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Abstract t 

Objectives:: In adults with familial hypercholesterolemia (FH), cholesterol 

loweringg with statins has been shown to improve endothelial function, a hallmark 

off  early atherogenesis. Currendy, therapeutic options for treating high cholesterol 

levelss in FH children are limited. Plant sterols safely and effectively reduce serum 

cholesteroll  concentrations by inhibiting cholesterol absorption. Therefore, we 

evaluatedd the effect of plant sterols on cholesterol and vascular function in pre-

pubertall  children with FH. 

Studyy design: We included 41 children (5-12 y) with FH in a double blind cross-

overr trial using spreads containing 2.3 grams of plant sterols (mainly sitosterol 

andd campesterol) per 15 gram spread and placebo spread for a 4-week period, 

separatedd by a 6 weeks wash-out period. Lipid levels and endothelial function 

weree assessed after both 4-week treatment periods. Endothelial function was 

assessedd as flow-mediated dilatation (FMD) of the brachial artery using a wall 

trackingg system. Data were compared to those of 20 healthy controls. 

Results:: Intake of 2.3 grams plant sterols per day decreased total cholesterol 

(TC;; -11%) and low-density cholesterol (LDL-C; -14%) as compared to placebo 

spreadd in FH children. FH children were characterized by an impaired FMD 

comparedd to healthy control children (7.2  3.4 % versus 10.1  4.2 %, p<0.005). 

However,, the reduction of LDL-C in FH children did not improve FMD (placebo: 

7.22  3.4 % versus plant sterol: 7.7  4.1%). 

Conclusion:: The present study shows a clear reduction of LDL-C by plant 

sterolss therapy. However, short-term plant sterol therapy does not improve the 

endotheliall  function in FH children. 
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Introduction n 

Familiall  hypercholesterolemia (FH) is an inherited autosomal dominant disorder 

off  lipoprotein metabolism caused by a plethora of mutations in the low-density 

lipoproteinn (LDL) receptor gene '. With a frequency of one in 400 persons, FH is 

onee of the most common inborn errors of metabolism in the Dutch population2. 

Thiss disorder is associated with elevated levels of LDL cholesterol (LDL-C) and 

prematuree atherosclerosis. Affected persons show symptoms of atherosclerotic 

cardio-vascularr disease at relatively young age, sometimes before the age of 30. 

However,, the disease is usually asymptomatic in children 3. 

Inn spite of the aggressive nature of the disease, the recommended therapy for 

FHH children only consists of a cholesterol- lowering diet and, if necessary, bile-acid 

bindingg resins4. However, clinical experience shows that the long-term cholesterol-

loweringg efficacy of dietary intervention in children is very limited 5 and resins 

appearr safe, but their lipid-lowering efficacy is modest and long-term compliance 

remainss poorb. Treatment with HMG CoA reductase inhibitors (statins) has been 

evaluatedd to a certain degree 7"9 and is expected to result in a better therapeutic 

response,, but is still under debate because of insufficient safety data in children. 

Plantt sterols and plant stanols effectively and safely reduce serum cholesterol by 

inhibitingg cholesterol absorption in the small intestine 10. Studies with hyper-

cholesterolemicc !I"13 and normocholesterolemic children 14, have shown that plant 

sterols/stanolss can reduce the plasma levels of total cholesterol fTC) and LDL-C 

byy 10 % and 15 %, respectively, without any clinical adverse events. However, it is 

unknownn whether and to what extent this reduction of LDL-C will contribute to 

ann improved clinical outcome in FH children. 

Thee last decade, endothelial dysfunction has emerged as the reflection of an 

early,, but reversible stage in the development of atherosclerosis15. Several studies 

havee shown that the presence of endothelial dysfunction has predictive value for 

futuree cardiovascular events l6. In addition, other studies have shown that 

endotheliall  function, measured as flow-mediated dilatation (FMD) of the brachial 

artery,, is impaired in FH children 17"19. In view of the limited time-span for 

cardiovascularr prevention in FH patients, restoration of endothelial dysfunction 

att an early stage of the atherosclerotic process would provide a strong argument 

forr lipid-lowering therapy, initiated in early childhood even before puberty 15. 

Plantt sterols might be a possible solution in addition to diet therapy for Hpid-

loweringg in these children. 
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Wee therefore designed this placebo controlled cross-over study to determine 

whetherr pre-pubertal FH children are characterized by an impaired endothelial 

functionn of the brachial artery and whether short-term dietary intervention with 

plantt sterols can improve endothelial dysfunction in young FH children. 

Patientss and methods 

Patients s 

Inn present study we included 41 pre-pubertal heterozygous FH children between 

55 and 12 years of age and 20 non-FH, controls. All FH children were on a low-

saturated-fat,, low-cholesterol diet (Step I) 4. The following criteria were designed 

too select children with heterozygous FH: plasma LDL-C levels above 95th 

percentilee for age and gender20; a documented family history of hyperlipidemia 

withh LDL-C levels above the 95th for age and gender before treatment or a personal 

diagnosiss of FH by detection of a mutation in the LDL receptor gene. Exclusion 

criteriaa for both the FH children and controls were: post menarche in girls; boys 

withh a Tanner stage more than genital- and pubic hair stage 1.21; smoking; current 

usee of any vaso-active medications or dietary supplements; and concomitant 

conditionss such as serious illness, hypertension or diabetes mellitus. 

Studyy design 

Thee present study was a double blind placebo controlled cross-over trial. After a 

22 week run-in period or 6 weeks run-in period for children who used plant sterol 

enrichedd products, all children were randomly assigned to consume either 15 

gramss of plant sterol spread or 15 grams of placebo spread. Twenty children 

startedd to consume the plant sterol spread for 4 weeks, whereas 21 children 

startedd to consume the placebo spread. After a 6-week wash-out period, in which 

thee children consumed placebo spread, they crossed-over to the alternate spread 

forr another 4 weeks. 

Endotheliall  function was assessed by FMD after both 4-week periods. At 

baselinee and after both 4-week treatment periods, capillary lipid profile was 

measuredd [TC, high density lipoprotein cholesterol (HDL-C), LDL-C and 

triglyceridess (TG)]. Physical examination (including height, weight and blood 

pressure)) was performed at the baseline visit and after the second treatment 

period.. Compliance was measured during each visit by counting the returned full 
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andd empty tubs. In the healthy controls FMD and capillary lipid profile was 

assessedd once. Each child's parents gave written informed consent for his or her 

participationn in the study, which was approved by the Institutional Review Board 

off  the Academic Medical Center (Amsterdam). 

Spreadd composition and administration 

Thee plant sterol-enriched and control spread were produced and prepared by 

UBF,, Purfleet, UK and Unilever Research, Vlaardingen, The Netherlands. Fat 

andd sterol composition of the spreads were analyzed according to methods 

describedd by Weststrate et al  2Z. The spread was distributed to the patients in 

identical-lookingg 15 gram tubs and they were instructed to eat one tub daily. 

Preferably,, the subjects should consume it as spread on sandwiches, but they 

couldd also eat it as part of a hot meal if the spread was mixed with the food on 

thee plate. The tubs were labeled A or B and delivered to the children ones during 

eachh intervention period in boxes of 32 tubs (including spare tubs). Packaging 

andd labeling were performed by persons not involved with the patients or data 

handling.. All other personal and statisticians were blinded to the treatments. The 

plantt sterol-enriched spread contained 5.7 grams of fat (composed of 24.3 % 

saturatedd fatty acids [SAFA], 24.2 % monounsaturated fatty acids [MUFA] and 

51.00 % polyunsaturated fatty acids [PUFA]), and 2.3 grams of sterols in free sterol 

equivalentss (composed of 46.9 % sitosterol, 27.3 % campesterol, 16.3 % stigmasterol 

andd 9.5 % omer sterols) per 15 grams of spread. The control spread contained 5.4 

gramss of fat (composed of 23.2 % SAFA, 25.5 % MUFA and 50.8 % PUFA) per 

155 grams of spread. 

Flow-mediatedd dilatation 

Thee assessment of flow-mediated dilatation (FMD) was performed as published 

previouslyy 23;24. In summary, all measurements were performed during the morning 

inn a fasting state. Al l children refrained from alcohol and caffeine containing 

beverages.. Patients were studied in supine position. The blood pressure cuff was 

placedd just below the elbow of the right arm. After a 10-15 minutes rest, the 

brachiall  artery in the right ante-cubital fossa was visualized using a 7,5 Mhz 

transducerr ,6; 25. After an optimal image of the brachial artery wall was obtained, 

aa wall tracking system was used to measure the lumen diameter. After obtaining 

22 baseline vessel diameter measurements, reactive hyperemia was induced by 
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inflatingg the blood pressure cuff to 200 mmHg, distal to the location of transducer. 

Uponn release of the cuff after 4 minutes, the ensuing dilatation of the brachial 

arteryy is predominandy mediated by endothelial NO-release 26. Ultrasonography 

thenn continued for 5 minutes to allow for lumen diameter measurements at 20 

secondss intervals. Wall track measurements were stored digitally and analy2ed off-

linee by a blinded observer using the wall track system software analysis package27. 

Al ll  measurements were performed by the same observer, unaware of clinical 

detailss and the stage of the experiment. Baseline vessel diameter was calculated 

ass the average of 2 measurements. Flow-mediated dilatation was calculated at 

eachh examination as {(maximal lumen diameter after ischemia- diameter at 

baseline)// diameter at baseline}  and expressed as a percentage 28. Intra- and 

intersessionn variation coefficients are 1.1 and 3.8 % respectively 24. The total 

durationn of this investigation is approximately 20 minutes. 

Statisticall analysis 

Analysess were performed using SPSS 10.0 for Windows® software. Assuming 

thatt the common standard deviation of FMD is 2.0%, a sample si2e of 17 children 

inn each group will have 80% power to detect a difference in means of 2%, using 

aa two group t-test with a 0.05 two-sided significance level. Skewed data were 

testedd using the Mann Whitney test. Mean values before and after therapy within 

thee FH group were compared using the paired Student t-test. A p-value < 0.05 

wass considered significant. 

Results s 

AA total of 41 FH children (age: 8.2 years) and 20 controls (age: 9.2 years) were 

includedd in this study (table 1). The baseline characteristics showed no significant 

differencess between the FH children and the controls with regard to gender, 

length,, weight and blood pressure. However, as expected in FH, TC and LDL-C 

weree significandy higher (p<0.001) and HDL-C was significandy lower in the 

FHH children. All 41 FH children completed the study. Based on the amount of 

returnedd empty and full tubs the compliance was 97 % in both the placebo and 

treatmentt group. The FH children did not report any adverse effects throughout 

thee whole study. 
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Tablee 1. Baseline characteristics 

Characteristic c 

N N 

Male/female e 

Agee (years) 
Lengthh (m) 
Weightt (kg) 

Syst.. bloodpressure (mmHg) ) 
Diast.. bloodpressure (mmHg) 
TCC (mmol/L) 

LDL-CC (mmol/L) 
HDL-CHDL-C (mmol/L) 
TGG (mmol/L) 

Controls s 

20 0 
9-nov v 

8.22 (2.2) 
1.344 (0.14) 
31.55 (8.0) 

955 (12) 
577 (11) 

4.033 (0.63) 
2.200 (0.65) 
1.522 (0.41) 

0.733 [0.51-1.34] 

FHH (home diet) 

41 1 
20/21 1 

9.22 (1.6) 
1.377 (0.10) 
33.33 (8.6) 

97(9) ) 
57(6) ) 

7.300 (1.51)' 
5.688 (1.53)' 
1.25(1.25)1 1 

0.744 [0.46-2.20] 

Al ll  values are given as means (SD), except for TG given as median [range]. TC; total cholesterol, 

LDL-C;; low-density lipoprotein cholesterol, HDL-C; high-density lipoprotein cholesterol, TG; 

triglyceridess 'p<0.001,1p<0.05 

Theree was no carry-over effect in the FH group (placebo and plant sterol) with 

regardss to the lipid and FMD data, and therefore, all data were analyzed as planned. 

Afterr 4 weeks of treatment with plant sterol, TC significandy reduced by -0.79 

mmol/LL (95%CI: -1.02 to -0.60) and LDL-C by-0.78 mmol/L (95%CI: -1.00 to 

—0.60)) (table 2); as percentages these reductions were 11% for TC and 14% for 

LDL-C.. HDL-C and TG did not change. 

Tablee 2. Lipids and absolute changes in lipids in FH children 

Lipids s Placeboo spread Plant sterol spread Mean Absolute change 

n=411 n=41 (95% CI) 

TCC (mmol/L) 
LDL-CC (mmol/L) 

HDL-CHDL-C (mmol/L) 
TGG (mmol/L) 

7.066 (1.35) 
5.400 (1.37) 

1.299 (0.29) 
0.900 (0.40) 

6.277 (1.12) 

4.588 (1.13) 
1.311 (0.31) 
0.855 (0.36) 

-0.799 (-1.02 to-0.60) 
-0.788 (-1.00 to-0.60) 

0.022 (-0.06 to 0.10) 
-0.055 (-0.20 to 0.09) 

Al ll  values are given as means (SD), except for die mean absolute change given as mean (95 % CI) 

TC;; total cholesterol, LDL-C; low-density lipoprotein chollesterol, HDL-C; high-density lipoprotein 

cholesterol,, TG; triglycerides 
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Thee FMD was significantly lower in the FH placebo group than in the healthy 

controlss (7.2  3.4% versus 10.1  4.2%, p<0.005) (figure 1), while the baseline 

vessell  size was not significantly different between these two groups (FH placebo: 

2.77  0.9 mm versus controls: 2.2 0 mm). However, within the FH children 

thee FMD between the placebo treatment and the plant sterol treatment phase 

remainedd essentially similar (7.2  3.4 % versus 7.7  4.1 %, p=0.592). There 

weree no significant differences in baseline vessel size between the placebo and 

thee plant sterol treatment (2.7  0.9 mm versus 2.7 0 mm). 

Figuree 1. Mean FMD (SD) of the FH treatment groups and the controls 

18 8 

16 6 

14 4 

12 2 

1 ( 1 1 

8 8 

6 6 

tt4 4 

aa 2 
§ § 
ft*ft* 0 

Controls s 

p<0.011 versus Controls 

FHH (placebo) FHH (plant sterol) 

Discussion n 

Inn the present study we show that pre-pubertal FH children are already characterized 

byy impaired endothelial function. Whereas the use of plant sterol spread leads to a 

14%% decrease of LDL-C, this reduction is not associated with restoration of 

endotheliall  dysfunction over a 4-week intervention period. 

Ass expected in FH, our data show mat pre-pubertal FH children already have 

severelyy elevated plasma levels of LDL-C 20. The use of plant sterol ester enriched 

spreadd (2.3 gram sterols/day) induced a 14% reduction in LDL-C. These data are in 

linee with the few studies previously described in FH children. One study in 7 young 

childrenn showed a reduction of 17% of LDL-C, using a three-fold higher dosage of 

freee plant sterols, compared to the present study n. Another study performed by the 

samee authors showed an exceptional LDL-C reduction of 20 % 13. However, the 
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meann LDL-C level in this study group was much higher (7.87 mmol/L) than in 

thee present study, which may explain the 20 % reduction. In a larger study by 

Gyllingg et aL the LDL-C reduction by a sitostanol margarine spread was similar to 

thee LDL-C reduction in our study u. Recently, another study with 41 FH children 

usingg a sterol spread (1.6 g/day) showed a LDL-C reduction of 10.2 %29. Clinically 

relevantt adverse effects were absent in all of the studies. Thus, plant sterols/stanols 

spreadss seem both efficacious and well tolerated in hypercholesterolemic children, 

andd offer an additional tool for cholesterol-lowering therapy in these children. 

Inn the general population, the process of atherosclerosis begins in adolescence30. 

Inn view of the aggressive nature of cardiovascular disease (CVD) in FH patients, 

itt reasonable to assume that atherosclerotic changes arise during early childhood. 

Inn line with these findings, we have recently demonstrated the presence of 

endotheliall  dysfunction in another cohort of 50 adolescent FH children31. Other 

studiess have also demonstrated an impaired endothelial function in FH children. 

However,, these studies were either small or concerned children with a higher 

meann age than present study3234. To the best of our knowledge the current study 

iss the first concerning only pre-pubertal FH children 

Afterr 4 weeks of plant sterol treatment we showed a significant reduction of 

LDL- CC and TC. However, this reduction did not restore the endothelial 

dysfunction.. Reduction of LDL-C by short-term treatment with lipid-lowering 

drugss (statins) is associated with complete normalization of endothelial 

dysfunctionn in adults 35;36 In a placebo controlled study we recently showed that 

short-termm statin therapy (28 weeks) normalizes endothelial dysfunction in 50 

FHH adolescents (de Jongh et al. JACC in press). Two factors may contribute to the 

observedd difference between sterols and statins: First, statins reduce LDL-C by 40 % 

inn hypercholesterolemic adults 37 and adolescents 9, whereas plant sterols only 

mildlyy reduce LDL-C (10-15%). The absence of vascular effects during sterol 

therapyy might imply a threshold of LDL-C lowering before improvement of 

endotheliall  function can occur. Second, statins have been shown to exert direct 

'pleiotrophic'' effects on the vasculature 38. The absence of such an effect on 

FMDD during sterol use might also be the consequence of a lack of pleiotrophic 

effectss of sterols. However, the improvement of endothelial function after LDL-

CC aphaeresis39 and the correlation between LDL-C levels and endothelial function 

clearlyy show a major role for changes in LDL-C per se. Hence, the difference in 

potencyy between statins and sterols is most likely to explain the difference in 

vascularr effects. 
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Overall,, these data lend further support to aggressive lipid-lowering therapy already 

inn pre-pubertal FH children, when endothelial dysfunction is still amenable to 

completee normalization. It remains to be established if, in spite of the lack of 

vascularr effects, the use of long-term sterols can improve future cardiovascular 

outcomee in this high-risk pediatric group. 

Acknowledgements s 

Wee gratefully acknowledge Richard Draijer of the Unilever Health Institute for 

thee scientific discussion and Unilever R&D, Vlaardingen, The Netherlands for 

providingg the control and plant sterol enriched test. 

References s 

1.. Goldstein JL, Hobbs HH, Brown HS: Familial Hypercholesterolemia, in Scriver CR, Beaudet 
AL ,, Sly WS, Valle D (eds):The metabolic Basis of Inherited Disease. New York, McGraw-Hill, 
2001;8:2863-913. . 

2.. Lansberg PJ, Tuzgol S, van de Ree MA, Defesche JC, Kastelein JJ. Higher prevalence of familiar 
hypercholesterolemiaa than expected in adult patients of four family practices in Netherlands. 
Nedd Tijdschr Geneeskd 2000;144:1437-40. 

3.. Bakker HD, Trump MJ, Defesche JC, Kastelein JJP. Familial Hypercholesterolemia in Dutch 
Children:: Past, Present, and Future. International pediatrics 1994;9:157-64. 

4.. American Academy of Pediatrics. National Cholesterol Education Program: Report of the Expert 
Panell  on Blood Cholesterol Levels in Children and Adolescents. Pediatrics 1992;89:525-84. 

5.. Obarzanek E Kimm SYS, Barton BA, Van Horn L, Kwiterovich PO J, Simons-Mortin DG, 
Hunsbergerr SA, Lasser NL, Robson AM, Franklin FA J, Lauer RM, Stevens VJ, Friedman LA, 
Dorgann JF, Greenlick MR, DISC Collaborative RG. Long-term safety and efficacy of a cholesterol-
loweringg diet in children with elevated Low-density lipoprotein cholesterol: Seven-year results of 
thee Dietary Intervention Study in Children (DISC). Pediatrics 2001;107:256-64. 

6.. Groot PH, Dijkhuis-Stoffelsma R, Grose WF, Ambagtsheer JJ, Fernandes J. The effects of 
colestipoll  hydrochloride on serum lipoprotein lipid and apolipoprotein B and AT concentrations 
inn children heterozygous for familial hypercholesterolemia. Acta Paediatr Scand 1983;72:81-5. 

7.. Knipscheer HC, Boelen CC, Kastelein JJ, van Diermen DE, Groenemeijer, BE, van den EA, 
Bullerr HR, Bakker HD. Short-term efficacy and safety off  pravastatin in 72 children with familial 
hypercholesterolemia.. Pediatr Res 1996;39:867-71. 

8.. Lambert M, Lupien PJ, Gagne C, Levy E, Blaichman S, Langlois S, Hayden M, Rose V, Clarke 
JT,, Wolfe BM, Clarson C, Parsons H, Stephure DK, Potvin D, Lambert J. Treatment of familial 
hypercholesterolemiaa in children and adolescents: effect of lovastatin. Canadian Lovastatin in 
Childrenn Study Group. Pediatrics 1996;97:619-28. 

9.. Stein E A, Illingworth DR, Kwiterovich PO, Jr., Liacouras CA, Siimes MA, Jacobson MS, 
Brewsterr TG, Hopkins P, Davidson M, Graham K, Arensman, F, Knopp RH, Dujovne C, 
Williamss CL, Isaacsohn JL, Jacobsen CA, Laskarzewski PM, Ames S, Gormley GJ. Efficacy 
andd safety of lovastatin in adolescent males with heterozygous familial hypercholesterolemia: a 
randomizedd controlled trial. JAMA 1999;281:137-44. 

136 6 



Effectt of plant sterols on endothelial function 

10.. Jones PJ, Raeini-Sarjaz M, Ntanios FY, Vanstone CA, Feng JY, Parsons WE. Modulation of 
plasmaa lipid levels and cholesterol kinetics by phytosterol versus phytostanol esters. J Lipid 
Ress 2000;41:697-705. 

11.. Gylling H, Siimes MA, Miettinen TA. Sitostanol ester margarine in dietary treatment of children 
withh familial hypercholesterolemia. J Lipid Res 1995;36:1807-12. 

12.. Becker M, Staab D, Von Bergman K. Long-term treatment of severe familial hypercholesterolemia 
inn children: effect of sitosterol and bezafibrate. Pediatrics 1992;89:138-42. 

13.. Becker M, Staab D, von Bergmann K. Treatment of severe familial hypercholesterolemia in 
childhoodd with sitosterol and sitostanol. J Pediatr 1993;122:292-6. 

14.. Tammi A, Ronnemaa T, Gylling H, Rask-Nissila L, VJ, Tuominen J, Pulkki K, Simell O. Plant 
stanoll  ester margarine lowers serum total and low-density lipoprotein cholesterol concentrations 
off  healthy children: the STRIP project. Special Turku Coronary Risk Factors Intervention 
Project.. J Pediatr 2000;136:503-10. 

15.. Stary HC, Chandler AB, Glagov S, Guyton JR, Insull W, Jr., Rosenfeld, ME, Schaffer SA, 
Schwartzz CJ, Wagner WD, Wissler RW. A definition of initial, fatty streak, and intermediate 
lesionss of atherosclerosis. A report from the Committee on Vascular Lesions of the Council 
onn Arteriosclerosis, American Heart Association. Circulation 1994;89:2462-78. 

16.. Neunteufl T, Heher S, Katzenschlager R, Wolfl G, Kostner K, Maurer G, Weidinger F. Late 
prognosticc value of flow-mediated dilation in the brachial artery of patients with chest pain. 
Amm J Cardiol 2000;86:207-10. 

17.. Celermajer DS, Sorensen KE, Gooch VM, Spiegelhalter DJ, Miller OI, Sullivan ID, Lloyd JK, 
Deanfieldd JE. Non-invasive detection of endothelial dysfunction in children and adults at risk 
off  atherosclerosis. Lancet 1992;340:1111-5. 

18.. Sorensen KE, Celermajer DS, Georgakopoulos D, Hatcher G, Betteridge, DJ, Deanfield JE. 
Impairmentt of endothelium-dependent dilation is an early event in children with familial 
hypercholesterolemiaa and is related to the lipoprotein (a) level. J Clin Invest 1994;93:50-5. 

19.. Mietus-Snyder M, Malloy MJ. Endothelial dysfunction occurs in children with two genetic 
hyperlipidemias:: improvement with antioxidant vitamin therapy. J Pediatr 1998;133:35-40. 

20.. Kwiterovich PO, Jr. Biochemical, clinical, epidemiologic, genetic, and pathologic data in the 
pediatricc age group relevant to the cholesterol hypothesis. Pediatrics 1986;78:349-62. 

21.. Marshall WA, Tanner JM. Variations in the pattern of pubertal changes in boys. Arch Dis 
Childd 1970;45:13-23 

22.. Weststrate JA, Meijer GW Plant sterol-enriched margarines and reduction of plasma t. Eur J 
Clinn Nutr 1998;52:334-43. 

23.. Corretti MC, Anderson TJ, Benjamin EJ, Celermajer DS., Charbonneau F, Creager MA, 
Deanfieldd J, Drexler H. Guidelines for the ultrasound assessment of endodielial dependent 
floww mediated vasodilation of the brachial artery. A report of the international brachial artery 
reactivityy task force. J Am Coll Cardiol 2002;39:257-65. 

24.. Hijmering ML, Stroes ES, Pasterkamp G, Sierevogel M, Banga JD, Rabelink TJ. Variability of 
floww mediated dilation: consequences for clinical application. Atherosclerosis 2001;157:369-73. 

25.. Takase B, Uehata A, Akima T, Nagai T, Nishioka T, Hamabe A, Satomura, K, Ohsuzu F, 
Kuritaa A. Endothelium-dependent flow-mediated vasodilation in coronary and brachial arteries 
inn suspected coronary artery disease. Am J Cardiol 1998;82:1535-9. 

26.. Napoli C, Ignarro LJ. Nitric Oxide and Atherosclerosis. Nitri c Oxide 2001;5:88-97. 
27.. Brands PJ, Hoeks AP, Willigers J, Willekes C, Reneman RS. An integrated system for the non-

invasivee assessment of vessel wall and hemodynamic properties of large arteries by meanss of 
ultrasound.. European Journal of Ultrasound 1999;9:257-66. 

28.. Reneman RS, Hoeks AP, Westerhof N. Non-invasive assessment of artery wall properties in 
humans-methodss and interpretation. J Vase Invest 1996;2:53-64. 

29.. Amundsen A, Ose L, Ntanios F. Effects of plant sterol ester-enriched spread on plasma lipids 
andd safety parameters in children with familial hypercholesterolemia (FH) in controlled and 
follow-uoo periods. Ann Nutr Metabol 2001;46:125. 

30.. McGill HC, Jr., McMahan CA, Zieske AW, Tracy RE, Malcom GT, Herderick, EE, Strong JP. 
Associationn of Coronary Heart Disease Risk Factors with microscopic qualities of coronary 
atherosclerosiss in youth. Circulation 2000;102:374-9. 

137 7 



Chapterr 9 

31.. dejongh S, Lilien M.R, Bakker H.D, Hutten B.A, Kastelein J.J.P, Stroes E.S.G. Family history 
off  cardiovascular events and endothelial dysfunction in children with familial 
hypercholesterolemia.. Atherosclerosis 2002;163:193-7. 

32.. Celermajer DS, Sorensen KE, Gooch VM, Spiegelhalter DJ, Miller OI, Sullivan ID, Lloyd JK, 
Deann field JE. Non-invasive detection of endothelial dysfunction in children and adults at risk 
off  atherosclerosis. Lancet 1992;340:1111-5. 

33.. Mietus-Snyder M, Malloy MJ. Endothelial dysfunction occurs in children with two genetic 
hyperlipidemias:: improvement with antioxidant vitamin therapy. J Pediatr 1998;133:35-40. 

34.. Sorensen KE, Celermajer DS, Georgakopoulos D, Hatcher G, Betteridge, DJ, Deanfield JE. 
Impairmentt of endothelium-dependent dilation is an early event in children with familial 
hypercholesterolemiaa and is related to the lipoprotein(a) level. J Clin Invest 1994;93:50-5. 

35.. Marchesi S, Lupattelli G, Siepi D, Schillaci G, Vaudo G, Roscini AR, Sinzinger H, Mannarino 
E.. Short-term atorvastarin treatment improves endothelial function in hypercholesterolemic 
women.. J Cardiovasc Pharmacol 2000;36:617-21. 

36.. Stroes E, Kastelein J, Cosentino F, Erkelens W, Wever R, Koomans H, Luscher T, Rabelink T. 
Tetrahydrobiopterinn restores endothelial function in hypercholesterolemia. J Clin Invest 
1997;99:41-6. . 

37.. Scandinavian Simvastatin survival group. Randomised trial of cholesterol lowering in 4444 
patientss with coronary heart disease: the Scandinavian Simvastatin Survival Study (4S). Lancet 
2000;344:1383-9. . 

38.. Masumoto A, Hirooka Y, Hironaga K, Eshima K, Setoguchi S, Egashira K, Takeshita A. Effect 
off  pravastatin on endothelial function in patients with coronary artery disease (cholesterol-
independentt effect of pravastatin). Am J Cardiol 2001;88:1291-4. 

39.. Tamai O, Matsuoka H, Itabe H, Wada Y, Kohno K, Imaizumi T. Single LDL apheresis improves 
endothelium-dependentt vasodilatation in hypercholesterolemic humans. Circulation 1997;95:76-82. 

138 8 


