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Abstract

Introduction:  The  use  of  statins  in  non-selected  type  1  diabetes  (T1D)  populations  is low.
We assessed  the prevalence  and factors  associated  with  statin  treatment  in patients  meeting
criteria for  this therapy  for  primary  prevention  of  cardiovascular  disease  (CVD).
Material  and  Methods:  From  2015  to  2018,  T1D  patients  from  a  tertiary  hospital  were  selected.
Inclusion criteria  were:  ≥40  years-old,  diabetic  nephropathy,  or  T1D  duration  ≥10  years  with
≥1 cardiovascular  risk  factor  (CVRF).  A  standardized  cardiovascular  risk  evaluation  protocol
was performed.  Prevalence  of  statin  treatment  was  evaluated  according  to  presence  of  several
CVRFs, and  multivariable  models  were  constructed  to  assess  independent  determinants  of  statin
use.
Results: We  included  241  patients  (50%  women,  age  48.2±9.9  years,  T1D  duration  26.6±9.0
years). Diabetic  retinopathy  and  nephropathy,  active  smoking,  and  hypertension  were  present
in 38%,  12%,  28%,  and  27%,  respectively.  Overall,  43%  of  patients  were  on  statins  and  27%
had LDL-cholesterol  <100  mg/dl.  Statin  users  were  older,  and  had  higher  body  mass  index  (BMI),
prevalence of  kidney  dysfunction,  and hypertension  (p<0.05  for  all).  However,  among  both  T1D-
related and classical  CVRFs,  only  hypertension  (odds  ratio  [OR],  2.96;  95%  confidence  interval
[CI] 1.48-5.91)  and  BMI (OR,  1.08;  CI, 1.01-1.16)  were  independently  associated  with  statin  use
in multiple  regression  analysis.
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Conclusions:  Less  than  half  of  T1D  patients  from  a  tertiary  hospital  who  met  criteria  for  statin
use were  on  treatment.  Hypertension  and  BMI  emerged  as  the  only  CVRFs  independently  asso-
ciated with  statin  therapy.  New  strategies  are  needed  to  better  address  CVD  prevention  in this
very high-risk  population.
©  2019  SEEN  y  SED.  Published  by  Elsevier  España,  S.L.U.  All  rights  reserved.
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Prevalencia  y  factores asociados  con  el  uso  de  estatinas  en  pacientes  de  alto  riesgo

con  diabetes  tipo  1  en  una  unidad  especializada  de  diabetes

Resumen

Introducción:  El  uso  de  estatinas  en  población  con  diabetes  tipo  1  (DT1)  general  es  bajo.  Estu-
diamos  la  prevalencia  y  factores  asociados  con  su uso  en  pacientes  que  cumplían  los criterios
para esta  terapia  para  la  prevención  primaria  de la  enfermedad  cardiovascular  (ECV).
Material y  métodos:  Del  2015-2018  seleccionamos  a  pacientes  con  DT1  de un  hospital  tercia-
rio.  Los  criterios  de  inclusión  fueron:  ≥ 40  años,  nefropatía  diabética,  o duración  de  DT1  ≥  10
años con  ≥ 1 factor  de riesgo  cardiovascular  (FRCV).  Se  realizó  un  protocolo  estandarizado
de evaluación  del  riesgo  cardiovascular.  Finalmente,  estudiamos  el uso  de estatinas  en  fun-
ción de  diferentes  FRCV  y  los  factores  independientemente  asociados  con  su  uso  (modelos
multivariantes).
Resultados: Incluimos  241 pacientes  (50%  mujeres,  edad  48,2  ± 9,9  años,  duración  de diabetes
26,6 ±  9  años).  La  presencia  de  retinopatía,  nefropatía,  tabaquismo  e  hipertensión  fue  del 38,
12, 28  y  27%,  respectivamente.  Un 43%  tomaba  estatinas  y  un  27%  presentó  un  colesterol-
LDL <  100  mg/dL.  Los  usuarios  de  estatinas  tenían  mayor  edad,  índice  de masa  corporal  (IMC),
deterioro de  la  función  renal  e hipertensión  (p  < 0,05).  Entre  todos  los FRCV  clásicos  y  específicos
de la  DT1,  únicamente  la  hipertensión  (odds  ratio  [OR],  2,96;  intervalo  de confianza  al  95%  [IC],
1,48-5,91)  y  el  IMC (OR,  1,08;  IC, 1,01-1,16)  fueron  los  que  se  asociaron  independientemente
con su uso.
Conclusiones:  Menos  de la  mitad  de pacientes  con  DT1  que  cumplen  criterios  para  estatinas
de un hospital  terciario  están  en  tratamiento.  Únicamente  la  hipertensión  y  el  IMC  se  aso-
ciaron independientemente  con  su uso.  Nuevas  estrategias  son  necesarias  para  la  prevención
cardiovascular  en  esta  población  de alto  riesgo.
©  2019  SEEN  y  SED.  Publicado  por  Elsevier  España,  S.L.U.  Todos  los derechos  reservados.

Introduction

Despite  the  improvements  in the management  of  patients
with  type  1 diabetes  (T1D),1,2 cardiovascular  disease  (CVD)
is  still  the  leading  cause  of  morbidity  and  mortality  in  this
population.3 A recent  study  using  data  from  the  Swedish
National  Diabetes  Register  has  shown  that  the  onset  of  T1D
before  10  years  of age  resulted  in a  loss  of  17.7  life-years
for  women  and  14.2  life-years  for  men, mainly derived  from
CVD.3 Although  metabolic  control  has  been  associated  with
an  improvement  in macrovascular  complications,4 other  risk
factors  have  also  been  involved  in the etiopathogenic  pro-
cess  of  CVD  in T1D.5---8 In type 2  diabetes,  multifactorial
treatment  of the  CVRF  has  shown  a  dramatic  decrease  in
CVD  events  (Steno-2  study).13 Similarly,  this approach  is  also
recommended  by  some  international  societies  as  part  of  the
standard  of  care  of T1D  population.9---12

Lipid-lowering  drugs,  specially  statins,  have  consistently
demonstrated  in  different  populations  to  decrease  the
incidence  of  CVD,  quantified  in 21%  fewer  major  events
per  each  1  mmol/L  of LDL-cholesterol  reduction,  even  in
primary  prevention.14 In  the  setting  of  T1D,  randomized
controlled  studies  assessing  the  influence  of  statins  on  CVD

outcomes  are  lacking,  nevertheless,  the  beneficial  effect  of
these  drugs  would  be  similar  in this population  according
to a recent  meta-analyses  including  only  T1D patients
(n=1,466)  from  other  randomized  trials  (relative  risk  0.79;
95%  confidence  interval  [95%CI],  0.62-1.01).15 Furthermore,
population-based  studies  have  also  demonstrated  that  the
use  of  lipid-lowering  drugs  (97%  statins)  in  daily  practice
are  associated  with  a  reduction  in  total  CVD  (hazard  ratio
0.77;  95%CI,  0.69-0.87),  cardiovascular  death  (hazard  ratio
0.60;  95%CI,  0.50-0.72),  as  well  as  all-cause  death  (hazard
ratio  0.56;  95%CI,  0.48-0.64).16

Statin,  thus,  has  become  a  very  important  treatment  for
CVD  prevention  in T1D,  and  international  guidelines  recom-
mend  its use  in patients  over 40  years  old,  with  diabetic
nephropathy  or  with  additional  CVRF.9---12 Nevertheless,  the
misperception  of T1D  as  a  lower  cardiovascular  risk  entity
than  type  2 diabetes  is  maybe  one of  the main  barriers
for  the  widespread  use  of  this  cardioprotective  drug  in
this population.17 Indeed,  contemporaneous  registries  have
consistently  shown  a low use  of  statins  in  patients  with
T1D,  ranging  from  20-21%  in younger  primary  prevention
T1D  individuals  (data  from  the  Swedish  National  Diabetes
Register16 or  the T1D Exchange  Clinic  Registry18)  to  40%
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in  older  (mixed  primary  and  secondary  prevention)  T1D
patients  (German/Austrian  DPV  Registry19).

Data  regarding  the use  of  lipid-lowering  drugs in Spanish
population  with  T1D  meeting  international  recommenda-
tions  are  scarce.  Based  on  the  foregoing,  we  aimed  to
assess  the  proportion  of  patients  with  T1D who  attained
international  guidelines  for  the  use  of statins  for  primary
CVD  prevention,  and  to  study  clinical  and  laboratory  deter-
minants  associated  with  statin  therapy  in  a  specialized
diabetes  unit from  a  tertiary  hospital.

Materials and  methods

Patient  selection

All  the  patients  included  in  the  study  were  from  a single
center  (Hospital  Clínic  i Universitari  of  Barcelona;  with  a
reference  population  of  500,000  people  approximately)  and
were  followed  regularly  by  the  Diabetes  Unit of the  depart-
ment  of  Endocrinology  and Nutrition  of  this  institution.  From
the  total  number  of patients  with  the definite  diagnosis
of  T1D  (roughly  1,850),  we  selected  adult  individuals  (≥18
years)  with  no  previous  history  of CVD,  which  should receive
statin  treatment  according  to  several  scientific  societies.9---12

The  inclusion  criteria  were  as  follows  (as  a combination
of  the  recommendations  of previous  societies9---12:  a) Age
≥40  years;  b)  T1D of any  age,  but  with  any  stage  of  dia-
betic  nephropathy;  and c)  T1D  of  any  age,  with  disease
duration  of  at least  10 years  and  one  additional  risk  factor
(diabetic  retinopathy,  impaired  hypoglycemia  awareness  or
previous  episode  of severe  hypoglycemia  in the  previous  two
years,  history  of  premature  CVD  in first-degree  relatives,
active  smoking  habit,  previous  diagnosis  of hypertension,
HDL-cholesterol  <40/45  mg/dL  [men/women],  triglycerides
>150  mg/dL,  LDL-cholesterol  >160  mg/dL,  already  on  statin
therapy,  or  previous  episode  of  preeclampsia/eclampsia).
The  study  protocol  was  conducted  according  to the  prin-
ciples  of  the Declaration  of Helsinki  and  approved  by the
Hospital  Clínic  Research  Ethics  Committee.

Clinical  and laboratory  determinations

From  June  2015  to  July  2018,  all  the  patients  attended
a  single  visit  to ascertain  their  cardiovascular  risk  profile.
Age,  sex,  smoking  habit  (current,  former  or  never  smoker),
history  of premature  CVD  in first-degree  relatives  (defined
as  <55  years  in  men  and  <65 years  in women11) and  phar-
macological  treatment  participants  were  taking  (specially
focused  in  cardioprotective  drugs  like  lipid-lowering,  anti-
hypertensive  and  antiplatelet  drugs)  were  recorded.  T1D
duration  was  extracted  from  medical  records.  Anthropomet-
ric  data  were  obtained  as  follows:  patients  were  weighted
in  light  clothing  and  without  shoes  to  the nearest  0.1  kg  by
calibrated  scales.  Height  was  measured  to  the nearest  half
centimetre.  Body  mass  index  (BMI)  was  calculated  as  weight
in  kilograms  divided  by  height  in squared  metres.  Waist  cir-
cumference  was  measured  to  the  nearest  0.5  cm  using  an
anthropometric  tape  midway  between  the lowest  rib  and
at  the  iliac  crest  at minimal  respiration.  Blood  pressure  was
registered  using  a blood  pressure  monitor  (Omron  HEM-7223-
E;  Hoofddorp,  The  Netherlands)  after  a few minutes  of  rest.

The  diagnosis  of  diabetic  retinopathy  was  obtained
from  medical  records,  an always  was  ascertained  by  an
ophthalmologist.  Diabetic  nephropathy  was  defined  as  per-
sistent  abnormally  increased  creatinine-to-albumin  ratio
(≥30  mg/g)  or  being  treated  with  angiotensin-converting

enzyme  inhibitors  or  angiotensin  receptor  blockers  for  this
reason.  Hypertension  was  defined  as  taking  antihyperten-
sive  drugs  or  repeated  clinical  systolic  blood  pressure
≥140  mmHg  or  diastolic  blood  pressure  ≥90  mmHg.  Severe
hypoglycaemia  was  defined  as  any  episode  of  documented
hypoglycaemia  that  required  third-party  assistance  for  its
resolution,20 and  impaired  hypoglycaemia  awareness  was
assessed  with  the validated  Spanish  version  of  the Clarke
test  (with  a  cut-off  >3  points).21 High-intensity  statin
therapy  was  defined  according  the American  College  of  Car-
diology  /  American  Heart  Association  criteria.22

As  part of  the  usual  clinical  practice  follow-up,  all  the
patients  underwent  periodic  blood  and spot  first  morning
urine  analyses,  performed  in a  single  laboratory  (Biomed-
ical  Diagnostic  Center,  Hospital  Clinic,  Barcelona).  HbA1c
(National  Glycohemoglobin  Standardization  Program  [NGSP]
DCCT  Tosoh  G8  Automated  HPLC;  Tosoh  Bioscience  Inc.,
South  San  Francisco,  CA,  USA;  normal  range  4.0-6.0%)
was  used to  evaluate  metabolic  control.  Total  cholesterol,
triglycerides,  and  HDL-cholesterol  were  analysed  by  molec-
ular  absorption  spectrometry  adapted  to  Siemens  ADVIA
2400.  LDL-cholesterol  was  assessed  by the Friedewald  for-
mula.  Creatinine  was  analysed  by  Jaffe  method  adapted  to
a  Siemens  ADVIA  2400  analyser,  and  albumin  was  assessed
by  immunoturbidimetric  assay  adapted  to  a Siemens  ADVIA
2400  analyser.  Estimated  glomerular  filtration  rate  (eGFR)
was  obtained  with  the Chronic  Kidney  Disease-Epidemiology
Collaboration  equation  (CKD-EPI).  The  most recent  labora-
tory  data  before  the  visit  to  ascertain  cardiovascular  risk
was  used  in  the  analysis.

Statistical  analyses

Data are expressed  as  median  and  25th  and  75th percentiles,
mean  ±  standard  deviation  (SD),  and  n (percentage,  %). Nor-
mal  distribution  of  continuous  variables  was  evaluated  with
the  Kolmogorov-Smirnov  test. The  clinical,  anthropometric
and  laboratory  differences  between  patients  with  or  with-
out  statin  treatment  and LDL-cholesterol  < or  ≥100  mg/dL
were  assessed  using  the  Student’s  t test  for  normally  con-
tinuous  distributed  variables  or  the Mann-Whitney  U  test
for  the non-normally  distributed  variables.  Proportions  were
compared  using a chi-squared  or  Fisher  exact  test  as  appro-
priate.  Logistic  regression  analyses  including  general  clinical
(age,  sex,  premature  CVD  in first-degree  relatives,  smok-
ing habit,  hypertension  and  BMI),  T1D-related  (disease
duration,  impaired  hypoglycemia  awareness  and  chronic  dia-
betic  complications)  and  laboratory  variables  (HbA1c  and
eGFR)  were  constructed  to  evaluate  the determinants  of
statin  treatment  or  LDL-cholesterol  <100  mg/dL  (depen-
dents  variables).  A p  value  <0.05  was  considered  statistically
significant.  Analyses  were  performed  with  IBM  Statistical
Package  for  Social  Science  (SPSS)  version  22.0  software  (SPSS
Inc.;  Chicago,  IL, USA).

Results

We  included  241 consecutive  patients  with  T1D  (50%
women,  mean  age  48.2±9.9  years),  with  disease  duration
of  26.6±9.0  years  and  HbA1c of  7.6±1.0%.  One  out  of
three  patients  was  on  continuous  subcutaneous  insulin  infu-
sion  (CSII)  therapy.  Prevalence  of  chronic  complications  was
31.5%  (n=76)  for  isolated  diabetic  retinopathy,  5%  (n=13)
for  isolated  diabetic  nephropathy  and  6% (n=15)  for  both
complications  together.  Regarding  CVRF,  hypertension  was
observed  in  27%  (n=65),  active  and former smoking  in
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Figure  1  Prevalence  of  statin  treatment  according  to  T1D-
related  variables.  T1D:  type  1  diabetes.

28% (n=68)  and 22%  (n=52),  respectively,  obesity  (BMI  ≥

30  kg/m2) in  17%  (n=42)  and  family  history  of  premature
CVD  in  15%  (n=36).  Overall,  only 1  out of 4 individuals  had
no  comorbidity  (including  diabetes  related  and  classical  risk
factors)  and  40%  of them had two  or  more  of  these high-risk
conditions.

The  use  of  cardioprotective  treatment  in this  pre-
specified  high-risk  group  was  low  overall,  being  the
prevalence  of patients  on  statins,  ezetimibe,  enzyme
angiotensin-converting  enzyme  inhibitors  or  angiotensin
receptor  blockers,  and antiplatelet  drugs  43%  (n=104),  2.5%
(n=6),  30%  (n=72),  and  9%  (n=22),  respectively.  Only  15
patients  (6%)  were  under  high-intensity  statin  treatment.
Participant  characteristics’  according  to  background  statin
use  are  listed  in  Table  1.  Neither  general  clinical  char-
acteristics,  such  as  sex  or  smoking  habit,  nor specific
T1D-related  variables,  such  as  disease  duration,  metabolic
control  (Figure  1),  or  chronic  complications,  were  associated
with  the  use  of this  drug (p>0.100  for  all  comparisons).  Indi-
viduals  with  a  previous  diagnosis  of  hypertension,  however,
had  approximately  a  two-fold  increase  in  statin  use  (63.1%
vs.  35.8%;  p<0.001).  Likewise,  a  stepped  increase  in statin
treatment  was  also  observed  in  relation  with  increasing  age
and  BMI,  and deterioration  of  eGFR  (p<0.05 for  all; Figure  2).

In  the  total  group,  the proportion  of  patients  with  LDL-
cholesterol  meeting  primary  prevention  goals  (<100  mg/dL)
was  27%  (n=65).  As  expected,  statins  users  had  lower  levels
of  LDL-cholesterol  than non-users  (p<0.01),  with  a higher
proportion  of  patients  achieving  LDL-cholesterol  objectives
(37.5%  vs.  19%; p=0.001).  In addition  to  statin  treatment,  the
only  variable  associated  with  LDL-cholesterol  <100  mg/dL
was  being  ≥40  years-old  (p=0.015,  Supplemental  Table  1).
Individuals  with  LDL-cholesterol  <70  mg/dL  were  all  allo-
cated  in  the statin  treated  group  (3%  vs.  0%;  p=0.046).  No
differences  in other  lipids  parameters  (triglycerides  or  HDL-
cholesterol)  were  found between  groups  (Table 1).

In order  to  assess  independent  determinants  of  statin
treatment,  a  logistic  regression  analysis  was  performed
(Table  2). In  this  analysis,  eGFR  and  age  were  no  longer  asso-
ciated  with  statin  use, however,  both  previous  diagnosis  of
hypertension  (odds  ratio  [OR] 2.96; 95%CI,  1.48-5.91)  and
BMI  (OR 1.08;  95%CI,  1.01-1.16),  remained  significantly  asso-
ciated  with  this  therapy.  T1D-related  variables  remained
non  associated  with  the  use  of  this cardioprotective  drug.
Similarly,  the  variables  independently  associated  with  a  LDL-
cholesterol  <100  mg/dL  were  statin  treatment  (OR  2.36;
95%CI,  1.24-4.51)  and  a  trend  for  being ≥40  years-old  (OR
2.97;  95%CI,  0.94-9.37;  p=0.064)  (Supplemental  Table  2).

Discussion

In our  sample  of  patients  with  T1D  followed  in  a  diabetes
unit  from  a  tertiary  hospital  and  meeting  international  cri-
teria  for  statin  treatment,  only  43%  of  them  were  on this
cardioprotective  drug.  Despite  the high  prevalence  of  clas-
sical  and/or  diabetes  specifically-related  CVRF  (50%  active
or  former  smokers,  43%  chronic  diabetes  complications
and  27%  hypertension),  the prevalence  of  patients  meeting
LDL-cholesterol  goals  (i.e.  <100  mg/dL)  was  27%.  Although
T1D-related  variables  have  been  strongly  associated  with
CVD  risk  in  previous  studies,3,4 only  non-specific  CVRF  such
as  previous  diagnosis  of  hypertension  and  BMI  emerged  as
the  variables  independently  associated  with  statin  therapy
in  this group.  Our  findings  highlight  the need  to pursue
well-established  CVD  prevention  measures  in  T1D  individ-
uals  besides  glycemic  control  in this  high-risk  population.
Precisely,  these  strategies  are frequently  overlooked  due  to
the  challenging  of  glycemic  control  in these  patients.

Although  T1D  is  a  condition  associated  with  an  increased
cardiovascular  risk,3 cardioprotective  drugs,  namely  statins,
are scarcely  used in this  specific population.  The  young  age
of  most  T1D  patients  and  their  reluctance  to  start  a  lifelong
therapy,  might  contribute  to  explain  this  apparent  para-
dox.  Thus,  in patients  younger  than  40  years  old  from  both
the  T1D  Exchange  Clinic  Registry18 and  the Swedish  National
Diabetes  Register,3 the  use  of  statins  was  low overall.  How-
ever,  an  stepped  increase  with  age,  ranging  from  1.5%  in
patients  of  10-18  years  to  21%  in patients  of  25-40  years  in
the former,18 and from  4%  in patients  <20  years  to  12%  in
those  with  26-30 years  in  the last  registry3 was  observed.
Similarly,  in our  cohort  the use  of  lipid-lowering  drugs  was
lower  in younger  individuals  (30%  vs.  53%  in the lowest  vs.
the  highest  quartile,  p=0.016;  Figure  2). The  higher  age  of
our  sample  (48.2±9.9  years)  compared  with  the previous
ones  (20±7  years  and  28.9±9.4  years,  respectively)  could
explain  the different  proportion  of statin  use  observed.3,18

In  other  large  registries  dealing  with  primary  prevention
including  T1D  individuals  of  similar  age,  the  use  of  statin
was  higher,  but,  again,  far  from  the  recommendations  of
international  guidelines.  In a  recent  publication  from  the
Swedish  National  Diabetes  Register  (mean  age  39.4±12.5
years;  mean  diabetes  duration  23.9±12.5  years),  the use
of statins  only  reach  21%,16 and  in the  Australian  National
Diabetes  Audit  (mean  age  40.0±16.7  years;  mean  diabetes
duration  19.2±14.4  years),  the  prevalence  of statins  users
was  only  30%.7 The  higher  prevalence  of  statin  use  in our
cohort  (43%),  besides  demonstrating  a closer  adherence  to
clinical  practice  guidelines,  could  be explained  by  inclusion
criteria  used in this study  as  compared  with  a  non-selected
approach  in the previous  ones.

The  recommendation  of  statin  use  in  T1D differs,  slightly,
between  international  societies,  specially  concerning  to
disease  duration,  but  there  is  a  consensus  in  using  this
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Table  1  Characteristics  of  study  subjects  according  to  statin  use.

Statin  non-users
(n = 137)

Statin  users
(n  = 104)

p  value

Clinical  characteristics
Men  65  (47.4)  56  (53.8)  0.325
Age (years)

≥40  years-old
46.9±10.1
110  (80.3)

49.9±9.5
94  (90.4)

0.018
0.031

Premature  CVD  in first-degree  relatives* 20  (14.6)  16  (15.4)  0.865
Current smokers  39  (28.5)  29  (27.9)  0.921
Hypertension  24  (17.5)  41  (39.4)  <0.001
SBP (mmHg) 126±14  128±16 0.129
DBP (mmHg) 80±8 79±10  0.535
BMI (kg/m2) 25.7±4.1 27.2±4.1 0.009
Waist  circumference  (cm)

Men  (n=65  / 56)
Women  (n=72  / 48)

90.9±12.5
95±10.3
86.6±13.3

94.6±12
98.3±12.2
90.2±10.4

0.042
0.143
0.174

T1D  duration  (years)  26.3±8.6  26.9±9.6  0.571
Impaired  hypoglycemia  awareness** 19  (14.3)  11  (10.7)  0.409
Diabetic nephropathy  46  (33.6)  45  (43.3)  0.124
Diabetic retinopathy  12  (8.8)  16  (15.4)  0.112
CSII therapy  42  (30.7)  39  (37.5)  0.265
Laboratory  characteristics
Hemoglobin  A1c  (%)

Hemoglobin  A1c  <7%
Hemoglobin  A1c  <7.5%

7.6±1.1
35  (25.5)
68  (49.6)

7.6±0.8
20  (19.2)
50  (48.1)

0.817
0.247
0.811

Serum creatinine  (mg/dL)  0.79±0.17  0.84±0.20  0.046
eGFR (CKD-EPI;  ml/min/1.73m2) 99.4±15.6  94.7±16.8  0.024
Total cholesterol  (mg/dL)  198±27  190±34 0.060
HDL-cholesterol  (mg/dL)  61±16  61±17  0.848
LDL-cholesterol  (mg/dL)

LDL-cholesterol  <100  mg/dL
120±21
26  (19)

112±27
39  (37.5)

0.009
0.001

Triglycerides  (mg/dL) 72  (55-100) 76  (62-102)  0.245
Non-HDL  cholesterol  (mg/dL) 137±24 130±29 0.040
Total  cholesterol/HDL-cholesterol 3.41±0.80 3.30±0.80  0.306
Pharmacological  treatment
Ezetimibe  0 (0) 6  (5.8) 0.004
ACEi /  ARB  27  (19.7)  45  (43.3)  <0.001
Antiplatelet  drugs  11  (8.0)  11  (10.6)  0.496

Data are shown as n (percentage), median (Q1-Q3), or mean ± standard deviation
p values for group comparisons are reported
ARB: angiotensin receptor blocker; BMI: Body Mass Index; CVD: cardiovascular disease; CSII: continuous subcutaneous insulin infusion;
DBP: diastolic blood pressure; ACEi: angiotensin-converting enzyme inhibitor; eGFR: estimate glomerular filtration rate; HDL: high  density
lipoprotein; LDL: low  density lipoprotein; SBP: systolic blood pressure; T1D: type 1 diabetes

* Defined as <55 years in men and <65 years in women.
** Defined as Clarke test score >3 points. Missing value n=5.

drug  in  patients  aged  40  years  and  older,  with  diabetic
nephropathy  or  with  additional  major  CVRF like  active
smoking  or hypertension.9---12 The  selection  of  these  specific
subgroups  in  our  study, although  increased  the  proportion
of  individuals  on  statin  treatment  compared  with  the whole
sample,  showed  that  the  adoption  of the international
guidelines  remained  low.  So,  the proportion  of  patients  ≥40
years  (n=204),  with  diabetic  nephropathy  (n=28),  active
smokers  (n=68)  or  with  concomitant  hypertension  (n=65)
receiving  statins  was  46%, 57%,  43% and  63%,  respectively.
These  percentages,  along  with  the  low  proportion  of  our
patients  meeting  goals  of LDL-cholesterol  (27%),  highlights
the  need  for improving  CVD  prevention  in this  specific
group  besides  the achievement  of  an optimal  glycaemic

control  (depicted  by  our  high  use  of  CSII therapy,  33.6%).
In  fact,  a recent  study  including  658 T1D  patients  followed
for  up  to  25  years  showed  that,  while  the proportion  of
patients  under  intensive  insulin  therapy  and meeting  HbA1c
goals  improved  over  the  years  (p<0.0001  for  both),  blood
pressure  control  and LDL-cholesterol  goals  did not.  Indeed,
there  was  a worsening  in the  proportion  of  patients  meet-
ing  LDL-cholesterol  goals  as  compared  with  the baseline
situation  (62.3%  vs.  39.7%,  p<0.0001).23

Data  from  DCCT/EDIC  study  showed  that  glycaemic
control  over  the  time  is  one  of  the main  determinants,
not  only  for  microvascular,  but  also  for  macrovascular
diabetic  complications.24,25 Nevertheless,  although  some
large  population-based  studies  have  found  a progressive,
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Figure  2  Prevalence  of  statin  treatment  according  to  non-specific  CVRF.  BMI:  body  mass  index;  eGFR:  estimated  glomerular
filtration rate;  SBP:  systolic  blood  pressure.

Table  2  Clinical  determinants  of  statin  use:  multiple  regression  analysis.

Variable  OR  95%CI  p  value

Gender  (men)  1.13  (0.63-2.03)  0.627
Age (years)  1.03  (0.99-1.06)  0.149
Premature CVD  in first-degree  relatives* 0.87  (0.38-1.98)  0.731
Current smokers  1.05  (0.54-2.05)  0.878
Hypertension  2.96  (1.48-5.91)  0.002
BMI (kg/m2)  1.08  (1.01-1.16)  0.029
T1D duration  (years)  0.97  (0.94-1.01)  0.155
Impaired hypoglycemia  awareness** 1.24  (0.52-2.95)  0.623
Diabetic nephropathy  1.49  (0.56-3.92)  0.422
Diabetic retinopathy  1.20  (0.62-2.33)  0.594
Hemoglobin  A1c  (%)  0.93  (0.68-1.27)  0.636
eGFR (CKD-EPI;  ml/min/1.73m2)  0.99  (0.97-1.01)  0.415

Logistic regression analysis for statin treatment (odds ratio and 95% confidence interval are shown) including all the variables in the
rows.
BMI: Body Mass Index; CVD: cardiovascular disease; eGFR: estimate glomerular filtration rate; T1D: type 1 diabetes.

* Defined as <55 years in men and <65 years in women.
** Defined as Clarke test >3 points.

non-linear,  reduction  of  CVD  as  HbA1c  decreases,  even  in
those  with  an  optimal  glycaemic  control  (defined  as  HbA1c
<7%)  CVD  mortality  was  3-fold  greater.4 Thus,  other  classi-
cal,  such  as  age,  blood  pressure  and  lipids,  and  non-classical
(for  instance  BMI),  or  unknown  CVRF  are contributing  to
CVD  risk  besides  glycaemic  control  in  this  population.24

In  this  sense,  it is  noteworthy  that  in  our  cohort  the  two
risk  factors  independently  associated  with  statin  use  were
previous  diagnosis  of  hypertension  and BMI  (Table  2).  On
the  other  hand,  T1D  specific  risk  factors,  such  as  duration
of  the  disease  or  HbA1c,  were  surprisingly  not  associated
with  the  use  of this drug  (Table  2  and  Figure  1).  Since  large

cohort  studies  have  found  that  CVRF  (both  general  such
as  blood  pressure,  LDL-cholesterol  or  smoking  habit;  and
T1D-related  as  HbA1c  or  albuminuria)  has  an additive  effect
on  CVD  risk,8 the deleterious  effect  of suboptimal  glycaemic
control  on  CVD  could  be partially  blunted  by  strict  control
of  the other  CVRF.  So,  treatment  intensification  of  these  risk
factors  is  a  good  opportunity  to  improve  our  daily  practice
in  those  patients  with  worse  T1D-related  factors  (i.e.,  4th
quartiles  of  HbA1c  and/or  T1D  duration;  Figure  1).

In  view  of  our  results,  and  the low  use  of  lipid-lowering
drugs  in other  T1D  populations,7,16,18,19 the  need  for
focusing  on  CVD  prevention  in this group of  patients  is
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imperative.  Other strategies  including  the  assessment  of
preclinical  atherosclerosis  by  imaging  studies26,27 or  the  use
of  specific  cardiovascular  risk  scores,28 would  be  welcomed
in  order  to identify  patients  at highest  risk  and  to tailor
cardioprotective  treatment  accordingly.  The  shared  goal  of
both  approaches  is  to  tackle  CVD,  still  the  main  cause  of
mortality  in T1D population.2,29

Several  strengths  and limitations  should  be  acknowledged
in  this  study.  Its  main  strength  is  that  it  strictly  includes
a  selected  substantial  sample  size  of  patients  with  T1D
from  a  Mediterranean  area  requiring  treatment  with  statins
according  to  guideline  recommendations,  in  comparison
with  previous  studies  that  included  non-selected  popula-
tions  from  different  geographical  regions.  Furthermore,  our
cardiovascular  risk  assessment  protocol  served  to  obtain
detailed,  reliable  and standardized  information  regarding
general  and  T1D-specific  CVRF,  as  well  as  the use  of  addi-
tional  cardioprotective  treatments.  The  study,  however,  has
also  some  limitations.  First,  the  inclusion  of  patients  from
only  one  tertiary  centre  with  extensive  experience,  though
reduces  physician  variability  in T1D  management,  could
not  be  representative  of  other  geographic  areas  or  less
dedicated  centres.  Second,  the exclusion  of  patients  with
previous  CVD  selects  patients  with  lower  risk  and,  therefore,
less  prone  to  be  on  cardioprotective  drugs.  Nonetheless,  the
proportion  of  patients  in ours1,30 and  in other  geographic
areas3,7,19 with  established  CVD  is  low overall,  making  our
data  representative  of  T1D  population.  Finally,  due to  the
cross-sectional  design,  a causal  relationship  between  CVRF
and  statin  initiation  cannot  be  truly  established,  as  well
as  the  LDL-cholesterol  levels  prior  to  prescription  of this
treatment.

In  conclusion,  less  than  half  of  the  high-risk  T1D  individu-
als  who attended  a  tertiary  diabetic  clinic  and  meet  criteria
for  statin  therapy,  were  taking  this treatment.  Approx-
imately  three  quarters  had LDL-cholesterol  >100  mg/dL.
Although  T1D-related  variables  have  been  associated  with
CVD  in  several  studies,3,24 only  non-specific  CVRF,  such  us
previous  diagnosis  of  hypertension  or  BMI,  were  the only
variables  independently  related  with  statin  treatment.  Con-
sidering  that  CVD  is  still  the main  cause  of  mortality  in T1D,
greater  focus  on  cardiovascular  disease  protection,  includ-
ing  a  better  risk  assessment  and  lipid  profile  management,
might  be  warranted.  Further  prospective  studies  are needed
to  ascertain  the deleterious  and  protective  factors  for  CVD
in  individuals  from  Mediterranean  areas,  a  population  at
low  overall  cardiovascular  risk31 underrepresented  in studies
involving  T1D  patients.

Financial support

A.J.A  received  a  research  grant  from  the  Associació  Cata-
lana  de  Diabetis  (ACD),  ‘‘Ajut  per  a  la  recerca  en  diabetis
modalitat  clínica  2018’’.

Declarations  of  interest

None.

Appendix  A.  Supplementary data

Supplementary  data  associated  with  this  article  can be
found,  in the online  version,  at doi:10.1016/j.endinu.
2019.02.004.

References

1. Amor AJ, Cabrer M, Giménez M, Vinagre I, Ortega E, Conget
I.  Clinical status of a  cohort of patients with type 1  diabetes
diagnosed more than 2 decades before Results of  a specific clin-
ical follow-up program. Endocrinol y Nutr. 2015;63(7):339---44,
http://dx.doi.org/10.1016/j.endonu.2016.03.008.

2. Rawshani A,  Rawshani A, Franzén S, et al. Mortality and
Cardiovascular Disease in Type 1 and Type 2 Diabetes.
N  Engl J Med. 2017;376(15):1407---18, http://dx.doi.org/10.
1056/NEJMoa1608664.

3. Rawshani A, Sattar N, Franzén S,  et al. Excess mortality and
cardiovascular disease in young adults with type 1 diabetes in
relation to age at  onset: a  nationwide, register-based cohort
study. Lancet. 2018;392(10146):477---86, http://dx.doi.org/
10.1016/S0140-6736(18)31506-X.

4. Lind M, Svensson A-M, Kosiborod M, et al. Glycemic Con-
trol and Excess Mortality in Type 1 Diabetes. N  Engl
J  Med. 2014;371(21):1972---82, http://dx.doi.org/10.1056/
NEJMoa1408214.

5. Gimenez M, Gilabert R,  Monteagudo J, et al. Repeated
Episodes of  Hypoglycemia as a Potential Aggravating Factor
for Preclinical Atherosclerosis in Subjects With Type 1 Dia-
betes. Diabetes Care. 2011;34(1):198---203, http://dx.doi.org/
10.2337/dc10-1371.

6. Bebu I, Braffett BH, Pop-Busui R, et al. The relationship
of blood glucose with cardiovascular disease is mediated
over time by traditional risk factors in type 1 diabetes:
the DCCT/EDIC study. Diabetologia. 2017;60(10):2084---91,
http://dx.doi.org/10.1007/s00125-017-4374-4.

7. Pease A, Earnest A, Ranasinha S, et al. Burden of cardiovascular
risk factors and disease among patients with type 1  diabetes:
results of the Australian National Diabetes Audit (ANDA).
Cardiovasc Diabetol. 2018;17(1):77, http://dx.doi.org/
10.1186/s12933-018-0726-8.

8. Rawshani A, Rawshani A, Franzén S,  et  al. Range of Risk Fac-
tor Levels: Control Mortality, and Cardiovascular Outcomes in
Type 1 Diabetes Mellitus. Circulation. 2017;135(16):1522---31,
http://dx.doi.org/10.1161/CIRCULATIONAHA.116.025961.

9. Dorsey JL, Becker MH. Al. E. Standards of  Medical Care in
Diabetes----2018. Diabetes Care. 2018;41 Supplement 1:S55---64,
http://dx.doi.org/10.2337/dc18-S006.

10.  Jellinger PS, Handelsman Y, Rosenblit PD, et  al. American
Association. O.f. Clinical. Endocrinologists. A.n.d. Ameri-
can. College. O.f. Endocrinology. Guidelines for management
of dyslipidemia and prevention of cardiovascular disease.
Endocr Pract. 2017;23 Supplement 2:1---87, http://dx.doi.org/
10.4158/EP171764.APPGL.

11.  Piepoli MF, Hoes AW,  Agewall S,  et al. 2016 European
Guidelines on cardiovascular disease prevention in clinical prac-
tice. Eur Heart J. 2016;37(29):2315---81, http://dx.doi.org/10.
1093/eurheartj/ehw106.

12. NICE. Cardiovascular disease: risk assessment and reduction,
including lipid modification Guidance and guidelines NICE.
2014. https://www.nice.org.uk/guidance/cg181/chapter/1-
Recommendations#lipid-modification-therapy-for-the-primary-
and-secondary-prevention-of-cvd-2. Accessed July 7,
2016.

13. Gæde P, Vedel P, Larsen N,  Jensen GVH, Parving H-H,
Pedersen O.  Multifactorial Intervention and Cardiovascu-
lar Disease in Patients with Type 2 Diabetes. N  Engl J
Med. 2003;348(5):383---93, http://dx.doi.org/10.1056/NEJMoa
021778.

14. Cholesterol Treatment Trialists’ (CTT) Collaborators, Mihaylova
B, Emberson J, et al. The effects of  lowering LDL cholesterol
with statin therapy in people at low risk of vascular disease:

http://dx.doi.org/10.1016/j.endinu.2019.02.004
http://dx.doi.org/10.1016/j.endinu.2019.02.004
dx.doi.org/10.1016/j.endonu.2016.03.008
dx.doi.org/10.1056/NEJMoa1608664
dx.doi.org/10.1056/NEJMoa1608664
dx.doi.org/10.1016/S0140-6736(18)31506-X
dx.doi.org/10.1016/S0140-6736(18)31506-X
dx.doi.org/10.1056/NEJMoa1408214
dx.doi.org/10.1056/NEJMoa1408214
dx.doi.org/10.2337/dc10-1371
dx.doi.org/10.2337/dc10-1371
dx.doi.org/10.1007/s00125-017-4374-4
dx.doi.org/10.1186/s12933-018-0726-8
dx.doi.org/10.1186/s12933-018-0726-8
dx.doi.org/10.1161/CIRCULATIONAHA.116.025961
dx.doi.org/10.2337/dc18-S006
dx.doi.org/10.4158/EP171764.APPGL
dx.doi.org/10.4158/EP171764.APPGL
dx.doi.org/10.1093/eurheartj/ehw106
dx.doi.org/10.1093/eurheartj/ehw106
dx.doi.org/10.1056/NEJMoa021778
dx.doi.org/10.1056/NEJMoa021778


Prevalence  and  factors  associated  with  statin  use  in high-risk  patients  with  type  1 diabetes  519

meta-analysis of individual data from 27 randomised trials.
Lancet (London, England). 2012;380(9841):581-590.

15. Cholesterol Treatment Trialists’ (CTT) Collaborators CTT (CTT),
Kearney PM, Blackwell L,  et al. Efficacy of cholesterol-lowering
therapy in 18,686 people with diabetes in 14  randomised
trials of statins: a meta-analysis. Lancet (London, England).
2008;371(9607):117-125.

16. Hero C, Rawshani A, Svensson AM, et al.  Association Between
Use of Lipid-Lowering Therapy and Cardiovascular Diseases
and Death in Individuals With Type 1 Diabetes. Diabetes Care.
2016;39(6):996---1003, http://dx.doi.org/10.2337/dc15-2450.

17. Ortega E, Amor AJ, Rojo-Martínez G, Castell C, Giménez M,
Conget I. [Cardiovascular disease in patients with type 1 and
type 2 diabetes in Spain.]. Med Clin (Barc). 2015;145(6):233---8,
http://dx.doi.org/10.1016/j.medcli.2014.10.017.

18. Lyons SK, Boyle CT, DeSalvo DJ, et al. Dyslipidemia and
statin use in youth and adults ages 10-<40 years in the T1D
Exchange Clinic Registry. Diabetes Obes Metab. July. 2018,
http://dx.doi.org/10.1111/dom.13475.

19. Weinstock RS, Schütz-Fuhrmann I, Connor CG, et  al. Type
1 diabetes in older adults: Comparing treatments and
chronic complications in the United States T1D Exchange
and the German/Austrian DPV registries. Diabetes Res Clin
Pract. 2016;122:28---37, http://dx.doi.org/10.1016/j.diabres.
2016.09.024.

20. International Hypoglycaemia Study Group. Glucose Concen-
trations of Less Than 3.0 mmol/L (54 mg/dL) Should Be
Reported in Clinical Trials: A Joint Position Statement of the
American Diabetes Association and the European Associa-
tion for the Study of Diabetes: Table 1. Diabetes Care.
2017;40(1):155---7, http://dx.doi.org/10.2337/dc16-2215.

21. Jansa M, Quirós C, Giménez M, Vidal M,  Galindo M, Con-
get I. Análisis psicométrico de las versiones en lengua
castellana y catalana de un cuestionario de percepción
de  la hipoglucemia. Med Clin (Barc). 2015;144(10):440---4,
http://dx.doi.org/10.1016/j.medcli.2013.11.036.

22. Stone NJ, Robinson JG, Lichtenstein AH. et al., 2013 ACC/AHA
Guideline on the Treatment of  Blood Cholesterol to Reduce
Atherosclerotic Cardiovascular Risk in Adults: A Report of the
American College of  Cardiology/American Heart Association
Task Force on  Practice Guidelines. Circulation. 2014;129:S1---5,
http://dx.doi.org/10.1161/01.cir.0000437738.63853.7a (25
Suppl 2).

23. Swasey KK, Orchard TJ, Costacou T. Trends in cardiovascu-
lar risk factor management in type 1 diabetes by sex. J
Diabetes Complications. 2018;32(4):411---7, http://dx.doi.org/
10.1016/j.jdiacomp.2018.01.003.

24. Diabetes Control. Complications Trial/Epidemiology of  Dia-
betes Interventions and Complications (DCCT/EDIC) Research
Group. Risk Factors for Cardiovascular Disease in Type
1 Diabetes. Diabetes. 2016;65(5):1370---9, http://dx.doi.org/
10.2337/db15-1517.

25. Diabetes Control, Complications Trial. (DCCT)/Epidemiology of
Diabetes Interventions and Complications (EDIC) Study Research
Group Intensive Diabetes Treatment and Cardiovascular Out-
comes in Type 1 Diabetes: The DCCT/EDIC Study 30-Year
Follow-up. Diabetes Care. 2016;39(5):686---93, http://dx.doi.
org/10.2337/dc15-1990.

26. Amor AJ, Catalan M, Pérez A, et  al. Nuclear magnetic resonance
lipoprotein abnormalities in newly-diagnosed type 2 diabetes
and their association with preclinical carotid atheroscle-
rosis. Atherosclerosis. 2016;247:161---9, http://dx.doi.org/10.
1016/j.atherosclerosis.2016.02.014.

27. Carbonell M, Castelblanco E, Valldeperas X, et  al. Dia-
betic retinopathy is associated with the presence and
burden of  subclinical carotid atherosclerosis in  type 1 dia-
betes. Cardiovasc Diabetol. 2018;17(1):66, http://dx.doi.org/
10.1186/s12933-018-0706-z.

28. Vistisen D, Andersen GS, Hansen CS, et al. Prediction of  first
cardiovascular disease event in type 1  diabetes mellitus the
steno type 1 risk engine. Circulation. 2016;133(11):1058---66,
http://dx.doi.org/10.1161/CIRCULATIONAHA.115.018844.

29. Livingstone SJ, Levin D,  Looker HC, et al. Estimated
Life Expectancy in a Scottish Cohort With Type 1 Dia-
betes 2008-2010. JAMA. 2015;313(1):37, http://dx.doi.org/
10.1001/jama.2014.16425.

30. Colom C, Chico A, Carreras G,  Aulinas A, Pujol I, Pérez
A. Control glucémico y complicaciones crónicas a 20 años
del comienzo de la diabetes tipo  1  Resultados de una
unidad especializada. Av en Diabetol. 2015;31(3):113---9,
http://dx.doi.org/10.1016/j.avdiab.2015.02.002.

31. Timmis A, Townsend N, Gale C, et  al.  European Society of Car-
diology: Cardiovascular Disease Statistics 2017. Eur Heart J.
2018:508---77, http://dx.doi.org/10.1093/eurheartj/ehx628.

dx.doi.org/10.2337/dc15-2450
dx.doi.org/10.1016/j.medcli.2014.10.017
dx.doi.org/10.1111/dom.13475
dx.doi.org/10.1016/j.diabres.2016.09.024
dx.doi.org/10.1016/j.diabres.2016.09.024
dx.doi.org/10.2337/dc16-2215
dx.doi.org/10.1016/j.medcli.2013.11.036
dx.doi.org/10.1161/01.cir.0000437738.63853.7a
dx.doi.org/10.1016/j.jdiacomp.2018.01.003
dx.doi.org/10.1016/j.jdiacomp.2018.01.003
dx.doi.org/10.2337/db15-1517
dx.doi.org/10.2337/db15-1517
dx.doi.org/10.2337/dc15-1990
dx.doi.org/10.2337/dc15-1990
dx.doi.org/10.1016/j.atherosclerosis.2016.02.014
dx.doi.org/10.1016/j.atherosclerosis.2016.02.014
dx.doi.org/10.1186/s12933-018-0706-z
dx.doi.org/10.1186/s12933-018-0706-z
dx.doi.org/10.1161/CIRCULATIONAHA.115.018844
dx.doi.org/10.1001/jama.2014.16425
dx.doi.org/10.1001/jama.2014.16425
dx.doi.org/10.1016/j.avdiab.2015.02.002
dx.doi.org/10.1093/eurheartj/ehx628

	Prevalence and factors associated with statin use in high-risk patients with type 1 diabetes from a specialized diabetes unit
	Introduction
	Materials and methods
	Patient selection
	Clinical and laboratory determinations
	Statistical analyses

	Results
	Discussion
	Financial support
	Declarations of interest
	Appendix A Supplementary data
	References


