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Diabetes causes many complications, including retinopathy and peripheral neuropathy, which
are well understood as contributing to gait instability and falls. A less understood complication
of diabetes is the effect on the vestibular system. The vestibular system contributes significantly
to balance in static and dynamic conditions by providing spatially orienting information. It is
noteworthy that diabetes has been reported to affect vestibular function in both animal and
clinical studies. Pathophysiological changes in peripheral and central vestibular structures due
to diabetes have been noted. Vestibular dysfunction is associated with impaired balance and
a higher risk of falls. As the prevalence of diabetes increases, so does the potential for falls due
to diabetic complications. The purpose of this perspective article is to present evidence on the
pathophysiology of diabetes-related complications and their influence on balance and falls,
with specific attention to emerging evidence of vestibular dysfunction due to diabetes.
Understanding this relationship may be useful for screening (by physical therapists) for
possible vestibular dysfunction in people with diabetes and for further developing and testing
the efficacy of interventions to reduce falls in this population.
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Diabetes mellitus affects 29.1 mil-
lion people in the United
States—about 9.3% of the US

population.1 Over the next 40 years, the
prevalence of diabetes in the United
States will increase from its current level
of 1 in 10 to 1 in 3 because of the aging
of the US population, longer life spans of
adults with diabetes, and the increasing
prevalence of obesity and physical inac-
tivity.2 The medical expenditures of peo-
ple with diabetes are about 2.3 times
higher than those of people without dia-
betes, with more than half of those
expenditures being directly related to
diabetes.3 The high prevalence and chro-
nicity of complications make diabetes a
health care concern around the world.2

People with diabetes often develop
multiorgan anatomic, structural, and
functional changes due to microvascular
and macrovascular complications.4 Two
common microvascular complications,
peripheral neuropathy and retinopathy,
are well established as contributors to
increased postural sway and falls.5,6

Although vestibular system dysfunction
is not commonly recognized as a micro-
vascular complication of diabetes, a
recent epidemiological study reported
that vestibular dysfunction was 70%
higher in people with diabetes than in
people matched for age and serving as
controls.7 The higher prevalence of dia-
betes and vestibular dysfunction was spe-
cifically seen in people with a longer
duration of diabetes and with poor glu-
cose control (ie, higher serum glycated
hemoglobin [HbA1c] levels).8 In addi-
tion, animal and clinical studies reported
structural and functional changes in the
vestibular system due to diabetes.9–11

If the vestibular system is adversely
affected by diabetes, it will be important
for physical therapists to consider the
broad influence of diabetes on the risk of
falls in older adults and other popula-
tions. Although most clinicians may be
aware of the role of some diabetic com-
plications in increasing the risk of falls,
the relationship between diabetes and
vestibular dysfunction is not well
known. The purpose of this perspective
article is to describe the pathophysiology
of diabetic complications and their influ-
ence on balance and falls, with specific

attention to emerging evidence of vestib-
ular dysfunction due to diabetes. The
clinical implications for physical thera-
pists are discussed, as a comprehensive
evaluation of the vestibular system may
be necessary in people who have diabe-
tes and balance impairment and interven-
tions that address all 3 sensory input
systems (visual, vestibular, and somato-
sensory) may be essential for reducing
the risk of falls.

Pathophysiology of
Diabetic Complications
Diabetes mellitus is a chronic metabolic
condition characterized by elevated
blood glucose levels resulting from the
body’s inability to produce insulin, resist
insulin action, or both.12 Chronic hyper-
glycemia plays a major role in the patho-
genic mechanisms underlying microvas-
cular (retinopathy, neuropathy, and
nephropathy) and macrovascular (peri-
pheral vascular disease, cardiovascular
disease, and cerebrovascular disease)
complications in diabetes.

One mechanism of microvascular dam-
age in diabetes is the result of chemical
reactions between by-products of sugars
and proteins, which form irreversible
cross-linked protein derivatives called
advanced glycation end products.13

These derivatives affect the surrounding
tissues, causing thickening of collagen
and endothelium. Other mechanisms
contributing to microvascular disease
include the abnormal activation of signal-
ing cascades, such as the protein kinase
C pathway, which increases vascular per-
meability, and the polyol pathway, a
mechanism by which sorbitol accumula-
tion results in osmotic and oxidative
stress damage to the endothelium14; the
elevated production of reactive oxygen
species, by which oxygen-containing
molecules interact with other biomol-
ecules and result in damage; and the
abnormal stimulation of hemodynamic
regulation systems, such as the renin-
angiotensin system.4

Damage to the peripheral nerves may
occur through irreversible changes to
myelin protein caused by advanced gly-
cation end products, which result in seg-
mental demyelination of the peripheral
nerves.13 In addition, the neuronal

microvascular is affected, leading to
impaired nerve perfusion.15 Diabetic
peripheral neuropathy affects up to two-
thirds of people with diabetes and is
characterized by pain, paresthesia, and
sensory loss.16

Similar pathophysiological changes
occur in the retinal vasculature in people
with diabetes. In the United States, about
40% of people with type 2 diabetes and
86% with type 1 diabetes develop reti-
nopathy.17 Changes in the structure and
cellular composition of the retinal vascu-
lature are the hallmarks of early diabetic
retinopathy. Damage to the endothelial
cell lining causes an increase in vascular
permeability, a breakdown of the inner
blood-retinal barrier, and an accumula-
tion of extracellular fluid in the macula.18

Damage to pericytes, which are respon-
sible for maintaining capillary tone, leads
to altered retinal hemodynamics and
abnormal autoregulation of retinal blood
flow, which cause the development of
microaneurysms.19 Thickening of the
capillary basement membrane and reti-
nal leukostasis lead to capillary occlu-
sions and nonperfusion in the retinal
microcirculation.20 These changes, in
turn, stimulate pathologic neovascular-
ization, which results in proliferative dia-
betic retinopathy and ultimately leads to
retinal detachment and blindness.21

People with diabetes, neuropathy, and
retinopathy have significant physical lim-
itations because of decreased proprio-
ception and vision. Loss of light touch,
visual acuity, contrast sensitivity, and
depth perception may increase both the
risk and the recurrence of falls in people
with diabetes.5

Influence of Neuropathy
and Retinopathy on Falls
The presence and severity of diabetic
peripheral neuropathy (DPN) have been
shown to increase postural instabil-
ity.22,23 People with DPN have a larger
range of sway in the anterior-posterior
and medial-lateral directions and a higher
sway speed than people matched for age
and serving as controls.22 In quiet stand-
ing with eyes open, people with DPN
have been shown to have 66% more
sway than people who are of a similar
age and healthy.6 The greatest decrease
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in postural stability in people with DPN
has been observed with eyes closed; this
finding reveals a reliance on vision to
compensate for sensory deficits.6 In addi-
tion, decreased vibration sense and loss
of pressure sensitivity have been shown
to be associated with recurrent falls.24

Because of decreased proprioceptive
feedback during walking, older adults
with diabetes walk slower and have
greater stride variability; these factors
increase the risk of falls.25 Similarly,
strong associations have been observed
for diabetic retinopathy, the duration of
diabetes, and the risk of falls, with severe
cortical cataracts being significantly asso-
ciated with fractures.26

Besides having a higher risk of falls,
adults who are more than 70 years of age
and have diabetes have been found to
have a higher risk of sustaining more
severe injuries after a fall.27 Both elderly
men and elderly women with diabetes
have a higher risk of fractures than adults
without diabetes, despite similar bone
mineral densities.28,29 This compromised
bone quality, which may be due to
higher concentrations of advanced glyca-
tion end products in the bones because
of diabetes,30 increases the risk of frac-
tures by 64% in people with diabetes
compared with people who are
healthy.29 Pijpers et al31 found that in
people who were more than 65 years old
and had diabetes, 30.6% fell recurrently,
whereas 19.4% of people without diabe-
tes fell recurrently; in that study, recur-
rent falls were defined as at least 2 falls
within a 6-month period.

Although the diabetic complications of
neuropathy and retinopathy clearly
increase the risk of falls, other pathways
may affect balance and gait in people
with diabetes. For example, Chiles et al32

reported that after adjustment for age,
sex, education, cognition, medications,
and comorbidities (cardiovascular dis-
ease, hypertension, and kidney disease),
people with diabetes had significantly
decreased physical function (���0.99,
P�.01) and decreased walking speed
(���0.1 m/s, P�.01). Even after adjust-
ment for impaired nerve function in the
lower extremities (higher neuropathy
scores), significant differences in physi-
cal function, balance, and gait speed

between people with diabetes and peo-
ple without diabetes persisted.32 This
evidence suggests that other pathways
may affect balance and gait in people
with diabetes.

Because the vestibular system plays a
major role in maintaining balance in both
static and dynamic conditions, it is
important to consider this system as a
potential mechanism by which balance
and gait may be affected. Here, we pro-
vide a brief summary of the anatomy and
physiology of the vestibular system and
an overview of studies showing the rela-
tionship between diabetes and vestibular
dysfunction.

Anatomy and Physiology of
the Vestibular System
The vestibular system makes significant
contributions to both sensory and motor
systems. As a sensory system, it provides
the central nervous system with informa-
tion regarding motion of the head and its
position in space. The central nervous
system uses this information along with
information from the visual and somato-
sensory systems to create an internal
map of the position and movement of
the entire body in relation to the envi-
ronment. The vestibular system contrib-
utes directly to motor output by produc-
ing compensatory eye movements
to maintain a stable gaze and to coordi-
nate postural control during movement.

The peripheral sensory apparatus of the
vestibular system comprises the semicir-
cular canals and otolith organs. The 3
semicircular canals (anterior, posterior,
and horizontal) function as rate sensors
by providing input regarding angular
head acceleration. The saccule and the
utricle, which are the otolith organs, reg-
ister forces related to linear acceleration
and static tilt with respect to the gravita-
tional axis.

Specialized hair cells in each ampulla and
otolith organ are the biological sensors
that convert head position to neural fir-
ing. Type 1 hair cells are sensitive to
rotations during large head accelera-
tions, and type 2 hair cells are most effec-
tive during low-frequency and small head
accelerations. In addition, the maculae of
the utricle and the saccule contain oto-

conia, which are calcium carbonate crys-
tals, embedded in a gelatinous matrix.
The otoconia move in response to grav-
ity and other accelerative movements,
making the macula very sensitive to lin-
ear acceleration.33

Information from the peripheral vestibu-
lar organs is processed in the central ner-
vous system with input from the propri-
oceptive and visual systems. Motor
output through the vestibular-ocular
reflex (VOR) generates eye movements
for gaze stability, and the vestibulospinal
reflex generates muscle activity to main-
tain balance.

The maintenance of balance depends on
information provided by the somatosen-
sory, visual, and vestibular organs. These
sensory systems provide information
regarding body orientation within differ-
ent frames of reference. Mirka and Black
reported, “Vestibular input is referenced
to gravity, while somatosensory and
visual inputs are referenced to the sup-
port surface and visual surrounds.
Hence, the vestibular system provides
orientation to earth vertical, while the
other senses provide relative orientation
references.”34(p351) In people with
impaired vision or somatosensory input,
the vestibular system becomes very
important for balance control.

Evidence for Vestibular
Dysfunction in Diabetes
Morphological and physiological
changes have been reported in the
peripheral vestibular apparatus in animal
models of diabetes. Myers and col-
leagues11,35 found morphological and
structural changes in the peripheral
vestibular system in animals with exper-
imentally induced diabetes. These
animals had an overproduction of extra-
cellular matrix and a higher incidence of
lysosomes and lipid droplets in the con-
nective tissue of the utricle and the sac-
cule.35 These findings were considered
the consequences of metabolic stress.
The accumulation of excess extracellular
matrix leads to impaired diffusion of oxy-
gen, nutrients, and waste products. Hair
cell degeneration, noted in these ani-
mals, was suggested to be the result of
impaired diffusion. The level of type 1
hair cell degeneration was higher in the
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saccule, suggesting that the saccule may
be more susceptible to pathology in dia-
betes.35 The vestibulocochlear nerve of
rats with diabetes was observed to have
large portions of disrupted myelin sheath
lamellae as well as thinning of the myelin
sheath and smaller axonal fiber diame-
ters.10,36 Physiological changes in the
vestibular end organ due to diabetes
were examined by Perez et al37 in mice
with diet-induced type 2 diabetes. The
latency of evoked potential responses
was delayed, amplitudes were smaller,
and thresholds were higher compared
with those in control mice. Because
short vestibular evoked potentials were
recorded in response to linear and angu-
lar accelerations, damage due to diabetes
was shown to affect the function of the
vestibular system.37 The Figure illustrates
the potential mechanisms contributing
to vestibular dysfunction in diabetes.

There is clinical evidence of the pres-
ence of vestibular dysfunction in people
with diabetes. Clinical examinations
with oculomotor tests, videonystagmog-
raphy, and caloric testing have shown
that children and young adults who are 6
to 28 years of age and have type 1 dia-
betes have central and peripheral vestib-

ular dysfunction. Abnormal responses
include impaired optokinetic responses
and eye tracking9,38 and reduced res-
ponses to caloric stimulation and posi-
tional nystagmus.9,39,40 The frequency of
abnormal responses was higher in the
participants with a longer duration of
diabetes, those with retinopathy and
neuropathy, and those who had frequent
hypoglycemic incidents.9,40 Despite the
changes in central and peripheral struc-
tures, Biurrun et al reported no com-
plaints of dizziness or imbalance40 and
Gawron et al reported that only 6.3% of
the participants had complaints of dizzi-
ness and imbalance.9 In neither study
was balance function in the participants
examined. The minimal complaints of
dizziness could have been due to
symmetrical impairment of function
between the 2 inner ears.37 In people
with type 1 diabetes, vestibular system
dysfunction was seen more often than
auditory dysfunction (60% versus 30%),
indicating that metabolic disturbances
may affect the homeostasis of the vestib-
ular organ more quickly than the homeo-
stasis of the cochlea.39

Studies in people with type 2 diabetes
have shown significant abnormalities in

the phase of the VOR and the optoki-
netic reflex compared with those in peo-
ple matched for age and serving as con-
trols.41 Because of VOR abnormalities
and optokinetic reflex abnormalities,
people with diabetes could have blurring
of vision during head movements.41 In
adults with multiple chronic disorders,
such as diabetes, hypertension, and dys-
lipidemia, cochlear and vestibular dys-
function was significantly prevalent, par-
ticularly in people more than 60 years of
age and having 2 or more comorbidi-
ties.42 Table 1 summarizes clinical stud-
ies examining vestibular dysfunction in
people with type 1 and type 2 diabetes.
On the basis of these studies, the stron-
gest evidence presented is for VOR def-
icits, not balance problems—perhaps
because direct assessment of the VOR is
available during videonystagmography
tests. Balance testing is more complex,
and isolating the vestibular system is dif-
ficult because of proprioceptive feed-
back and inherent compensatory strate-
gies that people use to avoid falling.

The odds of vestibular dysfunction have
been shown to be 70% higher in adults
with diabetes than in those without dia-
betes.7 In a large epidemiological study,
Agrawal et al7 examined data from adults
40 years of age and older (N�5,086) by
using the modified Romberg Test of
Standing Balance. Participants had to
stand unassisted for 30 seconds in each
of the following 4 positions: on firm
ground with eyes open, on firm ground
with eyes closed, on a foam surface with
eyes open, and on a foam surface with
eyes closed. Fifty-four percent of the par-
ticipants with diabetes were identified as
having vestibular dysfunction because
they had to take a step or open their eyes
when standing on foam with eyes closed.
The risk of falls was 12 times higher in
the participants who had vestibular dys-
function and complaints of dizziness
than in those without either complaint.7

Of interest, the participants with vestib-
ular dysfunction but without complaints
of dizziness also had a significantly
higher risk of falls.7 The prevalence of
vestibular dysfunction was significantly
related to the duration of diabetes; par-
ticipants with a history of diabetes of up
to 5 years had a 41% prevalence of ves-
tibular dysfunction, whereas a 61% prev-

Figure.
Potential mechanisms contributing to vestibular dysfunction in diabetes, as suggested from
animal studies. Information was derived from Myers and colleagues,10,11,35,36

AGEs�advanced glycation end products, ROS�reactive oxygen species.
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alence of vestibular dysfunction was
observed both in participants with a his-
tory of diabetes of 6 to 10 years and in
those with a history of diabetes of more
than 10 years. Higher serum HbA1c lev-
els (�7.0%) increased the odds of vestib-
ular dysfunction by 60%.8 The preva-
lence of vestibular dysfunction was
higher in participants with other
diabetes-related complications, such as
peripheral neuropathy (76% versus 49%)
and retinopathy (71% versus 45%).8

The limitation of these studies7,8 was that
vestibular dysfunction was assessed with
the modified Romberg Test of Standing
Balance. No direct assessment of the ves-
tibular system with caloric or evoked
potential studies was done. The modified
Romberg Test of Standing Balance has
been shown to have weak correlations
with the Dizziness Handicap Inventory
(r�.26); however, when compared with
caloric or vestibular evoked potential
testing, the modified Romberg Test of

Standing Balance has a sensitivity and a
specificity for the detection of peripheral
vestibular dysfunction of 55% and 65%,
respectively, making it a poor screening
tool for vestibular dysfunction.43 Future
studies of the relationship between
direct assessment of the peripheral ves-
tibular organs and balance and function
in adults with diabetes are essential.

Degerman et al44 examined the human
saccule and identified the insulin recep-

Table 1.
Summary of Clinical Studies Examining Vestibular Dysfunction in People With Diabetesa

Study

Participants

Evidence of Vestibular DysfunctionGroup N Age (y), X (SD)

Biurrun et al40 Type 1 DM 46 25.9 (8.9) 21.8% of participants with DM had bilateral depressed caloric
responses; oculomotor ENG tracings showed abnormal responses in
54.3% of participants with DM; abnormal responses were seen in
participants with a longer duration of DM and with complications
from retinopathy or nephropathy

Control 33 26.2 (9.4)

Gawron et al9 Type 1 DM 95 15.5 (5.1) Impaired optokinetic responses and significant increases in
spontaneous and positional nystagmus were seen in participants
with severe hypoglycemic incidents, a longer duration of DM, and
uncontrolled disease

Control 44 16.3 (6.1)

Nicholson et al41 Type 1 DM 18 62.7 (21.1) Gaze holding in darkness was worse for participants with diabetes than
for controls; VOR gains were similar in the groups; however, phase
velocity was decreased in participants with type 1 diabetes; OKR
slow-phase velocity was decreased in both groups with diabetes,
and postural sway was increased in both groups with diabetes

Type 2 DM 23 65.4 (10.5)

Control 45 60.9 (8.2)

Cohen et al47 Unilateral posterior canal
BPPV

176 57 (13) The prevalence of DM in participants with BPPV was significant
(P�.001); equilibrium scores on condition 5 of the SOT were
significantly lower in participants with BPPV and DM than in those
without DM

Klagenberg et al39 Type 1 DM 30 25.7 Caloric test abnormalities were seen in 60% of participants; 40% had
hyporeflexia, and 20% had hyperreflexia; spontaneous nystagmus,
positional nystagmus, and OKRs were within normal limits

Agrawal et al7 Adults �40 y old 5,086 The modified Romberg test of standing balance on firm and compliant
support surfaces was used to determine vestibular dysfunction; the
odds of vestibular dysfunction were 70% higher in people with
diabetes; the risk of falls in people with vestibular dysfunction and
complaints of dizziness was increased 12-fold

Kim et al79 Type 2 DM 35 51.1 (15.5) 19 participants with DPN and complaints of vertigo received vestibular
testing, which included a clinical examination for spontaneous and
gaze-evoked nystagmus, positional testing, VNG, and caloric tests;
11 participants (57.9%) had vestibular dysfunction, on the basis of
abnormal caloric responses

Chavez-Delgado
et al42

Type 2 DM, hypertension,
and dyslipidemia

385 62 (12.9) 40% of the study population had complaints of dizziness and received
vestibular testing; spontaneous nystagmus was seen in 2.8% of the
population; abnormal caloric responses were seen unilaterally in
73.4% of the participants and bilaterally in 26.6% of the
participants

De Stefano et al80 Diabetes, hypertension 1,092 72.9 (6.14) The number of recurrences of BPPV was related to the number of
comorbidities; the combination of hypertension, diabetes,
osteoarthritis, and osteoporosis increased the risk of recurrence 6.48
times

a DM�diabetes mellitus, ENG�electronystagmography, VOR�vestibular-ocular reflex, OKR�optokinetic reflex, BPPV�benign paroxysmal positional vertigo,
SOT�Sensory Organization Test, DPN�diabetic peripheral neuropathy, VNG�videonystagmography.
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tor, insulin receptor substrate 1, protein
kinase B, and insulin-sensitive glucose
transporter (GLUT4) in the sensory epi-
thelium of the human saccule. These sig-
naling mechanisms maintain ion and
water homeostasis in the saccule
and are important for oto-protection and
neuronal survival. Chronic hyperglyce-
mia and insulin resistance can affect
these signaling pathways,45 resulting in
impaired inner ear function.

One particularly common vestibular con-
dition, benign paroxysmal positional ver-
tigo (BPPV), has been studied in adults
with diabetes. In a histopathology study,
Yoda et al46 examined 28 temporal
bones of people with type 1 diabetes and
compared them with the temporal bones
of 56 people who were matched for age
(healthy controls). None of the people
with type 1 diabetes had a documented
medical history of vestibular or balance
problems. Each temporal bone was sec-
tioned at a thickness of 20 �m, stained
with hematoxylin and eosin, and studied
under light microscopy. The cupulae
were observed by light microscopy at a
magnification of �400. A significantly
higher prevalence of deposits of otoco-
nia was seen in the posterior and lateral
semicircular canals as well as attached to
the cupula in people with type 1 diabe-
tes than in the controls.46 Cohen et al47

reported a significantly higher preva-
lence of diabetes in people with BPPV. In
adults who were 65 to 74 years of age,
20% of those with BPPV had diabetes; in
comparison, 9.2% of people in the gen-
eral population have diabetes. In addi-
tion, comorbidities such as diabetes and
hypertension have been shown to
increase the rate of recurrence of
BPPV.48 The combination of hyperten-
sion, diabetes, and osteoarthritis in-
creases the risk of recurrence of BPPV
4.55 times.48 Once diagnosed, BPPV can
be effectively treated by appropriate
repositioning maneuvers.49 These results
suggest that vestibular dysfunction could
be considered an underreported compli-
cation of diabetes. Vestibular dysfunc-
tion has been shown to independently
increase the risk of falls and could be an
independent mediator of the association
between diabetes and falls.8

On the basis of the literature presented,
there appears to be a complex relation-
ship between diabetes and vestibular
dysfunction in people with both type 1
diabetes and type 2 diabetes. Damage to
the inner ear may cause people with dia-
betes to have impaired gaze stability. In
addition, there may be decreased sensory
feedback from the peripheral vestibular
organs due to hypofunction of the oto-
lith organs and semicircular canals.
Hence, the high risk of postural instabil-
ity and falls may be further increased
because of vestibular dysfunction. The
prevalence of BPPV also may be
increased in people with diabetes. This
information may be important to physi-
cal therapists who treat patients with
diabetes.

Clinical Implications for
Examination and
Treatment of People with
Diabetes
Physical activity and exercise are essen-
tial components for managing diabetes
and preventing complications,50,51 and
clinical guidelines have been published
to provide recommendations for starting
and advancing an exercise program for
people with type 2 diabetes.52 However,
the vestibular system is not included in
these guidelines because vestibular dys-
function is not yet a widely recognized
complication of diabetes. Here we pres-
ent recommendations for physical ther-
apy examinations and interventions that
include an awareness of the possible role
of vestibular dysfunction in people with
type 2 diabetes.

Recommendations for
Examination
For a clear understanding of the impact
of diabetes on the vestibular system, a
comprehensive examination of the ves-
tibular system is necessary. The use of
appropriate outcome measures can help
identify deficits, provide direction for
treatment, and improve outcomes for
patients. Function and participation in
daily activities can be assessed with stan-
dardized questionnaires.

The Dizziness Handicap Inventory is a
measure of self-reported activity limita-
tions and participation restrictions due

to either dizziness or unsteadiness.53 It is
a 25-item questionnaire with 3 subscales:
functional, emotional, and physical. The
maximum score is 100 points (32 points
for the functional dimension, 40 points
for the emotional dimension, and 28
points for the physical dimension).
Higher scores indicate greater levels of
self-perceived disability. People with
scores of more than 60 points on the
Dizziness Handicap Inventory have been
shown to have impaired functional
mobility and a higher risk of falls.54

The Activities-specific Balance Confi-
dence Scale is a 16-item measure of self-
efficacy on a 10-point ordinal scale; peo-
ple rate their confidence in maintaining
their balance during various activities of
daily living. Scores range from 0 to 100
points, where 0 indicates no confidence.
Scores of more than 80 points indicate
high functioning observed in physically
active older adults55; scores of less than
or equal to 67 points indicate an
increased risk of falls.56 The Activities-
specific Balance Confidence Scale may
be a useful tool for assessing people’s
level of confidence as a treatment
plan is developed. Symptom severity can
be assessed with a visual analog scale and
the Vertigo Symptoms Scale, both of
which can be used to monitor people’s
progress during the course of
treatment.57

Because damage to the vestibular system
is associated with increased postural
sway and balance impairment,58,59 it is
necessary to examine static balance as
well as balance during dynamic activi-
ties. The modified Clinical Test of Sen-
sory Integration of Balance is a useful test
that can be performed easily in the clinic
setting to challenge the vestibular system
while altering proprioceptive and visual
feedback.60 The Sharpened Romberg
Test is particularly valuable in the clinic
setting because people with type 2 dia-
betes have been shown to have higher
medial-lateral sway.23 In addition, the
risk of falls can be assessed with reliable
tests that have been validated in people
with DPN. With modified cutoff scores
of greater than or equal to 10.7 seconds
on the Timed “Up & Go” Test, scores of
less than or equal to 22 on the Dynamic
Gait Index, and scores of less than or
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equal to 52 on the Berg Balance Scale,
the accuracy with which fallers were
identified was greatest with the Timed
“Up & Go” Test; the Dynamic Gait Index
and the Berg Balance Scale were less
accurate.61 Even though the Functional
Gait Assessment has not been specifically
validated in people with diabetes, it may
be useful for identifying the risk of falls.
People with vestibular dysfunction and
scores of less than or equal to 22 on the
Functional Gait Assessment have been
shown to report recurrent falls.62

Oculomotor and gaze-holding deficits are
seen in people with diabetes; hence,
assessment of the vestibular system
should include gaze stability testing. The
Dynamic Visual Acuity test provides
information to clinicians regarding the
degradation of visual acuity with rapid
head movements. A patient reads a wall
eye chart with the head stationary, fol-
lowed by head oscillations at 2 Hz. A loss
of the ability to read 3 or 4 lines on the
chart suggests decreased gaze stability.63

Making a diagnosis of BPPV in older
adults with dizziness, multiple comor-
bidities, and coexisting cardiovascular
disease is difficult, resulting in delayed
interventions.64 Hence, performing the
Dix-Hallpike test to assess anterior and
posterior canal BPPV and the roll test to
assess the horizontal canal in patients
complaining of dizziness or vertigo may
help identify the presence of BPPV.65 It is
necessary to examine patients for dia-
betic complications such as peripheral
neuropathy and lower extremity pain.
The Michigan Neuropathy Screening
Instrument can be easily completed in
the clinic setting; scores of greater than
or equal to 2 on the physical examination
section indicate the presence of neurop-
athy.66,67 Pain due to neuropathy can be
assessed with the Brief Pain Inventory for
DPN, a scale validated for people with
DPN; it assesses pain severity and how
the pain may affect aspects of daily life.68

Suggestions for Interventions
Gaze stability exercises have been
shown to be effective in reducing the
risk of falls in adults with vestibular dys-
function.69 However, the role of gaze sta-
bility exercises in people with type 2
diabetes has not been explored. In peo-
ple with diabetes, deficits in the VOR and

the optokinetic reflex may make main-
taining a stable gaze during dynamic
activities difficult41; hence, we recom-
mend the use of gaze stability exercises
for maintaining a stable gaze and reduc-
ing the risk of falls in this population.
Recommended gaze stability exercises
include �1 viewing (gaze stability exer-
cise where a visual target is stationary
and the patient moves his or her head
from side to side or up and down while
fixating on the target), �2 viewing (head
and target are moving in the same direc-
tion), or both.63

Although studies have shown that BPPV
may be more prevalent and recurrent in
adults with diabetes,47,48 no studies have
examined the response to repositioning
maneuvers in patients with type 2 diabe-
tes and concurrent BPPV. In patients
with BPPV, providing appropriate repo-
sitioning maneuvers is essential for
reducing patient complaints of vertigo
and disequilibrium.49,70

The roles of aerobic exercise, resistance
exercise, and a combination of these
exercises have been well established;
these exercises have been shown to
improve glycemic control, overall physi-
cal function, balance, and gait speed in
people with diabetes.32,51,71–73 Balance
training has been shown to improve pos-
tural control and clinical measures of bal-
ance; however, the intensity and dura-
tion of balance training as well as the
presence of diabetic complications may
affect outcomes. Kruse et al74 found no
improvement in balance after a 12-
month training program that included
balance training exercises; however,
Allet et al75 reported significant improve-
ment in balance with similar exercises.
The 2 studies differed in the frequency
and mode of delivery of the training pro-
gram as well as the severity of neuropa-
thy. For patients with diagnosed DPN,
Kruse et al74 prescribed balance training
with a physical therapist once per week
for 11 weeks. After this initial training
period, patients received regular phone
calls encouraging them to continue the
exercise program. Allet et al75 prescribed
training 2 times per week for 12 weeks,
for 60 minutes per session, in a physical
therapy clinic; however, their patients
had minimal neuropathy. Table 2 sum-

marizes a few studies in which balance
training programs were effectively used
to improve balance and function in peo-
ple with type 2 diabetes.

Beside weakness and imbalance, many
factors contribute to falls in people with
type 2 diabetes; these include glycemic
control, fatigue, executive function,
inappropriate footwear, polypharmacy,
proprioceptive loss, and retinopa-
thy.32,76–78 The American Diabetes Asso-
ciation provides a comprehensive under-
standing of these risk factors and their
management.52

Because of somatosensory and visual dis-
turbances, adults with diabetes are lim-
ited in their ability to reweigh sensory
information. Evaluation for an assistive
device may be necessary, particularly in
people who are not confident with walk-
ing outdoors or are limited in participa-
tion due to dizziness. The added stability
of an assistive device may encourage
older adults with diabetes to participate
in a walking program.

Conclusion
The relationship among diabetes, vestib-
ular function, and the risk of falls is com-
plex. People with diabetes have many
deficits, including neuropathy, retinopa-
thy, and polypharmacy, all of which
compromise their activity and daily func-
tional status. Vestibular dysfunction is
another possible complication of diabe-
tes and may increase the risk of falls.
Understanding this relationship, identify-
ing and treating BPPV, and working
toward integrating all systems—visual,
vestibular, and somatosensory—to
improve balance may be ways in which
physical therapists can prevent falls.
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