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IGHLIGHTS
• Hyperuricemia  is  an  independent  risk  factor  for  hearing  recovery  in  SSNHL.
• Serum  uric  acid  levels  negatively  affect  hearing  outcome  in  SSNHL.
• Initial  hearing  threshold  is  a  risk  factor  for  SSNHL  recovery.
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Abstract
Objective:  Serum  uric  acid  is  proven  to  be  associated  with  chronic  hearing  loss,  but  its  effect  on
Sudden Sensorineural  Hearing  Loss  (SSNHL)  is  unclear.  This  study  aims  to  evaluate  the  prognostic
values of  serum  uric  acid  levels  in  SSNHL  patients.
Methods:  The  clinical  records  of  SSNHL  patients  were  retrospectively  reviewed.  Patients  were
divided into  different  groups  based  on  hearing  recovery  and  audiogram  type,  and  uric  acid  levels
were compared.  Based  on  uric  acid  levels,  patients  were  categorized  into  normouricemia  and
hyperuricemia  groups,  and  clinical  features  and  hearing  recovery  were  evaluated.  Univariate
and multivariate  analyses  were  performed  to  identify  prognostic  factors.
Results:  In  total,  520  SSNHL  patients  were  included  in  this  study,  including  226  females  and
294 males.  In  female  patients,  186  patients  were  included  in  the  normouricemia  group,  and
 the  hyperuricemia  group.  Significant  differences  were  observed  in
sterol  (TC),  rate  of  complete  recovery,  and  slight  recovery  between
patients,  237  subjects  were  categorized  into  the  normouricemia
40 patients  were  enrolled  in
uric acid  levels,  Total  Chole
the two  groups.  In  male  
group, and  57  patients  were  included  in  the  hyperuricemia  group.  The  rate  of  complete
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recovery  and  slight  recovery  was  lower  in  the  hyperuricemia  group  compared  to  the  nor-
mouricemia  group.  All  patients  were  further  divided  into  good  recovery  and  poor  recovery
groups based  on  hearing  outcomes.  The  uric  acid  levels,  initial  hearing  threshold,  rate  of  hype-
ruricemia, and  TC  were  lower  in  the  good  recovery  group  than  the  poor  recovery  group  both  in
female and  male  patients.  Binary  logistic  regression  results  showed  that  uric  acid  levels,  initial
hearing  threshold,  and  hyperuricemia  were  associated  with  hearing  recovery.
Conclusion:  Hyperuricemia  might  be  an  independent  risk  factor  for  hearing  recovery  in  SSNHL
patients. Serum  uric  acid  and  initial  hearing  threshold  possibly  affected  the  hearing  outcome
in males  and  females  with  SSNHL.
Level  of  evidence:  Level  4.
© 2023  Associação  Brasileira  de  Otorrinolaringologia  e  Cirurgia  Cérvico-Facial.  Published  by
Elsevier España,  S.L.U.  This  is  an  open  access  article  under  the  CC  BY  license  (http://
creativecommons.org/licenses/by/4.0/).
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udden  Sensorineural  Hearing  Loss  (SSNHL)  is  a  preva-
ent  and  concerning  condition  characterized  by  a  sudden
nset  of  hearing  loss  of  at  least  30  decibels  (dB)  affect-
ng  three  or  more  consecutive  frequencies  within  72  h
r  less.1,2 Recent  epidemiological  investigations  showed
hat  the  estimated  incidence  of  SSNHL  was  at  least  5---20
er  100,000  individuals,  and  the  incidence  exhibited  an
ncreasing  trend.3 The  underlying  causes  of  SSNHL  remain
nclear,  and  several  potential  factors  have  been  suggested
s  potential  etiologies,  including  infections,  autoimmune
eactions,  traumatic  events,  metabolic  disorders,  and  vas-
ular  abnormalities.4---7 Emerging  evidence  has  indicated  a
trong  link  between  cardiovascular  risk  factors  and  the
evelopment  and  prognosis  of  SSNHL.  These  risk  fac-
ors  include  metabolic  syndrome,  diabetes,  hypertension,
nd  hypercholesterolemia.1,8,9 However,  there  is  a  lack  of
esearch  examining  the  impact  of  serum  uric  acid  levels  on
he  recovery  of  hearing  in  SSNHL  patients.

Serum  uric  acid  is  the  end  product  of  purine  metabolism,
hich  is  under  the  control  of  the  enzyme  xanthine
xidase.10,11 Accordingly,  uric  acid  concentrations  were
elated  to  age,  sex,  renal  function,  diet,  and  phys-
cal  characteristics.12,13 Previous  studies  demonstrated
hat  abnormal  uric  acid  exhibited  an  adverse  effect  on
oagulation  function,  endothelial  metabolic  balance  and
nflammation  response,  and  elevated  serum  uric  acid  levels
ere  closely  associated  with  increased  risk  of  hyperten-

ion,  metabolic  syndrome,  and  cardiovascular  diseases.13,14

xperimental  and  epidemiological  evidence  suggested  that
ric  acid  and  hyperuricemia  acted  crucial  roles  in  cardio-
ascular  and  renal  diseases  and  cardiovascular  events.15,16

ecently,  several  studies  proved  that  uric  acid  metabolism
as  disturbed  in  age-related  hearing  impairment  patients,
nd  elevated  uric  acid  concentrations  were  proven  to  be
nversely  associated  with  hearing  thresholds  for  pure  tone
udiometry.17---19 Sahin  et  al.20 found  that  gout  patients  were
ore  susceptible  to  suffering  a  high  frequency  of  hearing
oss  than  healthy  controls.  Despite  these  findings,  few  of
hem  have  focused  on  the  implications  of  uric  acid  in  SSNHL
atients,  and  the  impact  of  uric  acid  on  hearing  recovery
as  not  clear.  Here,  we  evaluate  the  serum  uric  acid  levels
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n  SSNHL  patients  and  their  prognostic  values  in  male  and
emale  patients  and  investigate  whether  it  was  a  risk  factor
n  this  specific  population.

ethods

atients  and  settings

 retrospective  analysis  was  conducted  on  the  medical
ecords  of  patients  diagnosed  with  SSNHL  at  our  medi-
al  center  from  January  2018  to  March  2022.  Diagnosis  of
SNHL  was  based  on  pure  tone  audiometry  and  adherence
o  established  diagnostic  criteria.  All  patients  underwent
omprehensive  assessments  including  detailed  medical  his-
ory,  physical  examination,  audiological  tests,  laboratory
nvestigations,  and  magnetic  resonance  imaging.  Exclusion
riteria  encompassed  patients  below  18  years  of  age,  previ-
us  history  of  audiological  or  otology  diseases,  identifiable
tiologies  such  as  acoustic  neuroma,  ear  surgery,  ototoxicity
eafness,  acoustic  trauma,  and  Meniere’s  disease,  presence
f  acute  inflammation,  and  incomplete  clinical  records.

We  collected  a  range  of  demographic  and  clinical  data
rom  the  patients,  which  included  age,  Body  Mass  Index
BMI),  gender,  the  onset  of  treatment,  initial  hearing  thresh-
ld,  contralateral  hearing  threshold,  presence  of  tinnitus
nd  vertigo,  serum  uric  acid  levels,  Systolic  Blood  Pres-
ure  (SBP),  Diastolic  Blood  Pressure  (DBP),  creatinine  and
rea  levels,  Fasting  Blood  Glucose  (FBG)  and  HbA1c  lev-
ls,  Triglyceride  (TG)  and  Total  Cholesterol  (TC)  levels,  as
ell  as  levels  of  Low-Density  Lipoprotein  Cholesterol  (LDL-C)
nd  High-Density  Lipoprotein  Cholesterol  (HDL-C).  We  also
nalyzed  audiogram  patterns  and  assessed  the  outcomes
f  hearing  recovery.  The  presence  of  comorbidities  such  as
iabetes  mellitus,  hypertension,  hyperlipidemia,  and  hype-
uricemia  was  determined  based  on  the  patient’s  medical
istory  or  newly  diagnosed  by  a  physician.  This  retrospec-
ive  study  was  approved  by  the  Human  Ethical  Committee  of
he  Affiliated  Changsha  Central  Hospital,  Hengyang  Medical

chool,  University  of  South  China  (no 2023013).  Given  that
he  study  did  not  involve  any  sensitive  patient  information
r  commercial  interests,  it  was  deemed  exempt  from  the
equirement  of  informed  consent  by  the  Ethics  Committee.
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efinitions  for  comorbidities  and  group  settings

yperuricemia  was  defined  as  a  serum  uric  acid  level
qual  to  or  above  420  �moL/L  (7.0  mg/dL)  in  males  and
57  �moL/L  (6.0  mg/dL)  in  females,  in  line  with  previous
ublications.21 The  diagnosis  of  diabetes  mellitus  was  based
n  criteria  such  as  Fasting  Blood  gGlucose  (FBG)  levels  equal
o  or  above  7.0  mmoL/L,  2-h  plasma  glucose  levels  equal  to
r  above  11.1  mmoL/L,  or  a  clear  medical  history  indicating
iabetes.  Hypertension  was  defined  as  repeated  blood  pres-
ure  measurements  equal  to  or  above  140/90  mmHg  or  the
se  of  antihypertensive  medications.  Hyperlipidemia  was
iagnosed  when  Total  Cholesterol  (TC)  levels  were  equal  to
r  above  5.72  mmoL/L,  Triglyceride  (TG)  levels  were  equal
o  or  above  1.70  mmoL/L,  or  there  was  a  documented  medi-
al  history  indicating  hyperlipidemia.9,22,23 Based  on  their
ric  acid  concentrations,  both  male  and  female  patients
ere  categorized  into  either  the  normouricemia  group  or

he  hyperuricemia  group,  and  differences  in  variables  and
ender  were  compared  between  the  two  groups.  All  comor-
idities  were  subject  to  consultation  with  physicians  to
ormulate  a  comprehensive  treatment  plan.  In  the  hyper-
ricemia  group,  all  patients  received  diuretics,  uricosuric
gents,  and  dietary  health  management  to  control  the  serum
ric  acid  level  during  the  SSNHL  treatment  and  follow-up
eriod.

reatment  protocol  and  hearing  recovery
valuation

efore  initiating  treatment,  all  participants  underwent  pure
one  audiometry  tests  to  assess  their  hearing  status.  The
udiogram  type  was  classified  as  ascending,  descending,
at,  or  profound  based  on  previous  studies.24,25 In  our
epartment,  SSNHL  patients  were  treated  following  a stan-
ard  treatment  protocol,  which  included  oral  steroids  and
djuvant  blood-flow-promoting  agents,  as  suggested  in  prior
ublications.26,27 Prednisolone  was  administered  orally  at

 morning  dose  of  1  mg/kg/day  for  a  duration  of  5  days,
ollowed  by  a  5-day  tapering  period.  Intravenous  admin-
stration  of  20  �g  alprostadil  in  100  mL  of  normal  saline
as  carried  out  for  a  total  of  10-days.  To  monitor  treat-
ent  outcomes,  pure  tone  audiometry  tests  were  performed

very  2---3  days,  and  the  decision  to  terminate  treatment
epended  on  changes  in  audiological  results.  After  the
ompletion  of  the  treatment,  all  patients  underwent  pure
one  audiometry  tests  again.  Subsequently,  they  under-
ent  pure  tone  audiometry  tests  every  two  weeks,  and
ere  followed  up  for  a  minimum  of  3-months  after  treat-
ent,  and  the  degree  of  hearing  recovery  was  identified

t  3-months  after  treatment  and  categorized  as  complete
ecovery,  marked  recovery,  slight  recovery,  or  no  recov-
ry,  according  to  Siegel’s  criteria.28 For  analysis,  complete
ecovery  and  marked  recovery  were  considered  good  recov-
ry,  while  slight  recovery  and  no  recovery  were  classified  as
oor  recovery.
tatistical  analysis

ontinuous  variables  with  a  normal  distribution  were
eported  as  mean  ±  Standard  Deviation  (SD),  while  those
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ithout  a  normal  distribution  were  presented  as  median
nd  Interquartile  Range  (IQR).  Categorical  variables  were
xpressed  as  numbers  and  percentages.  Statistical  com-
arisons  between  groups  for  continuous  variables  were
erformed  using  either  Student’s  t-test  or  Mann-Whitney  U
est,  depending  on  the  data  distribution.  The  Chi-Square
est  was  used  for  categorical  variables.  Prognostic  factors  in
oth  females  and  males  with  SSNHL  were  identified  through
nivariate  and  multivariate  analyses.  All  statistical  analyses
ere  conducted  using  IBM  SPSS  Statistics  software,  version
3.0.  A  p-value  of  less  than  0.05  was  considered  statistically
ignificant.

esults

emographic  and  clinical  characteristics  of
atients with  SSNHL

f  the  total,  520  SSNHL  patients  (294  males  and  226  females)
f  the  original  population  of  678  patients  met  the  inclu-
ion  criteria  (Fig.  1).  Table  1  presented  the  demographics
nd  clinical  characteristics  of  all  patients,  and  females  and
ales  separately.  The  uric  acid,  creatinine,  and  urea  lev-

ls  were  significantly  higher  in  the  male  group  than  in  the
emale  group  (p  <  0.001).  However,  no  statistical  difference
as  observed  in  other  variables  between  the  two  groups

p  >  0.05).  As  Fig.  2  displayed,  no  statistical  difference  was
ound  in  uric  acid  levels  among  ascending,  descending,  flat,
nd  profound  groups  in  both  female  patients  and  male
atients  (p  >  0.05).

ssociation  between  uric  acid  and  hearing
utcomes

ccording  to  the  serum  uric  acid  levels,  186  female  SSNHL
atients  were  included  in  the  normoglycemia  group,  and
0  females  were  divided  into  the  hyperuricemia  group.  As
able  2  presented,  the  uric  acid  levels,  BMI,  rate  of  hyper-
ipemia,  and  TC  were  higher  in  the  hyperuricemia  group
han  normouricemia  group  (p  <  0.05).  In  male  patients,  237
ubjects  were  categorized  into  the  normouricemia  group,
nd  57  patients  were  included  in  the  hyperuricemia  group.
he  uric  acid  levels  were  markedly  increased  in  the  hyper-
ricemia  group  than  normouricemia  group  (p  <  0.05).  After
udiological  following-up,  50,  37,  56,  and  43  females  in
he  normouricemia,  and  0,  7,  23,  and  10  females  in  the
yperuricemia  group  obtained  complete  recovery,  partial
ecovery,  slight  recovery,  and  no  recovery,  respectively.
ccording  to  Table  3,  the  rate  of  good  recovery  was
ignificantly  lower  in  the  hyperuricemia  group  than  the  nor-
ouricemia  group,  while  the  rate  of  poor  recovery  and  slight

ecovery  was  higher  in  the  hyperuricemia  group  than  the
ormouricemia  group  both  in  females  and  males  (p  <  0.05).
oreover,  Figs.  2  and  3  indicated  that  serum  uric  acid  levels

ere  significantly  different  in  the  four  recovery  subgroups  in

emale  and  male  patients,  and  serum  uric  acid  levels  were
arkedly  enhanced  in  the  poor  recovery  group  than  good

ecovery  group  in  both  genders  (p  <  0.05).
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Figure  1  A  flow  chart  for  the  study  design  and  study  population.  SSNHL,  Sudden  Sensorineural  Hearing  Loss.

Table  1  Demographics  and  clinical  characteristics  of  total  patients  and  each  gender  group.

Variables  Total  (n  =  520)  Female  (n  =  226)  Male  (n  =  294)  p-value

Uric  acid,  �moL/L  333.0  (290.0,  389.2)  318.9  (282.0,  367.3)  343.6  (295.4,  401.5)  <0.001
Age, year  46  (37,52)  46  (38,53)  45  (35,51)  0.912
BMI, kg/m2 23.1  (21.3,  25.1)  23.4  (21.5,  25.2)  22.5  (21.2,  24.3)  0.897
Onset of  treatment,  day  8  (4,  13)  10  (4,  14)  7  (3,  12)  0.245
Side, left/right  265/255  123/103  142/152  0.185
Initial hearing  threshold,  dB  56.2  (37.8,  81.6)  55.4  (36.5,  80.9)  56.7  (37.9,  82.5)  0.219
Contralateral  hearing  threshold,  dB  20.5  (15.6,  25.2)  21.0  (16.5,  26.1)  20.3  (15.9,  25.5)  0.589
Tinnitus, n  (%)  335  (64.4)  149  (65.9)  185  (62.9)  0.519
Vertigo, n  (%)  179  (34.4)  79  (35.0)  100  (34.0)  0.853
Diabetes mellitus,  n  (%)  66  (12.7)  29  (12.8)  37  (12.6)  1.000
Hypertension,  n  (%)  94  (18.1)  40  (17.7)  54  (18.4)  0.909
Hyperlipemia,  n  (%)  114  (21.9)  52  (23.0)  62  (21.1)  0.669
Hyperuricemia  n  (%)  97  (18.7)  40  (17.7)  57  (19.4)  0.651
Creatinine, �moL/L 75.0  (63.8,  85.0)  63.0  (55.0,  70.0)  81.0  (72.7,  89.5)  <0.001
Urea, mmoL/L  4.8  (4.0,  5.7)  4.5  (3.8,  5.4)  4.9  (4.1,  5.9)  <0.001
SBP, mmHg 122.0  (113.0,  133.5)  122.0  (114.0,  133.0)  123.0  (112.0,  134.0)  0.869
DBP, mmHg  79.0  (72.0,  85.0)  79.0  (72.0,  85.0)  79.0  (73.0,  85.0)  0.937
FBG, mmoL/L  4.9  (4.6,  5.4)  4.9  (4.5,  5.3)  4.9  (4.6,  5.5)  0.965
HbA1c, %  1.9  (1.8,  2.1)  1.9  (1.8,  2.1)  2.0  (1.8,  2.2)  0.912
TG, mmoL/L  1.2  (0.9,  1.8)  1.1  (0.8,  1.7)  1.2  (0.9,  1.8)  0.877
TC, mmoL/L  4.6  (3.9,  5.2)  4.6  (3.7,  5.0)  4.5  (3.9,  5.1)  0.793
LDL-C, mmoL/L  2.8  (2.4,  3.3)  2.9  (2.2,  3.4)  2.8  (2.3,  3.2)  0.855
HDL-C, mmoL/L  1.1  (1.0,  1.3)  1.2  (1.0,  1.5)  1.0  (0.9,  1.2)  0.763
Audiogram type,  n  (%)  0.136
Ascending 97  (18.7)  47  (20.8)  70  (23.8)
Descending 87  (16.7)  26  (11.5)  41  (13.9)
Flat 126  (24.2)  66  (29.2)  60  (20.4)
Profound 210  (40.4)  87  (38.5)  123  (41.8)

BMI, Body Mass Index; SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure; FBG, Fasting Blood Glucose; TG, Triglyceride; TC, Total
Cholesterol; LDL-C, Low-Density Lipoprotein Cholesterol; HDL-C, High-Density Lipoprotein Cholesterol.
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Table  2  Demographics  and  clinical  characteristics  between  normouricemia  and  hyperuricemia  groups.

Female  Male

Variables  Normouricemia
(n  =  186)

Hyperuricemia
(n  =  40)

p-value  Normouricemia
(n  =  237)

Hyperuricemia
(n  =  57)

p-value

Uric  acid,  �moL/L  310.7  (270.0,  339.0)  438.1  (404.9,  476.9)  <0.0001  325.6  (289.0,  366.7)  467.2  (442.4,  510.1)  <0.001
Age, year  45.3  ±  12.8  45.0  ±  11.0  0.976  45.0  (35.0,  51.0)  46.0  (41.0,  51.0)  0.758
BMI, kg/m2 23.2  (21.6,  25.3)  23.7  (21.1,  25.6)  0.044  22.4  (21.2,  25.1)  22.8  (21,2,  23.1)  0.208
Onset of  treatment,  day  11.5  (5.0,  14.0)  7.0  (3.5,  12.0)  0.053  8.1  ±  5.3  6.9  ±  5.2  0.119
Side, left/right  97/89  25/15  0.294  115/122  27/30  0.884
Initial hearing  threshold,  dB  54.8(36.2,  76.9)  55.7  (38.7,  87.2)  0.762  56.8  (38.9,  82.3)  54.8  (36.9,  82.5)  0.874
Contralateral hearing  threshold,  dB  20.5  (15.2,  25.0)  21.8  (16.4,  28.3)  0.143  20.1  (15.6,  25.4)  21.3  (15.9,  27.2)  0.287
Tinnitus, n  (%)  122  (65.6)  27  (67.5)  0.856  114  (60.8)  42  (73.7)  0.092
Vertigo, n  (%)  64  (34.4)  14  (35.0)  1.000  82  (34.6)  18  (31.6)  0.756
Diabetes mellitus,  n  (%)  24  (12.9)  5  (12.5)  1.000  32  (12.5)  5  (8.8)  0.384
Hypertension, n  (%)  35  (18.8)  5  (12.5)  0.493  39  (16.5)  15  (26.3)  0.089
Hyperlipemia, n  (%)  36  (19.5)  16  (40)  0.007  48  (20.3)  14  (24.6)  0.473
Creatinine, �moL/L  62.6  (56.0,  70.0)  65.0  (58.0,  78.0)  0.098  80.2  (71.0,  87.0)  83.0  (75.0,  93.0)  0.116
Urea, mmoL/L  4.4  (3.8,  5.3)  4.6  (3.9,  5.7)  0.108  4.7  (4.0,  5.8)  5.1  (4.2,  6.1)  0.056
SBP, mmHg  122.0  (114.0,134.0)  122.5  (110.0,  131.5)  0.454  122.0  (112.0,  133.0)  127.1  ±  17.5  0.200
DBP, mmHg  80.0  (72.0,  85.0)  78.5  (71,  82.5)  0.402  79.0  (73.0,  87.0)  80.4  ±  11.2  0.522
FBG, mmoL/L  4.9  (4.6,  5.3)  5.0  (4.5,  5.4)  0.956  4.9  (4.6,5.4)  4.8  (4.5,5.3)  0.219
HbA1c, %  1.9  (1.8,  2.0)  2.0  (1.8,  2.1)  0.370  2.0  (1.8,2.1)  1.9  ±  0.2  0.274
TG, mmoL/L  1.1  (0.9,  1.7)  1.0  (0.8,  2.0)  0.949  1.2  (0.9,  1.8)  1.3  (1.0,  1.8)  0.430
TC, mmoL/L  4.7  ±  1.0  5.2  ±  1.2  0.017  4.5  (3.9,  5.1)  4.7  ±  1.1  0.532
LDL-C, mmoL/L  2.9  ±  0.7  3.0  ±  0.8  0.190  2.8  (2.3,  3.2)  2.9  (2.4,  3.4)  0.651
HDL-C, mmoL/L  1.1  (1.0,  1.3)  1.1  (0.9,  1.3)  0.817  1.1  (1.0,  1.3)  1.1  ±  0.3  0.313
Audiogram type,  n  (%)  0.505  0.946
Ascending 42  (22.6)  5  (12.5)  55  (23.2)  15  (26.3)
Descending 20  (10.8)  6  (15.0)  34  (14.3)  7  (12.3)
Flat 54  (29.0)  12  (30.0)  49  (20.7)  11  (19.3)
Profound 70  (37.6)  17  (42.5)  99  (41.8)  24  (42.1)

BMI, Body Mass Index; SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure; FBG, Fasting Blood Glucose; TG, Triglyceride; TC, Total Cholesterol; LDL-C, Low-Density Lipoprotein
Cholesterol; HDL-C, High-Density Lipoprotein Cholesterol.
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Figure  2  The  serum  uric  acid  levels  in  hearing  recovery  subgroups  in  female  (A)  and  male  (B)  patients  with  SSNHL.  SSNHL,  Sudden
Sensorineural  Hearing  Loss.

Table  3  Hearing  recovery  between  normouricemia  and  hyperuricemia  groups,  n  (%).

Female  Male

Variables  Normouricemiia
(n  =  186)

Hyperuricemia
(n  =  40)

p-value  Normouricemia
(n  =  237)

Hyperuricemia
(n  =  57)

p-value

Good  response  87  (46.8)  7  (17.5)  0.001  84  (35.4)  10  (17.5)  0.011
Complete recovery  50  (26.9)  0  (0.0)  <0.001  26  (11.0)  2  (3.5)  0.128
Partial recovery  37  (19.9)  7  (17.5)  0.829  58  (24.5)  8  (21.1)  0.111
Poor response  99  (53.2)  33  (82.50  0.001  153  (64.6)  47  (82.5)  0.011
Slight recovery  56  (30.1)  23  (57.5)  0.002  82  (34.6)  29  (50.9)  0.032
No recovery  43  (23.1)  10  (25.0)  0.838  71  (30.0)  18  (31.6)  0.873

Figure  3  The  serum  uric  acid  levels  in  good  recovery  and  poor  recovery  groups  in  female  (A)  and  male  (B)  patients  with  SSNHL.
SSNHL, Sudden  Sensorineural  Hearing  Loss.
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Table  4  Factors  associated  with  the  recovery  of  SSNHL  of  each  sex  group.

Female  Male

Variables  Good
recovery
(n  =  94)

Poor  recovery
(n  =  132)

p-value  Good
recovery
(n  =  94)

Poor  recovery
(n  =  200)

p-value

Uric  acid,  �moL/L  313.9  (283.5,  345.0)  327.5  (281.9,  377.3)  0.023  324.5  (289,  396.1)  355.1  (301.2,  404.1)  0.028
Age, year  46.2  (39.1,  54.2)  47.0  (41.0,  53.5)  0.193  45.5  (30.0,  54.0)  45.0  (38.0,  50.5)  0.548
BMI, kg/m2 23.4  (21.4,  25.2)  23.4  (21.7,  25.3)  0.601  21.8  (21.2,  25.1)  22.5  (21.2,  24.2)  0.943
Onset of  treatment,  day  9  (4,  13)  12  (5,  14)  0.041  7  (3,  10)  8  (3,  12)  0.115
Side, left/right  57/37  65/67  0.105  50/44  92/108  0.262
Initial hearing  threshold,  dB  50.8  (35.7,  76.9)  58.0  (39.2,  83.2)  0.005  52.0  (40.2,  82.3)  57.6  (39.5,  82.3)  0.013
Contralateral hearing  threshold,  dB  21.1  (16.5,  26.3)  20.9  (16.4,  25.7)  0.953  20.0  (15.6,  25.0)  20.5  (16.2,  25.9)  0.249
Tinnitus, n  (%)  59  (62.8)  90  (68.2)  0.477  59  (62.8)  127  (63.5)  0.898
Vertigo, n  (%)  27  (28.7)  51  (38.6)  0.156  34  (36.2)  66  (33.0)  0.600
Diabetes mellitus,  n  (%)  11  (11.7)  18  (13.6)  0.693  10  (10.6)  27  (13.5)  0.574
Hypertension, n  (%)  19  (20.2)  21  (15.9)  0.480  15  (16.0)  39  (19.5)  0.521
Hyperlipemia, n  (%)  20  (21.5)  32  (24.2)  0.748  17  (18.1)  45  (22.5)  0.445
Hyperuricemia, n  (%)  7  (7.4)  33  (25.0)  0.001  10  (10.6)  47  (23.5)  0.011
Creatinine, �moL/L  62.8  (55.0,  69.0)  63.2  (58.0,  73.0)  0.475  80.3  (71.0,  90.0)  62.0  (74.0,  92.0)  0.204
Urea, mmoL/L  4.4  (3.9,  5.4)  4.6  (4.0,  5.5)  0.713  4.8  (4.0,  5.8)  5.0  (4.2,  6.0)  0.643
SBP, mmHg  121.5  (113.0,  137.0)  123.0  (114.0,  132.0)  0.706  124.0  (112.0,  132.0)  122.5  (112.5,  135.0)  0.878
DBP, mmHg  79.5  (71.0,  88.0)  79.0  (73.0,  84.0)  0.723  80.0  ±  10.0  79.9  ±  11.3  0.919
FBG, mmoL/L  4.9  (4.6,  5.2)  5.0  (4.6,  5.4)  0.520  4.9  (4.5,  5.3)  4.9  (4.6,  5.4)  0.466
HbA1c, %  1.9  (1.8,  2.1)  1.9  (1.8,  2.1)  0.370  2.0  (1.8,  2.1)  2.0  (1.8,  2.1)  0.659
TG, mmoL/L  1.1  (0.8,  1.7)  1.2  (0.9,  1.7)  0.246  1.3  (0.9,  1.8)  1.6  ±  1.6  0.883
TC, mmoL/L  4.3  ±  1.0  4.8  ±  1.1  0.016  4.2  (3.9,  5.3)  4.7  (4.1,  5.4)  0.027
LDL-C, mmoL/L  2.8  ±  0.7  3.0  ±  0.7  0.080  2.8  (2.4,  3.3)  2.8  ±  0.7  0.765
HDL-C, mmoL/L  1.1  ±  0.3  1.1  (1.0,  1.3)  0.402  1.2  (1.0,  1.4)  1.2  ±  0.3  0.093
Audiogram type,  n  (%)  0.004  0.369
Ascending 30  (31.9)  17  (12.9)  21(22.3)  29  (14.5)
Descending 8  (8.5)  18  (13.6)  17  (18.1)  44  (22.0)
Flat 21  (37.2)  45  (34.1)  17  (18.1)  43  (21.5)
Profound 35  (37.2)  52  (39.4)  39  (41.5)  84  (42.0)

BMI, Body Mass Index; SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure; FBG, Fasting Blood Glucose; TG, Triglyceride; TC, Total Cholesterol; LDL-C, Low-Density Lipoprotein
Cholesterol; HDL-C, High-Density Lipoprotein Cholesterol.
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Table  5  Potential  factors  associated  with  hearing  recovery  in  SSNHL  by  binary  logistic  regression.

Variables
Female  Male

OR  95%CI  p-value  OR  95%CI  p-value

Uric  acid,  �mol/L  2.563  (1.321−6.872)  0.002  3.892  (1.426−8.563)  <0.001
Initial hearing  threshold,  dB  1.872  (1.112−3.123)  0.027  1.933  (1.099−2.878)  0.033
Diabetes mellitus,  n  (%)  1.765  (0.973−2.913)  0.652  1.5423  (0.785−2.234)  0.865
Hypertension,  n  (%)  1.323  (0.767−2.032)  0.453  1.238  (0.698−2.321)  0.663
Hyperlipemia,  n  (%)  2.302  (0.903−4.982)  0.129  2.652  (0.876−5.872)  0.202
Hyperuricemia,  n  (%) 2.983  (1.521−5.987) 0.006  2.073  (1.483−5.067)  0.002
TC, mmol/L 1.320  (0.892−2.761) 0.097  1.789  (0.982−2.976) 0.404
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SSNHL, sudden sensorineural hearing loss; OR, odd rate; CI, TC, to

ultivariate  analysis  for  prognostic  factors  in
SNHL patients

o  explore  the  prognostic  factors  in  SSNHL  patients,  both
emale  and  male  patients  were  further  divided  into  good
ecovery  and  poor  recovery  groups  based  on  hearing  out-
omes.  In  female  patients,  the  serum  uric  acid  levels,  initial
earing  threshold,  rate  of  hyperuricemia,  TC,  LDL-C,  and
udiogram  type  were  significantly  different  between  the
ood  recovery  and  poor  recovery  groups  (p  <  0.05).  In  male
atients,  the  uric  acid  levels,  initial  hearing  threshold,  the
ate  of  hyperuricemia,  and  TC  were  lower  in  the  good
ecovery  group  than  in  the  poor  recovery  group  (p  <  0.05)
Table  4).  The  significantly  different  variables  and  poten-
ially  prognostic  comorbidities  were  further  included  in  the
inary  logistic  regression  analysis.  The  results  showed  that
ric  acid  levels,  initial  hearing  threshold,  and  the  rate  of
yperuricemia  were  associated  with  hearing  recovery  in
emale  and  male  patients  (p  <  0.05)  (Table  5).

iscussion

n  this  retrospective  study,  we  aimed  to  explore  the  associ-
tion  between  serum  uric  acid  levels  and  hearing  outcomes
n  male  and  female  patients  with  SSNHL.  We  observed
o  significant  difference  in  serum  uric  acid  levels  among
our  audiogram  types  and  demonstrated  that  serum  uric
cid  concentrations  were  enhanced  in  SSNHL  patients  with
oor  recovery  than  those  with  good  recovery.  Moreover,
oth  female  and  male  patients  in  the  hyperuricemia  group
btained  poorer  hearing  prognosis  than  the  normouricemia
roup,  and  binary  logistic  regression  results  demonstrated
hat  serum  uric  acid  level,  initial  hearing  threshold,  and
yperuricemia  were  independent  risk  factors  for  hearing
ecovery  in  SSNHL.

The  etiology  and  pathophysiological  mechanism  of
SNHL  have  not  been  fully  elucidated,  and  emerging
vidence  showed  that  cardiovascular  risk  factors  were
losely  involved  in  its  occurrence  and  prognosis.4,9,29 Prior
ublications  reported  that  elevated  uric  acid  levels  and
yperuricemia  crucial  in  the  underlying  mechanisms  of

umerous  chronic  diseases,  especially  in  cardiovascular
iseases.23,30,31 Recently,  a  growing  number  of  evidence  sug-
ested  that  uric  acid  levels  and  hyperuricemia  negatively
ffected  the  sensory  capabilities  and  increased  the  risk
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holesterol.

f  sensorineural  hearing  loss.18,19 Fasano  et  al.32 analyzed
he  data  of  laboratory  examinations  and  found  that  serum
ric  acid  levels  were  increased  in  SSNHL  patients  compared
o  healthy  controls,  which  suggested  uric  acid  metabolic
mbalance  was  involved  in  the  pathophysiological  mecha-
ism  of  SSNHL.  In  the  present  study,  we  identified  that  serum
ric  acid  levels  were  independently  associated  with  hear-
ng  outcomes  in  SSNHL  patients,  and  hyperuricemia  was  a
trong  prognostic  factor.  Concerning  a  difference  that  exists
etween  women  and  men  for  serum  uric  acid,  we  conducted

 subgroup  analysis  based  on  gender  and  yielded  a  more  reli-
ble  conclusion.  Uric  acid  was  a  metabolic  end  product  of
urines  in  the  human  body,  its  metabolic  disturbance  was
roven  to  be  closely  associated  with  vascular  endothelial
unction  and  oxidative  stress  injury.33 Previous  in  vitro  and
n  vivo  experiments  demonstrated  that  elevated  uric  acid
ight  aggravate  oxidative  stress  response,  immunosenes-

ence,  and  inflammation  in  inner  hair  cells,  and  induced
ochlear  degeneration  and  sensory  disability.20,34 Besides,
atients  with  hyperuricemia  were  proven  to  be  more  sus-
eptible  to  platelet  dysfunction,  thrombosis,  endothelial
ysfunction,  and  vascular  dysregulation,  suggesting  that
yperuricemia  might  increase  the  risk  of  acute  vascular
vents,  and  be  linked  with  a  poor  prognosis.35---37 Therefore,
e  have  reasons  to  believe  that  elevated  uric  acid  and  hype-

uricemia  interfere  the  hearing  recovery,  but  the  underlying
echanisms  need  to  be  further  discovered.
Exploring  prognostic  factors  and  developing  individual-

zed  treatment  were  research  focuses  in  SSNHL  patients.
lthough  previous  publications  identified  many  potential
actors  and  biomarkers  associated  with  hearing  recovery  in
SNHL  patients,  including  blood  glucose,  blood  pressure,  and
ipids,  no  consensus  was  achieved  worldwide.9,38,39 Actu-
lly,  the  blood  glucose,  blood  pressure,  and  lipids  levels
xist  marked  gender  differences,  and  sex  adjustment  and
ubgroup  analysis  should  be  constructed  when  evaluating
heir  prognostic  values  of  these  factors.40---42 In  the  present
tudy,  we  conducted  all  data  analysis  based  on  different
enders  and  found  that  uric  acid  level,  hyperuricemia,  and
nitial  hearing  threshold  were  potential  prognostic  factors
n  SSNHL.  As  previous  studies  described,  the  initial  hear-
ng  threshold  was  verified  to  be  an  essential  variable  linked

ith  hearing  prognosis  in  SSNHL,  patients  with  higher  initial
earing  thresholds  were  more  likely  to  get  poor  therapeu-
ic  effects.26,27 It  was  reported  that  inner  hair  cell  injury
as  more  extensive  and  serious  in  SSNHL  patients  with
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igher  initial  hearing  thresholds.5,43 Besides,  most  severe
nd  profound  SSNHL  were  believed  to  be  caused  by  severe
icroangiopathy  or  acute  vascular  events.44,45 Thus,  these
atients  had  more  difficulties  obtaining  significant  structural
nd  functional  recovery  despite  standardized  treatment.

There  are  several  limitations  to  this  study.  Firstly,  it  is
 retrospective  study  conducted  at  a  single  center,  which
ntroduces  the  possibility  of  selection  bias.  Secondly,  the
pecific  duration  of  hyperuricemia  and  other  comorbidities,
nd  the  corresponding  treatment  protocol  and  treatment
uration  is  incomplete  was  not  determined,  which  might
ffect  the  reliability  of  the  results.  Additionally,  the  study
id  not  account  for  potential  confounding  factors  that
ould  influence  the  outcomes.  These  limitations  collectively
educe  the  overall  reliability  of  the  conclusions.

onclusion

o  our  knowledge,  the  current  study  was  the  first  one  with  a
arge  sample  size  to  demonstrate  that  hyperuricemia  might
e  an  independent  risk  factor  for  hearing  recovery  in  SSNHL
atients.  We  also  found  that  serum  uric  acid  and  initial  hear-
ng  threshold  were  negatively  associated  with  the  hearing
utcome  in  males  and  females  with  SSNHL.  Hyperuricemia
ad  the  potential  to  become  a  new  indicator  in  the  prog-
ostic  evaluation  and  risk  stratification  of  SSNHL  patients.
urther  studies  are  needed  to  support  our  conclusion.
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