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Abstract
Aims/hypothesis:  To  analyze  the  relationship  between  glucose  and  glycated  hemoglobin  (HbA1c)
in the  adult  Galician  population,  evaluate  the  use  of  HbA1c for  the  screening  and  diagnosis  of
diabetes, and  calculate  the  diagnostic  threshold  required  for  this  purpose.
Methods:  We  analyzed  data  on  2848  subjects  (aged  18---85  years)  drawn  from  a  study  under-
taken in  2004  to  assess  the  prevalence  of  diabetes  in  Galicia.  For  study  purposes,  diabetes
was defined  using  the  criteria  recommended  in  2002.  Participants  were  classified  into  four

glucose-based  groups.  The  relationship  between  glucose  and  HbA1c was  described  using  linear
regression models,  generalized  additive  models  and  Spearman’s  correlation.  Diagnostic  capac-
ity was  assessed,  and  optimal  HbA1c cut-off  points  were  calculated  as  a  diabetes  marker  using
the receiver  operating  characteristic  curve.

Abbreviations: AUC, area under the curve; FPG, fasting glucose; 2hOGTT, glycemia at 2 h of oral glucose tolerance test; HbA1c, glycated
emoglobin; IFG, impaired fasting glucose; IGT, impaired glucose tolerance; KDM, known diabetes; NPV, negative predictive value; NGM,
ormal glucose metabolism; PPV, positive predictive value; ROC, receiver operating characteristic curve; Se, sensitivity; Sp, specificity;
KDM, unknown diabetes.
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Results: Prevalence  of  pre-diabetes,  unknown  diabetes  and  known  diabetes  was  20.86,  3.37
and 4.39%,  respectively.  The  correlations  between  HbA1c and  fasting  glucose  were  higher  than
those obtained  for  HbA1c and  glycemia  at  2  h  of  the  oral  glucose  overload  (0.344  and  0.270,
respectively).  Taking  glucose  levels  as  the  gold  standard,  a  greater  discriminatory  capacity  was
obtained for  HbA1c (area  under  de  cruve:  0.839,  95%  confidence  intervals:  0.788---0.890).  Based
on the  study  criteria,  the  optimal  minimum  and  maximum  HbA1c values  were  5.9%  and  6.7%,
respectively.
Conclusions/interpretation:  HbA1c did  not  prove  superior  to  glycemia  for  diagnosis  of  diabetes
in the  adult  Galician  population,  and  cannot  therefore  be  used  to  replace  the  oral  glucose  tol-
erance test  for  screening  and  diagnosis  purposes.  Indeed,  determination  of  glucose  is  essential
to verify  the  diagnosis  in  the  majority  of  cases.
© 2012  SEEN.  Published  by  Elsevier  España,  S.L.  All  rights  reserved.

PALABRAS  CLAVE
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Relación  entre  hemoglobina  glucosilada  y  concentraciones  de  glucosa  en  la  población
gallega  adulta:  selección  de  los  puntos  de  corte  óptimos  de  la  hemoglobina
glucosilada  como  herramienta  diagnóstica  de  la  diabetes  mellitus

Resumen
Objetivos/hipótesis:  Analizar  la  relación  entre  la  glucosa  y  la  hemoglobina  glucosilada  (HbA1c)
en la  población  gallega  adulta,  evaluar  el  uso  de  la  HbA1c para  cribado  y  diagnóstico  de  la
diabetes y  calcular  el  umbral  diagnóstico  necesario  para  este  fin.
Métodos:  Se  analizaron  datos  de  2.848  sujetos  (de  18---85  años  de  edad)  procedentes  de  un
estudio emprendido  en  2004  para  valorar  la  prevalencia  de  diabetes  en  Galicia.  A  efectos  del
estudio, se  definió  la  diabetes  de  acuerdo  con  los  criterios  recomendados  en  2002.  Se  clasificó  a
los participantes  en  cuatro  grupos  en  función  de  los  valores  de  glucosa.  Se  describió  la  relación
entre glucosa  y  HbA1c mediante  modelos  de  regresión  lineal,  modelos  aditivos  generalizados  y
la correlación  de  Spearman.  Se  valoró  la  capacidad  diagnóstica  y  se  calcularon  los  puntos  de
corte óptimos  de  la  HbA1c como  marcador  de  la  diabetes  empleando  la  curva  de  características
operativas  del  receptor.
Resultados: Las  tasas  de  prevalencia  de  prediabetes,  diabetes  desconocida  y  diabetes  conocidas
eran del  10,86,  3,37  y  4,39%,  respectivamente.  Las  correlaciones  entre  la  HbA1c y  la  glucemia
en ayunas  eran  mayores  que  las  obtenidas  entre  la  HbA1c y  la  glucemia  en  ayunas  dos  horas
después de  la  sobrecarga  oral  de  glucosa  (0,344  y  0,270,  respectivamente).  Tomando  los  valores
de glucosa  como  referencia,  se  obtuvo  una  mayor  capacidad  discriminatoria  para  la  HbA1c (área
bajo la  curva:  0,839,  intervalos  de  confianza  del  95%:  0,788---0,890).  Basándose  en  los  criterios
del estudio,  los  valores  óptimos  mínimos  de  la  HbA1c eran  del  5,9  y  el  6,7%,  respectivamente.
Conclusiones/interpretación: La HbA1c  no  fue  superior  a  la  glucemia  para  el  diagnóstico  de
la diabetes  en  la  población  gallega  adulta,  por  lo  que  no  puede  utilizarse  en  lugar  de  la
prueba de  tolerancia  oral  a  la  glucosa  con  fines  de  cribado  y  diagnóstico.  De  hecho,  la  deter-
minación  de  la  glucosa  es  esencial  para  confirmar  el  diagnóstico  en  la  mayoría  de  los  casos.
© 2012  SEEN.  Publicado  por  Elsevier  España,  S.L.  Todos  los  derechos  reservados.
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Introduction

Ascertaining  the  prevalence  of  diabetes  is  important
because  it  is  a  disease  that  is  becoming  increasingly
prevalent.1 Fasting  glucose  (FPG)  and  glycemia  at  2  h  after
an  oral  glucose  overload  test  (2hOGTT)  were  classical  and
now  also  glycated  hemoglobin  (HbA1c)  are  used  for  diagno-
sis  of  diabetes.  Although  considered  the  ‘‘gold  standard’’
for  diagnosis,  measurement  of  blood  glucose  is  subject  to
several  limitations  as  patient  must  fast  at  least  8  h,  it  has  a
large  biological  variability,  samples  are  not  stable,  numer-
ous  factors  alter  glucose  concentrations  (diurnal  variation,

sample  source,  acute  illness  or  stress),  and  it  reflects  glucose
homeostasis  at  a  single  point  in  time.2

HbA1c has  advantages  including  its  familiarity  to
clinicians,  convenience,  preanalytic  stability,  and  assay
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tandardization.  It  displays  none  of  the  variability  inherent
n  the  determination  of  glucose,  it  gives  a  better  reflection
f  chronic  hyperglycemia,  and  its  concentration  predicts  the
evelopment  of  microvascular  complications  of  diabetes.2,3

bA1c has  a  number  of  limitations:  may  be  altered  by
actors  other  than  glucose  (e.g.,  change  in  erythrocyte
ife  span,  ethnicity),  some  conditions  interfere  with  mea-
urement  (e.g.,  selected  hemoglobinopathies),  it  may  not
e  available  in  some  laboratories/areas  of  the  world  and  its
ost  is  higher  than  glucose  determination.2

HbA1c cut-off  point  has  been  set  at  ≥6.5%  for  diagnosis
nd  at  5.7---6.4%  for  the  diabetes  high  risk  category.4 The

uestion  arises,  however,  as  to  whether  HbA1c identifies  the
ame  population  as  does  glucose.  Accordingly,  the  aim  of
his  study  was  to  analyze  the  relationship  between  glucose
nd  HbA1c in  the  adult  Galician  population,  and  evaluate
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he  performance  of  HbA1c for  the  screening  and  diagnosis  of
iabetes.

ethods

he  basic  methodology  of  the  study  has  been  previously
escribed.5,6 This  study  was  carried  out  in  a  random  sam-
le  representative  of  the  Galician  adult  population  (older
han  18  years).  Study  subjects  were  selected  by  a  two  step
luster  sampling  procedure  from  the  Galician  Public  Health
ervice  (SERGAS)  database,  which  covers  more  than  95%  of
he  population.  Primary  health  care  centre  dependent  pop-
lations  were  randomly  selected  in  each  province  (Galicia
as  four  provinces;  the  population  of  each  was  considered
s  independent),  and  individual  subjects  aged  over  18  years
ere  then  randomly  selected  within  each  population.  Health
entres  were  stratified  by  municipality  type  (rural  or  urban;
oastal  or  interior);  individuals  were  stratified  by  sex  and
ge.  Pregnant  women  were  excluded  from  this  study.

We  contacted  each  person  by  mail  in  order  to  arrange
he  appointment  for  the  study.  For  each  non-responder

 substitute  was  randomly  selected.  Information  was  col-
ected  through  a  personal  interview  at  local  health  centres
sing  a  structured  questionnaire,  followed  by  a  physical
xamination  to  measure  blood  pressure  and  anthropomet-
ic  characteristics.  Blood  and  urine  samples  were  collected
or  subsequent  analysis.

The  study  protocol  was  approved  by  the  corresponding
esearch  ethics  committee  (Comité  Ético  de  Investigación
línica  de  Galicia).  All  participants  signed  informed  consent
orms.

The  anthropometric  measurements,  including  weight,
eight,  waist  circumference  (WC)  and  hip  circumference
HC),  were  obtained  by  trained  personnel  (physicians  and
urses)  using  standardized  techniques  and  equipment.7

lood  pressure  was  measured  twice  in  recumbent  position,
ith  an  interval  of  3  min;  the  final  value  was  the  arithmetic
ean  of  the  two  figures.  Blood  samples  were  drawn  after  a

asting  period  of  10---14  h.
Blood  analyses  were  all  done  in  the  same  central  labo-

atory  to  which  all  samples  were  sent  within  the  first  24  h
fter  immediate  centrifuging  and  freezing.

To  evaluate  glucose  metabolism,  75  g  of  anhydrous  glu-
ose  load  was  given  orally  in  250  ml  of  water  to  all  subjects
xcept  those  with  known  diabetes.  Fasting  and  2  h  post-
lucose  load  blood  glucose  were  assessed  by  the  glucose
exokinase  method.  HbA1c was  measured  by  HPLC.  All  other
aboratory  determinations  were  done  using  standardized
rocedures.

We  used  the  diagnostic  criteria  recommended  in  2002  by
he  Expert  Committee  on  the  Diagnosis  and  Classification  of
iabetes  mellitus8 to  classify  diabetes  and  lesser  degrees  of

mpaired  glucose  regulation,  as  follows  (a)  normal  glucose,
.e.,  fasting  plasma  glucose  (FPG)  <100  mg/dL  and  2hOGTT
140  mg/dL;  (b)  impaired  fasting  glucose  (IFG):  PG  between
00  and  125  mg/dL;  (c)  impaired  glucose  tolerance  (IGT):
hOGTT  between  140  and  199  mg/dL;  and  (d)  diabetes:  PG

126  mg/dL  or  2hOGTT  ≥200  mg/dL.  For  comparisons,  we
sed  also  the  criteria  recommended  in  2011.4 These  included

 new  category  of  increased  risk  of  diabetes,  when  HbA1c is
etween  5.7%  and  6.4%.
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tatistical analysis

ased  on  their  oral  glucose  tolerance  test  (OGTT)  results,
articipants  were  classified  into  four  different  groups:  (1)
ormal  glucose  (NGM);  (2)  prediabetes  (subjects  present-
ng  with  IFG,  IGT  or  both);  (3)  unknown  diabetes  (UKDM);
4)  known  diabetes  (KDM)  (subjects  who  reported  suffer-
ng  from  diabetes  or  using  insulin  or  drugs  for  treatment  of
iabetes).

The  correlations  between  HbA1c and  FPG,  and  between
bA1c and  2hOGTT  were  calculated  using  Spearman  correla-
ions,  which  were  not  based  on  the  assumption  of  normality,
hether  in  the  total  study  population  or  in  the  respective

ubgroups  defined.
After  patients  with  known  diabetes  were  excluded,  HbA1c

iagnostic  capacity  for  diagnosis  of  diabetes  was  evalu-
ted  by  using  the  receiver  operating  characteristic  (ROC)
urve  and  examining  HbA1c sensitivity  (Se)  and  specificity
Sp)  measures  at  different  cut-off  values,  accompanied  by
he  corresponding  area  under  ROC  curve  (AUC)  and  its  95%
onfidence  intervals.9 The  AUC  assumes  values  ranging  from

 to  1,  such  that  the  nearer  its  value  approaches  1  the  higher
he  discriminatory  capacity.

Based  on  the  ROC  curve,  optimal  cut-off  points  that
est  discriminated  between  the  diabetic  and  non-diabetic
opulations  were  then  calculated  on  the  basis  of  differ-
nt  criteria,  namely:  (1)  judging  the  optimal  cut-off  point
o  be  that  at  which  the  Se  and  Sp  measures  were  similar
r  practically  the  same10;  (2)  choosing  the  optimal  cut-off
oint  as  being  that  at  which  Se  and  Sp  were  simultaneously
aximized,11 thereby  assuming  that  the  consequences  of

alse  positives  and  false  negatives  were  practically  identi-
al;  (3)  seeking  the  cut-off  point  which  ensured  that  the  Se
nd  Sp  values  were  the  closest  possible  to  1  (criterion  of  the
oint  closest  to  the  point  (0,  1)  on  the  ROC  curve)12;  (4)  tak-
ng  the  cut-off  point  that  maximized  Youden’s  index,13 which
as  equivalent  to  maximizing  the  sum  of  the  Se  and  Sp  mea-

ures;  (5)  selecting  the  cut-off  point  at  which  Sp  was  higher
han  or  equal  to  a  designated  minimum  value  and,  subject
o  this  pre-condition,  at  which  Se  was  as  high  as  possible
to  prevent  a  high  number  of  false  positives,  in  view  of  the
igh  prevalence  of  diabetes);  and  (6)  deeming  the  optimal
ut-off  point  to  be  the  value  that  maximized  the  percent-
ge  of  correctly  classified  individuals  or,  what  amounted  to
he  same  thing,  that  minimized  the  percentage  of  incorrect
lassifications  of  the  diagnosis.14

To  describe  the  effect  of  the  different  HbA1c diagnostic
hresholds  obtained,  we  calculated  the  Se  and  Sp  measures
nd  the  positive  (PPV)  and  negative  predictive  values  (NPV)
t  these  cut-off  values.

All  statistical  analyses  were  performed  using  the  R  2.12.0
tatistical  software  package,  with  a  p-value  of  ≤0.05  con-
idered  as  statistical  significant.

esults

tudy  population  characteristics
f  the  2860  patients  included  in  the  study,  2850  (99.65%)
ere  aged  between  18  and  85  years.  As  no  HbA1c values
ere  available  for  two  of  the  latter  (0.07%),  the  analysis
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Figure  1  Receiver  operating  characteristic  curve  for  identi-
fication  of  participants  with  previously  undiagnosed  diabetes,
using glycated  hemoglobin  and  fasting  plasma  glucose  for
diagnosis  and  fasting  plasma  glucose  and  glycemia  at  2  h  of
oral glucose  tolerance  test  as  disease  criteria.  AUC:  area
under the  curve;  FPG:  fasting  plasma  glucose;  HbA1c:  glycated
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Relationship  between  glycated  hemoglobin  and  glucose  conc

initially  included  a  total  of  2848  participants.  In  this  sam-
ple,  125  (4.4%)  subjects  had  known  diabetes  and  96  (3.4%)
had  unknown  diabetes,  if  we  used  only  the  blood  glucose  cri-
teria.  Using  also  the  HbA1c criterion,  the  number  of  subjects
with  unknown  diabetes  were  119  (4.2%).  There  were  23  sub-
jects  (19.3%  of  all  subjects  with  diabetes)  with  HbA1c  ≥  6.5%
and  normal  basal  and  2h  OGTT  blood  glucose.  Seventeen
subjects  (14.3%  with  diabetes)  had  only  met  the  criteria  of
fasting  glucose,  34  (28.6%)  met  only  the  criterion  of  glucose
at  2  h,  and  21  (17.6%)  subjects  met  the  three  diagnostic  cri-
teria.  Forty-five  (37.8%)  subjects  met  at  least  two  criteria.
Five  subjects  had  a  basal  glucose  higher  than  126  mg/dl  with
an  HbA1c higher  than  6.5%  who  did  not  undergo  a  2hOGTT.

If  we  consider  IFG  and  IGT  as  prediabetes,  there  were
2033  subjects  with  normal  glucose  metabolism  and  594
(20.9%)  had  prediabetes  according  to  the  ADA  2002  criteria.
If  we  considered  the  ‘‘at  risk’’  HbA1c (between  5.7%  and
6.4%)  as  another  form  of  prediabetes,  the  number  of  sub-
jects  with  prediabetes  amounted  1600  (56.2%).  A  total  of
1025  subjects  had  HbA1c between  5.7%  and  6.4%  with  nor-
mal  basal  and  2h  OGTT  glucose.  These  data  are  detailed  in
Table  1.

Table  2  shows  the  baseline  characteristics  of  subjects
classified  according  to  the  diagnostic  criteria  met.  Body
mass  index,  triglycerides  and  glucose  concentrations  (basal
glucose,  2hOGTT  and  HbA1c)  were  statistically  different
among  subgroups.  BMI  was  lower  in  patients  diagnosed  only
by  OGTT  than  in  the  other  subgroups  (p  <  0.05  vs.  diagnosed
only  by  fasting  glucose  and  p  <  0.01  vs.  those  diagnosed  only
by  HbA1c or  more  than  one  criteria).  There  were  no  dif-
ferences  in  the  prevalence  of  obesity  between  subgroups.
Triglyceride  levels  were  significantly  lower  in  patients  diag-
nosed  only  after  an  OGTT  or  by  HbA1c  compared  with  those
diagnosed  by  at  least  two  criteria  (p  ≤  0.01).  Basal  glucose
levels  were  higher  in  those  diagnosed  only  by  fasting  glucose
and  in  those  who  had  at  least  two  criteria  (p  <  0.001  in  all
cases).  The  highest  2hOGTT  concentrations  were  found  in
the  group  with  at  least  two  criteria  (p  <  0.001).  This  param-
eter  was  also  higher  in  the  group  diagnosed  only  by  this
criterion  compared  with  those  diagnosed  only  by  fasting
glucose  or  by  HbA1c  (p  <  0.001).  The  highest  HbA1c  concen-
tration  was  that  of  the  group  with  at  least  two  criteria
(p  <  0.001).  There  were  no  differences  between  subgroups
in  the  prevalence  of  hypertension,  cholesterol,  HDL  choles-
terol  or  microalbuminuria.

HbA1c,  FPG  and  2hOGTT  correlations

For  the  calculation  of  correlations  and  associations,  patients
who  did  not  undergo  a  2hOGTT  (102  individuals,  3.58%)  were
excluded,  leaving  a  total  of  2746  patients  for  this  analysis.
Fitting  a  linear  regression  model  yielded  R2 values  of  0.46  for
the  association  between  FPG  and  HbA1c,  and  0.33  for  that
between  2hOGTT  and  HbA1c (both  significant  at  p  <  0.01).
Table  3  shows  the  Spearman  correlations  for  HbA1c,  FPG  and
2hOGTT.  In  the  total  population,  the  correlations  between

HbA1c and  FPG  were  higher  than  those  between  HbA1c and
2hOGTT  (0.344  and  0.270,  respectively).  The  correlation
between  FPG  and  2hOGTT  levels  was  0.445,  i.e.,  slightly
higher  than  those  between  HbA1c and  FPG.
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emoglobin;  ROC:  receiver  operating  characteristic  curve;  Se:
ensitivity;  Sp:  specificity.

iagnostic  capacity  of  HbA1c

ig.  1  depicts  the  ROC  curve  of  HbA1c as  a  tool  for  screen-
ng  and  diagnosis  of  diabetes.  The  AUC  was  0.839  (95%  CI
.788---0.890).  Table  4  shows  the  diagnostic  properties  of
ifferent  HbA1c cut-off  values.  As  the  cut-off  level  rose,  Sp
ncreased  and  Se  decreased.  The  cut-off  point  at  which  Se
nd  Sp  were  approximately  equal  (0.771  and  0.717,  respec-
ively)  was  5.9%  (95%  CI  5.9---6.0),  a  value  close  to  one
tandard  deviation  above  mean  HbA1c in  healthy  subjects.
f  the  individuals  with  HbA1c ≥5.9%,  only  9%  had  glucose

evels  the  were  diagnostic  of  diabetes.  The  optimal  HbA1c

alue  which  simultaneously  maximized  Se  and  Sp  (0.729  and
.824,  respectively)  and  which  corresponded  to  the  point
n  the  ROC  curve  closest  to  the  point  (0,1)  was  6%  (95%  CI
.9---6.0).  Only  13%  of  patients  with  HbA1c ≥6%  had  glucose
ndicative  of  diabetes;  33%  of  pre-diabetic  individuals  had
bA1c ≥6%;  and  only  54%  of  subjects  with  UKDM  had  HbA1c

alues  ≥6%.
The  cut-off  point  that  maximized  the  sum  of  Se  (66.7%)

nd  Sp  (90.4%)  was  6.1%  (95%  CI  6.0---6.2).  Among  the  indi-
iduals  with  HbA1c ≥6.1%,  20%  had  glucose  concentrations
ndicative  of  diabetes.  This  cut-off  point  would  detect  69.4%
f  all  subjects  with  UKDM.  A  total  of  29%  of  participants  at
igh  risk  of  suffering  diabetes  (those  with  IFG  or  IGT)  had
bA1c ≥6.1%.

The  HbA1c value  at  which  Sp  was  greater  than  95%  and  Se

as  at  its  highest  possible  level,  was  6.3%  (95%  CI  6.2---6.3).
his  yielded  a  Se  of  55.2%  and  a  Sp  of  96.8%.  In  this  case,  39%
f  patients  had  glucose  concentrations  that  were  diagnostic
f  diabetes.
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Table  1  Distribution  of  sample  subjects  according  to  the  number  of  diagnostic  criteria  given.

2010  criteria  2002  criteria

n  %  n  %

NGM  1004  35.3%  NGM  2033  71.4%

Prediabetics 1600  56.2%  Prediabetics  594  20.9%
Only IFG  112  3.9%  IFG  367  12.9%
Only IGT  47  1.7%  IGT  113  4%
Only HbA1c ≥5.7  and  ≤6.4  1025  36%  IFG  and  IGT  114  4%
IFG, IGT  and  HbA1c 84 2.9%
IFG and  2hOGTT  (normal  HbA1c)  19 0.7%
IFG and  HbA1c (normal  2hOGTT)  249 8.7%
IGT and  HbA1c (normal  FPG)  64 2.2%

NKDM 119  4.2%  NKDM  96  3.4%
Only elevated  FPG  17  0.6%  20  0.7%
Only elevated  2hOGTT 34  1.2%  46  1.6%
Only elevated  HbA1c 23 0.8%
Elevated  FPG  and  2hOGTT  but  not  HbA1c 4 0.1%  Elevated  FPG  and  2hOGTT  25  0.9%
Elevated FPG  and  HbA1c but  not  2hOGTT  3 0.1%
Elevated  2hOGTT  and  HbA1c but  not  FPG  12 0.4%
Elevated  FPG,  2hOGTT  and  HbA1c 21 0.7%

KDM 125  4.4%  KDM  125  4.4%
Total 2848  Total  2848

HbA1c: glycated hemoglobin; NGM: normal glucose metabolism; IFG: impaired fasting glucose; IGT: impaired glucose tolerance; FPG:
oral g
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fasting plasma glucose; 2hOGTT: plasma glucose value at 2 h in 

unknown diabetics.

The  cut-off  point  that  minimized  the  percentage  of  incor-
ect  classifications  was  6.7%  (95%  CI  6.5---7.0;  Se  0.312;  Sp
.998;  83%  of  subjects  with  glucose  concentrations  that
ere  diagnostic  of  diabetes).  This  cut-off  value  coincides
xactly  with  that  corresponding  to  4  standard  deviations
bove  mean  HbA1c in  normal  subjects.  Of  all  subjects  having
bA1c ≥6.5%  and  ≥7%,  64%  and  92%  had  glucose  concen-
rations  diagnostic  of  diabetes,  respectively.  Of  the  total
tudy  population,  however,  only  2%  had  HbA1c concentra-
ions  >6.5%,  and  0.8%  had  HbA1c concentrations  >7%.  In
he  present  study,  the  cut-off  value  of  6.5%  coincided  with
pproximately  three  deviations  above  the  mean  HbA1c of
ormal  individuals  (without  diabetes  and  with  a  low  risk  of
iabetes).

To  compare  the  diagnostic  properties  of  HbA1c against
hose  of  FPG,  the  ROC  curve  was  also  calculated  for  FPG
see  Fig.  1),  using  the  criteria  proposed  in  2002.  The  AUC
or  FPG  was  0.938  (95%  CI  0.908---0.968),  which  was  higher
han  that  of  HbA1c.

iscussion

n  this  adult  Galician  population,  we  found  a  prevalence  of
iabetes  of  7.8%  using  the  ADA  2002  criteria  (57%  knew  their
ondition  but  43%  had  unknown  diabetes)  and  a  prevalence
f  8.6%  (51.2%  KDM  and  48.8%  NKDM)  according  to  the  ADA

010  criteria.  This  prevalence  is  clearly  lower  than  that  of
3.8%  described  recently  for  the  whole  of  Spain.15 There
re  slight  methodological  differences  between  studies  and
e  do  not  believe  that  they  are  responsible  for  this

h

t
w

lucose tolerance test; KDM: previously known diabetics; NKDM:

ifference.  In  the  present  study,  there  were  almost  no
esignations  for  the  performance  of  the  OGTT  while  these
ccurred  in  a  significant  proportion  of  the  study  of  Soriguer
t  al.  In  fact,  probably  the  study  in  all  Spain  would  have  had
ore  cases  of  diabetes  if  they  had  performed  OGTT  to  the

ntire  study  population  and  in  this  case  the  difference  with
ur  sample  would  have  been  even  greater.  The  only  reason
e  find  for  explaining  differences  in  both  prevalences  is  the

ime  elapsed  between  the  studies.  Distribution  of  known
nd  unknown  diabetes  is  the  same  in  the  Galician  and  Spain
tudies  which  could  be  due  to  the  use  of  the  same  screening
ethods  for  detecting  diabetes.
We  had  20.9%  of  subjects  classified  as  having  prediabetes

ith  the  ADA  2002  criteria  (12.9%  only  with  IFG,  4%  only  with
GT  and  4%  with  both  IFG  and  IGT).  Theses  figures  are  differ-
nt  from  those  of  the  Di@bet.es  Study  (14.9%  prediabetes:
.4%  IFG,  9.2%  IGT,  2.2%  combined  IFG-IGT).  It  is  surprising
hat  having  almost  twice  the  prevalence  of  diabetes  in  the
ost  recent  study  however  the  prevalence  of  prediabetes  is

ower  and  also  has  a  different  distribution  of  the  types  of
bnormalities  of  glucose  metabolism.

On  the  basis  of  a  HbA1c  5.7---6.4%  criterion,  1025  individ-
als  had  prediabetes.  These  were  a  total  of  1600  with  this
ondition  if  we  also  included  IFG  and  IGT.  It  is  difficult  to
ccept  that  more  than  half  of  the  population  has  a  metabolic
isorder;  thus,  we  believe  that  the  HbA1c in  our  population
hould  not  be  used  as  a  criterion  for  classifying  a  person  as

aving  prediabetes.

The  correlations  between  HbA1c and  glucose  concentra-
ions  are  low  in  comparison  with  those  obtained  in  patients
ith  known  diabetes,  and  a  weak  linear  relationship  is
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Table  2  Baseline  characteristics  of  subjects  according  to  the  way  to  diagnose  diabetes.

Total  population Total  UKDM BG 2h  OGTT HbA1c More  than  1  criteria KDM

n  (%) 2848 119 (4.18)  17 (14.29)  34 (28.57)  23 (19.33)  45 (37.82)  125 (4.39)
Male sex  (%) 1321 (46.38)  73 (61.34)  14 (82.35)  23 (67.65)  11 (47.83)  25 (55.56)  65  (52)
Age (years) 41.43  ±  15.01  56.68  ±  14.99  49.74  ±  11.91  55.45  ±  16.67  61.90  ±  11.20  57.57  ±  15.65  56.52  ±  15.45
Hypertension (%) 420 (14.78)  46 (38.66)  4 (23.53)  10 (29.41)  13 (56.52)  19 (42.22)  65  (52)

BMI (kg/m2)  26.78  ±  4.93  29.72  ±  5.43  30.02  ±  4.83† 27.62  ±  4.96*,‡,§ 30.73  ±  4.87† 30.67  ±  5.94† 29.58  ±  5.11†

Obesity  (%) 486 (17.06)  41 (34.45)  7 (41.18)  7 (20.59)  12 (52.17)  15 (33.33)  53 (42.40)
Total cholesterol

(mg/dl)
195.68  ±  39.55  204.76  ±  40.27  205.76  ±  38.49  196.65  ±  45.22  201.22  ±  33.85  212.31  ±  39.84  199.22  ±  39.01

HDL cholesterol
(mg/dl)

61.20  ±  16.78  54.53  ±  16.41  54.71  ±  25.75  58.18  ±  16.88  55.70  ±  13.77  51.11  ±  12.22  54.17  ±  15.74

Triglycerides
(mg/dl)

80 (56---118)  113  (78.50---172.50)  111  (76.00---212.00)  96  (69.25---127.25)§ 93  (75.50---171.50)§ 159  (96.00---227.00)†,‡ 100  (66---157)§

Microalbuminuria  2.5  (1.5---4.3)  3.35  (1.88---8.93)  2.8  (2.00---3.70)  3.2  (1.90---6.90)  3.6  (1.80---8.50)  4.4  (1.88---18.23)  4.20  (2.30---10.03)

FPG (mg/dl)  94.51  ±  21.54  131.19  ±  45.26  132.65  ±  5.69†,‡ 105.71  ±  11.30*,§ 106.70  ±  11.90*,§ 162.42  ±  59.17†,‡ 143.85  ±  50.00†,‡

2-h  postload
glucose  (mg/dl)

101.40  ±  41.47  221.11  ±  90.48  152.00  ±  28.10†,§ 228.32  ±  26.40*,‡,§ 144.57  ±  29.39†,§ 288.35  ±  110.01*,†,‡ 112.00  ±  51.37*,†,‡,§

HBA1c (%)  5.79  ±  0.60  6.72  ±  1.38  5.99  ±  0.28‡,§ 5.88  ±  0.32‡,§ 6.64  ±  0.20*,†,§ 7.67  ±  1.82*,†,‡ 7.10  ±  1.41*,†,§
Values are mean ± SD, or percentage or medians (25th---75th percentils). BMI: body mass index; HDL: high density lipoprotein; FPG: fasting plasma glucose; KDM: previously known
diabetes; UKDM: unknown diabetes; BG: diabetes diagnosed only by basal glucose criterion; 2h OGTT: diabetes diagnosed only by 2h OGTT criterion; HbA1c: diabetes diagnosed only by
HbA1c (glycated hemoglobin) criterion. Percentage of UKDM and KDM is from total sample. Other percentages are expressed from UKDM.

* Significantly different from diabetic subjects detected only by basal glucose
† Significantly different from diabetic subjects detected only by 2hOGTT.
‡ Significantly different from diabetic subjects detected only by HbA1c.
§ Significantly different from diabetic subjects detected by at least two criteria.
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Table  3  Spearman  correlations  between  glycated  hemoglobin,  fasting  plasma  glucose  and  glycemia  at  2  h  of  oral  glucose
tolerance test  in  the  total  population  and  in  each  subgroup.

Total  population  Pre-diabetic

NGM  IFG  +  IGT  UKDM  KDM

HbA1c vs.  FPG  0.34* 0.23* 0.19* 0.59* 0.65*

HbA1c vs.  2hOGTT  0.27* 0.14* 0.15* 0.45* 0.60*

FPG  vs.  2hOGTT 0.44* 0.28* −0.21* 0.17* 0.84*

HbA1c: glycated hemoglobin; FPG: fasting plasma glucose; 2hOGTT: glycemia at 2 h of oral glucose tolerance test; NGM: normal glycemia;
IFG: impaired fasting glucose; IGT: impaired glucose tolerance; UKDM: unknown diabetes; KDM: known diabetes.
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* Statistically significant values with a 5% significance level (p < 

bserved  between  the  them.  These  low  correlations  may
ndicate  that  HbA1c and  glucose  reflect  different  metabolic
onditions,  essentially  in  the  range  of  glucose  tolerance
alues  indicative  of  non-diabetic  subjects.  Furthermore,
he  degree  of  glycosylation  is  known  to  vary  among
ndividuals,16 an  aspect  that  cannot  be  analyzed  by  this
tudy,  as  glycemia  was  not  monitored  throughout  the  day.
his  might  also  indicate  that  these  low  HbA1c-glucose
orrelations  obtained  could  be  due  to  variability  of  FPG  and
hOGTT  in  individuals.17 A  wide  range  of  average  glucose
evels  for  individuals  with  the  same  HbA1c  levels  has  been
escribed,  and  this  range  is  wider  at  the  lowest  HbA1c  levels
md  decreases  with  increasing  HbA1c  concentrations.18

he  correlation  values  observed  in  the  current  study  were
omparable  to  those  reported  by  similar  previous  studies.19

he  correlations  between  HbA1c and  glucose  were  higher  in
atients  with  known  versus  unknown  diabetes.  One  expla-
ation  for  this  may  lie  in  the  degree  of  glycemic  control,
articularly  among  patients  who  are  already  receiving
ppropriate  treatment  with  insulin  or  oral  antidiabetics.
ne  study20 reported  that,  for  any  given  HbA level,  the
1c

lycemic  levels  of  patients  in  different  treatment  groups
ere  not  the  same.  The  correlations  observed  by  us  among
atients  with  known  diabetes  were  similar  to  those  reported

w
a
t

Table  4  Sensitivity,  specificity,  positive  predictive  value,  and  ne
glycated hemoglobin  cut-off  points.  Brackets  include  95%  bootstra

Criterion  HbA1c %  Total  population
(without  KDM)
n =  2723  

Se  ≈  Sp  5.9  (5.9---6.0)  28.72  

Maximizing  Se  and  Sp
simultaneously

6.0  (5.9---6.0)  18.68  

Point under  ROC  closest  to
point  (0,1)

6.0  (6.0---6.1)  18.68  

Youden Index  (maximizing
Se  +  Sp)

6.1  (6.0---6.2)  11.10  

Sp >  0.95  and  maximizing  Se  6.3  (6.2---6.3)  4.81  

Recommended  for  diagnosis
of diabetes

6.5  2.25  

Maximizing  %  correct
classifications

6.7  (6.5---7.0)  1.26  

Se: sensitivity; Sp: specificity; PPV: positive predictive value; NPV: nega
operating characteristic curve; KDM: previously known diabetics.
.

y Nathan  et  al.,18 who  carried  out  glycemic  monitoring
n  subjects  with  known  diabetes,  and  Van’t  Riet  et  al.,19

ho  also  obtained  higher  correlations  among  patients  with
nown  than  among  those  with  unknown  diabetes.

Correlations  depend  on  differences  in  the  ranges  of  the
ariables  studied,  and  tend  to  be  lower  in  subgroups  with
arrower  ranges.  In  our  study,  however,  the  correlations
etween  glucose  and  HbA1c were  higher  in  subjects  with
iabetes  than  in  the  total  population,  but  the  ranges  of  the
bA1c and  glucose  values  were  nevertheless  wider  in  the
otal  population.  It  must  therefore  be  concluded  that  dif-
erences  in  the  ranges  of  the  variables  do  not  constitute
he  only  explanation  for  differences  found  in  the  correla-
ions  between  the  total  population  and  the  subgroups  with
iabetes.

In this  study  sample,  FPG  displayed  a  greater  AUC  than
id  HbA1c, indicating  that  the  diagnostic  capacity  of  FPG
s  greater  than  that  of  HbA1c.  This  could  be  related  to  the
act  that  glucose  is  used  as  the  reference  method  to  estab-
ish  the  criteria  for  diagnosing  the  disease.  This  result  also
grees  with  those  of  a  Dutch  study19 and  other  studies  which

ere  also  population-based  and  concluded  that  HbA1c had  no
dditional  diagnostic  value  compared  with  FPG  used  in  isola-
ion,  except  in  groups  with  a  high  risk  of  suffering  diabetes.21

gative  predictive  value  for  diabetes  mellitus  using  different
p  confidence  intervals  for  the  cutoff  points.

%  Total
population

% High  risk  Se  Sp  PPV  NPV

n  =  2848  n  =  594

32.37  46.80  0.771  0.717  0.090  0.988
22.19  33.33  0.729  0.824  0.132  0.988

22.19  33.33  0.729  0.824  0.132  0.988

14.40  22.56  0.667  0.904  0.203  0.987

7.79  9.93  0.552  0.968  0.387  0.983
4.81  3.20  0.427  0.991  0.641  0.979

3.48  1.01  0.312  0.998  0.833  0.975

tive predictive value; HbA1c: glycated hemoglobin; ROC: receiver
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Relationship  between  glycated  hemoglobin  and  glucose  conc

In  these  groups  HbA1c may  help  to  optimize  the  use  of
OGTT.22

The  HbA1c value  of  6%  which  simultaneously  maximized
Se  and  Sp  in  the  current  sample  coincides  exactly  with  the
recently  proposed  cut-off  point  for  screening  individuals
with  a  high  risk  of  suffering  diabetes.  This  would  identify
40%  of  patients  with  intermediate  glucose  levels.  The  cut-off
point  that  maximized  Se  and  Sp  was  6.1%.

An  HbA1c value  ≥7%  yielded  an  Sp  of  close  on  100%
(99.9%),  and  91%  of  subjects  had  glucose  indicative  of  dia-
betes.  A  slightly  higher  cut-off  point  would  have  to  be  set  in
order  to  be  able  to  dispense  with  any  additional  test  for  diag-
nosis  of  diabetes.  The  principal  limitation  of  these  diagnostic
criteria  is  their  low  Se  in  return  for  a  high  Sp,  something  that
is  in  line  with  the  results  of  other  studies.19,23 Accordingly,  an
OGTT  would  have  to  be  performed  to  confirm  the  diagnosis
in  most  cases.

Based  on  HbA1c-glucose  correlation  values  for  the  total
population,  the  Se  and  Sp  attained,  and  greater  AUC  for
glucose,  the  use  of  HbA1c instead  of  glucose  values  in  the
adult  Galician  population  would  not  be  advisable.  Indeed,
the  advantages  of  using  HbA1c instead  of  the  OGTT  for
the  screening  and  diagnosis  of  diabetes  mellitus  are  lim-
ited,  and  in  most  patients  measurement  of  glucose  will  still
be  necessary  to  verify  the  diagnosis.  Even  so,  despite  its
limitations,  HbA1c may  be  superior  to  OGTT  in  terms  of  cost-
effectiveness  and  practical  utility  in  the  clinical  setting.
HbA1c is  less  time-consuming  than  OGTT,  can  be  measured
at  any  time  of  day  regardless  of  fasting,  and  can  be  ana-
lyzed  with  a  small  amount  of  the  sample.24 Furthermore,
HbA1c is  a  more  complete  measure  of  total  glycemic  expo-
sure,  inasmuch  as  it  is  indicative  of  glucose,  not  only  in  a
fasting  and  but  also  in  a  postprandial  state.  The  high  cor-
relation  between  HbA1c and  the  presence  of  microvascular
diabetic  complications,25---28 and  its  association  with  cardio-
vascular  diseases,  even  in  the  nondiabetic  glucose-tolerance
range  of  values29 might  indicate  its  usefulness  as  a  diagnos-
tic  method  among  patients  with  a  longer-term  risk  than  that
predicted  by  glucose.

The  establishment  of  optimal  cut-off  points  for  HbA1c in
clinical  practice  calls  for  more  in-depth  research.  There  may
even  be  different  characteristics/covariates  that  influence
the  HbA1c discriminatory  capacity  as  a  diagnostic  marker  of
diabetes  mellitus,  and  different  optimal  cut-off  points  would
therefore  have  to  be  defined  in  accordance  with  the  values
of  such  covariates.

Our  study  could  be  completed  after  5---10  years  with  a
new  cross-section  on  the  same  population  and  detect  the
patients  that  not  having  diabetes,  but  with  levels  of  HbA1c

between  5  and  6.5%,  develop  diabetes  after  these  years.  As
shown  in  the  study  published  by  Cheng  et  al.,30 HbA1c levels
≥5  increase  the  risk  of  diabetes  after  4  years  monitoring.
Also  another  study31 proved  that  HbA1c is  a  strong  predictor
of  diabetes  when  it  is  within  the  limits  5  and  6.5%,and  HbA1c
has  also  been  shown  as  a  good  predictor  of  future  diabetes
in  Spain.32

In  conclusion,  the  use  of  glycated  hemoglobin  as  a  cri-
terion  for  diagnosing  diabetes  mellitus  does  not  identify

exactly  the  same  subjects  than  the  glucose  criteria  and
we  must  have  this  in  mind  when  we  make  this  diagno-
sis.  We  believe  that  the  maximum  utility  could  be  its  use
for  initial  screening  but  always  confirming  the  existence  of

1
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iabetes  using  plasma  glucose  concentration.  More  studies
re  needed  to  establish  in  the  long  term  the  most  useful
riteria  for  identifying  individuals  with  increased  risk  of  mor-
idity  and  mortality.

unding

.  López-Ratón  and  C.  Cadarso-Suárez  gratefully  acknowl-
dge  the  financial  support  of  the  Spanish  Ministry  of  Science

 Innovation  (grants  MTM2008-0163,  MTM2010-09213-E  and
TM2011-28285-C02-00).

onflicts of interest

he  authors  have  no  conflicts  of  interest  to  declare.

eferences

1. Wild S, Roglic G, Green A, Sicree R, King H. Global prevalence of
diabetes: estimates for the year 2000 and projections for 2030.
Diabetes Care. 2004;27:1047---53.

2. Sacks DB. A1C versus glucose testing: a comparison. Diabetes
Care. 2011;34:518---23.

3. Nathan DM, Singer DE, Hurxthal K, Goodson JD. The clini-
cal information value of the glycosylated hemoglobin assay.
N Engl J Med. 1984;310:341---6.

4. The American Diabetes Association Clinical Practice Recom-
mendations. Diagnosis and classification of diabetes mellitus.
Diabetes Care. 2011;34 Suppl. 1:S62---9.

5. Pérez-Fernández R, Mariño AF, Cadarso-Suárez C, Botana MA,
Tomé MA, Solache I, et al. Prevalence, awareness, treatment
and control of hypertension in Galicia (Spain) and association
with related diseases. J Hum Hypertens. 2007;21:366---73.

6. Tomé MA, Botana MA, Cadarso-Suárez C, Rego-Iraeta A,
Fernández-Mariño A, Mato JA, et al. Prevalence of metabolic
syndrome in Galicia (NW Spain) on four alternative definitions
and association with insulin resistance. J Endocrinol Invest.
2009;32:505---11.

7. World Health Organization. Physical status: the use and inter-
pretation of anthropometry. Report of a WHO Expert Committee
1995. Technical Report Series 854. Geneva, Switzerland: World
Health Organization.

8. Report of the Expert Committee on the Diagnosis and Classifi-
cation of Diabetes Mellitus. Diabetes Care. 2002;25 Suppl. 1:
S5---20.

9. DeLong ER, DeLong DM, Clarke-Pearson DL. Comparing the
areas under two or more correlated receiver operating char-
acteristic curves: a nonparametric approach. Biometrics.
1998;44:837---45.

0. Hosmer DW, Lemeshow S. Applied logistic regression. 2nd ed.
Chichester, New York: Wiley; 2000.

1. Riddle DL, Stratford PW. Interpreting validity indexes for diag-
nostic tests: an illustration using the Berg Balance Test. Phys
Ther. 1999;79:939---50.

2. Metz CE. Basic principles of ROC analysis. Semin Nucl Med.
1978;8:283---98.

3. Youden WJ. Index for rating diagnostic tests. Cancer.
1950;3:32---5.

4. Feinstein SH. The accuracy of diver sound localization by point-
ing. Undersea Biomed Res. 1975;2:173---84.
5. Soriguer F, Goday A, Bosch-Comas A, Bordiú E, Calle-Pascual A,
Carmena R, et al. Prevalence of diabetes mellitus and impaired
glucose regulation in Spain: the Dibetes Study. Diabetologia.
2012;55:88---93.



5

1

1

1

1

2

2

2

2

2

2

2

2

2

2

3

3

04  

6. Modan M, Meytes D, Rozeman P, Yosef SB, Sehayek E, Yosef B,
et al. Significance of high HbA1 levels in normal glucose toler-
ance. Diabetes Care. 1988;11:422---8.

7. Selvin E, Crainiceanu CM, Brancati FL, Coresh J. Short-term
variability in measures of glycemia and implications for the
classification of diabetes. Arch Intern Med. 2007;167:1545---51.

8. Nathan DM, Kuenen J, Borg R, Zheng H, Schoenfeld D,
Heine RJ. Translating the A1c assay into estimated average glu-
cose values. Diabetes Care. 2008;31:1473---8.

9. Van’t Riet E, Alssema M, Rijkelijkhuizen JM, Kostense PJ,
Nijpels G, Dekker JM. Relationship between A1C and glucose
levels in the general Dutch population: the New Hoorn Study.
Diabetes Care. 2010;33:61---6.

0. Kilpatrick ES, Rigby AS, Atkin SL. Variability in the relation-
ship between mean plasma glucose and HbA1c: implications
for the assessment of glycemic control. Clin Chem. 2007;53:
897---901.

1. Perry RC, Shankar RR, Fineberg N, McGill J, Baron AD. HbA1c
measurement improves the detection of type 2 diabetes in high-
risk individuals with non diagnostic levels of fasting plasma
glucose: the Early Diabetes Intervention Program (EDIP). Dia-
betes Care. 2001;24:465---71.

2. de la Hera JM, Vegas JM, Hernández E, Lozano I,
García-Ruiz JM, Fernández-Cimadevilla OC, et al. Perfor-
mance of glycated hemoglobin and a risk model for detection
of unknown diabetes in coronary patients. Rev Esp Cardiol.
2011;64:759---65.
3. Rohlfing CL, Little RR, Wiedmeyer HM, England JD, Madsen R,
Harris MI, et al. Use of GHb (HbA1c) in screening for undi-
agnosed diabetes in the U.S. population. Diabetes Care.
2000;23:187---91.

3

M.A.  Botana  López  et  al.

4. Voss EM, Cembrowski GS, Clasen BL, Spencer ML, Ainslie MB,
Haig B. Evaluation of capillary collection system for HbA1c spec-
imens. Diabetes Care. 1992;15:700---1.

5. McCance DR, Hanson RL, Charles MA, Jacobsson LTH, Petitt DJ,
Bennett PH, et al. Comparison of tests for glycated hemoglobin
and fasting and two hour plasma glucose concentrations as diag-
nostic methods for diabetes. Br Med J. 1994;308:1323---8.

6. American Diabetes Association. Report of the Expert Committee
on the diagnosis and classification of diabetes mellitus. Diabetes
Care. 1997;20:1183---97.

7. Diabetes Control Complications Trial Research Group. The
effect of intensive treatment of diabetes on the develop-
ment and progression of long-term complications in insulin-
dependent diabetes mellitus. N Engl J Med. 1993;329:977---86.

8. U.K. Prospective Diabetes Study Group. Intensive blood-glucose
control with sulphonyl ureas or insulin compared with conven-
tional treatment and risk of complications in patients with type
2 diabetes (UKPDS 33). Lancet. 1998;352:837---53.

9. Khaw KT, Wareham N, Bingham S, Luben R, Welch A, Day N.
Association of hemoglobin A1c with cardiovascular disease and
mortality in adults: the European prospective investigation into
cancer in Norfolk. Ann Intern Med. 2004;141:413---20.

0. Cheng P, Neugaard B, Foulis P, Conlin PR. Hemoglobin A1c as a
predictor of incident diabetes. Diabetes Care. 2011;34:610---5.

1. Bonora E, Kiechl S, Mayr A, Zoppini G, Targher G, Bonadonna RC,
et al. High-normal HbA1c is a strong predictor of type 2 diabetes
in the general population. Diabetes Care. 2011;34:1038---40.
2. Valdés S, Botas P, Delgado E, Alvarez F, Díaz-Cadórniga F.
HbA(1c) in the prediction of type 2 diabetes compared with fast-
ing and 2-h post-challenge plasma glucose: the Asturias study
(1998---2005). Diabetes Metab. 2011;37:27---32.


	Relationship between glycated hemoglobin and glucose concentrations in the adult Galician population: selection of optimal...
	Introduction
	Methods
	Statistical analysis
	Results
	Study population characteristics
	HbA1c, FPG and 2hOGTT correlations
	Diagnostic capacity of HbA1c

	Discussion
	Funding
	Conflicts of interest
	References


