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Abstract After training as a gastroenterologist in the
UK, theauthorbecame interested in lipidologywhilehe
was a research fellow in the USA and switched careers
after returning home. Together with Nick Myant, he
introduced the use of plasma exchange to treat familial
hypercholesterolemia (FH) homozygotes and under-
took non-steady state studies of LDL kinetics, which
showed that the fractional catabolic rate of LDL
remained constant irrespective ofpool size. Subsequent
steady-state turnover studies showed that FH homozy-
gotes had an almost complete lackof receptor-mediated
LDL catabolism, providing in vivo confirmation of the
NobelPrize-winningdiscoverybyGoldstein andBrown
that LDL receptor dysfunction was the cause of FH.
Further investigation of metabolic defects in FH
revealed that a significant proportion of LDL in homo-
zygotes and heterozygotes was produced directly via a
VLDL-independent pathway. Management of hetero-
zygous FH has been greatly facilitated by statins and
proprotein convertase subtilisin/kexin type 9 in-
hibitors but remains dependent upon lipoprotein
apheresis in homozygotes. In a recent analysis of a large
cohort treated with a combination of lipid-lowering
measures, survival was markedly enhanced in homo-
zygotes in the lowest quartile of on-treatment serum
cholesterol. Emerging therapies could further
improve the prognosis of homozygous FH; whereas in
heterozygotes, the current need is better detection.
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PERSONAL PERSPECTIVE

The neologism in the title hints that the author was
once a gastroenterologist. While training to be one at
Hammersmith Hospital in London, I was awarded a
Medical Research Council Traveling Fellowship to study
vitamin D absorption in Kurt Isselbacher’s laboratory at
theMassachusettsGeneralHospital inBoston. This was in
1966, and the following January saw thepublication in the
New England Journal of Medicine of the hugely influential
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five-part series of articles by Fredrickson, Levy, and Lees
(1) describing thephenotypic classificationofdisorders of
lipoprotein metabolism. As a result, my interest soon
switched from vitamin D to cholesterol. I was in good
company in this respect because the medical interns at
theMassachusetts General Hospital during the time I was
there included Mike Brown, Joe Goldstein, Tony Gotto,
and Bryan Brewer, all of whom subsequently became
household names in the world of lipid research. A sub-
sequent spell of research working with Tony Gotto in
Houston further increasedmy interest in lipids and led to
my abandoning a career in gastroenterology after I
returned to the UK. Instead, the late Nick Myant (2)
created a clinical research position for me in his Medical
Research Council Lipid Metabolism Unit at Hammer-
smithHospital.Hismain interest at that timewas studying
cholesterol metabolism in patients with familial hyper-
cholesterolemia (FH), an interest I soon came to share,
and in 1975, we organized a highly successful meeting
that was attended by most of those who were actively
undertaking research on FH at the time (Fig. 1).

Myant’s fascination with FH dated from 1963 when a
7-year-old girl was referred to him with extensive
cutaneous xanthomas and a cholesterol level of 24
mmol/l (930 mg/dl). To investigate this further, he
performed a radio-isotopic turnover study, which
demonstrated that she had a markedly increased rate of
cholesterol synthesis. Her hypercholesterolemia proved
to be resistant to diet and drugs as well as to the ileal
bypass, which she underwent subsequently, and she
died from myocardial ischemia a few months later at
the age of only 10 years (3). In 1970, Myant summarized
the results of the various cholesterol turnover studies
he and his colleagues had performed over the years
and concluded that over-synthesis rather than defective
removal of cholesterol was the underlying abnormality
in FH (4). However, it later became apparent that the
increase in cholesterol synthesis was a consequence of
the disorder rather than the cause.

PHENOTYPIC FEATURES OF FH

FH is characterized by hypercholesterolemia from
birth and the subsequent development of xanthomas
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Fig. 1. Participants in the Workshop on FH held at the Royal Postgraduate Medical School, Hammersmith Hospital, London, in
September 1975.
and premature atherosclerosis within families, as was
first described by Müller (5) in 1938. The dominantly
inherited increase in plasma cholesterol consists largely
of LDL cholesterol, which reaches 20–30 mmol/l
(775–1,160 mg/dl) in homozygotes and 8–12 mmol/l
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(310–465 mg/dl) in heterozygotes. The frequency of FH
in Europe and North America averages 1:244 for het-
erozygotes and 1:160,000 to 1:300,000 for homozygotes
(6) but in some parts of the world is much higher. In
South Africa and Quebec, the increase represents



founder effects traceable to immigrant settlers from
Europe, whereas in Muslim communities, it reflects the
frequency of first-cousin marriages.

In homozygotes, severe hypercholesterolemia mani-
fests itself in childhood and results in atheromatous
involvement of the aortic root before puberty and
sudden death from myocardial infarction or acute
coronary insufficiency, usually before the age of 30. At
autopsy, the aortic valve, sinuses of Valsalva, and
ascending arch of the aorta are grossly infiltrated with
atheroma, with the coronary ostia often narrowed to
pinhole size. Atheromatous involvement of the aortic
valve can cause severe stenosis, necessitating surgical
reconstruction of the aortic root and valve replace-
ment, which carries a high risk. In a recent survey in the
UK, 21 of 44 homozygotes had aortic involvement, 10 of
whom had undergone aortic valve replacement with a
50% operative mortality (7).

In contrast, heterozygous FH often remains undiag-
nosed until the onset of cardiovascular symptoms in
adult life. In addition to hypercholesterolemia, there
may be signs of cholesterol deposition, namely, corneal
arcus and tendon xanthomas. The increased frequency
and premature onset of coronary heart disease (CHD)
were first documented by Slack (8) and, in untreated
subjects, occur about 20 years earlier than in the rest of
the population. The likelihood of developing prema-
ture CHD is further increased by a family history of it
and by the presence of other risk factors such as
obesity, smoking, low HDL cholesterol and, especially,
by a raised level of lipoprotein (a) [Lp(a)] (9).

Coronary angiography shows that triple vessel dis-
ease is common in FH heterozygotes, often accompa-
nied by disease of the left main stem, but the aortic root
is affected to a much lesser extent than in homozygotes
(10). It seems that atheromatous involvement of the
aortic valve and root, illustrated in Fig. 2, is determined
by relatively short-term exposure to very high LDL
concentrations, as occurs in homozygotes and
cholesterol-fed rabbits (11), rather than by long-term
exposure to the less extreme concentrations of LDL
seen in most heterozygotes. This difference may reflect
the propensity of very high concentrations of LDL to
aggregate when subjected to mechanical stress, as might
occur during systolic ejection of blood from the left
ventricle.

THE CAUSE OF FH

Working together in Dallas in 1972, Goldstein and
Brown became intrigued by a young homozygote with a
serum cholesterol of 26 mmol/l (1,006 mg/dl) and severe
aortic and coronary disease, reminiscent of Myant’s
experience a decade earlier. Her predicament stimulated
them to undertake the groundbreaking research for
which they were subsequently awarded the Nobel Prize
in Physiology or Medicine, as summarized below.

Because hypercholesterolemia is present in hetero-
zygotes as well as in homozygotes, Goldstein and
Brown speculated that FH was probably due to a
defect in a protein involved in the feedback regulation
of cholesterol synthesis. They tested this hypothesis in
a series of ingenious experiments using fibroblasts
cultured from the skin of FH patients and normal
subjects and discovered that the activity of HMG-CoA
reductase in fibroblasts cultured from their FH ho-
mozygote when incubated in lipoprotein-deficient
plasma was 60–80 times greater than that of control
fibroblasts. But unlike the latter, HMG-CoA reductase
activity in the homozygote’s fibroblasts was not sup-
pressed by adding LDL to the culture medium (12).
Fibroblasts from FH heterozygotes exhibited a partial
Fig. 2. Atheroma of the aortic root at autopsy of
an untreated FH homozygote who died at age 23
(left) and of a cholesterol-fed New Zealand white
rabbit (right). The red areas show the intensity of
staining of the rabbit aorta with Oil Red O, which
is maximal below the dashed line that corresponds
with the site of bisection of the human aorta.
Reprinted from (11) with permission from Elsevier.
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defect in regulation of HMG-CoA reductase. but
Goldstein and Brown considered it unlikely that a
defect in the gene encoding this enzyme could be the
cause of FH.

Instead, they demonstrated that 125I-labeled LDL was
bound to normal fibroblasts by a high-affinity satu-
rable process, which mediated the uptake and subse-
quent proteolytic degradation of LDL and resulted in
suppression of HMG-CoA reductase activity and,
therefore, of cholesterol synthesis. They showed that
fibroblasts from FH homozygotes lacked these binding
sites and failed to degrade LDL and downregulate their
HMG-CoA reductase activity when exposed to LDL (13).
Fibroblasts from FH heterozygotes showed intermedi-
ate levels of high-affinity binding of LDL.

Goldstein and Brown concluded that high-affinity
binding of LDL results in endocytosis and lysosomal
degradation of LDL, the ensuing hydrolysis of choles-
terol esters leading to release of free cholesterol and
inhibition of HMG-CoA reductase (14). They proposed
that FH was due to an abnormality of a dominantly
inherited gene whose product is the LDL receptor, de-
fects of which result in reduced catabolism of LDL and
increased cholesterol synthesis. The severity of the
ensuing hypercholesterolemia depended upon whether
the receptor defect was partial, as in heterozygotes, or
total, as in homozygotes.

Evidence that LDL catabolism was defective in vivo
came from turnover studies byLanger, Strober, andLevy
(15) in 1972, which showed that the fractional catabolic
rate (FCR) of 125I-labeled LDL in FH heterozygotes was
half that of normal subjects. However, LDL production
rates were similar, which suggested the existence of an
intrinsic catabolic defect rather than saturation of the
normal clearance pathwayby increased synthesis of LDL.

To date, approximately 3,000 variants in the LDL
receptor gene have been described, 1,300 of which can
cause FH (16). An identical clinical syndrome occurs as a
result of inheritance of mutations at the apoB locus,
which result in a functionally defective form of LDL.
This disorder, familial defective apoB-100, has a fre-
quency of about 0.1% in people of European descent.
Rarely, FH is caused by dominantly inherited gain-of-
function mutations of a gene encoding proprotein
convertase subtilisin/kexin type 9 (PCSK9), which re-
sults in increased degradation of LDL receptors and an
unusually severe clinical phenotype. FH can also be
caused by recessively inherited loss-of-function muta-
tions of a gene encoding an adaptor protein involved in
the clathrin-mediated internalization of the LDL re-
ceptor, which results in a milder phenotype than
dominantly inherited forms of the condition and is
termed autosomal recessive hypercholesterolemia. A
recent survey detected mutations of the LDL receptor,
apoB, and PCSK9 genes in only 60% of patients with
clinically defined FH in North America (17), the likeli-
hood being that many mutation-negative subjects have
a polygenic basis for their hypercholesterolemia.
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ApoB METABOLISM IN FH

Non-steady-state turnover studies of the kinetics of
LDL in FH patients showed that the FCR of LDL
remained subnormal even after a marked reduction in
pool size following plasma exchange (18). This finding
supported the concept that defective catabolism of LDL
was an intrinsic feature of FH and not secondary to the
increased production of apoB-containing lipoproteins
that we demonstrated in simultaneous steady-state
studies of VLDL and LDL turnover in homozygotes (19).
In collaboration with Canadian colleagues, we later
confirmed that increased production of LDL also occurs
in FH heterozygotes and showed that this reflected
VLDL-independent synthesis of LDL (20). The increased
production of directly secreted LDL apoB particles
(Table 1) and, hence, increased availability of apoB for
intrahepatic conjunction with apo(a), might explain why,
for any given apo(a) genotype, Lp(a) levels are 3-fold
higher in FH patients than in normal subjects, with a
clear dose effect according to the number of defective
LDLreceptor alleles (21). This explanation gains credence
from evidence that, in contrast with LDL, decreased
catabolism does not explain raised Lp(a) levels in FH (22).

Shepherd et al. (23) had earlier performed turnover
studies in Glasgow that involved simultaneous admin-
istration of native 125I- and 131I-labeled LDL coupled
with 1,2-cyclohexanedione, a chemical modification
known to inhibit binding of LDL to fibroblasts. They
showed that the FCR of 125I-labeled LDL but not that of
131I-LDL-cyclohexanedione was reduced in FH hetero-
zygotes compared with normal subjects, implying
decreased receptor-mediated catabolism of LDL in FH
(23). Using their technique, we subsequently demon-
strated an almost complete absence of receptor-
mediated LDL catabolism in two homozygotes (24).

The likelihood that the abnormalities of receptor-
mediated catabolism revealed by these turnover
studies reflected impaired uptake of LDL by hepatic
receptors was supported by in vitro binding studies
using cell membranes prepared from liver biopsies
obtained during routine abdominal surgery. Our re-
sults showed that saturable binding of 125I-LDL was
reduced by approximately 50% in FH heterozygotes
compared with normal subjects; when the data were
pooled, they showed an inverse correlation between the
saturable binding of LDL by liver membranes and the
concentration of cholesterol in plasma (25). This
finding underlined the importance of hepatic LDL re-
ceptors in regulating plasma cholesterol, a premise that
was later confirmed when Starzl and colleagues trans-
planted a healthy liver into an FH homozygote and
reduced her plasma cholesterol to normal (26).
PHARMACOLOGICAL TREATMENT OF FH

The management of homozygous FH remains a
major therapeutic challenge. Diet has little impact on



TABLE 1. Simultaneous studies of turnover of 125I-VLDL apoB and 131I-LDL apoB in control subjects and FH patients

Subjects

VLDL LDL Direct LDL

FCR (per hour) Synthesis (mg/kg/day) FCR (per day) Synthesis (mg/kg/day) Synthesis (%)

Control (n = 6) 0.37 21.5 0.37 13.0 0
HeFH (n = 3) 0.30 23.2 0.24 24.6 12
HoFH (n = 3) 0.28 10.8 0.12 18.5 41

Data from (19, 20). HeFH, heterozygous FH; HoFH, homozygous FH.
the hypercholesterolemia, and the same applies to drug
therapy except for maximum doses of the most potent
statins. Partial ileal bypass is ineffective, and although
portacaval shunt occasionally has a dramatic effect, its
outcome is unpredictable. Liver transplantation rem-
edies the hepatic deficiency of LDL receptors but has
the disadvantage of requiring long-term immunosup-
pression. Gene therapy offers a possible means of
treating this disorder but so far has proved disap-
pointing. Currently the safest and most reliable way of
reducing cholesterol levels in homozygotes is to un-
dertake lipoprotein apheresis at weekly or fortnightly
intervals, as discussed below. In contrast, the vast ma-
jority of heterozygotes respond to drug therapy and
relatively few require apheresis.

Pre-statin and statin era compounds
Bile acid sequestrants (colestyramine and colestipol)

were for many years the drugs of choice for hetero-
zygous FH, achieving reductions in LDL cholesterol of
up to 30% when given in doses of 24–30 g/day. How-
ever, they are poorly tolerated because of gastrointes-
tinal side-effects and, except where safety is an
overriding concern as in pregnancy, they have largely
been replaced by HMG-CoA reductase inhibitors (sta-
tins). The latter class of drug, first used to treat FH by
Endo and colleagues (27), has revolutionized the
outlook for most FH patients and provides a safe and
effective means of lowering LDL cholesterol, although
not Lp(a). Rosuvastatin and atorvastatin are the most
potent statins and can lower LDL cholesterol by over
50% when given in doses of 40 and 80 mg/day,
respectively. Ezetimibe is a useful adjuvant in FH pa-
tients failing to achieve target levels of LDL or as
monotherapy for those intolerant of statins.
Combining a high dose of statin with 10 mg of ezeti-
mibe daily has been shown to decrease LDL cholesterol
by >60%.

A survey of more than 1,000 patients with FH in the
UK in 1999 showed that their mortality from CHD had
halved since 1992, arguably reflecting the universal use
of statins to treat such patients from 1989 onwards,
when simvastatin was first licensed in Britain (28). This
conclusion is supported by data from The Netherlands,
which showed that statins increased CHD-free survival
among patients with heterozygous FH by 76% and that
the risk of myocardial infarction in those over the age
of 55 on statins was no greater than that of the Dutch
population at large (29).
PCSK9 inhibitors
For statin-intolerant individuals and for patients with

refractory FH, a new class of lipid-lowering agent has
recently become available. These are the PCSK9 in-
hibitors, monoclonal antibodies that reduce the rate of
degradation of LDL receptors by PCSK9 and thereby
promote receptor-mediated LDL uptake by the liver.
When given by injection every 2–4 weeks, their LDL-
lowering effect is equivalent to that of a high-dose
potent statin and is additive to the effect of the latter.

Like the discovery of the LDL receptor, the discovery
of PCSK9 inhibitors resulted from studies of patients
with rare genetic mutations. PCSK9 belongs to a family
of proteolytic enzymes, one of its functions being to
induce the lysosomal degradation of the LDL receptor.
In 2003, hypercholesterolemia due to an increase in
LDL levels was reported in members of two French
families with a gain-of-function mutation of PCSK9,
and, two years later, it was reported that loss-of-
function mutations of the gene were associated with
subnormal levels of LDL and a markedly reduced risk
of CHD (30). This pointed to the potential of PCSK9
inhibition as a means of treating hypercholesterolemia,
either as a substitute for statins in statin-intolerant
subjects or as an adjunct in statin-refractory subjects,
given that the ability of statins to upregulate the LDL
receptor and thereby lower LDL is limited by the in-
crease in PCSK9 levels that they induce (31)

Current pharmacological approaches to inhibiting
PCSK9 are humanized mAbs, two of which, evolocu-
mab and alirocumab, are approved for use in patients
with or at high risk of developing atherosclerotic CVD.
A recent meta-analysis of 24 randomized trials in over
10,000 subjects given various doses of evolocumab or
alirocumab by subcutaneous injection once or twice
monthly showed a mean reduction in LDL cholesterol
of 47% (32). Data from individual trials of evolocumab
showed reductions in LDL cholesterol of 60% at
maximum dosage that were similar irrespective of
whether patients did or did not have heterozygous FH
(33, 34) or of whether they were or were not receiving
concomitant statin therapy (35). Open label trials of
evolocumab showed that doses of 140 mg every 2 weeks
or 420 mg monthly for 11 months halved the risk of
cardiovascular events (36).

In the meta-analysis referred to above, Lp(a) levels
were reduced by 25%, which is roughly half the
reduction achieved in LDL cholesterol. This illustrates
one of the limitations of PCSK9 mAbs and probably
FH in retrospect 5



reflects the fact that Lp(a) is not catabolized by the LDL
receptor pathway. Nevertheless, a similarly modest 27%
reduction in Lp(a) by evolocumab in patients with high
Lp(a) levels in FOURIER (Further Cardiovascular
Outcomes Research with PCSK9 Inhibition in Subjects
with Elevated Risk) was associated with a decrease in
cardiovascular events, so should not be sneezed at (37).

From the practical point of view, PCSK9 mAbs
clearly have enormous potential as an adjunct to statins
and ezetimibe in the treatment of patients with het-
erozygous FH and as an alternative in statin-refractory
or -intolerant patients with CVD. However, their effi-
cacy in homozygous FH is much less, especially in those
who are receptor negative, with reductions in LDL
cholesterol and Lp(a) on evolocumab averaging only
23% and 12%, respectively (38), and often they will
complement rather than replace lipoprotein apheresis.

The most recent development in the field of PCSK9
inhibition is Inclisiran, a siRNA nucleotide molecule
that prevents the translation of PCSK9 in the liver (39).
Given twice yearly, it achieved a 50% reduction in LDL
cholesterol over and above the effect of background
statin/ezetimibe therapy. Currently, this compound is
undergoing long-term phase 3 trials, which, if success-
ful, might eventually lead to it supplanting the anti-
PCSK9 mAbs in current use. The availability of the
twin LDL receptor-upregulating options of statins and
PCSK9 inhibitors means that raised LDL cholesterol
levels can be lowered very effectively in the majority of
eligible patients providing they exhibit some degree of
residual LDL receptor activity.

Microsomal triglyceride transfer protein inhibitor,
lomitapide

Lomitapide is licensed to treat the extreme hyper-
cholesterolemia seen in many patients with homozygous
FH (40). Unlike all the other lipid-lowering drugs
described above, it inhibits the secretion of apoB-
containing lipoproteins and so does not depend upon
LDL receptor activity. In essence it induces an iatrogenic
form of abetalipoproteinemia [recessively inherited
microsomal triglyceride transfer protein (MTP) defi-
ciency] and has the latter’s drawback of inducing diar-
rhea and a fatty liver. It remains to be seen whether the
latter will eventually lead to hepatic fibrosis, but in pa-
tients with this extreme form of hyperlipidemia, which
predisposes to premature atherosclerosis and death, this
risk seems worth taking. Existing (40) and unpublished
data show that lomitapide decreases LDL cholesterol by
50% in FH homozygotes, and in some patients, it either
eliminates the need for apheresis or reduces its fre-
quency when given as an adjunct.

LIPOPROTEIN APHERESIS FOR FH

Lipoprotein apheresis provides an extracorporeal
means of reducing raised plasma levels not only of LDL
but also Lp(a) and triglyceride-rich lipoproteins. The
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term includes all the various procedures used to ach-
ieve this objective, including plasma exchange and the
selective removal of apoB-containing lipoproteins from
whole blood or plasma by adsorption, precipitation, or
differential filtration.

Our report in 1975 of the first use of plasma exchange
to treat two FH homozygotes (41) heralded a step change
in the management of this disorder and was the fore-
runner of the currently recommended first-line treat-
ment, selective lipoprotein apheresis. We subsequently
described the beneficial effects of 3 years of bi-weekly
plasma exchange in reducing the serum cholesterol
and size of xanthomas, and stabilizing aorto-coronary
lesions on angiography (42), and later reported a statis-
tically significant increase in the longevity of five ho-
mozygotes treated with bi-weekly plasma exchange in
the UK and USA for 6–9 years, as compared with their
untreated deceased homozygous siblings (43). This was
the first time that lowering LDL cholesterol had been
shown to reduce mortality in this hitherto fatal disorder.
The history and scientific basis of lipoprotein apheresis
are discussed in detail elsewhere (44) and UK and in-
ternational guidelines on its use in homozygous FH have
been published recently (45, 46).

In view of the fact that the number of patients in
those earlier studies was small, my collaborators and I
recently undertook a retrospective survey of lipid levels
and clinical outcomes of 133 FH homozygotes treated
with a combination of lipid-lowering measures between
1990 and 2014 in South Africa and the UK (47). We
divided these previously statin-naive homozygotes into
quartiles according to their on-treatment levels of
serum cholesterol and compared the occurrence of any
death, cardiovascular death, and major adverse cardio-
vascular events between the quartiles during 25 years
of follow-up, using Cox and competing risks regression
analysis. As shown in Fig. 3, homozygotes in quartile 4,
with the highest on-treatment serum cholesterol, had a
hazard ratio of 11.5 for all-cause mortality compared
with those in quartile 1 with the lowest on-treatment
cholesterol. Those in quartiles 2 and 3 combined, with
an intermediate level of on-treatment cholesterol, had a
hazard ratio of 3.6 compared with quartile 1. These
differences were statistically significant (P < 0.001) and
remained so after adjustments for confounding factors.
Significant differences between quartiles were also
evident for cardiovascular deaths and major adverse
cardiovascular events. These findings provided un-
equivocal evidence that the extent of reduction of
serum cholesterol achieved by a combination of ther-
apeutic measures, including statins, ezetimibe, lipopro-
tein apheresis, and evolocumab, is the main
determinant of survival in homozygous FH. A quanti-
tative assessment of the contribution of each of these
measures to LDL lowering in a hypothetical homozy-
gote is illustrated in Fig. 4. In this example, apheresis is
the dominant contributor to LDL lowering, based on
two plasma or blood volumes being treated weekly in



Fig. 3. Time to death from any cause after start
of treatment in FH homozygotes according to
quartile of on-treatment total cholesterol (TC).
Quartile 1, <8.1 mmol/l (<313 mg/dl); Quartiles 2/
3, 8.1–15.1 mmol/l (313–584 mg/dl); Quartile 4 >15.1
mmol/l (>584 mg/dl). Reproduced from (47) with
permission of Oxford University Press.
conjunction with combination drug therapy. The
importance of apheresis in improving survival in FH
homozygotes was recently confirmed by Stefanutti
et al. (48).

FUTURE PROSPECTS

The advent of statins in the 20th century and of
PCSK9 inhibitors in the 21st century revolutionized the
management of heterozygous FH. The most pressing
issue now is the detection of affected individuals
before they develop cardiovascular adverse events and
here, cascade screening allied to genetic diagnosis pro-
vides a cost effective approach (49, 50).

The opposite applies to homozygous FH where the
diagnosis is seldom in doubt but where effective treat-
ment remains problematic. The latest potential advance
in therapy is the angiopoietin-like protein 3
(ANGPTL3) inhibitor, evinacumab, which has been
shown to lower LDL cholesterol by 49% in homozygotes
(51) by a mechanism that is independent of the LDL
receptor. When used in combination with a statin and a
PCSK9 inhibitor, evinacumab achieved an 80% reduc-
tion in plasma cholesterol and marked regression of
atherosclerosis in genetically modified hyperlipidemic
mice (52), but the clinical usefulness of this approach
remains to be assessed.

The results of over half a century of clinical and
basic research by numerous individuals, notably Fre-
drickson and Levy, Goldstein and Brown, Endo, and
many others, including the author and his colleagues as
recalled in this review, have greatly advanced our un-
derstanding of the causes, cardiovascular consequences,
and treatment of FH. The need for and benefits of
early detection and treatment of FH in children to
prevent CVD in adulthood was underlined recently (53,
54). Public health policies aimed at improving its
detection and management have been proposed in a
Global Call to Action by representatives from 40
Fig. 4. Sequential contributions of a high dose of
a statin, ezetimibe, evolocumab, and lipoprotein
apheresis to LDL lowering in a hypothetical FH
homozygote. To convert millimoles per liter to
milligrams per deciliter, multiply by 38.7.

FH in retrospect 7



countries (55), and it is hoped that this initiative will
promote the attainment of those objectives as well as
increase awareness of FH throughout the world.
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