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Kidney Disease

Cardiovascular disease (CVD) has been identified as one of the most important
factors influencing the long-term prognosis of patients with chronic kidney
disease (CKD). However, in pediatric CKD, the clinical importance of CVD tends
to be overlooked due to the lack of typical manifestations of CVD in this popula-
tion. The literature has identified several traditional risk factors of CVD that
originate from CKD, including hypertension, diabetes mellitus, dyslipidemia and
obesity, in addition to new and non-traditional risk factors including anemia,
secondary hyperparathyroidism, oxidative stress and inflammation. In cases of
pediatric CKD, cardiovascular disease is usually restricted to subclinical mani-
festations such as left ventricular hypertrophy, thickening of intimal media on
the carotid artery and calcification of the coronary artery. Therefore, risk factors
of CVD in pediatric CKD patients should be closely monitored.
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Table 1. Risk Factors of Cardiovascular Diseases in Children with
Chronic Kidney Disease

Traditional factors

Nontraditional factors

Age Oxidative stress
Gender Inflammation
Smoking Endothelial dysfunction
Diabetes mellitus Anemia

Secondary hyperparathyroidism
Cardiovascular calcification

Hypertension
Dyslipidemia
Obesity
Atherosclerosis
Insulin resistance

o
o
P
<
=2
>
rlr
ed
N
[
4
pou)
o
ut
e
it
2
xo
o
_:)
4.

Eh= o2 B uEITHRS). AgellA el Hsle
= FHAA vigiet A 7s ] glom, dakd Wsh
2= A= )52 S (carotid intima-media thickness)
712 s A3]s) Fo] sfgErH25]. A1 vt
AR, Lot A Hdls A FEEe] 27
o ojn] Yeh ] AlEfste] Al7Tso] efstErE T Rls
7} S7FATH25]. o]2f gt @/ Al o]2)s Wk Aol
A& AT A& AL 9lom Aoyl Br| ARAe X
whike ARlof| A E3] &3t 7o 2 B v FHATHR5]. 24l
Hldl= A F 79 71 ez wAE =), Ao 248t
of oJgt o]4/d H|t(eccentric type) 2} 318qtol| oJgh of
g IR A A4 vt (concentric type) 2 T
S Qiok olelgh Bs) A7t AEEE Al RSt
= 53] 2394 AF-do 7 FeslA o) &gk Matteucci
T2 275 0] ofstEarE A4 A A5 (LV mass
index)7} F-o3HA| S7FeTial KHarskdrH26]. 244 B
e}t $A 4 71l ERkE=), A1 o] 2] B}
7] AR o]l Al vjsl] A&Aom B X5E
Hh= Ao 3AHE0] 79 449 o) 7s el o
& Ml YEH, X454 Fol) FA18 Bk 4o} $xfe]
40%7} A F57] 715 5-HE SHETHISL

X2 2 ot

T FEEE 7 AotollA AEHA FHFTE oY
3P7] SlBlAE ShollA] AASE A1E AL S s oA
AP35 vk Y, aQ1EddS 3 udd, 29 ait
oo sk Zlo] 7P F8sitk 2000 W=A R3]
Aol &3z Tho|=alRlo e wH FRHE 71 Aot
LS AEHA e uPTe R ERete] 25281
o} X5 oS AFsiet), ook s 7|
0 2 A& X4=Body mass index, BMI)= 85 ¥ AlE}

A ola}, k2 90 HAER o]s), LDL ZHd|2~HZ-2 100
FEHFL 100 mg/dL gk 3} dasE



10  J Korean Soc Pediatr Nephrol Vol. 18, No. 1, 7-12, 2014

7% wgko 7 -l 718 FIEIITH27I.

-
T Hr
i,
o
jus)
2
ﬁ
Al
fru
s
It
1
(]
o
ki
i
of\
N
>,
N

o rr & orlr K

[“‘l_ro_l‘:,_’
s
42 o,
o T TP

NI
o @
T
r
E[‘lf
=
A
.—ﬂ‘rﬂ

T,
oo
ﬁo\-&]
im&i
o, ok

R
[
N
N
fie

9 qaty), vk TR 2-
kg 4 AR A 0’ =-8A] AFA]
Zo) o weejshehs. 4 Bl A
o= HARE Al wej7t FashH Al what 244%F
A<= &9}t = (ambulatory blood pressure monitoring,
ABPM)®] A7|4Q1 ARgo] Zash < 9l

i_l
0]
o
>
>
k‘l

P

=)

oﬂ r
|‘U0
i
s
ol
o
rir

=

2. O|&X|H

ek

=o|
o

i

2]

20043 A 217 A (The National Kidney Founda-
tion)ol|A] 73 KDOQI (Kidney Disease Outcomes
Quality Initiative) 7Fo]Eg}RIo A= E7] AlF-A-2 717
134 o] Aado] ZE X xHko] 500 mg/dL =3}
A, A Al eiEo] 130 mg/dLe Z3eh= 744
T AdE x@ehizo] 130 mg/dL PIRtol ARt -5 5
ZgZ o] 200 mg/dLg Z¥sfal Blard s A (F
FHAHE-IEE XFiz)o] 160 mg/dLs st
= 7490l FEXEE Pk QoH291. 2010 vl
FDA (Food and Drug Administration)ol| 4] Ao} & 22~
Jol] Al-g-0] 3|7} AEFE] AlEe] okA| 2= atorvastatin
(Lipitor®), lovastatin (Lovalord®, Mevacor”), pravastatin
(Mevalotin®), simvastatin (Zocor”) 5¢] It} Daniels 5
2 8A o) 134 m|Rke] Aolele, AU E XAt do]
190 mg/dLg ZBsp} 27] A Aabe] 15 5L 2
7 ofgel UL SLORA 160 muldL 2ok
4, S el ol 150 mp/ LS S 21
o= oFEX|= 7} alelE oo} grial %‘0} TH301. 212
u o]ejgk 42 H|T obso] §4%] S7FEAL gl Al
ARJol|A] oo} o dRAE S o tiel F- 2 E3 oF 8 X85
274 7Fs7d0] slo] B =2e] oAx|7} ITH AL

Y olE BE B Tl T4 Bl v

A BB T4 QAGIE o] ROl Baglo] 453

20091 KDOQI 7}o| =gl A=
7] 271 o] e s %}N\Iﬂﬂ 104 /871%—%
FAB=H S AL BALSISIH32]. 53], A% o]
/\1 ‘O‘oﬂ LtﬂA I 7}—2301 omyg zgl:kg] ;H;'L
Aol 22 #Aa|7} g a3}

5. Za-2l tiAte] 22|

A0l B-2) viAle] ek AEEA Bl
& AR 28 37 ok A glek e @
LA NElshE B9 W7 AFe] Z7)a ola) 1Y S

W 5ol Yo M3 et Basid

6. ¢l

7]

o| aa|

2006 KDOQI 7Fo]EgRIoA= Ml E5E 11
g/dIellA] 12 g/dL=E FA8H= Aol AHA o|gh&3 AL
WES HAsh S 4 vkl Austsirh33l

7. ZHaA H|CHoi| cHst 22|

A v E dsl] 18 7 S83k
g Ao Aejo} X QBN ASHE 4 AAA|(S-2
w2l =84 A3Ae] 7] ARgolrt v F
ek 3709 ool Alz=gat HALE 74 o= Alds)

3L of7]el|A] o) o] Qlom 67 dnrity, o o] glom 11
itk AxS9E 4 32 3 A Aasia vk A%
o2 o] 9ol o)A F 1d ol Ax5uE 72
2o Z AlgPslal ool QLo Idnity, o)/do] glow 2
duch AlE 21 Askar ITHIS) Tev e e
“ﬁi}ﬂr 73% IH%”% A F7Fel gk 71421 4



Cho MH: Cardiovascular Disease in Pediatric Chronic Kidney Disease 11

NBPA GFe Aol Wy TR ol BE3 A
8¢ 245k $o% 245 Fo| sz T 913
A7} AL, e, Zote) B oj2 ke de)
291 F40 o] QAL A4 Wt B wislel]
297} mo.nz ol WahEe] otk A% He)a 53

4 gephdasit

>
od

],

_lzi r$L' RIS
oft 9,

2

g e ) dlSe A4RE 99l F A
Faze) Fage @ deiA gk Tt 2o} fxje] 4
& AP F4 wo] Hof 1 YA Fao) Jlah)
= 73] itk WAA LR AEWA BFe) 99
Az TS e, ol INAYS, vk} e HEA
91 917 IR} WIE, ol Rk T1s S Alsh 2
Eelx, 957 2 ARe 99 AA SOl LA v,
aob by Re) ¢ F2 24 vt B E
o Se] S71 9 Wpule) Asish go) iR goz
Eelu) o SabelE R 91 el vt wA U
9} X|&A¢] 2] Hzbo] LAo|t)

1 o

References

1) Foley RN, Parfrey PS, Sarnak MJ. Clinical epidemiology of
cardiovascular disease in chronic renal disease. Am J Kidney
Dis 1998;32(5 Suppl 3):5112-9.

2) Chavers BM, Li S, Collins AJ, Herzog CA. Cardiovascular dis-
ease in pediatric chronic dialysis patients. Kidney Int 2002;
62:648-53.

3) Weiner DE, Tighiouart H, Amin MG, Stark PC, MacLeod B,
Griffith JL, et al. Chronic kidney disease as a risk factor for
cardiovascular disease and all-cause mortality: a pooled
analysis of community-based studies. J Am Soc Nephrol
2004;15:1307-15.

4) Parekh RS, Carroll CE, Wolfe RA, Port FK. Cardiovascular
mortality in children and young adults with end-stage kidney
disease. J Pediatr 2002;141:191-7.

5) Groothoff JW, Gruppen MP, Offringa M, Hutten J, Lilien MR,
Van De Kar NJ, et al. Mortality and causes of death of end-
stage renal disease in children: a Dutch cohort study. Kidney
Int 2002;61:621-9.

6) U.S.Renal Data System. USRDS 2000 Annual Data Report,

2000. Bethesda: The National Institutes of Health, National
Institute of Diabetes and Digestive and Kidney Diseases; 2000.

7) U.S. Renal Data System. USRDS 2008 Annual Data Report,
2008. Bethesda: The National Institutes of Health, National
Institute of Diabetes and Digestive and Kidney Diseases; 2008.

8) Mitsnefes M, Ho PL, McEnery PT. Hypertension and progression
of chronic renal insufficiency in children: a report of the North
American Pediatric Renal Transplant Cooperative Study (NAP
RTCS).J Am Soc Nephrol 2003;14:2618-22.

9) Mitsnefes M, Stablein D. Hypertension in pediatric patients
on long-term dialysis: a report of the North American Pediatric
Renal Transplant Cooperative Study (NAPRTCS). Am J Kidney
Dis 2005;45:309-15.

10) Flynn JT, Mitsnefes M, Pierce C, Cole SR, Parekh RS, Furth SL,
et al. Blood pressure in children with chronic kidney disease:
a report from the Chronic Kidney Disease in Children study.
Hypertension 2008;52:631-7.

11) Hanevold CD, Ho PL, Talley L, Mitsnefes MM. Obesity and
renal transplant outcome: a report of the North American
Pediatric Renal Transplant Cooperative Study. Pediatrics
2005;115:352-6.

12) Mitsnefes MM, Khoury P McEnery PT. Body mass index and
allograft function in pediatric renal transplantation. Pediatr
Nephrol 2002;17:535-9.

13) Prokai A, Fekete A, Kis E, Reusz GS, Sallay P, Korner A, et al.
Post-transplant diabetes mellitus in children following renal
transplantation. Pediatr Transplant 2008;12:643-9.

14) Lai HL, Kartal J, Mitsnefes M. Hyperinsulinemia in pediatric
patients with chronic kidney disease: the role of tumor necrosis
factor-alpha. Pediatr Nephrol 2007;22:1751-6.

15) Painter P, Krasnoff J, Mathias R. Exercise capacity and phy-
sical fitness in pediatric dialysis and kidney transplant patients.
Pediatr Nephrol 2007;22:1030-9.

16) Weaver DJ, Jr., Kimball TR, Knilans T, Mays W, Knecht SK,
Gerdes YM, et al. Decreased maximal aerobic capacity in
pediatric chronic kidney disease. J Am Soc Nephrol 2008;19:
624-30.

17) Himmelfarb J, Stenvinkel P, Ikizler TA, Hakim RM. The ele-
phant in uremia: oxidant stress as a unifying concept of car-
diovascular disease in uremia. Kidney Int 2002;62:1524-38.

18) Wilson AC, Mitsnefes MM. Cardiovascular disease in CKD in
children: update on risk factors, risk assessment, and mana-
gement. Am J Kidney Dis 2009;54:345-60.

19) Vanholder R, Massy Z, Argiles A, Spasovski G, Verbeke F,
Lameire N. Chronic kidney disease as cause of cardiovascular
morbidity and mortality. Nephrol Dial Transplant 2005;20:
1048-56.

20) VanDeVoorde RG, Barletta GM, Chand DH, Dresner |G, Lane
J, Leiser J, et al. Blood pressure control in pediatric hemodialysis:
the Midwest Pediatric Nephrology Consortium Study. Pediatr
Nephrol 2007;22:547-53.



12 J Korean Soc Pediatr Nephrol Vol. 18, No. 1, 7-12, 2014

21) Ulinski T, Genty J, Viau C, Tillous-Borde I, Deschenes G. Re-
duction of left ventricular hypertrophy in children undergoing
hemodialysis. Pediatr Nephrol 2006;21:1171-8.

22) Fadrowski JJ, Pierce CB, Cole SR, Moxey-Mims M, Warady
BA, Furth SL. Hemoglobin decline in children with chronic
kidney disease: baseline results from the chronic kidney
disease in children prospective cohort study. Clin J Am Soc
Nephrol 2008;3:457-62.

23) Jono S, Nishizawa Y, Shioi A, Morii H. 1,25-Dihydroxyvitamin
D3 increases in vitro vascular calcification by modulating
secretion of endogenous parathyroid hormone-related peptide.
Circulation 1998;98:1302-6.

24) Mitsnefes MM. Cardiovascular morbidity and mortality in
children with chronic kidney disease in North America: lessons
from the USRDS and NAPRTCS databases. Perit Dial Int 2005;
25(Suppl 3):5120-2.

25) Gruppen MP, Groothoff JW, Prins M, van der Wouw P, Offringa
M, Bos WJ, et al. Cardiac disease in young adult patients with
end-stage renal disease since childhood: a Dutch cohort
study. Kidney Int 2003;63:1058-65.

26) Matteucci MC, Wuhl E, Picca S, Mastrostefano A, Rinelli G,
Romano C, et al. Left ventricular geometry in children with
mild to moderate chronic renal insufficiency. J Am Soc Nephrol
2006;17:218-26.

27) Kavey RE, Allada V, Daniels SR, Hayman LL, McCrindle BW,
Newburger JW, et al. Cardiovascular risk reduction in high-
risk pediatric patients: a scientific statement from the
American Heart Association Expert Panel on Population and

Prevention Science; the Councils on Cardiovascular Disease
in the Young, Epidemiology and Prevention, Nutrition, Physical
Activity and Metabolism, High Blood Pressure Research,
Cardiovascular Nursing, and the Kidney in Heart Disease; and
the Interdisciplinary Working Group on Quality of Care and
Outcomes Research: endorsed by the American Academy of
Pediatrics. Circulation 2006;114:2710-38.

28) The fourth report on the diagnosis, evaluation, and treatment of
high blood pressure in children and adolescents. Pediatrics
2004;114:555-76.

29) Kasiske B. Managing dyslipidemias in chronic kidney disease.
Nephrol News Issues 2003;17:81-3, 93.

30) Daniels SR, Greer FR. Lipid screening and cardiovascular health
in childhood. Pediatrics 2008;122(1):198-208.

31) de Ferranti S, Ludwig DS. Storm over statins--the contro-versy
surrounding pharmacologic treatment of children. N Engl J
Med 2008;359:1309-12.

32) Nelson RG, Tuttle KR. The new KDOQI clinical practice guidelines
and clinical practice recommendations for diabetes and CKD.
Blood Purif 2007;25:112-4.

33) KDOAQI Clinical Practice Guidelines and Clinical Practice Re-
commendations for Anemia in Chronic Kidney Disease. Am J
Kidney Dis 2006;47(5 Suppl 3):511-145.

34) Delucchi A, Dinamarca H, Gainza H, Whitttle C, Torrealba |,
Iniguez G. Carotid intima-media thickness as a cardiovascular
risk marker in pediatric end-stage renal disease patients on
dialysis and in renal transplantation. Transplant Proc 2008;
40:3244-6.



