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IGHLIGHTS
• Benign  Paroxysmal  Positional  Vertigo  (BPPV)  was  more  common  in  women.
• The  proportion  of  men  with  BPPV  increased  with  age.
• Geriatric  BPPV  patients  often  had  risk  factors  associated  with  atherosclerosis.
• Horizontal  canal-BPPV  and  multi-canal-BPPV  were  more  common  in  geriatric  patients.
• The  effectiveness  of  canalith  repositioning  procedure  may  decrease  with  age.
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Abstract
Objective:  To  compare  the  clinical  features,  risk  factors,  distribution  of  Benign  Paroxysmal
Positional  Vertigo  (BPPV)  subtypes,  and  effectiveness  of  canalith  repositioning  between  geriatric
and non-geriatric  patients  with  BPPV.
Methods:  A  total  of  400  patients  with  BPPV  were  enrolled.  Canalith  repositioning  was  performed
according  to  the  semicircular  canals  involved.  Patients  were  divided  by  age  into  a  geriatric
group (≥60  years)  and  a  non-geriatric  group  (20---59  years).  Clinical  characteristics,  potential
age-related  risk  factors,  distribution  of  subtypes,  and  effectiveness  of  canalith  repositioning
were compared  between  the  groups.
Results:  Female  sex  was  significantly  more  common  in  all  age  groups,  with  a  peak  female-to-
male ratio  of  5.1:1  in  the  group  aged  50---59  years.  There  was  a  higher  proportion  of  men  in
the geriatric  group.  A  history  of  disease  associated  with  atherosclerosis  was  significantly  more
common  in  the  geriatric  group  (p  <  0.05).  Migraine  was  significantly  more  common  in  the  non-
geriatric group  (p  =  0.018),  as  was  posterior  canal  BPPV.  The  horizontal  canal  BPPV  (especially
horizontal  canal  BPPV-cupulolithiasis),  and  multicanal  BPPV  subtypes  were  more  common  in

the geriatric  group,  whereas  anterior  canal  BPPV  was  more  common  in  the  non-geriatric  group.
Two canalith  repositioning  sessions  were  effective  in  58.0%  of  the  geriatric  cases  and  in  72.6%
of the  non-geriatric  cases  (p  =  0.002).  There  was  a  tendency  for  the  effectiveness  of  canalith
repositioning  to  decrease  with  increasing  age.
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Conclusion:  BPPV  was  more  common  in  women.  However,  the  proportion  of  men  with  BPPV
increased  with  age.  Elderly  patients  often  had  a  history  of  diseases  associated  with  atheroscle-
rosis (i.e.,  hypertension,  diabetes,  and  hyperlipidemia).  The  horizontal  canal  BPPV  (particularly
horizontal  canal  BPPV-cupulolithiasis)  and  multicanal  BPPV  subtypes  were  more  common  and
the anterior  canal  BPPV  subtype  was  less  common  in  elderly  patients.  The  effectiveness  of
canalith repositioning  may  decrease  with  age.  Therefore,  older  patients  should  receive  more
comprehensive  medical  treatment.
Level  of  evidence: 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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opulations  around  the  world  are  now  aging  at  a  rapid  pace,
ith  an  increase  in  the  numbers  and  proportions  of  indi-
iduals  aged  60  years  or  older.  Dizziness  and  imbalance  are
wo  of  the  most  common  complaints  in  the  elderly.  The
revalence  of  these  symptoms  ranges  from  approximately
0%---30%  and  has  a  tendency  to  increase  with  age.1,2 Benign
aroxysmal  Positional  Vertigo  (BPPV)  is  one  of  the  most  com-
on  causes.3,4 An  as  yet  unpublished  study  of  the  etiologic
istribution  of  dizziness  and  vertigo  in  our  neurology  clinic
howed  that  BPPV  accounted  for  these  symptoms  in  about
6.0%  of  elderly  patients.  A  population-based  study5 found
hat  the  prevalence  of  BPPV  was  3.4%  in  individuals  over  the
ge  of  60  years  and  that  the  1-year  prevalence  was  almost  7
imes  that  in  people  under  40  years  of  age.  Elderly  patients
ith  BPPV  may  experience  more  severe  dizziness/vertigo
nd  unsteadiness  and  have  a  higher  risk  of  falls,  which  can
imit  their  ability  to  perform  everyday  activities.

About  95%  of  cases  of  BPPV  are  idiopathic  or  degenera-
ive,  and  aging  and  degenerative  changes  are  responsible  for
he  high  incidence  of  BPPV  in  the  elderly.6 With  increasing
ge,  there  is  a  decrease  in  the  amount  of  calcium  carbon-
te  crystals  in  the  otoliths.  This  demineralization  process
eakens  the  fibrous  connections  between  the  otoliths,  resul-

ing  in  fissures  or  fragmentation,  less  stable  otoliths,  and
islodgement  of  otoconia  in  the  utricles  into  the  semicir-
ular  canals.6 Furthermore,  elderly  patients  often  arrive
o  hospital  late,  have  a  longer  duration  of  illness,  and  are
ikely  to  have  chronic  comorbidities,  such  as  hypertension,
iabetes,  and  osteoporosis,  which  may  be  risk  factors  for
PPV  and  have  a  significant  effect  on  their  clinical  pre-
entation  and  prognosis.  Previous  studies7 have  shown  that
he  Canalith  Repositioning  Procedure  (CRP)  is  less  effec-
ive  in  elderly  patients  with  BPPV  than  in  younger  patients.
oreover,  the  incidence  of  residual  symptoms  after  a  CRP,

uch  as  prolonged  episodes  of  dizziness  and  unsteadiness,
ncreases  significantly  with  advancing  age.8 These  residual
ymptoms  may  even  progress  to  chronic  dizziness  or  sec-
ndary  persistent  postural-perceptual  dizziness9 and  cause
motional  distress  in  older  people.10 Therefore,  BPPV  may

ffect  elderly  patients  in  multiple  dimensions,  including
ifestyle,  social  behavior,  and  psychosocial  aspects,11 and  is
ot  conducive  to  healthy  aging.  Furthermore,  diagnosis  and
reatment  of  BPPV  may  be  difficult  in  older  people.  However,
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ittle  attention  has  been  paid  to  the  elderly  population  with
PPV.

In  this  study,  we  compared  the  clinical  characteristics  of
nd  risk  factors  for  BPPV,  the  distribution  of  its  subtypes,  and
he  effectiveness  of  CRPs  between  elderly  and  non-elderly
atients  in  an  effort  to  improve  the  diagnosis  and  treatment
f  BPPV  in  the  geriatric  population.

ethods

atients

his  study  had  a  retrospective  design  and  included  400
atients  who  were  diagnosed  with  BPPV  in  the  Vertigo
nd  Neurology  Clinic  at  Aerospace  Center  Hospital  between
anuary  2018  and  January  2021.  In  all  cases,  BPPV  was
iagnosed  based  on  the  Bárány  Society  criteria,8 namely,
resence  of  nystagmus  on  the  Dix-Hallpike,  Supine-Roll,  and
traight  head  hanging  tests.  Nystagmus  was  recorded  using  a
ideonystagmography  system  (Interacoustics,  Assens,  Den-
ark),  and  therapeutic  diagnosis  was  performed  when

ecessary.  Two  CRPs  were  performed  according  to  the  semi-
ircular  canals  involved.  Reexamination  by  positional  testing
ere  performed  after  at  least  1 h  of  rest  on  the  day  of  treat-
ent  or  on  the  following  day.  The  treatment  was  considered

uccessful  if  vertigo  and  nystagmus  had  disappeared  at  the
ime  of  the  post-treatment  evaluation.  Magnetic  resonance
maging  of  the  brain  was  performed  in  some  patients  with
efractory  BPPV  to  exclude  a  central  nervous  system  disor-
er.  The  subjects  were  divided  into  a  geriatric  group  (aged
60  years)  and  a  non-geriatric  group  (aged  20---59  years)  and
ompared  for  distribution  of  sex  and  BPPV  subtypes  and  the
ffectiveness  of  the  CRPs.  One  hundred  and  ninety-seven
f  the  400  patients  had  complete  clinical  data  available  and
ere  evaluated  further  for  their  history  of  dizziness/vertigo,
igraine,  hypertension,  diabetes,  hyperlipidemia,  coronary

eart  disease,  cerebrovascular  disease,  and  motion  sickness,
esults  of  auditory  evaluations  and  caloric  tests,  and  poten-
ial  age-related  risk  factors  and  underlying  mechanisms.

This  study  was  conducted  according  to  the  guidelines

f  the  Declaration  of  Helsinki  and  approved  by  the  Ethics
ommittee  of  Peking  University  Aerospace  School  of  Clin-

cal  Medicine  (Aerospace  Center  Hospital)  (No.  2022-033).
igned  informed  consent  was  obtained  from  all  patients.
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Figure  1  Flow  chart  showing  the  process  used  to  select
patients  for  inclusion  in  this  retrospective  study.  BPPV,  Benign
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Figure  2  Female-to-male  ratio  in  400  patients  with  benign
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aroxysmal  Positional  Vertigo;  CRPs,  Canalith  Repositioning  Pro-
edures;  VNG,  Videonystagmography.

tatistical  analysis

ontinuous  variables  were  presented  as  mean  ±  Standard
eviation  (SD).  Categorical  variables  were  expressed  as  per-
entages.  The  Chi-Square  test  was  used  to  compare  the
ifferences  between  groups,  with  Yate’s  continuity  correc-
ion  or  Fisher’s  exact  test  applied  if  necessary.  All  tests  were
wo-sided,  and  a  p-value  of  <0.05  was  considered  statisti-
ally  significant.  Data  analyses  were  performed  using  the
PSS  software  package  (version  26.0,  IBM  Corp.,  Armonk,
Y,  USA).

esults

atient  demographics  and  clinical  characteristics

 flow  chart  summarizing  the  study  enrollment  process
s  shown  in  Fig.  1.  Four  hundred  patients  with  a  diagno-
is  of  BPPV  were  retrospectively  evaluated.  There  were
88  patients  (47.0%)  in  the  geriatric  group  (mean  age,
9.52  ±  7.27  years)  and  212  (53.0%)  in  the  non-geriatric
roup  (mean  age,  44.67  ±  9.96  years).  The  female-to-male
atio  was  2.4:1  (132:56)  in  the  geriatric  group  and  3.3:1
163:49)  in  the  non-geriatric  group  (Table  1).  The  female-to-
ale  ratio  was  stratified  further  by  age,  as  shown  in  Fig.  2.

isk  factors

isk  factors  were  investigated  in  the  197  patients  for  whom
omplete  clinical  data  were  available  (geriatric  group,

 =  78;  non-geriatric  group,  n  =  119;  Table  2).  The  incidence
ates  for  history  of  dizziness/vertigo,  hypertension,  diabetes

ellitus,  hyperlipidemia,  coronary  heart  disease,  and  cere-
rovascular  disease  were  significantly  higher  in  the  geriatric
roup  than  in  the  non-geriatric  group  (p  <  0.05,  Chi-Squared
est).  The  incidence  of  migraine  was  significantly  higher  in
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aroxysmal  positional  vertigo.

he  non-geriatric  group  (14.1%  [11/78]  vs.  28.6%  [34/119],
 =  0.018,  Chi-Squared  test).  There  was  no  significant  dif-
erence  in  the  incidence  of  motion  sickness  between  the
eriatric  and  non-geriatric  groups  (15.4%  [12/78]  vs.  16.0%
19/119],  p  =  0.913,  Chi-Squared  test).  Precipitating  factors
efore  onset  of  BPPV  were  reported  significantly  more  often
n  the  non-geriatric  group  than  in  the  geriatric  group  (38.7%
46/119]  vs.  17.9%  [14/78],  p  =  0.002,  Chi-Squared  test).
recipitating  factors  in  the  non-geriatric  group  included
atigue  (16.0%,  n  =  19),  poor  sleep  (13.4%,  n  =  16),  mood
wings  (8.4%,  n =  10),  head  trauma  (3.4%,  n  =  4),  and  an  infec-
ious  episode  (2.5%,  n  =  3).

uditory  and  vestibular  function

ymptoms  such  as  hearing  loss,  ear  congestion,  and  tin-
itus  were  more  common  in  the  geriatric  group  than  in
he  non-geriatric  group  (62.8%  [49/78]  vs.  34.5%  [41/119],

 <  0.001).  When  the  caloric  test  was  performed  to  evaluate
he  function  of  the  horizontal  canals,  there  was  no  signifi-
ant  difference  in  the  rate  of  abnormal  caloric  tests  between
he  geriatric  and  non-geriatric  groups  (29.5%  [23/78]  vs.
0.3%  [36/119];  p  > 0.05;  Table  3).

istribution  of  subtypes

osterior  Canal  (PC)-BPPV  was  the  most  common  subtype
n  both  groups  but  was  significantly  more  common  in  the
on-geriatric  group  (65.1%  [137/212]  vs.  51.6%  [97/188],

 =  0.008,  Chi-Squared  test).  The  proportion  of  patients
ith  horizontal  canal  (HC)-BPPV  in  the  geriatric  group  was
igher  than  that  in  the  non-geriatric  group  (30.4%  [60/188]
s.  18.9%  [40/212],  p  =  0.003);  in  particular,  the  proportion
f  patients  with  HC-BPPV-cupulolithiasis  (HC-BPPV-cu)  was
igher  in  the  geriatric  group  than  in  the  non-geriatric  group
16.0%  [30/188]  vs.  6.0%  [13/212],  p  =  0.002).  The  propor-
ion  of  patients  with  Multicanal  (MC)-BPPV  was  significantly
igher  in  the  geriatric  group  (9.0%  [17/188]  vs.  1.9%  [4/212],

 =  0.001).  However,  the  proportion  of  patients  with  Anterior

anal  (AC)-BPPV  was  higher  in  the  non-geriatric  group  (7.4%
14/188]  vs.  14.6%  [31/212],  p  =  0.023;  Table  4).
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Table  1  Demographic  characteristics  of  patients  included  in  the  study.

Demographic  characteristics  Geriatric  group  Non-geriatric  group

Number  188  (47.0%)  212  (53.0%)
Age (mean,  range,  ±  SD,  years)  69.52  (60---87)  ±  7.27  44.67  (20---59)  ±  9.96
Sex ratio  (female:  male)  132  (70.2%):56  (29.8%)  163  (76.9%):49  (23.1%)

Table  2  Risk  factors  for  benign  paroxysmal  positional  vertigo  in  the  geriatric  and  non-geriatric  groups.

Variables  Geriatric  group  (n  =  78)  Non-geriatric  group  (n  =  119)  p-value  �2 value

Previous  history
Hypertension  44  (56.4%) 14  (11.8%) 0.000* 45.209
Diabetes mellitus  21  (26.9%)  8  (6.7%)  0.000*  15.315
Hyperlipidemia 20  (25.6%)  17  (14.3%)  0.046*  3.983
Coronary heart  disease 17  (21.8%)  5  (4.2%)  0.000*  14.701
Cerebrovascular  disease 13  (16.7%) 3  (2.5  %)  0.000*  12.634
Migraine 11  (14.1%)  34  (28.6%)  0.018*  5.597
Motion sickness 12  (15.4%) 19  (16.0%)  0.913  0.012
Precipitating factor 14  (17.9%) 46  (38.7%) 0.002*  9.538
Fatigue 6  (7.7%) 19  (16.0%)
Sleep disorder 5  (6.4%) 16  (13.4%)
Mood swings 3  (3.8%) 10  (8.4%)
Stress  0  (0) 8  (6.7%)
Head trauma 1  (1.3%) 4  (3.4%)
Preceding  infection 1  (1.3%) 3  (2.5%)

* p < 0.05

Table  3  Results  of  auditory  and  vestibular  function  evaluation  in  the  geriatric  and  non-geriatric  groups.

Variables  Geriatric  group
(n  =  78)

Non-geriatric
group
(n  =  119)

p-value  �2 value

Auditory  symptom  49(62.8%)  41(34.5%)  0.000*  15.279
Hearing loss  26(33.4%)  18(15.1%)  0.003*  9.004
Ear stuffiness  12(15.4%)  19(16.0%)  0.913  0.012
Tinnitus 38(48.7%)  33  (27.7%)  0.003*  9.003
Abnormal caloric  test  results  23(29.5%)  36(30.3%)  0.909  0.013

* p < 0.05

Table  4  Distribution  of  BPPV  subtypes  in  the  geriatric  and  non-geriatric  groups.

BPPV  subtypes  Geriatric  group
(n  =  188)

Non-geriatric  group
(n  =  212)

p-value

PC-BPPV  97  (51.6%)  137  (64.6%)  0.008*
PC-BPPV-ca  69  (36.7%)  98  (46.2%)  0.054
PC-BPPV-cu 28  (14.9%)  39  (18.4%)  0.349
HC-BPPV 60  (31.9%)  40  (18.9%)  0.003*
HC-BPPV-ca 30  (16.0%)  27  (12.7%)  0.358
HC-BPPV-cu 30  (16.0%) 13  (6.0%)  0.002*
AC-BPPV  14  (7.4%)  31  (14.6%)  0.023*
MC-BPPV  17  (9.0%)  4  (1.9%)  0.001*

BPPV, Benign Paroxysmal Positional Vertigo; PC, Posterior Canal; ca, Canalolithiasis; cu, Cupulolithiasis; HC, Horizontal Canal; AC, Anterior
Canal; MC, Multiple Canals.
* p < 0.05
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igure  3  Effectiveness  of  the  canalith  repositioning  proce-
ure (n  =  400).

ffectiveness  of  the  CRPs

eexamination  by  positional  testing  after  treatment
evealed  that  the  CRPs  were  significantly  less  likely  to  be
ffective  in  the  geriatric  group  than  in  the  non-geriatric
roup  (58.0%  [109/188]  vs.  72.6%  [154/212],  p  =  0.002).  Fur-
hermore,  stratification  of  the  results  by  age  showed  that
he  effectiveness  of  the  CRPs  tended  to  decrease  with
dvancing  age  (Fig.  3).

iscussion

his  study  had  two  important  findings  concerning  the  demo-
raphic  features  of  BPPV.  First,  BPPV  was  more  common
n  women  in  all  age  groups  and  particularly  so  in  the  per-
menopausal  period,  which  is  in  line  with  previous  reports.9

he  female-to-male  ratio  was  highest  (4.4:1)  in  patients
ged  50---60  years.  Considering  that  menopause  usually
ccurs  at  the  age  of  45---55  years,  the  high  incidence  of
PPV  in  women  aged  50---60  years  may  be  related  to  fluc-
uations  or  deficiency  of  estrogen  in  the  perimenopausal
nd  postmenopausal  periods,  which  could  lead  to  worse
egeneration  of  otoliths  in  elderly  women.  Previous  studies
ave  confirmed  that  estrogen  replacement  therapy  signi-
cantly  reduces  the  incidence  of  BPPV  in  perimenopausal
omen.10 Second,  there  was  a  high  proportion  of  men  with
PPV  in  the  group  aged  ≥80  years,  which  again  is  consis-
ent  with  the  findings  of  previous  research.9 Middle-aged
nd  elderly  men  may  also  develop  Late-Onset  Hypogonadism
LOH)  in  response  to  decreasing  levels  of  androgens  such
s  testosterone,  which  is  more  significant  after  the  age
f  60  years.  A  longitudinal  study  in  Baltimore12 found  a
ignificant  increase  in  LOH  in  men  after  this  age.  LOH
nd  concomitant  hyperlipidemia,  diabetes,  hypertension,
nd  obesity  are  gradually  becoming  recognized  as  having  a
ommon  pathophysiological  basis.  In  this  study,  hyperten-
ion,  diabetes,  hyperlipidemia,  cardiovascular  disease,  and
erebrovascular  disease  were  significantly  more  common  in
eriatric  patients  than  in  non-geriatric  patients,  which  is
n  line  with  previous  research.13 LOH  in  men  can  also  lead

o  decreased  bone  mineral  density  and  osteoporosis,  which
ay  contribute  to  the  increased  incidence  of  BPPV  in  elderly
en.  Contrasting  with  relevant  research  into  women,  there

re  still  few  studies  on  the  underlying  pathogenesis  of  BPPV
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n  older  men  and  the  reasons  for  the  decrease  in  the  female-
o-male  ratio  with  advancing  age,  especially  in  the  group
ged  80---89  years.  More  studies  of  the  pathophysiology  of
PPV  in  older  men  are  needed  in  the  future.

We  also  investigated  several  putative  risk  factors
or  BPPV,  including  history  of  diseases  associated  with
therosclerosis,  such  as  hypertension,  diabetes,  and  hyper-
ipidemia,  and  found  that  the  prevalence  of  these  diseases
as  much  higher  in  geriatric  patients  than  in  non-geriatric
atients.  Cardiovascular  and  cerebrovascular  diseases  are
ot  uncommon  in  the  geriatric  age  group,  and  their  preva-
ence  in  geriatric  patients  with  BPPV  has  been  reported
o  be  significantly  higher  than  that  in  the  general  elderly
opulation  in  China,14 which  suggests  that  the  presence  of
ascular  disease  may  worsen  overall  health  status,  includ-
ng  the  vestibular  system.  Vascular  risk  factors  may  affect
he  microcirculation  in  the  inner  ear  and  the  metabolic  bal-
nce  of  calcium  in  the  otoliths  in  the  utricle,  leading  to  an
ncreased  risk  of  episodes  of  BPPV.  The  blood  supply  to  the
abyrinth  is  via  the  internal  auditory  artery,  which  usually
riginates  from  the  anteroinferior  cerebellar  artery.15 The
nternal  auditory  artery  is  a  terminal  vessel  and  does  not
ave  collateral  anastomotic  connections  that  would  allow
ontinuation  of  a  blood  supply  to  the  end  organs  if  an
schemic  event  occurred,  which  would  render  the  labyrinth
specially  vulnerable  to  ischemic  phenomena.16 Moreover,
he  cochlea  is  adjacent  to  the  vestibular  system  and  supplied
y  the  same  artery;  therefore,  it  would  be  easy  for  these
tructures  to  be  damaged  simultaneously.  We  found  that  63%
f  patients  in  our  geriatric  group  reported  auditory  symp-
oms,  such  as  hearing  loss,  tinnitus,  or  ear  congestion.  This
nding  is  consistent  with  the  results  of  a  previous  study,17

ndicating  that  the  incidence  of  tinnitus  symptoms  is  signi-
cantly  higher  in  geriatric  patients  with  BPPV  than  in  the
eneral  elderly  population.

In this  study,  non-geriatric  patients  were  more  likely
o  have  precipitating  factors  other  than  arteriosclerosis.
pproximately  29%  of  our  non-geriatric  patients  had  a  his-
ory  of  migraine,  which  was  significantly  higher  than  the
roportion  in  geriatric  patients.  Previous  research  has  shown
hat  close  to  half  (47%)  of  patients  in  whom  the  onset  of  BPPV
s  before  the  age  of  50  years  have  a  history  of  migraine,18 and
he  prevalence  of  migraine  is  known  to  be  high  in  women.
aralli  et  al.19 found  that  the  mean  age  of  onset  of  BPPV
as  39  ±  9.2  years  in  patients  with  migraine  and  53  ±  7.3
ears  in  those  without  migraine,  which  suggests  that  the
nset  of  BPPV  is  earlier  in  migraineurs.  The  mechanism  for
PPV  in  younger  patients  may  involve  repeated  vasospasm
r  a microvascular  vestibulocochlear  disorder,  which  results
n  damage  to  the  vestibular  epithelium  and  movement  of
islodged  otoliths  from  the  utricle  into  the  semicircular
anal.  Vasospasm  in  the  labyrinthine  system  that  causes
estibular  damage  and  recurrent  BPPV  may  be  similar  to  the
asospasm  that  occurs  in  the  ophthalmic  artery,  which  leads
o  the  visual  disturbances  associated  with  migraine.18---20

owever,  no  direct  pathophysiological  link  has  been  estab-
ished  between  migraine  and  BPPV.  Another  finding  in  our
tudy  was  that  episodes  of  BPPV  in  the  non-geriatric  group

ere  more  likely  to  be  preceded  by  fatigue,  heavy  pressure
f  work,  poor  sleep,  mood  swings,  stress,  or  an  infectious
pisode.  These  stressors  may  cause  transient  damage  to  the
nner  ear.  A  report  by  Monzani  et  al.21 suggested  that  nega-
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ive  life  events  could  interact  with  labyrinthine  function  and
ause  abnormal  activation  of  the  hypothalamic-pituitary-
drenal  axis  and  an  increase  in  stress-related  hormones,
hich  may  interfere  with  blood  flow  and  the  balance  of  fluid

n  the  inner  ear,  affecting  in  particular  endolymphatic  cal-
ium  metabolism  in  the  otoliths.  The  specific  mechanism(s)
f  the  interaction  between  stress  hormones  and  develop-
ent  of  BPPV  should  be  investigated  further.
Previous  studies  have  shown  that  PC-BPPV  is  the  most

requent  subtype  of  BPPV  in  both  the  general  population
nd  geriatric  patients.22---24 In  our  study,  HC-BPPV  and  MC-
PPV  were  more  common  in  the  geriatric  group  than  in
he  non-geriatric  group,  and  especially  HC-BPPV-cu,  which
ccounted  for  50%  of  cases  of  HC-BPPV.  BPPV  in  the  geriatric
roup  often  involved  multiple  canals,  where  a  large  number
f  otoliths  were  dislodged  into  more  than  one  canal.  An  age-
elated  decline  in  utricular  function  (indicated  by  the  oVEMP
mplitude)  has  also  been  reported  after  the  age  of  60---80
ears.25 A  possible  explanation  for  this  finding  could  be  an
ge-related  decrease  in  the  number  of  calcium  carbonate
rystals,  which  leads  to  weakening  of  the  fibrous  connec-
ions  between  the  otoliths.  When  the  dislodged  utricular
toconia  moves  into  the  semicircular  canals  and  attaches
o  the  cupula,  the  cupula  deflects  in  response  to  the  oto-
onial  fragments.  This  subtype  is  known  as  cupulolithiasis
nd  is  consistent  with  the  classical  theory  proposed  by
chuknecht.26 Si  et  al.27 found  that  ageotropic  positional
ystagmus  was  more  likely  to  be  accompanied  by  atheroscle-
otic  disease,  which  may  also  be  an  important  cause  of
nner  ear  ischemia  and  deteriorating  function  of  the  utricles.
ahm  et  al.28 suggested  that  the  higher  proportion  of  HC-
PPV-cu  in  the  elderly  population  may  be  explained  by  the
athophysiology  of  ageotropic  positional  nystagmus  rather
han  by  otoconial  attachment  on  the  cupula  in  the  lateral
emicircular  canal  in  the  elderly;  for  example,  alteration
f  the  biochemical  composition  and  density  of  inner  ear
uid  resulting  from  a  change  in  serum  osmolality  or  break-
own  of  the  blood---labyrinth  barrier  function  as  a  result  of
nflammation  in  the  inner  ear.  This  is  consistent  with  the
oor  effectiveness  of  the  CRP  in  patients  with  HC-BPPV-cu
hen  compared  with  the  other  subtypes.22 However,  further

esearch  is  needed  to  confirm  this  hypothesis.
The  effectiveness  of  the  CRP  was  significantly  higher

n  our  non-geriatric  group  but  tended  to  decrease  with
ge.  Non-geriatric  patients  are  more  likely  to  have  idio-
athic  BPPV  and  less  severe  auditory  symptoms,  and  their
nner  ear  damage  is  usually  mild.  Most  of  these  patients
ecover  rapidly  after  two  CRPs.  However,  geriatric  patients
ften  have  multiple  comorbidities,  including  hypertension,
iabetes,  hyperlipidemia,  cardiovascular  disease,  cere-
rovascular  disease,  and  complications  that  are  risk  factors
or  recurrent  attacks  of  BPPV.29 In  our  present  study,  geri-
tric  patients  with  BPPV  often  had  auditory  symptoms,  such
s  hearing  loss,  ear  congestion  and  tinnitus,  indicating  that
his  group  may  have  more  severe  inner  ear  damage,  which
ould  be  easily  overlooked  during  the  diagnosis  and  treat-
ent  process.  Furthermore,  a  large  proportion  of  elderly
atients  have  the  HC-BPPV-cu  and  MC-BPPV  subtypes,  which

ay  respond  less  well  to  treatment.  All  of  the  abovemen-

ioned  factors  may  lead  to  poor  effectiveness  of  treatment,
ecurrent  vertigo,  and  slow  recovery  in  geriatric  patients.
herefore,  comprehensive  treatment  that  includes  therapy
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or  atherosclerosis  and  other  potential  risk  factors  is  needed
n  geriatric  patients  with  BPPV  to  improve  the  circulation
n  the  inner  ear.  At  the  same  time,  elderly  patients  should
eceive  safety  education  to  reduce  their  risk  of  falls  and
dvice  on  dealing  with  mood  swings  to  help  improve  their
uality  of  life,  and  thus  promote  sustainable  healthy  aging.

imitations

irst,  this  study  had  a  retrospective  design  and  included  a
elatively  small  sample  size  from  one  center.  Therefore,  the
ossibility  of  sampling  bias  cannot  be  excluded,  and  our  find-
ngs  need  to  be  validated  in  a  larger  sample.  Second,  the
tudy  did  not  include  a  healthy  control  group.  In  a  future
tudy,  we  will  include  healthy  controls,  divide  geriatric  and
on-geriatric  patients  with  BPPV  according  to  the  absence  or
resence  of  risk  factors,  and  use  multiple  logistic  regression
o  explore  (1)  Whether  the  results  observed  are  independent
f  age,  (2)  Whether  there  are  differences  in  the  occur-
ence  of  the  different  types  of  BPPV  and  the  effectiveness
f  CRPs  between  geriatric  and  non-geriatric  BPPV  patients
ith  and  without  risk  factors,  and  (3)  whether  there  is  any
ge-related  difference  in  occurrence  of  BPPV  after  exposure
o  the  same  risk  factor  for  the  same  length  of  time.  Further-
ore,  longer-term  follow-up  is  needed  to  observe  patterns

f  recurrence  of  BPPV  and  recovery  according  to  age  group.

onclusion

PPV  is  more  common  in  women,  especially  those  who  are
erimenopausal.  However,  the  proportion  of  men  with  BPPV
ncreases  with  age.  Geriatric  patients  with  BPPV  are  more
ikely  to  have  risk  factors  associated  with  atherosclerosis,
uch  as  hypertension,  diabetes,  and  hyperlipidemia,  which
ay  affect  the  blood  supply  to  the  inner  ear.  The  HC-BPPV

especially  HC-BPPV-cu)  and  MC-BPPV  subtypes  are  more
ommon  in  geriatric  patients.  The  effectiveness  of  CRPs  may
ecrease  with  age.  Therefore,  more  comprehensive  treat-
ent  that  includes  management  of  risk  factors  is  needed  in

eriatric  patients  with  BPPV.
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