
      

     
                                                                                                  http://dx.doi.org/10.14336/AD.2014.0128   

*Correspondence should be addressed to: Shinichi Iwasaki, MD. Department of Otolaryngology, Faculty of Medicine, 

University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8655, Japan. E-mail: iwashin-tky@umin.ac.jp 

ISSN: 2152-5250                                                                                                                                                                                      38 
                  

 

  

Review Article 

 

Dizziness and Imbalance in the Elderly:  

Age-related Decline in the Vestibular System 
 

 

Shinichi Iwasaki*, Tatsuya Yamasoba 
 

Department of Otolaryngology, Faculty of Medicine, University of Tokyo, Tokyo, Japan  

 
  [Received November 19, 2013; Revised January 27, 2014; Accepted January 28, 2014] 

 

 
ABSTRACT: Dizziness and imbalance are amongst the most common complaints in older people, and are a 

growing public health concern since they put older people at a significantly higher risk of falling. Although 

the causes of dizziness in older people are multifactorial, peripheral vestibular dysfunction is one of the most 

frequent causes. Benign paroxysmal positional vertigo is the most frequent form of vestibular dysfunction 

in the elderly, followed by Meniere’s disease. Every factor associated with the maintenance of postural 

stability deteriorates during aging. Age-related deterioration of peripheral vestibular function has been 

demonstrated through quantitative measurements of the vestibulo-ocular reflex with rotational testing and 

of the vestibulo-collic reflex with testing of vestibular evoked myogenic potentials. Age-related decline of 

vestibular function has been shown to correlate with the age-related decrease in the number of vestibular 

hair cells and neurons. The mechanism of age-related cellular loss in the vestibular endorgan is unclear, but 

it is thought that genetic predisposition and cumulative effect of oxidative stress may both play an important 

role. Since the causes of dizziness in older people are multi-factorial, management of this disease should be 

customized according to the etiologies of each individual. Vestibular rehabilitation is found to be effective in 

treating both unilateral and bilateral vestibular dysfunction. Various prosthetic devices have also been 

developed to improve postural balance in older people. Although there have been no medical treatments 

improving age-related vestibular dysfunction, new medical treatments such as mitochondrial antioxidants 

or caloric restriction, which have been effective in preventing age-related hearing loss, should be 

ienvestigated in the future. 
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Dizziness and imbalance are well-recognized problems 

among older people. A population-based study in the 

United States reported that 24% of people older than 72 

years have dizziness [1]. Dizziness and imbalance in older 

people are a growing public health concern, because older 

individuals who suffer from dizziness have a significantly 

higher risk of accidental falls and consequent injuries 

[2,3]. Falls are the leading cause of hospital admission and 

accidental death in older people. Several studies have 

shown that older adults with a history of dizziness and 

imbalance are at a higher risk of falling [3-5]. 

Furthermore, vertigo and unsteadiness lead to a fear of 

falling, which is a strong predictor for those who will 

suffer one or more subsequent falls [6,7]. 

The underlying cause of dizziness in the elderly is 

complex and multi-factorial [8,9]. Postural stability is 

maintained by the integration of somatosensory, visual 

and vestibular inputs to the central nervous system, 

followed by outputs to the musculo-skeletal system (Fig. 

1). Dizziness and imbalance can be caused by changes in 

any of the factors associated the balance system, be they 

of sensory, visual, vestibular, neurologic, and muscular 

origin. Function of all these components deteriorates with 

age [10].  
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Figure 1. Age-dependent changes in the system maintaining postural stability. Postural stability is maintained by the 

integration of somatosensory, visual and vestibular inputs to the central nervous system, followed by outputs to the musculo-

skeltal system. Function of all the components deteriorates as the age advances. 

 

 

 

This review will focus on the clinical characteristics 

of dizziness in the elderly and age-related changes in the 

peripheral and central vestibular systems, and will report 

some recent findings on cellular mechanism of aging and 

the possible treatment strategies for dealing with dizziness 

and imbalance in the elderly. 

 

Prevalence of dizziness and imbalance in the elderly 

 

Dizziness and imbalance are one of the most common 

complaints among older people. The prevalence ranges 

from approximately 20% to 30%, depending on the 

definition of dizziness and the population studied 

[1,11,12]. A population-based study in the United States 

found that 24% of people older than 72 years reported 

having an episode of dizziness within the previous 2 

months, lasting for at least one month [1]. Another 

population-based study in the United Kingdom reported 

that 30% of people older than 65 years have dizziness 

[11]. The prevalence of dizziness has a tendency to 

increase with age [1,11]. A cross-sectional study in 

Sweden reported that the number of adults with dizziness 

increased up to approximately 50% in people older than 

85 [13]. 

The underlying causes of dizziness in the elderly vary 

widely [1,8,14-17]. Multiple factors including neurologic, 

cardiovascular, visual, vestibular, and psychological 

problems can cause dizziness in older people. Previous 

studies have reported conflicting results regarding the 

etiologies of dizziness depending on the diagnostic 

criteria adopted and the population studied. General 

population studies have usually assigned the causes of 

dizziness mainly on the basis of interview without 

performing any clinical examinations. A population 

survey in Germany reported that a prevalence of 

vestibular vertigo was 14% in the general population older 

than 70 years [14]. Their diagnoses were based on 

telephone interviews by medical staff. Studies in clinical 

settings were biased by the types of clinics and physical 

examinations performed. A prospective case control study 

conducted in general practices, in which general physical 

examinations were performed, reported 18% of patients 

with dizziness who were over 60 years old had a 

peripheral vestibular disorder [8]. On the other hand, a 
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prospective study in a neurology clinic, in which detailed 

neuro-otological examinations were performed, reported 

that peripheral vestibular dysfunction was the principal 

cause of dizziness in 56% of patients older than 50 years 

[15]. Similarly, cerebrovascular causes range from 0% to 

70% [8,18], and psychiatric causes in 0% to 40% in older 

patients with dizziness [8,15,19] depending on the clinical 

examination performed. In several studies, no specific 

diagnosis could be made to explain the symptoms in 

approximately 20% to 30% of older people with dizziness 

[8,9,17]. Belal and Glorig (1986) used the term 

presbystasis to describe this type of age-related problem 

that cannot be attributed to any known diagnosis [17]. On 

the other hand, other studies assigned multiple diagnoses 

in 18% to 85% of older people with dizziness [8,15,18]. 

Tinetti et al. (2000) proposed that dizziness in the elderly 

should be considered as a multifactorial geriatric 

syndrome involving many different symptoms and 

originating from many different causes, including 

cardiovascular, neurologic, sensory, psychological and 

medication-related problems [1]. 

 

Peripheral vestibular disorders in the elderly 

 

In most studies regarding dizziness in the elderly, 

peripheral vestibular dysfunction is the first or the second 

most frequent cause of dizziness [8,9,15,20]. Benign 

paroxysmal positional vertigo (BPPV) is the most 

frequent form of peripheral vestibular dysfunction, 

followed by Meniere’s disease and vestibular neuritis 

[9,15]. 

BPPV is the most common cause of vertigo and 

dizziness from childhood through to old age, peaking at 

about 60 years [21]. Several studies have demonstrated an 

increase in incidence of BPPV in older people [20,22,23]. 

A recent epidemiologic study obtained from a large cross-

sectional neurotologic survey reported that lifetime 

prevalence of BPPV was estimated to be 2.4% and the one 

year prevalence of 1.6% but that one-year prevalence of 

BPPV in adults older than 60 years was approximately 

seven times higher than that of adults from 18 to 39 years 

old [22]. BPPV is usually diagnosed by the presence of 

episodic vertigo provoked by changes in head position 

and concomitant nystagmus observed during the 

positioning maneuver [24,25]; it is effectively treated by 

physical therapy [26-28]. Johkura et al. (2008) reported 

that about 50% of elderly patients with chronic dizziness 

who visited an emergency unit showed extremely weak, 

horizontal, direction changing apogeotropic nystagmus, 

which is characteristic of horizontal canal BPPV, and that 

some of symptoms in these patients was improved by 
daily positional exercises for BPPV [29]. The results 

suggest that the reported prevalence of BPPV in older 

people might be underestimated. 

The cause of BPPV is thought to be small particles 

trapped in the semicircular canals [25,30]. These particles 

most likely consist of otoconia dislodged from the utricula 

maculae. Several studies have demonstrated that a high 

proportion of otoconia of the utricular macula degenerates 

in the elderly, and many have fractures [31,32]. 

Morphological changes in the otolith organs may be 

related to the increased prevalence of BPPV in the older 

people. 

Meniere’s disease accounts for 3% to 11% of 

diagnosed dizziness in neuro-otological clinics. Its annual 

incidence rate and point prevalence are estimated to be 

15/100,000 and 218/100,000, respectively, in the general 

population [33]. Meniere’s disease has generally been 

regarded as a disease of middle-aged people [34,35]. 

However, in a large case series study, Ballester et al. 

(2002) reported that 15% of patients with Meniere’s 

disease are more than 65 years of age [34]. In that study, 

40% of cases were a reactivation of longstanding 

Meniere’s disease while 60% were de novo case of 

Meniere’s disease. They also reported that drop attacks, 

which are caused by sudden otolithic dysfunction, were 

more frequent in older people compared to the general 

population. A multi-center survey in Japan reported the 

proportion of de novo cases of Meniere’s disease in 

patients older than 60 years had increased during the 

previous 30 years [36] . 

 Vestibular neuritis accounts for 3% to 10% of 

diagnoses in oto-neurological clinics [20,37]. The 

epidemiological data on vestibular neuritis is scarce. An 

epidemiological survey in Japan reported that the 

prevalence of vestibular neuritis is 3.5/100,000 and the 

peak age distribution was between 40 to 50 years [38].  

Although vestibular compensation relieves most of the 

symptoms of vestibular neuritis within a few weeks of 

onset, 30% to 40% of patients have chronic persistent 

dizziness [39-41]. Furthermore, deterioration in function 

of the intact side of the peripheral vestibular organs, 

vision, and the proprioceptive systems in the elderly may 

lead to a breakdown of vestibular compensation. 

 

Functional deterioration of vestibular systems in the 

elderly 

 

The stability of posture and gaze during standing and 

walking is maintained by the rapid processing of 

vestibular, visual and somatosensory inputs in the central 

nervous systems, followed by outputs to the 

musculoskeletal and visual systems. Every factor in this 
system deteriorates during aging.  

 



 S. Iwasaki & T. Yamasoba                                                                                                              Dizziness in the elderly  

Aging and Disease • Volume 6, Number 1, February 2015                                                                               41 
 

 
 

 
Figure 2. Age-dependent changes in amplitude and latency of oVEMPs to bone-conducted vibration. (Left panel) Amplitude of the 

n10 responses of oVEMP significantly decreases with age. (Right panel) Latency of the n10 responses of oVEMP significantly increases 

with age. The box and whisker plots show the median and quartiles (cited from ref. 54 with permission). 

 

 

Age-related deterioration of peripheral vestibular 

function has been documented by measuring the 

vestibulo-ocular reflex (VOR) using rotational tests 

and/or caloric tests, both of which reflect function of the 

lateral semicircular canals [42-44]. Sinusoidal rotation 

tests in normal adults over the age of 75 years showed a 

decrease in VOR gain as well as the VOR time constant, 

especially with high velocity stimulation, as compared 

with young subjects [42]. In a longitudinal study of 

normal subjects older than 75 years old, a progressive 

decrease in VOR gain and an increase in phase lead were 

observed during five annual examinations [45] . Another 

study assessing performance in sinusoidal rotational tests 

and caloric tests in normal subjects from 7 to 81 years old 

reported a decline in the response amplitude and less of a 

compensatory response phase with increasing age in the 

rotational test, while the caloric test showed no consistent 

trends with age [44]. These results suggest that age-related 

changes in vestibular system preferentially affect the 

high-frequency component of the VOR since the caloric 

testing reflects the low frequency component of the VOR.  

Age-related deterioration of peripheral vestibular 

function has been demonstrated in other vestibular tests. 

Vestibular evoked myogenic potentials (VEMPs) are 

short-latency muscle responses typically recorded from 

the neck muscles (cVEMPs) or from the eye muscles 

(oVEMPs) [46-48]. Clinical and physiological studies 

have shown that cVEMPs reflect the function of the 

saccule and the inferior vestibular nerve whereas 

oVEMPs reflects the function of the utricle and the 

superior vestibular nerve [49-52]. A cross sectional study 

of consecutive patients ranging from 7 to 91 years old 

showed an age-dependent decrease in cVEMP amplitude 

and an increase in cVEMP latency [53]. Similarly, 

oVEMPs show an age-dependent decrease in amplitude 

and an increase in latency (Fig.2) [54]. These results 

suggest that the function of the otolith organs as well as 

their central pathway also deteriorate with increasing age. 

Recently, Agrawal et al. (2012) measured the function of 

the semicircular canals, utricle, and saccule using the head 

thrust test, oVEMP, and cVEMP, respectively, in healthy 

subjects more than 70 years old [55]. They showed that 

the function of the semicircular canals as well as the 

otolith organs decline with age, although the magnitude of 

impairment was greater for the semicircular canals than 

the otolith organs. However, deterioration of the results of 

the head thrust test might reflect an element of 

deterioration of oculomotor function as well as the 

semicircular canal function. 

Age-related changes in postural stability have been 

examined using posturography, in which changes of the 

center of pressure was measured during quiet standing 

[56-59].  For estimating the role of different sensory 

inputs on postural control, dynamic posturography using 

a moving platform or a foam rubber surface have also 

been developed. In most studies, all measures of balance 
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performance get worse in older subjects compared with 

younger subjects (Fig. 3) [57-59]. This age-related decline 

in balance control is correlated with deterioration of 

visual, vestibular, and sensorimotor function as well as 

reduction in strength of the lower muscles. Teasdale et al. 

(1991) have demonstrated that alteration in any two of the 

three sensory inputs (visual, vestibular and 

somatosensory) had a significantly greater effect on older 

subjects than in younger subjects whereas alteration in 

one input did not have a significant effect due to age [59]. 

These results suggest that decreased inputs from the 

vestibular, visual and somatosensory systems in older 

subjects lead to a decreased capacity for compensation by 

the other inputs in order to maintain postural stability.  

 

 

 

 

Figure 3. Age-dependent changes in the postural stability on the foam rubber. (Left panel) Age-dependent changes in the velocity 

of the center of pressure (COP) during standing with eyes closed on the foam rubber. (Right panel) Age-dependent changes in the 

envelopment area of the COP during standing with eyes closed on the foam rubber. Median value and interquatile ranges are shown 

(The data are from ref. 57). 

 

 

Cellular changes in aging of the vestibular system 

 

Hair cells and neurons in the vestibular system do not 

regenerate or increase basically in the mammals. A 

significant decrease in the number of hair cells and 

neurons in the vestibular system in older people has been 

described in the literature [60,61]. Richter (1980) 

examined the density of vestibular hair cells and nerve 

cells in Scarpa’s ganglia in human temporal bones from 

subjects aged 9 to 91 years old [60]. He reported a 

decrease in the number of vestibular hair cells after the 

age of 20 years old and a decrease in the number of 

vestibular ganglion neurons after the age of 50 years. On 

the other hand, Merchant et al. (2000) reported a gradual 

loss in the number of vestibular hair cells in all endrogans, 

with relative sparing of the utricle, with increasing age 

[62]. These early reports, which estimated the number of 

vestibular hair cells and neurons from serial sections of 

the temporal bones, may have been biased as they were 

based on several assumptions such as the spherical shape 

and uniform size of the hair cells as well as the constant 

shrinkage and thickness of the specimen. Recently, using 

unbiased stereology which overcomes the shortcomings 

of previous methods, the number of hair cells and neurons 

in human temporal bones was re-evaluated [63,64]. Lopez 

et al. (2005) examined the number of hair cells in the 

semicircular canals using unbiased stereology and showed 

that the number of hair cells was decreased by 12% in 

adults in their 80s and by 25% in their 90s as compared 

with the younger group (42 to 67 years old) [63]. Gopen 

et al. (2003) used the same method to estimate the number 

of hair cells in the utricle but they failed to show an age-

dependent decrease in the number of hair cells [64]. It 

remains unclear whether this result reflects the relative 

sparing of the utricle in age-related loss of hair cells [62], 

or is due to bias caused by the paucity of the number of 

temporal bones examined.  

In contrast to numerous reports regarding animal 

models of age-related hearing loss, animal models of age-

related vestibular dysfunction have rarely been reported. 
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Shiga et al. (2005) examined age-related changes of 

vestibular endorgans in C57BL/6 mice, which are 

considered to be an animal model of age-related hearing 

loss, and reported an age-related decline in hair cell 

density in the horizontal semicircular canals of 30%, with 

an associated mild decrease in the VOR gain at 0.8Hz 

[65]. Since the age-related decrease of VOR gain was not 

observed at the other frequencies tested, it was speculated 

that a differential loss of hair cell types might occur in the 

model mice.  

The mechanism of age-related cellular loss in the 

vestibular endorgans is still unclear. However, the 

possible etiology of age-related hearing loss has been 

extensively studied [66-68], and it is now considered to be 

a multifactorial condition, representing outocome of 

multiple intrinsic (e.g. genetic predisposition) and 

extrinsic (e.g. noise exposure) factors acting on the inner 

ear over a life time [66]. A number of studies using animal 

models have suggested that the cumulative effect of 

oxidative stress could induce damage to macromolecules 

such as mitochondrial DNA and that the accumulation of 

mitochondrial DNA and the decline of mitochondrial 

function play an important role in inducing apoptosis of 

the cochlear cells [69-71]. Genetic investigations have 

shown that several genes, including those related to 

antioxidant defense and atherosclerosis, have an 

association with age-related hearing loss [72]. Exposure 

to noise is known to induce excess generation of reactive 

oxygen species in the cochlea [73]. A similar 

accumulation of oxidative stress and damage to 

mitochondrial DNA may be taking place in age-related 

changes in the vestibular endorgans.  

 

Management of dizziness in the elderly 

 

Since the causes of dizziness in older people are multi-

factorial, management of this disease should be 

customized according to the etiology of dizziness in each 

individual. Management of dizziness includes various 

approaches, including medical and rehabilitative ones as 

well as the use of prosthetic devices.  

Vestibular rehabilitation was first introduced by 

Cawthorne and Cooksey (1946) to rehabilitate patients 

with vestibular disorders [74]. The rehabilitation includes 

1) VOR adaptation exercises to assist the central nervous 

system to adapt to a change or loss in inputs to the 

vestibular system, 2) habituation exercises to reduce 

pathologic responses to a provoking stimulus, and 3) 

substitution exercises to promote the use of the remaining 

sensory system [75]. Currently, these exercises are found 

to be effective in treating people with dizziness caused by 
vestibular dysfunction, anxiety, head injury, cerebellar 

dysfunction, or Parkinson’s disease [76]. The effect of 

vestibular rehabilitation does not differ with respect to 

patients’ age and gender [77]. Several randomized control 

studies have provided evidence that vestibular 

rehabilitation exercises are effective in improving 

postural control, reports of dizziness symptoms, and 

emotional status in dizzy patients with nonspecific causes 

[75,78,79].  

Various prosthetic devices have been developed to 

improve postural balance in the elderly. Vibrotactile 

feedback devices, which fit around the waist and provide 

augmented feedback about body tilt thorough vibration, 

have been shown to improve postural balance during quiet 

standing and walking [80,81]. A tongue-placed 

biofeedback system which provides information about 

head position by electrotactile stimulation was also 

reported to improve head stability in space [82]. Vibrating 

insoles which enhance somatosensory input from the 

lower extremities have been reported to improve postural 

performance in the elderly [83]. 

So far, there are no medical treatments to improve 

age-related deterioration of vestibular function. However, 

several medications have been reported to be effective in 

preventing age-related changes in the inner ear. Oral 

supplementation with mitochondrial antioxidants such as 

alpha-lipoic acid and coenzyme Q10 has been shown to 

reduce age-dependent hair cell loss in the mouse inner ear 

[71]. Caloric restriction extends the lifespan of most 

mammalian species by down-regulation of the expression 

of apoptotic genes. It has been reported to be effective for 

preventing age-related hearing loss in animal studies [84]. 

These new treatments which have been effective in animal 

studies should be applied in older patients with vestibular 

dysfunction in the future. 
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