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Abstract  Statins  have  been  associated  with  an increased  risk  of  new-onset  diabetes  mellitus

(NODM),  as  confirmed  in previous  observational  studies  and meta-analyses.  Controversy  exists

as to  whether  this  risk  varies  depending  on statin  type  or  dose.  However,  there  appears  to  be

unanimity  regarding  the  different  associated  factors  that  raise  this  risk.  Furthermore,  diverse

pathophysiologic  mechanisms  have  been  described  that  could  explain  the  increased  risk  of  dia-

betes in patients  with  statin  treatment.  These  fundamentally  cause  a  rise  in  insulin  resistance

together with  a  decrease  in insulin  secretion.  The  present  review  aimed  to  describe  the  relation-

ship between  statin  treatment  and the  presence  of  diabetes  and provide  an  update  of  previous

published evidence  and  the  possible  mechanisms  involved.

© 2019  Sociedad  Española de Arteriosclerosis.  Published  by  Elsevier  España,  S.L.U.  All  rights

reserved.
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Tratamiento  con  estatinas  y mayor  riesgo  de diabetes.  Posibles  mecanismos

Resumen  Las  estatinas  se  han  asociado  con  un  incremento  en  el riesgo  de aparición  de dia-

betes mellitus  de novo,  siendo  esto  confirmado  en  estudios  previos  observacionales  así  como

metaanálisis. Sin  embargo,  existe  cierta  controversia  sobre  si este  riesgo  varia  en  función  de

la dosis  o  tipo  de  estatina.  Por  otro  lado,  parece  que  hay  unanimidad  con  respecto  a  los  fac-

tores asociados  a  este  incremento  de  riesgo.  Asimismo,  se  han  descrito  diversos  mecanismos

fisiopatológicos  que  podrían  explicar  el aumento  de riesgo  de padecer  diabetes  en  los pacientes

tratados con  estatinas.  Estos  mecanismos  se  basan  fundamentalmente  en  un  incremento  en  la

resistencia a  la  insulina  así  como  un  descenso  en  su sensibilidad.  La  presente  revisión  está
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enfocada  en  describir  la  relación  entre  el tratamiento  con  estatinas  y  el  riesgo  de pade-

cer diabetes  y  revisar  los  datos  publicados  hasta  las  fecha  así  como  los  posibles  mecanismos

fisiopatológicos  involucrados  en  este  aumento  de  riesgo.

© 2019  Sociedad  Española  de Arteriosclerosis.  Publicado  por  Elsevier  España,  S.L.U.  Todos  los

derechos  reservados.

Introduction

Statins  have  been  widely  used for the treatment  of lipid
disorders.  Their  main  role  relies  in lowering  low-density
lipoprotein  (LDL)  cholesterol  levels,  thereby  reducing  the
risk  of  cardiovascular  disease  (CVD)  in  primary  and  sec-
ondary  prevention  settings.  In  this  respect,  current  clinical
guidelines  recommend  the use  of  statins  for  the  prevention
of  atherosclerotic  CVD,  even  in individuals  with  suboptimum
lipid  levels.1

Although  statin  therapy  is  well  tolerated,  several  side
effects  have  been  associated  with  its  use,  including  an
increased  diabetes  risk.  Since  the incidence  of  this adverse
effect  is  not  negligible,  especially  for specific  populations,
the  present  review  aimed  to  examine  the relationship
between  statin  treatment  and  the presence  of  diabetes.
A  review  of  previous  clinical  evidence  and the  possi-
ble  pathophysiologic  mechanisms  involved  will  also  be
described.

Statins  and  diabetes risk

As stated  previously,  the  risk  of  new-onset  diabetes  mellitus
(NODM)  in  subjects  receiving  statin treatment  has  been  a
matter  of  debate  in  recent  years.2 In  2001,  Freeman  et  al.3

published  one  of  the first  papers  speculating  on  the  possi-
ble  relationship  between  statin  treatment  and  diabetes.  In
that  sub-analysis  of  the West  of  Scotland  Coronary  Preven-
tion  Study  (WOSCOPS),  pravastatin  was  surprisingly  shown
to  lower  the  risk  of  diabetes  by 30%.  However,  further  tri-
als  yielded  opposite  results  to this first  one,  showing  an
increased  risk of type  2 diabetes  mellitus  secondary  to
statin  therapy.  The  first  trial  in this line  was  Justification
for  the  Use  of Statins  in Primary  Prevention:  an Intervention
Trial  Evaluating  Rosuvastatin  (JUPITER).4 Seventeen  thou-
sand  eight  hundred  and two  subjects  were  randomized  to
20  mg  of  rosuvastatin  daily  or  placebo.  The  treatment  with
rosuvastatin  for  almost  2  years  was  associated  with  a  44%
decrease  in  cardiac  events  but  a  significant  26%  increase
(odds  ratio  1.26,  95%  CI  1.04---1.51)  in  NODM.  These  results
have  since  been  further  confirmed  in other  studies,  which
suggests  an  excess  risk  of NODM  of  around  9---13% in  indi-
viduals  treated  with  statins.5---8 Based  on  these  results,  in
2012  the  Food  and Drug Administration  added  information
on  statin  labels  concerning  the  increased  incidence  of dia-
betes  and  possible  rise  in  blood  glucose  levels  secondary  to
this  treatment.

A  relationship  also  appears  to  exist  between  the excess
risk  of  NODM  observed  in  individuals  receiving  statins  and

the  presence  of  other  comorbidities,  mainly  the  well-known
cardiovascular  risk  factors,  which  include  a higher  body  mass
index,  fasting  blood  glucose  levels,  triglycerides,  blood  pres-
sure  levels  or  low high-density  lipoprotein  (HDL)  cholesterol
levels.6,9 Thus,  as  the number  of metabolic  syndrome  com-
ponents  in an individual  treated  with  statins  rises,  the  risk
of  NODM  increases.

On  the  other  hand,  data  regarding  the possible  rela-
tionship  between  NODM risk  and  statin  type  or  dose  are
inconsistent.  Some  studies  reported  little  difference  in  dia-
betes  rates  between  patients  with  medium  or  high  statin
doses10,11 while  other  publications  reported  a  greater  risk
in  subjects  treated  with  rosuvastatin,  atorvastatin  and  sim-
vastatin,  and  no  excess  risk  with  other  statins  such as
pravastatin,  fluvastatin,  lovastatin  and  pitavastatin.12---14

In  this  sense,  it is  worth  highlighting  that  the possible
increased  risk  of  NODM  seems  to  be  related  to  the  potency
of  each  statin.  A recent  meta-analysis  showed  an associa-
tion  between  LDL  cholesterol  reductions  ≥30%  with  statin
therapy  and  the risk  of  new-onset  diabetes.15

Statin  treatment  and  familial  hypercholesterolemia

In  addition,  a  hypothetical  protection  from  NODM  has  been
described  in patients  with  heterozygous  familial  hyperc-
holesterolemia  (HeFH),  although  most  of  these  patients
receive  statins  as  the  main  lipid-lowering  treatment.  This
can  be  partially  explained  by  the cholesterol-lowering  effect
of  statin  therapy  being  mainly due  to  inhibition  of  3-hydroxy-
3-methylglutaryl-coenzyme  A  (HMG-CoA)  reductase,  the
primary  altered  mechanism  in HeFH.16 In this  context,
Besseling  et  al.17 found  the  prevalence  of  type 2  diabetes
mellitus  to  be lower  in  patients  with  familial  hypercholes-
terolemia  compared  with  unaffected  relatives  (1.75%  versus

2.93%).  Moreover,  a previous  paper  published  by  our  group18

also  found  the  prevalence  of  diabetes  in patients  with  HeFH
to  be 40%  lower  than that  observed  in the general  population
matched  for age  and  sex.  In  our  study,18 risk  factors  inde-
pendently  associated  with  the presence  of diabetes  in  these
subjects  were  age,  male  sex,  body mass  index,  baseline
triglycerides,  hypertension  and years  of  statin treatment.

Previous clinical evidence

Population-based  studies

Population-based  studies  reported  to  date focused  on  the
incidence  of NODM  in patients  treated  with  statins,11,13,19---23
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and  observed  an increased  risk  of  NODM  related  to  the  use  of
this  lipid-lowering  therapy.  However,  in  some  of  those  stud-
ies  the  increased  risk  was  only  observed  for  certain  types
of  statin.  For  instance,  Carter  et  al.13 conducted  a  cohort
study  including  471,250  subjects.  After  3  years  follow-up,
the  adjusted  hazard  ratio  (HR)  for  NODM  was  1.22  (95%
CI  1.15---1.9)  for  atorvastatin,  1.18  (95%  CI  1.10---1.26)  for
rosuvastatin  and  1.10  (95% CI  1.04---1.17)  for simvastatin.
However,  no  significant  risk  of  NODM  was  observed  with
fluvastatin  HR 0.95  (95%  CI 0.81---1.11)  and lovastatin  HR
0.99  (95%  CI  0.86---1.14).  Similarly,  in  the meta-analysis  of
Vallejo-Vaz  et al.24 pitavastatin  did  not  adversely  affect  glu-
cose  metabolism  or  diabetes  development  compared  with
placebo  or  other  statins.  By  contrast,  in the  Women’s  Health
Initiative  Study,25 153,840  postmenopausal  women  without
diabetes  were  recruited  and  followed  from  1993  to  2005.
There  were  10,242  incident  cases  of diabetes,  and  statins
were  associated  with  an increased  risk  of  NODM,  with  an
HR  of  1.48  (95%  CI  1.38---1.59),  with  this  increased  risk  being
present  for  all  types  of  statins,  and therefore  showing  a  class
effect.  Finally,  the United  Kingdom  Clinical  Practice  Cohort
study21 included  2,016,094,  430,890  of whom  were receiving
statins  and  were  matched  to  1,585,204  individuals  who  were
not.  During  follow-up,  130,395  subjects  developed  NODM,
with  statin  use  being associated  with  an  increased  risk  of
NODM  with  an HR  of  1.57  (95%  CI  1.54---1.59).  Furthermore,
this  risk  increased  with  longer  duration  of  statin use  and a
higher  baseline  body  mass  index.

Meta-analyses

Moving  on from  population-based  studies,  previous  pub-
lished  trials,  systematic  reviews  and meta-analyses  also
focused  on  NODM  and  statin treatment,5,6,26---30 and  con-
firmed  the  previously-reported  findings.

In  2010,  Sattar  et  al.6 realized  the first  meta-analysis
that  demonstrated  the increased  risk  of NODM  secondary
to statin  treatment.  Thirteen  studies  with  91,140  individu-
als  (2226  in  the  statin  group  and  2052  in the control  group)
were  included.  Statin  treatment  was  associated  with  a  9%
increase  in  diabetes  (OR  1.09,  95%  CI 1.02---1.17).  Regard-
ing  the  different  statin  subtypes,  rosuvastatin  was  found
to  increase  the  risk  by  18%  (OR  1.18,  95%  CI, 1.04---1.33)
while  simvastatin  increased  the risk  by  11%,  although  the lat-
ter  result  was  not  significant.  After  this first  meta-analysis,
Preiss  et  al.27 confirmed  the present  results,  demonstrating
a  12%  increased  risk  of  diabetes  (OR  1.12,  95%  CI,  1.04---1.22)
in  patients  with  statin  treatment.

As  mentioned  above  in population-based  studies,  some
previous  works  found  a  different  effect  on  the risk  of  NODM
depending  on  the  type or  dose  of  statin.  In this  respect,  the
meta-analysis  of  Navarese  et  al.28 that  included  17  trials,
found  that  pravastatin  presented  the  lowest  risk  of  incident
diabetes.  However,  rosuvastatin  20  mg  daily  was  associated
with  a  25%  increased  risk  compared  to  placebo  (OR 1.25,
95%  CI  0.82---1.90)  and  atorvastatin  80  mg daily  with  a  15%
increased  risk  (OR  1.15,  95%  CI  0.90---1.50).  In this  same
line,  the  meta-analysis  published  by  Swerdlow  et al.30 also
yielded  different  results  depending  on  the  type of  statin.
Fifteen  studies  were  included  with  96,418  subjects  treated
with  a  standard  dose  of  statins  compared  to  placebo  and

4 studies  including  32,752  subjects  comparing  high-dose
to  medium-dose  statin  treatment.  The  results  obtained
reflected  a higher  incidence  of NODM  in the  statin  group
versus  the placebo  group  (5.3% versus  4.7%)  as  well  as  a
higher  incidence  in the  high  statin dose  compared  to  the
medium  statin  dose  (6.4%  versus  5.7%).

Thus,  the results  of  previous  published  papers,  both
population-based  studies  and  meta-analyses,  confirm  the
close  relationship  between  NODM  and  statin  treatment.

Possible pathophysiologic  mechanisms

The  possible  molecular  mechanisms  associated  with  the
increased  risk  of  NODM  in subjects  receiving  statins  are  still
under  debate.  Several  mechanisms  seem  to be involved,
all resulting  in a decline  in insulin  secretion  by  pancreatic
�-cells  or  an increase  in  insulin  resistance.

One  of  the possible  mechanisms  is  based  on  the inhi-
bition  caused  by  statins  of the Ca2+ channel  in  pancreatic
�-cells,  leading  to a direct  drop  in insulin  secretion.31 This
was  confirmed  in  a  previous  in  vitro  study,  where  rosuvas-
tatin  inhibited  the Ca2+ channel  in pancreatic  �-cells  and  led
to  reduced  exocytosis  of  insulin  granules.31

A further  possible  mechanism  is  related  to  HMG-CoA
reductase  inhibition,  which  also  leads  to  modifications  in
insulin  sensitivity.  Possible  mechanisms  associated  with  this
include  the production  of  loss-of-function  genetic  polymor-
phisms.  In this sense,  a study  including  5327  non-diabetic
subjects  found  that  those  who  presented  certain  single
nucleotide  polymorphisms  such  as  TCF7L2,  SLC30A8,  HHEX
and others  had an impaired  conversion  of proinsulin  to
insulin  together  with  a  limited  insulin  secretion.32 Similarly,
Swerdlow  et  al.30 also  described  single  nucleotide  polymor-
phisms  related  to  HMG-CoA  reductase  in 22,463  patients.  In
this  study,  each allele was  associated  to  lower  LDL  colesterol
levels  together  with  increased  blood  glucose  and  insulin  con-
centrations.

Moreover,  a  decreased  expression  of  glucose  protein
transporter  4  (GLUT4)  and  ubiquinone  (CoQ10)  levels
together  with  modifications  in adiponectin  concentrations
have  also  been  described.33---35 In  this  respect,  previous
human  studies  have  obtained  inconsistent  results,  showing
increase,  decrease  or  no  change  of  adiponectine  levels  in
patients  treated  with  statins.33

Other  possible  pathophysiologic  mechanisms  that  have
been  proposed  are related  to the  effect  of  statins  on  lipopro-
tein  particle  size,  thus  increasing  the size of very  low-density
lipoprotein  (VLDL)  particles  and reducing  the size  of  LDL
and HDL  particles,  this  leading  to  an  increased  risk  of
NODM.36,37 In contrast,  large  LDL  and  HDL and small VLDL
particles  appear  to  have  an  inverse  effect  on  NODM.  This
has  been  demonstrated  in experimental  models  with  both
rosuvastatin38 and atorvastatin,39 but  must  be confirmed  in
further  studies.

Finally,  other  possible  mechanisms  that have  been
described  are  related  to  alterations  on  glucose  metabolism
due  to  the  inhibition  of  pancreatic  �-cell  transporters.  In
this line,  ATP-binding  cassette  transporter  ABCA1  defficiency
was  related  to  impared  insulin  secretion  in pancreatic  �-
cells.40,41 All  of  the possible  mechanisms  described  above
are summarized  in  Table 1.
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Table  1  Possible  pathophysiologic  mechanisms  associated

with the  diabetes  risk  of  statin  treatment.

Decreased  pancreatic  ˇ-cell insulin  secretion:

Modifications  in Ca2+ channel

Inhibition  of  pancreatic  �-cells  transporters  (ATP-binding

cassette  transporter  ABCA1)

HMG-CoA  reductase  inhibition: Loss-of-function  genetic

polymorphisms

Decreased  insulin  signaling:  GLUT4,  CoQ10

Lipoprotein  modifications

GLUT4: glucose protein transporter 4;  HMG-CoA: 3-hydroxy-3-

methylglutaryl-coenzyme A; CoQ10: ubiquinone.

Clinical implications and  limitations

It  seems  clear  that  statins  are associated  with  an increased
risk  of  NODM  and  that  there  could  be  a  potency-dependent
effect  together  with  associated  factors,  such  as  metabolic
syndrome  traits,  that  increase  this risk.

On  the  other  hand,  statins  play  an essential  role  in car-
diovascular  risk  reduction  due  to  their  effect  on lowering
LDL  cholesterol  levels.  Hence,  there  appears  to  be  agree-
ment  that  the benefits  of statin treatment  regarding  the
cardiovascular  profile  outweigh  to  the increased  risk  associ-
ated  with  the  presence  of  diabetes.42,43 However,  questions
remain  to be  answered  in this  field.

It  is  also  noteworthy  that most  of  the studies  describing
the  possible  pathophysiologic  mechanisms  were  conducted
in  experimental  in vitro  or  animal models, and  thus  these
data  must  be  further  confirmed  in human  studies  in the near
future  to  draw  more  solid  conclusions.

Conclusions

Statins  present  an increased  risk  of  NODM, as  described
in  previous  observational  studies  and  confirmed  in  recent
meta-analyses  and systematic  reviews.  However,  this  risk
seems  to  be  present  only  for  certain  types  of statin.  More-
over,  individuals  may  have  several  risk  factors  possibly  linked
to  this  increased  risk:  a  high  body  mass  index,  hypertension
and  previous  glucose  metabolism  disorders.

The  different  pathophysiologic  mechanisms  involved  are
still  under  study,  but  seem  to  be  related  to  decreased  insulin
secretion  together  with  increased  insulin  resistance.  How-
ever,  further  studies  are  mandatory  in this  field  to  reach
more  solid  conclusions  and  hence  achieve  clinical  applica-
bility  in  daily  practice.
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