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ABSTRACT

Objective: To investigate the impact of balance and dizziness problems (BDP) and other risk factors on falls in a longitudinal,
population-based cohort of older adults.

Methods: The Age, Gene/Environment Susceptibility-Reykjavik Study (AGES-RS I) 2002-2006 examined 5764 adults aged
66-98. Five years later, 3316 surviving subjects were reexamined in AGES-RS II. Participants were asked about BDP, falls, usual
activities, and health conditions. BDP symptoms during the past 12 months included: vertigo (spinning/moving sensation); float-
ing/spacey sensation; light-headedness (no moving sensation); near fainting (presyncope) or fainting (syncope); blurred vision
with head movement (oscillopsia); and feeling off-balance/unsteady. Clinical assessments included hand grip and leg strength
plus steps and time to walk 6 m.

Results: During the past 12months in AGES-RS II, BDP prevalence was 40.1% (males 35.2%, females 43.7%) and the prevalence
of falling was 23.0% (males 20.9%, females 24.8%). BDP increased steps and time to walk 6 m. BDP increased the risk of falls
(adjusted prevalence ratio [PR]=1.53; 95% confidence interval [CI]: 1.34-1.76 for AGES-RS I, PR=1.77, 95% CI: 1.55-2.03 for
AGES-RSII). The prevalence of > 2 falls was 8.9% (15.6% with BDP vs. 4.4% without BDP). Among those who fell > 2 times, 70.4%
reported BDP in the past 12 months. Additional risk of falling was associated with fear/panic attacks, memory loss, hearing loss,
and other health conditions.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
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Conclusion: BDP are common in older adults and associated with 50% to 80% increased risk of falling and even greater risk of

falling >2 times. Quantitative estimates are provided for contributing factors that further increase the risk of falls.

Level of Evidence: 2 (prospective cohort study).

1 | Introduction

Despite prior studies of vertigo, other dizziness problems,
and imbalance (disequilibrium/unsteadiness) with falling
in community-dwelling older adults, investigations of large
population-based samples followed up over a period of 5years
or longer are scarce. Earlier studies of community-dwelling
prospective cohorts have found one-third of adults aged > 65
and one-half of those aged >80 experience falls each year
[1, 2]. Falls are the leading cause of nonfatal injury and a prin-
cipal cause of accidental death among older adults [1-7]. Many
associated factors have been implicated, including sociodemo-
graphic differences, mobility problems, sensory impairments,
psychological problems, medical factors, and medication use
[8]. Specific risk factors include muscle weakness, dizziness
and vertigo, syncope, postural hypotension, prior history of
falls, gait or balance deficits, use of assistive devices, visual
deficits, arthritis, age > 80, impaired Activities of Daily Living
(ADLs), depression, and cognitive impairment [1, 9-12].

Approximately 50% of patients presenting at emergency de-
partments with dizziness symptoms (i.e., dizziness, vertigo,
and imbalance) as their principal complaint are diagnosed
with vestibular (inner ear) disturbance [13]. Vestibular disor-
ders are associated with vertigo, other dizziness symptoms,
imbalance, problems with hearing, nausea, and other prob-
lems. However, some balance and dizziness problems (BDP)
have a central nervous system origin or arise from other
physiological systems unrelated to peripheral vestibular dys-
function. Regardless of the etiology, BDP are associated with
falls [14-17] and can negatively impact quality of life [18, 19].
While all age groups are affected, including children and
young adults [20-22], the association between BDP and falls is
most consequential for older adults due to increased morbidity
and mortality [4, 23-25].

This study aims to examine and quantify the association be-
tween falls and symptoms of BDP. We analyzed a unique data
set from a longitudinal study of health, disease, and disability
in a well-characterized cohort of older adults [26]. Our spe-
cific aims were to quantify the prevalence and associations
between BDP and falls and to identify additional risk factors
for falls among older adults.

2 | Materials and Methods
2.1 | Study Population

This longitudinal, population-based cohort study was es-
tablished in 1967 in the Reykjavik, Iceland capital region.
Participants were recruited from a population-based cohort
of men and women born 1907-1935. The Icelandic Heart
Association (IHA) initiated the Reykjavik Study (n=27,281 in

1960; n=11,549 alive in 2002) to identify preventive factors
based on clinical assessments for cardiovascular disease eval-
uation from mid-life through old age. The National Institute on
Aging (NIA) began collaborating in 2002 with THA to expand
the study design to assess healthy aging. The new Age, Gene/
Environment Susceptibility-Reykjavik Study (AGES-RS) ran-
domly selected 8030 participants, aged 66-96years, from the
earlier Reykjavik Study. Two study waves were carried out in
2002-2006 and again in 2007-2011. The first wave, AGES-RS
I, examined 5764 (71.8%) of eligible individuals, and the sec-
ond wave, AGES-RSII, re-examined 3411 (72.2%) of the survi-
vors. Reasons for not participating in AGES-RS II were death
(n=1039), refusal (n=1198), and unable to contact (n=116)
[27]. Complete information on BDP and falls in the past
12months was obtained from 2844 participants in AGES-RS
I and II. Information was collected from personal interviews,
medical records, and clinical exams, including performance
assessments.

2.2 | Ethical Considerations

In adherence to the Tenets of the Declaration of Helsinki,
AGES-RS was approved by the Icelandic National Bioethics
Committee (VSN: 00-063), the Icelandic Data Protection
Authority, and the Institutional Review Board for the National
Institute on Aging (NIA), National Institutes of Health, USA.
All participants provided written informed consent.

2.3 | Main Outcomes
2.3.1 | Balance and Dizziness Problems (BDP)

Questions regarding BDP were asked using different wording in
the two study periods. In the baseline AGES-RS I, the questions
asked about vertigo, dizziness, and disequilibrium in the past
12months. In AGES-RS I, questions regarding BDP in the past
12 months asked about: (i) vertigo (spinning/moving sensation),
(ii) floating/spacey sensation, (iii) light-headedness (no moving
sensation), (iv) near fainting (presyncope) or fainting (syncope),
(v) blurred vision with head movement (oscillopsia), and (vi) feel-
ing off-balance/unsteady. BDP was scored positive if yes to any
of these. If yes to any BDP symptoms, participants were asked:
“If multiple symptoms, which was most bothersome.” Follow-up
questions about the most bothersome symptom were then asked:
(i) “How long bothered?” (ii) “How often bothered in the past 12
months?” and (iii) “How long each episode or symptom lasts?”

2.3.2 | Falls

In AGES-RS I and II, participants were asked: “During the past
12 months, have you fallen and landed on the floor or ground?”
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If yes: “How many times have you fallen in the past 12 months?”
In addition, participants in AGES-RS II were asked: “During the
past 12 months, have you fallen at least one time?” If yes, then
the follow-up question was: “Have you fallen during the past
Syears because of any of these: (i) vertigo, (ii) floating/spacey
sensation, (iii) light-headedness, (iv) near fainting or fainting, (v)
blurred vision with head movement, or (vi) feeling off-balance/
unsteady?”

2.4 | Covariates

Potential risk factors associated with BDP and falls, including
demographic and lifestyle characteristics and medical health
history, were recorded at baseline clinic visits during detailed
personal interviews prior to clinical examinations. Hours per
week of moderate or vigorous physical activity in the past year
were categorized as: never, rare or occasional (<1h/week),
moderate (1 to <3h/week), or high (>3h/week). Depression
was assessed using the 15-item Geriatric Depression Scale
(GDS-15) and defined by scores >6 [28, 29]. Cognitive im-
pairment was assigned after administering three cognitive
domain tests (memory, processing speed, and executive func-
tion). Dementia was identified in a 3-step procedure involv-
ing the Mini-Mental State Examination, the Digit-Symbol
Substitution Test, and a diagnostic battery of neuropsycho-
logical tests and evaluation by a neurologist; then a panel of
experts reached a consensus diagnosis based on DSM-IV cri-
teria [27, 30]. Height and weight were measured in the clinic
to determine body mass index (BMI).

Sensory problems of vision and hearing were determined
based on self-report and exams. Vision was measured as pre-
senting visual acuity, aided by current corrective lenses [31].
Vision impairment was classified by better eye visual acuity
(VA)>20/50 (logMAR >0.4) [31, 32]. Report of vision prob-
lems included cataract surgery and diagnosis of glaucoma or
macular degeneration. Participants were asked about their
hearing: (i) “Have you been bothered by ringing in the ears
(tinnitus) for > 5 minutes in the past 12 months?” (ii) “Do you
use a hearing aid?” and (iii) “How is your hearing (without
a hearing aid), is it good, a little trouble, a lot of trouble, or
deaf?” Pure tone, air-conduction hearing thresholds were ob-
tained via an automated procedure using an Interacoustics
AD229e microprocessor audiometer (Interacoustics A/S,
DK-5610, Assens, Denmark) that employed the Hughson-
Westlake method (up 5dB, down 10dB), which conformed to
ISO 8253-1:1989/2010(en) [33]. Standard TDH-39P supra-aural
audiometric headphones or E.A.R. tone 3A insert earphones
(MEDI, Benicia, CA, USA) were used. Hearing thresholds
at frequencies of 0.5, 1.0, 2.0, 3.0, 4.0, 6.0, and 8.0kHz were
measured in each ear using noise-insulated booths. The bet-
ter ear (BE) “speech-frequency” pure tone average (PTA) of
thresholds at 0.5, 1.0, 2.0, and 4.0kHz was analyzed based on
the World Health Organization (WHO) and Global Burden
of Disease (GBD) classification: normal hearing (<20dB
hearing level [HL]), mild impairment (>20 to <35dB HL),
moderate impairment (>35 to <50dB HL), or more severe
hearing impairment (>50dB HL) [34, 35]. Injuries resulting
from falls were abstracted from medical records. Quadriceps
strength and hand grip strength were determined by isometric

dynamometry during the clinical exam. Time (seconds) and
number of steps to walk six meters at standard (and fast) speed
were measured two times and the average time and number of
steps were analyzed.

2.5 | Statistical Analysis

Continuous variables are described using means and standard
deviations (or standard errors of the mean), whereas categori-
cal variables are described using frequency counts and per-
centages. Chi-square tests were performed to detect statistical
significance for categorical variables. All significance tests were
two-tailed and p values <0.05 were considered statistically sig-
nificant; borderline significance values, p values > 0.05 to <0.10,
are also provided. The generalized linear interactive modeling
(GLIMMIX) procedure was used to calculate p values after ad-
justing for age and sex (Table 1). The Cochran-Armitage trend
test was used to assess statistically significant differences in
BDP prevalence by age and by number of falls in the past year
(Table 2).

Functional mobility was determined by responses to questions
and performance (6-m walk at standard or fast speed) in both
AGES-RS T and II. These measures were analyzed as inde-
pendent variables to predict BDP and falls. Logistic regression
analysis was used to calculate prevalence ratios (PR) with 95%
confidence intervals (CI) for associations with lifestyle, exer-
cise, and health conditions. Other risk factors for falls—selected
based on clinical relevance or after identifying significant asso-
ciations—were examined for subjects with BDP in AGES-RS II.
Analyses were conducted using SAS version 9.4 (SAS Institute,
Cary, North Carolina).

3 | Results

The average age of the 5224 participants in AGES-RS I was
77.0years. However, the mean age of the 2353 participants in
AGES-RS Iwhodid not participate in AGES-RS II was 79.6 years,
whereas the mean age of the 2884 participants in AGES-RS I
who participated in AGES-RS II Syears later was 75.0years.
In AGES-RS II, the mean age of participants was 80.2years.
Attrition in this cohort of older adults was described in the
Methods, namely, nearly half (n=1039) of the non-participants
died before AGES-RS IT and a similar number (n =1198) refused
to participate largely due to advancing age.

3.1 | Prevalence of Balance and Dizziness
Problems (BDP)

Among the 5700 participants in AGES-RS I, the prevalence of
BDP was 45.5% (males 41.1%, females 48.8%; p <0.001; Table 1).
In AGES-RS II, the prevalence of BDP was 40.1% (males 35.2%,
females 43.7%; p < 0.001; Table 1). The most prevalent individual
symptoms reported in AGES-RS II were off-balance/unsteady
28.6%, vertigo 16.5%, and light-headedness 10.4% (Table 2). The
prevalence of BDP increased significantly with age, which was
attributable primarily to age-related increases in two symptoms:
off-balance/unsteady and light-headedness.

Laryngoscope Investigative Otolaryngology, 2025

30f 17

85U8017 SUOWILWIOD BAEa.D 8|qeol(dde aup Aq peusenob a e S9ole YO @S JO s3I 10} A%euq1T8ul|UO 8|1 UO (SUORIPUOD-PUE-SWBI W0 A8 | 1M ARIq 1 Ul UO//SANY) SUORIPUOD Pue SWe 1 8y} 89S *[9202/20/02] U0 A%eid1T8ulluo A8|IM ‘[01u0D 8sess|q Jod SielueD Aq 9920/ 'Z011/Z00T OT/10p/wod A8 | Azelq1jeuljuo//sdny Wwouy pepeojumod ‘9 ‘520z ‘8E088LEZ



23788038, 2025, 6, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/1i02.70266 by Centers For Disease Control, Wiley Online Library on [20/02/2026]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

Q
Q
E
=]
=4
&
(=]
(senunuo)) 2
@)
L00°0 0'LT 769 9000 9t 809 010 107 8971 SN vy 1L11 98990 (0¢ ) w
SN 87T  Shel SN 6 SSII SN LT SLPT SN L€y L8TT YSPMIdAQ (6'67-0'ST7) m
~
Joa v'IC  L80T Joy €8¢ 126 Joy €8T SLLT Joy 9y ST91 AqresH (6'42-5'81) =
SN 0°0C ss 7500 €95 8Y SN LLT s8 SN 1855 SL ySremIapun (§°8T>) INg S
&
(&%) N
892 v oLe ds F ueaw ‘TINg
P2I0AID 10
Joq 1Sz TSIT Joq 8Th 666 Joy 0T 9SIC Joq 1°0S 4114 pamopim ‘9[3uls
SN 07T 6902 SN LSS TLLI SN 79T 99I€ L00 0Ty 0S0€ Suniqeyod 10 paLLIRA snjels [eIIeN
SN STT 98¢ SN 0°8¢€ S0€ SN 191 965 ¥0°0 L'6€ 1LS Ayszeatun
SN v'ze €75 SN 06§ 824 SN 881 S18 S0°0 S 16L a3a[10D
SN TET  6Y91 SN 86E  Shpl SN 9Ll 8¥9T SN v'or 155T ATepuooss
Joq 8'€T €99 (fo1) (A54 LLS Joy 6'8T  79T1 Joy 6'LY 1611 Arewtig uoneonpyg
Joy 8y IS8T Joy LSy €091 Joq 1T 082€ Joy L'SY 6862 S[BWId]
S00°0 60C 09€T  10000> TSE 0911  1000> TSI  €IbT  1000> T'Tp seTe S[eIN X3S
SN 0T 9.9 1000>  VvLiv 8Ly 1000>  6'€T 165 10000> 79§ 8cP +58
SN 9'€T 1501 €00 T €16 1000>  €1T  ¥bET  1000>  9°CS €121 ¥8-08
SN 7T 11Tl SN L'SE 6901 10°0 LLT  98ST  1000>  LLv 1641 6L-SL
Joy 6'1¢C L6E Joy 8G¢ 1€ ¥0°0 69T 0791 SN L'LE €661 vL-0L
pVN pVN Joy 9€l €66 Jou 6'9¢ 625 69-99 (s1eaf) o3y
(8%
708 6S)0LL S F UBaW ‘SIedA 93y
0€T  Sg€€ 0¥ +88C 98T LIZS Sy vTes -e10],
qd % u qd % u qd % u qd % u PAdYT onISLIdIdRIRYD
s[red «ddd sired «ddd
II SY-SHOV 1 SY-SAOV &
Gy
.wo_am_uouomumﬂo \AQ II —uﬁm I1SY-SHOV Ul mﬂuﬁoa 1 um.mQ ur m:.m.« .ﬁcm AQOC wEo?_OhQ mwoﬁ_NNw—v —uﬁm ooﬁ.ﬂmn mo ooﬂm~.®>ohm _ TATIVL M



23788038, 2025, 6, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/1i02.70266 by Centers For Disease Control, Wiley Online Library on [20/02/2026]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

(senunuo))
SN v'€T 90¥ SN €9v  09€ 60°0 €61 (1147 100°0 €S 96¢ TH 9P 0S <
SN S€T 796 SN S'6¢ ge8 1000>  TIZ 0921 700°0 Teb 08T1 TH P0S> 016£<
S0°0 8'€C  6VCl SN 6LE  OTIT 200 6L1  OLIT 10°0 0t 080T TH gpPSE> 0302 (o8e10A% 20}
Joy L0z S¢S Joy 8°0F LSY Joy LYl LIED Joy 9°8¢ SLTI ¢TH 9p0T> -o1nd ‘1e9 19139q) SuLieoH
SN TET 9LL €00 vy SIL SN 96T 7901 £00°0 €'TS €66 SO Iosn pre urresay
700 LYT  0SLT  T000>  OSt  v6SIT 900°0 S6I  vT6C  1000>  €0S 6LLT SoX (110da1-J195) ssof Surresy
10°0 6'ST  00L 1000>  89% 1S9 SN 6'L1 889 1000>  S'SS 59 SoX SnjruuL,
60°0 v've 819 SN 60y 8¢S SN S'8T €1L S00°0 6’67 9.9 SOX sjoeIRIE)
SN 0¥C 1SL SN 0Ty L99 SN 10T 06L SN €0S LEL 0S/0235VA SSO[ [ENSIA
S0°0 S'LT 9LT SN 6y VET SN 991 189 €000 8Ly €€9 IERRYTg)
SN 9T S8T1 200 0Ty 9011 SN SLT  YIbT 90°0 LY S0€T IouLIog
Jou 8TC  TL9T Joy 168 Tepl Joy 6'61  £9%C Joy TSy 0L1C JIoxowsuoN Sunjowg
— — pVN SN YLL  €gs¢ SN e £0€€ 1M
— — pVN L0°0 60T S6L S00°0 6'0S 8¢9 IOWLIO
— — pVN Joy L61  LOTI Joy S8p 6¥TT TOAON [OYooTY
100°0> 6'LE 61¢C 1000>  0°€9 681 1000>  1'8C 972 1000>  97L 0S¢ 9<,SU9 uorssaxda(q
SN LLT 88T SN Ley  L91 €0°0 €€T L8E L00 TYs 98T "XP BHUSWR(
L00°0 967  8T¢ SN LSy €67 SN S0T  9%S €0°0 0°€S 6vY PIIN
Jou €TT 8997 Joy 166  6LTC Joy CLL 995 Joy X34 LLEY ON sparredur £jeaniugo)
100°0> vy cel 000>  0CL 66 1000> 0’1 18¢ 1000>  T6L YLT 1004
100°0> 16T 786 1000>  9'SS 1.8 000>  6TC 0091  1000> 879 4341 Ired
SN 012 656 10000>  T1'S€  LOS 60°0 TLL  YILT S0°0 T8¢ L09T pooD
Joy €81 76Tl Joy ¥'9T 6801 Joy vl 661 Joy L€g €061 pooS K104 10 JUA[[2OXH SNJe)S YI[EY [BISUSD
a_n % u ,_& % u a& A u a_& % u PAdYT JnIsLIdIdRIRYD
s[red «ddd sired «ddd
II S4-SHOV 1SY-SAOV

(ponunuo)) | THATAVL

50f 17

Laryngoscope Investigative Otolaryngology, 2025



23788038, 2025, 6, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/1i02.70266 by Centers For Disease Control, Wiley Online Library on [20/02/2026]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

‘(d9) 189 193399 ) 10J (TH) [9A9] SuLIeay (gp) S[oqIo9p Ul (ZHY 0¥ PUE ‘0°C ‘0°T ‘S°0) SPIOYSAIY) 1n0J Jo (VI.d) d95eI1aAe auoj-a1nd 9} uo paseq ST UOIJEIIJISSB[O PIOYSAIY) mztmoms

"POPN[OXd 10U 31 ‘00H/0C < VA SE PAUIJOP ‘S[ENPIAIPUT PUT]q ‘943 19339 9} UT 05/0T < (VA) ANNO. TeNSIA (S9SUI] J0BIU0D 10 SIsSe[3 Jo asn [IIm) Sunuasaid 1saq 9y} Se pauljop s1 juswiredut (A)noe [eNSIA = YAg

*STSOuSeIp BNUSWAP PUB ‘T PIIW ‘T OU :s311039)ed 0jul $319dxa Jo [oued  £q pajedsIpn(pe sem pue SJUSUWISSISSE JATITUF0D 9911} UO paseq sem (1) juswiredur o\ﬁ_:mon&

‘uo1ssaxdap QuIJop 03 Pasn 19 < SAD “(SAD) a1edS uorssardo JIIIeIID =SAD,

‘11 SY-SHOV Ul uonsanb ayy se jou pip,, 10 2[qedridde jou, = VN,

*S[[e} 10§ SE€€ Pue A9

10J 88T SeM d[qR[IeAR $303[qns Jo roqunu dY) [T SY-SHOV Ul {PAUTWIEXD S[ENPIAIPUL $9/S Y3 JO %S°06 PUE %9°06 10 ‘S[[B] 10J LIZS PUE dd 10F $TTS SEM S[E[IEAE UOIIBULIOFUI YA $303(qns Jo raquinu oY) (9002-2002) I SU-SHOV Ul,
*(SN) yueoyTUSIS

10U SB UMOYS 918 OT'0 < SonfeA d JuedrjIugis aul[IopIoq d1e 0T°0S PUE S0°0 < sanjea d (S ur a1npadoid (NI'TD) Suropour 9A1IoRIAIUI TedUl] paziferduasd oY) Sursn Aq xas pue 95e 10 Sunsnlpe o[Iym paje[no[ed dIom sanjea mg
*(SPOYIDIAL i UOTIOAS 39S) [T PUe I SY-SAOV Ul suorisanb juardgzrp Suisn paurgap a1om (Jag) swa[qoid ssaulzzip pue souefed,

Laryngoscope Investigative Otolaryngology, 2025

SN T'6C PST 100°0> €8S LT 2000 09T 00t 100°0> 6'L9 €€€ SO 9jons
Yz >3Sures
100°0> ¥'9¢ SLT 100°0> 9°6S 091 100°0> 6'9¢ 9T 100°0> €99 9tc Sox ym wefqoxd ‘yoaads parin(s
S00°0 (447 44 100°0> 1°C8 LE 100°0 €6¢ 89 100°0> CIL 49 S9K SISOuSeIp s,uosuryied
SN (%4 LL6T 800°0 0Ty 96¢C SN L'8T 9197 SN SOy €Ty S9A uorsua1edAH
2000 6°0¢ 6L 100°0> 1S LE SN 9'L1 €81 100°0> 81S S9¥ SO syoeje orued 10 1ed]
SN 0°S¢ (414 100°0> 9'1S 6vC SN 6'0C L0S L00°0 €IS (114 SO $93qeI(d
100 6'8¢ we 2000 96t STC L0O0 S'TC 109 100°0> 0°LS orS S9K aseas[p Suny druoIy)
100°0> 9'9C Y101 T00°0> 6'St 988 €00 6'0C LSTT 100°0> 9°¢S 9961 SA SHLIYMY
sjutof
T00°0> '8¢ T0ST T00°0> °0S 00¢t 100°0> 0'T¢C 891¢ 100°0> 0'¢cs 010€ SoA Ul SSOUJJ1IS 10 ‘Guryor ‘ured
100°0> S8y gee 100°0> 9€L 80¢C 100°0> '8¢ (483 100°0> 008 0LT €<
100°0> 1943 01¢ 100°0> 6'L9 8T 100°0> T'T¢ 4 100°0> avs (433 (4
100°0> 9'6C 9ty 100°0> 6'7S 88¢ €000 c°0c 818 100°0> 9'8¢ 6¢L T (0p 03 9[qEUN STV JO
Jou €81 60T Joy TIE L1961 Joy TST  1L6E Joy 6°LE ¥9LE QUON "ou) Sural] £[1ep Jo SANIAIY
(ATeyO[aayM IO IOy [eM ‘QURD)
pVN pVN 100°0> 0¢ 86L 100°0> 869 6¢CL SoX punoue jo3 03 pasn sadIAd(
(sda3s 0T quuIpd 10 W QOS
200 S'Ly 18T 100°0> L'€9 9¥1 100°0> Lee 1444 100°0> 8°SL 1444 9[qe J0N 1 3,ued) A)Iqestp AN[IqON
SN 0T 8T¢ 100°0> €T 661 SN '8l G8¢T 100°0> €ce 6LT MPam/yL<
900°0 861 €ITT T00°0> 9°¢6¢ T10T SO0 [ vel 100°0> 6'LE ¥8CI ¥oom/YL-T £y1an0e [eorskyd
Joq G'¢etC 7661 Joq L'y 9691 Joy L'8T 089¢ Joq 6'8% 0S¢ Joam/y1> SN01031A-0-91BIOPON
qd % u qd % u qd % u qd % u PAdYT onISLIdIdRIRYD
S[red «ddd S[red ddd
II S4-SFOV I SY-SHODV

6of 17

(ponunuo)) | THATAVL



23788038, 2025, 6, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/1i02.70266 by Centers For Disease Control, Wiley Online Library on [20/02/2026]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

'sanfeA SUISSTW MaJ © 03 anp T d[qe], Wwo1J APYSI[S IJJTP STOqUINN,

100°0> 100°0> 100°0> 100°0> 100°0> 100°0> 100°0> (puan 10y) anyea d
SL8 9'8L L 0T 8'9¢C S'LE ¢l S'LE 9¢ ¥<
SS9 14} T'6 8'81 ST ST 6'LT L61 €-C
v'vy 80¢ [ V'L [A4! S'e 9°0C 13014 ! (squow ¢
S 9T 0¢ €9 6'8 6'C vl 01ce 0 JseY) STed
100°0> 100°0> SN SN 200 SN 010 (puax) 103) onjea d
Ly LE 143 €8 Sor 9'C S'6l 18S9 +68
[aa4 (AR 1Y '8 8¢l e L91 €16 78-08
(43 6'vC € L 8'8 € Lel 6901 6L-SL
8'¢¢e 8'LT e S9 '8 8'C €0¢ Tce vL-1L a8v
100°0> 00°0 SN SO0 100°0> 00 9000 (X)enread
ey 9°0¢ 0y 98 vl Le 'S8T 1891 S[ewvd
€'6¢ L'ST e 99 L'L €C €vl €0¢1 o[ X3S
6'6¢ 9'8¢C 9'¢ L'L 701 e 91 88¢C [e10L
% % % % % % % U
(osTT=1) (rzg=u) (sor=u) (szz=u) (66T=1u) (06=1u) (9Lv=u)
swoydwss Apeajsun Suraowr peay YPIIm (Sunyurey) UO0I)esuds UOI)esuds Suraowx
ddd 210wt /adueeq-jjo UOISTA paxInfg adoouLs Suraouwr ou Kdoeds /Suruuids
10 9uo Auy Surpeag /odooudssaag ‘papeaIySr /Sunyeorg ‘0S1II9A

‘11 SY-SAOV ‘syjuowr Z1 Ise] s[rej pue ‘e xas £q swoydwiAs (Jqg) SSOUIZZIP pue 20UR[eq JO 0US[BAdId | ¢ HTIV.L

7 of 17

Laryngoscope Investigative Otolaryngology, 2025



TABLE 3 | Prevalence of a single balance or dizziness problem (BDP) symptom? and with two or more BDP symptoms® among participants with

any BDP (n=1150), AGES-RSII.

Vertigo, Floating/ Lightheaded, Presyncope/ Blurred vision Feeling
spinning/ spacey no moving syncope with head off-balance/
moving sensation sensation (fainting) moving unsteady
(n=476) (n=90) (n=299) (n=223) (n=105) (n=824)
% % % % % %
Vertigo, spinning/ 12.72 5.5P 11.5° 8.5b 4.8b 23.8°
moving sensation
Floating/spacey 0.72 3.7° 3.1° 1.6° 5.6P
sensation
Lightheaded, no 3.72 7.3b 4.1° 18.5Y
moving sensation
Presyncope/syncope 3.72 3.0 13.2°
(fainting)
Blurred vision with 1.22 6.6P
head moving
Feeling off-balance/ 33.02
unsteady
Total 41.4¢ 7.8¢ 26.0¢ 19.4¢ 9.1¢ 71.7¢

2Among subjects having at least one BDP, the percentage of participants with a single symptom (bolded; diagonal cells); for example, 33.0% with BDP reported feeling
off-balance/unsteady and no other symptoms, while 12.7% with BDP reported vertigo and no other symptoms.

YAmong subjects having at least one BDP, the percentage of participants with two or more symptoms (not bolded; off-diagonal cells); for example, 23.8% reported
feeling off-balance/unsteady and vertigo (and possibly other BDP), while 11.5% reported both vertigo and light-headedness without a sense of motion (and possibly

other BDP).

The total row shows the prevalence (%; bolded) of each specific BDP symptom (includes as only symptom and also with any other BDP) any in the past 12 months, for

example, 41.4% reported vertigo plus any other BDP symptom along with vertigo.

Among participants with one or more BDP symptoms, the rel-
ative frequency in descending order was: off-balance/unsteady
71.7%, vertigo 41.4%, light-headedness 26.0%, presyncope/syn-
cope (fainting) 19.4%, blurred vision with head movement (os-
cillopsia) 9.1%, and a floating/spacey sensation 7.8% (Table 3).
Among participants with BDP, vertigo only was 12.7%, and
the combination of both vertigo and off-balance/unsteady was
23.8% (Table 3). Light-headedness only was 3.7%, whereas light-
headedness in combination with vertigo was 11.5%. Only one
BDP symptom was reported by 55.0%, two symptoms by 25.3%,
three symptoms by 12.4%, and four or more symptoms by 7.3%
(Table S1).

When asked which BDP was most bothersome, the most fre-
quently reported were feeling off-balance/unsteady and vertigo.
During BDP episodes, the most common conditions connected
to or occurring around the same time were: headaches, includ-
ing migraine 21.8%, nausea or vomiting 20.8%, and problems
with vision 9.8% (Table S2).

3.2 | Prevalence of Falls and BDP

The prevalence of falls in AGES-RS II was 23.0% (males 20.9%,
females 24.8%; Table 1). The overall prevalence of two or more
falls was 8.9% (15.6% among those with BDP compared to 4.4%
among those without BDP). Among those who fell in the past
12months, 61.4% fell once, 30.0% fell two or three times, and
8.5% fell >4 times (Table 2). Among those who fell >2 times,

m No Fall 1 Fall B2-3 Falls B >4 Falls

& 100 833 87.5

~

:‘E 63.8 g5.5 B |
< N \ """"
f §\ s § N
£ § \\ N

AGES-RS 1 AGES-RS-I1

FIGURE1 |
frequency of falls in the last 12 months.

Prevalence of balance and dizziness problems (BDP) by

70.4% reported BDP. More frequent falls were associated with a
higher prevalence of BDP (Figure 1). Those who fell >4 times in
the past 12months had BDP prevalences of 83.3% and 87.5% in
AGES-RS I and II, respectively.

Report of any BDP in the past 12months greatly increased the
prevalence of falls (Figure 2A). The prevalence of falls across
age groups for participants with BDP was nearly double that
compared to participants without BDP. Males who did not ex-
perience BDP had the lowest prevalence of falls across all age
groups.

The prevalence of falls by specific BDP symptoms increased
about 80% on average compared to participants without the
specific symptom. In Figure 2B, the first bar for each BDP
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FIGURE2 | Prevalence of falls in AGES-RS II in the last 12 months with or without balance and dizziness problems (BDP). (A) Prevalence of falls
by sex, age, and with or without BDP. (B) Prevalence of falls by specific BDP symptoms, solid bars refer to the percentage of falls occurring without
the specific BDP symptom, compared to the adjacent striped bar that shows the prevalence of falls occurring when only the specific BDP symptom

was reported, followed by the stippled bars when the specific BDP symptom and any other BDP symptoms were reported.

symptom indicates the prevalence of falls in the past 12 months
associated with the specific symptom (including any addi-
tional BDP). The second bar for each BDP symptom indicates
the prevalence of falls when only the specific BDP symptom
was reported. The third bar for each specific BDP symptom
indicates the prevalence of falls if the specific BDP symptom
was not reported (other BDP may have been reported). The
last bar (far right) shows the prevalence of falls when no BDP
symptoms were reported.

When only the BDP floating/spacey sensation was reported
in the past 12months, there were no falls (shown as 0% in
Figure 2B). Also, light-headedness alone did not increase the
prevalence of falls, although when combined with other BDP
symptoms, there was an increase. If only a single BDP symp-
tom was reported, the highest prevalence of falls occurred for

blurred vision when moving head, followed in descending mag-
nitude by relatively higher prevalences of off-balance/unsteady
and vertigo. The combination of almost fainting (presyncope) or
fainting together with other BDP symptoms led to the highest
prevalence (36.9%) of falls in the past 12months.

Logistic regression estimates of prevalence ratios for associa-
tions of BDP and falling were calculated separately for AGES-RS
I and II, then for the two time periods combined, to compare
sex- and age-adjusted prevalence ratios and 95% CI (Table 4).
The prevalence of falls in the past 12months was 31.4% among
those with BDP and 17.4% among those without BDP. BDP in
the past 12months was associated with significantly increased
rates of falling in the past 12months in both AGES-RS I and
I1. Respondents who did not report BDP in the past 12months
during AGES-RS II, but who had reported BDP earlier in
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TABLE 4 | Prevalence ratios (PR) for balance and dizziness problems (BDP) and falls in past 12months, AGES-RS I compared to AGES-RS II.

AGES-RSI AGES-RSII
Fell Prevalence ratios® Fell Prevalence ratios®
BPD n? % PR (95% CI) n? % PR (95% CI)
AGES-RSI No 1627 14.3 Ref 1615 18.8 Ref
Yes 1101 22.2 1.5 (1.2-1.7)** 1095 29.3 1.5 (1.3-1.6)**
Total 2728 17.5 — 2710 23.1 —
AGES-RS1II No 1638 15.8 Ref 1628 17.4 Ref
Yes 1090 19.9 1.2 (1.02-1.4)* 1082 31.6 1.8 (1.6-2.1)**
Total 2728 17.5 — 2710 23.1 —
AGES-RSTand IT No 1208 14.3 Ref 1199 15.3 Ref
Yes, RS 1 430 20.0 1.3 (1.03-1.6)** 429 23.1 1.5 (1.2-1.8)**
Yes, RS II 419 14.1 1.0 (0.8-1.3) 416 28.9 1.9 (1.6-2.3)**
Yes,RSTandIl 671 235 1.5 (1.3-1.9)** 666  33.3 2.1 (1.8-2.5)**
Total 2728 17.5 — 2710 231 —

Note: * Statistical significance, p <0.05; ** Statistical significance, p <0.01.
aNumbers (n) differ slightly from earlier tables due to some missing values.
bPrevalence ratios are adjusted for age and sex.

AGES-RS I, also had a significantly increased risk of falling in
the past 12months in AGES-RSII.

Among those with BDP in AGES-RSII, 51.1% reported falling at
least once during the past 5Syears (Table S3). Among those who
fell during the past 5years, 40.4% reported having experienced
BDP symptoms in the past 12months. The most common BDP
symptoms reported were: off-balance/unsteady 28.3%, vertigo
15.1%, and almost fainting (presyncope) and fainting 10.9%. No
difference was found in the reported prevalence of broken or
fractured bones during the past Syears for those with or without
BDP in AGES-RSII.

3.3 | Performance Measures

In the 6-m walk, males took fewer steps but were faster
than females at standard and fast speeds (Figures 3 and S1).
Compared to those without BDP, individuals with BDP were
slower and took more steps at standard speed but not at fast
speed. The average number of steps, with and without BDP, at
standard and fast speeds is shown in Figure 3. Graphs illus-
trating the average time to walk 6 m, with and without BDP,
at standard and fast speeds are also provided (Figure S1). The
average number of steps and time to complete the 6-m walk
at standard speed was statistically higher among those with
BDP who had fallen in the past 12 months. The average num-
ber of steps and time to complete the 6-m walk were lower
among individuals who experienced falls but not BDP in the
past 12months.

No differences in maximum grip or leg (quadriceps) strength
were found for individuals with or without BDP for either sex;
however, females had lower maximum grip strength than males
(Figure S2).

3.4 | Physical Activities, BDP, and Falls

The prevalences of BDP and falls by selected physical activities are
shown in Table 5. BDP prevalence was higher among those who
participated less often in outside activities; for example, if during
winter and summer months, they did not walk for exercise, spent
less time walking, did not swim for exercise, spent more time nap-
ping during the day, and spent fewer than 5h sleeping at night.
BDP prevalence was higher for individuals who spent 9h or more
sleeping at night during the summer and lower among those who
swam more than five times a week during the winter or partic-
ipated in more than 7h per week in both light and moderate or
vigorous physical activities.

The last two columns show the prevalence of falls in the past
12months by usual activities and whether they did or did not
report BDP in the past 12months. After adjusting the preva-
lences for age and sex, those with BDP experienced more falls;
however, if their usual activities reduced BDP prevalence,
there were fewer significant associations with activities. The
positive benefit in terms of the reduction of falls for some ac-
tivities was primarily associated with the reduction in BDP
prevalence, not the activities.

3.5 | Additional Risk Factors Associated With Falls

Several health conditions were associated with increased risk
of falls (Table 6). The prevalence of falls among those with
BDP, after adjusting for age and sex, was significantly higher
for individuals who: (i) were patients in the hospital for one
or more nights during the past 5years, (ii) visited a doctor be-
cause of an illness or an injury in the past 12 months, (iii) had
chronic lung disease, (iv) had hip or joint pain, aching, or stiff-
ness on most days in the past month, (v) experienced slurred
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FIGURE3 | Performance measures by sex, balance, and dizziness problems (BDP), and age in AGES-RS II; error bars represent the standard error
of the mean (SEM) for each age group. (A) Standard speed, average number of steps to walk six meters; sex differences (males took fewer steps than
females), increased number of steps with age, and increased number of steps for those with BDP versus no BDP, were significant (p <0.001). (B) Fast
speed, average number of steps to walk six meters; the sex differences and increasing trend with age were significant (p <0.001), but BDP versus no

BDP comparisons were not statistically significant.

speech lasting less than 24 h, (vi) had Parkinson's disease, (vii)
reported attacks of fear or panic, (viii) reported worse memory
compared to a year earlier, (ix) lost five kilograms or more of
weight any time over the past 12 months, (x) were overweight,
and (xi) reported a lot of trouble hearing.

4 | Discussion

Many sensory functions (e.g., vision, hearing, balance/vestib-
ular, and olfaction/smell) decline markedly with age; however,
within individuals, independent mechanisms appear to be in-
volved in the decline of different sensory functions [36]. Age-
related decline in the balance/vestibular system, as with other
senses, has been studied extensively [37-41]. Prior epidemiolog-
ical investigations have found that dizziness and vertigo preva-
lence increase with age [42, 43]. In the present study, we sought
to quantify associations between symptoms of balance and diz-
ziness problems, aging, and risk of falls.

The prevalence of falls in the past 12months was 14.1% among
individuals without BDP in AGES-RS I and 22.1% among those
with BDP (50% relative increase). For individuals who reported
no BDP in the past 12months during both study time periods, the

prevalence of falls increased only slightly from 14.3% in AGES-RS
I to 15.4% in AGES-RS II. Hence, individuals without BDP had
nearly the same prevalence of falls in both AGES-RSTand II, even
though they were 5Syears older on average. However, individuals
who reported BDP in both time periods had a prevalence of falls
in the past 12months that increased from 23.6% in AGES-RS I to
33.4% in AGES-RSII. Also, the 5-year fall prevalence occurring in
the time span for AGES-RS I and I was 51.1% (Table S3).

In AGES-RS II, BDP was associated with an increased num-
ber of steps and slower times for the 6-m walk at standard
speed. In addition, individuals who reported both BDP and
falls in the past 12months took a greater number of steps and
had slower times than those with BDP who had not fallen in
the past 12months. Yet, when encouraged to walk 6-m at fast
speed, a recent history of BDP was no longer a significant fac-
tor. We surmise that community-dwelling older adults with
BDP normally take precautions when walking at standard
speed; yet, if requested and supervised in a clinic, they can
perform as well as those within their age group who did not
have BDP in the past 12 months.

Dizziness has been identified as a major risk factor for falls
across all ages [8, 11-13, 16, 44]. Kerber reported patients with

Laryngoscope Investigative Otolaryngology, 2025
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TABLE 5 | Prevalence of balance and dizziness (BDP) and falls during past 12 months by usual activities, AGES-RS II.
Falls: Falls: With
BDP Without BDP BDP
Usual activities Frequency n (%) (%) p?* (%) p? (%) p?*
Total 2884 (100.0) 41.8 17.3 32.4
Out-of-home activities (going to Not at all 884 (30.8) 44.2 Ref 18.3 Ref 33.3 Ref
movies, social events, etc.) <once/month  1439(50.2)  41.0 NS 160 009 311 NS
> once/month 490 (17.1) 36.0 0.05 18.5 NS 27.3 NS
> once/week 53(1.9) 27.4 0.09 23.7 NS 15.0 NS
Walked for exercise (typical winter No 1208 (42.2) 44.7 Ref 18.5 Ref 36.7 Ref
week) Yes 1658 (57.9)  39.6 0.02 159 NS 282  0.003
Average daily walking time (during <30min 409 (24.7) 48.1 Ref 15.5 Ref 23.6 Ref
winter months) 30-60min 1105(66.6)  36.8 <0.001 163 NS 312 0.6
>60min 145 (8.7) 39.2 0.03 26.0 NS 28.1 NS
Swam for exercise (typical winter No 2231 (77.8) 43.6 Ref 18.0 Ref 32.1 Ref
week) Yes 635(22.2) 346 <0001 148 005 331 NS
Hours spent sleeping at night (during <5h 50(1.7) 51.7 Ref 11.4 Ref 42.5 Ref
winter months) 5-6h 660 (23.0)  44.6 NS 214 NS 286 0.3
7-8h 1861 (64.9) 40.2 0.04 16.0 NS 32.5 0.09
>9h 295 (10.3) 46.7 NS 15.0 NS 38.2 NS
Hours spent napping during day None 1641 (57.3) 39.0 Ref 16.4 Ref 31.3 Ref
(during winter months) <1h 955(33.3) 431 <0001 181 NS 312 NS
1-2h 258 (9.0) 57.2 <0.001 20.8 NS 35.8 NS
>3h 12(0.4) 56.6 0.03 16.5 NS 86.2 0.10
Walked for exercise (typical summer No 792 (27.6) 44.8 Ref 18.3 Ref 35.1 Ref
week) Yes 2074 (73.4) 410  0.06 164 NS 314 NS
Average daily walking time (during <30min 455 (21.9) 45.8 Ref 13.3 Ref 28.7 Ref
summer months) 30-60min 1380 (66.5)  40.0 0.01 172 NS 326 NS
>60min 241 (11.6) 37.7 NS 18.8 0.05 36.7 NS
Swam for exercise (typical summer No 2188 (76.3) 43.8 Ref 18.4 Ref 31.8 Ref
week) Yes 678(23.7) 338 <0001 144 0007 356 NS
Hours spent sleeping at night (during <5h 59 (2.1) 50.2 Ref 16.1 Ref 449 Ref
summer months) 5-6h 786 (27.4) 439 NS 193 NS 292 001
7-8h 1774 (61.9) 39.6 0.08 16.5 NS 324 0.04
>9h 247 (8.6) 51.1 NS 13.1 NS 36.6 0.10
Hours spent napping during day None 1784 (62.3) 39.1 Ref 16.9 Ref 32.0 Ref
(during summer months) <1h 857(29.9) 437 0001 181 NS 317 NS
1-2h 214 (7.5) 57.6 <0.001 17.5 NS 33.0 NS
>3h 11 (63.6) 56.0 0.07 16.5 NS 88.5 0.05
(Continues)
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TABLE 5 | (Continued)

Falls: Falls: With
BDP Without BDP BDP

Usual activities Frequency n (%) (%) p?* (%) p? (%) p?*
Participated in light physical activities Never 314 (11.0) 37.6 Ref 21.0 Ref 26.9 Ref
(past 12months) Rarely 260(94) 466 001 161 NS 334 NS
<1h/week 159 (5.6) 52.3 0.03 114 006  39.2 NS

1-3h/week 1165 (40.7) 47.1 0.003 15.2 0.09 33.6 NS

4-7h/week 632 (22.1) 32.7 NS 20.1 NS 28.4 NS

>7h/week 327 (11.4) 34.1 NS 18.1 0.07 28.1 NS

Participated in moderate or vigorous Never 1369 (47.8) 46.7 Ref 18.3 Ref 347 Ref
physical activities (past 12 months) Rarely 170(5.9) 433 NS 196 NS 351 NS
<1h/week 117 (4.1) 29.6 0.006 14.0 NS 27.4 NS
1-3h/week 638 (22.3) 37.5 0.003 13.8 NS 274 0.08
4-7h/week 373 (13.0) 35.8 <0.001 17.6 NS 23.8 0.02

>7h/week 199 (6.9) 21.8 <0.001 18.1 NS 17.8 NS

ap values were calculated while adjusting for age and sex by using the generalized the linear interactive modeling (GLIM) procedure in SAS; p values > 0.05 to <0.10

are borderline significant; p values >0.10 are listed as not significant (NS).

disequilibrium were four times more likely to fall than control
subjects over a 5-year period [45]. After adjusting for age and sex,
we found a 50% increased risk of falls associated with BDP in
AGES-RS I and, when participants were 5years older, an 80%
increased risk in AGES-RS II. Most earlier studies of the asso-
ciation of BDP and falls have been conducted on smaller clini-
cal samples of individuals or with cross-sectional questionnaire
studies. The present study adds to existing knowledge due to the
relatively large sample size and because results are based on a
longitudinal study of a population-based cohort of older adults
(aged 66 or more years), which collected interviews, medical re-
cords, and clinical exam measures.

Among AGES-RS II participants with BDP, after adjusting for
age and sex, risk factors independently associated with falls
were hospitalizations during the previous 5years, doctor's visits
in the past 12 months, chronic lung disease, hip or joint pain, ep-
isodes of slurred speech in the past Syears, Parkinson's disease,
attacks of fear or panic, losing memory, being overweight, and
having a lot of trouble hearing.

We found overweight (but not obese) individuals in AGES-RS II
with BDP had a higher prevalence of falls. A study by Corna et al.
found the prevalence of dizziness and falls in an inpatient obese
population was higher than that in a general matched population,
although dizziness and falls were not associated with the degree
of obesity [46]. A study based on a nationally representative U.S.
health interview survey found that obesity and dizziness were
associated with a higher rate of falls but were not significantly
associated with fall-related injury [47]. Engagement in physical
activities was associated with a decreased prevalence of BDP and
falls in AGES-RS II. Rietdyk et al. showed the co-occurrence of
multiple fall-risk factors was common in a national sample of U.S.
older adults [48]. The present study also demonstrated a protec-
tive effect of physical activity on fall risk.

There is evidence that multifactorial interventions and exercise
are effective in reducing the number of falls among older adults
[49, 50]. Vestibular, balance, and strength training could prevent
or postpone many falls [51, 52].

4.1 | Strengths and Limitations

A major strength of this study is that interview and exam data
were collected prospectively from a large population-based co-
hort of older individuals, followed longitudinally since 1967
with a continued high participation rate. One limitation is that
the population is Western European and some of the results may
not be generalizable to other populations.

4.2 | Implications for Otolaryngology Practice

This study's findings have important implications for the clini-
cal practice of otolaryngology, particularly concerning the eval-
uation and management of patients experiencing balance and
dizziness symptoms. These implications can be summarized in
three key areas:

4.3 | Symptom Patterns Warranting ENT Referral

Among AGES-RS II adults over 70years old, about 4 in 10 re-
ported BDP during the last 12months, with about half (2 in
10) having BDP with unsteadiness/disequilibrium as the most
bothersome BDP symptom and about a quarter (1 in 10) hav-
ing BDP with vertigo as the most bothersome symptom. Not
all such patients have a vestibular problem for which ENT re-
ferral is indicated. Patients whose main symptom is unsteadi-
ness (general feeling of instability) should first be evaluated by
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TABLE 6 | Prevalence of falls in past 12 months by selected characteristics and prevalence risk ratios (PR) of falling when balance and dizziness

problems (BDP) present in past 12 months, AGES-RS II.

All older
adults All with BDP in past 12months
Falls Falls

Characteristics Response n % n %  Adjusted PR (95% CI)*
Total 2866 23.0 1142 314 —
Hospital stays (one or more nights past Yes 1429 276 662 36.7 1.54 (1.26-1.87)
5years)
Doctor's visit (past 12 months) Yes 2421 242 992 329 1.59 (1.12-2.27)
Chronic lung diseases Yes 574 277 286 35.3 1.23 (1.02-1.49)
Pain, aching, or stiffness on most days in Yes 607 30.6 324 352 1.22 (1.01-1.47)
your left or right hip (past month)
Pain, aching or stiffness in any of your joints Yes 1300 274 655 354 1.42 (1.18-1.72)
on most days
Slurred speech or problems talking for brief Yes 160 36.3 102  48.0 1.61 (1.28-2.04)
periods (past 5years)
Parkinson's disease diagnosis (past 5years) Yes 37 43.2 30 46.7 1.57 (1.01-2.43)
Fear or panic attacks (past 5years) Yes 68 38.2 45 48.9 1.55(1.11-2.16)
Memory has gotten worse compared to Yes 463 30.5 274 38.0 1.27 (1.06-1.55)
12 months ago
Lost 5kg or more (past 12months) Yes 361  30.5 177  39.0 1.30 (1.05-1.61)
General state of health Excellent or very good 1089 18.2 285  27.2 Ref

Good 807 20.6 304 25.0 0.92 (0.70-1.22)

Fair or poor

Body mass index

<18.5 (underweight) 27 22.2 16 31.2

970  30.3 553  36.7 1.34 (1.07-1.69)

1.22(0.97-1.53)

18.5-24.9 (normal) 784 193 290 272 Ref

25.0-29.9 (overweight) 1258 239 492 331

1.31 (1.02-1.68)

>30.0 (obese) 670 266 297 35.0 1.09 (0.51-2.33)

Hearing ability or difficulty (without a Good 1277 20.6 435 287 Ref
hearing aid) Alittle trouble 1197 253 517 325 1.11 (0.90-1.35)
A lot of trouble 377 228 184 332 1.06 (0.80-1.40)
Deaf 8 500 4 750 2.80 (1.53-5.15)

2Prevalence ratios (PR) and 95% confidence intervals (CI) were calculated using generalized linear interactive models (GLIM) while adjusting for age and sex.

a general practitioner for orthostatic hypotension, medication
side effects, and other non-vestibular causes, which may lead
to a referral for cardiologic consultation. Patients whose main
symptom is disequilibrium (unsteadiness accompanied by spa-
tial disorientation) may benefit from referral to a neurologist,
especially when other symptoms and history suggest vestibular
migraine. Patients who present with brief episodic vertigo trig-
gered by head reorientation relative to the direction of gravity
should first be assessed for benign paroxysmal positional ver-
tigo, which affects about 1 in 3 older adults, can be effectively
treated with canalith repositioning maneuvers, and merits refer-
ral to a vestibular rehabilitation therapist [53, 54]. Direct refer-
ral to an otolaryngologist should be considered for patients who

report spontaneous episodic vertigo in combination with hear-
ing loss, tinnitus or ear fullness; experience vertigo triggered by
loud sounds or straining; exhibit facial weakness or other signs
of facial cranial nerve dysfunction; have otorrhea; or have other
symptoms, signs, or history suggesting cholesteatoma or other
temporal bone disease [55].

4.4 | Informing Patient Selection for Objective
Vestibular Testing

Certain symptom profiles, such as rotational vertigo, unsteadi-
ness in the dark, or symptoms worsened by head movements,
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are more predictive of abnormal vestibular function. These
findings can be used to stratify patients and guide the use of
resource-intensive objective vestibular testing (e.g., videonys-
tagmography, VHIT, or vestibular-evoked myogenic potentials).
Prioritizing patients with high-probability symptom patterns
can improve diagnostic yield and efficiency in vestibular assess-
ment [56, 57].

4.5 | Suggested Intervention Pathways by Risk
Category

While not explicitly a “risk stratification” system in the sense of
low/intermediate/high risk for overall vestibular dysfunction,
the International Classification of Vestibular Disorders (ICVD)
developed by the Bardny Society aims to provide evidence-based
consensus and standardization regarding definitions for vestibu-
lar symptoms (e.g., vertigo and dizziness) and common vestibular
disorders. These definitions often include criteria for symptom
duration, intensity (severity), and frequency of episodes, which
are crucial for differential diagnosis and indirectly for assessing
the impact on a patient's life and potential for complications [58].
Dizziness is one of the most common chief complaints in both the
ambulatory care setting and the emergency department. The third
Guideline for Reasonable and Appropriate Care in the Emergency
Department (GRACE-3) from the Society for Academic
Emergency Medicine is on the topic “adult patients with acute
dizziness and vertigo in the emergency department.” Guidelines
can inform management decisions for many patients [59].

Falls are highly associated with balance and dizziness symp-
toms. Most older adults included in the analysis fell into the low-
or high-risk categories, with a minority in the intermediate-risk
category. The world guidelines for falls prevention and manage-
ment's risk stratification algorithm can be utilized clinically,
even in a sample of patients on a frailty intervention pathway
that was designed before the publication of the guidelines
[60, 61]. Using the risk stratification algorithm, most of the in-
cluded patients fell into either the high- or low-risk groups, as
has been shown in non-clinical populations [62].

5 | Conclusions

Increasing lifespan and an aging population pose new health
and socio-economic challenges. We found that older adults who
report dizziness problems or feeling off-balance/unsteady are at
greatly increased risk of falling. We showed that BDP increases
fall risk by 50% to 80% and more than triples the risk of multiple
falls. This highlights the clinical urgency of treating symptoms
effectively, as well as underlining the importance of follow-up
visits, even after acute symptoms resolve. The population stud-
ied (aged 66-98) overlaps heavily with the demographic most
vulnerable to vestibular dysfunction, imbalance, and falls. Many
patients with BDP are older adults, and this study strengthens
the need for integrating fall risk screening into evaluations. The
study identified hearing loss, memory loss, and fear/panic at-
tacks as co-risk factors. Hearing loss is a condition that often
coexists with vestibular pathology. This study supports an open
treatment approach, considering auditory, cognitive, and psy-
chological factors. Health care providers can use the findings to

explain the consequences of untreated BDP that further justify
referrals for vestibular rehabilitation, audiology, or fall preven-
tion programs, that is, to advocate for proactive management in
addition to symptom relief.

We showed the prevalence of BDP symptoms during the past
12months increased with age from approximately 37% for
those aged 66-74years to 50% for those aged >85years. The
principal BDP symptom associated with this older age-related
increase in prevalence was the off-balance/unsteady sensa-
tion. The prevalence of falls also increased with age; however,
based on this cohort of Icelandic older adults, the increase in
falls with age occurred primarily among individuals who re-
ported BDP. For the individuals with BDP, other conditions as-
sociated with increased prevalence of falls were recent medical
care and hospitalizations, having experienced slurred speech
and problems talking for brief periods during the past 5years,
fear or panic attacks, and the report of a lot of trouble hearing.
Since the prevention of falls is a major health concern, earlier
detection and diagnosis of BDP problems—because of their
value in predicting 1- and 5-year risk of falls—will become
increasingly important for older adults, healthcare providers,
and society.
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