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Familial  dyslipidaemias  are lipid  metabolism  disorders  which
tend  to cluster  in certain  families.  Sometimes  they  have  a
genetic  cause,  but  in most  cases  they  are multifactorial,  and
the  shared  environment  plays  an  important  role. This  is  the
case  of  the  most  common  familial  dyslipidaemia,  multifac-
torial  combined  hyperlipidaemia,  formerly  called  familial
combined  hyperlipidaemia,  where  the  environmental  com-
ponent,  especially  diet  and  being  overweight,  influences  the
final  patient  phenotype.

Development  of these  dyslipidaemias  follows  different
patterns  in  the family  and  they  can  be  caused  by  mono-
genic,  polygenic  or  multifactorial  diseases.  In general,  the
term  familial  should be  reserved  for  dyslipidaemias  caused
by  defects  in a  single  gene,  such  as  familial  hypercholestero-
laemia  (FH).

The  lipid  phenotype  can  have  a  high  degree  of  overlap
between  the  different  types  of  dyslipidaemia,  depending  on
the  severity  of  the  genetic  defect,  the presence  of  other
associated  genetic  variants  and  the interaction  with  the
environment.  Clinical  diagnosis can  be  complex,  as  there  are
few  pathognomonic  phenotypic  data,  apart  from  tendinous
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xanthomas  or  corneal  arcus  in  FH, palmar,  flat  or  tuberous
xanthomas  in dysbetalipoproteinaemia  and  recurrent  pan-
creatitis  since  childhood  in familial  chylomicronaemia  due
to  lipoprotein  lipase deficiency.  However,  the absence  of
these  stigmata  does not  rule  out the  disease.  Genetic  testing
is  therefore  of  vital  importance  to  ensure  the most  accurate
possible  approach  to  the diagnosis  of  these  diseases.

The  most common  monogenic  dyslipidaemia  is FH,  usually
in  heterozygosis  (heterozygous  FH or  HeFH)  and  is  caused
by  mutations  in  the gene encoding  the LDL  receptor  (LDLR)

(85%---90%  of  cases),  apolipoprotein  B (APOB)  (5%),  gain-
of-function  (GOF)  mutations  in  the proprotein  convertase
subtilisin-kexin  type 9 (PCSK9)  gene (1%---3%),  apolipopro-
tein  E (APOE)  (p.Leu167del  variant)  or LDL  receptor  adaptor
protein  type  1  (LDLRAP1), the  latter  having  an  autoso-
mal  recessive  inheritance  pattern.1 HeFH  is  characterised
by  very  high  levels  of  low-density  lipoprotein  cholesterol
(LDL-C),  generally  above  250  mg/dl,  vertical  transmission
of  hypercholesterolaemia  with  approximately  50%  of first-
degree  relatives  affected,  premature  cardiovascular  disease
(CVD),  corneal  arcus  before  the  age of  45  and  in some  cases
tendinous  xanthomas,  mainly  in the  Achilles  tendon.1,2

More  than  4000  allelic  variants  have  been  described  in
the  LDLR  gene3 which  affect  LDL  receptor  (LDLr)  function
differently,  resulting  in  significant  phenotypic  variability4

(Fig.  1).  There  are  more  severe  mutations,  in  which LDLr  is
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Figure  1  Genotype-phenotype  relationship  in hypercholesterolaemia.

APOB: apolipoprotein  B gene;  ARH:  autosomal  recessive  hypercholesterolaemia;  c:  cholesterol;  FH:  familial  hypercholesterolaemia;

GOF: gain  of  function;  HDL:  high-density  lipoprotein;  LDL:  low-density  lipoprotein;  LDLR:  LDL  receptor  gene;  LDLRAP1:  LDL  receptor

adaptor protein  type  1 gene;  PCSK9:  proprotein  convertase  subtilixin-kexin  type  9 gene;  SNP:  single  nucleotide  polymorphism.

not produced  (null or  class  1  alleles),  associated  with  higher
LDL-C  levels,  worse  response  to  treatment  and more  CVD,
and  milder  mutations  (defective  or  non-class-1  allele),  in
which  functional  protein  is  present  but  altered.

The  gene  involved  also  has  consequences  on  the
phenotype.  The  severity  usually  follows the  order
LDLR  >  APOB  >  PCSK9. And  within  the  GOF mutations  of
PCSK9  there  is  also  variability,  depending  on the  presence
of  the  p.(Asp374Tyr)  variant,  which  generates  a  more  severe
phenotype,  or  others.5

Although  there  is  a broad  genotype-phenotype  correla-
tion,  and  the  greater  the severity  of  the genetic  defect  the
worse  the  clinical  phenotype,  there  are subjects  with  c-LDL
levels  which  are  not so  high  or  are even  normal  despite
having  the  mutation.  There  are also  subjects  with  a  clini-
cal  phenotype  of  FH  who  have  a negative  genetic  diagnosis.
This  is  partly  due  to  the limited  sensitivity  and  specificity
of  clinical  diagnostic  scores,  such as  the  Dutch  Lipid  Clinic
Network  criteria,2 which  result  in 20%---40%  of  cases  with  a
clinical  diagnosis  of FH and  a  negative  genetic  study.1 In gen-
eral,  the  higher  the  LDL-C  levels,  the  more  likely  it  is  to  find
a mutation  in  a  causal  gene  for  FH,6 so  the recommenda-
tion  for  genetic  testing  for  suspected  monogenic  FH would
be  LDL-C  levels  >240  mg/dl.7

Within  the  spectrum  of  FH  there  are also  less  common
homozygous  forms  or  biallelic  FH,  comprising  two  muta-
tions  in  the  above-mentioned  genes.8 These  forms  are more
severe,  with  LDL-C  levels  above  400 mg/dl,  more  prema-
ture  CVD,  early  xanthomas,  even  from  childhood,  and  both
parents  are usually  affected  by  HeFH.9 There  is  a marked
genotype-phenotype  correlation  in HeFH,  and  if this  condi-

tion  is  suspected,  early  genetic  diagnosis  is  a  priority,  as
the  cardiovascular  prognosis  in these  subjects  is  very  poor  if
treatment  is  not started  at an early  stage.

Another  form  of primary  hypercholesterolaemia  is  poly-
genic  hypercholesterolaemia  (PH),  which  comprises  the sum
of  different  point  mutations  or  single  nucleotide  polymor-

phisms  (SNP)  in  genes  involved  in  lipid  metabolism  which,
in  isolation,  have  a  small  effect  on  LDL-C  concentrations,
but  together  generate  primary  hypercholesterolaemias  with
LDL-C  values  sometimes  similar  to  those  in monogenic  forms.
These  SNP  are  grouped  into  scales  called  polygenic  risk
scores  (PRS)10 and  are  usually  considered  PH  above  the
75th  or  90th  percentile  of  the  distribution  of  that  PRS.
PRS  represent  a  major  advance  in the genetic  characteri-
sation  of  primary  hypercholesterolaemia.  Most cases  of  FH
phenotypes  with  negative  genetic  testing  are severe  poly-
genic  forms.  Sometimes  even  the  more  severe  phenotype
observed  in  FH  is  due  to the presence  of  polygenic  or  com-
mon  variants  which,  in conjunction  with  the  monogenic
mutation,  lead  to  a  worsening  lipid  phenotype.  In fact,  these
patients  with  monogenic  mutation  and elevated  PRS have  a
worse  cardiovascular  prognosis.11

Last  of  all  is  isolated  multifactorial  hypercholestero-
laemia  or  multifactorial  combined  hyperlipidaemia.  It is
often  found  with  levels  of  LDL-C  ≥  130 mg/dl  or  non-HDL
cholesterol  ≥  160 mg/dl as  a  result  of  the interaction  of
poorly  understood  polygenic  and  environmental  factors,
such  as  being  overweight  and obesity,  which  act  as triggers
for  the lipid phenotype.  In  general,  this  sum of  environment
and  genetics  tends  to  be present  in  the same  family,  so the
phenotype  can  appear  in different  generations,  simulating  a
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monogenic  form,  but  with  variable  phenotypes;  sometimes
it  presents  as  isolated  hypercholesterolaemia  and  some-
times  as  combined  hyperlipidaemia.  This  disorder  has  been
extensively  studied  and  a monogenic  origin  has  been  ruled
out.1

In conclusion,  we  can  state  that  familial  dyslipidaemias
have  a  monogenic,  polygenic  or  multifactorial  genetic  basis,
and  that  the  type  of  genetic  defect  will  determine  the sever-
ity  of  the  phenotype  in most  cases.  However,  the addition  of
common  variants  in genes  involved  in lipid  metabolism  can
often  explain  much  of the variability  in phenotypic  expres-
sion  in  FH.  For  all  these reasons,  it is  of vital importance  to
carry  out  a genetic  study,  including,  if possible,  PRS to  assess
the  polygenic  component.  This  will  enable  us to define  dys-
lipidaemia  more  precisely,  assess  its  prognosis,  study  family
members  and  establish  appropriate  treatment.
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