinine clearance
calculation requires both urine (numerator) and serum (denominator) to be analyzed using
the same assay. Because creatinine is both filtered and secreted in the tubule, creatinine
clearance should be 10–20% higher than true GFR 51. Although true GFR was not measured
in the BLSA study, it is very likely that the MDRD and CKD-EPI equations would have
overestimated true GFR in our population since these equations exceeded both measured
and estimated creatinine clearance. An important question that remains unanswered by our
study is the within-person reliability of mClcr (i.e., the day-to-day variation in mClcr).

Although our results indicate that use of the MDRD and CKD-EPI equations leads to dose
calculation errors for drugs requiring renal dosage adjustments, dosing discordance would
be best determined by measurement of serum drug concentrations, which we did not
perform. In older patients, newer GFR estimation equations, such as the MDRD equation
(which is now automatically reported in many electronic medical records) should not be
used as a substitute for CG when adjusting drug dosage for renal function.

Conclusion
The MDRD and CKD-EPI equations significantly overestimated creatinine clearance (mClcr
and CG) in elderly individuals. This leads to dose calculation errors for many drugs,
particularly in individuals with severe renal impairment. Thus, GFR-estimating equations
should not be substituted in place of the CG equation in older adults for the purpose of renal
dosage adjustments. Our results also indicate that the common practice among pharmacists
of rounding or replacing low Scr values (< 1.0 mg/dl) with an arbitrary value of 1.0 mg/dL
for use in the CG equation should be avoided. Additional studies that evaluate alternative
eGFR equations in the older populations that incorporate pharmacokinetic and
pharmacodynamic outcomes measures are needed.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Comparison of kidney function estimation methods. Data are mean ± 95% confidence
interval. Measured CLcr = creatinine clearance obtained from a 24-hour urine collection;
CG = creatinine clearance estimated by using the Cockcroft-Gault equation; MDRD =
glomerular filtration rate estimated by using the Modification of Diet in Renal Disease
equation; CKD-EPI = glomerular filtration rate estimated using the Chronic Kidney Disease
Epidemiology Collaboration equation. *p<0.001 vs measured CLcr, CG, and CKD-
EPI; #p<0.001 vs. measured CLcr, CG, and MDRD, using paired analyses.

Dowling et al. Page 12

Pharmacotherapy. Author manuscript; available in PMC 2014 September 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Bland and Altman plots showing the within-person differences between the estimated
creatinine clearance obtained by using the Cockcroft-Gault equation (CG) and measured 24-
hour creatinine clearance (mCLcr) (panel A), estimated glomerular filtration rate obtained
by using the Modification of Diet in Renal Disease equation (MDRD) and mCLcr (panel B),
estimated glomerular filtration rate obtained by using the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) and mCLcr (panel C). The solid line indicates
mean difference, and the dashed line indicates limits of agreement.
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Figure 3.
Drug dose discordance rates. Panel A shows the discordance rates for the Modification of
Diet in Renal Disease equation (MDRD) and Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) equations compared with manufacturer-recommended dosing
based on estimated creatinine clearance. Panel B illustrates the median discordance rates for
four drugs requiring dosage adjustment at the lower range of creatinine clearance for MDRD
and CKD-EPI.
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Table 1

Drugs Requiring Renal Dosage Adjustment According to U.S. Food and Drug

Drug Creatinine Clearanc Dose Reduction* (%)

Cefepime 30 – 60 50

11 – 29 50

< 11 75

Ciprofloxacin 30 – 50 50

< 30 67

Dabigatran 15 – 30 50

< 15 NR

Dalfampridine ≤ 50 CI

Daptomycin < 30 50

Enoxaparin < 30 50

Famotidine < 50 50

Gabapentin* 30 – 59 40

15 – 29 80

< 15 90

Metoclopramide < 40 50

Piperacillin-Tazobactam 20 – 40 33

< 20 50

CI = Contraindicated

NR = Not recommended

*
Dose reductions relative to effective dose
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Table 2

Characteristics of the Study Subjects

Characteristic Women* (n=140) Men* (n=129) p-value

Age (y) 80.6 ± 5.9 80.9 ± 6.1 0.67

Race

 White 124 (89) 104 (81)

 Black 14(10) 19 (15)

 Other 2 (1) 6 (5) 0.14†

Serum Creatinine (mg/dL) 0.95 ± 0.31 1.30 ± 0.34 <0.0001

Measured 24-hr creatinine clearance (ml/min) 53.0 ± 12.4 52.5 ± 12.9 0.76

Height (cm) 158.0 ± 6.4 172.0 ± 6.1 <0.0001

Weight (kg) 61.7 ± 10.7 75.7 ± 10.1 <0.0001

BSA (m2) 1.64 ± 0.16 1.89 ± 0.14 <0.0001

BMI (kg/m2) 24.7 ±.0 25.7 ± 3.3 0.03

BMI ≥ 30 kg/m2

 Yes 15 (11) 13 (10) 0.86¶

 No 125 (89) 116 (90)

*
Data are mean ± SD or no. (%) of subjects.

†
Fisher exact test

¶
Chi square test
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