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Abstract
Chronic kidney disease (CKD) is a life-long condition associated with substantial morbidity and
premature death due to complications from progressive decline in kidney function. The incidence
and prevalence of all stages of CKD in children continues to increase worldwide. Between 2000
and 2008, the kidney replacement therapy incidence rate among those 0–19 years of age rose 5.9%
to 15 per million population, highlighting the importance of CKD research in children. Many
comorbid conditions seen in adults with CKD, including cardiovascular disease and cognitive
impairment, are also highly prevalent in children, implicitly demonstrating the crucial need for
initiating therapy early to improve health outcomes in children with CKD.

The CKiD (Chronic Kidney Disease in Children) study is a prospective cohort study of 586
children aged 1–16 years with an estimated glomerular filtration rate (eGFR) between 30 and 90
ml/min/1.73 m2. Since its inception, CKiD has identified risk factors for CKD progression and
cardiovascular disease in children with CKD and has highlighted the effects of CKD on outcomes
unique to children, including neurocognitive development and growth. This review summarizes
findings to date, illustrating the spectrum of CKD-associated complications in children and
emphasizing areas requiring further investigation. Taken in sum, these elements stress that
initiating treatment at an early age is essential for reducing long term morbidity and mortality in
children with CKD.
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Chronic kidney disease (CKD) is a growing worldwide public health issue. Various studies
report a prevalence of CKD ranging from 15–74.7 cases per million children (5). Children
with CKD are at risk for increased morbidity, mortality, and decreased quality of life, and a
significant percentage of children with CKD will develop kidney failure by 20 years of age.
Critically, the incidence and prevalence of all stages of CKD in children continues to
increase worldwide, and, in the United States between from 2000 to 2008, the incidence of
people 0–19 years of age initiating kidney replacement therapy rose 5.9% to 15 per million
population (1). With the expected remaining lifetime for a child with end-stage renal disease
(ESRD) treated with dialysis estimated to be approximately 18 years (5) and children
requiring dialysis having mortality rates 30 to 150 times higher than the general pediatric
population (5, 6), the early detection and management of CKD is crucial to delay or even
prevent progression to ESRD.

The CKiD (Chronic Kidney Disease in Children) study was initiated to address the void in
our knowledge of CKD in children. Enrolling 586children between the ages 1 and 16 years
with an estimated glomerular filtration rate (eGFR) between 30 and 90 ml/min per 1.73 m2,
the CKiD study is the largest North American multicenter study of children with CKD. The
observational cohort design and methods of the CKiD study have been described in detail
previously (Box 2 and Table 1) (7). Children are followed longitudinally until they are 21
years of age, transplanted, or transferred to an adult center; the primary outcome is the rate
of GFR decline with a secondary outcome of time to ESRD or a 50% decrease in GFR (7).
CKiD enrolled a diverse cohort of children to explore risk factors for CKD progression and
manifestations of CKD in this unique and important population (Table 2). Specific aims of
CKiD include: (1) identifying and quantifying novel and traditional risk factors for
progression of CKD; (2) characterizing CKD progression effects neurodevelopment,
cognitive abilities, and behavior; (3) describing the prevalence of cardiovascular disease and
associated risk factors; and (4) examining the effects of declining kidney function on growth
in children with CKD. This review will summarize results from over 20 publications from
the CKiD study (Box 4), placing these findings into the wider context of CKD in both
children and adults worldwide.

Novel and traditional risk factors for GFR decline in CKD
The ability to assess CKD progression begins with defining kidney disease. In 2002, the
National Kidney Foundation’s Kidney Disease Outcomes Quality Initiative (NKF-KDOQI)
defined a five-stage classification system for severity of CKD based upon GFR and kidney
damage markers (8). To apply this staging system optimally to children, CKiD first
identified the necessary tools to validate creatinine measurements and then developed more
accurate equations to estimate kidney function in children. Prior estimating equations for
children were developed before the change in the standard methodology for creatinine
measurement from Jaffe to enzymatic methods (9, 10). Accordingly, as a prerequisite to
generating an estimating equation, CKiD investigators evaluated the use of iohexol
clearance from plasma, with blood samples obtained at 120 and 300 minutes after iohexol
infusion, as a means to measure GFR directly and to detect small changes in GFR (11),
validating its use as an accurate method to obtain measured GFR (mGFR) (12–14). The
relative ease of this technique is reflected by the fact that, of over 2000 iGFR assessments
performed at over 48 CKiD sites, only 5–7% of measurements were unattainable.
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Using iGFR data in conjunction with serum creatinine, serum urea nitrogen, serum cystatin
C, sex, and height, CKiD developed more accurate equations to estimate GFR in children
with CKD. The more complete estimating equation (Box 1) was highly correlated with
iGFR (r=0.88; 95% confidence interval [CI] for difference between eGFR and mGFR, −17.1
to 12.7 mL/min/1.73 m2), with a small bias for eGFR values being lower (−2.23 ml/min/
1.73 m2) (15). A simpler “bedside formula” to estimate GFR in children with CKD was also
derived (15).

Using the bedside CKiD equation, 79.4% of eGFR values were within 30% of the measured
iGFRs. Critically, the new equations are based on enzymatic creatinine methodology;
accordingly, they result in eGFR values 25% lower than values determined by the initial
Schwartz equation, an equation derived from Jaffe-based serum creatinine measurements
(9). These CKiD eGFR formulas are accurate in children aged 1 to 16 years with eGFR
levels from 15 to 75 ml/min/1.73 m2. Since these formulas have not been validated in
children with higher GFR levels, additional studies in children and adolescents with normal
kidney function and earlier stages of CKD are ongoing (15).

In addition to eGFR, the diagnosis of CKD is based upon the presence of structural and/or
functional kidney damage, defined as the presence of proteinuria, abnormal urine sediment,
and/or abnormal kidney imaging or pathology present for 3 months or longer. Proteinuria,
defined as a urine protein to creatinine ratio (UPCR) >0.2 g/g and/or urine microalbumin-
creatinine ratio >30 mg/g, is a urinary biomarker that has been strongly associated with the
presence and progression of CKD.

To better understand the factors that contribute to proteinuria in children with CKD, the
CKiD study examined the epidemiologic distribution of proteinuria in a cross-sectional
analysis of 419 children (16). Results showed that 76% of the CKiD cohort had significant
proteinuria (62% with UPCR between 0.2 and 2 g/g and 14% with UPCR > 2 g/g). Non-
Caucasian children had 40% higher UPCR levels than Caucasian children. Adult studies
report similar results, indicating that further investigation is needed to determine if
proteinuria contributes to the higher burden of ESRD in non-Caucasian individuals (17).
Also noteworthy was the finding that, regardless of GFR, children with a glomerular cause
of CKD had UPCR values on average 140% greater than those with non-glomerular kidney
diseases (16).

Among CKiD participants with significant proteinuria, over half (55%) were receiving a
renin-angiotensin system (RAS) antagonist (16). An important finding from a therapeutic
standpoint of managing proteinuria was that children with glomerular disease receiving RAS
antagonistic therapy had lower UPCR (median = 0.93 g/g) versus those with glomerular
disease not receiving RAS antagonistic therapy (median UPCR = 3.78 g/g) (16). Similar
findings of reduced levels of proteinuria were not present in children with non-glomerular
disorders receiving antagonistic therapy, but this may be due to their overall lower median
baseline UPCR of 0.42 g/g for those who were receiving a RAS antagonist and 0.45 g/g for
those who were not (16).

For each 10% reduction in iGFR, CKiD participants had on average a 14% greater UPCR
(16). This finding is consistent with other studies, including results from the European
GISEN adult group, the pediatric Ital Kid project, and the ESCAPE trial, all of which
showed proteinuria to be a strong predictor for progressive decline in kidney function (2,
18–20). Further review of studies examining the effect of proteinuria in children with CKD
suggests that the severity of proteinuria may play a larger role in progression of CKD than
the effect of glomerular versus non-glomerular proteinuria on kidney function (18, 19, 21).
Accordingly, determination of the impact of glomerular versus nonglomerular disease and
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severity of proteinuria on CKD progression is a key CKiD study goal; these results will be
assessed with longitudinal follow up of the CKiD cohort.

Cardiovascular disease risk factors in children with CKD
Hypertension

Complications of CKD, such as acidosis, hypervolemia, hypertension, dyslipidemia, and
anemia, all increase a child’s risk for cardiovascular disease, the leading cause of death in
children with kidney failure (22). Given the role of hypertension as a cardiovascular disease
risk factor, the prevalence and correlates of hypertension were studied in 432 CKiD
participants (23). Elevated BP was defined as BP ≥ 90th percentile for age, sex, and height
(24), and hypertension was defined as BP ≥ 95th percentile or a history of hypertension with
current antihypertensive medication treatment (24). Analysis of casual BP measurements
obtained using an aneroid sphygmomanometer revealed 54% (n=233) of children in the
CKiD cohort had either baseline systolic or diastolic hypertension or a history of
hypertension plus antihypertensive medication use (23). Characteristics associated with
elevated systolic BP included black race, glomerular cause of CKD, shorter duration of
CKD, obesity, and elevated serum potassium (23). Diastolic hypertension was associated
with younger age, black race, shorter duration of CKD, and nephrotic range proteinuria (23).

Pediatric and adult studies have shown the beneficial effect of strict BP control on kidney
survival (25, 26). Despite efforts to control BP, almost half (n=98 of 202) of the CKiD
cohort who were diagnosed with elevated BP had uncontrolled hypertension, defined as a
systolic or diastolic BP ≥ 90th percentile with current prescribed use of antihypertensive
medication (23). Male sex, black race, shorter duration of CKD, and lower use of
angiotensin-converting-enzyme (ACE) inhibitors or angiotensin II-receptor-blockers (ARB)
characterized the children in CKiD with uncontrolled hypertension.

Adult studies have reported racial disparities in kidney disease related blood pressure status,
with blacks having a higher prevalence of poorly controlled hypertension than whites (27–
30). As mentioned above, black children enrolled in CKiD had a significantly greater risk of
having elevated BP at study entry as well as uncontrolled BP; this discrepancy persisted
after adjusting for age, cause and duration of CKD, iGFR, degree of proteinuria, obesity, and
antihypertensive medication use (23). Further studies are needed to identify whether
genetics, environmental exposures, socioeconomic status, and/or barriers to healthcare
contribute to racial differences in BP control.

Notably, children with uncontrolled BP were less likely to have received an ACE inhibitor
or ARB compared with children who had controlled BP (Table 3)(23). When viewed in the
context of the ESCAPE trial, in which children with CKD who received therapy with an
ACE inhibitor and achieved BP in the low range of normal had a 35% reduction in the
relative risk of 50% kidney function decline or progressing to ESRD within 5 years of
initiating therapy (25), ACE inhibitors and angiotensin receptor blockers may be an integral
therapy for managing kidney disease in children. Ongoing longitudinal analyses within
CKiD will help advance our understanding of this issue.

Masked Hypertension and Left Ventricular Hypertrophy
To further evaluate the impact of elevated BP in the CKiD cohort, baseline
echocardiographic findings (n=366), casual BP measurements, 24-hour ambulatory blood
pressure monitoring (ABPM) data (n=226), kidney function, and demographic and clinical
characteristics of the participants were analyzed (31). Hypertension was more commonly
detected by ABPM than by casual BP measurements alone. Eighteen percent of the CKiD
cohort had confirmed hypertension (hypertension detected by both ABPM and casual BP
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measurements) and 38% had masked systolic or diastolic hypertension (hypertension
detected only by ABPM). A significant percentage of children not receiving any
antihypertensive therapy had either masked or confirmed hypertension, 29% and 15%,
respectively (31). These results identify a need to improve the detection of hypertension in
these children and to provide adequate therapy. The high prevalence of masked hypertension
supports the routine use of ABPM to detect elevated BP and to guide antihypertensive
therapy in children with CKD. This is also important in light of recent data on the prognostic
value of ABPM measurements in adults with CKD (32).

LVH is a common finding in adults with CKD, identifying individuals at additional risk for
future CVD events (33, 34). Evaluation of the CKiD participants’ echocardiography data
from 1 year after they entered the study revealed that 17% (62 of 366 ) of these children had
LVH (31). Eccentric LVH, characteristically associated with volume overload and anemia,
was seen in 11%, while concentric LVH, typically considered to result from hypertension,
was present in 6% of the children. Most importantly, a higher percentage of children with
confirmed and masked hypertension had LVH (34% and 20%, respectively) compared to
those with normal BPs (8%) (31). The presence of confirmed or masked hypertension was
the strongest predictor for LVH (odds ratios of 4.3 and 4.1, respectively); these findings that
strengthen the support of standard use of ABPM and echocardiography to help determine
cardiovascular risk and to guide BP therapy in children with mild to moderate CKD (31).

Dyslipidemia
Adult and pediatric studies have shown dyslipidemia is due to disorders in lipoprotein
metabolism and is often present in those with CKD(35). To determine the prevalence and
pattern of dyslipidemia in children with CKD, a cross-sectional analysis of lipid
measurements was performed in 391 CKiD participants (36). Forty-five percent of the
children had dyslipidemia (defined as triglycerides >130 mg/dl, high-density lipoprotein
[HDL] cholesterol <40 mg/dl, or non-HDL cholesterol >160 mg/dl) or combined
dyslipidemia (defined as the presence of two or more lipid abnormalities) (36).
Hypertriglyceridemia was present in 32% (n=126) of the CKiD cohort. Overweight or obese
children had triglyceride levels on average 30% higher than those with a normal BMI (p
≤0.01), and 61% of children with nephrotic-range proteinuria had hypertriglyceridemia.
Other lipid abnormalities were also common in the CKiD cohort, with 16% having non-
HDL-C levels greater than 160 mg/dL and 21% with low HDL-C levels less than 40 mg/dL;
such abnoramlities were associated with increased age, obesity, and lower GFR (36).

An assessment of the relationship between GFR and the prevalence of dyslipidemia in the
CKiD cohort revealed that children with a lower GFR (<30 versus >50 ml/min/1.73 m2) had
a significantly greater risk of having dyslipidemia and a nearly nine fold greater risk of
combined dylipidemia (31). Increasing levels of proteinuria were also associated with an
increased prevalence of dyslipidemia. Due to the high prevalence of dyslipidemia in children
with CKD, these findings support recommendations to screen children with CKD for
dyslipidemia so as to identify this risk factor early, to guide therapy, and ideally to improve
cardiovascular health.

Anemia
Like traditional cardiovascular risk factors such as hypertension, LVH, and dyslipidemia,
anemia also has been linked to poor cardiovascular outcomes and increased morbidity and
mortality in children (37). Treatment of CKD-associated anemia has been associated with
improvements in quality of life, neurocognitive function, and exercise tolerance (38, 39). To
gain a better understanding of the relationship between hemoglobin levels and GFR,
baseline hemoglobin values and iGFR were evaluated in 340 CKiD participants (40).
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Anemia was defined by the 2006 NKF-KDOQI anemia guidelines as a hemoglobin level
less than the fifth percentile of the reference range, (10.7–13.5 g/dL, based on NHANES III
data) after adjusting for age and sex (41). Forty-five percent of the children in CKiD were
anemic and hemoglobin levels were found to progressively decline when iGFR fell below 43
ml/min/1.73m2 (40). Sixty percent of patients with anemia were not receiving erythropoiesis
stimulating agents (ESA) and, of the children receiving an ESA, 14% had a hemoglobin
level ≤11 g/dL. Results of this analysis emphasize the importance of recognizing the
potential for hemoglobin decline and assessing the need for anemia treatment early in the
course of CKD in children.

To evaluate racial disparities in anemia in children with CKD, hemoglobin differences by
race were evaluated in 429 study participants (42). Results showed that African American
race was associated with hemoglobin values that were on average 0.6 g/dL lower than their
white counterparts, independent of GFR or cause of CKD. Fewer African American children
had hemoglobin values greater than the 5th percentile for age and sex, and the disparity was
even more marked at lower hemoglobin values (42). More studies are needed to evaluate
whether early screening and initiation of therapy for anemia in African American children
leads to improved outcomes and to explore if the definition of anemia should expand beyond
age and sex to also include race (43).

Though the diagnosis of anemia in children differs with age and sex, the target hemoglobin
levels that guide anemia therapy in children with CKD do not vary by age and sex.
Furthermore, diagnostic and treatment guidelines are extrapolated mainly from adult
references and influenced by findings from studies conducted in adults (44–46). Further
investigation is needed to evaluate if current NKF-KDOQI hemoglobin target levels in
children with anemia in CKD allow for optimal growth, development, and exercise
tolerance, and to evaluate the effects of therapy on kidney function and cardiovascular
disease risk (47).

Growth
Growth retardation is the most visible of all complications experienced by children with
CKD. Historically, contributing factors for poor growth include abnormalities of the growth
hormone IGF1 (insulin-like growth factor 1) axis, acidosis, malnutrition, and renal
osteodystrophy (48).

To further examine the factors that contribute to poor growth in this patient population, the
effect of abnormal birth history on growth outcomes was studied in 426 children enrolled in
CKiD (49). This analysis revealed that a high prevalence (17%) of children with CKD were
born with low birth weight (LBW; <2500 grams); this prevalence is substantially higher than
the 7.4% to 8.2% prevalence of LBW seen in the United States (49a). Fourteen percent of
the CKiD cohort was small for gestational age (SGA; birth weight less than 10th percentile
for gestational age) and 40% of the cohort required neonatal intensive care immediately after
birth (49). Noteworthy was the finding that children with a history of LBW or SGA had an
additional negative effect on z-scores for both height (LBW: −0.43 ± 0.14, p < 0.01; SGA:
−0.29 ± 0.16, p = 0.07) and weight (LBW: −0.37 ± 0.16, p = 0.02; SGA: −0.41 ± 0.19, p =
0.03), which suggests that abnormal birth weight may be associated with poor growth (49).
These novel findings identify children with CKD and a history of LBW and SGA as having
additional risk factors for abnormal growth independent of kidney function (49). In turn,
these children may require earlier nutritional intervention and/or growth hormone therapy to
optimize growth.

Longitudinal growth impairment is common in children with CKD and has been shown to
adversely affect psychosocial development and quality of life in adults with child-onset of

Wong et al. Page 6

Am J Kidney Dis. Author manuscript; available in PMC 2013 December 01.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



CKD (50). Pediatric registry data has also shown increased mortality rates in children with
poor growth (51–53). Longitudinal analysis of CKiD data will study the effects of declining
kidney function on growth and evaluate the impact of growth failure on morbidity in
children with kidney disease.

Health-Related Quality of Life
The health-related quality of life (HRQoL) of children with CKD is an important outcome
measured in the CKiD study. Data from 402 children who completed the Pediatric Inventory
of Quality of Life Core Scales (PedsQL) were analyzed and compared to PedsQL results in
healthy children (54, 55). Children with CKD reported poorer overall HRQoL scores and
poorer physical, school, emotional, and social domain scores compared to healthy children
(p<0.001 for all parameters). Short stature (<5th percentile for height) was associated with
significantly lower scores in the physical functioning domain (95% confidence interval [CI]:
−10.9 to −0.6; P<.05) (54). Similar findings have been published in cross-sectional studies
of children with CKD in Brazil and Canada; these results emphasize the importance of
identifying decreased HRQoL in children with CKD and their families in order to provide
appropriate support (49, 50).

In an effort to identify factors specifically impacting HRQoL of children with urologic
disorders in CKiD, the prevalence and impact of urinary incontinence on HRQoL was
examined in 329 children who were 5 years of age or older (56). Seventy-one percent
(n=235) of the children were toilet trained, 23% (n=76) suffered frequent enuresis, and 6%
(n=18) were incontinent. The diagnosis of obstructive uropathy was common (45.5%) in
children who were incontinent. Children who were incontinent had significantly lower
scores in the physical (−15, 95% CI, −29.8 to −1.9, p=0.03) and school (−15.3, 95% CI,
−29.8 to −0.8, p=0.04) functioning scales, as well as a lower average total score (95% CI,
−25.2 to −1.8, p=0.02) on the PedsQL child report compared to children who were toilet
trained (56). These results highlight the importance of recognizing that urinary incontinence
is common in children with CKD and that its presence has a substantial negative influence
on the HRQoL of the affected children. Most importantly, inquiry and detection provide an
opportunity to treat the problem.

Similarly, sleep disturbances and fatigue can adversely affect the HRQoL of children with
CKD, along with their behavior, ability to learn and physical development (57). To further
define the frequency and severity of sleep problems in children with CKD, data from 301
children enrolled in the CKiD study were analyzed (58). Adolescents (>14 years) with a
lower iGFR (<50 ml/min per 1.73m2) reported falling asleep 2 to 3 times more often during
the day compared to younger children with higher GFRs. Using an antidepressant or CNS-
stimulating agent was associated with a greater frequency of trouble sleeping. Most
noteworthy was the finding that a report of “often” or “almost always” having trouble
sleeping from a parent or child was associated with lower PedsQL scores (58).

With sleep disturbances being common in children with CKD, the frequency and severity of
fatigue symptoms was analyzed from CKiD data as well. Results showed that children with
a iGFR <30 ml/min per 1.73m2 were almost four times more likely to report severe
weakness than those with a mGFR ≥ 50 ml/min per 1.73m2 (58). Further analysis found that
having “moderate” or “severe” weakness was significantly associated with a lower HRQoL
(58). Results from this study identified the importance of detecting and managing sleep
problems and daytime fatigue due to the potential positive impact therapy may have on
HRQoL in addition to cognitive functioning, emotional regulation, and behavior in children
with CKD (59).
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Neurocognitive status
Previous studies of children with CKD suggest that toddlers and children with ESRD are at
increased risk for delays in neurocognitive development; however, little information exists
on this topic in children with mild to moderate CKD (4). A report of baseline neurocognitive
function in the CKiD cohort revealed 21% to 40% of participants scored at least one
standard deviation below normative data on measures of intelligence quotient, academic
achievement, attention regulation, and executive functioning (60, 61), and children with
nephrotic range proteinuria (UPCR >2 g/g) scored lower on verbal and full scale IQ and
attention variability compared to those without significant proteinuria (60). In an
accompanying analysis, CKiD cohort participants with hypertension scored lower on visual-
spatial organization, planning, constructive abilities, and nonverbal reasoning (60). Results
from these studies highlight the importance of recognizing neurocognitive dysfunction in
children with CKD early because of the significant impact it may have on school
performance and the opportunity it presents for prompt intervention.

Conclusion
CKD is an important condition in children. Cross-sectional analysis of baseline CKiD data
has revealed valuable information that better defines the prevalence of comorbid conditions
and associated risk factors, including hypertension, LVH, dyslipidemia, anemia, poor
growth, and abnormal neurocognitive development, that accompany CKD. To date, CKiD
data has facilitated the development of more accurate estimating equations for GFR, which
will be valuable to monitor changes in kidney function of children over time and to identify
risk factors associated with CKD progression. CKiD data also identified a high percentage
of children with anemia, even at preserved eGFRs, prompting the need for further
investigation to define the contributing factors. Further analysis of CKiD data will evaluate
the impact of lower hemoglobin values on kidney function, cardiovascular health, growth,
and neurocognitive development with the goal of helping define optimal hemoglobin targets
based on clinical outcomes specifically for children that will guide therapy.

CKiD identified the prevalence of cardiovascular disease and associated risk factors and
found hypertension and dyslipidemia to be commonly present in the CKiD cohort, with
LVH present more often in children with hypertension or masked hypertension. These
findings suggest that routine screening with ABPM and echocardiography may be beneficial
to monitor the cardiovascular health of children with CKD. Longitudinal follow up of the
cohort will provide valuable insights into the impact of progressive disease severity on
neurocognitive development and growth experienced by this unique patient population.
Tremendous work remains to be done, but CKiD has identified critical targets and
developed important information to support intervention trails to address issues that issues
that stem from CKD in children.
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Table 2

CKiD study Baseline patient characteristics

Characteristica Value

Age, y 11 [7,14]

Male sex 364 (62)

Race:

 Caucasian 384 (66)

 Black 137 (23)

 Multi-racial or Other 65 (11)

Hispanic ethnicity 84 (15)

Weight percentile 46 [18,79]

Weight z-score −0.10 [−0.92,0.81]

Height percentile 24 [7,54]

Height z-score −0.69 [−1.45,0.11]

BMI ≥ 90th percentile 134 (24)

BMI < 15th percentile 55 (10)

BMI percentile 65 [35,89]

Low birth weight, <2500 g 105 (19)

Premature birth, <36 wk 72 (13)

mGFR, ml/min/1.73 m2 43.8 [32.8, 56.7]

Primary CKD diagnosis:

 Glomerular 129 (22)

 Genitourinary, cystic, or hereditary 416 (71)

 Other 41 (7)

Duration of CKD, y 6.4 [3.0,10.3]

Percent of life with CKD 92 [35,100]

Maternal education:

 High school or less/ <13 y 252 (43)

 More than high school/13 to <16 y 164 (28)

 4 years of college/≥16 y 170 (29)

Note: N = 586. continuous variables are given as median [25th, 75th percentile] or number (percentage).
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a
Missing data: n=8 missing Hispanic ethnicity; n=16 missing height percentile; n=28 missing BMI percentile ≥ 90th percentile; n=28 missing BMI

percentile < 15th percentile; n=31 missing height velocity; n=16 missing height < 3rd percentile

Abbreviations: BMI, body mass index; mGFR, measured glomerular filtration rate, CKD, chronic kidney disease; CKiD, CKD in Children.
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Table 3

Controlled and Uncontrolled Blood Pressure in CKiD*

Characteristic Uncontrolled BP (n=96) Controlled BP (n=104) p-value

Male sex 67 (68) 53 (51) 0.01

Black Race 22 (22) 10 (10) 0.02

CKD duration, y 6 ± 4 8 ± 4 <0.01

Antihypertensive medication use:

 ACEi/ARB 74 (76) 92 (88) 0.02

 CCB 32 (33) 17 (16) <0.01

 Other medications: 34 (35) 22 (21) 0.03

N=202 receiving antihypertensive medications. .

*
Seventy-three children with SBP and DBP <90th percentile receiving antihypertensive medications but not reporting a diagnosis of high BP were

excluded from analysis. Data from Flynn et al.23

Abbreviations: BP, blood pressure; ACEi: angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CCB, calcium channel
blocker; SBP, systolic blood pressure; DBP, diastolic blood pressure; CKD, chronic kidney disease
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Box 1

CKiD Estimating Equations

Complete estimating equation

eGFR (ml/min/1.73m2) = 39.1[height (m)/SCr (mg/dl)]0.516 * [1.8/SCysC (mg/L)]0.294 * [30/SUN (mg/dl )]0.169 × [1.099]male × [height (m)/
1.4]0.188

Bedside formula

eGFR (ml/min/1.73 m2) =[0.413 * Height (cm)] / [SCr (mg/dl)]

Abbreviations: CKiD, CKD in Children; eGFR, estimated glomerular filtration rate; SCr, serum creatinine; SCysC, serum cystatin C; SUN, serum
urea nitrogen
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Box 2

CKiD Study Participants Inclusion and Exclusion Criteria

Inclusion Criteria

• Age 1 to 16 yr

• eGFR* 30 to 90 ml/min/1.73 m2

• Informed consent (from parent or guardian)

Exclusion Criteria

• Solid organ, bone marrow, or stem cell transplant

• Dialysis within last 3 months

• Cancer or HIV diagnosis within last 12 months

• Inability to complete major data collection procedures

• Current enrollment in randomized clinical trial with unknown specific treatment

• Plans to relocate away from any CKiD site

• History of structural heart disease

• Genetic syndromes involving central nervous system

• History of profound mental retardation (IQ <40, significant impairment in adaptive function, and/or inability to independently
execute self-care skills)

*
eGFR estimated via the Schwartz equation using height and two measurements of serum creatinine obtained 18 mo before enrollment.

Abbreviations: eGFR, estimated glomerular filtration rate; HIV, human immunodeficiency virus; IQ, intelligence quotient; CKiD, CKD in
Children.
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Box 3

Summary of Novel Findings from CKiD study

1. Identify novel and traditional risk factors for the progression of CKD

• New bedside CKiD formula to estimate GFR in children age 1–16 years with GFR from 15 to 75 ml/min/1.73m2 (see Box 1).

• New GFR estimating formula using enzymatic creatinine shows 25% reduction in eGFR from Schwartz equation based on the Jaffe
method for measuring serum creatinine.

• Race, lower iGFR, and glomerular cause of CKD are independently associated with level of proteinuria.

• More than 30% of the children met the NKF-KDOQI definition for anemia in pediatric patients, hemoglobin concentration < 5th
percentile of normal when adjusted for age and sex.

• Hemoglobin level declines in a linear manner below a threshold iGFR of 43 ml/min/1.73m2, independent of age, race, sex, and
underlying diagnosis.

• African American children with CKD have lower hemoglobin levels and a higher prevalence of anemia than Caucasian children
despite no difference in erythropoietin or iron therapy.

2. Characterize the impact of a decline in kidney function on neurodevelopment, cognitive abilities, and behavior

• At study entry, 21% to 40% of children with CKD scored more than 1 SD below norm on a variety of neurocognitive tests.

• Children with proteinuria (UPCR >2) scored lower on verbal IQ, full-scale IQ, and attention variability compared to those without
elevated proteinuria.

• High blood pressure (SBP and/or DBP ≥ 90th percentile) is independently associated with lower scores on performance IQ, which
tests visual-spatial organization and construction, and non-verbal reasoning.

• HRQoL is adversely affected compared to healthy controls early in the course of CKD.

• Urinary incontinence occurs in almost 30% of children with CKD and is associated with impaired HRQoL.

• Sleep and fatigue problems in children with CKD are associated with decreased HRQoL.

3. Identify the prevalence and the evolution of cardiovascular disease risk factors in children with CKD

• Nephrotic range proteinuria is significantly associated with elevated DBP.

• African American children had a higher risk of having elevated blood pressures at entry into the CKiD study.

• Children with hypertension not receiving ACE inhibitor and/or ARB medication have an increased prevalence of uncontrolled BP.

• Use of calcium channel blockers is more common in children with uncontrolled BP.

• Strong association between the presence of hypertension and LVH.

• Likelihood of LVH was 4 times higher in children with masked hypertension compared to normotensive children.

4. Examine the effects of declining GFR on growth and assess the consequences of growth failure on morbidity in children with CKD

• Low birth weight and being small for gestational age at birth are novel risk factors for short stature in children with CKD.

• Short stature in children with CKD is associated with lower scores in the physical functioning domain of the PedsQL.

Abbreviations: ACE: angiotensin-converting enzyme; ARB, angiotensin receptor blocker; BP, blood pressure; LVH, left ventricular hypertrophy;
HRQoL, health-related quality of life; PedsQL, Pediatric Inventory of Quality of Life Core Scales; DBP, diastolic blood pressure; SBP, systolic
blood pressure; IQ, intelligence quotient; SD, standard deviation; iGFR, iohexol-based glomerular filtration rate; eGFR, estimated glomerular
filtration rate; GFR, glomerular filtration rate; CKD, chronic kidney disease; CKiD, CKD in Children. NKF-KDOQI, National Kidney
Foundation’s Kidney Disease Outcomes Quality Initiative.
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