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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 12 months 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-RS II). 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.
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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 5 years 
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 IHA 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 66–96 years, 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-RS II, 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 
12 months 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 
12 months. In AGES-RS II, 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 
5 years 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 (< 1 h/week), 
moderate (1 to < 3 h/week), or high (≥ 3 h/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 5 dB, down 10 dB), 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 8.0 kHz 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 4.0 kHz was analyzed based on 
the World Health Organization (WHO) and Global Burden 
of Disease (GBD) classification: normal hearing (< 20 dB 
hearing level [HL]), mild impairment (≥ 20 to < 35 dB HL), 
moderate impairment (≥ 35 to < 50 dB HL), or more severe 
hearing impairment (≥ 50 dB 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 I 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 
77.0 years. However, the mean age of the 2353 participants in 
AGES-RS I who did 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 5 years later was 75.0 years. 
In AGES-RS II, the mean age of participants was 80.2 years. 
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 II 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.
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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 
12 months, 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, 

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 12 months had BDP prevalences of 83.3% and 87.5% in 
AGES-RS I and II, respectively.

Report of any BDP in the past 12 months 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 

TABLE 3    |    Prevalence of a single balance or dizziness problem (BDP) symptoma and with two or more BDP symptomsb among participants with 
any BDP (n = 1150), AGES-RS II.

Vertigo, 
spinning/

moving

Floating/
spacey 

sensation

Lightheaded, 
no moving 
sensation

Presyncope/
syncope 

(fainting)

Blurred vision 
with head 

moving

Feeling 
off-balance/

unsteady

(n = 476) (n = 90) (n = 299) (n = 223) (n = 105) (n = 824)

% % % % % %

Vertigo, spinning/
moving sensation

12.7a 5.5b 11.5b 8.5b 4.8b 23.8b

Floating/spacey 
sensation

0.7a 3.7b 3.1b 1.6b 5.6b

Lightheaded, no 
moving sensation

3.7a 7.3b 4.1b 18.5b

Presyncope/syncope 
(fainting)

3.7a 3.0b 13.2b

Blurred vision with 
head moving

1.2a 6.6b

Feeling off-balance/
unsteady

33.0a

Total 41.4c 7.8c 26.0c 19.4c 9.1c 71.7c

aAmong 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.
bAmong 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).
cThe 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.

FIGURE 1    |    Prevalence of balance and dizziness problems (BDP) by 
frequency of falls in the last 12 months.
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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 12 months, 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 12 months.

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 12 months was 31.4% among 
those with BDP and 17.4% among those without BDP. BDP in 
the past 12 months was associated with significantly increased 
rates of falling in the past 12 months in both AGES-RS I and 
II. Respondents who did not report BDP in the past 12 months 
during AGES-RS II, but who had reported BDP earlier in 

FIGURE 2    |    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.
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AGES-RS I, also had a significantly increased risk of falling in 
the past 12 months in AGES-RS II.

Among those with BDP in AGES-RS II, 51.1% reported falling at 
least once during the past 5 years (Table S3). Among those who 
fell during the past 5 years, 40.4% reported having experienced 
BDP symptoms in the past 12 months. 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 5 years for those with or without 
BDP in AGES-RS II.

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 12 months.

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 5 h sleeping at night. 
BDP prevalence was higher for individuals who spent 9 h 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 7 h per week in both light and moderate or 
vigorous physical activities.

The last two columns show the prevalence of falls in the past 
12 months by usual activities and whether they did or did not 
report BDP in the past 12 months. 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 5 years, (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 

TABLE 4    |    Prevalence ratios (PR) for balance and dizziness problems (BDP) and falls in past 12 months, AGES-RS I compared to AGES-RS II.

BPD

AGES-RS I AGES-RS II

Fell Prevalence ratiosb 
PR (95% CI)

Fell Prevalence ratiosb 
PR (95% CI)na % na %

AGES-RS I 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-RS II 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-RS I and II No 1208 14.3 Ref 1199 15.3 Ref

Yes, RS I 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, RS I and II 671 23.5 1.5 (1.3–1.9)** 666 33.3 2.1 (1.8–2.5)**

Total 2728 17.5 — 2710 23.1 —

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.
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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 12 months 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 12 months 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-RS I and II, even 
though they were 5 years older on average. However, individuals 
who reported BDP in both time periods had a prevalence of falls 
in the past 12 months that increased from 23.6% in AGES-RS I to 
33.4% in AGES-RS II. Also, the 5-year fall prevalence occurring in 
the time span for AGES-RS I and II 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 12 months took a greater number of steps and 
had slower times than those with BDP who had not fallen in 
the past 12 months. 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 

FIGURE 3    |    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.
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12 of 17 Laryngoscope Investigative Otolaryngology, 2025

TABLE 5    |    Prevalence of balance and dizziness (BDP) and falls during past 12 months by usual activities, AGES-RS II.

Usual activities Frequency n (%)

BDP
Falls: 

Without BDP
Falls: With 

BDP

(%) pa (%) pa (%) pa

Total 2884 (100.0) 41.8 17.3 32.4

Out-of-home activities (going to 
movies, social events, etc.)

Not at all 884 (30.8) 44.2 Ref 18.3 Ref 33.3 Ref

< once/month 1439 (50.2) 41.0 NS 16.0 0.09 31.1 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 
week)

No 1208 (42.2) 44.7 Ref 18.5 Ref 36.7 Ref

Yes 1658 (57.9) 39.6 0.02 15.9 NS 28.2 0.003

Average daily walking time (during 
winter months)

< 30 min 409 (24.7) 48.1 Ref 15.5 Ref 23.6 Ref

30–60 min 1105 (66.6) 36.8 < 0.001 16.3 NS 31.2 0.06

> 60 min 145 (8.7) 39.2 0.03 26.0 NS 28.1 NS

Swam for exercise (typical winter 
week)

No 2231 (77.8) 43.6 Ref 18.0 Ref 32.1 Ref

Yes 635 (22.2) 34.6 < 0.001 14.8 0.05 33.1 NS

Hours spent sleeping at night (during 
winter months)

< 5 h 50 (1.7) 51.7 Ref 11.4 Ref 42.5 Ref

5–6 h 660 (23.0) 44.6 NS 21.4 NS 28.6 0.03

7–8 h 1861 (64.9) 40.2 0.04 16.0 NS 32.5 0.09

≥ 9 h 295 (10.3) 46.7 NS 15.0 NS 38.2 NS

Hours spent napping during day 
(during winter months)

None 1641 (57.3) 39.0 Ref 16.4 Ref 31.3 Ref

< 1 h 955 (33.3) 43.1 < 0.001 18.1 NS 31.2 NS

1–2 h 258 (9.0) 57.2 < 0.001 20.8 NS 35.8 NS

≥ 3 h 12 (0.4) 56.6 0.03 16.5 NS 86.2 0.10

Walked for exercise (typical summer 
week)

No 792 (27.6) 44.8 Ref 18.3 Ref 35.1 Ref

Yes 2074 (73.4) 41.0 0.06 16.4 NS 31.4 NS

Average daily walking time (during 
summer months)

< 30 min 455 (21.9) 45.8 Ref 13.3 Ref 28.7 Ref

30–60 min 1380 (66.5) 40.0 0.01 17.2 NS 32.6 NS

> 60 min 241 (11.6) 37.7 NS 18.8 0.05 36.7 NS

Swam for exercise (typical summer 
week)

No 2188 (76.3) 43.8 Ref 18.4 Ref 31.8 Ref

Yes 678 (23.7) 33.8 < 0.001 14.4 0.007 35.6 NS

Hours spent sleeping at night (during 
summer months)

< 5 h 59 (2.1) 50.2 Ref 16.1 Ref 44.9 Ref

5–6 h 786 (27.4) 43.9 NS 19.3 NS 29.2 0.01

7–8 h 1774 (61.9) 39.6 0.08 16.5 NS 32.4 0.04

≥ 9 h 247 (8.6) 51.1 NS 13.1 NS 36.6 0.10

Hours spent napping during day 
(during summer months)

None 1784 (62.3) 39.1 Ref 16.9 Ref 32.0 Ref

< 1 h 857 (29.9) 43.7 0.001 18.1 NS 31.7 NS

1–2 h 214 (7.5) 57.6 < 0.001 17.5 NS 33.0 NS

≥ 3 h 11 (63.6) 56.0 0.07 16.5 NS 88.5 0.05

(Continues)
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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 5 years 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 5 years, doctor's visits 
in the past 12 months, chronic lung disease, hip or joint pain, ep-
isodes of slurred speech in the past 5 years, 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 70 years old, about 4 in 10 re-
ported BDP during the last 12 months, 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 

Usual activities Frequency n (%)

BDP
Falls: 

Without BDP
Falls: With 

BDP

(%) pa (%) pa (%) pa

Participated in light physical activities 
(past 12 months)

Never 314 (11.0) 37.6 Ref 21.0 Ref 26.9 Ref

Rarely 269 (9.4) 46.6 0.01 16.1 NS 33.4 NS

< 1 h/week 159 (5.6) 52.3 0.03 11.4 0.06 39.2 NS

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

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

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

Participated in moderate or vigorous 
physical activities (past 12 months)

Never 1369 (47.8) 46.7 Ref 18.3 Ref 34.7 Ref

Rarely 170 (5.9) 43.3 NS 19.6 NS 35.1 NS

< 1 h/week 117 (4.1) 29.6 0.006 14.0 NS 27.4 NS

1–3 h/week 638 (22.3) 37.5 0.003 13.8 NS 27.4 0.08

4–7 h/week 373 (13.0) 35.8 < 0.001 17.6 NS 23.8 0.02

> 7 h/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).

TABLE 5    |    (Continued)
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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, 

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.

Characteristics Response

All older 
adults All with BDP in past 12 months

Falls Falls

Adjusted PR (95% CI)an % n %

Total 2866 23.0 1142 31.4 —

Hospital stays (one or more nights past 
5 years)

Yes 1429 27.6 662 36.7 1.54 (1.26–1.87)

Doctor's visit (past 12 months) Yes 2421 24.2 992 32.9 1.59 (1.12–2.27)

Chronic lung diseases Yes 574 27.7 286 35.3 1.23 (1.02–1.49)

Pain, aching, or stiffness on most days in 
your left or right hip (past month)

Yes 607 30.6 324 35.2 1.22 (1.01–1.47)

Pain, aching or stiffness in any of your joints 
on most days

Yes 1300 27.4 655 35.4 1.42 (1.18–1.72)

Slurred speech or problems talking for brief 
periods (past 5 years)

Yes 160 36.3 102 48.0 1.61 (1.28–2.04)

Parkinson's disease diagnosis (past 5 years) Yes 37 43.2 30 46.7 1.57 (1.01–2.43)

Fear or panic attacks (past 5 years) Yes 68 38.2 45 48.9 1.55 (1.11–2.16)

Memory has gotten worse compared to 
12 months ago

Yes 463 30.5 274 38.0 1.27 (1.06–1.55)

Lost 5 kg or more (past 12 months) 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 970 30.3 553 36.7 1.34 (1.07–1.69)

Body mass index < 18.5 (underweight) 27 22.2 16 31.2 1.22 (0.97–1.53)

18.5–24.9 (normal) 784 19.3 290 27.2 Ref

25.0–29.9 (overweight) 1258 23.9 492 33.1 1.31 (1.02–1.68)

≥ 30.0 (obese) 670 26.6 297 35.0 1.09 (0.51–2.33)

Hearing ability or difficulty (without a 
hearing aid)

Good 1277 20.6 435 28.7 Ref

A little trouble 1197 25.3 517 32.5 1.11 (0.90–1.35)

A lot of trouble 377 22.8 184 33.2 1.06 (0.80–1.40)

Deaf 8 50.0 4 75.0 2.80 (1.53–5.15)
aPrevalence ratios (PR) and 95% confidence intervals (CI) were calculated using generalized linear interactive models (GLIM) while adjusting for age and sex.
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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 Bárány 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 
12 months increased with age from approximately 37% for 
those aged 66–74 years to 50% for those aged ≥ 85 years. 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 5 years, 
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.

Acknowledgments

The authors thank the AGES-RS participants for their long-sustained 
commitment that made this longitudinal study possible. We thank 
Gudny Eiriksdottir, Ph.D., Project Director, for her efforts managing 
and performing examinations in AGES-RS I and II. In addition, we 
thank the clinical and research staff at the Icelandic Heart Association 
(Hjartavernd) Research Institute and Clinic for their outstanding con-
duct of the AGES-RS I and II study investigations.

Conflicts of Interest

C.C.D.S. holds equity interest in Labyrinth Devices LLC. The terms of 
this arrangement are managed in accordance with the Johns Hopkins 
School of Medicine policies. All other authors declare they have no con-
flicts of interest.

Data Availability Statement

Data from this study are available through collaboration under a data 
usage agreement with the Icelandic Heart Association (IHA) and an 
Institutional Review Board (IRB) approval in accordance with the in-
formed consent agreement. For submission of data access requests, in-
terested researchers may contact: AGES_data_request@hjarta.is.

References

1. L. Z. Rubenstein and K. R. Josephson, “The Epidemiology of Falls and 
Syncope,” Clinics in Geriatric Medicine 18, no. 2 (2002): 141–158, https://​
doi.​org/​10.​1016/​s0749​-​0690(02)​00002​-​2.

2. A. J. Blake, K. Morgan, M. J. Bendall, et al., “Falls by Elderly People 
at Home: Prevalence and Associated Factors,” Age and Ageing 17, no. 6 
(1988): 365–372, https://​doi.​org/​10.​1093/​ageing/​17.6.​365.

3. Worold Health Organization, “WHO Global Report on Falls Preven-
tion in Older Age,” (2007): 1–53, accessed April 10, 2025, https://​www.​
who.​int/​ageing/​proje​cts/​falls_​preve​ntion_​older_​age/​en/​.

4. R. Gelbard, K. Inaba, O. T. Okoye, et al., “Falls in the Elderly: A Mod-
ern Look at an Old Problem,” American Journal of Surgery 208, no. 2 
(2014): 249–253, https://​doi.​org/​10.​1016/j.​amjsu​rg.​2013.​12.​034.

 23788038, 2025, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/lio2.70266 by C

enters For D
isease C

ontrol, W
iley O

nline L
ibrary on [20/02/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

mailto:AGES_data_request@hjarta.is
https://doi.org/10.1016/s0749-0690(02)00002-2
https://doi.org/10.1016/s0749-0690(02)00002-2
https://doi.org/10.1093/ageing/17.6.365
https://www.who.int/ageing/projects/falls_prevention_older_age/en/
https://www.who.int/ageing/projects/falls_prevention_older_age/en/
https://doi.org/10.1016/j.amjsurg.2013.12.034


16 of 17 Laryngoscope Investigative Otolaryngology, 2025

5. S. K. Verma, J. L. Willetts, H. L. Corns, H. R. Marucci-Wellman, D. A. 
Lombardi, and T. K. Courtney, “Falls and Fall-Related Injuries Among 
Community-Dwelling Adults in the United States,” PLoS One 11, no. 3 
(2016): e0150939, https://​doi.​org/​10.​1371/​journ​al.​pone.​0150939.

6. N. M. Peel, “Epidemiology of Falls in Older Age,” Canadian Jour-
nal on Aging 30, no. 1 (2011): 7–19, https://​doi.​org/​10.​1017/​S0714​98081​
000070X.

7. D. A. Sleet, D. B. Moffett, and J. Stevens, “CDC'S Research Portfolio 
in Older Adult Fall Prevention: A Review of Progress, 1985-2005, and 
Future Research Directions,” Journal of Safety Research 39, no. 3 (2008): 
259–267, https://​doi.​org/​10.​1016/j.​jsr.​2008.​05.​003.

8. S. Deandrea, E. Lucenteforte, F. Bravi, R. Foschi, C. La Vecchia, and 
E. Negri, “Risk Factors for Falls in Community-Dwelling Older People: 
A Systematic Review and Meta-Analysis,” Epidemiology 21, no. 5 (2010): 
658–668, https://​doi.​org/​10.​1097/​EDE.​0b013​e3181​e89905.

9. M. E. Tinetti, M. Speechley, and S. F. Ginter, “Risk Factors for Falls 
Among Elderly Persons Living in the Community,” New England Jour-
nal of Medicine 319, no. 26 (1988): 1701–1707, https://​doi.​org/​10.​1056/​
NEJM1​98812​29319​2604.

10. M. E. Tinetti, C. S. Williams, and T. M. Gill, “Health, Functional, 
and Psychological Outcomes Among Older Persons With Chronic Diz-
ziness,” Journal of the American Geriatrics Society 48, no. 4 (2000): 417–
421, https://​doi.​org/​10.​1111/j.​1532-​5415.​2000.​tb047​00.​x.

11. American Geriatrics Society, British Geriatrics Society, and Amer-
ican Academy of Orthopaedic Surgeons Panel on Falls Prevention, 
“Guideline for the Prevention of Falls in Older Persons,” Journal of the 
American Geriatrics Society 49, no. 5 (2001): 664–672.

12. S. A. de Moraes, W. J. Soares, E. Ferriolli, and M. R. Perracini, 
“Prevalence and Correlates of Dizziness in Community-Dwelling Older 
People: A Cross Sectional Population Based Study,” BMC Geriatrics 13 
(2013): 4, https://​doi.​org/​10.​1186/​1471-​2318-​13-​4.

13. K. A. Kerber, J. F. Burke, L. E. Skolarus, et  al., “Use of BPPV 
Processes in Emergency Department Dizziness Presentations: A 
Population-Based Study,” Otolaryngology and Head and Neck Surgery 
148, no. 3 (2013): 425–430, https://​doi.​org/​10.​1177/​01945​99812​471633.

14. E. Ekvall Hansson and A. Beckman, “Fractures Among Patients 
With Dizziness – A Ten-Year Follow-Up,” BMC Geriatrics 18, no. 1 
(2018): 35, https://​doi.​org/​10.​1186/​s1287​7-​018-​0734-​2.

15. E. Tuunainen, J. Rasku, P. Jantti, and I. Pyykko, “Risk Factors of 
Falls in Community Dwelling Active Elderly,” Auris, Nasus, Larynx 41, 
no. 1 (2014): 10–16, https://​doi.​org/​10.​1016/j.​anl.​2013.​05.​002.

16. Y. Agrawal, J. P. Carey, C. C. Della Santina, M. C. Schubert, and L. 
B. Minor, “Disorders of Balance and Vestibular Function in US Adults: 
Data From the National Health and Nutrition Examination Survey, 
2001–2004,” Archives of Internal Medicine 169, no. 10 (2009): 938–944, 
https://​doi.​org/​10.​1001/​archi​ntern​med.​2009.​66.

17. C. Schlick, R. Schniepp, V. Loidl, M. Wuehr, K. Hesselbarth, and K. 
Jahn, “Falls and Fear of Falling in Vertigo and Balance Disorders: A 
Controlled Cross-Sectional Study,” Journal of Vestibular Research 25, 
no. 5–6 (2016): 241–251, https://​doi.​org/​10.​3233/​VES-​150564.

18. D. Q. Sun, B. K. Ward, Y. R. Semenov, J. P. Carey, and C. C. Della 
Santina, “Bilateral Vestibular Deficiency: Quality of Life and Economic 
Implications,” JAMA Otolaryngology. Head & Neck Surgery 140, no. 6 
(2014): 527–534, https://​doi.​org/​10.​1001/​jamao​to.​2014.​490.

19. S. J. Wetmore, D. E. Eibling, J. A. Goebel, et  al., “Challenges and 
Opportunities in Managing the Dizzy Older Adult,” Otolaryngology – 
Head and Neck Surgery 144, no. 5 (2011): 651–656, https://​doi.​org/​10.​
1177/​01945​99810​397493.

20. C. M. Li, H. J. Hoffman, B. K. Ward, H. S. Cohen, and R. M. Rine, 
“Epidemiology of Dizziness and Balance Problems in Children in the 
United States: A Population-Based Study,” Journal of Pediatrics 171 
(2016): 240–247, https://​doi.​org/​10.​1016/j.​jpeds.​2015.​12.​002.

21. F. M. Filippopulos, L. Albers, A. Straube, et al., “Vertigo and Diz-
ziness in Adolescents: Risk Factors and Their Population Attributable 
Risk,” PLoS One 12, no. 11 (2017): e0187819, https://​doi.​org/​10.​1371/​
journ​al.​pone.​0187819.

22. L. Murdin, F. Chamberlain, S. Cheema, et al., “Motion Sickness in 
Migraine and Vestibular Disorders,” Journal of Neurology, Neurosur-
gery, and Psychiatry 86, no. 5 (2015): 585–587, https://​doi.​org/​10.​1136/​
jnnp-​2014-​308331.

23. R. R. Yogi, I. Sammy, J. F. Paul, P. Nunes, P. Robertson, and V. Ram-
vharitar Maharaj, “Falls in Older People: Comparing Older and Younger 
Fallers in a Developing Country,” European Journal of Trauma and 
Emergency Surgery 44 (2018): 567–571, https://​doi.​org/​10.​1007/​s0006​
8-​017-​0818-​2.

24. P. Cheng, L. Wang, P. Ning, et al., “Unintentional Falls Mortality in 
China, 2006-2016,” Journal of Global Health 9, no. 1 (2019): 1–9, https://​
doi.​org/​10.​7189/​jogh.​09.​010603.

25. M. C. Lohman, A. J. Sonnega, E. J. Nicklett, L. Estenson, and A. 
N. Leggett, “Comparing Estimates of Fall-Related Mortality Incidence 
Amongh Older Adults in the United States,” Journals of Gerontology. 
Series A, Biological Sciences and Medical Sciences 74, no. 9 (2019): 1468–
1474, https://​doi.​org/​10.​1093/​gerona/​gly250.

26. T. B. Harris, L. J. Launer, G. Eiriksdottir, et al., “Age, Gene/Envi-
ronment Susceptibility-Reykjavik Study: Multidisciplinary Applied 
Phenomics,” American Journal of Epidemiology 165, no. 9 (2007): 1076–
1087, https://​doi.​org/​10.​1093/​aje/​kwk115.

27. S. Sigurdsson, T. Aspelund, O. Kjartansson, et  al., “Incidence of 
Brain Infarcts, Cognitive Change and Risk of Dementia in the General 
Population: The AGES-Reykjavik Study,” Stroke 48, no. 9 (2017): 2353–
2360, https://​doi.​org/​10.​1161/​STROK​EAHA.​117.​017357.

28. M. I. Geerlings, S. Sigurdsson, G. Eiriksdottir, et  al., “Association 
of Current and Remitted Depressive Disorder With Brain Atrophy: 
The AGES-Reykjavik Study,” Psychological Medicine 43, no. 2 (2013): 
317–328.

29. J. A. Yesavage, T. L. Brink, T. L. Rose, et al., “Development and Val-
idation of a Geriatric Depression Screening Scale: A Preliminary Re-
port,” Journal of Psychiatric Research 17, no. 1 (1982): 37–49.

30. J. Ding, S. Sigurdsson, P. V. Johnsson, et al., “Space and Location of 
Cerebral Microbleeds, Cognitive Decline, and Dementia in the Commu-
nity,” Neurology 88 (2017): 2089–2097, https://​doi.​org/​10.​1212/​WNL.​
00000​00000​003983.

31. S. Vitale, M. F. Cotch, and R. D. Spertduto, “Prevalence of Visual 
Impairment in the United States,” Journal of the American Medical As-
sociation 295, no. 18 (2006): 2158–2163, https://​doi.​org/​10.​1001/​jama.​
295.​18.​2158.

32. D. Fisher, C. M. Li, M. S. Chiu, et  al., “Impairments in Hearing 
and Vision Impact on Mortality in Older People: The AGES–Reykjavik 
Study,” Age and Ageing 43 (2014): 69–76, https://​doi.​org/​10.​1093/​ageing/​
aft122.

33. International Standards Organization, “Acoustics – Audiometric 
Test Methods – Part 1: Pure-Tone Air and Bone Conduction Audiome-
try,” Geneva, Switzerland; ISO 8253-1:1989/2010(en).

34. G. Stevens, S. Flaxman, E. Brunskill, M. Mascarenhas, C. D. Ma-
thers, and M. Finucane, “Global and Regional Hearing Impairment 
Prevalence: An Analysis of 42 Studies in 29 Countries,” European Jour-
nal of Public Health 23, no. 1 (2013): 146–152, https://​doi.​org/​10.​1093/​
eurpub/​ckr176.

35. B. O. Olusanya, A. C. Davis, and H. J. Hoffman, “Hearing Loss 
Grades and the International Classification of Functioning, Disability 
and Health,” Bulletin of the World Health Organization 97, no. 10 (2019): 
725–728, https://​doi.​org/​10.​2471/​BLT.​19.​230367.

36. S. K. Gadkaree, D. Q. Sun, C. Li, et  al., “Does Sensory Function 
Decline Independently or Concomitantly With Age? Data From the 

 23788038, 2025, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/lio2.70266 by C

enters For D
isease C

ontrol, W
iley O

nline L
ibrary on [20/02/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1371/journal.pone.0150939
https://doi.org/10.1017/S071498081000070X
https://doi.org/10.1017/S071498081000070X
https://doi.org/10.1016/j.jsr.2008.05.003
https://doi.org/10.1097/EDE.0b013e3181e89905
https://doi.org/10.1056/NEJM198812293192604
https://doi.org/10.1056/NEJM198812293192604
https://doi.org/10.1111/j.1532-5415.2000.tb04700.x
https://doi.org/10.1186/1471-2318-13-4
https://doi.org/10.1177/0194599812471633
https://doi.org/10.1186/s12877-018-0734-2
https://doi.org/10.1016/j.anl.2013.05.002
https://doi.org/10.1001/archinternmed.2009.66
https://doi.org/10.3233/VES-150564
https://doi.org/10.1001/jamaoto.2014.490
https://doi.org/10.1177/0194599810397493
https://doi.org/10.1177/0194599810397493
https://doi.org/10.1016/j.jpeds.2015.12.002
https://doi.org/10.1371/journal.pone.0187819
https://doi.org/10.1371/journal.pone.0187819
https://doi.org/10.1136/jnnp-2014-308331
https://doi.org/10.1136/jnnp-2014-308331
https://doi.org/10.1007/s00068-017-0818-2
https://doi.org/10.1007/s00068-017-0818-2
https://doi.org/10.7189/jogh.09.010603
https://doi.org/10.7189/jogh.09.010603
https://doi.org/10.1093/gerona/gly250
https://doi.org/10.1093/aje/kwk115
https://doi.org/10.1161/STROKEAHA.117.017357
https://doi.org/10.1212/WNL.0000000000003983
https://doi.org/10.1212/WNL.0000000000003983
https://doi.org/10.1001/jama.295.18.2158
https://doi.org/10.1001/jama.295.18.2158
https://doi.org/10.1093/ageing/aft122
https://doi.org/10.1093/ageing/aft122
https://doi.org/10.1093/eurpub/ckr176
https://doi.org/10.1093/eurpub/ckr176
https://doi.org/10.2471/BLT.19.230367


17 of 17Laryngoscope Investigative Otolaryngology, 2025

Baltimore Longitudinal Study of Aging,” Journal of Aging Research 2016 
(2016): 1865038, https://​doi.​org/​10.​1155/​2016/​1865038.

37. Y. Agrawal, M. G. Zuniga, M. Davalos-Bichara, et  al., “Decline in 
Semicircular Canal and Otolith Function With Age,” Otology & Neu-
rotology 33, no. 5 (2012): 832–839, https://​doi.​org/​10.​1097/​MAO.​0b013​
e3182​545061.

38. M. C. Bermudez Rey, T. K. Clark, W. Wang, T. Leeder, Y. Bian, and 
D. M. Merfeld, “Vestibular Perceptual Thresholds Increase Above the 
Age of 40,” Frontiers in Neurology 7 (2016): 162, https://​doi.​org/​10.​3389/​
fneur.​2016.​00162​.

39. S. Iwasaki and T. Yamasoba, “Dizziness and Imbalance in the El-
derly: Age-Related Decline in the Vestibular System,” Aging and Disease 
6, no. 1 (2015): 38–47, https://​doi.​org/​10.​14336/​​AD.​2014.​0128.

40. H. R. Konrad, M. Girardi, and R. Helfert, “Balance and Aging,” La-
ryngoscope 109, no. 9 (1999): 1454–1460, https://​doi.​org/​10.​1097/​00005​
537-​19990​9000-​00019​.

41. C. K. Zalewski, “Aging of the Human Vestibular System,” Sem-
inars in Hearing 36, no. 3 (2015): 175–196, https://​doi.​org/​10.​1055/​
s-​0035-​1555120.

42. H. K. Neuhauser and T. Lempert, “Vertigo: Epidemiologic Aspects,” 
Seminars in Neurology 29, no. 5 (2009): 473–481, https://​doi.​org/​10.​
1055/​s-​0029-​1241043.

43. R. Jonsson, E. Sixt, S. Landahl, and U. Rosenhall, “Prevalence of 
Dizziness and Vertigo in an Urban Elderly Population,” Journal of Ves-
tibular Research 14, no. 1 (2004): 47–52.

44. E. Ekvall Hansson and M. Magnusson, “Vestibular Asymmetry 
Predicts Falls Among Elderly Patients With Multi-Sensory Dizziness,” 
BMC Geriatrics 13 (2013): 77, https://​doi.​org/​10.​1186/​1471-​2318-​13-​77.

45. K. A. Kerber, J. A. Enrietto, K. M. Jacobson, and R. W. Baloh, “Dis-
equilibrium in Older People: A Prospective Study,” Neurology 51, no. 2 
(1998): 574–580, https://​doi.​org/​10.​1212/​wnl.​51.2.​574.

46. S. Corna, V. Aspesi, N. Cau, et  al., “Dizziness and Falls in Obese 
Inpatients Undergoing Metabolic Rehabilitation,” PLoS One 12, no. 1 
(2017): e0169322, https://​doi.​org/​10.​1371/​journ​al.​pone.​0169322.

47. H. W. Lin and N. Bhattacharyya, “Balance Disorders in the Elderly: 
Epidemiology and Functional Impact,” Laryngoscope 122, no. 8 (2012): 
1858–1861, https://​doi.​org/​10.​1002/​lary.​23376​.

48. S. Rietdyk, S. Ambike, S. Amireault, et al., “Co-Occurrences of Fall-
Related Factors in Adults Aged 60 to 85 Years in the United States Na-
tional Health and Nutrition Examination Survey,” PLoS One 17, no. 11 
(2022): e0277406, https://​doi.​org/​10.​1371/​journ​al.​pone.​0277406.

49. L. V. Moncado, “Management of Falls in Older Persons: A Prescrip-
tion for Prevention,” American Family Physician 84 (2011): 1267–1276.

50. P. Cheng, L. Tan, P. Ning, et al., “Comparative Effectiveness of Pub-
lished Interventions for Elderly Fall Prevention: A Systematic Review 
and Network Meta-Analysis,” International Journal of Environmental 
Research and Public Health 15, no. 3 (2018): 498, https://​doi.​org/​10.​3390/​
ijerp​h1503​0498.

51. H. R. Konrad, D. Tomlinson, C. W. Stockwell, et  al., “Rehabilita-
tion Therapy for Patients With Disequilibrium and Balance Disorders,” 
Otolaryngology and Head and Neck Surgery 107, no. 1 (1992): 105–108, 
https://​doi.​org/​10.​1177/​01945​99892​10700117.

52. X. J. Yang, K. Hill, K. Moore, et al., “Effectiveness of a Targeted Ex-
ercise Intervention in Reversing Older People's Mild Balance Dysfunc-
tion: A Randomized Controlled Trial,” Physical Therapy 92, no. 1 (2012): 
24–37, https://​doi.​org/​10.​2522/​ptj.​20100289.

53. D. G. Balatsouras, G. Koukoutsis, A. Fassolis, A. Moukos, and A. 
Apris, “Benign Paroxysmal Positional Vertigo in the Elderly: Current 
Insights,” Clinical Interventions in Aging 13 (2018): 2251–2266, https://​
doi.​org/​10.​2147/​CIA.​S144134.

54. N. Bhattacharyya, S. P. Gubbels, S. R. Schwartz, et  al., “Clinical 
Practice Guideline: Benign Paroxysmal Positional Vertigo (Update),” 
Otolaryngology and Head and Neck Surgery 156, no. 3_suppl (2017): 
S1–S47, https://​doi.​org/​10.​1177/​01945​99816​689667.

55. J. A. Lopez-Escamez, J. Carey, W. H. Chung, et al., “Diagnostic Cri-
teria for Menière's Disease,” Journal of Vestibular Research 25, no. 1 
(2015): 1–7, https://​doi.​org/​10.​3233/​VES-​150549.

56. T. S. Rogers, M. A. Noel, and B. Garcia, “Dizziness: Evaluation and 
Management,” American Family Physician 107, no. 5 (2023): 514–523.

57. D. E. Newman-Toker, L. M. Cannon, M. E. Stofferahn, et al., “Impreci-
sion in Patient Reports of Dizziness Symptom Quality: A Cross-sectional 
Study Conducted in an Acute Care Setting,” Mayo Clinic Proceedings 82, 
no. 11 (2007): 1329–1340.

58. A. Bisdorff, M. Von Brevern, T. Lempert, and D. E. Newman-Toker, 
“Classification of Vestibular Symptoms: Towards an International Clas-
sification of Vestibular Disorders,” Journal of Vestibular Research 19, no. 
1–2 (2009): 1–13.

59. J. A. Edlow, C. Carpenter, M. Akhter, et al., “Guidelines for Reason-
able and Appropriate Care in the Emergency Department 3 (GRACE-3): 
Acute Dizziness and Vertigo in the Emergency Department,” Academic 
Emergency Medicine 30 (2023): 442–486.

60. L. P. Fried, C. M. Tangen, J. Walston, et al., “Frailty in Older Adults: 
Evidence for a Phenotype,” Journals of Gerontology. Series A, Biological 
Sciences and Medical Sciences 56, no. 3 (2001): M146–M156, https://​doi.​
org/​10.​1093/​gerona/​56.3.​m146.

61. S. Church, E. Rogers, K. Rockwood, and O. Theou, “A Scoping Re-
view of the Clinical Frailty Scale,” BMC Geriatrics 20 (2020): 393–411, 
https://​doi.​org/​10.​1186/​s1287​7-​020-​01801​-​7.

62. R. Katiri, J. A. Holman, S. Magner, C. O'Caheny, and C. P. Byrne, 
“Application of the World Guidelines for Falls Prevention and Man-
agement's Risk Stratification Algorithm to Patients on a Frailty In-
tervention Pathway and the Potential Utility of Sensory Impairment 
Information,” BMC Geriatrics 24, no. 1 (2024): 824–833, https://​doi.​org/​
10.​1186/​s1287​7-​024-​05405​-​3.

Supporting Information

Additional supporting information can be found online in the Supporting 
Information section. Figure S1: lio270266-sup-0001-FigureS1.pdf. 
Figure S2: lio270266-sup-0002-FigureS2.pdf. Table  S1: Number of 
different symptoms reported by participants with balancend dizzi-
ness problems (BDP) in the past 12 months, AGES-RS II. Table  S2: 
Prevalence of falls in the past five years by balance and dizziness prob-
lems (BDP) in past 12 months, AGES-RS II. Table S3: Prevalence of con-
ditions in AGES-RS II connected to or occurring around the same time 
as the only or most bothersome balance and dizziness BDP symptom in 
the last 12 months. 

 23788038, 2025, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/lio2.70266 by C

enters For D
isease C

ontrol, W
iley O

nline L
ibrary on [20/02/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1155/2016/1865038
https://doi.org/10.1097/MAO.0b013e3182545061
https://doi.org/10.1097/MAO.0b013e3182545061
https://doi.org/10.3389/fneur.2016.00162
https://doi.org/10.3389/fneur.2016.00162
https://doi.org/10.14336/AD.2014.0128
https://doi.org/10.1097/00005537-199909000-00019
https://doi.org/10.1097/00005537-199909000-00019
https://doi.org/10.1055/s-0035-1555120
https://doi.org/10.1055/s-0035-1555120
https://doi.org/10.1055/s-0029-1241043
https://doi.org/10.1055/s-0029-1241043
https://doi.org/10.1186/1471-2318-13-77
https://doi.org/10.1212/wnl.51.2.574
https://doi.org/10.1371/journal.pone.0169322
https://doi.org/10.1002/lary.23376
https://doi.org/10.1371/journal.pone.0277406
https://doi.org/10.3390/ijerph15030498
https://doi.org/10.3390/ijerph15030498
https://doi.org/10.1177/019459989210700117
https://doi.org/10.2522/ptj.20100289
https://doi.org/10.2147/CIA.S144134
https://doi.org/10.2147/CIA.S144134
https://doi.org/10.1177/0194599816689667
https://doi.org/10.3233/VES-150549
https://doi.org/10.1093/gerona/56.3.m146
https://doi.org/10.1093/gerona/56.3.m146
https://doi.org/10.1186/s12877-020-01801-7
https://doi.org/10.1186/s12877-024-05405-3
https://doi.org/10.1186/s12877-024-05405-3

	Impact of Balance and Dizziness Problems on Falls in Older Adults: The Longitudinal AGES-Reykjavik Study
	ABSTRACT
	1   |   Introduction
	2   |   Materials and Methods
	2.1   |   Study Population
	2.2   |   Ethical Considerations
	2.3   |   Main Outcomes
	2.3.1   |   Balance and Dizziness Problems (BDP)
	2.3.2   |   Falls

	2.4   |   Covariates
	2.5   |   Statistical Analysis

	3   |   Results
	3.1   |   Prevalence of Balance and Dizziness Problems (BDP)
	3.2   |   Prevalence of Falls and BDP
	3.3   |   Performance Measures
	3.4   |   Physical Activities, BDP, and Falls
	3.5   |   Additional Risk Factors Associated With Falls

	4   |   Discussion
	4.1   |   Strengths and Limitations
	4.2   |   Implications for Otolaryngology Practice
	4.3   |   Symptom Patterns Warranting ENT Referral
	4.4   |   Informing Patient Selection for Objective Vestibular Testing
	4.5   |   Suggested Intervention Pathways by Risk Category

	5   |   Conclusions
	Acknowledgments
	Conflicts of Interest
	Data Availability Statement
	References


