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IGHLIGHTS
• RAS  is  a  chronic,  idiopathic,  ulcerative  oral  mucosal  disease.
• SII  is  a  new  and  inexpensive  biomarker  that  can  easily  be  calculated  using  the  platelet,  neutrophil,  and  lymphocyte  count.
• SII  may  be  a  valuable  marker  to  demonstrate  the  role  of  systemic  inflammation  in  RAS  etiopathogenesis.
• Vascular,  thrombotic,  and  inflammatory  processes  are  thought  to  have  a  role  in  RAS  activation.
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Abstract
Objectives:  Recurrent  Aphthous  Stomatitis  (RAS)  a  chronic  idiopathic  oral  mucosal  disease.  But
yet the  etiology  and  pathogenesis  of  RAS  are  not  exactly  known,  it  is  thought  that  inflammation
play an  important  role  in  the  pathogenesis.  The  aim  of  this  study  is  to  demonstrate  the  role
of systemic  inflammation  among  the  possible  etiological  factors  of  RAS  and  to  find  the  possible
diagnostic  correlation  between  Systemic  Immune  Inflammation  Index  (SII).
Methods:  Patients  who  were  consulted  the  otolaryngology  outpatient  clinic  and  diagnosed  with
RAS between  2019---2021  were  retrospectively  analyzed.  Neutrophil/Lymphocyte  Ratio  (NLR),
Platelet/Lymphocyte  Ratio  (PLR)  and  SII  values  were  calculated  based  on  the  results  of  complete
blood count.  Demographic  and  hematological  parameters  between  control  and  RAS  groups  were
compared.  The  statistical  significance  level  was  considered  as  <0.05.
Results:  There  was  no  statistically  significant  difference  between  the  control  and  RAS  groups
in terms  of  sex  and  age  distributions  (p  =  0.566  and  p  =  0.173,  respectively).  SII,  NLR  and  PLR
gher  in  the  RAS  group  compared  to  the  controls  (p  <  0.001,  p  <  0.001
.  A  very  strong  correlation  between  SII  and  NLR,  moderately  strong

 PLR  and  moderate  correlation  between  NLR  and  PLR  values  were
.813,  0.719,  0.532;  p-values  <0.001).
values were  significantly  hi
and p  =  0.001,  respectively)
correlation  between  SII  and
detected (respectively  �:  0
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Conclusion:  SII,  NLR  and  PLR  has  significantly  higher  levels  in  the  RAS  group  compared  to  the
control group,  that  it  supports  the  role  of  systemic  inflammation  in  the  etiopathogenesis  of
RAS. In  addition,  the  results  show  that  SII  is  a  valuable  marker  for  inflammation.
Level of  evidence:  4.
© 2022  Associação  Brasileira  de  Otorrinolaringologia  e  Cirurgia  Cérvico-Facial.  Published
by Elsevier  Editora  Ltda.  This  is  an  open  access  article  under  the  CC  BY  license  (http://
creativecommons.org/licenses/by/4.0/).
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ecurrent  Aphthous  Stomatitis  (RAS)  a  chronic  idiopathic
ral  mucosal  disease  which  is  an  endemic,  and  characte-
ized  by  painful  recurrent  ulcers.1 They  are  most  commonly
ocated  in  the  buccal  mucosa,  the  lower  surface  of  the
ongue  and  the  floor  of  the  mouth.2 The  most  common  form
approximately  80%)  of  RAS,  which  has  3  clinical  forms  as
ajor,  minor  and  herpetiform,  is  the  minor  form.3 Painful

lcers  affect  negatively  the  quality  of  life  of  the  person
ecause  of  causing  difficulty  in  eating  and  speaking.  In
eneral,  they  heal  spontaneously  within  2  weeks  without
carring.1,2

But  yet  the  etiology  and  pathogenesis  of  RAS  are  not
xactly  known,  it  is  considered  as  a  multifactorial  process
aused  by  various  triggering  factors  and  immunological  dis-
rders.  Possible  triggers  may  be  listed  hematinic  deficiencies
uch  as  ferritin,  vitamin  B12,  folate  deficiency,  stress  and
nxiety,  mucosal  trauma,  food  allergies,  genetic  predispo-
ition,  connective  tissue  diseases  and  hormonal  changes.1---4

esides,  oxidative  stress  caused  by  systemic  inflammation
s  thought  to  play  a  role  in  the  etiopathogenesis  of  RAS.1

y  reason  of  the  fact  that  the  pathogenesis  is  unclear,  its
reatment  is  symptomatic.

Blood-based  inflammation  markers  have  a  great
ole  in  demonstrating  systemic  inflammation.  Neu-
rophil/Lymphocyte  Ratio  (NLR),  Platelet/Lymphocyte
atio  (PLR)  and  Mean  Platelet  Volume  (MPV)  are  recently
idely  used  inflammation  markers.  The  Systemic  Immune

nflammation  Index  (SII),  which  was  calculated  by  using  the
ormula  of  ‘‘neutrophil  count  ×  platelet  count/lymphocyte
ount’’  by  Hu  et  al.  in  2014,  is  a  new  inflammation  maker,
hich  has  been  ever  increasing  use  in  recent  years.5,6

The  aim  of  this  study  is  to  demonstrate  the  role  of  sys-
emic  inflammation  among  the  possible  etiological  factors  of
AS  and  to  find  the  possible  diagnostic  correlation  between
II,  a  new  inflammatory  marker,  and  NLR  and  PLR.

ethods

thical  approval  was  received  from  Kastamonu  University
linical  Research  Ethics  Committee  in  order  to  conduct  the
tudy  (Decision  no 2020-KAEK-143-30,  Date:  28.01.2021).  All
rocedures  performed  in  studies  involving  human  partici-

ants  were  in  accordance  with  the  ethical  standards  of  the
nstitutional  (Kastamonu  University  Clinical  Research  Ethics
ommittee)  and  with  the  1964  Helsinki  declaration  and  its

ater  amendments  or  comparable  ethical  standards.
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In  our  study,  patients  who  were  consulted  the  otolaryn-
ology  outpatient  clinic  and  diagnosed  with  RAS  between
019---2021  were  retrospectively  analyzed.  An  age  and  gen-
er  matched  healthy  control  group  was  formed  with  the
tudy  group.  Those  with  heart  diseases  such  as  congestive
eart  failure,  valvular  heart  disease  or  myocardial  infarc-
ion,  those  with  autoimmune  diseases  such  as  Hashimoto’s
hyroiditis,  Behçet’s  disease,  those  with  findings  of  infec-
ion  such  as  white  blood  cell  count  >12,000  mL,  neu  >70%,
hose  with  hematological  disease  hemoglobin  level  <12  g/dL
r  >18  g/dL,  those  with  sickle  cell  anemia,  patients  with
oagulopathy  such  as  factor  5  Leiden  mutation  were  not
ncluded  in  the  study.  As  a  result,  97  patients  (52  females,
5  males),  97  healthy  controls  (48  females,  49  males)  were
ncluded  in  the  study.

NLR,  PLR  and  SII  values  were  calculated
ased  on  the  results  of  complete  blood  count.
LR  =  Neutrophil  count/Lymphocyte  count,  PLR  =  Platelet
ount/Lymphocyte  count  and  SII  =  neutrophil
ount  ×  platelet  count/lymphocyte  count  formulas  were
sed  in  the  calculation.7

Descriptive  statistics  were  presented  as  frequency  (per-
entage)  for  categorical  variables  and  mean  ±  standard
eviation  or  median  (minimum---maximum)  for  quantitative
ariables  depending  on  their  compatibility  with  the  normal
istribution  according  to  Kolmogov---Smirnov  test  and  graph-
cal  methods.  Demographic  and  hematological  parameter
omparisons  between  control  and  RAS  groups  were  made
sing  Mann---Whitney  U Test  for  quantitative  and  Chi-Square
or  qualitative  variables.  Standardized  differences  (effect
ize  ---  Cohen’s  d)  between  the  two  groups  in  terms  of  SII,  NLR
nd  PLR  are  presented.  Relationships  between  the  quantita-
ive  variables  were  evaluated  with  the  Spearman  correlation
oefficient  (�).  Area  Under  the  Receiver  Operating  Charac-
eristic  Curve  (ROC)  was  used  to  assess  the  discrimination
bility  of  SII,  NLR  and  PLR  values  for  RAS,  and  cut-off  val-
es  were  obtained  using  Youden’s  Index  and  sensitivity  ---
pecificity  values  with  their  95%  Confidence  Intervals  were
alculated.  All  statistical  analyzes  were  performed  with  Sta-
istical  Package  for  Social  Sciences,  Version  15.0  (SPSS  Inc.
hicago,  IL,  USA)  and  the  statistical  significance  level  was
onsidered  as  <0.05.

esults
here  was  no  statistically  significant  difference  between
ge  and  sex  distributions  of  the  RAS  and  control  groups
p  =  0.173,  0.566,  respectively)  (Table  1).
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Table  1  Age  and  gender  distribution  by  groups.

Variablea Control  (n  =  97)  RAS  (n  =  97)  p-Value

Sex,  n  (%)
Female  48  (49.5)  52  (53.6) 0.566
Male  49  (50.5)  45  (46.4)
Age  (years)  32  (18---60)  34  (18---55)  0.173
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Table  3  Correlations  between  SII,  NLR  and  PLR  values  in
the RAS  group.

Variables  �  p-Value

SII  ---  NLR  0.813  <0.001
SII ---  PLR  0.719  <0.001
NLR ---  PLR  0.532  <0.001
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a Values are presented as Median (Minimum---Maximum) unless
stated otherwise.

SII,  NLR  and  PLR  values  were  significantly  higher  in  the
AS  group  compared  to  the  control  (p  <  0.001;  p  <  0.001  and

 =  0.001,  respectively)  (Table  2).8,9

A  very  strong  correlation  between  SII  and  NLR  within  the
AS  group  was  observed  followed  with  a  moderately  strong
orrelation  between  SII  and  PLR  and  a  moderate  correlation
etween  NLR  and  PLR  values  (respectively,  �:  0.813;  0.719;
.532,  p-values  <  0.001)  (Table  3).10

SII,  NLR  and  PLR  values  were  found  to  be  significantly
igher  in  the  RAS  group  however  the  AUC  values  regarding
hese  indexes,  while  being  slightly  sigher  for  SII,  were  rela-
ively  low  [AUC  (95%  CI)  respectively;  0.663  (0.587---0.740),
.653  (0.577---0.730),  0.642  (0.565---0.719)]  to  derive  a  value
hat  above  values  indicate  inflammation  related  RAS.  Hence
ut-off  values  for  SII,  NLR  and  PLR  resulted  in  a  low  sensi-
ivity  while  being  highly  specific  (Table  4,  Fig.  1).11

iscussion

AS  is  an  epidemic  ulcerative  oral  mucosal  disease  affect-
ng  approximately  10%---20%  of  the  population.  Although  it
s  known  that  potential  triggers  play  a  role  for  most  fac-
ors  such  as  nutrition,  hormonal  changes,  allergy,  genetic,
sychological,  traumatic,  and  infectious,  the  etiopathogen-
sis  of  RAS  has  not  been  exactly  clarified  yet.  Nonetheless,
t  is  thought  that  immunological  mechanisms  and  oxidative
tress  mediated  inflammation  play  an  important  role  in  the
athogenesis.1,12

There  are  studies  showing  that  vascular,  thrombotic,
nd  inflammatory  processes  have  a  role  in  RAS  activation.
ndothelial  dysfunction,  chronic  inflammation  and  throm-
osis  trigger  the  formation  of  aphthous  lesions.2 Neutrophils
nd  lymphocytes  are  responsible  for  the  subclinical  inflam-
ation  process,  and  platelet  dysfunction  is  responsible

or  thrombosis.  NLR  and  PLR  are  recently  frequently  used

arkers  indicating  the  presence  and  severity  of  subclinical

nflammation.  The  increased  level  of  NLR  and  PLR  in  RAS
atients  indicates  that  vascular,  thrombotic,  and  inflamma-
ory  processes  play  a  role  in  RAS  activation.  It  is  also  known

e
r
n

Table  2  SII,  NLR  and  PLR  values  of  participants.

Variablea Control  (n  =  97)  RAS  (n  =  97)  

SII  409.8  (121.4---831.7)  506.0  (144.8---
NLR 1.54  (0.63---3.10)  1.86  (0.72---6.2
PLR 105.9  (18.2---284.8)  125.3  (64.9---3

Effect size cut-off values; 0.2: Small, 0.5: Medium, 0.8: Large, 1.3: Ve
a Values are presented as Median (Minimum---Maximum).

62
Values ≥0.8 indicate a very strong, 0.6 up to 0.8 --- moderately
strong, 0.3 to 0.5 --- fair, less than 0.3 --- poor to no correlation.10

hat  the  increase  in  NLR  correlates  with  the  increase  in  dis-
ase  activity.2,12 In  our  study,  NLR  and  PLR  were  found  to  be
tatistically  significantly  higher  in  RAS  patients  as  supporting
he  literature.

It  is  also  thought  that  aphthous  lesions  develop  in
esponse  to  an  increased  immunological  reaction  against
ertain  areas  of  the  oral  mucosa  in  individuals  with  a  genetic
redisposition.  There  are  studies  supporting  the  important
ole  of  immunological  disorders  in  the  etiopathogenesis  of
AS.13 It  has  been  found  that  the  immune  system  func-
ion  is  disabled  in  response  to  triggering  factors  in  patients
ith  RAS  and  the  secretion  of  anti-inflammatory  cytokines

s  significantly  reduced  in  RAS  patients  compared  to  healthy
ndividuals.  It  is  thought  that  this  imbalance  in  the  pro-
uction  of  pro  and  anti-inflammatory  cytokines  has  caused
utoimmunization  and  RAS  development  in  predisposition
ndividuals.14

SII  is  a  new  and  inexpensive  biomarker  that  can  easily
e  calculated  using  the  platelet,  neutrophil,  and  lympho-
yte  count,  showed  the  balance  between  inflammatory  and
mmune  responses.  SII  has  been  researched  as  a  systemic
nflammation  and  prognostic  marker  in  many  malignant  dis-
ases,  vasculitis,  Bell’s  palsy,  nasal  polyps,  and  asthma.  High
II  values  have  been  correlated  with  poor  prognosis  in  malig-
ant  diseases  and  generally  indicate  a  strong  inflammatory
esponse  and  a  weak  immune  response.5,15,16 In  the  studies
f  asthma  and  Bell’s  palsy,  it  was  concluded  that  SII  reflects
he  inflammatory  etiology  of  the  disease  better  than  other
ystemic  inflammation  markers.5,15

In  our  study,  SII,  NLR  and  PLR  values  were  found  to  be
tatistically  significantly  higher  in  the  RAS  group  compared
o  the  healthy  control  group.  In  addition,  it  was  found  that  SII
as  highly  correlated  with  NLR  and  PLR  values  within  the  RAS
roup.  The  results  support  the  role  of  systemic  inflammation
n  the  etiopathogenesis  of  RAS  and  show  that  SII  is  a  valuable
arker  for  inflammation.

As  far  as  we  know,  our  study  is  the  first  study  in  the  lit-

rature  showing  the  role  of  SII  in  RAS  patients.  Due  to  being
etrospective,  the  limitations  of  our  study  are  that  we  do
ot  have  data  regarding  the  severity  of  the  disease  and  the

Effect  size  (Cohen’s  d)  p-Value

1448.3)  0.589  <0.001
2)  0.550  <0.001

03.7)  0.506  0.001

ry Large. Cohen (1988) & Rosenthal (1996).8,9
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Table  4  Area  under  the  ROC  curve,  sensitivity,  and  specificity  values  for  SII,  NLR  and  PLR.

Variable  AUC  (95%  CI)a p-Value  Cut-off  value  Sens  (95%  CI)  Spec  (95%  CI)

SII  0.663  (0.587---0.740)  <0.001  ≥514  0.495  (0.392---0.598)  0.825  (0.734---0.895)
NLR 0.653  (0.577---0.730)  <0.001  ≥2  0.443  (0.342---0.548)  0.814  (0.723---0.886)
PLR 0.642  (0.565---0.719)  0.001  ≥140  0.351  (0.256---0.454)  0.866  (0.781---0.923)

AUC, Area Under the Curve, CI: Confidence Interval, Sens: Sensitivity, Spec: Specificity.
a AUC = 0.5 no discrimination, 0.7 ≤ AUC < 0.8 --- acceptable discrimin

standing discrimination.11
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16. Sivrice ME, Okur E, Yasan H, Tuz M, Kumbul YÇ, Akın V.
Can the systemic immune inflammation index preoperatively
predict nasal polyp subtypes? Eur Arch Otorhinolaryngol.
2020;277:3045---50.
Figure  1  ROC  curves  for  SII,  NLR  and  PLR.

requency  of  recurrence  of  aphthae  in  RAS  patients  and  that
e  calculated  SII  for  only  one  application  of  the  patients.
or  this  reason,  no  results  could  have  been  obtained  related
o  the  prognostic  role  of  SII  and  its  change  in  the  process.
ore  studies  are  needed  on  this  topic.

onclusion

II,  NLR  and  PLR  has  a  significantly  higher  levels  in  the  RAS
roup  compared  to  the  control  group,  that  it  supports  the
ole  of  systemic  inflammation  in  the  etiopathogenesis  of
AS.
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