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Abstract
Objective:  To  report  the  clinical  characteristics  of patients  with  latent  autoimmune  diabetes  in
adults (LADA),  and  to  ascertain  their  metabolic  control  and  associated  chronic  complications.
Methods: Patients  with  DM attending  specialized  medical  care  in Madrid  who  met  the  following
criteria:  age at  diagnosis  of DM  >30  years,  initial  insulin  independence  for  at  least  6 months
and positive  GAD  antibodies  were  enrolled.  Clinical  profiles,  data  on LADA  diagnosis,  associ-
ated autoimmunity,  C-peptide  levels,  therapeutic  regimen,  metabolic  control,  and  presence  of
chronic complications  were  analyzed.
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Results:  Number  of  patients;  193;  56%  females.  Family  history  of  DM:  62%.  Age  at  DM diagno-
sis: 49  years.  Delay  in  confirmation  of  LADA:  3.5  years.  Insulin-independence  time:  12  months.
Baseline serum  C-peptide  levels:  0.66  ng/ml.  Basal-bolus  regimen:  76.7%.  Total  daily  dose:
35.1 U/day,  corresponding  to  0.51  U/kg.  With  no associated  oral  antidiabetic  drugs:  33.5%.  Other
autoimmune  diseases:  57%.  Fasting  plasma  glucose:  160.5  mg/dL.  HbA1c:  7.7%.  BMI:  25.4  kg/m2

(overweight,  31.5%;  obesity,  8%).  Blood  pressure:  128/75.  HDL  cholesterol:  65  mg/dL.  LDL
cholesterol:  96  mg/dL.  Triglycerides:  89  mg/dL.  Known  chronic  complications:  28%.
Conclusions:  Recognition  of  LADA  may  be delayed  by  several  years.  There  is a  heterogeneous
pancreatic  insulin  reserve  which  is negative  related  to  glycemic  parameters.  Most  patients
are poorly  controlled  despite  intensive  insulin  therapy.  They  often  have  overweight,  but  have
adequate  control  of  BP  and  lipid  profile  and  a  low  incidence  of  macrovascular  complications.
© 2016  SEEN.  Published  by Elsevier  España,  S.L.U.  All  rights  reserved.
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Perfil  clínico  y metabólico  de pacientes  con  diabetes  tipo  LADA  atendidos
en  atención  especializada  en  la comunidad  de Madrid

Resumen
Objetivo:  Definir  las  características  clínicas  de  los  pacientes  con  diabetes  autoinmune  latente
del adulto  (LADA),  conocer  su control  metabólico  y  las complicaciones  crónicas  asociadas  que
presentan.
Métodos:  Seleccionamos  pacientes  con  DM seguidos  en  las  consultas  de  endocrinología  de
hospitales públicos  de  la  Comunidad  de Madrid  que  reunían  los  siguientes  criterios:  edad  al  diag-
nóstico  de  DM  >30  años,  independencia  inicial  de insulina  durante  al  menos  6  meses  y  positividad
de anticuerpos  antiGAD.  Analizamos  datos  clínicos  relativos  al  diagnóstico  de  LADA,  autoinmu-
nidad asociada,  niveles  de péptido  C, pauta  terapéutica,  control  metabólico  y  presencia  de
complicaciones  crónicas.
Resultados:  Número  de pacientes:  193.  Mujeres:  56%.  Antecedentes  familiares  de  DM:  62%.
Edad al  diagnóstico  de DM:  49  años.  Retraso  en  confirmación  LADA:  3,5  años.  Tiempo  de  insulino-
independencia:  12  meses.  Péptido  C basal  suero:  0,66  ng/ml  (0,22  nmol/l).  Pauta  de  insulina
basal-bolus:  76,7%.  Dosis  total  diaria:  35,1  U/día,  correspondiente  a  0,51  U/kg.  Sin  fármacos
orales asociados:  33,5%.  Presencia  de  otras  patologías  autoinmunes:  57%.  Glucemia  en  ayu-
nas: 160,5  mg/dl  (8,91  mmol/l).  HbA1c:  7,7%.  IMC:  25,4  kg/m2 (sobrepeso:  31,5%;  obesidad:
8%). Presión  arterial:  128/75.  Colesterol  HDL:  65  mg/dl  (16,9  mmol/l).  Colesterol  LDL:  96  mg/dl
(24,96 mmol/l).  Triglicéridos:  89  mg/dl  (1,01  mmol/l).  Complicaciones  crónicas:  28%;  microan-
giopatía:  23,1%;  macroangiopatía:  4,9%.
Conclusiones:  El  reconocimiento  de  LADA  puede  retrasarse  varios  años.  La  reserva  pancreática
de insulina  de  los  pacientes  es  heterogénea  y  el grado  medio  de control  glucémico  defi-
ciente a  pesar  de  utilizar  mayoritariamente  insulinoterapia  intensiva.  Con  frecuencia  presentan
sobrepeso,  aunque  tienen  un  control  adecuado  de la  presión  arterial  y  perfil  lipídico  y  baja
incidencia  de  complicaciones  macroangiopáticas.
©  2016  SEEN.  Publicado  por  Elsevier  España,  S.L.U.  Todos  los  derechos  reservados.

Introduction

Diabetes  mellitus  (DM)  is  a  pathophysiologically  complex  and
heterogeneous  disease  that  often  goes  beyond  the some-
what  rigid  limits  of  the  categories  considered  in  the current
classification.1

The  so-called  latent  autoimmune  diabetes  of  the adult
(LADA)  is a  slowly  progressing  autoimmune  diabetes  which
is  often  not  recognized  as  such  and  is  confused  with  other
types  of  DM.  Positive  islet  cell antibodies  (ICAs)  have  how-
ever  been  found  in more  than  10%  of  adults  with  type  2
DM  (T2DM).2,3 LADA  therefore  represents  the most  preva-
lent  form  of  autoimmune  diabetes  in adults,  and is  also

probably  the most  prevalent  form  of autoimmune  diabetes
overall.4

Although  LADA  is  undoubtedly  related  to  type  1 DM
(T1DM),  its  clinical  presentation  often  includes  features
attributable  to T2DM,  which  often  leads  to  a  wrong  diagnosis
and  treatment  for  significant  periods  of  time.  The  fact  that
the diagnostic  criteria  currently  used  to  identify  this  variant
of diabetes  are imprecise  and  controversial  contributes  to
this.

The  purpose  of  this  study  was  to  help  in  clinical  charac-
terization  of patients  with  LADA  using  specialized  medical
monitoring,  and  to  study  their  metabolic  control  and  the
occurrence  of  chronic  complications  related  to  DM.
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Methods

A  retrospective,  cross-sectional  study  was  conducted  on
patients  with  DM  attending  endocrinology  departments  of
the  public  healthcare  network  of  the region  of  Madrid.  Cases
were  detected  based  on  a  systematic  search  in  our  clinic
appointment  books  and databases  (which  did not  necessar-
ily  include  all  cases  at each  hospital)  for  patients  with  the
criteria  listed  below.  The  selection  process  lasted  from  May
2015  to  February  2016,  and  the database  was  completed  by
collecting  the  information  available  at  the hospital  records.

Patients  enrolled  met  all three  criteria  of  LADA  proposed
by  the  Immunology  of Diabetes  Society  (IDS)5:  diagnosis  of
diabetes  based  on  the  established  criteria  at ages  older than
30  years,  insulin  independence  for  at least  six months  after
diagnosis,  and  positive  glutamic  acid  decarboxylase  antibod-
ies  (GADA).  Patients  with  secondary  and  gestational  diabetes
and  diabetes  associated  to  malignancies  were  excluded.

Data  collected  included  age,  sex,  weight,  height,  body
mass  index  (BMI),  family  history  of  diabetes,  date of
clinical  diagnosis  of  diabetes  and confirmation  of  LADA,
GADA  titer,  associated  autoimmune  diseases  or  presence
of  organ-specific  antibodies,  basal  plasma  C-peptide  levels,
insulin  regimen  and  dosage,  other  associated  antidiabetic
and  cardiovascular  drugs,  metabolic  glucose,  lipid,  and
blood  pressure  control,  estimated  glomerular  filtration  rate,
urinary  albumin/creatinine  ratio,  and presence  of  microan-
giopathic  and macroangiopathic  complications.  Biochemical
and  immunological  data  were  assessed  at the reference  lab-
oratories  of  the respective  hospitals.

Statistical  analysis  was  performed  using  GraphPad  Prism
6  software.  Normally  distributed  data  are  given  as  mean
(standard  deviation).  Non-normally  distributed  data  are
given  as  median  (range).  GADA  titer  is  given  as  the  ratio
between  the  resulting  absolute  value  and  the  upper  limit  of
normal  for  each  laboratory.  Association  or  interdependence
of  two  variables  was  calculated  using  Spearman’s  correlation
coefficient.

Results

Table  1  shows  the demographic  characteristics  of  our
patients  and  information  on  their  diabetes.  Data  were  col-
lected  from  193  patients,  of  whom  108 (56%)  were women.
Thirty-eight  percent  of  patients  had  no  known  family  his-
tory  of  diabetes,  37%  and  16%  had  a  family  history  of  T2DM
and  T1DM  respectively,  and  8.7%  had a  history  of  DM  of  an
unknown  type.

Mean  age  at  diagnosis  of  DM  was  48.9  ±  11.2  years.  Diag-
nosis  of  LADA,  defined  as  the  date when  positive  GADA were
found,  was made  with  a  delay  of  3.5  years  (range,  0---36)
after  clinical  diagnosis  of  DM.

GADA  titer,  expressed  as  the  GADA/upper  limit  of  normal
ratio,  was  5.4 ±  2.1  U/L. No  correlation  was  seen  between
GADA  titer,  C-peptide  levels, and insulin  independence  time.

Patients  were  treated  with  diet  and  oral  antidiabetic
drugs  only for  a median  of  12  months  (P10:  1; P90:  63).

BMI  was  25.4  ±  4.2  kg/m2. Overweight  (BMI:  25---29.9)  was
found  in  31.5%  of  patients,  while  8%  of  patients  were  obese
(BMI  > 30).  No  correlation  was  found  between  BMI  and  blood
glucose  control.

Table  1  Clinical  characteristics  of the study  population.

Patients,  n  193
Female/male,  n  (%)  108/85  (56/44)
Family history  of  DM  (%)

Not  known  38
T2DM 37
T1DM 16
Type  unknown 9

Age  at diagnosis  of  DM,  years

(SD)

48.9  (11.2)

Delay in confirmation  of LADA,

years  (range)

3.5  (0---36)

Insulin  independence,  months

(P10---P90)

12  (0---63)

Body mass  index,  kg/m*  (SD)  25.4  (4.2)
Overweight  (BMI  25---30),  30%  31.5
Obesity (BMI  > 30),  %  8
Plasma  C-peptide,  ng/mL  (SD)  0.66  (0.8)
GAD Ab/upper  limit  of  normal,

(SD)

5.4  ± 2.1

Associated  autoimmune

diseases/positive

organ-specific  Ab,  %

56.0

Total daily  dose  of  insulin,

units (SD)

35.1  (19.6)

Insulin units/kg  (SD)  0.51  (0.24)

Basal  plasma  C-peptide  levels  of  patients  were  mea-
sured  at different  times  after  DM  onset.  Mean  levels  were
0.66  ±  0.8  ng/mL, but  a  significant  heterogeneity  was  seen
in the  values  found,  which  were  clearly  related  to  the time
since  onset  of  DM,  showing  a  significant  negative  correlation
(Spearman’s  rho:  −0.52;  p  <  0.0001).  Twenty-seven  percent
of  patients  had  C-peptide  levels  <0.05  ng/mL,  49%  had  lev-
els  ranging  from  0.05  and  1.0  ng/mL,  and  24%  had  levels
>1.0  ng/mL.  A majority  of  patients  (70%)  in this last sub-
group  had  a  known  diabetes  duration  shorter than  one year
at the  time  of  C-peptide  measurement.

Basal-bolus  insulin  regimens were most  commonly  given
to  our  patients  (76.7%),  followed  by  basal  insulin  (13.2%),
premixes  (4.2%),  basal-plus  regimens  (2.6%),  and CSII  (0.5%).
Only  2.6%  of patients  received  no  insulin  therapy.

Mean  insulin  dose  was  35.1  ±  19.6  U/day,  which cor-
responded  to  0.51  ±  0.24  U/kg  after  adjustment  for  body
weight.  A  positive,  significant  correlation  (coef.  2.32;
p  < 0.001)  was  found between  total  insulin  dose  and  BMI
(Fig.  1),  and  there  was  a  negative  correlation  between  total
daily  insulin  dose  and  C-peptide  levels  (Spearman’s  rho:
−0.33;  p < 0.01).

No  concomitant  non-insulin  drugs  were  received  by  66.5%
of  patients.  Metformin  was  the  drug  most  commonly  used  (in
25.7%  of  patients),  followed  by  DPP-4  inhibitors  (7.3%),  GLP-
1  receptor  agonists  (2.2%),  and SGLT2  inhibitors  (1.1%). Use
of  secretagogues  and  glitazones  was  very  limited  (0.6%).

Fifty-seven  percent  of  patients  had  other  autoimmune
diseases  or  positive  organ-specific  antibodies.  Chronic  thy-
roiditis  was  the  most prevalent  concomitant  condition
(occurring  in 32.9%  of  patients).  Other  autoimmune  condi-
tions  seen  included  atrophic  gastritis  (3.2%),  vitiligo  (2.4%),
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Table  2  Data  on  metabolic  control  of patients.

HbA1c  (%)  Fasting  blood
glucose  (mg/dL)

BP  (mmHg)  HDL-C
(mg/dL)

LDL-C
(mg/dL)

TG  (mg/dL)  eGFR
(mL/min)

Alb/creat
(mg/g)

7.7  ±  1.3  160 ± 57  128/75  65  ± 18  96  ±  27  90  ±  43  80  ± 22  12.9

Alb/creat: urinary albumin/creatinine ratio; HDL-C: HDL cholesterol; LDL-C: LDL cholesterol; eGFR: estimated glomerular filtration rate;
BP: blood pressure; TG: triglycerides.

Table  3  Chronic  complications  and  cardiovascular  drugs.

No  compl.  Micro  compl.  Macro  compl.  Anti-HBP  Statins  Other  lipid-lowering  agents  ASA

72.0%  23.1%  4.9%  44.4%  55.0%  7.8%  18.3%

ASA: acetiy salicylic acid; Anti-HBP: antihypertensives: Compl.: complications; Macro: macroangiopathic; Micro: microangiopathic.

Graves’  disease  (1.9%), Crohn’s  disease  (1.2%),  and  celiac
disease  (1.2%).

Table  2 provides  data  on  metabolic  control  of  patients.
Fasting  blood  glucose  levels  were  160.5  ± 57.3  mg/dL,  and
HbA1c  values  were  7.7  ±  1.26%.  Only  31.7%  of patients  met
metabolic  control  criteria  (HbA1c  ≤7.0  in two  of  the  last
three  measurements  performed);  31.1%  had  HbA1c  values
ranging  from 7.1  and  8.0,  23.6%  values  ranging  from  8.1  and
9.0, and  13.4%  levels  >9%. A significant  negative  correla-
tion  (Spearman’s  rho:  −0.40;  p <  0.001)  was  found  between
HbA1c  and  C-peptide  (Figs.  1 and  2)  and  between  fasting
glucose  and C-peptide  (Spearman’s  rho: −0.27;  p  <  0.01).

Lipid control  was  usually  highly  satisfactory:  HDL
cholesterol,  65 ±  18  mg/dL;  LDL cholesterol,  96  ±  27  mg/dL;
triglycerides,  89  ±  44  mg/dL.  Estimated  glomerular  filtration
rate  (eGFR)  was  80  ±  22  mL/min,  and  only 5% of  patients
had  values  suggesting  kidney  failure  (eGFR  <  60  mL/min).
Mean  urinary  albumin/creatinine  ratio  was  12.9  mg/g.  Crite-
ria  for  microalbuminuria  (ratio,  30---300  mg/g)  were  met  by
7.6%  of patients,  and  only 0.6%  had  macroalbuminuria  (ratio
>300  mg/g).  Mean  blood  pressure  values  were  128/75  mmHg.

Overall,  44.4%  of  patients  were  being  treated  with
antihypertensive  drugs,  55%  with  statins,  7.8%  with  other
lipid-lowering  agents,  and  18.3%  with  antiplatelet  aggre-
gants.

A  majority  of  patients  (72.0%)  had  no clinical  evidence
of  chronic  complications  related  to  diabetes  (Table  3).  In
the  remaining  28%,  most  complications  seen  (23.1%)  were
microangiopathic  in  nature:  non-proliferative  retinopathy
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Figure  1  Correlation  between  total  daily  dose  of  insulin  and
BMI. A  positive  significant  correlation  is seen  between  total
insulin  dose  and  BMI (Spearman’s  rho: 2.32;  p  <  0.001).
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Figure  2  Correlation  between  C-peptide  levels  and blood  glu-
cose control  (HbA1c).  A  negative  significant  correlation  is  seen
(Spearman’s  rho:  −0.40;  p  < 0.001).

(7.2%),  proliferative  retinopathy  (3.3%), diabetic  macu-
lar  edema  (1.6%),  incipient  nephropathy  (6.6%,  advanced
nephropathy  (1.1%),  sensory  neuropathy  (3.3%)).  Only 4.9%
of  patients  had  been  diagnosed  some  macroangiopathic
complication:  ischemic  heart  disease  (3.3%),  peripheral
artery disease  (1.6%).  No  patient  experienced  stroke.

Discussion

LADA  is  currently  considered  as  an end  of  the  spectrum  of
autoimmune  diabetes,  but  does not represent  a differenti-
ated  group within  the general  classification  of  diabetes,  but
a  variant  within  the  T1DM  category.

Latent  autoimmune  diabetes  was  already  described4 in
1986  as  a  form  of  DM  that  occurred  in adults  with  no  insulin
dependence  during  an  initial period  but  with  early  failure
of  oral antidiabetic  treatment,  presence  of  ICA  and  other
frequently  associated  organ-specific  antibodies.  Patients
reported  in  the initial  report  had lower  BMIs  and  less  pan-
creatic  reserve  of C-peptide  as  compared  to  ICA-negative
diabetic  patients.

The term  LADA  was  introduced  in 19956 to  describe  a
subgroup  of patients  with  the above  mentioned  clinical  char-
acteristics  who  had positive  GADA.

Because  of  the pathophysiological  heterogeneity  of  dia-
betes,  it is  often  an oversimplification  to  try and  attribute
the  category  of  T1DM  or  T2DM  only to  patients  who  have  a
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genetic  predisposition  to  both  types  of  diabetes  or  who  are
subject  to  the  influence  of  environmental  factors  that  result
in  development  of  insulin  resistance.  In  fact,  patients  with
LADA  have  been  shown  to  share the genetic  characteristics
of  classical  T1DM,7,8 but  they  often  also  have  genetic  sim-
ilarities  with  T2DM,9 which  suggests  a mixed  nature  of this
form  of  diabetes.

In our  study  population,  diagnosis  of  LADA  was  based
on  the  finding  of  positive  GADA in  patients  in whom  the
condition  was  clinically  suspected  (diagnosis  at adult  age,
absence  of  ketoacidosis  and  initial  insulin  independence,
glycemic  variability  with  marked  postprandial  component,
etc.).  Patient  characteristics  are therefore  not  comparable
to  those  in  non-selective  immune  screening  studies  con-
ducted  in  patients  who  phenotypically  have T2DM.

In this  regard,  as  previously  noted,10 we  think  that  gen-
eralized  screening  for  LADA  in the adult diabetic  population
is  not effective.  However,  LADA  should  be  routinely  ruled
out  when  an adult  with  diabetes  does not  show the  usual
stereotype  of T2DM.

Our  patients  had  as  a group  lower  BMIs  than  expected  for
a  population  with  T2DM, but  were frequently  overweight,
which  agrees  with  other  reported  studies.11 High BMI  values
should  therefore  not  exclude  or  delay  screening  for  LADA  if
they  coexist  with  other  suspicious  clinical  factors.

Various  studies  have  reported  lower  plasma  C-peptide
levels  in  the group  of  patients  with  LADA  as  compared  to
T2DM.12,13 Our  study  revealed  a  significant  heterogeneity  in
pancreatic  reserve,  which  also  had a  negative  correlation  to
blood  glucose  control.  Thus,  if LADA  is  clinically  suspected,
presence  of  detectable  C-peptide  levels  should  not  rule  out
the  condition  until  the  results  of  the immune  study  are  avail-
able.

No guidelines  are currently  available  for  the  treatment
of  LADA,  but  some  studies  have  shown  that  early  administra-
tion  of  insulin  or  sensitizing  oral  drugs  may  be  beneficial  for
long-term  preservation  of  the pancreatic  reserve,  while  sul-
fonylureas  may  decrease  the  insulin  independence  time.14---16

Our  study  found a  negative  correlation  between  C-peptide
levels  and  blood  glucose  control,  thus  emphasizing  the
importance  of  early  identification  of  LADA  both  to  increase
insulin  independence  time  and  to  improve  metabolic  control
of  patients.

GADA  titer  has  been  reported  to  be  inversely  related  to
the  pancreatic  reserve,  and  may  be  a  marker  of the  risk  of
progression  to  insulin  dependence.14,17---19 Our  study  found
no  association  between  GADA  values,  C-peptide  levels,  or
insulin  independence  time,  but  it was  not a prospective
study,  and  the  immune  and  metabolic  study  was  not  per-
formed  at  the  time  of clinical  onset,  but  often  with  a  delay
of  up  to  several  years.

This  study  has other  obvious  limitations.  It was  an
observational  study  based  on the  information  recorded  in
clinical  histories,  which  is  subject  to  data  collection  prob-
lems  or  errors.  Omission  bias, especially  in  the presence
of  chronic  complications,  may  be  significant  and under-
estimate  their  prevalence,  disregarding  subclinical  forms.
Patient  selection  was  based  on  the most  commonly  agreed
diagnostic  criteria,5 but  we  are aware  of their  limita-
tions:  the  age criterion  is  arbitrary,  insulin  independence
time  is  highly  physician-dependent,  and  GADA levels  may
decrease  over  time  and  even  become  negative  in patients

with  long-standing  disease.20 A  less  rigid  selection  would
have  markedly  increased  the  number  of  patients  enrolled,
but  also  the number  of  false  positives.  Finally,  it should
be recognized  that  as  these  patients  attended  specialized
care  clinics,  the  study  population  is  not probably  a faithful
representation  of the  overall  group  of  patients  with  LADA.

Despite  these limitations,  we  think  that  our  study  may
help  define  patients  with  LADA  in order  to  identify  them
as  such as  early  as  possible  and  select  the  most  adequate
treatment,  thus  avoiding  years  of  unawareness  by  patients,
their  relatives,  and  the medical  team.

As  a conclusion,  it should  be noted  that  in  the  study  popu-
lation,  diagnosis  of  LADA  may  be delayed  up  to  several  years.
Patients  have  a quite  heterogeneous  pancreatic  insulin
reserve,  which  is  negatively  related  to  time  since  onset  of
disease.  Treatment  of patients  with  LADA  is  often  difficult,
as  shown  by  the deficient  blood  glucose  control  despite  high
compliance  with  complete  insulinization  regimens.  A suc-
cessful  control  is  however  seen  of  other  treatment  goals
such  as  blood  pressure  and  lipid  profile, together  with  a low
incidence  of macroangiopathic  complications.
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del  Cañizo,  Francisco;  Cruces,  Eva;  Durán,  María;  García,
Elena;  Gargallo,  Manuel;  González,  Noemí;  González,  Olga;
Lecumberri,  Edurne;  Lisbona,  Arturo; Maillo,  Maria  Angeles;
Nattero,  Lía;  Parra,  Paola;  Sánchez,  Iván.

References

1. American Diabetes Association. Classification and diagnosis of
diabetes. Diabetes Care. 2016;39 Suppl. 1:S13---22.

2. Irvine WJ, Gray RS, McCallum CJ, Duncan LJP. Clinical and
pathogenic significance of pancreatic-islet-cell antibodies in
diabetics treated with oral hypoglycaemic agents. Lancet.
1977;14:1025---7.

3. Naik RG, Brooks-Worrell BM,  Palmer JP. Latent autoimmune dia-
betes in adults. J Clin Endocrinol Metab. 2009;94:4635---44.

4. Groop LC, Bottazzo GF, Doniach D. Islet cell antibodies identify
latent type I diabetes in patients aged 35---75 years at diagnosis.
Diabetes. 1986;35:237---41.

5. Fourlanos S, Dotta F, Greenbaum CJ, Palmer JP, Rolandsson O,
Colman PG, et al. Latent autoimmune diabetes in adults (LADA)
should be less latent. Diabetologia. 2005;48:2206---12.

6. Zimmet PZ.  The pathogenesis and prevention of  diabetes in
adults: genes, autoimmunity, and demography. Diabetes Care.
1995;18:1050---64.

http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0105
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0105
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0105
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0105
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0105
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0105
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0105
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0105
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0105
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0105
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0105
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0105
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0105
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0105
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0105
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0105
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0105
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0110
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0110
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0110
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0110
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0110
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0110
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0110
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0110
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0110
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0110
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0110
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0110
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0110
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0110
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0110
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0110
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0110
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0110
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0110
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0110
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0110
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0110
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0110
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0110
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0110
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0110
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0110
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0110
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0110
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0115
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0115
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0115
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0115
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0115
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0115
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0115
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0115
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0115
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0115
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0115
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0115
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0115
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0115
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0115
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0115
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0115
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0115
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0115
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0115
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0115
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0115
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0115
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0115
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0120
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0120
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0120
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0120
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0120
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0120
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0120
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0120
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0120
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0120
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0120
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0120
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0120
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0120
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0120
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0120
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0120
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0120
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0120
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0120
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0120
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0120
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0120
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0120
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0120
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0120
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0120
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0120
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0120
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0120
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0120
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0120
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0125
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0125
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0125
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0125
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0125
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0125
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0125
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0125
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0125
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0125
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0125
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0125
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0125
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0125
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0125
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0125
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0125
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0125
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0125
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0125
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0125
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0125
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0125
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0125
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0125
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0125
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0125
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0125
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0125
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0125
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0125
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0125
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0125
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0125
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0130
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0130
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0130
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0130
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0130
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0130
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0130
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0130
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0130
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0130
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0130
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0130
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0130
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0130
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0130
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0130
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0130
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0130
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0130
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0130
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0130
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0130
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0130


Clinical  and  metabolic  profile  of patients  with  LADA  39

7. Desai M, Zeggini E, Horton VA, Owen KR, Hattersley AT,  Levy JC,
et al. An association analysis of the HLA gene region in latent
autoimmune diabetes in adults. Diabetologia. 2007;50:68---73.

8. Tuomi T, Carlsson A, Li H,  Isomaa B, Miettinen A, Nilsson A, et  al.
Clinical and genetic characteristics of  type 2 diabetes with and
without GAD antibodies. Diabetes. 1999;48:150---7.

9. Cervin C,  Lyssenko V,  Bakhtadze E, Lindholm E, Nilsson P, Tuomi
T, et al. Genetic similarities between latent autoimmune dia-
betes in adults, type 1 diabetes, and type 2 diabetes. Diabetes.
2008;57:1433---7.

10. Hernández M,  Mauricio D.  Latent autoimmune diabetes in
adults: are we paying sufficient attention? Endocrinol Nutr.
2015;62:1---3.

11. Verge CF, Gianani R,  Kawasaki E, Yu LP, Pietropaolo M,  Jackson
RA. Prediction of type I  diabetes in first degree relatives using
a combination of insulin, GAD and ICA 512 bdc/IA-2 autoanti-
bodies. Diabetes. 1996;45:926---33.

12. Stenström G, Gottsätter A, Bakhtadze E, Berger B, Sundkvist
G. Latent autoimmune diabetes in adults. Definition, preva-
lence, �-cell function, and treatment. Diabetes. 2005;54 Suppl.
2:S68---72.

13. Hernández M,  Molló A, Marsal JR, Esquerda A, Capel I,  Puig-
Domingo M,  et al. Insulin secretion in patients with latent
autoimmune diabetes (LADA): half way between type 1 and type
2  diabetes: action LADA 9. BMC Endocr Disord. 2015;15:1.

14. Zampetti S, Campagna G,  Tiberti C, Songini M,  Arpi ML, de
Simone G, et al. High GADA titers increases the risk of insulin
requirement in LADA patients: a 7-year follow-up (NIRAD study
7). Eur J Endocrinol. 2014;171:697---704.

15. Maruyama T, Shimada A, Kanatsuka A, Kasuga A, Takei I,
Yokoyama J,  et  al. Multicenter prevention trial of slowly pro-
gressive type 1  diabetes with small dose of  insulin (the Tokyo
study): preliminary report. Ann N  Y Acad Sci. 2003;1005:362---9.

16. Leslie RD, Williams R, Pozzilli P. Clinical review: type 1 dia-
betes and latent autoimmune diabetes in adults: one end of
the rainbow. J Clin Endocrinol Metab. 2006;91:1654---9.

17. Brophy S,  Davies H, Mannan S,  Brunt H, Williams R. Interventions
for latent autoimmune diabetes (LADA) in adults. Cochrane
Database Syst Rev. 2011:CD006165.

18. Molló A, Hernández M,  Marsal JR, Esquerda A, Rius F, Blanco-
Vaca F, et al. Latent autoimmune diabetes in adults is perched
between type 1 and type 2: evidence from adults in one region
of Spain. Diabetes Metab Res Rev. 2013;29:446---51.

19. Brophy S, Yderstraede K, Mauricio D, Hunter S, Hawa M,
Pozzilli P, et al. Time to insulin initiation cannot be used in
defining latent autoimmune diabetes in adults. Diabetes Care.
2008;31:439---41.

20. Niskanen LK, Tuomi T, Karjalainen J, Groop LC, Uusitupa MI. GAD
antibodies in NIDDM. Ten-year follow-up from the diagnosis.
Diabetes Care. 1995;18:1557---65.

http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0135
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0135
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0135
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0135
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0135
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0135
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0135
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0135
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0135
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0135
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0135
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0135
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0135
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0135
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0135
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0135
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0135
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0135
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0135
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0135
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0135
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0135
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0135
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0135
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0135
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0135
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0135
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0135
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0135
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0135
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0135
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0135
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0135
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0135
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0135
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0135
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0135
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0140
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0140
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0140
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0140
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0140
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0140
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0140
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0140
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0140
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0140
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0140
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0140
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0140
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0140
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0140
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0140
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0140
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0140
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0140
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0140
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0140
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0140
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0140
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0140
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0140
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0140
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0140
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0140
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0140
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0140
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0140
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0140
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0140
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0140
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0140
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0145
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0145
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0145
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0145
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0145
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0145
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0145
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0145
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0145
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0145
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0145
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0145
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0145
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0145
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0145
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0145
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0145
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0145
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0145
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0145
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0145
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0145
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0145
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0145
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0145
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0145
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0145
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0145
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0145
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0145
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0145
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0145
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0145
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0145
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0145
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0145
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0145
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0145
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0145
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0145
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0145
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0150
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0150
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0150
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0150
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0150
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0150
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0150
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0150
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0150
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0150
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0150
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0150
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0150
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0150
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0150
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0150
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0150
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0150
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0150
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0150
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0150
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0150
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0155
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0155
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0155
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0155
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0155
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0155
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0155
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0155
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0155
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0155
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0155
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0155
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0155
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0155
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0155
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0155
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0155
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0155
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0155
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0155
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0155
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0155
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0155
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0155
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0155
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0155
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0155
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0155
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0155
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0155
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0155
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0155
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0155
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0155
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0155
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0155
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0155
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0155
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0155
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0155
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0155
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0155
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0155
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0155
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0155
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0160
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0160
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0160
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0160
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0160
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0160
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0160
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0160
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0160
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0160
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0160
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0160
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0160
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0160
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0160
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0160
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0160
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0160
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0160
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0160
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0160
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0160
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0160
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0160
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0160
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0160
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0160
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0160
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0160
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0160
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0160
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0165
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0165
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0165
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0165
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0165
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0165
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0165
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0165
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0165
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0165
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0165
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0165
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0165
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0165
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0165
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0165
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0165
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0165
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0165
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0165
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0165
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0165
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0165
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0165
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0165
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0165
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0165
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0165
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0165
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0165
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0165
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0165
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0165
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0165
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0165
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0165
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0165
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0165
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0165
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0165
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0170
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0170
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0170
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0170
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0170
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0170
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0170
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0170
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0170
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0170
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0170
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0170
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0170
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0170
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0170
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0170
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0170
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0170
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0170
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0170
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0170
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0170
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0170
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0170
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0170
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0170
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0170
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0170
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0170
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0170
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0170
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0170
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0170
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0170
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0170
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0170
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0170
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0170
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0170
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0170
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0170
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0170
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0175
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0175
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0175
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0175
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0175
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0175
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0175
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0175
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0175
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0175
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0175
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0175
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0175
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0175
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0175
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0175
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0175
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0175
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0175
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0175
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0175
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0175
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0175
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0175
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0175
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0175
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0175
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0175
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0175
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0175
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0175
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0175
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0175
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0175
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0175
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0175
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0175
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0175
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0175
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0175
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0175
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0175
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0175
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0175
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0175
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0175
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0175
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0175
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0180
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0180
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0180
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0180
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0180
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0180
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0180
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0180
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0180
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0180
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0180
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0180
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0180
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0180
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0180
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0180
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0180
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0180
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0180
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0180
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0180
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0180
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0180
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0180
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0180
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0180
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0180
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0180
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0180
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0180
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0180
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0180
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0180
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0180
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0180
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0180
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0185
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0185
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0185
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0185
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0185
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0185
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0185
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0185
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0185
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0185
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0185
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0185
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0185
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0185
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0185
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0185
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0185
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0185
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0185
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0185
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0185
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0185
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0185
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0185
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0185
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0185
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0190
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0190
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0190
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0190
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0190
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0190
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0190
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0190
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0190
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0190
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0190
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0190
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0190
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0190
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0190
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0190
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0190
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0190
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0190
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0190
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0190
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0190
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0190
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0190
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0190
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0190
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0190
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0190
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0190
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0190
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0190
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0190
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0190
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0190
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0190
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0190
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0190
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0190
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0190
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0190
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0190
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0190
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0190
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0190
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0190
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0190
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0190
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0190
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0190
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0190
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0190
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0195
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0195
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0195
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0195
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0195
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0195
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0195
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0195
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0195
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0195
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0195
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0195
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0195
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0195
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0195
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0195
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0195
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0195
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0195
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0195
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0195
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0195
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0195
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0195
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0195
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0195
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0195
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0195
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0195
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0195
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0195
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0195
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0195
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0195
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0195
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0195
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0195
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0195
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0200
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0200
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0200
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0200
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0200
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0200
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0200
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0200
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0200
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0200
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0200
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0200
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0200
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0200
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0200
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0200
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0200
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0200
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0200
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0200
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0200
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0200
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0200
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0200
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0200
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0200
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0200
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0200
http://refhub.elsevier.com/S2530-0180(17)30001-X/sbref0200

	Clinical and metabolic profile of patients with latent autoimmune diabetes in adults in specialized care in Madrid
	Introduction
	Methods
	Results
	Discussion
	Conflict of interest
	Acknowledgment
	Annex Members of the Working Group on Diabetes of SENDIMAD (in alphabetical order)
	References


