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Objective: The early diagnosis and treatment initiation for children with familial hypercholesterolemia (FH) has
been recommended in guidelines. However, there is limited data on the impact of early treatments on the
prognosis of children with FH. To investigate if the early initiation of lipid-lowering therapies among Japanese

f;']:encs " pediatric patients with FH reduced the occurrence of cardiovascular disease (CVD) events in them.
receptor . . . . . . .
Chil drenp Methods: We retrospectively investigated the occurrence of CVD events (myocardial infarction, unstable angina,

or coronary artery revascularization) in patients with FH (N = 1050, male/female = 490/560), including 106
children below 20 years. We compared a variety of phenotypes, including genetic backgrounds, other compli-
cations, LDL cholesterol, medical therapies, and their prognoses between the patients’ diagnoses before the age
of 20 years (children, mean age = 15 years) and after that age (adults, mean age = 52 years). Overall, 290
patients (27.6%) had a history of prior CVD events.

Results: The median follow-up duration was 12.6 [9.5-17.9] years. The baseline LDL cholesterol level, 239 mg/
dL, dropped to 112 mg/dL with the treatments. The Achilles tendon thickness was significantly lower in children
than that of adults (7.2 vs. 8.9 mm, P < 0.001). Over the follow-up duration, 119 CVD events were observed.
Importantly, no CVD event was observed in children despite their median LDL cholesterol level at follow-up
being significantly higher than that of adults (122 vs. 111 mg/dL, P < 0.001).

Conclusion: The likelihood of CVD events in those with FH diagnosed and treated in childhood is low.

1. Introduction

Familial hypercholesterolemia (FH), one of the most common auto-
somal dominant lipoprotein disorders, is caused by a pathogenic mu-
tation in the LDL receptor (LDLR) or its associated genes, including
apolipoprotein B (APOB), proprotein convertase subtilisin/kexin type 9
(PCSK9), and LDLR adaptor protein 1 (LDLRAPI1) [1]. This is charac-
terized by extremely elevated LDL cholesterol from birth, which leads to
premature cardiovascular diseases (CVDs) [2]. Currently, the reported
prevalence of this condition is 1/300 in the general population [3,4].
Lipid-lowering therapies such as statins, ezetimibe, colestimide, and
PCSK9 inhibitors can effectively reduce LDL cholesterol levels [5].
Among these drugs, statins are the most essential therapy for patients
with FH, including children [6]. The American College of
Cardiology-American  Heart Association and the European
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Atherosclerosis Society consensus panel recommend starting statin
therapy for pediatric patients with FH from the age of 8-10 years [7,8].
In Japan, the Japan Atherosclerosis Society guideline for patients with
pediatric FH also recommends starting statin therapy from the age of 10
years [9]. Although there is evidence suggesting that statins effectively
reduce LDL cholesterol levels in pediatric FH, there is a paucity of data
on the clinical outcomes of the patients involved when followed up to
their adulthood. Luirink et al. demonstrated that pediatric patients with
FH in whom statin therapy was initiated at the age of 13 years had
significantly better prognoses than their parents who started medical
therapy much later [10]. This study aimed to investigate whether the
early initiation of lipid-lowering therapy in Japanese pediatric patients
with FH had the beneficial effect of reducing their CVD event rates.
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2. Methods
2.1. Ethical considerations

This study was approved by the Ethics Committee of Kanazawa
University. All procedures were conducted per the ethical standards of
the Human Research Committee (institutional and national) and the
Helsinki Declaration (1975, revised in 2008). Informed consent for ge-
netic analyses was obtained from all the study participants.

2.2. Study population

We assessed the data of 2011 patients with FH diagnosed clinically
using the Japan Atherosclerosis Society (JAS) 2017 criteria for adults or
children [9,11] at Kanazawa University Hospital between 1990 and
2020. All patients aged >15 years fulfilled at least two of the three
essential clinical criteria stipulated by the JAS for FH diagnosis, which
are as follows: 1) LDL cholesterol level >180 mg/dL, 2) tendon xan-
thoma on the backs of the hands, elbows, knees, or other areas; Achilles
tendon hypertrophy or Achilles tendon thickness on X-ray > 9 mm; or
xanthoma tuberosum, and 3) family history of FH or premature coronary
artery disease diagnosed in a first-degree or second-degree relative. We
used the criteria for pediatric FH for the patients aged <15 years [9]: 1)
LDL cholesterol level > 140 mg/dL, and 2) family history of FH or
premature coronary artery disease diagnosed in a first-degree or
second-degree relative. Nine hundred and sixty-one patients were
excluded due to missing data, lost to follow-up, or patients with ho-
mozygous FH. Finally, 1050 patients (aged 6 to 82 years) were included
in this study (Supplemental Fig. 1).

2.3. Clinical data assessment

Hypertension was defined as a systolic blood pressure of > 140
mmHg, and/or diastolic blood pressure > 90 mmHg, or the use of
antihypertensive medications. We used the Japan Diabetes Society’s
definition of diabetes [12]. The smoking status was defined as the cur-
rent smoking status. CVD was defined as myocardial infarction, unstable
angina, or coronary artery revascularization. Serum levels of total
cholesterol, triglycerides, and HDL cholesterol were determined enzy-
matically via automated instrumentation. LDL cholesterol levels were
calculated using the Friedewald formula if the triglyceride level was
<400 mg/dL; otherwise, it was determined enzymatically. The LDL
cholesterol year score was calculated as LDL cholesterol max x [age at
diagnosis/statin initiation] + LDL cholesterol at inclusion x [age at
inclusion — age at diagnosis/statin initiation] [13]. LDL cholesterol
levels during LDL apheresis therapy was calculated as follows, Cayerage =
Cmin + 0.73 (Cmax - Cmin), Where Cayerage is the mean concentration
during biweekly LDL-apheresis therapy, Cnax and Cpi, are the concen-
tration just before and after single session of LDL-apheresis [14]. We
used LDL cholesterol level 2 weeks after the use of PCSK9 inhibitor for
the patients under the use of this drug.

2.4. Genetic analysis

We assessed genotypes using a next-generation sequencer. The cod-
ing regions of LDLR, APOB, PCSK9, and LDLRAP1 were sequenced as
described in a previous study [15]. Further, copy number variations at
the LDLR were assessed using the eXome Hidden Markov Model software
program as described in an earlier study [16]. We evaluated the path-
ogenicity of the genetic variants according to the standard American
College of Medical Genetics and Genomics criteria [17].

2.5. Statistical analysis

Normally distributed continuous variables were reported as means +
standard deviations while those with skewed data distributions were
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reported as medians and interquartile ranges. Categorical variables were
reported as frequencies and percentages, and they were compared using
Fisher’s exact test or the chi-square test. Mean values of continuous
variables were compared using Student’s t-test for independent vari-
ables, and median values were compared using the non-parametric
Wilcoxon rank-sum test. Cumulative Kaplan-Meier survival curves
starting at baseline were constructed to compare time-lapses to first CVD
events. For the outcome of time-lapses to first CVD events, follow-up
started at birth and ended for each participant at the date of the first
CVD events or the date of the visit, whichever came first. The probability
of disease by time t was estimated by F(t) = 1 — S(t), where S(t) is the
survivor function, calculated by the survfit function from the R survival
package. All statistical analyses were conducted using R statistics (https:
//www.r-project.org). P-values of <0.05 were considered statistically
significant.

3. Results
3.1. Clinical characteristics

The clinical characteristics of the study participants are shown in
Table 1. The mean age of patients was 49 years, and almost half of the
patients were men. The median LDL cholesterol level was 239 mg/dL. A
total of 776 patients (73.9%) had a family history of FH and/or pre-
mature CVD. Furthermore, 290 patients (27.6%) had a history of CVD.
When we divided the patients into two groups based on their age at
diagnosis, we observed several differences in variables, such as age,
complications, including hypertension, diabetes, smoking, triglycerides,
HDL cholesterol, percentage of patients diagnosed via cascade
screening, family history of FH and/or premature CVD, FH pathogenic
variants, Achilles tendon thickness, and history of prior CVD between
the groups. Similar differences were observed when we divided the

Table 1
Baseline characteristics.
Variables All Children Adults P-value
(N = 1050) (N =106) (N = 944)
Age (years) 49 + 16 15+ 4 52+ 15 <2.2 x
1016
Male (%) 490 44 (41.5%) 446 0.31
(46.7%) (47.2%)
Hypertension (%) 250 0 (0.0%) 136 5.4 x
(23.8%) (14.4%) 10°°
Diabetes (%) 83 (7.9%) 0 (0.0%) 83 (8.8%) 0.003
Smoking (%) 224 0 (0.0%) 128 0.0001
(21.3%) (14.6%)
Total cholesterol (mg/ 318 312 319 0.56
dL) [268-365] [291-354] [287-360]
Triglyceride (mg/dL) 113 90 126 2.3 x
[76-177] [66-138] [84-173] 1075
HDL cholesterol (mg/ 47 [43-51] 55 [45-60] 47 [40-56] 9.8 x
dL) 10°
LDL cholesterol (at 239 237 240 0.61
baseline, mg/dL) [208-279] [206-276] [207-283]

LDL cholesterol (at 112 122 111 2.4 x
follow-up mg/dL) [96-120] [109-143] [93-133] 107°
Diagnosed via cascade 498 97 (91.5%) 401 <2.2 X
screening (%) (47.4%) (42.5%) 10716

Family history of FH 776 106 (100%) 670 7.8 x
and/or premature (79.9%) (71.0%) 10°°

CVD (%)

FH pathogenic variants 777 93 (87.7%) 684 0.001
(%) (74.0%) (72.5%)

Achilles tendon 8.7 7.2 8.9 <2.2 x
thickness (mm) [7.6-10.0] [6.3-8.6] [7.6-10.0] 10716

History of prior CVD 290 0 (0.0%) 290 4.3 x
(%) (27.6%) (30.7%) 107

Median Follow-up 12.6 12.4 12.7 0.33
duration (years) [9.5-17.9] [9.1-18.4] [9.2-17.4]

FH: familial hypercholesterolemia, CVD: cardiovascular disease.
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patients into 4 groups (quartile of age, Supplemental Table 1). Mean age
of initiating medical treatments in children was 13 years, and that in
adults was 49 years. The medical treatments administered during
follow-up are summarized in Table 2. Statin therapy, frequently fol-
lowed by ezetimibe and colestimide therapy, was administered to most
adult patients, while most patients diagnosed during childhood were
treated with statins alone. We identified 89 pathogenic variants in 777
patients (Supplemental Table 2).

3.2. LDL cholesterol level at their follow-up

Based on their ages at diagnosis, we divided the patients into the
following two groups: children (diagnosed before the age of 20 years)
and adults (diagnosed after the age of 20 years). The histogram of
density showed a similar distribution of baseline LDL cholesterol be-
tween these two groups (Fig. 1). We found that the median LDL
cholesterol level at baseline did not differ significantly between these
two groups (237 vs. 240 mg/dL, P = 0.61, Table 1 and Fig. 2A), while the
LDL cholesterol level of the adult group was significantly lower than that
of children during follow-up under lipid-lowering therapies (Fig. 2B).

3.3. LDL cholesterol year score

Despite the fact that the LDL cholesterol level assessed cross-
sectionally did not differ significantly between the two groups, the
LDL cholesterol year score at baseline, which accounts for the accu-
mulation of long-term exposure to elevated LDL cholesterol among
adults, was significantly higher in adults than in children (Fig. 3). In
addition, we observed essentially the same trend in the LDL cholesterol
year score at follow-up (Supplemental Fig. 2). Interestingly, we found
that the mean LDL cholesterol year score at the first MACE among pa-
tients with FH was 10,190 mg/dL x years when we focused on the pa-
tients without prior CVD event (N = 760).

3.4. Difference in the prognosis between adults and children

We compared age-dependent probabilities for MACE between adults
and children and found that none of the patients with FH diagnosed
during childhood had experienced CVD events, as all of such events were
observed among patients diagnosed during adulthood (Fig. 4). In addi-
tion, we observed similar trends when we divided the patients into age
groups (quartiles of age, Supplemental Fig. 3). When we focused on
children and their parents (N = 97 for each), we observed similar dif-
ference between these 2 groups, although we did not see statistical
significance due to small sample size (Supplemental Fig. 4).

4. Discussion

In this study, we investigate if the early initiation of lipid-lowering

Table 2
Medical therapies.
Lipid-lowering All Children Adults P-value
therapies (N =1050) (N =106) (N =944)
Statins (%) 1025 95 930 8.4 x 1078
(97.6%) (89.6%) (98.5%)
Ezetimibe (%) 644 (61.3%) 10 (9.4%) 634 <2.2 x
(67.2%) 10716
Colestimide (%) 243 (23.1%) 4 (3.8%) 239 1.1 x10°°
(25.3%)
Probcol (%) 2 (0.2%) 0 (0.0%) 2 (0.2%) 1.0
PCSK9 inhibitor (%) 45 (4.3%) 0 (0.0%) 45 (4.8%) 0.04
LDL apheresis (%) 2 (0.2%) 0 (0.0%) 2 (0.2%) 1.0
Fibrates (%) 6 (0.6%) 0 (0.0%) 6 (0.6%) 0.89
n-3 PUFAs (%) 10 (1.0%) 0 (0.0%) 10 (1.1%) 0.59

PCSK9: proprotein convertase subtilisin/kexin type 9, PUFA: polyunsaturated
fatty acid.
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therapies among Japanese pediatric patients with FH had the benefi-
cial effect of reducing their CVD event rates. We found that patients with
FH diagnosed during childhood exhibited much better prognoses than
did those diagnosed during adulthood despite having higher LDL
cholesterol levels under milder lipid-lowering therapies.

We, and others, have postulated a cholesterol-accumulation hy-
pothesis where the long-term exposure to elevated LDL cholesterol ap-
pears to lead to a high risk for CVD [13,18]. In other words, earlier
diagnosis and treatment initiation should resolve this situation. We have
shown that patients with FH diagnosed via cascade screening at the age
of 39 years had much better prognoses despite receiving milder treat-
ments than the probands who seek medical care at the age of 57 [19]. To
the best of our knowledge, there is only one study that specifically
investigated this issue in children so far [10]. Luirink. et al. demon-
strated that pediatric patients with FH in whom statin therapy was
started when they were 13 years old exhibited significantly better
prognoses than their parents who started medical therapies much later
in their own lives. It is quite interesting that the only pediatric patient
who developed angina had stopped taking statins. In this study, we have
confirmed that patients with FH diagnosed during childhood had
significantly better prognoses than those diagnosed during adulthood
despite their lower LDL cholesterol levels achieved under more intensive
lipid-lowering therapies. These facts indicate that the “the earlier, the
better” slogan appears to apply in the prevention of CVD among patients
with FH. We also confirmed that LDL cholesterol year scores, which
reflect the life-long exposure to LDL cholesterol among children, were
much lower than those of adults. In fact, we found that the mean LDL
cholesterol year score at the first MACE among patients with FH was 10,
190 mg/dL x years. This observation suggests that patients with FH
whose LDL cholesterol was 250 mg/dL will likely to suffer from MACE at
the age of 40 years. On the other hand, we can put it off until the age of
100 years if their LDL cholesterol level could be lowered to 100 mg/dL
on average. However, these results raise further clinical questions; 1) Is
the effect of cholesterol accumulation linear? In other words, is there
any specific threshold age to start treatment for patients with FH? 2) Is
there any “legacy effect” of LDL-lowering therapies where the early
initiation of LDL-lowering therapies could have long-lasting beneficial
effects? Further studies are needed to answer these questions and help us
brush up on our clinical guidelines for FH across the world.

Another aspect from this study includes the problem of under-
diagnosis of FH, especially among children. We were actually sur-
prised to see that most of the patients with FH were actually diagnosed
at their adulthood in Japan. In fact, most of the patients with FH aged <
20 years in this study were diagnosed via cascade screening from their
parents. Accordingly, we did not see any changes in the ways of
screening nor the numbers of diagnosis during the study period.

It is also noteworthy that almost half of our study subjects had
nonsense mutation in LDLR, which we believe are associated with severe
form of FH. In fact, we have shown that phenotype of FH with nonsense
mutation in LDLR is severer than that of FH with missense mutation
[20].

This study has several limitations. First, it is a retrospective study
conducted in a single center; therefore, its findings may not be appli-
cable to other patients. However, our institute has a long history of
treating patients with FH and has one of the largest databases in Japan.
Second, we could not account for treatments, including dose of statins
administered during follow-up, nor changes of prescription pattern
during the study period and this may affect our results. Third, many
patients were excluded from the study because of missing data or loss to
follow-up. This exclusion may also affect the results. Fourth, in this
study, functional analyses were not performed to validate the pathoge-
nicity of genetic variants. Fifth, it may be rather unfair to compare
children with adults, because children are much younger and with fewer
years of exposure to FH and thus less likely to have events. The results
from an observational nature of this study comparing much younger
children with adults with FH needs to be carefully interpreted, and while
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Fig. 1. Histograms with density.

Red indicates adults. Blue indicates children. The X-axis represents LDL cholesterol (mg/dL). The Y-axis represents density.
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Fig. 2. LDL cholesterol levels at baseline and during follow-up (A) At baseline: Red indicates adults. Blue indicates children. (B) During follow-up: Red indicates

adults. Blue indicates children.

supportive of guidelines to begin treatment as early as possible, does not
prove such early treatment will result in better outcomes.

In conclusion, we found that patients with FH diagnosed during
childhood exhibited significantly better prognoses than those diagnosed
during adulthood despite their having lower LDL cholesterol levels
under more intensive lipid-lowering therapies. Our study strongly sup-
ports the current clinical guidelines of FH that recommend the initiation
of LDL-lowering therapy during childhood.]
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