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Carotid Intima-Media Thickness in Children with CKD:
Results from the CKiD Study
Tammy M. Brady, Michael F. Schneider, Joseph T. Flynn, Christopher Cox, Joshua Samuels, Jeffrey Saland, Colin T. White,
Susan Furth, Bradley A. Warady, and Mark Mitsnefes

Summary
Background and objectives In adults, increased carotid intima-media thickness (cIMT) as assessed by
ultrasonography is a valid predictor of cardiovascular events. Children with CKD are known to be at increased
cardiovascular risk. This study sought to identify cardiovascular risk factors associated with increased cIMT
in children with CKD.
Design, setting, participants, & measurements This was a cross-sectional analysis of cIMT obtained after 12
months of follow-up of 101 children aged 2–18 years with mild to moderate CKD (median GFR 42.9 ml/min per
1.73 m2) in the Chronic Kidney Disease in Children cohort study enrolled between April 2005 and September 2009
and 97 healthy pediatric controls between January 2003 and December 2008. An average of six standardized
B-mode ultrasound measurements constituted the overall cIMT measurement.
Results The median cIMT was 0.43 mm (interquartile range, 0.38–0.48) compared with 0.41 mm in healthy
controls (P=0.03 for difference). After multivariable adjustment, the median cIMT was 0.02 mm (95% conﬁdence
interval [CI], 0.01–0.05) larger than that of the healthy controls. In a multivariable linear regression analysis,
dyslipidemia and hypertension were associated with 0.05 mm (95% CI, 0.01–0.08) and 0.04 mm (95% CI,
0.003–0.08) greater mean cIMT, respectively. Body mass index, CKD etiology, GFR, birth weight, pubertal
status, calcium, phosphorus, sex, and race were not associated with cIMT.
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Conclusions cIMT is signiﬁcantly elevated among children with CKD, as is the prevalence of other cardiovascular
risk factors. Of these risk factors, hypertension and dyslipidemia are signiﬁcantly associated with increased
cIMT.
Clin J Am Soc Nephrol 7: 1930–1937, 2012. doi: 10.2215/CJN.03130312

Introduction
Atherosclerosis, characterized by fatty streaks and
ﬁbrous plaques on the intimal surface of large and
medium-sized arteries, is a well established cause of
cardiovascular events in adults (1,2). Many studies in
adults and children have shown atherosclerosis to be
associated with multiple cardiovascular risk factors
(3–7), and have linked atherosclerosis with myocardial infarction, stroke, and sudden cardiac death. The
atherosclerotic disease process often begins in childhood (5,8) and it is associated with traditional cardiovascular risk factors such as hypertension,
obesity, and dyslipidemia in the pediatric population.
Children with CKD manifest many, if not all, of these
risk factors. In addition, children with CKD manifest
many nontraditional cardiovascular risk factors such
as altered mineral metabolism, which places them at
even greater risk for cardiovascular disease (CVD).
Medial deposition of calcium and phosphorus and
the resulting increase in vascular stiffness and BP
further contribute to the high prevalence of both hypertension and left ventricular hypertrophy in these
children (9). These children are therefore at signiﬁcant
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risk for experiencing a cardiovascular event by early
adulthood (10); in fact, CVD is the leading cause of
death in young adults with childhood-onset ESRD
(11,12). Risk identiﬁcation and reduction is therefore
of paramount importance among this group of children.
In adults, assessment of atherosclerosis via carotid
B-mode ultrasound imaging is a useful adjunct in
quantifying cardiovascular risk (13). This imaging determines the carotid intima-media thickness (cIMT).
Increased cIMT is a valid predictor of cardiovascular
events in adults (2,14) and as such, measurement of
cIMT is currently recommended by the American
Heart Association for risk stratiﬁcation in adults
whose cardiovascular risk is not clear or is intermediate (15).
Despite these advancements in cardiovascular risk
assessment among adults, the evaluation of cIMT is
not part of the recommended screening of children at
increased cardiovascular risk (16) in part due to lack
of clear evidence linking cIMT to atherosclerosis.
However, there is a growing body of literature demonstrating increased cIMT in children with CKD
(17,18). In addition, among children, increased cIMT
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is associated with hypertension, obesity, diabetes, and
metabolic syndrome and is affected by interventions to
decrease cardiovascular risk such as statin therapy, diet,
and exercise (15). In this study, we sought to identify the
traditional and nontraditional cardiovascular risk factors
associated with increased cIMT in children with mild to
moderate CKD by utilizing data acquired from participants of the Chronic Kidney Disease in Children (CKiD)
study.

Materials and Methods
Study Population
From April 2005 through September 2009, 586 children
with mild to moderate CKD were enrolled in the CKiD
study, a multicenter, prospective cohort study conducted at
48 pediatric nephrology centers across North America. Five
centers participated in the cIMT substudy and the 133
CKiD participants enrolled at any of these centers were
eligible for this study. The study design and conduct for
the CKiD study were approved by an external advisory
committee appointed by the National Institutes of Health
and by the internal review boards for each participating
center. Each participating family provided informed consent according to local requirements.
Details of the CKiD study design have been previously
published (19). Brieﬂy, eligible children were aged 1–16
years, and had a Schwartz-estimated GFR between 30
and 90 ml/min per 1.73 m2 (20,21). B-mode ultrasound
measurement of cIMT to assess risk for CVD is conducted
every other year, concurrent with collection of other clinical variables and performance of a measured GFR determined by the plasma disappearance of iohexol.
cIMT Measurements
Standardized protocol imaging to measure cIMT was
conducted at each of the ﬁve participating clinical sites. The
measurements obtained at the 12-month follow-up visit
were used in this analysis because this was the ﬁrst visit in
which cIMT was measured. To achieve standardization
and uniformity of carotid artery images, qualifying recordings from all local sites were sent for measurements to the
Cardiovascular Core Imaging Research Laboratory (Cincinnati, OH), where they were certiﬁed. In addition, cIMT
measurements from 97 healthy pediatric controls, recruited
from families of Cincinnati Children’s Hospital personnel,
were obtained at the Imaging Laboratory in Cincinnati
between January 2003 and December 2008. These images
were obtained by the same vascular sonographer who obtained the cIMT images for CKiD at the Cincinnati site,
utilizing the same equipment, software, and technique as
for the CKiD study.
During the imaging, participants were supine, with their
neck hyperextended and turned 30–45 degrees contralaterally to the probe. The bilateral mid common carotid artery was imaged in transverse and longitudinal planes
using a 5- to 12-MHz linear array transducer, and measured for two-dimensional diameter at peak systole and
end diastole. The intima-media thickness of the bilateral
distal common carotid artery was measured along the far
wall using the point-to-point method. Three measurements were obtained on each side by a single, registered
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vascular sonographer, and these six values were then averaged, yielding the overall cIMT measurement. Measurements obtained in this manner are reproducible in
children, with a coefﬁcient of variation ranging from
8.4% to 11.6% (22).
Primary Exposures
The exposures examined were obtained from the 12month follow-up visit concurrent with the cIMT measure,
unless otherwise stated, and included the following: (1)
hypertension, indicated by the average systolic or diastolic
age-, sex-, and height-speciﬁc BP index $1 (BP index is the
measured systolic or diastolic BP divided by the 95th age-,
sex-, and height-speciﬁc percentile BP (16) and a value $1
is consistent with hypertension), or the participant
reported hypertension and/or antihypertensive medication use at baseline or the 12-month follow-up visit; (2)
age- and sex-speciﬁc body mass index (BMI) z score (23);
(3) dyslipidemia, deﬁned as high density lipoprotein
(HDL) cholesterol ,40 mg/dl, non-HDL cholesterol
.160 mg/dl, or triglycerides .130 mg/dl (24); (4) glomerular CKD diagnosis; (5) iohexol-based GFR, although an
estimated GFR (25) was used in place of missing iohexolbased GFR in 5% of participants; (6) birth weight ($2500 g
versus ,2500 g); (7) pubertal status, indicated by Tanner
stage II–V versus prepubertal status, indicated by Tanner
stage I (26); (8) height in meters; (9) serum total calcium in
milligrams per deciliter (average of baseline and 12month follow-up measurements); and (10) serum phosphorus in milligrams per deciliter (average of baseline
and 12-month follow-up measurements). The following
demographic variables were also included: age, sex, and
race (nonwhite versus white). Data from the baseline visit
were used in place of missing data at the 12-month follow-up study visit for at least one exposure in 14% of the
study participants.
In addition, we conducted several secondary analyses to
further examine the association of dyslipidemia and hypertension with cIMT by separating both variables into
their composite parts.
Statistical Analyses
The median and interquartile range (IQR) were used to
summarize the central location and variability of all
continuous variables. Percentages were used to summarize
categorical variables. Quantile regression models (27) were
used to compare the differences in the 50th, 75th, 90th, and
95th percentiles of the cIMT distribution in our subset of
CKiD participants to those of healthy controls with and
without adjustment for age, sex, and race. Because the distribution of cIMT measurements did not deviate signiﬁcantly from a normal distribution, we used multivariable
linear regression to quantify the association between cIMT
and both the primary exposures and demographic variables.
A two-sided P value ,0.05 was considered statistically signiﬁcant. Statistical analyses were conducted using SAS 9.2
software (SAS Institute, Cary, NC).

Results
Of the 133 potential CKiD participants, 108 (81%) had
completed the 12-month visit with a valid cIMT
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measurement available. Our ﬁnal study population was
composed of 101 (94%) study participants for whom data
were available on all exposures of interest.
Table 1 shows the characteristics of our study population and the 366 CKiD participants who did not participate
in the cIMT substudy. Our study population was slightly
more male (70% versus 58%), white (79% versus 66%),
more dyslipidemic (55% versus 43%), and had a longer
median duration of CKD (8.9 versus 7.1 years) than the
rest of the CKiD cohort without cIMT measurements. The
median age of the substudy participants was 12.4 years,
and the majority of participants had a nonglomerular
cause of CKD (85%), were hypertensive (76%), and were
dyslipidemic (55%); none were diabetic. The median GFR
was 42.9 ml/min per 1.73 m2 (IQR, 28.9–54.0). As shown
in Table 2, compared with our study population, the

controls were less likely to be male (55% versus 70%;
P=0.02), less likely to be overweight/obese (7% versus
26%; P=0.001), and had lower systolic BP (104 mmHg versus 109 mmHg; P=0.01) and BP index (0.87 versus 0.90;
P=0.01) and lower diastolic BP (59 mmHg versus 64
mmHg; P,0.001) and BP index (0.76 versus 0.80; P=0.001).
The median cIMT of our study population was 0.43 mm,
signiﬁcantly higher (P=0.03) than the median cIMT of
0.41 mm in the healthy controls (Figure 1). The two distributions were similar up to the 25th percentile; however, in
addition to the median cIMT being greater in the CKiD
group than in the normal controls, the 75th percentile
(0.48 versus 0.45), 90th percentile (0.53 versus 0.48), and
95th percentile (0.57 versus 0.51) were also larger in the
CKiD participants. These signiﬁcant differences persisted
after adjusting for differences in age, sex, and race.

Table 1. Descriptive statistics at the 12-month follow-up visita of the 101 children in the cIMT substudy included in analyses and the
remaining 366 children in the CKiD cohort

Characteristic

cIMT Substudy Cohortb
(n=101)

CKiD Cohort without cIMT
(n=366)

P Value

Age (yr)
Male sex
White race
Height (m)
Tanner stage II–V
Birth weight $2500 g
Duration of CKD (yr)
Nonglomerular CKD etiology
GFR (ml/min per 1.73 m2)
BMI z score
BMI $85th percentile
Dyslipidemiac
HDL cholesterol ,40 mg/dl
HDL cholesterol (mg/dl)
Non-HDL cholesterol .160 mg/dl
Non-HDL cholesterol (mg/dl)
Triglycerides .130 mg/dl
Triglycerides (mg/dl)
Hypertensiond
Systolic BP (mmHg)e
Systolic BP indexf
Diastolic BP (mmHg)e
Diastolic BP indexf
Taking antihypertensive medicationg
Calciume, mg/dl
Phosphoruse, mg/dl

12.4 (8.5–15.3)
71 (70)
80 (79)
1.48 (1.24–1.63)
59 (58)
82 (81)
8.9 (5.0, 12.4)
86 (85)
42.9 (28.9–54.0)
0.09 (20.55 to 1.08)
26 (26)
56 (55)
28 (28)
45 (39–53)
18 (18)
128 (109–151)
41 (41)
119 (86–162)
77 (76)
109 (102–114)
0.90 (0.84–0.94)
64 (58–69)
0.80 (0.74–0.87)
71 (70)
9.7 (9.5–9.9)
4.8 (4.2–5.1)

11.7 (8.2–15.9)
211 (58)
243 (66)
1.43 (1.23–1.60)
176 (48)
297 (81)
7.1 (4.0–10.7)
284 (78)
44.6 (33.7–58.2)
0.38 (20.38 to 1.08)
95 (26)
159 (43)
67 (18)
48 (41–57)
56 (15)
125 (106–146)
117 (32)
102 (73–141)
274 (75)
106 (99–112)
0.88 (0.83–0.93)
66 (60–72)
0.84 (0.76–0.93)
248 (68)
9.6 (9.4–9.9)
4.6 (4.2–5.0)

0.60
0.02
0.01
0.15
0.07
0.90
0.01
0.10
0.07
0.20
0.90
0.03
0.04
0.06
0.50
0.30
0.10
0.01
0.80
0.02
0.09
0.03
0.001
0.60
0.70
0.10

Data are median (interquartile range) or n (%). cIMT, carotid intima-media thickness; CKiD, Chronic Kidney Disease in Children study;
BMI, body mass index.
a
Used baseline data if data were missing at 12-month follow-up visit.
b
Cincinnati Children’s Hospital and Medical Center (Cincinnati, OH; n=26), University of Texas (Houston, TX; n=26), British Columbia
Children’s Hospital (Vancouver, BC; n=24), Children’s Mercy Hospital (Kansas City, MO; n=19), and Nationwide Children’s Hospital
(Columbus, OH; n=13).
c
HDL cholesterol ,40 mg/dl, non-HDL cholesterol $160 mg/dl, or triglycerides $130 mg/dl.
d
Deﬁned as having an average systolic or diastolic BP from the baseline and 12-month follow-up visits $95th age-, sex-, and heightspeciﬁc percentile, or if the participant reported hypertension at baseline or the 12-month follow-up visit, or if the participant reported
using antihypertensive medication at baseline or at the 12-month follow-up visit.
e
Average of values from baseline and 12-month follow-up.
f
Measured systolic or diastolic BP/95th age-, sex-, and height-speciﬁc percentile BP; a value $1 is elevated. The average index from the
baseline and 12-month follow-up is reported.
g
Used antihypertensive medication at the baseline or 12-month follow-up visit.
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Table 2. Descriptive statistics of the 97 healthy controls compared with 101 CKiD cIMT substudy participants

Characteristic

Healthy Controls
(n=97)

cIMT Substudy Cohort
(n=101)

P Valuea

Age (yr)
Male sex
White race
Weight (kg)
Height (m)
BMI (kg/m2)
Overweight/obese (BMI $85th percentile)
Systolic BP (mmHg)
Diastolic BP (mmHg)
Systolic BP indexb
Diastolic BP indexb

10.1 (7.9–13.7)
53 (55)
71 (73)
34.6 (25.7–50.0)
1.41 (1.27–1.59)
17.3 (16.1–20.2)
7 (7)
104 (98–113)
59 (55–64)
0.87 (0.82–0.91)
0.76 (0.7–0.81)

12.4 (8.5–15.3)
71 (70)
80 (79)
42.9 (26.4–57.8)
1.48 (1.24–1.63)
18.9 (16.2–22.7)
26 (26)
109 (102–114)
64 (58, 69)
0.90 (0.84–0.94)
0.80 (0.74–0.87)

0.08
0.02
0.30
0.20
0.50
0.10
0.001
0.01
,0.001
0.01
0.001

Data are median (interquartile range) or n (%). CKiD, Chronic Kidney Disease in Children study; cIMT, carotid intima-media thickness;
BMI, body mass index.
a
P value from Wilcoxon rank sum test when medians were compared, and P value from Pearson x 2 when percentages were compared.
b
Measured systolic or diastolic BP/95th age-, sex-, and height-speciﬁc percentile BP; a value $1 is elevated.

Figure 1. | Box-percentile plots illustrating the distribution of cIMT measurements in 101 Children of the CKiD and in 97 healthy controls.
The numerical values of the 50th percentile are shown. The 2.5th, 5th, 10th, 25th, 75th, 90th, 95th, and 97.5th percentiles of the distribution are
denoted. cIMT values ,2.5th percentile or .97.5th percentile are denoted by closed circles. cIMT, carotid artery intima-medial thickness;
CKiD, Chronic Kidney Disease in Children study.

Table 3 shows the results of univariate and multivariable linear regression analyses quantifying the association
of each primary exposure with cIMT. After adjustment,
dyslipidemia and hypertension were associated with a
0.05 mm (95% CI, 0.01–0.08) and 0.04 mm (95% CI,
0.003–0.08) greater mean cIMT, respectively. Each additional 10 cm in height was associated with an average of
0.03 mm (95% CI, 0.003–0.05) greater cIMT. No other exposures were signiﬁcantly associated with cIMT.

Secondary analyses revealed hypertriglyceridemia to be
the sole lipid component signiﬁcantly associated with
cIMT (Table 4). In addition, regardless of whether a child
had a systolic or diastolic BP in the hypertensive range,
taking an antihypertensive medication was associated
with an increased cIMT. Analyses also showed increasing
diastolic BP to remain associated with cIMT, regardless of
antihypertensive use or degree of systolic BP elevation
(Table 5).
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Table 3. Correlates of cIMT in 101 children of the CKiD cohort study

Mean Difference in cIMT, mm (95% CI)
Characteristic
Age (per 5-yr increase)
Male sex (versus female)
Nonwhite race (versus white)
Height (per 0.1-m increase)
Tanner stage II–V (versus stage I)
Birth weight $2500 g (versus ,2500 g)
Glomerular CKD etiology (versus nonglomerular)
GFR (per 10 ml/min per 1.73 m2 decrease)
BMI z score
Dyslipidemiaa
Hypertensionb
Calcium (per 1-mg/dl increase)
Phosphorus (per 1-mg/dl increase)

Unadjusted

Adjusted

0.003 (20.02 to 0.02)
20.01 (20.04 to 0.02)
20.001 (20.04 to 0.04)
0.002 (20.004 to 0.01)
0.000 (20.03 to 0.03)
0.01 (20.03 to 0.05)
0.004 (20.04 to 0.05)
0.003 (20.01 to 0.01)
20.001 (20.01 to 0.01)
0.04 (0.01–0.07)
0.03 (20.003 to 0.07)
20.004 (20.03 to 0.02)
20.01 (20.03 to 0.01)

20.06 (20.13 to 0.004)
20.03 (20.06 to 0.01)
20.002 (20.04 to 0.04)
0.03 (0.003–0.05)
20.02 (20.08 to 0.03)
0.02 (20.03 to 0.06)
20.02 (20.07 to 0.03)
20.002 (20.01 to 0.01)
20.01 (20.02 to 0.003)
0.05 (0.01–0.08)
0.04 (0.003–0.08)
20.004 (20.04 to 0.03)
20.01 (20.04 to 0.01)

Data are median (interquartile range) or n (%). cIMT, carotid intima-media thickness; CKiD, Chronic Kidney Disease in Children study;
CI, conﬁdence interval; BMI, body mass index.
a
HDL cholesterol ,40 mg/dl, non-HDL cholesterol .160 mg/dl, or triglycerides .130 mg/dl.
b
Average systolic or diastolic BP from the baseline and 12-month follow-up visits $95th age-, sex-, height-speciﬁc percentile, or if the
participant reported hypertension at baseline or the 1-month follow-up visit, or if the participant reported using antihypertensive
medication at baseline or at the 12-month follow-up visit.

Table 4. Univariate and multivariable relationships of components of dyslipidemia and cIMT

Mean Difference in cIMT, mm (95% CI)
Characteristic
HDL cholesterol ,40 mg/dl
Non-HDL cholesterol .160 mg/dl
Triglycerides .130 mg/dl

Unadjusted

Adjusted

0.03 (20.004 to 0.06)
20.01 (20.05 to 0.03)
0.03 (20.002 to 0.06)

0.03 (20.02 to 0.07)
20.01 (20.06 to 0.03)
0.04 (0.01–0.08)

All variables in Table 3, except dyslipidemia, are included in the adjusted model shown here. cIMT, carotid intima-media thickness; CI,
conﬁdence interval.

Discussion
This national, multicenter, cross-sectional study of children with mild to moderate CKD as assessed by iohexol
clearance is the largest study of cIMT in pediatric stage 2–4
CKD to date. It provides further evidence that children
with CKD are at increased cardiovascular risk, because
the majority of these children were hypertensive and
dyslipidemic, and over a quarter of them were either overweight or obese. In addition, children with CKD had significantly greater cIMT compared with healthy controls, even
after adjusting for differences in age, sex, and race.
Other investigators have similarly demonstrated that
children with varying degrees of kidney dysfunction have
higher cIMT than the general population, with dialysis
patients having the most extremely elevated measurements
(17,18). What makes our results particularly striking is that
this ﬁnding still holds among children without extreme
kidney dysfunction or ESRD compared with normative
data obtained in a more racially diverse, representative
group of healthy controls.

In adults, cIMT measurement is considered a valid and
reliable assessment of atherosclerotic burden (15,28) that
can predict coronary atherosclerosis and its clinical sequelae, such as myocardial infarction and stroke (14,28).
In fact, the Atherosclerosis Risk in Communities study
demonstrated that among adults aged 45–64 years without clinical coronary heart disease at baseline, those
with a cIMT $1 mm had a signiﬁcantly increased hazard
for development of coronary heart disease (5.07 for
women [95% CI, 3.08–8.36] and 1.85 for men [95% CI,
1.28–2.69]) over the next 4–7 years compared with those
with a cIMT ,1 mm (29).
Although the Study of Heart and Renal Protection
showed that simvastatin-ezetimibe reduced cardiovascular
events in adults aged .40 years with CKD, subgroup analysis and other independent studies have failed to show the
beneﬁt of lipid-lowering therapy speciﬁcally among adults
with ESRD (30–33). In part, this may be due to the presence of advanced CVD in that population; however, it may
be that other processes are playing a greater role in the
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Table 5. Univariate and multivariable relationships of components of hypertension variable and cIMT

Mean Difference in cIMT, mm (95% CI)
Characteristic
Average systolic BP indexa
Average diastolic BP indexa
Taking antihypertensive medication (yes/no)

Unadjusted

Adjusted
(Full Model)

0.16
(20.03 to 0.36)
0.21
(0.07–0.36)
0.04
(0.01–0.07)

0.20
(20.04 to 0.45)
0.16
(0.002–0.32)
0.04
(0.01–0.08)

All variables in Table 3, except hypertension, are included in the adjusted model shown here. cIMT, carotid intima-media thickness; CI,
conﬁdence interval.
a
Measured systolic or diastolic BP/95th age-, sex-, and height-speciﬁc percentile BP; a value $1 is elevated. The average index from the
baseline and 12-month follow-up is used.

development of CVD among individuals with more advanced CKD and ESRD. In our study population of 101
children with mild to moderate CKD (none with ESRD),
dyslipidemia and hypertension were the only cardiovascular risk factors found to be signiﬁcantly associated with
increased cIMT. Other traditional and nontraditional cardiovascular risk factors, notably BMI, calcium, and phosphorus were not found to be associated with cIMT. The
high prevalence of cardiovascular risk factors and greater
cIMT in this cohort of children was not unexpected given
the increased cardiovascular mortality seen among children
with CKD (11,12). Recently published National Heart, Lung,
and Blood Institute (NHLBI) consensus guidelines for cardiovascular health and risk reduction in children and adolescents recommend that children with CKD be considered
in the highest tier of cardiovascular risk (34) and be managed aggressively to minimize their risk of developing atherosclerosis and subsequent cardiovascular events. These
treatment guidelines, endorsed by the American Academy
of Pediatrics, modiﬁed the 2006 recommendations made by
an expert pediatric panel (35) and include targeting BP
,90th percentile, BMI ,85th percentile, and lipids ,75th
percentile (LDL cholesterol #100 mg/dl, triglycerides ,90
mg/dl, non-HDL cholesterol ,120 mg/dl). The previous
guidelines published in 2006 by the American Heart Association speciﬁcally indicate that these guidelines are intended for children with GFR ,15 ml/min per 1.73 m2 or
ESRD, whereas the 2011 NHLBI guidelines do not make
this distinction and only state that the high-risk group
should include children with “chronic kidney disease/
end stage kidney disease/post-kidney transplant” (10,35).
Our data support the need for the inclusion of children with
stage 2–4 CKD in these recommendations because they
clearly demonstrate an increased risk for accelerated atherosclerosis. Not only were hypertension and dyslipidemia
associated with increased cIMT among children with mild
to moderate CKD, but the majority of children in this cohort manifested these cardiovascular risk factors and only
12 children had lipid levels within the recommended target
range.
Hypertriglyceridemia was the only lipid abnormality associated with cIMT in this study. Although hypertriglyceridemia

has been shown to be associated with atherosclerotic lesions
in children and young adults (5), LDL is considered by
many to be the major lipid risk factor for atherosclerosis.
In fact, many studies in children with familial hypercholesterolemia have not only described this association, but have
also shown that pharmacological lowering of LDL can effectively decrease cIMT (34,36–38). Interestingly, hypertriglyceridemia was the most highly prevalent lipid
abnormality among our cohort. Only nine children had
an LDL as elevated as those seen in the studies of children
with familial hypercholesterolemia (LDL $155 mg/dl) and
only four participants (4%) reported using lipid-lowering
medication at the same study visit as the cIMT measurement. The dyslipidemic pattern observed in our cohort mirrors the predominant dyslipidemic pattern seen in
childhood, a pattern known to be associated with atherosclerosis: signiﬁcant hypertriglyceridemia, normal/mild
increased LDL, and low HDL (34). Although the pathogenesis and characteristics of dyslipidemia in children
with CKD are different than that seen among children
with familial hypercholesterolemia, the association between dyslipidemia and cIMT among children with
CKD and the high burden of this risk factor further underscore the need for vigilant screening for dyslipidemia
among children with CKD. Our ﬁndings also suggest that
there may be other characteristics unique to CKD that inﬂuence the effect of dyslipidemia on the vasculature; future studies utilizing longitudinal follow-up data from
CKiD will help to better elucidate the contribution of cholesterol on cIMT.
Although we were not surprised to ﬁnd an association
between hypertension and cIMT, the association of antihypertensive medication use and cIMT after adjusting for
degree of BP elevation is particularly interesting. This
suggests that children who require an antihypertensive to
maintain a certain BP target are at increased cardiovascular
risk compared with similar children who achieve the same
BP without the use of an antihypertensive. Alternatively, if
many of the patient’s antihypertensive agents were initiated relatively recently, our data could reﬂect a delay
between a relatively prompt BP normalization and a
slower effect on the vasculature.
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We expected to replicate results from prior studies that
demonstrated a correlation between increased cIMT and
markers of abnormal calcium-phosphorus metabolism (18).
As such, the lack of an association between total calcium
or serum phosphorus and cIMT in our study was not expected; however, it can likely be explained by the largely
normal values of calcium and phosphorus and the mild to
moderate nature of CKD in this group (39). Only 28% of
children had an average serum phosphorus value that was
above published Kidney Disease Outcomes Quality Initiative cut-offs for medical therapy (1 of 37 children aged
6–13 years had a phosphorus .5.8 mg/dl and 27 of 49
children had a phosphorus .4.5 mg/dl) (40). In addition,
only 44% of children were taking activated vitamin D and
only 35% of children reported taking phosphate binders
(26 reported calcium carbonate, 7 reported calcium acetate,
and 5 reported sevelamer). Lending further credence to
this hypothesis is the fact that we were unable to investigate the association of calcium-phosphorus product with
cIMT because only ﬁve children had an elevated product.
It may also be that for abnormal calcium-phosphorus metabolism to have a detrimental effect on the vasculature,
there needs to be a prolonged exposure and/or that calcium
and phosphorus abnormalities are more important in the
development of abnormal cIMT in children with advanced
CKD as opposed to in children with mild to moderate
CKD. As the CKiD study progresses, we aim to utilize longitudinal data to investigate this relationship further.
Although this study contributes signiﬁcantly to the
existing knowledge of CVD risk among children with
CKD, there are several important limitations to keep in
mind. Its cross-sectional nature does not allow one to infer
causality, and its relatively small sample size may limit the
generalizability of the study results to the overall population of children with mild to moderate CKD. Due to the
signiﬁcant differences between the healthy controls and
our study population, one cannot rule out the possibility of
residual confounding when interpreting the larger cIMT
found in the children with CKD. In addition, althoough we
were able to study many risk factors not previously studied
in this population of children, we were unable to investigate the effect of inﬂammatory markers or markers of
impaired glucose metabolism.
Despite these limitations, the results presented here add
to the growing evidence that children with CKD are at
signiﬁcantly increased cardiovascular risk. They also support the practice of vigilant screening and nutritional
counseling to avoid or detect dyslipidemia and hypertension, and underscore the need for future studies designed
to investigate the effectiveness of targeted dyslipidemia
and hypertension treatment on normalizing cIMT and
decreasing adverse cardiovascular outcomes among children with CKD.
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