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Accurate assessment of kidney function in children is
essential from a clinical, research, and public health
standpoint; however, in comparison with adults, this
has received less attention, perhaps in part because of
the lower burden of chronic kidney disease (CKD) in
the pediatric population (1,2). Pediatricians must be
experts in assessing the appropriateness of a clinical
measure on the basis of characteristics such as the age,
size, and/or gender of a child, and markers of kidney
function are no exception. Serum creatinine, the most
commonly used marker of kidney function in children, is proportional to muscle mass and varies
greatly in children on the basis of age, gender, and
race (3). A serum creatinine level of 1.0 mg/dl in a
17-year-old boy would be considered normal; this
same creatinine level in a 4-year-old would represent
advanced CKD. Given the challenges that serum creatinine presents to clinicians in distinguishing normal
from abnormal and to researchers in assessing and
comparing kidney function among children of all ages
and sizes, the utility of accurate GFR estimation is
obvious.
In this issue, Chavers et al. (4) report reference
values for serum creatinine and cystatin C, another
marker of kidney function, for healthy adolescents
who were aged 12 to 17 years and participated in the
National Health and Nutrition Examination Survey
(NHANES) 1999 –2008. As expected, serum creatinine
and cystatin C varied on the basis of age, gender, and
race. This study also compares the distribution of
estimated GFR (eGFR) from two of the most commonly used estimating equations in children: The
traditional “Schwartz” equation and the more recent
complete “CKiD” equation derived from participants
in the ongoing National Institutes of Health–sponsored Chronic Kidney Disease in Children (CKiD)
Study (5–7). The distributions of eGFR from these
equations vary greatly and prompt several questions
for clinicians.

What Is the Normal Range of Measured
Glomerular Filtration in Healthy Adolescents?
eGFR is intended to be a clinically efficient surrogate for measured GFR (mGFR). The renal clearance
of inulin has traditionally been considered the gold
standard for the evaluation of mGFR in children and
adults. A few studies have measured GFR via inulin
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clearance in adolescents without kidney disease and
inform the basis of “normal” in this age group. The
mean ⫾ SD GFRs in these studies ranged from 112 ⫾
13 to 117 ⫾ 16 ml/min per 1.73 m2 (3,8,9). Notably,
the SDs are relatively large, likely due in part to the
small sample sizes of the studies (n ⫽ 12 and 27
patients, respectively) and in part to biological variation in GFR. On the basis of these small studies, GFR
would be expected to range between approximately
85 and 150 ml/min per 1.73 m2 in 95% of healthy
adolescents, with approximately 16% having GFRs
⬍100 ml/min per 1.73 m2 (1 SD below the mean).
Median eGFR, as examined by Chavers et al., was
143 ml/min per 1.73 m2 using the creatinine-based
Schwartz equation and 96 ml/min per 1.73 m2 using
the creatinine and cystatin C– based complete CKiD
equation. Examining NHANES data from 1999
through 2002 for adolescents 12 to 17 years of age,
Fadrowski et al. (10) reported the percentile distribution of eGFR determined by the Schwartz, creatininebased “bedside CKiD,” and complete CKiD equations. The medians (5th, 95th percentiles) were 140
(107, 193), 97 (71, 132), and 97 (80, 121) ml/min per
1.73 m2, respectively. Two aspects of these studies are
noteworthy: (1) eGFR distributions between the
Schwartz equation and the CKiD equations are strikingly different, and (2) the median and overall distribution of eGFR by any equation significantly differs
from mGFR in similarly aged healthy teens.
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What Are the Potential Sources of the Variation
between the Schwartz and CKiD Equations, and
How Well Do They Estimate GFR in the
“General Population”?
The Schwartz and bedside CKiD equations, both of
which account for the relationship between creatinine
production and muscle mass by using height as a
surrogate, are clinically easy to use because the only
measures required are height (meters) and serum creatinine. Changes in creatinine laboratory assays over
time have affected the accuracy of the Schwartz equation. Many laboratories now determine creatinine levels using a more sensitive and specific enzymatic
assay, the assay used to derive the CKiD equations
(11,12). Compared with the Jaffé (alkaline picrate)
method used to derive the Schwartz equation, the
enzymatic method results in lower creatinine values
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(13). The lower constant in the bedside CKiD equation,
41.3, compared with the constants in the Schwartz equation, 55 and 70 for female and male adolescents, respectively, reflects this change. Thus, if the traditional Schwartz
equation is used with enzymatic creatinine values, then the
Schwartz equation would be expected to overestimate
GFR. The median eGFR reported by Chavers et al. using
the Schwartz equation of 143 ml/min per 1.73 m2 supports
the likelihood of overestimation.
The CKiD equations benefited from being derived with
current enzymatic creatinine methodology, a precise measurement of GFR (plasma disappearance of iohexol), and a
relatively large pediatric cohort (14). When compared with
previously published estimating equations in children, the
complete CKiD equation performed favorably (7). Because
the CKiD equations were derived from children with CKD
with a median mGFR of 41 ml/min per 1.73 m2, there has
been interest in examining their performance in children
with higher GFR, especially given evidence that equations
for adults underestimate GFR in those with mildly decreased or normal kidney function (15–17). The studies by
Chavers et al. and Fadrowski et al. of adolescents in
NHANES are limited by the lack of mGFR, but given the
extremely low prevalence of CKD in adolescents, it is a safe
assumption that the vast majority of the cohort has normal
kidney function. However, the 25th percentile for eGFR
among adolescents in NHANES 1999 –2002 was 84 and 90
ml/min per 1.73 m2 for the bedside CKiD and complete
CKiD equations, respectively. Thus, 25% of adolescents in
the general population would be classified as having an
eGFR consistent with Kidney Disease Outcomes Quality
Initiative (KDOQI) stage 2 or higher kidney disease (eGFR
⬍90 ml/min per 1.73 m2), which is unlikely and suggests
that these equations may underestimate GFR at higher
levels of kidney function (1).
Studies comparing eGFR using the bedside CKiD equation with mGFR were recently published. Staples et al. (18)
compared eGFR (enzymatic creatinine) with GFR measured via iothalamate clearance. Among 738 participants
who were aged 1 to 16 years and had CKD, kidney transplant, or solid tumor, the mean ⫾ SD mGFR was 111 ⫾ 29
ml/min per 1.73 m2, the mean bias (eGFR ⫺ mGFR) was
⫺5.8 ml/min per 1.73 m2, and 83% and 34% of eGFR
values fell within 30% and 10%, respectively, of mGFR.
When the analysis was limited to the 573 children with
mGFR ⬎90 ml/min per 1.73 m2, the mean bias was ⫺9.1
ml/min per 1.73 m2, and 30% and 10% accuracy was
similar. The degree of underestimation of eGFR increased
in older age groups. Pottel et al. (19) also compared the
bedside CKiD equation using creatinine determined by
either an enzymatic (age ⬍5 years) or modified Jaffé
method to mGFR determined by 51Cr-EDTA. Among 182
children who were aged 1 to 8 years and had CKD, the
mean mGFR was 88 ml/min per 1.73 m2, the mean bias
was ⫺15.4 ml/min per 1.73 m2, and 54% of eGFR values
were within 30% of mGFR. When limited to mGFR ⱖ90
ml/min per 1.73 m2, 47% of eGFR values were within 30%
of mGFR. Finally, Qayed et al. (20) compared the bedside
CKiD equation (enzymatic creatinine) with mGFR (DTPATc99m) in children undergoing hematopoietic stem cell
transplants. Among 107 children with a mean age of 9 ⫾ 6
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years, the mean mGFR was 107 ⫾ 28 ml/min per 1.73 m2,
the mean eGFR was 96 ⫾ 26 ml/min per 1.73 m2, and 77%
of estimates were within 30% of mGFR. Using a cutoff of 90
ml/min per 1.73 m2 to classify normal or reduced kidney
function, the bedside CKiD equation misclassified 40% of
participants and most commonly underestimated mGFR.

Which Pediatric eGFR Equation Should Be Used for
Children without Known Kidney Disease, and Is
There a Cutoff or Range for “Normal”?
As observed with the Schwartz equation, the accuracy of
an estimating equation decreases if the laboratory assay
used to determine the creatinine level does not match that
originally used to derive the equation. As more laboratories switch to enzymatic creatinine assays, the bedside
CKiD equation, derived using the same method, is a suitable replacement for the Schwartz equation. CKiD investigators have demonstrated that the CKiD equations perform favorably in children with CKD and are useful to
track CKD progression in the growing child and guide
clinical care (7). In children with mildly decreased or normal kidney function and in older adolescents with normal
and abnormal kidney function, these equations need further validation to inform clinical use. A GFR cutoff of ⱖ90
ml/min per 1.73 m2, driven by KDOQI CKD staging and
guidelines, has commonly been used to define “normal”
kidney function, and this is supported by the range of
mGFRs observed in healthy teenagers (1). However, examining NHANES data, the distribution of eGFR using the
CKiD equations is shifted toward lower GFR in teenagers
without evidence of kidney disease. This may partly be due
to underestimation of GFR by the CKiD equations in children with higher levels of kidney function as the few
studies comparing eGFR with mGFR have demonstrated
to varying degrees. Thus, it is not yet possible to define a
“normal” eGFR cutoff using the CKiD equations, but it is
likely ⬍90 ml/min per 1.73 m2. Future validation and
possibly modification of these equations in children with
higher levels of kidney function will allow for better characterization of the normal range, but until that time, the
published distributions of creatinine and eGFR and the
broader clinical context can help clinicians identify those at
risk for loss of kidney function.
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