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Abstract
Purpose:  This  study  was  undertaken  to  find  correlations  between  visual  functions  and  visual
disabilities  in  patients  with  diabetic  retinopathy.
Method:  A  cross-sectional  study  was  carried  out  among  38  visually  impaired  diabetic  retinopa-
thy subjects  at  the  Low  Vision  Clinic  of  B.P.  Koirala  Lions  Centre  for  Ophthalmic  Studies,
Kathmandu.  The  subjects  underwent  assessment  of  distance  and  near  visual  acuity,  objective
and subjective  refraction,  contrast  sensitivity,  color  vision,  and  central  and  peripheral  visual
fields. The  visual  disabilities  of  each  subject  in  their  daily  lives  were  evaluated  using  a  standard
questionnaire.  Multiple  regression  analysis  between  visual  functions  and  visual  disabilities  index
was assessed.
Result:  The  majority  of  subjects  (42.1%)  were  of  the  age  group  60---70  years.  Best  corrected
visual acuity  was  found  to  be  0.73  ±  0.2  in  the  better  eye  and  0.93  ±  0.27  in  the  worse  eye,
which was  significantly  different  at  p  =  0.002.  Visual  disability  scores  were  significantly  higher  for
legibility  of  letters  (1.2  ±  0.3)  and  sentences  (1.4  ±  0.4),  and  least  for  clothing  (0.7  ±  0.3).  Visual
disability  index  for  legibility  of  letters  and  sentences  was  significantly  correlated  with  near
visual acuity  and  peripheral  visual  field.  Contrast  sensitivity  was  also  significantly  correlated
with the  visual  disability  index,  and  total  scores.
Conclusion:  Impairment  of  near  visual  acuity,  contrast  sensitivity,  and  peripheral  visual  field

correlated  significantly  with  different  types  of  visual  disability.  Hence,  these  clinical  tests  should
be an  integral  part  of  the  visual  assessment  of  diabetic  eyes.
© 2013  Spanish  General  Council  of  Optometry.  Published  by  Elsevier  España,  S.L.  All  rights
reserved.
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PALABRAS  CLAVE
Disfunciones  visuales;
Funciones  visuales;
Retinopatía  diabética

Funcionalidades  visuales  y  discapacidad  visual  en  pacientes  con  retinopatía  diabética

Resumen
Objetivo:  Este  estudio  se  llevó  a  cabo  para  hallar  las  correlaciones  existentes  entre  las  fun-
cionalidades  visuales  y  el  nivel  de  discapacidad  visual  en  pacientes  con  retinopatía  diabética.
Método: Se  realizó  un  estudio  transversal  en  38  pacientes  con  retinopatía  diabética  y  disfunción
visual en  la  Clínica  de  Baja  Visión  del  B.P.  Koirala  Lions  Centre  para  estudios  oftalmológicos
de Katmandú.  Los  pacientes  fueron  sometidos  a  estudios  de  agudeza  visual  cercana  y  lejana,
refracción  objetiva  y  subjetiva,  sensibilidad  de  contraste,  visión  de  color  y  campos  visuales
central y  periférico.  Se  evaluó  el  nivel  de  discapacidad  visual  de  cada  paciente  en  su  vida
diaria mediante  un  cuestionario  estandarizado.  Se  realizó  un  análisis  de  regresión  múltiple
para determinar  la  relación  existente  entre  las  funcionalidades  visuales  analizadas  y  el  nivel  de
discapacidad  visual.
Resultado:  La  mayoría  de  los  pacientes  (42,1%)  pertenecían  al  grupo  de  edad  de  60---70
años. Se  halló  que  la  agudeza  visual  mejor  corregida  se  situaba  en  0,73  ±  0,2  en  el  mejor
ojo, y  en  0,93  ±  0,27  en  el  peor  ojo,  existiendo  una  diferencia  estadísticamente  signi-
ficativa, p  =  0,002.  Los  índices  de  discapacidad  visual  fueron  considerablemente  superiores
para la  legibilidad  de  letras  (1,2  ±  0,3)  y  frases  (1,4  ±  0,4),  y  los  mínimos  para  la  ropa
(0,7 ±  0,3).  El  índice  de  discapacidad  visual  para  la  legibilidad  de  letras  y  frases  presentaba
una correlación  significativa  con  la  agudeza  visual  cercana  y  el  campo  visual  periférico.
También la  sensibilidad  de  contraste  mostró  una  correlación  considerable  con  el  índice  de
discapacidad  visual  y  las  puntuaciones  totales.
Conclusión:  Las  deficiencias  de  la  agudeza  visual  cercana,  la  sensibilidad  de  contraste  y  el
campo visual  periférico  se  correlacionaron  significativamente  con  los  diferentes  tipos  de  dis-
capacidad  visual.  Por  tanto,  estas  pruebas  clínicas  deberían  constituir  una  parte  integral  de  la
evaluación visual  de  los  ojos  de  los  pacientes  diabéticos.
© 2013  Spanish  General  Council  of  Optometry.  Publicado  por  Elsevier  España,  S.L.  Todos  los
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ntroduction

isual  impairments  secondary  to  diabetic  retinopathy  rep-
esent  a  major  public  health  problem.1,2 Legal  blindness
ccounts  for  83%  of  visual  impairment  among  persons  with
outh-onset  diabetes,  and  33%  among  persons  with  older
ge  onset  diabetes.1 Diabetes  alone  can  increase  the  risk
f  blindness  25  times.2 Diabetic  retinopathy  occurs  in
pproximately  7---29%  of  patients  attending  general  medi-
al  practices.3---7 Approximately  two-thirds  of  diabetics  have
n  increased  possibility  of  visual  impairment  after  35  years
f  suffering  the  condition,  and  are  25  times  more  likely  to
o  blind,  compared  with  other  health  conditions.1

Low-vision  patients  perceive  marked  impairment  of  func-
ional  status,  daily  living  activities,  and  quality  of  life.8---11

 person  with  low  vision  due  to  diabetic  retinopathy  often
xperiences  difficulties  with  activities  such  as  identifying
aces,  reading  bus  numbers  from  a  distance,  reading  small
nd  low  contrast  print,  writing  in  a  straight  line,  intoler-
nce  to  light,  and  difficulty  in  moving  outdoors  after  dusk,
hopping,  cooking  and  locating  food,  seeing  the  time  on  a
atch,  or  differentiating  coins  and  bank  notes  of  similar
imensions.12

Visually  impaired  diabetics  have  specific  needs  to  be
ddressed.  They  need  to  be  able  to  see  well  enough  to  fill
nsulin  syringes,  read  the  labels  of  oral  medications,  and  to

ee  their  blood  sugar  level  indicators.  They  may  also  have
europathies  affecting  their  feet.  Hence,  utilizing  remaining
ision  to  its  fullest  potential  becomes  paramount  in  such
ases.12,13

f

t
t

Recent  studies  reported  various  grades  of  dia-
etic  retinopathy  in  21---47%  of  diabetic  patients  in
athmandu.14---17 Visual  impairment  among  diabetics  was
eported  at  15.2---15.6%  and  legal  blindness  at  1.5---2.3%.16,17

owever,  visual  function  parameters  which  have  an  impact
n  visual  disabilities  have  not  been  extensively  studied
n  Nepal.  The  present  study  was  carried  out  to  find  the
elationships  between  impairments  of  visual  functions  and
isual  disabilities,  and  to  determine  the  function  param-
ters  which  have  greater  impact  on  causing  disabilities
mong  Nepalese  people  with  diabetic  retinopathy.

ethod

ubjects  and  sample  size

 hospital-based  cross  sectional  study  was  carried  out  among
9  subjects  referred  to  the  Low  Vision  Clinic  (LVC)  from  the
etina  Clinic  at  B.P.  Koirala  Lions  Centre  for  Ophthalmic
tudies  (BPKLCOS)  in  the  period  January  to  June  2010.  Sub-
ects  having  diabetic  retinopathy  and  visual  acuity  equal
o  or  less  than  6/18  were  enrolled  in  the  study.  Subjects
aving  any  other  associated  ocular  pathology  which  was  not
ttributable  to  diabetes,  with  currently  uncontrolled  blood
ugar,  or  being  treated  with  pan-retinal  photocoagulation

or  less  than  6  weeks,  were  excluded  from  the  study.

Informed  consent  was  obtained  from  all  subjects  and
heir  attendants  after  explaining  to  them  the  purpose  of
he  study.  The  subjects  were  requested  to  bring  to  the  clinic
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their  present  optical  correction,  and  the  most  recent  blood
sugar  report  to  ensure  control  and  stability  of  their  blood
sugar  level.  Only  38  subjects  (64%)  fitted  the  inclusion  crite-
ria  to  be  assessed  for  the  low  vision  service.

Clinical  examination

Clinical  examination  included  the  following  procedures:

(a)  Presenting,  and  best-corrected  distance  visual  acuities,
were  assessed  using  a  Log  MAR  chart  that  was  designed
to  be  used  at  10  feet  under  normal  room  illumina-
tion.  It  was  an  illiterate  E  chart  having  a  consistent
number  of  five  letters  in  each  row.  There  was  a
geometric  progression  of  0.1  log  units  in  each  line.
If  the  subject  was  unable  to  read  the  top  line  at  10  feet,
the  chart  was  brought  nearer  (8  feet,  6  feet,  4  feet,
2  feet  or  1  foot)  until  they  were  able  to  identify  those
letters.

b)  Objective  and  subjective  refraction  was  undertaken
to  achieve  the  best  distance  acuity.  To  determine
the  refractive  error  the  power  was  estimated
by  the  bracketing  technique  in  which  plus  and
minus  lenses  of  equal  powers  was  compared.
To  determine  the  interval  of  lenses  to  be  com-
pared,  a  concept  of  just  noticeable  difference
(JND)  was  adopted.  To  calculate  JND,  the  denom-
inator  of  the  acuity  at  10  feet  was  divided  by
100.

(c)  Near  vision  was  assessed  with  a  continuous  reading
chart  while  wearing  best  refractive  correction,  and  near
addition  in  presbyopic  subjects.  The  meter  system  was
adapted  to  record  near  visual  acuity.  Accurate  measure-
ment  of  reading  distance  from  the  spectacle  plane  was
also  recorded.

d)  Contrast  sensitivity  was  assessed  monocularly  as  well
as  binocularly  using  the  Pelli---Robson  chart  at  one
meter  distance,  with  best  distance  refractive  cor-
rection  and  near  addition  of  +0.75  D  in  presbyopic
subjects.

(e)  Color  vision  was  assessed  monocularly  using  the
Farnsworth  dichotomous  D-15  test  with  best  refractive
correction,  and  near  addition  if  necessary.

(f)  Central  visual  field  was  tested  monocularly  at  33  cm  dis-
tance,  with  an  Amsler  grid  chart  with  best  refractive
correction,  and  near  addition  in  presbyopic  subjects.
With  the  Amsler  chart,  a  white  grid  on  a  black  back-
ground  was  used.  The  grid  represents  a  10  cm  ×10  cm
square  containing  400  single  squares  equally  distanced.
If  any  scotoma,  blurred  lines,  patchy  defects,  or  meta-
morphopsia  were  detected  the  test  was  considered
positive.

(g)  Peripheral  visual  field  was  assessed  monocularly  with
the  Bernell  handheld  disc  perimeter  under  normal  room
illumination.  The  Bernell  disc  perimeter  comes  with  a
9  in.  long  wand  and  1---2---3---4  mm  targets.  The  radius  of
the  perimetric  arc  was  13  in.,  and  the  arc  was  2  in.  high.
A  white  test  object  of  3  mm  size  was  used  to  test  the

field  at  a  distance  of  1/3  m.  This  instrument  has  been
found  to  have  high  reliability  and  repeatability  when
compared  to  the  Humphrey  Field  Analyzer  II  (Syah,  2007,
as  cited  in  Haliza,  2010).18
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uestionnaire

o  evaluate  the  visual  disabilities  of  each  subject  in  daily
ife,  a  set  of  34  questions  in  7  sections  was  used  (Appendix  1).
he  reproducibility  and  validity  of  the  data  obtained  by  the
uestionnaire  had  been  established  by  an  investigation  in
laucoma  and  retinitis  pigmentosa  patients.19,20 The  seven
ategories  included  questions  about  the  legibility  of  let-
ers,  the  legibility  of  sentences,  walking,  going  out,  having

 meal,  choosing  clothing/dressing,  etc.  Multiple  questions
n  visual  disabilities  were  present  in  each  category.

The  questionnaire  was  translated  to  Nepali  and  back  to
nglish  to  check  the  consistency  in  meaning.  Few  modifica-
ions  were  done  to  suit  the  environment  and  culture  of  our
tudy  population,  e.g.  ‘‘Can  you  read  a fare  table  for  trains
nd  subways?’’  was  removed  as  it  would  not  be  applicable
n  Nepal.  ‘‘When  you  write  sentences  in  vertical  lines,  does
t  lean  in  either  direction?’’  was  replaced  with  ‘‘When  you
rite  sentences  between  two  horizontal  lines,  does  it  tilt

n  direction?’’  ‘‘Do  you  feel  some  difficulty  in  using  chop-
ticks?’’  was  replaced  with  ‘‘Do  you  feel  some  difficulty  in
sing  a  knife,  fork,  or  spoon?’’

Each  patient  was  also  asked  to  write  about  visual  dis-
bility  in  daily  life,  with  respect  to  factors  that  were  not
overed  in  the  questionnaire.  Difficulty  in  taking  insulin  and
oing  a  blood  sugar  evaluation  were  reported.  They  were  all
ncluded  in  the  questionnaire.

Each  question  had  three  types  of  response  choices,  which
ere  scored  as:  greatly  disabled  (2  points),  slightly  disabled

1  point),  and  not  disabled  (0  point).  The  visual  disability
core  was  calculated  as  the  mean  score  within  each  category
nd  the  sum  was  calculated  for  each  subject.

tatistical  analysis

ll  data  were  evaluated  using  the  statistical  package  for
ocial  sciences  (SPSS  17.0.).  Presenting,  and  best  corrected
isual  acuity,  contrast  sensitivity,  peripheral  visual  field,  and
efractive  error  differences  between  the  better  and  worse
yes,  were  analysed  using  parametric  paired  sample  t-test.
olor  vision  and  central  visual  field  tests  were  analysed  using
ilcoxon  sign  rank  test.  Multiple  regression  analysis  was

lso  used  to  assess  the  correlation  between  each  depen-
ent  variable  (legibility  of  letters,  legibility  of  sentences,
alking,  going  out,  having  a  meal,  dressing,  etc.),  and  inde-
endent  variables  (visual  functions  ---  visual  acuity,  color
ision,  contrast  sensitivity,  central  and  peripheral  visual
eld).  Confidence  interval  was  considered  at  95%  level.
-Value  was  considered  significant  for  less  than  0.05.

esult

istribution  and  characteristics  of  the  sample

he  main  characteristics  of  the  sample  in  the  study  are
iven  in  Table  1. Most  of  subjects  (42.1%)  who  were  in  the

ge  group  of  60---70  years  attended  to  the  low  vision  clinic.
ale/female  ratio  was  2.4:1.  Severe  non-proliferative  dia-
etic  retinopathy  was  present  in  38.2%  of  subjects.  Fifty
ercent  of  subjects  had  diabetes  for  10---20  years.
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Table  1  General  characteristics  of  the  sample.

Age  distribution
≤50  years  7.9%
50---60 years  26.3%
60---70 years  42.1%
≥70 years 23.7%

Male:female  2.4:1

Stages of  retinopathy
Severe  NPDR  9.2%
Very severe  NPDR  38.2%
PDR 52.6%

Duration
≤10 years  15.8%
10---20 years  50%
20---30 years  28.9%
≥30 years  5.3%

Type of  diabetes
IDDM  2.6%
NIDDM 97.4%

NPDR, non-proliferative diabetic retinopathy; PDR, proliferative
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NIDDM, non-insulin dependent diabetic mellitus.

ssessment  of  visual  functions  and  visual  disability

esults  of  visual  function  analysis  are  given  in  Table  2.  Except
olor  vision  (p  =  0.5),  all  the  components  of  visual  functions
ere  significantly  different  between  the  better  eye  (BE)  and
orse  eye  (WE).  Color  vision  could  not  be  assessed  in  7.9%

ubjects  due  to  poor  visual  acuity.  Color  vision  was  found
o  be  normal  in  13.2%  of  the  BE  group  and  23.7%  of  the  WE
roup.  CVD  did  not  show  any  specific  line  of  defect  in  26.3%
n  the  BE,  and  21%  in  the  WE.

Fifteen  subjects  (39.5%)  presented  with  spectacles  dur-
ng  the  assessment.  One  person  had  one  aphakic  eye  (+9.00)

nd  the  other  eye  +2.00  hyperopia.  Eight  subjects  (21%)
ere  bilaterally  pseudophakic  and  24  subjects  (63.1%)  were
onocular  pseudophakic.  Central  vision  defects  comprised

Table  2  Assessment  of  visual  functions.

Visual  functions  Better  eye  Worse  eye  p*

Presenting  VA** 0.85  ±  0.21  1.0  ±  0.25  0.00
Best corrected  VA** 0.73  ±  0.2† 0.93  ±  0.27† 0.002
Near VA** 2.7  ±  1.5  3.6  ±  1.9  0.001
Contrast  sensitivity** 1.28  ±  0.28  1.11  ±  0.4  0.002
Refractive  error** 0.50  ±  2.2  0.3  ±  1.4  0.69
Color vision# 52.6%  (Tritan)  47.4%  (Tritan)  0.49
CVF defect# 34.2%  57.9%  0.005
PVF defect** 44.6  ±  10.7◦ 40.9  ±  11.2◦ 0.01

VA = visual acuity; CVF = central visual field; PVF = peripheral
visual field.

* Based on comparison between better eye and worse eye.
** Significant at the level of 0.05 by paired t-test.
# Significant at the level of 0.05 by Wilcoxon sign rank test.
† Significantly improved from presenting VA at the level of

0.05.
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Disability index

Figure  1  Visual  disability  index  with  standard  deviation.

f  metamorphopsia  and  patchy  central  scotoma.  Peripheral
isual  field  could  not  be  assessed  in  7.9%  subjects  who  could
nly  see  hand  movements.

Results  of  the  assessments  of  visual  disabilities  are  pre-
ented  in  Fig.  1. The  most  common  disabilities  reported
ere  legibility  of  sentences  (1.4  ±  0.4),  and  legibility  of  let-

ers  (1.2  ±  0.3).  The  least  common  visual  disability  reported
as  clothing/dressing  (0.7  ±  0.3).  Reading  letters  in  a
ictionary  (1.6),  and  reading/writing  sentences  (1.6)  on
‘legibility  of  sentences’’,  were  the  most  disabling  condi-
ions  for  the  subjects.

ultiple  regression  analysis  between  visual
isability  and  visual  functions  in  the  BE

able  3  contains  the  standard  regression  coefficients  and
djusted  R2 value  of  multiple  regression  analysis.  Visual  dis-
bility  index  (VDI)  for  ‘‘Legibility  of  letters’’  and  ‘‘Legibility
f  sentences’’  was  correlated  with  near  visual  acuity  and
eripheral  visual  field.  Visual  disability  index  for  ‘‘Walking’’
as  correlated  with  contrast  sensitivity  (−0.57,  p  =  0.01).
isual  disability  index  for  ‘‘Going  out’’  was  correlated  with
ontrast  sensitivity  (−0.56,  p  ≤  0.05)  and  peripheral  visual
eld  (−0.31,  p ≤  0.05).  Visual  disability  index  for  ‘‘having
eals  and  dressing’’  was  not  significantly  correlated  with

isual  functions.  The  sum  of  the  visual  disability  score  was
orrelated  with  near  visual  acuity  (0.33,  p  ≤  0.05)  and  con-
rast  sensitivity  (−0.38,  p  ≤  0.05).

iscussion

he  present  study  showed  the  relationship  between  impair-
ent  of  visual  functions  and  visual  disability  in  people  with
iabetic  retinopathy.

Reduced  visual  acuity  in  diabetics  can  be  attributed  to
roliferative  retinopathy,  macular  edema,  cataract,  corneal
aze,  grid  photocoagulation  for  diabetic  macular  edema  and
ariation  in  refraction  caused  by  fluctuating  blood  sugar

evel.1,13,21 Though  corrected  visual  acuity  (Table  2)  was  sig-
ificantly  improved  in  both  the  BE  (p  <  0.05)  and  the  WE
p  <  0.05)  compared  to  the  presenting  acuity,  the  degree  of
mprovement  was  not  sufficient  for  most  of  subjects.  This
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Table  3  Standard  regression  coefficient  and  adjusted  R2 value  in  multiple  regression  analysis.

Independent  variables  (regression  coefficients)  Disability  index  (DI)-dependent  variables

Letters  Sentences  Walking  Going  out  Meal  Clothing  Others  Total

Presenting  VABE  0.00  −0.04  −0.03  0.09  0.14  0.19  −0.03  0.05
Corrected VABE  0.26  0.38  0.29  0.07  0.19  0.23  0.33  0.27
Near VABE  0.54** 0.54** −0.15  0.08  0.25  0.24  0.19  0.33*

CSBE  −0.23  −0.12  −0.57** −0.56** −0.27  −0.08  −0.32* −0.38*

REBE  −0.24  −0.14  −0.05  0.02  0.00  −0.21  0.23  −0.07
CVBE 0.10 0.12 −0.05 −0.10  0.00  0.13  −0.18  0.02
CVFBE 0.19 0.16 −0.04 −0.08 −0.04 −0.15 0.04  0.05
PVFBE 0.26* 0.27* −0.20 −0.31* −0.23 −0.20 −0.32* −0.06
Adjusted R2 0.70  0.67  0.57  0.56  0.44  0.31  0.57  0.69

VABE = visual acuity in better eye; CSBE = contrast sensitivity in better eye; CVBE = color vision better eye; CVFBE = central visual field
better eye; PVFBE = peripheral visual field in better eye; REBE = refractive error in better eye.

* Less than 0.05.
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** Less than 0.01.

finding  was  well  supported  by  the  correlation  between  visual
acuity  and  disability  index  (Table  3).  In  our  study,  difficulty
in  recognizing  faces  was  the  most  common  visual  complaint
in  all  cases  (100%).

Our  study  showed  that  refractive  error  correction  could
improve  useful  vision  significantly  (Table  2),  but  could  not
eliminate  the  impairment.  Telescopic  visual  acuity  was  also
assessed  in  the  BE  in  78.9%  of  subjects.  Although  there  was
a  significant  improvement  of  visual  acuity,  the  functional
implication  of  the  telescopes  has  not  been  highlighted  in
this  report.

Reduced  vision  in  diabetics  can  affect  not  only  their  daily
living  activities,  but  importantly  also,  in  managing  diabetic
medications,  diet  and  health  issues,  and  psychological  well-
being.1 The  blood  glucose  level  is  determined  by  visually
comparing  the  color  of  the  test-strip  to  a  color  chart  or  by
inserting  the  strip  into  a  reflectance  meter  (Cooke,  2001).13

For  these  purposes,  diabetic  patients  require  reasonably
good  near  vision  as  well  as  intact  color  vision.

In  our  study,  each  subject  was  also  asked  to  record  visual
disabilities  in  their  daily  life  that  were  not  covered  in  the
questionnaire.  Only  six  subjects  (16%)  reported  difficulty  in
taking  insulin  and  doing  a  blood  sugar  evaluation.  Near  vision
in  the  BE  was  2.7  ±  1.5  M  (range  1---10  M).  Near  vision  was
almost  2.5  times  poorer  than  standard  text  sizes  (1  M).  Visual
disability  was  most  significantly  correlated  with  near  vision
(Table  3)  in  the  study.

Mantyjarvi22 reported  acquired  color  vision  defects  with
the  Farnsworth-Munsell  100-hue  test  in  50%  of  subjects,  with
80%  of  them  having  defects  in  the  blue/yellow  axis.  Tri-
tan  color  vision  defects  were  present  in  52.6%  of  the  BE
and  in  47.4%  of  the  WE  in  our  study.  However,  correla-
tion  between  color  vision  and  visual  disability  could  not  be
established.  Presumably  color  vision  tests  became  difficult
in  some  elderly  and  visually  impaired  people,  and  produced
erroneous  reports.  The  color  caps  which  were  used  for  these
tests  were  designed  for  use  in  a  regular  eye-clinic.
Even  with  the  intact  and  good  visual  acuity,  many
elderly  people  may  get  visually  impaired  in  low  and
changing  light  levels,  face  recognition,  reading,  glare
and  low  contrast.23,24 Contrast  sensitivity  (CS)  is  often

s
e
t

educed  in  patients  with  diabetic  retinopathy.25---27 Contrast
ensitivity  are  usually  decreased  at  intermediate  and  low
patial  frequencies.28 Macular  edema,  early  development  of
ataract,  and  laser  photocoagulation  treatment  have  effects
n  contrast  sensitivity.13,21 In  our  study,  decreased  con-
rast  sensitivity  was  the  second  most  significantly  correlated
isual  dysfunction.

The  central  visual  field  is  important  in  understanding  the
atient’s  near  vision  status  and  helps  the  practitioner  dur-
ng  making  a decision  for  magnification.  In  the  Kooyong  LVC
tudy,  30.6%  (N  =  43)  of  eyes  had  visual  field  defects.13 Cen-
ral  visual  defects  in  the  form  of  metamorphopsia  and  patchy
cotoma  were  present  in  the  BE  of  34.2%  of  subjects,  and
n  the  WE  of  47.4%  of  subjects  in  our  study.  Central  visual
eld  defects  were  not  significantly  correlated  with  the  visual
isability  index.

The  Amsler  grid  did  not  enable  the  practitioner  to  deter-
ine  the  size  and  configuration  of  the  scotoma.  Central

isual  fields  were  tested  on  the  Amsler  grid  to  screen  for  the
resence  of  defects,  but  intensity  or  severity  of  the  defect
ould  not  be  measured  with  this  chart.  The  Amsler  grid  was
ot  useful  in  cases  of  visual  field  defects  that  extended
eyond  10◦,  and  in  which  a  central  scotoma  size  was  of  more
han  5◦ of  radius.29 Subjects  might  fixate  eccentrically  to
iew  more  of  the  grid.

Peripheral  field  results  are  essential  to  ensure  appro-
riate  orientation  and  mobility  training  of  patients.13

eripheral  visual  field  was  found  restricted  in  both  the
E  (44.6  ±  10.7)  and  the  WE  (40.9  ±  11.2).  In  our  study,
ost  of  subjects  had  their  retinopathy  recorded  as  severe
PDR  or  PDR  (Table  1)  and  was  treated  by  pan-retinal
hotocoagulation  in  86.8%  of  cases.  This  might  be  the  rea-
on  for  a  higher  percent  of  field  restriction  compared  to
ther  studies  (Constable,  1990;  as  cited  in  Cooke  2001).13

eripheral  visual  field  restrictions  (Table  3)  were  the
hird  significant  visual  function  correlated  with  disability
ndex.
The  study  had  many  limitations.  The  sample  was  very
mall  and  there  was  a  lack  of  control  group  to  evaluate  the
ffectiveness  of  the  intervention.  The  questionnaires  were
ranslated  through  face  validity  technique  only.  No  pilot
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tudy  was  conducted  before  assigning  the  questionnaires  to
he  subjects.

onclusion

he  answers  to  the  questionnaires  revealed  information
bout  the  level  of  disability  and  the  effects  on  the  life-style
f  the  subjects.  Impairments  in  near  visual  acuity,  contrast
ensitivity  and  peripheral  visual  field  correlated  with  differ-

nt  types  of  visual  disabilities.  Hence,  these  clinical  tests
hould  be  carefully  considered  as  an  integral  part  of  the
isual  assessment  in  diabetic  subjects.

c

A
a

ategory  of  visual  disability  

egibility  of  letters
Can  you  see  the  headline  in  the  news  paper?  

Can you  read  small  print  in  a  news  paper?  

Can you  read  letters  in  a  dictionary?  

Can you  see  numbers  in  telephone  directory?  

egibility of  sentences
Do you  feel  difficulty  in  reading  and  writing?  

When you  read,  can  you  find  the  next  line  easily?  

Can you  read  movie  subtitles?  

When you  write  sentences  between  two  lines  in  horizontal  lines,  d
tilt to  either  direction?

alking
Do you  feel  difficulty  in  walking  because  of  your  visual  problem?  

Can you  take  a  walk  by  yourself?  

Do you  misjudge  traffic  signals?  

Do you  bump  into  people  or  objects  while  walking?  

Do you  stumble  on  the  stairs?  

Do you  fail  to  notice  changes  in  ground  level?  

Do you  fail  to  recognize  your  friends  unless  they  talk  to  you?  

Do you  fail  to  see  people  or  cars  approaching  you  from  the  side?  

oing out
Do  you  feel  difficulty  in  going  out  because  of  your  visual  problem?
Do you  need  somebody  to  accompany  you  to  go  to  a  new  place?  

Can you  get  cab  by  yourself?  

Do you  have  difficulty  in  traveling  by  bus/car?  

Do you  feel  uneasy  to  go  out  at  night  because  of  your  visual  probl

aving meal
Do  you  feel  difficulty  in  dining  because  of  your  visual  problem?  

Can you  have  meal  by  yourself?  

Do you  drop  food  while  eating  food  because  of  your  visual  problem
Do you  spill  tea/water  while  pouring  into  a  cup/glass?  

Do you  feel  difficulty  in  using  spoon  or  fork?

lothing/dressing
Do you  have  difficulty  in  dressing  because  of  your  visual  problem?
Can you  change  clothes  by  yourself?  

Do you  sometimes  put  underwear  on  inside  out?  

Do you  ever  button  up  clothing  in  the  wrong  order?  

Can you  see  your  face  clearly  in  the  mirror?  

thers
Do you  recognize  peoples  face  on  TV?  

Do you  find  difficulty  finding  objects  dropped  on  the  floor?  

Do you  have  difficulty  dialing  the  telephone  unless  you  look  very  c
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ppendix 1. Questionnaire on visual disability
long  with average scores

Average  score

Yes/with  difficulty/no  0.3
Yes/with  difficulty/no  1.2
Yes/with  difficulty/no  1.6
Yes/with  difficulty/no  1.2

No/occasionally/frequently  1.6
Yes/with  difficulty/no  1.4
Yes/with  difficulty/no  1.3

oes  it Yes/with  difficulty/no  1.4

No/occasionally/frequently  0.8
Yes/with  difficulty/no  1.2
No/occasionally/frequently  0.8
No/occasionally/frequently  0.8
No/occasionally/frequently  1.0
No/occasionally/frequently  1.2
No/occasionally/frequently  1.0
No/occasionally/frequently  1.2

 No/occasionally/frequently  1.0
No/preferably/yes  0.5
Yes/with  difficulty/no  1.0
No/occasionally/frequently  1.3

em?  No/occasionally/frequently

No/occasionally/frequently  0.4
Yes/with  difficulty/no  0.4

?  No/occasionally/frequently  0.8
No/occasionally/frequently  1.2
No/occasionally/frequently  0.7

 No/occasionally/frequently  0.4
Yes/with  difficulty/no  0.7
No/occasionally/frequently  1.0
No/occasionally/frequently  1.1
Yes/with  difficulty/no  0.8
Yes/with  difficulty/no  1.3
No/occasionally/frequently  1.4

losely?  No/occasionally/frequently  0.6



ts  
Visual  functions  and  disability  in  diabetic  retinopathy  patien

References

1. Klein R, Klein BE, Moss SE. Visual impairment in diabetes. Oph-
thalmology. 1984;91:1---9.

2. Alexander LJ. Primary care of the posterior segment. Con-
necticut: Appleton and Lange; 1989. p. 193.

3. Mitchell P, Moffitt P. Update and implications from the New-
castle diabetic retinopathy study. Aust NZ J Ophthalmol.
1990;18:13---17.

4. Mitchell P, Smith W, Wang JJ, Attebo K. Prevalence of diabetic
retinopathy in an older community: the Blue Mountains Eye
study. Ophthalmology. 1998;105:406---411.

5. Klein R, Klein BE, Moss SE, Linton KL. The Beaver Dam
Study. Retinopathy in adults with newly discovered and pre-
viously diagnosed diabetes mellitus. Ophthalmology.  1992;99:
58---62.

6. Hirvela H, Laatikainen L. Diabetic retinopathy in people aged
70 years or older. The Oulu Eye Study. Br J Ophthalmol.
1997;81:214---217.

7. McKay R, McCarty CA, Taylor H. Diabetic retinopathy in Victo-
ria, Australia: the Visual Impairment Project. Br J Ophthalmol.
2000;84:865---870.

8. Scott IU, Smiddy WE, Schiffman J, Feuer WJ, Pappas CJ. Qual-
ity of life of low vision patients and the impact of low vision
services. Am J Ophthalmol. 1999;128:54---62.

9. Lamoureux EL, Hassell JB, Keeffe JE. Impact of diabetic
retinopathy on participation in daily living. Arch Ophthalmol.
2004;122:84---88.

10. Broman AT, Munoz B, Rodriguez J, et al. The impact of visual
impairment and eye disease on vision-related quality. Invest
Ophthalmol Vis Sci.  2002;43:3393---3398.

11. Stelmack J. Quality of life of low vision patients and outcomes
of low vision rehabilitation. Optom Vis Sci.  2001;78:335---342.

12. Khan SA. Low vision rehabilitation and diabetic retinopathy.
Saudi J Ophthalmol. 2007;21:161---165.

13. Cooke JB, Cochrane AI. A practical guide to low vision
management of patient with diabetes. Clin Exp Optom.

2001;84:155---161.

14. Rizyal A. Ocular manifestations in diabetes mellitus: an expe-
rience at Nepal Medical College Teaching Hospital. Nepal Med
Coll J. 2004;6:136---138.
43

15. Shrestha MK, Paudyal G, Wagle RR, Gurung R, Ruit S, Onta SR.
Prevalence of and factors associated with diabetic retinopathy
among diabetics in Nepal: a hospital based study. Nepal Med
Coll J. 2007;9:225---229.

16. Shrestha S, Malla OK, Karki DB, Byanju RN. Retinopathy in dia-
betic population. Kathmandu Univ Med J. 2007;5:204---209.

17. Shrestha RK. Ocular manifestations in diabetes, a hospital
based prospective study. Nepal Med Coll J. 2011;13:254---256.

18. Haliza AM, Syan MMS, Norliza MF. Prevalence of visual status of
new Malaysian drivers. Malaysia Family Phys. 2010;5:95---98.

19. Sumi I, Oda E, Shirato S. Visual disability, stage of invalidity,
visual acuity and visual field in glaucoma patients. Atarashii
Ganka (J Eye). 1995;12:943---947.

20. Sumi I, Matsumoto S, Okakima O, Shirato K. The relationship
between visual disability and visual scores in patients with
retinitis pigmentosa. Jpn J Ophthlamol. 2000;44:82---87.

21. Bron AJ, Brown NA, Harding JJ, Ganea E. The lens and cataract
in diabetes. Int Ophthalmol Clin. 1998;38:37---67.

22. Mantyjarvi M. Colour vision and dark adaptation in dia-
betic patients after photocoagulation. Acta Ophthalmol.
1987;67:113---118.

23. Brabyn J, Schneck M, Haegerstrom-Portnoy G, Lott L. The
Smith-Kettlewell Institute (SKI) longitudinal study of vision
function and its impact among the elderly: an overview. Optom
Vis Sci.  2001;78:264---269.

24. Haegerstrom-Portnoy G, Glenn A. Fry Award Lecture 2003:
vision in elders --- summary of findings of the SKI study. Optom
Vis Sci.  2005;82:87---93.

25. Ghafour IM, Foulds WS, Allan D. Contrast sensitivity in dia-
betic subjects with and without retinopathy. Br J Ophthalmol.
1982;66:492---495.

26. Turco PD, Connolly J, McCabe P, Glynn RJ. Assessment of func-
tional vision performance: a new test for low vision patients.
Ophthal Epidemiol. 1994;1:15---25.

27. Stavrou EP, Wood JM. Letter contrast sensitivity changes in
early diabetic retinopathy. Clin Exp Optom.  2003;86:152---156.

28. Hyvärinen L, Laurinen P, Rovamo J. Contrast sensitivity in eval-

uation of visual impairment due to diabetes. Acta Ophthalmol
(Copenh). 1983;61:94---101.

29. Brilliant RL. The low vision examination. Essentials of low
vision practice. Boston: Butterworth-Heinemann; 1999. p. 42.

http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0005
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0005
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0005
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0005
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0005
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0005
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0005
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0005
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0005
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0005
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0005
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0005
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0005
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0005
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0005
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0005
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0005
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0005
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0005
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0010
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0010
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0010
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0010
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0010
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0010
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0010
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0010
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0010
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0010
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0010
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0010
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0010
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0010
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0010
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0010
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0010
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0015
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0015
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0015
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0015
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0015
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0015
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0015
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0015
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0015
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0015
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0015
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0015
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0015
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0015
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0015
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0015
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0015
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0015
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0015
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0015
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0015
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0015
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0015
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0015
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0015
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0015
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0015
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0020
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0020
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0020
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0020
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0020
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0020
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0020
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0020
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0020
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0020
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0020
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0020
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0020
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0020
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0020
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0020
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0020
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0020
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0020
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0020
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0020
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0020
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0020
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0020
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0020
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0020
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0020
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0020
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0020
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0020
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0020
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0020
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0020
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0025
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0025
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0025
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0025
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0025
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0025
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0025
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0025
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0025
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0025
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0025
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0025
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0025
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0025
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0025
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0025
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0025
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0025
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0025
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0025
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0025
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0025
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0025
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0025
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0025
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0025
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0025
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0025
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0025
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0025
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0025
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0025
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0025
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0025
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0030
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0030
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0030
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0030
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0030
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0030
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0030
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0030
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0030
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0030
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0030
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0030
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0030
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0030
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0030
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0030
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0030
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0030
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0030
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0030
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0030
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0030
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0030
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0030
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0030
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0030
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0030
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0030
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0035
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0035
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0035
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0035
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0035
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0035
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0035
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0035
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0035
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0035
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0035
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0035
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0035
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0035
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0035
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0035
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0035
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0035
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0035
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0035
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0035
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0035
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0035
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0035
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0035
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0035
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0035
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0035
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0035
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0040
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0040
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0040
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0040
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0040
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0040
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0040
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0040
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0040
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0040
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0040
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0040
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0040
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0040
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0040
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0040
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0040
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0040
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0040
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0040
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0040
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0040
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0040
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0040
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0040
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0040
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0040
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0040
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0040
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0040
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0040
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0040
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0040
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0040
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0040
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0045
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0045
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0045
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0045
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0045
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0045
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0045
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0045
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0045
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0045
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0045
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0045
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0045
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0045
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0045
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0045
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0045
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0045
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0045
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0045
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0045
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0045
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0045
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0045
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0050
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0050
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0050
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0050
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0050
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0050
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0050
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0050
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0050
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0050
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0050
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0050
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0050
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0050
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0050
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0050
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0050
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0050
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0050
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0050
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0050
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0050
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0050
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0050
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0050
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0050
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0050
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0050
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0050
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0050
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0050
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0050
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0050
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0050
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0055
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0055
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0055
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0055
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0055
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0055
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0055
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0055
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0055
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0055
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0055
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0055
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0055
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0055
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0055
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0055
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0055
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0055
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0055
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0055
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0055
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0055
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0055
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0055
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0055
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0060
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0060
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0060
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0060
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0060
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0060
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0060
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0060
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0060
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0060
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0060
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0060
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0060
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0060
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0060
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0060
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0060
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0060
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0065
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0065
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0065
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0065
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0065
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0065
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0065
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0065
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0065
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0065
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0065
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0065
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0065
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0065
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0065
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0065
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0065
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0065
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0065
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0065
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0065
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0065
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0065
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0065
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0070
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0070
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0070
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0070
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0070
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0070
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0070
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0070
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0070
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0070
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0070
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0070
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0070
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0070
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0070
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0070
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0070
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0070
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0070
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0070
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0070
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0070
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0070
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0070
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0070
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0070
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0070
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0075
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0075
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0075
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0075
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0075
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0075
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0075
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0075
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0075
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0075
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0075
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0075
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0075
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0075
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0075
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0075
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0075
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0075
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0075
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0075
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0075
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0075
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0075
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0075
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0075
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0075
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0075
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0075
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0075
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0075
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0075
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0075
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0075
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0075
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0075
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0075
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0075
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0075
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0075
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0075
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0075
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0075
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0075
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0080
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0080
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0080
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0080
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0080
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0080
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0080
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0080
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0080
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0080
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0080
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0080
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0080
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0080
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0080
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0080
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0080
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0080
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0080
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0080
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0080
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0080
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0080
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0080
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0085
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0085
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0085
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0085
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0085
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0085
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0085
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0085
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0085
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0085
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0085
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0085
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0085
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0085
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0085
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0085
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0085
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0085
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0085
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0085
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0085
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0085
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0090
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0090
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0090
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0090
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0090
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0090
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0090
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0090
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0090
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0090
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0090
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0090
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0090
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0090
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0090
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0090
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0090
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0090
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0090
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0090
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0090
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0090
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0090
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0090
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0090
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0095
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0095
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0095
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0095
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0095
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0095
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0095
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0095
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0095
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0095
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0095
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0095
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0095
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0095
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0095
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0095
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0095
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0095
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0095
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0095
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0095
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0095
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0095
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0095
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0095
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0095
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0095
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0095
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0095
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0095
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0095
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0095
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0100
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0100
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0100
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0100
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0100
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0100
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0100
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0100
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0100
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0100
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0100
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0100
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0100
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0100
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0100
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0100
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0100
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0100
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0100
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0100
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0100
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0100
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0100
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0100
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0100
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0100
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0100
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0100
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0100
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0100
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0105
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0105
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0105
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0105
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0105
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0105
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0105
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0105
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0105
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0105
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0105
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0105
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0105
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0105
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0105
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0105
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0105
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0105
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0105
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0105
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0105
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0105
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0105
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0110
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0110
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0110
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0110
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0110
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0110
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0110
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0110
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0110
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0110
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0110
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0110
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0110
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0110
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0110
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0110
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0110
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0110
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0110
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0110
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0110
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0115
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0115
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0115
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0115
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0115
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0115
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0115
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0115
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0115
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0115
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0115
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0115
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0115
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0115
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0115
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0115
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0115
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0115
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0115
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0115
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0115
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0115
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0115
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0115
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0115
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0115
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0115
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0115
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0115
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0115
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0115
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0115
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0115
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0115
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0115
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0115
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0115
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0115
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0120
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0120
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0120
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0120
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0120
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0120
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0120
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0120
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0120
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0120
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0120
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0120
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0120
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0120
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0120
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0120
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0120
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0120
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0120
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0120
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0120
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0120
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0120
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0120
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0120
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0120
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0120
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0120
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0120
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0120
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0120
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0120
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0120
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0120
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0125
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0125
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0125
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0125
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0125
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0125
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0125
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0125
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0125
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0125
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0125
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0125
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0125
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0125
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0125
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0125
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0125
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0125
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0125
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0125
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0125
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0125
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0125
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0125
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0125
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0125
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0130
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0130
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0130
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0130
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0130
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0130
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0130
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0130
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0130
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0130
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0130
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0130
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0130
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0130
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0130
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0130
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0130
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0130
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0130
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0130
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0130
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0130
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0130
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0130
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0130
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0130
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0130
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0130
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0130
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0130
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0130
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0135
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0135
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0135
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0135
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0135
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0135
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0135
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0135
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0135
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0135
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0135
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0135
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0135
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0135
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0135
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0135
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0135
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0135
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0135
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0135
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0135
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0135
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0135
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0135
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0140
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0140
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0140
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0140
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0140
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0140
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0140
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0140
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0140
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0140
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0140
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0140
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0140
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0140
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0140
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0140
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0140
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0140
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0140
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0140
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0140
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0140
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0140
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0140
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0140
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0140
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0140
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0140
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0145
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0145
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0145
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0145
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0145
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0145
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0145
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0145
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0145
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0145
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0145
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0145
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0145
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0145
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0145
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0145
http://refhub.elsevier.com/S1888-4296(13)00023-X/sbref0145

	Visual functions and disability in diabetic retinopathy patients
	Introduction
	Method
	Subjects and sample size
	Clinical examination
	Questionnaire
	Statistical analysis

	Result
	Distribution and characteristics of the sample
	Assessment of visual functions and visual disability
	Multiple regression analysis between visual disability and visual functions in the BE

	Discussion
	Conclusion
	Conflicts of interest
	Acknowledgement
	Appendix 1 Questionnaire on visual disability along with average scores
	References


