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Ten-Year Follow-up After Initiation of Statin Therapy
in Children With Familial Hypercholesterolemia
Familial hypercholesterolemia (FH) is a prevalent (1:500 indi-
viduals) inherited disorder that strongly predisposes to pre-
mature atherosclerosis and subsequent cardiovascular disease.1

In children with FH, atherosclerosis progression is observed
before puberty.2

Consequently, guidelines for FH treatment advocate ini-
tiation of statins in children as young as 8 years.3 However, long-
term efficacy and safety data for statin therapy initiated dur-
ing childhood do not exist. We followed up a cohort of children
with FH receiving statin therapy until adulthood.

Methods | We conducted a cohort study of 214 children hetero-
zygous for FH, living in the Netherlands, aged 8 to 18 years,
who were randomized between 1997 and 1999 into a single-
center, 2-year, double-blind, placebo-controlled trial of
pravastatin.4 Results showed a significant regression of ca-
rotid intima-media thickness (IMT) after statin treatment com-
pared with placebo.

After the trial, all children received pravastatin (20-40
mg/d) and were followed up until March 2011 along with 95 un-
affected siblings. Patients were instructed to adhere to the Step
2 diet. During follow-up, several patients switched to other stat-
ins. After 10 years, all participants underwent a physical ex-
amination, fasted blood sample, assessment of family and
medical history, including the occurrence of adverse events,

Table 1. Patient Characteristics at Baseline and After 10 Years of Follow-upa

At Baseline After 10 y of Follow-up
FH

(n = 194)
Siblings
(n = 83)

P
Valueb

FH
(n = 194)

Siblings
(n = 83)

P
Valueb

Age, y 12.9 (12.5-13.4) 13.0 (12.3-13.6) .99 24.0 (23.6-24.5) 23.8 (23.2-24.5) .63

Male sex, No. (%) 90 (46.4) 46 (55.4) .17 90 (46.4) 46 (55.4) .17

Height, m 1.56 (1.54-1.58) 1.57 (1.54-1.61) .67 1.74 (1.73-1.76) 1.76 (1.74-1.77) .25

Weight, kg 48.8 (46.6-50.9) 48.0 (44.4-51.5) .71 74.2 (72.2-76.3) 73.8 (71.0-76.6) .81

BMIc 19.4 (18.9-19.9) 18.9 (18.1-19.6) .26 24.4 (23.8-25.2) 23.9 (23.1-24.8) .32

Blood pressure, mm Hg

Systolic 110 (108-112) 110 (107-113) .99 122 (120-123) 122 (120-124) .95

Diastolic 62 (60-63) 62 (60-64) .48 72 (71-73) 73 (71-74) .27

Risk factor, No. (%)

Diabetes 0 0 1 (0.5) 1 (1.2) .55

Hypertension 0 0 7 (3.6) 5 (6.2) .36

Current smoking 22 (11) 6 (7) .30 53 (27.3) 27 (32.5) .38

Statin use, No. (%)d 0 0 162 (84) 0 <.001

Cholesterol, mg/dLe

Total 301 (293-308) 169 (164-174) <.001 241 (231-251) 196 (189-204) <.001

LDL 237 (230-244) 100 (95-105) <.001 173 (164-183) 124 (117-131) <.001

HDL 48 (47-50) 56 (52-59) <.001 50 (48-52) 53 (50-56) .13

Triglycerides, median
(IQR), mg/dLe

65 (49-95) 56 (42-93) .12 80 (60-105) 89 (61-125) .21

Apolipoprotein, mg/dLe

B 141 (137-145) 85 (81-88) <.001 115 (110-119) 89 (84-93) <.001

A-1 126 (123-128) 135 (131-140) <.001 137 (133-141) 141 (136-147) .17

Carotid IMT, mm 0.442 (0.436-0.449) 0.433 (0.424-0.441) .03f 0.480 (0.472-0.489) 0.469 (0.459-0.480) .02f

Abbreviations: BMI, body mass index; FH, familial hypercholesterolemia; HDL,
high-density lipoprotein; IMT, intima-media thickness; IQR, interquartile range;
LDL, low-density lipoprotein.

SI conversion factors: To convert apolipoprotein A-1 and B to g/L, multiply by
0.01; HDL, LDL, and total cholesterol to mmol/L, multiply by 0.0259;
triglycerides to mmol/L, multiply by 0.0113.
a Data are expressed as mean (95% confidence interval) unless otherwise

indicated.
b Continuous (log-transformed skewed data) or dichotomous variables were

compared between groups using linear or logistic regression analyses

(generalized estimating equations), respectively. Quasi-likelihood under the
independence model criterion was used to measure goodness of fit.

c Calculated as weight in kilograms divided by height in meters squared.
d Recommendations by local specialists at various dosages: 31%, pravastatin;

15%, simvastatin; 27%, rosuvastatin; and 27%, atorvastatin.
e Lipid levels after 10 years of follow-up were missing for 9 patients with familial

hypercholesterolemia.
f Adjusted for sex, age, blood pressure, and BMI.
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and measurement of carotid IMT, a validated marker of
atherosclerosis.5

The study protocol was approved by the University of Am-
sterdam Academic Medical Center institutional review board
and all participants gave written informed consent.

Efficacy outcome measures were carotid IMT and lipid pro-
files at follow-up. Safety assessment included growth, matu-
ration, level of education, adverse events, and laboratory test
results (aspartate and alanine aminotransferases, creatinine
kinase, estimated glomerular filtration rate, and C-reactive pro-
tein).

Linear regression models were used to evaluate (1) dif-
ferences in carotid IMT between patients with FH and unaf-
fected siblings (adjusted for sex, age, blood pressure, and
body mass index [BMI]) and (2) the association between
carotid IMT and age at statin initiation (adjusted for sex,
BMI, baseline carotid IMT, and duration of follow-up). Fam-
ily relations were taken into account with generalized esti-
mating equations.

P values are 2-sided, and significance was set at P < .05.
Analyses were performed with SPSS version 11.5 (SPSS Inc).

Results | Ten-year follow-up was achieved in 194 (91%) pa-
tients with FH and 83 (87%) siblings, all aged 18 to 30 years.
The main reasons for nonattendance were “not motivated/
too busy” and “living abroad.” Participant characteristics at
baseline and after follow-up did not differ significantly be-
tween patients with FH and siblings, except for lipid profiles
(Table 1).

After 10 years, mean carotid IMT was still significantly
greater in patients with FH compared with siblings (0.480 mm

[95% CI, 0.472-0.489 mm] vs 0.469 mm [95% CI, 0.459-0.480
mm], respectively; P = .02). In contrast, progression of ca-
rotid IMT from baseline was similar in both groups (patients
with FH, 0.039 mm [95% CI, 0.032-0.046 mm] vs siblings, 0.037
mm [95% CI, 0.032-0.042 mm]; P = .52). In patients with FH,
age at statin initiation was significantly associated with ca-
rotid IMT at follow-up (regression coefficient, 0.003 mm [SE,
0.001 mm]; P = .009).

Of the patients with FH, 163 (84%) were still using lipid-
lowering medication. Of the patients who were prescribed
lipid-lowering therapy, 142 (79%) took 80% or more of their
medication in the preceding month. Three patients discontin-
ued statin therapy due to adverse events. Rhabdomyolysis or
other serious major adverse events were not reported. Labo-
ratory safety parameters did not differ between patients with
FH and siblings (Table 2). Also, no differences in growth, matu-
ration, or educational level were noted (Tables 1 and 2).

Discussion | To our knowledge, this study reports the longest
follow-up in statin-treated children with FH and includes a con-
trol group of unaffected siblings, which minimizes genetic and
environmental variation between groups. Long-term statin
treatment initiated during childhood in patients with FH was
associated with normalization of carotid IMT progression.
Moreover, earlier statin initiation was associated with thin-
ner carotid IMT at follow-up. No serious adverse events were
reported during follow-up.

The safety of statin therapy is supported by extensive evi-
dence in adults.6 In children, only short-term safety has been
established. However, our long-term follow-up study lacks sta-
tistical power to detect rare events.

Table 2. Safety Parameters at Baseline and After 10 Years of Follow-up

At Baseline After 10 y of Follow-up
FH

(n = 194)
Siblings
(n = 83)

P
Valuea

FH
(n = 194)

Siblings
(n = 83)

P
Valuea

Aspartate aminotransferase, median (IQR), U/L 21 (16-26) 24 (19-29) .06 25 (22-30) 26 (22-30) .38

No. (%) with level >3 × upper limit of normal 1 (0.5) 0 .51 1 (0.5) 1 (1.1) .26

Alanine aminotransferase, median (IQR), U/L 14 (11-18) 14 (12-19) .75 18 (13-25) 17 (13-24) .84

No. (%) with level >3 × upper limit of normal 0 0 1 (0.5) 0 .51

Creatine kinase, median (IQR), U/L 100 (75-153) 95 (74-132) .96 101 (72-150) 101 (82-161) .13

No. (%) with level >10 × upper limit of normal 0 0 0 2 (2.1)b .03

Estimated glomerular filtration rate, median, (IQR),
mL/min/1.73 m2c

127 (121-131) 125 (119-130) .05

C-reactive protein, median (IQR), mg/Lc 0.9 (0.3-2.3) 1.2 (0.3-3.0) .27

Age at menarche, mean (95% CI), yd 13.1 (12.7-13.4) 13.4 (12.8-14.1) .27

Level of education, No. (%)c

Lower 31 (17.1) 13 (16.0)

.96Middle 71 (39.2) 33 (40.7)

Higher 79 (43.6) 35 (43.2)

Abbreviations: FH, familial hypercholesterolemia; IQR, interquartile range.

SI conversion factors: To convert alanine and aspartate aminotransferases and
creatine kinase to μkat/L, multiply by 0.0167; C-reactive protein to nmol/L,
multiply by 9.524.
a Continuous (log-transformed skewed data) or dichotomous variables were

compared between groups using linear or logistic regression analyses
(generalized estimating equations), respectively. Quasi-likelihood under the
independence model criterion was used to measure goodness of fit.

b Both participants reported having no complaints during the entire period of
follow-up. One participant is an athlete and it is possible that the creatine
kinase levels were elevated subsequent to exercise; there is no explanation for
the elevation in the other participant.

c No baseline data available.
d Only girls.
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The low-density lipoprotein levels of patients with FH at
follow-up did not meet current treatment standards and ca-
rotid IMT was thicker than in unaffected siblings. More ro-
bust lipid-lowering therapy or earlier initiation of statins may
be required to completely restore arterial wall morphology and
avert cardiovascular events later in life in this high-risk popu-
lation.
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COMMENT & RESPONSE

Conservative Management vs Intervention for
Unruptured Brain Arteriovenous Malformations
To the Editor Management of brain arteriovenous malforma-
tions (bAVMs) has been debated in the recent medical
literature. If left untreated, bAVMs confer a risk of neuro-
logical morbidity and mortality; however, treatment is asso-
ciated with risks but offers the potential for lifetime eradica-
tion.

Dr Al-Shahi Salman and colleagues1 prospectively fol-
lowed up 204 patients with unruptured bAVMs over 12
years. Morbidity and mortality rates among patients man-
aged conservatively vs those who underwent interventions
(surgical resection, endovascular treatment, radiosurgery,
or multimodal intervention) were compared. Over a 4-year
period, the authors reported 36 events leading to sustained
disability or death in the conservative management group
vs 39 in the intervention group. The number of bAVM-
associated symptomatic strokes or deaths in patients man-
aged conservatively vs with an intervention was 14 vs 38,
respectively.

Al-Shahi Salman et al1 documented an AVM obliteration
rate of 66%, a poor outcome given that 90% of the treated
bAVMs were of low grade. This rate is likely an overestima-
tion because some treatment results were documented only
with magnetic resonance imaging, a study that does not pro-
vide certainty of a cure. In comparison, a meta-analysis2 of
13 698 patients documented a surgical obliteration rate of 96%
for low-grade bAVMs. Complication rates in the intervention
group of this study were high at 27.1% compared with 5.7% re-
ported in the meta-analysis.2

Al-Shahi Salman et al1 did not disclose the timeline of hem-
orrhages in the intervention group, especially among incom-
pletely treated bAVMs. In addition, 20 of 31 deaths (64%) in the
conservative management group were classified as unrelated
to the bAVM, and given the limited information on the cause
of death, it is possible that a portion of the deaths in this co-
hort was related to AVM rupture. The fact that AVM rupture
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