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An estimated 650,000 Americans will have ESRD by 2010. Young adults with kidney failure often develop progressive chronic
kidney disease (CKD) in childhood and adolescence. The Chronic Kidney Disease in Children (CKiD) prospective cohort
study of 540 children aged 1 to 16 yr and have estimated GFR between 30 and 75 ml/min per 1.73 m2 was established to identify
novel risk factors for CKD progression; the impact of kidney function decline on growth, cognition, and behavior; and the
evolution of cardiovascular disease risk factors. Annually, a physical examination documenting height, weight, Tanner stage,
and standardized BP is conducted, and cognitive function, quality of life, nutritional, and behavioral questionnaires are
completed by the parent or the child. Samples of serum, plasma, urine, hair, and fingernail clippings are stored in biosamples
and genetics repositories. GFR is measured annually for 2 yr, then every other year using iohexol, HPLC creatinine, and
cystatin C. Using age, gender, and serial measurements of Tanner stage, height, and creatinine, compared with iohexol GFR,
a formula to estimate GFR that will improve on traditional pediatric GFR estimating equations when applied longitudinally
is expected to be developed. Every other year, echocardiography and ambulatory BP monitoring will assess risk for
cardiovascular disease. The primary outcome is the rate of decline of GFR. The CKiD study will be the largest North American
multicenter study of pediatric CKD.
Clin J Am Soc Nephrol 1: 1006 –1015, 2006. doi: 10.2215/CJN.01941205

I

t has been estimated that 650,000 Americans will have
ESRD by 2010 with an annual cost of $28 billion per year
(1,2). Although alarming increases in ESRD rates have
occurred in older Americans, young adults with ESRD bear a
sizable burden of the disease. For example, in 2001, 37% of
prevalent US transplant patients were between 20 and 44 yr of
age (1). In addition, many of the 12,753 young adults who
presented with kidney failure (incident patients with ESRD) in
2001 likely developed early stages of chronic kidney disease
(CKD) in childhood (1). Identification of modifiable risk factors
to slow progression of CKD in children will aid in decreasing
the burden of CKD and may yield further insights into risk
factors for progression in adults before the onset of multiple
comorbidities (3).
CKD in children carries a significant impact. The mortality
that is associated with ESRD in children who receive dialysis is
estimated to be at least 30 times higher than that in the general
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pediatric population (4). Unlike adults, who have completed
their physiologic and intellectual maturation, children are in
formative stages of development and therefore are particularly
vulnerable to the adverse effects of CKD. Early detection and
aggressive management have the potential to improve outcomes in young patients with CKD. Few sizable prospective
studies of CKD in children have been performed (5,6), and
relatively little is known about the natural history of early
stages of CKD in this population.
With funding from the National Institute of Diabetes and
Digestive and Kidney Diseases, in collaboration with the National Institute of Neurologic Disorders and Stroke, the National Institute of Child Health and Human Development and
the National Heart, Lung, and Blood Institute, we have established a prospective cohort study of children with CKD, called
the Chronic Kidney Disease in Children (CKiD) study. The
specific aims of the CKiD study are to (1) identify novel and
traditional risk factors for the progression of CKD; (2) characterize the impact of a decline in kidney function on neurodevelopment, cognitive abilities, and behavior; (3) identify the
prevalence and the evolution of cardiovascular (CV) disease
risk factors in children with CKD; and (4) examine the effects of
declining GFR on growth and assess the consequences of
growth failure on morbidity in children with CKD.
ISSN: 1555-9041/105-1006
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Figure 1. Chronic Kidney Disease in Children (CKiD) study organization.

Materials and Methods
Study Organization
The CKiD study consists of two clinical coordinating centers in
Baltimore, MD, and Kansas City, MO, which include 57 clinical sites
(locations and principal investigators are listed in the Appendix); a data
coordinating center in Baltimore, MD; a central laboratory in Rochester,
NY; a laboratory for cystatin C (Kansas City, MO); central reading
centers for echocardiograms and carotid intima-media thickness (Cincinnati, OH), magnetic resonance imaging (MRI; Bronx, NY), ambulatory BP monitoring (ABPM; Houston, TX), and neurocognitive testing
(Chapel Hill, NC); and central repositories for biologic (Rockville, MD)

Table 1. Inclusion and exclusion criteriaa
Inclusion
age 1 to 16 yr
eGFR 30 to 75 ml/min per 1.73 m2
informed consent
Exclusion
renal, other solid-organ, bone marrow, or stem cell
transplantation
dialysis treatment within the past 3 mo
cancer/leukemia diagnosis or HIV diagnosis/
treatment within past 12 mo
current pregnancy or pregnancy within the past 12
mo
inability to complete major data collection
procedures (e.g., allergic to iohexol)
current enrollment in a randomized clinical trial in
which specific treatment is unknown
plans to relocate away from any participating CKiD
site
history of structural heart disease
genetic syndromes involving the central nervous
system (e.g., Down syndrome)
history of severe to profound mental retardation (i.e.,
IQ ⬍ 40, significant impairment in adaptive
function, and/or inability to independently execute
self-care skills)
a

CKiD, Chronic Kidney Disease in Children; eGFR,
estimated GFR (via the Schwartz formula).

and genetic material (New Brunswick, NJ). A study web site for CKiD
is located at http://www.statepi.jhsph.edu/ckid. An External Advisory Committee meets annually to evaluate study progress, and the
Steering Committee has semimonthly conference calls, including review of any adverse events related to study measurements (see Figure
1 for study organization chart).

Study Population
The CKiD study is a prospective, observational cohort of 540 children
who have CKD and are enrolled during a 24-mo period. Inclusion and
exclusion criteria are presented in Table 1. For eligibility, GFR is estimated by the Schwartz formula (7) on the basis of height and two
measurements of serum creatinine obtained within 18 mo before enrollment.
Table 2 describes the expected number of children in each stratum of
age and estimated GFR (eGFR). The expected age distribution is based
on data from the North American Pediatric Renal Transplant Cooperative Study (NAPRTCS) (8) registry and surveys of participating sites.
The lower age limit of 1 yr was chosen to facilitate testing for CKD
progression, as well as CV and neurocognitive measurements. The
upper age limit of 16 yr was chosen to optimize follow-up, because
16-yr-old participants likely would remain under the care of the enrolling pediatric nephrology center for 2 to 5 yr.
On the basis of surveys of the participating sites and NAPRTCS data,
we anticipate that 40% of the cohort will be female, 62% will be white,
18% will be black, 4% will be Asian or Pacific Islander, 2% will be
Native American, and 14% will be other (8). To ensure heterogeneity in
the racial/ethnic distribution, the CKiD study will limit enrollment of
non-Hispanic white participants to no more than 65% of the cohort.

Table 2. Expected number of children by age and eGFR
categories
GFR
(ml/min per 1.73 m2)

60 to 75
40 to 59
30 to 39
Total

Age (yr)
Total
1 to 4

5 to 10

11 to 16

12
30
12
54

48
120
48
216

60
150
60
270

120
300
120
540
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Multicenter Study Coordination
To facilitate standardized data collection with a large number of
active clinical sites and a complex study design with age- and genderdependent measurements (e.g., ABPM cuff-size, intelligence tests, Tanner stage), we use interactive web-based visit schedules. These interactive visit schedules detail the questionnaires, examinations, and
biologic samples that are required for a given child at a given study
visit. In addition, training DVDs detailing study procedures are sent to
study coordinators, and training meetings are held annually.

Study Follow-Up
Participants will be scheduled to return between 3 and 6 mo after
study entry and on the anniversary of study enrollment thereafter.
Participants will cease study visits after documented initiation of renal
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replacement therapy but will continue to be followed for clinical events
and mortality by telephone contacts. Children with a high probability
for ESRD (initiation of dialysis or transplantation) within the calendar
year after a study visit (i.e., GFR ⬍15 ml/min per 1.73 m2 or stage 5
CKD) will have their subsequent study visit accelerated to within 3 mo
of the documentation of GFR ⬍15 ml/min per 1.73 m2 to capture data
before onset of ESRD and will have telephone follow-up every 6 mo to
document the date of initiation of renal replacement therapy.
Table 3 depicts information to be obtained at baseline (i.e., follow-up
month 0) and at each subsequent study visit. Tests are to be conducted
on all cohort members, except when specifically targeted to a subcohort
as noted in Table 3. Annually, study investigators conduct a physical
examination and collect biologic specimens, and clinical site personnel
assist the parent and the child to complete a set of questionnaires. For

Table 3. Study measurements by visita
Follow-Up Month
Area

General

Kidney

Cardiovascular

Neurocognitive

Growth and nutrition

Inflammation
Bone health
a

Measurement

Physical examination/medical history
Medication use
Symptoms checklist
Iohexol-based GFR
Central renal panel
Central urine creatinine, proteinb
Cystatin C–based GFR
HPLC serum creatinine
Local basic metabolic panel
Local urine creatinine, proteinb
Local complete blood count
Local pregnancy test
Echocardiography
ABPM
Carotid IMTc (n ⫽ 30)
Lipid profile
Clinical BP
Pediatric quality of life
Cognitive and development
Behavioral assessment
Magnetic resonance imaged (n ⫽ 30)
Neuropsychological assessmentsd (n ⫽ 30)
Height or length
Weight
Head and mid-arm circumference
Tanner stage
3-d diet record, food frequency
Physical activity
Wide-range C-reactive protein
Intact PTH
Bone biopsyc (n ⫽ 10)

0

3 to 6

12

24

36

48

X
X
X
X
X
X
X
X
X
X
X
X

X
X
X

X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X

X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X

X
X
X
X
X
X

X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X

X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X

ABPM, ambulatory BP monitoring; IMT, intima-media thickness; PTH, parathyroid hormone.
First morning urine specimen collection.
c
Subcohort studies for carotid IMT and bone biopsy at select sites with technical capability to perform the specific tests.
d
High-risk neurocognitive testing and imaging will be performed at three sites with specific imaging capabilities in children
who are older than 9 yr and have GFR ⬍40 ml/min per 1.73 m2. High-risk neurocognitive assessment includes Children’s
Memory Scale (CMS), Delis-Kaplan Executive Function System (D-KEFS), Benton Judgment of Line Orientation and Form
Discrimination (Benton), and Clinical Evaluation of Language Fundamentals, Fourth Edition (CELF-4).
b
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future studies, CKiD stores samples of serum, plasma, and urine as well
as hair and fingernail clippings in a biosamples repository. In addition,
to empower the study with a virtually inexhaustible supply of DNA,
CKiD has requested that the National Institute of Diabetes and Digestive and Kidney Disease genetics repository create lymphocyte cell
lines based on a sample of whole blood taken at the 6-mo visit. From
annual blood and urine collection, we obtain centrally determined
HPLC serum creatinine, renal panel, urine creatinine and protein, and
local complete blood count and pregnancy tests.
The physical examination consists of height or length, weight, head
(age ⬍ 3 yr) and mid-upper arm circumferences, Tanner stage, edema
classification, clinical BP, and resting pulse measured at each study
visit. Tanner staging is standardized at annual training meetings, and
medical illustrations of male and female Tanner stages are included on
the study forms. The collection of annual questionnaires elicits information from the parent and the child about medical history, medication
use, symptoms, quality of life, dietary intake, and environmental exposures (e.g., smoking, alcohol). Medication use includes prescription
and over-the-counter medicines, dietary supplements, nutritional aids,
and alternative medicines. Quality of life is measured with the parent
and child versions of the Pediatrics Quality of Life Scale, a 23-item
generic health status instrument that assesses five domains of health
(Physical Functioning, Emotional Functioning, Psychosocial Functioning, Social Functioning, and School Functioning) in children and adolescents ages 2 yr and older (9,10). To assess physical activity, smoking,
and alcohol and drug use in participants who are 12 yr old and older,
questions from the 2005 Youth Risk Behavior Survey will be used
(11,12).
Three-day diet records and a child version of the Willett food frequency questionnaire (13) will be obtained on a yearly basis beginning
at the second visit at 3 to 6 months (V1b). Children and parents are
instructed on how to complete a consecutive 3-d 24-h recall food diary
by study coordinators who have undergone training to standardize
instructions.
Clinical BP is measured three times at one sitting during the study
visit, and the mean of the systolic and diastolic BP will be used.
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Hypertension will be defined as outlined in “The Fourth Report on the
Diagnosis, Evaluation, and Treatment of High BP in Children and
Adolescents” (14). Other CV measurements, including echocardiography, ABPM (SpaceLabs 90217 device, Issaquah, WA), and carotid artery
intima-media thickness, will be taken at the same visits as the iohexol
GFR beginning in month 12. A battery of neurocognitive tests (Table 4)
and measures of nutrition and bone health (e.g., intact parathyroid
hormone) will be taken at the 3- to 6-mo follow-up visit and then in
alternate years between iohexol-based GFR measurements. The parathyroid hormone assay that will be used is the Elecsys System 2010
(Roche Diagnostics, Mannheim, Germany), a one-step sandwich electrochemiluminescence immunoassay that is based on the streptavidinbiotin technology (15).

Measurement of GFR
GFR will be measured at baseline, 12 mo, and biannually thereafter.
GFR measurements will be based on blood disappearance curves with
four time points at 10, 30, 120, and 300 min after infusion of 5 ml of
iohexol (Omnipaque; GE Healthcare [formerly Amersham Health],
Princeton, NJ). The timing of these four points was determined on the
basis of pilot data (16). Concurrent with the iohexol-based measurement of GFR will be a cystatin C– based GFR measurement.

Primary Outcomes
The primary outcome is the rate of decline of the biomarker GFR,
which is measured repeatedly over time in cohort participants. Specifically, iohexol-based GFR will be measured every 2 yr, and Schwartzbased GFR will be assessed every year. A secondary outcome is the
time to ESRD, defined by transplantation, dialysis, or a 50% decrease in
GFR.

Statistical Analyses
The repeated assessment of growth and development (e.g., physical
measures of height, weight, and Tanner staging), cognitive and behavioral function, and health-related quality of life will allow us to assess

Table 4. CKiD neurocognitive battery by age
Test

Core tests for cognitive and developmental assessment
Mullen Scales of Early Learning
Wechsler Preschool & Primary Scale of Intelligence, Third Edition (WPPSI-III)
Conner’s Kiddie Continuous Performance Test (K-CPT)
Conner’s Continuous Performance Test II (CPT-II)
Wechsler Abbreviated Scales of Intelligence (WASI)
Wechsler Individual Achievement Test, Second Edition–Abbreviated (WIAT-II-A)
Core tests for behavioral assessment
Adaptive Behavior Assessment System, Second Edition (ABAS-II) Parent Form
Behavior Rating Inventory of Executive Function–Preschool Version (BRIEF-P)
Pediatrics Quality of Life Scale
Parent Form
Child Form
Behavior Assessment System for Children, Second Edition (BASC-2)
Parental Rating Scales (BASC-PRS)
Self-Report of Personality (BASC-SRP)
Behavior Rating Inventory of Executive Function (BRIEF)
Children’s Depression Inventory (CDI)

Age Range

12 to 29 mo
30 mo to 5 yr
4 to 5 yr
6 to 18 yr
6 to 18 yr
6 to 18 yr
1 to 18 yr
2 to 5 yr
2 to 18 yr
8 to 18 yr
2
8
6
7

to
to
to
to

18
18
18
18

yr
yr
yr
yr
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the trajectories of these measures in children with stable kidney function and in those with declining kidney function in this cohort. The
prospective nature of the cohort design will allow us to analyze properly the effect of the exposure (i.e., decline in GFR) on growth rates,
sexual development, gain in cognitive and developmental function, etc.
This will allow the identification of the effect of progressive kidney
disease on slowing growth and development trajectories in children
with CKD.

Results
Longitudinal Data Analysis of Biomarkers
The longitudinal data analysis methods described in this
section apply with equal force to the analysis of the rate of
decline in kidney function as measured by GFR, to the level and
rate of changes in standardized neurocognitive function, to the
level and rates of change of BP (obtained either by ABPM or in
the clinical setting) and fasting lipids, and to the level and rates
of growth as measured by changes in height or weight. For
analyses that examine risk factors for decline in GFR, the outcome is continuous and may be analyzed as measured, or
transformed to the log scale.
An important issue of longitudinal data is the intrinsic dependence of the observations measured over time within individuals (17–19). One approach to handle this dependence is to
use generalized estimating equations (20). Alternatively,
mixed-effects approaches (21) model the correlation of the repeated observations that are obtained over time for each individual. A key feature of such methods for longitudinal data is
the ability to incorporate incomplete and unbalanced data (22).
Classical methods of longitudinal analyses that weight individuals according to the number of data points contributed over
time can be misleading. In particular, if we censor patients who
progress quickly and proceed rapidly to ESRD, then it is possible that those who contribute the most data points would be
those who decline the least, and, in turn, fast progressors may
be underrepresented. Missing data methods may be tailored to
account for such informative censoring (23,24).

Analysis of Time-to-Event Data
In the CKiD study, some time-to-event outcomes of potential
interest are (1) stage 5 CKD (ESRD), (2) initiation of renal
replacement therapy with dialysis or transplant, (3) a prespecified reduction (e.g., 50%) in GFR, and (4) incident hypertension.
To study the natural history of CKD rather than anchor the
analysis time scale as zero at the date of enrollment, we will
anchor the time scale using birth or date of diagnosis of CKD
obtained from medical records. Although children may be enrolled during roughly the same calendar period, construction of
risk sets would account explicitly for the time since birth (i.e.,
age) or CKD diagnosis. Statistical methods to handle late entries will be used (25,26). Semiparametric survival methods,
such as Cox proportional hazards regression, will be used to
compare groups. However, parametric survival methods (27–
29) will be used to provide clinical insight about the underlying
disease process.
For a cohort of children with CKD, time to transplantation
and time to dialysis may act as competing risks. Common
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methods for handling competing risks are to (1) construct a
combined end point (e.g., ESRD), (2) censor one type of risk
while modeling the second type of risk, or (3) fit an explicit
model for the competing risks. Although some key analyses
will use a combined ESRD end point (option 1), use of competing risk models (option 3) likely will yield insight that is not
gleaned from the analysis of the combined end point (30,31).
For example, race may have differing effects on the time to
transplantation and time to dialysis.

Analytic Methods of Nested Studies
It is anticipated that many hypotheses will involve highly
expensive or time-consuming laboratory assays, such that it
will not be possible to investigate these hypotheses in the full
cohort. In such cases, it will be necessary to either (1) identify
case patients and match them to control subjects on the basis of
specific characteristics to perform nested case-control analysis
or (2) select a subcohort in which to perform a case-cohort
analysis (32). An example of a nested case-control study in
CKiD would assess a novel biomarker for CKD progression
among all case patients who develop ESRD with biosamples
that previously were obtained in this cohort compared with a
set of age- and gender-matched children who are free of ESRD.
The nested design will allow efficient estimation of the association between the novel biomarker and development of ESRD
by requiring the biomarker to be measured only in the case
patients and a subset of, rather than all, control subjects.

Statistical Power
The primary scientific goal of the study is to determine risk
factors for rapid decline of GFR. Combining the measured GFR
with the eGFR on the basis of an internally derived formula will
result in a database with yearly GFR measurements. Assuming
a uniform enrollment rate over the course of 24 mo, we will
expect to have 270 children with four visits and 270 with three
visits. We assume 10, 5, and 5% will exit follow-up before visits
2, 3, and 4, respectively, as a result of dropout and incident
ESRD.
The slope of GFR decline in a group with a particular risk
factor, for example hypertension (the exposed group; i.e. ⌬1),
will be compared with the slope of GFR decline in the unexposed group without hypertension, for example (i.e., ⌬0). This
ratio ⌬1/⌬0 is the primary parameter for which the study is
powered. Therefore, the primary hypothesis is whether ⌬1/⌬0
⫽ 1 (i.e., there is no risk for an accelerated decline associated
with a putative exposure). We present statistical power curves
for ⌬1/⌬0 to be between 1.1 and 1.5 (i.e., an increase in the rate
of decline as a result of the exposure from 10 to 50%), with a
two-sided significance level of 5% (Figure 2). We assume that
the SD of the baseline GFR is 12 ml/min per 1.73 m2 on the
basis of data from the Modification of Diet in Renal Disease
(MDRD) and the African American Study of Kidney Disease
(AASK). An overall rate of decline of 5 ml/min per 1.73 m2 per
year was assumed on the basis of NAPRTCS data (8). The three
power curves in Figure 2 depict 20, 30, and 40% of the cohort
being exposed. For a risk factor to which 40% are exposed, the
study will have 80% power to detect an increase of 24% among
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Figure 2. Statistical power for decline in GFR at 5% two-sided
significance level with N ⫽ 540 and overall rate of GFR decline
of 5 ml/min per 1.73 m2 per year.
the exposed (i.e., ratio of slopes ⫽ 1.24) when the overall rate of
decline is 5 ml/min per 1.73 m2 per year.
Alternative analytical methods will use the time to event, in
which the event may be ESRD. Table 5 shows the rate ratios
that will be detectable with 80% statistical power at a 5%
two-sided significance level according to three possible rates of
progression per 100 person-years among the unexposed—3, 6,
and 9 per 100 person-years—and by three levels of the prevalence of exposures of interest: 20, 30, and 40%. The total number
of person-years will be 1350 (270 ⫻ 3 ⫹ 270 ⫻ 2), and allowing
for an attrition of 20%, we use 1080 person-years in these power
calculations. Specifically, reading from the center of Table 5, if
the incidence is 6 per 100 person-years among the unexposed
and 30% are exposed, then we will have 80% power to detect a
rate ratio of approximately 1.9. However, if the event were to be
defined, as in the AASK study (33), as (1) ESRD, (2) ⱖ50%
decline in GFR, or (3) decline of at least 25 ml/min per 1.73 m2,
then a rate of 9 per 100 person-years among the unexposed may
be more appropriate and greater statistical power will result
under such a composite end point.

Discussion
CKD is a growing problem in the United States. Previous
longitudinal studies of renal disease progression in adults

Table 5. Detectable rate ratios for ESRD with 80%
statistical power at 5% two-sided significance level
(N ⫽ 540)
Incidence among the Unexposed
% Exposed

20
30
40

3 per 100
Person-Years

6 per 100
Person-Years

9 per 100
Person-Years

2.61
2.37
2.26

2.06
1.91
1.84

1.84
1.72
1.67
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(33,34) have suggested that the annual rate of decline in GFR in
patients with CKD is approximately 3 to 5 ml/min per 1.73 m2.
Therefore, many young adults who present with ESRD likely
developed early stages of CKD in childhood or adolescence. In
addition, CKD and its metabolic derangements substantially
affect the well-being of children. The CKiD study will focus on
risk factors for CKD progression. The study will obtain longitudinal data on 540 children who are aged 1 to 16 yr at study
entry and have mildly to moderately impaired kidney function
to determine the heterogeneity of rates of decline of renal
function.
The CKiD study has several design elements that are unique.
Kidney function will be measured by blood clearance of iohexol
annually for the first 2 yr and then every other year. The first
two iohexol-based GFR measurements will provide a precise
baseline value from which to assess decline in biannual iohexolbased GFR measurements. Because it forgoes the intrinsic variability and limitations of urinary clearances of inulin,
iothalamate, and indirect measures of kidney function that are
based on serum creatinine, the use of iohexol GFR measurement, as proposed in CKiD, has the potential to become the
standard for a precise measurement of kidney function in large
population studies (35).
Furthermore, every year, we have the standard creatininebased GFR estimates that allow for developing equations between iohexol- and creatinine-based GFR measurements.
Through comparison with iohexol GFR measurement, the
CKiD cohort study will provide a unique opportunity to improve on the current limitations of creatinine-based estimates of
GFR in longitudinal follow-up of children with increasing muscle mass as a result of growth and puberty. Currently, creatinine-based estimates of GFR using the Schwartz formula use a
different coefficient for pubertal boys; however, this alternative
coefficient frequently is applied at a chronologic age cutoff,
rather than more specifically associated with pubertal development and muscle mass. Delayed puberty, which is common in
adolescents with CKD, may result in striking differences in
eGFR depending on which Schwartz coefficient is applied.
With the incorporation of age, gender, Tanner staging, height,
and creatinine, compared with iohexol GFR in the CKiD study,
we expect to find a continuous formula to estimate GFR from a
combination of these parameters. Such an equation will be the
essential means to complete the iohexol-based GFR data every
year. For such purposes, we apply standard statistical procedures of imputation of missing data. Our design of collecting
data on all participants every other year is stronger than alternative designs of selecting subsets of the cohort to be measured
every year.
There are a number of unique challenges in conducting a
multicenter cohort study of children. In contrast to studies of
adults, one must obtain consent from parents as proxies for
their children, as well as obtain the participating child’s assent.
Obtaining consent for banking biologic and genetic materials
from children and their parents is complex; for these specimens
to remain in the repository, we may have to obtain consent for
participation from children and adolescents when they turn 18
yr old.
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In children, few large prospective cohort studies have addressed risk factors for CKD progression. High serum cholesterol (5), hyperlipidemia (36 –38), hypertension (39), proteinuria
(40), and race and ethnicity (41) each have been associated with
CKD progression. This cohort study, with standardized prospective measurements and precise measures of GFR, will allow refined assessment of the risk that is associated with these
clinical findings in children.
The effects of CKD on neurodevelopment and cognitive function of children remain largely unknown, but age of CKD onset
(42,43), duration of kidney failure (44,45), hypertension (46),
anemia (47–50), and depression (51–53) have been associated
with impairments in cognition and neurodevelopment. Furthermore, systematic assessment of nutritional status by measurement of growth parameters (height, weight, mid-upper
arm circumference, pubertal development, and nutritional intake via 3 d diet history) and food frequency questionnaire will
be collected to define further the influence of CKD on these
parameters and the influence of these parameters on cognition
and development.
A key strength of the CKiD study is the measurement of GFR
in the entire cohort. Currently, the best clinical estimate of GFR
used in children is the Schwartz formula. However, studies that
describe the precision of the Schwartz formula show that only
approximately 75% of estimates are within 30% of the GFR
measured by inulin clearance (54). Formulas such as the Cockcroft-Gault equation (55) and the more recent MDRD equation
(56), which are used to estimate GFR in adults, do not generalize to children (57). The study intends to develop a novel
estimating equation for GFR in children.
The proposed infrastructure for the CKiD study can serve as
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a platform for ancillary research grants and career development
awards to enhance the scientific output of the study. Serum,
plasma, and urine will be collected so that future ancillary
studies potentially can examine the role of cytokines and chemokines in CV disease, malnutrition, growth failure, and CKD
progression. Lymphocyte cell lines will be generated to facilitate study of genetic predisposition to CKD progression. Successful study implementation will improve understanding of
the physiologic, genetic, environmental, and socioeconomic factors that are associated with CKD progression and with the
impact of neurocognitive and CV sequelae on the overall wellbeing of children. Finally, identification of modifiable risk factors for progressive CKD, neurocognitive deficits, and CV disease may lead to intervention trials to improve the health
outcomes of children and adolescents with CKD.
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Appendix: CKiD Investigators by Clinical Site
Site

Principal Investigator

Children’s Mercy Hospital CCC
British Columbia Children’s Hospital
Cardinal Glennon Hospital
Children’s Hospital and Medical Center–Cincinnati
Children’s Hospital and Medical Center–Seattle
Children’s Hospital–Boston
Children’s Hospital Central California
Children’s Hospital of Alabama
Children’s Hospital of Los Angeles
Children’s Hospital of Winnipeg
Children’s Mercy Hospital
Egleston Children’s Hospital–Emory University
LeBonheur Children’s Medical Center
Medical College of Wisconsin
Oklahoma University Health Science Center
Oregon Health Science University
Phoenix Children’s Hospital
Rainbow Babies & Children’s Hospital
St. Louis Children’s Hospital
Stanford University Medical Center
State University of New York–Stonybrook
The Children’s Hospital at Denver

Colin White, MD
Ellen Wood, MD
Fred Strife, MD
Sandra Watkins, MD
Nancy Rodig, MD
Jerome Murphy, MD
Mark Benfield, MD
Gary Lerner, MD
Tom Blydt-Hansen, MD
Bradley Warady, MD
Barry Warshaw, MD, Larry Greenbaum, MD, PhD
Deborah Jones, MD
Cynthia Pan, MD, PhD
Martin Turman, MD, PhD
Robert Mak, MD, PhD
Bruce Morgenstern, MD
Ira Davis, MD
Paul Hmiel, MD
Steve Alexander, MD
Ivy Boydstun, MD
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Appendix: Continued
Site

Principal Investigator

UCSF Children’s Renal Center
University of California–Los Angeles
University of California–San Diego
University of New Mexico
University of South Florida
University of Texas–Southwest Medical Center
University of Wisconsin
Johns Hopkins University CCC
Alfred I. Dupont Hospital for Children
Children’s Hospital at Montefiore
Children Hospital of Michigan
Children’s Hospital of New York, Columbia University
Children’s Memorial Hospital, Northwestern University
Children’s National Medical Center
Columbus Children’s Hospital, Ohio State University
INOVA Fairfax Hospital for Children
Johns Hopkins Children’s Center
Indiana University, Riley Hospital for Children
Maimonides Medical Center
Mount Sinai Medical Center
New York Presbyterian Hospital
North Shore University Hospital
Robert Wood Johnson Medical School–UMDNJ
Schneider Children’s Hospital, Long Island Jewish
Texas Children’s Hospital, Baylor
University of Florida
University of Maryland
University of Michigan, Mott Hospital
University of North Carolina, Chapel Hill
University of Rochester Medical Center, Goliano
Children’s Hospital at Strong
University of Texas, Houston
University of Virginia
Vanderbilt Children’s Hospital
Westchester Medical Center
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