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Abstract  The  role  of  LDL  cholesterol  as a  causal  agent  of  arteriosclerosis  is scientifically  con-

solidated.  A  number  of  seminal  clinical  trials  of  the  highest  scientific  quality  (randomized,

controlled,  double-blind  versus  placebo)  in the last  40  years  have  confirmed  that  lipid  lowering

therapy with  progressively  ambitious  therapeutic  goals  is associated  with  reductions  in cardio-

vascular complications  in the absence  of  major  side  effects  at  least  up  to  the  range  of 30  mg/dL

of LDL  cholesterol.  Drugs  that  have  demonstrated  these  effects  act by reducing  circulating  LDL

cholesterol by  upregulating  the  LDL  receptor,  independently  of  their  primary  action:  inhibition

of synthesis  (statins,  bempedoic  acid),  or  absorption  of  cholesterol  (ezetimibe)  and  promoting

recycling  of  the LDL  receptor  via  PCSK9  blockade.  The  early  reduction  of  LDL  cholesterol  and

its maintenance  over  time  reinforce  the protective  effect  of  these  drugs.  Additional  efforts

are needed  to  improve  the LDL  control  of  high-risk  patients  to  reduce  their  cardiovascular

complications.

© 2024  The  Author(s).  Published  by  Elsevier  España, S.L.U.  on behalf  of  Sociedad  Española

de Arteriosclerosis.  This  is an open  access  article  under  the  CC  BY-NC-ND  license  (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
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El  control  estricto  del  colesterol  aterogénico  en  la  prevención  de las  enfermedades

cardiovasculares

Resumen  El papel  del  colesterol  LDL  como  agente  causal  de  la  arteriosclerosis  está  científi-

camente consolidado.  Diversos  ensayos  clínicos  de la  máxima  calidad  científica  (aleatorizados,

controlados,  doble  ciego  frente  a  placebo)  en  los  últimos  40  años  han  confirmado  que  el

tratamiento  hipolipemiante  con  objetivos  terapéuticos  progresivamente  ambiciosos  se  asocia

con reducciones  de  complicaciones  cardiovasculares  en  ausencia  de  efectos  secundarios  impor-

tantes al  menos  hasta  el  rango  de  30  mg  de colesterol  LDL.  Los  fármacos  que  han  demostrado
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estos  efectos  actúan  reduciendo  el colesterol  circulante  mediante  la  regulación  al  alza del

receptor LDL,  independientemente  de  su acción  primaria:  inhibición  de la  síntesis  (estatinas,

bempedoico), o  absorción  del  colesterol  (ezetimba)  y  favoreciendo  el  reciclaje  del receptor

de LDL  via  bloqueo  de  PCSK9.  La  precocidad  de  la  reducción  del  colesterol  LDL  y  su man-

tenimiento  en  el  tiempo  refuerzan  el efecto  protector  de los mismos.  Es  necesario  un esfuerzo

adicional para  mejorar  el  control  de  los pacientes  de  alto  riesgo  para  reducir  sus  complicaciones

cardiovasculares.

© 2024  El  Autor.  Publicado  por  Elsevier  España,  S.L.U.  en  nombre  de Sociedad  Española

de Arteriosclerosis.  Este  es  un  art́ıculo  Open  Access  bajo  la  CC BY-NC-ND  licencia  (http://

creativecommons.org/licencias/by-nc-nd/4.0/).

Introduction

The  determinant  role  of  circulating  cholesterol  as  an
aetiological  agent  of  atherosclerosis  has  been  thoroughly
reviewed  in the preceding  article  to this monograph.
Epidemiological,  biological,  pathophysiological,  genetic,
and  intervention  studies  provide  a remarkably  consistent
account  of  the role  of  elevated  cholesterol  in causing
atherosclerosis.1,2

However,  from  a  clinical  point  of  view,  what  is  relevant
is whether  we  can  carry  out interventions  that,  by  reducing
circulating  cholesterol,  result  in a  clinical  benefit  in  terms  of
reduced  cardiovascular  complications,  cardiovascular  mor-
tality  and,  ideally,  mortality,  in the  absence  of  significant
side  effects.

Statins: demonstrating the concept

As early  as  40  years  ago, studies  by  the Lipid  Research
Clinics  indicated  a  modest  clinical  benefit  of cholesterol

Figure  1  LDL  cholesterol  levels  in  clinical  trials  and  cardiovascular  benefit.

Several lipid-lowering  therapies  have  demonstrated  the benefit  of  lipid-lowering  therapy  in reducing  cardiovascular  complications

with clinical  benefit  for  patients  in controlled  clinical  trials  with  progressively  decreasing  LDL-cholesterol  levels.  The  most  ambitious

goals have  been  achieved  with  statin  monotherapy  (JUPITER  [Justification  for  the  Use  of  Statins  in Prevention:  an  Intervention  Trial

Evaluating Rosuvastatin]),  combined  statin/ezetimibe  therapy  (IMPROVE-IT),  and  the  recent  trials  with  PCSK9  inhibitors  (Fourier

and ODYSSEY  Outcomes).

Adapted  from  Masana  et  al.3

lowering  with  the use  of  cholestyramine.  However,  statins,
inhibitors  of  the limiting  enzyme  in cholesterol  synthesis
(HMG-CoA  reductase),  were the drugs  that  very  consistently
demonstrated  in the late  20th century  that  lowering  circu-
lating  cholesterol  levels  could  translate  into  a  reduction  in
cardiovascular  complications1---3 (Fig.  1). The  landmark  4S
study4 evaluated  the effect  of  40  mg  of simvastatin  in 4440
patients  with  established  vascular  disease  (acute  myocardial
infarction  [AMI]  or  angina  pectoris)  and elevated  cholesterol
levels  (5.5---8  mmol/L  over  5.4 years).  Simvastatin  reduced
total  cholesterol  levels  by  25%  and  LDL  cholesterol  levels  by
35%.  This  reduction  was  associated  with  an impressive  30%
reduction  in all-cause  mortality  (95%  CI  15---48),  which was
mainly  due  to  a 42%  reduction  in  coronary  mortality  (95% CI
27%---54%).  This  demonstrated  the protective  effect  of  sim-
vastatin  in patients  with  frank  hypercholesterolaemia  (mean
LDL  cholesterol  (LDL-C)  188  mg/dL)  in secondary  prevention.
The  4S extension  study  showed  that  the benefit  in reducing
total  and  cardiovascular  mortality  persisted  after an  addi-
tional  five  years  of  follow-up,  despite  open-label  simvastatin
treatment  in both  groups.5
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Shortly  thereafter,  the West  of  Scotland  Coronary  Preven-
tion  Study  (WOSCOPS)6 investigated  whether  lipid-lowering
therapy  would  have  a  clinical  benefit  in patients  without
a  history  of  AMI.  WOSCOPS  evaluated  the effect  of  pravas-
tatin  in  6595  middle-aged  men  with  elevated  LDL-C  (mean
192  mg/dL).  Pravastatin  reduced  LDL-C  levels  by  26%  and
was  associated  with  a 31%  (95%  CI  17%---43%)  reduction  in
the  rate  of  AMI  or  vascular  death  at 4.9  years,  with  a reduc-
tion  in  all-cause  and  cardiovascular  mortality  at the limit
of  statistical  significance.  The  beneficial  effect  was  consol-
idated  with a legacy benefit7: 15  years  after  the end  of  the
study,  all-cause  mortality  was  13%  lower  in the pravastatin
group  (hazard  ratio  [HR]  .87,  95%  CI  .80---.94),  mainly  due  to
a  reduction  in cardiovascular  mortality  (HR  .79,  CI  .69---.90).

Statins:  the  lower the  better.  .  .

A  decade  after the 4S  (Scandinavian  Simvastatin  Survival
Study)  and  WOSCOPS  studies,  another  step  forward  was  nec-
essary:  the  consolidation  of  intensive  treatment.  Two pivotal
trials  investigated  whether  the intensity  of  lipid-lowering
treatment  provided  significant  additional  benefits  by  com-
paring  two  strategies  of  different  intensities.

PROVE-IT  (Pravastatin  or  Atorvastatin  Evaluation  and
Infection  Therapy  -Thrombolysis  In  Myocardial  Infarction
22  Trial)8 was paradoxically  designed  to demonstrate  non-
inferiority  of  40  mg pravastatin  versus  80  mg rosuvastatin
after  acute  coronary  syndrome,  based on  the concept  that
there  would  be  no  significant  benefit  from  intensifying  lipid-
lowering  therapy  with  a  ‘‘reference’’  statin.  Contrary  to
the  original  hypothesis,  PROVE-IT  showed  that  lowering
LDL  cholesterol  from  106 mg/dL  to  62  mg/dL  (atorvastatin
80  mg)  versus  95  mg/dL  (pravastatin  40  mg  group)  was  asso-
ciated  with  a 16%  (95%  CI  5---26  %)  reduction  in the risk  of
cardiovascular  complications  at  2-year  follow-up.

Similarly,  the Treating  New Targets  (TNT)  study9 showed
that  lowering  LDL-C  from  80  mg  to  77  mg/dL  with  ator-
vastatin  compared  with  a  control  group  of 101 mg/dL
(atorvastatin  10  mg)  was  associated  with  a 22%  (95% CI
11%---31%)  reduction  in cardiovascular  complications.

These  studies  were  instrumental  in  lowering  the LDL-C
target  from  100  to  70  mg/dL  in patients  with  established
vascular  disease.

More  recently,  rosuvastatin  has  shown  that  the  benefit
can  extend  to  primary  prevention  patients  with  ‘‘normal’’
LDL-C  levels  (<130  mg/dL)  but  at increased  CV  risk  due  to
elevated  C-reactive  protein,  a marker  of  low-grade  systemic
inflammation.10 Patients  in the  treatment  arm  (rosuvastatin
10  mg  daily)  achieved  LDL-C  levels  with  a  reduction  of 46%
(95%  CI  31%---54%).

The  cholesterol  trialists’  meta-analysis  showed that the
beneficial  effect  of  statin  therapy  was  directly  related  to
absolute  reduction  in LDL-C:  for  every  mmol/L  (39  mg/dL)
reduction,  there  was  a 22%  relative  risk  reduction  in cardio-
vascular  events  in both  statin  versus  placebo  and  intensive
versus  standard  treatment  trials.11,12

Intensive combined lipid-lowering therapy

The  success  of  statins  in cardiovascular  prevention  has
made  it  difficult  to  demonstrate  the  beneficial  effect

of  other  lower-intensity  therapies  per  se.  IMPROVE-IT
(IMProved  Reduction  of  Outcomes:  Vytorin  Efficacy  Inter-
national  Trial)13 provided  two  main  messages:  1) treatment
with  ezetimibe  provides  additional  benefit;  2) more  ambi-
tious  targets  continue  to  have  cardiovascular  protective
effects.  Indeed,  the  addition  of  ezetimibe  to  baseline
treatment  with  40 mg  simvastatin  in patients  after acute
coronary  syndrome  achieved  a  reduction  in  median  choles-
terol  from  69.5  mg/dL  to  53.7  mg/dL  and  required  seven
years  of follow-up  to  demonstrate  a reduction  in cardio-
vascular  complications  (HR  .936  95%  CI  .89---.99), consistent
with  the  effect  expected  from  the magnitude  of the reduc-
tion  achieved.  This  study  has  undoubtedly  been  instrumental
in  setting  the  ambitious  target  of  55  mg/dL  in current  car-
diovascular  prevention  guidelines.

In  statin-intolerant  patients,  the use  of bempedoic  acid
has  also  shown  a  cardiovascular  protective  effect  consis-
tent  with  the  lowering  of  LDL-C  in the CLEAR  (Cholesterol
Lowering  via  Bempedoic  Acid  [ECT1002],  an ACL-Inhibiting
Regimen)  Outcomes  trial.14 Bempedoic  acid  was  associated
with  a  21.1%  reduction  in  LDL (29.2  mg/dL)  and a  13%
reduction  in  cardiovascular  complications  (95%  CI 4%---21%).
This  molecule  offers an  oral  treatment  option of  particular
interest  to  statin-intolerant  patients,  but  may  also  help  to
optimise  LDL-C  levels  in statin-tolerant  patients.

Interestingly,  while  the  molecular  targets  of  action
of  statins,  ezetimibe,  and  bempedoic  acid  are  unique,
all  three  molecules  concur  in that  their  circulating
cholesterol-lowering  effect  is  mediated  by  (mainly  hepatic)
overexpression  of  LDL-C  receptors.  Other  recent  break-
throughs  in lipid-lowering  therapy  have involved  a  more
direct  mechanism  of  maintaining  high  levels  of  LDL-C  recep-
tors.

PCSK9: a new  target for lipid-lowering  therapy

The  identification  of  PCSK9  and  the development  of  a highly
potent  lipid-lowering  therapy  within  a few  years  has  led to
a  remarkable  advance  in  lipid-lowering  treatment  options.
In  brief,  PCSK9  is  a  protein  that,  once  the LDL  receptor
complex  is  internalised,  promotes  lysosomal  elimination  of
the  LDL  receptor.  In  the  absence  of  PCSK9,  the receptor  is
recycled  to  the cell  surface,  allowing  the  cycle  of  cell  inter-
nalisation  of the LDL-receptor  complex  to  be  reproduced,
resulting  in a  reduction  in  circulating  cholesterol.  Two  main
mechanisms  have  been  developed  to  block  the  action  of
PCSK9:  human  mononuclear  antibodies  (alirocumab  and
evolocumab)  and, more  recently,  small  interfering  ribonu-
cleic  acids  (RNA)  (siRNA,  such as  inclisiran),  which  will  be
discussed  in  later  articles  in this issue.

The  Fourier  (Further  Cardiovascular  Outcomes  Research
With  PCSK9  Inhibition  in Subjects  With  Elevated  Risk)15 and
ODYSSEY  Outcomes  (Evaluation  of  Cardiovascular  Outcomes
After  an Acute  Coronary  Syndrome  During  Treatment  With
Alirocumab)  studies16 clearly  demonstrated  that  LDL choles-
terol lowering  with  PCSK9  blockade  is  associated  with  a
reduction  in  cardiovascular  complications  consistent  with
the  potent  LDL-C  lowering  achieved  by  this mechanism.
In  addition,  both  studies  achieved  particularly  low  levels
of  LDL-C,  and therefore  we  have  not  yet  reached  an  LDL-
C  ’’floor’’  below which  cardiovascular  benefits  cease.  The
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Figure  2  Relationship  between  magnitude  and duration  of  exposure  to  different  levels  of LDL  cholesterol  and clinical  benefit  in

different types  of  studies.

Relationship  between  magnitude  of  LDL  cholesterol-lowering  exposure  and  clinical  benefit  in randomised  trials  (typical  duration  5

years), prospective  cohorts  (typical  duration  12  years)  and  Mendelian  randomisation  studies  (typical  duration  52  years).  As  can  be

seen, longer  duration  of  exposure  to  different  cholesterol  levels  translates  into  a greater  effect  on  cardiovascular  complications.

Adapted  from  Ference  et  al.1

Figure  3  Importance  of  treatment  maintenance  on  the  cardiovascular  protective  effects  of  lipid-lowering  drugs.

The cardiovascular  protective  effect  is a  combination  of  treatment  intensity  and  adherence  to  treatment.

Adapted  from  Khunti  et  al.21

median  LDL-C  achieved  in  the Fourier  intervention  group
was  30 mg/dL.  Notably, there  was  no  evidence  of  toxicity
in  patients  who  achieved  even  lower  LDL-C  levels,  while  the
clinical  benefit  was  shown  to  be  greater  in these  patients.17

Similar  results  have  been  reported  for  alirocumab.18 PCSK9
blockade  promotes  the internalisation  of  cholesterol  into
the  cell,  making  cellular  toxic  effects  due  to  (circulating)
cholesterol  depletion  unlikely.19 It  is  known  that  all cells
in  the  body  have  the  mevalonate  pathway  and  are able  to
synthesise  their  own  cholesterol,20 leading  to  the zero-  (cir-
culating)  LDL  hypothesis.3 This  is  a provocative  hypothesis
that  shows  how  far  we  are  from  achieving  ambitious  goals
in  real  clinical  practice.

Adherence and  timing matter

Cumulative  exposure  to  elevated  LDL-C levels  is  a
key determinant  of  the development  of  atherosclerosis1

(Figs.  2 and  3).  Conversely,  a  sustained  reduction  in LDL-C

levels  over time  is a  determinant  of  the beneficial  effect
of  lipid-lowering  therapy.  In this  respect,  it  is  not only
important  to  achieve  a strong  lipid-lowering  effect,  but
also  that  the treatment  is  maintained  over  time.21 Unfor-
tunately,  epidemiological  studies  show  that  discontinuation
of  lipid-lowering  therapy  is  a  common  occurrence,  leading
to  an increase  in  the very  cardiovascular  complications  we
are  trying  to  prevent.  The  development  of lipid-lowering
treatments  that are  less  demanding  in terms  of  patient
discipline  in taking  multiple  daily  medications  may  facil-
itate  better  adherence  to  intensive  treatment.  In  this
respect,  the  use  of  small  interfering  RNAs  may  offer  a
paradigm  shift  in  drug  treatment.  Inclisiran  is  an siRNA  that
offers  sustained  LDL  cholesterol  reductions  of  around  55%
with  six-monthly  subcutaneous  administration.22 Pending
the  results  of vascular  event  trials,  a meta-analysis  of  phase
3 trials  shows  that  inclisiran  treatment  actually  reduces
‘‘secondary  vascular  adverse  events’’  compared  to  placebo,
supporting  a plausible  therapeutic  role  in cardiovascular
prevention.22
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Figure  4  Cardiovascular  protective  effect  of  early  and  sustained  non-HDL  cholesterol  lowering  in patients  after  AMI.

The SWEDEHEART  (Swedish  Web-system  for  Enhancement  and  Development  of  Evidence-based  care  in  Heart  disease  Evaluated

According to  Recommended  Therapies)  registry  has  recently  shown  the  importance  of  early  (two  months)  and sustained  (measured

at one  year)  lowering  in  reducing  cardiovascular  complications,  cardiovascular  mortality,  and  all-cause  mortality  after  AMI.

Adapted  from  Schubert  et  al.24

Another  important  factor  is  the delay  in initiating  inten-
sive  lipid-lowering  therapy  after  a  vascular  event.  The
strategy  of  several  successive  steps  with  staggered  use  of
drugs  proposed  by  some  guidelines23 leads  to  a delay  in
reaching  therapeutic  targets  at  a particularly  vulnerable
time for  patients.  Recent  studies  show  that  early  achieve-
ment  of  ambitious  lipid  targets  and their  maintenance  at
one  year  is  indeed  associated  with  a more  favourable  prog-
nosis  in  post-AMI  patients24 (Fig.  3).  We  could  say  that  it is
‘‘never  too  early’’  to  achieve  ambitious  lipid  targets,  and
we  should  look  for  mechanisms  to  maintain  them  in the long
term  (Fig.  4).

In  conclusion,  various  oral  lipid-lowering  treatments
(statins,  bempedoic  acid,  ezetimibe)  ultimately  lower
circulating  cholesterol  through  upregulation  of  the LDL
receptor,  reduce  cardiovascular  complications,  and  their
effect  is  maintained  beyond  the therapeutic  targets  cur-
rently  reflected  in  therapeutic  guidelines.  In addition,  PCSK9
blockade,  also  by  upregulating  the LDL  receptor,  continues
to  provide  benefits  with  its  potent  lipid-lowering  effect  at
least  up  to  around  30  mg/dL,  with  no evidence  of  a  thresh-
old  below  which  protective  cardiovascular  effects  cease  to
be  achieved.  In  addition,  early  and  sustained  intensive  lipid-
lowering  therapy  is  associated  with  improved  cardiovascular
prognosis.  Further  efforts  are needed  to  use  the available
tools  for  sustained  cholesterol  reduction  to  improve  the
prognosis  of patients  at high  vascular  risk.

Funding

The  author  received  support  from  Novartis  for  this  article,
which  was  written entirely  by  the author  with  no  involve-
ment  from  Novartis.

Additional information

This  article  is  part  of  the supplement  entitled  ‘‘New  hori-
zons  in  the treatment  of  hypercholesterolemia’’  ,  which was
funded  by  the  Spanish  Society  of  Arteriosclerosis,  with  spon-
sorship  from  Novartis.

Declaration of  competing interest

The  author  declares  that  he has  received  honoraria  from
Amarin,  Amgen,  Ferrer, Daiichi Sankyo,  MSD, Novartis,
Sanofi,  Servier  for  lectures  and  consultancy.

References

1. Ference BA, Ginsberg HN, Graham I, Ray KK, Packard CJ,

Bruckert E, et  al. Low-density lipoproteins cause atheroscle-

rotic cardiovascular disease. 1. Evidence from genetic,

epidemiologic, and clinical studies. A consensus state-

ment from the European Atherosclerosis Society Consensus

Panel. Eur Heart J. 2017;38:2459---72, http://dx.doi.org/10.

1093/eurheartj/ehx144.

2. Guijarro C, Cosin-Sales J.  LDL cholesterol and atherosclero-

sis: the evidence. Clin Investig Arterioscler. 2021;33:25---32,

http://dx.doi.org/10.1016/j.arteri.2020.12.004.

3. Masana L,  Girona J, Ibarretxe D, Rodríguez-Calvo R,  Ros-

ales R,  Vallvé J-C,  et al. Clinical and pathophysiological

evidence supporting the safety of  extremely low LDL levels-

The zero-LDL hypothesis. J Clin Lipidol. 2018;12:292---9,

http://dx.doi.org/10.1016/j.jacl.2017.12.018.

4. Group SSSS. Randomised trial of cholesterol lowering in

4444 patients with coronary heart disease: the Scandina-

vian Simvastatin Survival Study (4S). Lancet. 1994;344:1383---9,

http://dx.doi.org/10.1016/S0140-6736(94)90566-5.

5. Strandberg TE, Pyörälä K, Cook TJ, Wilhelmsen L,  Faerge-

man O,  Thorgeirsson G, et al. Mortality and incidence of

cancer during 10-year follow-up of the  Scandinavian Simvas-

tatin Survival Study (4S). Lancet Lond Engl. 2004;364:771---7,

http://dx.doi.org/10.1016/S0140-6736(04)16936-5.

6. The Long-Term Intervention with Pravastatin in Ischaemic

Disease (LIPID) Study Group. Prevention of  cardiovascular

events, death with pravastatin in patients with coronary

heart disease, a broad range of initial cholesterol, lev-

els.  N Engl J Med. 1998;339:1349---57, http://dx.doi.org/10

.1056/NEJM199811053391902.

7. Ford I,  Murray H,  McCowan C, Packard CJ. Long-term safety

and efficacy of lowering low-density lipoprotein cholesterol

with statin therapy: 20-year follow-up of West of Scotland

Coronary Prevention Study. Circulation. 2016;133:1073---80,

http://dx.doi.org/10.1161/CIRCULATIONAHA.115.019014.

5

dx.doi.org/10.1093/eurheartj/ehx144
dx.doi.org/10.1093/eurheartj/ehx144
dx.doi.org/10.1016/j.arteri.2020.12.004
dx.doi.org/10.1016/j.jacl.2017.12.018
dx.doi.org/10.1016/S0140-6736(94)90566-5
dx.doi.org/10.1016/S0140-6736(04)16936-5
dx.doi.org/10.1056/NEJM199811053391902
dx.doi.org/10.1056/NEJM199811053391902
dx.doi.org/10.1161/CIRCULATIONAHA.115.019014


C.  Guijarro

8. Cannon CP, Braunwald E, McCabe CH, Rader DJ, Rouleau

JL, Belder R,  et  al. Intensive versus moderate lipid

lowering with statins after acute coronary syndromes.

N Engl J  Med. 2004;350:1495---504, http://dx.doi.org/

10.1056/NEJMoa040583.

9. LaRosa JC, Grundy SM, Waters DD, Shear C, Barter P, Fruchart

J-C, et al. Intensive lipid lowering with atorvastatin in patients

with stable coronary disease. N  Engl J  Med. 2005;352:1425---35,

http://dx.doi.org/10.1056/NEJMoa050461.

10. Ridker PM, Danielson E, Fonseca FAH, Genest J,  Gotto

AM, Kastelein JJP, et al. Rosuvastatin to prevent vascular

events in men and women with elevated C-reactive pro-

tein. N Engl J  Med.  2008;359:2195---207, http://dx.doi.org/

10.1056/NEJMoa0807646.

11. Baigent C, Keech A, Kearney PM, Blackwell L,  Buck G, Pollicino

C, et al. Efficacy and safety of cholesterol-lowering treatment:

prospective meta-analysis of data from 90,056 participants

in 14 randomised trials of  statins. Lancet. 2005;366:1267---78,

http://dx.doi.org/10.1016/S0140-6736(05)67394-1.

12. Cholesterol Treatment Trialists’ Ctt Collaboration. Effi-

cacy and safety of  more intensive lowering of  LDL

cholesterol: a meta-analysis of data from 170 000 partici-

pants in 26 randomised trials. Lancet. 2010;376:1670---81,

http://dx.doi.org/10.1016/S0140-6736(10)61350-5.

13. Cannon CP, Blazing MA, Giugliano RP, McCagg A, White JA,

Theroux P, et al. Ezetimibe added to statin therapy after

acute coronary syndromes. N Engl J  Med. 2015;372:2387---97,

http://dx.doi.org/10.1056/NEJMoa1410489.

14. Nissen SE, Lincoff AM, Brennan D,  Ray KK, Mason D, Kastelein

JJP, et al. Bempedoic acid and cardiovascular outcomes in

statin-intolerant patients. N  Engl J  Med. 2023;388:1353---64,

http://dx.doi.org/10.1056/NEJMoa2215024.

15. Sabatine MS, Giugliano RP, Keech AC, Honarpour N,  Wiviott SD,

Murphy SA, et  al. Evolocumab and clinical outcomes in patients

with cardiovascular disease. N  Engl J  Med. 2017;376:1713---22,

http://dx.doi.org/10.1056/NEJMoa1615664.

16. Schwartz GG, Steg PG, Szarek M, Bhatt DL, Bittner VA,

Diaz R, et al. Alirocumab and cardiovascular outcomes after

acute coronary syndrome. N  Engl J  Med. 2018;379:2097---107,

http://dx.doi.org/10.1056/NEJMoa1801174.

17. Giugliano RP, Pedersen TR, Park J-G, De Ferrari GM,

Gaciong ZA,  Ceska R, et al. Clinical efficacy and safety of

achieving very low LDL-cholesterol concentrations with the

PCSK9 inhibitor evolocumab: a prespecified secondary anal-

ysis of the FOURIER trial. Lancet. 2017;390(10106):1962---71,

http://dx.doi.org/10.1016/S0140-6736(17)32290-0.

18.  Schwartz GG, Gabriel Steg P, Bhatt DL, Bittner VA, Diaz

R, Goodman SG, et  al. Clinical efficacy and safety of

alirocumab after acute coronary syndrome according to

achieved level of low-density lipoprotein cholesterol: a

propensity score-matched analysis of  the ODYSSEY OUTCOMES

trial. Circulation. 2021;143:1109---22, http://dx.doi.org/10.

1161/CIRCULATIONAHA.120.049447.

19. Guijarro C. PCSK9 inhibitors, statins, low-density lipopro-

tein cholesterol, mevalonate pathway, and toxicity.

JAMA Cardiol. 2017;2:1168---9, http://dx.doi.org/10.1001/

jamacardio.2017.2727.

20. Goldstein JL, Brown MS. Regulation of  the mevalonate

pathway. Nature. 1990;343:425---30, http://dx.doi.org/10.1038

/343425a0.

21. Khunti K,  Danese MD, Kutikova L, Catterick D,  Sorio-

Vilela F,  Gleeson M, et al. Association of  a combined

measure of adherence and treatment intensity with car-

diovascular outcomes in patients with atherosclerosis

or other cardiovascular risk factors treated with statins

and/or ezetimibe. JAMA Netw Open. 2018;1:e185554,

http://dx.doi.org/10.1001/jamanetworkopen.2018.5554.

22. Ray KK, Raal FJ, Kallend DG, Jaros MJ, Koenig W, Leiter

LA,  et  al. Inclisiran and cardiovascular events: a patient-

level analysis of  phase III trials. Eur Heart J. 2022;44:129---38,

http://dx.doi.org/10.1093/eurheartj/ehac594.

23.  Visseren FLJ, Mach F, Smulders YM, Carballo D,  Koskinas KC,

Bäck M, et  al. 2021 ESC Guidelines on cardiovascular disease

prevention in clinical practice. Eur Heart J.  2021;42:3227---337,

http://dx.doi.org/10.1093/eurheartj/ehab484.

24. Schubert J,  Leosdottir M, Lindahl B, Westerberg J, Mel-

hus H, Modica A, et  al. Intensive early and sustained

lowering of non-high-density lipoprotein cholesterol after

myocardial infarction and prognosis: the SWEDEHEART reg-

istry. Eur Heart J. 2024;45:4204---15, http://dx.doi.org/10

.1093/eurheartj/ehae576.

6

dx.doi.org/10.1056/NEJMoa040583
dx.doi.org/10.1056/NEJMoa040583
dx.doi.org/10.1056/NEJMoa050461
dx.doi.org/10.1056/NEJMoa0807646
dx.doi.org/10.1056/NEJMoa0807646
dx.doi.org/10.1016/S0140-6736(05)67394-1
dx.doi.org/10.1016/S0140-6736(10)61350-5
dx.doi.org/10.1056/NEJMoa1410489
dx.doi.org/10.1056/NEJMoa2215024
dx.doi.org/10.1056/NEJMoa1615664
dx.doi.org/10.1056/NEJMoa1801174
dx.doi.org/10.1016/S0140-6736(17)32290-0
dx.doi.org/10.1161/CIRCULATIONAHA.120.049447
dx.doi.org/10.1161/CIRCULATIONAHA.120.049447
dx.doi.org/10.1001/jamacardio.2017.2727
dx.doi.org/10.1001/jamacardio.2017.2727
dx.doi.org/10.1038/343425a0
dx.doi.org/10.1038/343425a0
dx.doi.org/10.1001/jamanetworkopen.2018.5554
dx.doi.org/10.1093/eurheartj/ehac594
dx.doi.org/10.1093/eurheartj/ehab484
dx.doi.org/10.1093/eurheartj/ehae576
dx.doi.org/10.1093/eurheartj/ehae576

	Strict control of atherogenic cholesterol and cardiovascular disease prevention
	Introduction
	Statins: demonstrating the concept
	Statins: the lower the better…
	Intensive combined lipid-lowering therapy
	PCSK9: a new target for lipid-lowering therapy
	Adherence and timing matter
	Funding
	Additional information

	Declaration of competing interest
	References

