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National
Healthcare Crisis

Dizziness, vertigo, and falls were identified
as early as 1994 in the NIH Strateqgic
Research Plan as a looming national health
care crisis for the United States.

Based on the current prevalence of these
complaints in the older adult population
and the coming wave of post World War I
(1946-1964) older adults and the social and
economic impact.

Diabetes now affects 9.3% of U.S. - over
29 million people
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Description:

This course will provide attendees with an overview of the affect of
diabetes on the three primary sensory modalities of balance; vision-
vestibular and somatosensory. A review of the literature will be presented
to document the evidence-based research, which clearly demonstrates; the
significant impact of the disease on individuals, corresponding vestibular-
balance test results as well as intervention strategies.

Participants will be provided with clinical pathways, which may be
Incorporated Into their practice to facilitate identification and intervention
for Iindividuals with diabetes, who are experiencing debilitating conditions
and Increased fall risk which can have life-altering implications.
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Objectives: At the conclusion of the class, attendees will
be able to...

1. List the changes that occur in each of the sensory
modalities.

2. Name those vestibular-balance tests, which have greatest
sensitivity to diabetic-related changes.

3. Describe best practices to implement identification and
Intervention protocols within a diabetic fall risk
management program.
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FAST FACTS

Data and Statistics about Diabetes

KEY FACTS

Mearly 26 million children and adults in the
United States have diabetes

79 million Americans have prediabetes

1.9 million Americans are diagnosed with
diabetes every year

Mearly 10% of the entire U.5. population has
diabetes, including over 25% of seniors

As many as 1in 3 American adults will have
diabetes in 2050 if present trends continue

The economic cost of diagnosed diabetes in
the U.5. is $245 billion per year

Diabetes in the United States

« 25.8 million Americans, 8.3% of the population,

have diabetes

« 18.8 million Americans have diagnosed
diabetes

« 7.0 million Americans have undiagnosed
diabates {27% of diabetes is undiagnosed)

* 1.9 million Americans aged 20 years or older

are newly diagnosed with diabetes each vear
{5,205/day)

« Age 20 years or older: 25.6 million, or 11.3% of
all pecple in this age group, have diabetes

» Age 65 years or older: 10.9 million, or 26.9% of
all pecple in this age group, have diabetes

Diabetes in Youth

About 215,000 people yvounger than 20 years
have diabetes {type 1or type 2). This represents

0.26% of all people in this age group, or about 1
in 400

Revised 3/2013
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« 15,600 youth are newly diagnosed with type 1
diabetes annually

« 3,600 youth are newly diagnosed with type 2
diabetes annually

Prediabetes

35% of LS. adults aged 20 years or older have

prediabetes (50% of those aged 65 years or
older)

79 million Americans aged 20 years or older
have prediabetes. Only 7.3% of Americans with
prediabetes have been told they have it

Racial Disparities

Mon-Hispanic whites: 15.7 million, or 10.2% of all
non-Hispanic whites aged 20 vears or older, have
diabetes (diagnosed and undiagnosed)

Mon-Hispanic blacks: 4.9 million, or 18.7% of all
non-Hispanic blacks aged 20 years or older, have
diabetes {diagnosed and undiagnosed)

* 16.1% of the total adult American Indian and
Alaskan Mative population has diagnosed
diabetes

Compared to non-Hispanic whites, the risk of
diagnosed diabetes is 1.2 times higher among
Asian Americans, 1.7 times higher among
Hispanics, and 1.8 times higher among non-

Hispanic blacks

Diabetes as Cause of Death

= Diabetes is the primary cause of death for
71,382 Americans each year

* Diabetes contributes to the death of 231,404
Americans annually (combining death
certificates that list diabetes as the primary
and a contributing cause of death)

For more information and references, visit professional.diabetes.org/facts

How Does this Affect Your Patients?

In 2005-2008, 4.2 million (28.5%) people with
diabetes aged 40 years or older had diabetic
retinopathy

Hearing loss Is about twice as common In
adults with diabetes as those who do not have
diabetes

About 60% to 70% of people with diabetes
have mild to severe forms of neuropathy

Greater incidence of BPPV
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PREDIABETES

841 million
American adults —
more than

1 out of 3 — have
prediabetes

XUIIESLL

Prediabetes is

when your blood
sugar level is higher
than normal but not

PREDIABETES

high enough yet to
be diagnosed as
type 2 diabetes

If vou have
prediabetes,
losing weight by:

G BEING

MORE
ACTIYVE

EATING
HEALTHY

COULD IT

BE YOU?

people with prediabetes
don't know they have it

Prediabetes increases your risk of:

200

TYPE 2 HEART aTROKE
DIABETES DISEASE

can cut your risk of
getting type 2 diabetes in
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What You Need to Know

Did you know that if you

are 45 years old or older,
overwelght, and inactive, you
may have prediabetes?

What is prediabetes?

Fredizbetes means the amount of gluense,
also called supar, in your blond is higher
than normal but not high enough to he
called diahetes. Glueose 15 a form of supar
vour hody uses for energy. Too much
plucose in your blood can damage your body
aver time. If you have prediabetes, also
called impaired fasting glucose (TFG ) or
impaired glucose toleranee (IGT), you are
maore likely to develop type 2 dizbetes, heart
disease, and stroke.

How do | know if | have
prediabetes?

Most people with prediabetes don’t have any
symptams. Your doctor can test your blond
toy find out if your hlaod glucose levels are
higher than normal.

Who should be tested for
prediabetes?

If vou are 45 years old or older, vour doctor
may recommend that you be tested for
prediabetes, especially if vou are overseight.
Being overseight is a key contributor, along
with inactivity, to prediabetes. Tf vour hody
mass index {BMI) is higher than 25, you

are overweight. BMI 15 a measure of your
weipht relative to your height. Tf vou're not
sure if you are overweipht, ask vour doctor.

Even if you are younper than 45, consider
petting tested for prediabetes if vou are
overweight and

» are physically inactive

* have a parent, brother, or sister with
diabetes

* have high blood pressure or high
cholesterol—blood fat

* have abnormal levels of FIDL, or good,
cholesterol or triglycendes—another type
ol Dlooed fat

* had gestational diabetes—diabetes that
develops only during pregnancy—or
gave birth to a baby weighing more than
B pounds

s are African American, Alaska Native,
American Indian, Asian American,
HispanicLating, or Pacific Islander
American

* have polyeystic ovary syndrome, also called
PCOS

* have a dark, velvety rash around vour neck
[ ATIPIS

* have blood vessel problems affecting vour
heart, brain, or legs

If your test results are normal, vou should be
retested in 3 years, If you have predizbetes,
ask your doctor if you should be tested again
in 1 vear.
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Abstract

Dizziness, vertigo, and falls will affect over 35% of
the U.S. population over 40 years of age. The
scientific literature indicates a higher prevalence, as
great as 70%o, within the diabetic population. This
demographic includes many older adults over the
age of 70 who have a greater incidence of co-
morbidities which places them at a further elevated
fall risk.

This discussion will include a review of the literature
of the relationship between diabetes and balance
disorders. Evidence based suggestions for
Intervention strategies in the identification and
management of this population will be included.
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Overview

- Scope of problem

- Relationship and implications of diabetes to dizziness,
vertigo, and falls

- Intervention strategies for identification, treatment,
and fall risk management
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Dizziness, Vertigo, Falls...

Dizziness Is the number one complaint of persons over
age 70 years.

85% of vertigo and balance dysfunction may be inner ear
related.

50% of individuals over age 70 years will experience
Benign Paroxysmal Positioning Vertigo (BPPV).

Older adults with BPPV have a greater incidence of
depression, falls and reduced activities of daily living.

(Gans, 2011)
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Falls: Morbidity and Mortality

Falls are the leading cause of traumatic brain injury (TBI) and bone
fractures (femur, wrist, and hip).

Falls are the leading cause of accidental deaths Iin persons over
age 65 years.

Falls are the 6" leading cause of death for the elderly.

60% of fall-related deaths occur among individuals who are 75 years of
age or older.

20% of those who sustain a hip fracture from a fall will die within a
year

Of those who do fall, 20% will require placement within a long-term
care faclility.
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Business

U.S. Deaths From Falls Projected to Rise

Due to Aging Baby Boomers

By Vincent Del Giudice

May 15, 2018, 1:38 PM EDT

» Ominous data from Centers for Disease Control and Prevention LIVE ON BELOOMBERG

LISTEN TO ARTICLE

> 58

Share

Print

Watch Live TV >
.............................................................................................................................................................................................................................................................................................................................................................................................................................. LIE".E'I'I to LI"l"E' Radin :;:.

Watch where you step because the autumn of our lives is forecast to become
much more slippery.

Researchers project the number of deaths of older Americans resulting from
falls across the U.S. will increase to 59,000 in 2030 from 30,000 in 2016 and
18,000 in 2007, according to data from the U.S. Centers for Disease Control
and Prevention.

That equates to 162 deaths a day -- or almost seven deaths an hour -- by
2030.

The segment of the U.S. population at 85 years and older is forecast to
increase to 8.9 million by 2030, with risk factors including reduced activity,
chronic conditions such as arthritis, the impact of prescription medications
on mobility and changes in gait and balance, according to the CDC. More
than 95 percent of hip fractures are caused by falling.

In 2015, the total medical costs for falls surpassed $50 billion.
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Equilibrium

External
Visual
Somatosensory

Internal
Vestibular

CNS
Sensory motor integration and
appropriate motor response.
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Individuals with Diabetes...
- Risk of falling Is increased with diabetes

. Diabetics are 70% more likely to have vestibular
dysfunction

- Individuals with other diabetic related conditions e.q.
retinopathy, neuropathy, are more likely to have vestibular

dysfunction

. Although retinopathy and neuropathy contribute to a
cascade effect, vestibular dysfunction alone Is a greater
cause of falls

|52 Arlhﬁqrican
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Individuals with Diabetes...

. Increased prevalence of Benign Paroxysmal Positional
Vertigo (BPPV) - which increases fall risk

- Reduced sensory input from inner ear -balance system,
vision, lower extremities (neuropathy) cumulatively create a
complex interaction of dysfunction “ the perfect storm”

- Individuals 40 years of age and older with

undiagnosed/untreated hearing loss have a higher
Incidence of falls

(Agrawal et al., 2010)
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Review of Studies Demonstrating Abnormal Findings

Participants

Age (y), X (SD)

Evidence of Vestibular Dysfunction

Biurrun et al40 Type 1 DM 46 259 (8.9) 21.8% of participants with DM had bilateral depressed caloric
responses; oculomotor ENG tracings showed abnormal responses in
Controf 33 26.2(9.4) 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
Gawron et alP Type 1 DM 95 15.5(5.1) Impaired optokinetic responses and significant increases in
spontaneous and positional nystagmus were seen in participants
Controf 44 16.3 (6.1) with severe hypoglycemic incidents, a longer duration of DM, and
uncontrolled disease
Micholson et al* 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
Type 2 DM 23 654 (10.3) velocity was decreased in participants with type 1 diabetes; OKR
Control 45 60.9 (8.2) slow-phase velocity was decreased in both groups with diabetes,
and postural sway was increased in both groups with diabetes
Cohen et al¥? Unilateral posterior canal 176 57 (13) The prevalence of DM in participants with BPPY was significant
BEPPV (P<2.001); equilibrium scores on condition 5 of the 50T were

significantly lower in participants with BPPY and DM than in those
without DM

? DM=diabetes mellitus, ENG=electronystagmography, VOR=vestibular-ocular reflex, OKR=optokinetic reflex, EPPVY=Dbenign paroxysmal positional vertigo,
50T=>5ensory Organization Test, DPN=diabetic peripheral neuropathy, VNG=videonystagmography.

(D’Silva et al., 2016)
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Study

Participants

Group

! N !Age{ﬂ,f{iﬂ}

Evidence of Vestibular Dysfunction

Klagenberg et al**

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 al”

Adults =40 vy 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 1.2-fold

Kim et al™

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

Chawvez-Delgado
et al**

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 al&o

Diabetes, hypertension

1,092

72.9 (6.14)

The number of recurrences of BPPY was related to the number of
comorbidities; the combination of hypertension, diabetes,
osteoarthritis, and osteoporosis increased the risk of recurrence 6.48
times

? DM=diabetes mellitus, ENG=electronystagmography, VOR=vestibular-ocular reflex, OKR=optokinetic reflex, BPFV=Dbenign paroxysmal positional vertigo,
50T=5ensory Organization Test, DPN=diabetic peripheral neuropathy, VNG=videonystagmography.
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Table 2.

Review of Intervention Studies

Summary of Balance Training Interventions in People With Type 2 Diabetes?

Study

Type of Exercise

Frequency

Duration

Outcome Measures for
Balance and Falls

Results

Richardson et al®

20(10in1G, 10 in CG)

For IG: strength and
balance exercises to
improve ankle function;
for CG: seated exercises

Daily

3 wk

SLS, FRT, tandem stance time,
ABC Scale

For IG: significant improvements in
single-leg and tandem stance and
FRT scores; for CG: no change in
all measures

Kruse et al’4

79 (41 in IG, 38 in CG)

For IG: strengthening,

Part 1: 8 individual

Part 1: 1-3 mo; part

Ankle dorsiflexor strength, BBS,

No difference between groups in any

NWB)

strength, and
progressive walking; for
NWB group: strength
and progressive
stationary bike

counts

balance, and walking sessions, 3 home 2:4-12 mo TUG, SLS, FES measures
program in part 1 and visits (1 h each);
motivational phone calls part 2: motivational
in part 2; for CG: 8 phone calls (every
sessions, diabetes care other week)
instruction, no exercises
Allet et al”> 71 (35in1G, 36 in CG) | For IG: gait, balance, and 2X /wk 12 wk Walking speed, POMA, For IG: gait velocity increased 11.6%,
function-oriented dynamic balance walking on dynamic balance improved by
strengthening; for CG: a beam, static balance on 34%, static balance improved by
no treatment, no advice the Biodex, FES-I 31%, higher POMA and FES-I
scores
Morrison et al82 37 (16 with T2D, 21 Balance and resistance 3% /wk 6 wk Fall history, fall risk assessment | Significant decrease in fall risk with
healthy controls) training (PPA) improvements in proprioception
and quadriceps and hamstring
strength seen in people with T2D
Ahn and Song?®3 59 (30in IG, 29 in CG) | Tai chi 1 h per session, 2X/wk | 12 wk SLS with eyes closed, SF-36 For IG: significant improvements in
SLS and SF-36 scores
Salsabili et al®4 19 with T2D Biodex? stability system for | 10 sessions, 30 min 3 wk Overall Stability Index, APSI, Decreased OSI, APSI, and MLSI scores
training each MLSI on the Biodex with training in all participants
Song et al®> 38 (191in1G, 19 in CG) | Eyes open and eyes closed, | 1 h, 2X/wk 8 wk SLS with eyes open and eyes For IG: significant increases in BBS,
on foam and on a closed, BBS, FRT, TUG, 10- FRT, and 10-min walk scores;
trampoline min walk, postural sway improvement in SLS time; decrease
in postural sway
Morrison et al® 37 (21 without T2D, Balance and strength 3% /wk 6 wk PPA, forceplate test in mCTSIB Significant decreases in fall risk in
16 with T2D) training conditions both groups; in the T2D group,
decreased AP-ML coupling, higher
range of COP motion, decreased
COP velocity
Mueller et al®’ 29 (15in WB, 14 in For WB group: balance, 1 h, 3X/wk 12 wk 6-min walk distance, daily step | For WB group: improvements in 6-

min walk distance and average
daily steps

? |G=intervention group, CG=control group, SLS=single-leg stance, FRT=Functional Reach Test, ABC=Activities-specific Balance Confidence, BBS=Berg Balance Scale, TUG=Timed “Up & Go” Test,

FES=Falls Efficacy Scale, POMA=Performance-Oriented Mobility Assessment, FES-I=Falls Efficacy Scale International, PPA=Physiological Profile Assessment, SF-36=Medical Outcomes Study 36-Item Health
Survey Questionnaire (version 2), APSI=Anterior-Posterior Stability Index, MLSI=Medial-Lateral Stability Index, OSI=Overall Stability Index, T2D=type 2 diabetes, mCTSIB=Modified Clinical Test of Sensory

Integration of Balance, AP-ML=anteroposterior-mediolateral, COP=center of pressure, WB=weight bearing, NWB=non-weight bearing.
b Biodex Stability System, Biodex Medical Systems Inc, Shirley, New York.

(D’Silva et al., 2016)
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Effects of Diabetes Mellitus Tvpe | with or without

MNeuropathy on Vestibular Evoked Myogenic Potentials
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Introduction

Dhabetes mellitus s a group of metabolic discases i
whach blood ghecose level nses. The two most common
apes of diabetes meilitis are diaboies meilitus typo |
and type 11 {1} Disbetes mellsos s characterized by
abnormal metabalism of carbohydrate, fat and protem
resulizng from defects in msulin secretion, insulin acthon
orboth. The chronic hyperglycemia of disbetes i
miscciaied with loag e damage, dvsfenction and
failure of wvarous oegans especially the eyves, lodney,
merves, boart and bicod veasels (1),

Most rescarchers believe that diabetes cam cause
dafferent pathologies in bunaes (1-T) Bittar ef al. report
2t gluccse enetabolism significesily infloesce the
phoysiology of inner ear which is very acfive
mstabolically (2} The inser car JocsnT s30nc enEnDY,
therefoer mimor variatioms in blood ghacose affect its
funcuca and cause Balance discrder (1), Falsents with
diabeies mellites commaonly complain shoot dizznes,

oas . i : nd I
(3=7). However, siudies in this area are very Dmifed
Alhosgh £ & known el disbetes affocts many
organ sysiems in the body and diabetic patienis have
vestibulsr problems. @t is mot yet clear which pamt of
the vestibuler system is the most affected part. On the
other hund, in most cases in pabients with Jdishetes, the
halince of the wmwem B evalusted wsing
electronysuagmograply (ENG). Rigon o al evadosted
the wvestibuler systen in patients with diabetes
mcilivas type [ ssing ENG and their resules sbowed that
dishetes can affect the vestibular orgen, even if there are
30 otoacurologs complaints (5). Other studies have
shown that the mnge of vestibular orgen impairmeni
m dabetes mellitas type | seems to depend mamdy oo
the prescmce and charscter of hypoglycsemic incidents
and the duraton of the disease (9 ENG coly consaders
semicireulsr canaly and superior vestibuler nerve
While by using vesibolar evolbed myogenic potentials
(VEMFPF) sest, e cxamener = able %0 a5
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Dasbetes ooefltus (D] i3 2 sugor public health concern with the
mumber of Cres nsing in every ountry [Inernational Duabeses
Federation, A015) The prevalence of diagnoesd and undugnosed DM
MMMMWmﬂmmmw
5% years, after which time a pliirau or slight deorease bs typacally
obsirved [Sawlar, Domningt. & Rod Rgroer-vadias, 701 5] Regent ¢iamiied
froms che Infernational Dhabetes Federation [I0F) indicate thu older adudts
(265 years} acooont Sor approcnairdy 253 (542 milion)) of DM cases
HhoBaly, This proportide i EXpeCiod I Eroey SulkLanially in oming ytars
alcegside global populaion agring: sach that by J040, cider adulrs ane
proecied 1o orstitule almeel ooe-thisd [ 2005 million ) of people Bving
with DA (Fwermanonal [kabetes Foderanion, JO00 5} DM among oidey
adulety is complicated by complexty of liness, incressed sk of medica
- rw bacities, carky developrment of funetondl decline and Sonodrretant
risk of frailty and ik [International DNabetes Federation, 2013]
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F- el oldrreere - s | #rd=s comas (A Craprman| meyeritdom coma s
EL Bicwrt L sreocfunilieden oot b | . Bracfias]. il b Slliiea s oo | K5 HE L
b gl frn cois du [ | Boeming )

s ddedang 10 0N B acomp J 1 GoR013
PSS-S J01T Estary i Al et i

C 20T Ebevier Inr All righid neseived.

Falls 43 4 complication of DM = inceeasingly baing meoogased &
haring 2 muagor impact on the overall health and quabity of e of older
acdalbs | Inbernatondl Chabetes Federabon, 2013 ) Falls sre defined 44 ~an
unexpecied et i whach the person corees 1o rea on the ground, Soor
or cther lowver leved™ [Lamb, jecstad - Steen. Hauer & Secieer, 2005 ) i e
pereral chder commungy-Swviling popalanion, approsimanely oo in
three oider people fall cach year (Moyer, 2012 Srilcogly for peopie
wiithy DAL et Coriimution of aie (265 years ) bnd DM ahcrtads the riak
of recurrent Glls. by 67X (Fijpers of al. 2012 and oider adusrs with DM
are tvicr 2 el to have injunous fafls | Reman de Meelinge, Cambeer,
Calderi, Van Dy Noormgace, & Defthaere. 20031 For an indsadeial. Gfls
can resull in boas of confidence anxd reduced aciwvity levels, poteniialy
leading o loss of lower-Eml muasche and bome srevglh [Kintkanta
Primeda, Sevanes, Ussi-faal, & Kanmus, 2005 and 3 bear of Caling
[Zijbtra et 4l 207 For the pablic health systemi. here are burpeoning.
oSl soCiated with haos pridiviation relied o Llls | Readey. 2011

Ooe of the moi oommon nsk Goiors for s & mpared postaral
costrod, or balide [ Drooting 301 1; Gane, Bao, Shedeelie, B Rubsrrtein, 2000

with impainreess posshie i one of mone-of the [mor, sereory and el
neTWOLS Fysiem oxnponent. Most commondy impbcated in Qs relsted
propie with DM i peripheral neuropatfey. wherdby changes in the mator
arul o semsory covmponencs of the foot 2nd anide potenrialy ead o halanoe
defiits (Palma. Antiguall Marteez, Mooy, & Cajando, 2013). However,
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Positional Nystagmus in Patients Evaluated for
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Therre m variability i the ldcratare reganding the prosencr of possional erdagmus i braliby partucspams wath reporioy nommal
veslibulis and crftral Aervous svilem fotctoss. This fanges from 75% o BR and fioies an bvewetam dlindesd guarition. [ 3%
of bealihy participanis have positional nystagmm
patienl presenting with dirriness andior disequilibriom? The prisnary purpose of this
red Charachericiics of paosi tora] myviagrous i peiients eviberiod speaboally (or dariness and imbalamsce. Thats was codbacied using
reCrospective chrm peview 10 churts were rendomly seleried froen all patiens seen for evalustion of dirrineds and mbalance over a
peracss of eighl months. Chmiciana nrvirwerd ihe data from iesting for cach chart Nydagmus was prevend
if there was a clear show amd fast phase component and there wene three beats inoa W bewe window, Npsiagmus dérection and

Impaired balance is related to the progression of diabetic complications
in both young and older adults
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i Lt Drtrerrs buistor ebadly aesed o iosva wlad Coetiishe dlaen

hirthewdy Thi cross-secfondl sberssrne @ofy compannd 167 particgunts asd 177 controh with and
wiltwrg cypr 1 dube e, respecieeely Balanor abdcy wan guseved usng bwe dliéx Tone-depped cangr angd
prELrE e e D D dynames (Tl Up and G [TiEA] =l Faretingl Besch] s Db
ey caspeipacly wiks s S abaaed

fruin: Petopesi we duteme, mctaiog Soch poanper (<3 pran ) s sller (230 yeay ) paErpets,
shiower! pgniicascty worke bildence abiny in &l lour tees and waete more likedy 10 have 4 oy of b than
the cosrol [af P D015 in ol ke groupn, soetie ehparmet of halasce dlily vedd adOouned Wik
i all and aliler daalerter aliills & lEnge dafintn of
diabetey [F = L2 and Eagher TUG bt woore |F = 0004, and fersale wex (P = 0.07 ] aned hagher TUL soee
(P = DO pespesrerty, were neladed o4 beviony of sl Onthe oiher Band smong youmge dusbes s acdalin

imSrnaity data worr epdleciod. Kesulty indcaie peastioral nvdagmes & proarnt in 1005% tn 2% of pafirnty rvalaated o darniness
wrrd imbalance. Use of liberal criteria for determiniag presenar of posstional eystagmus (e 3 beats in 30 sec] may scooent for

higher prevalences rabes scrons other ftudica

1. Introduction

Evaluation for posibonal nystagmuos is an essential com-
pesient of ike vestibaler and equilibriam evabsstion (1, 2],
This aszeszment subtesi is sometimes referred to as siadic
pesitsanal testing and & differentisted from Dix-Hallpiie
positioning manervers used to identily posterior and antesior
canal benfgn paroxysmal positicnal vertigo (BPPV) (1, 2],
During this test protocal, the diniclan places the patient in
different positions o look for provocstion of mcdulation
nl"njd:p'l:l:u |]_J|-Emlm]:-n:i:l:im:|u::hdr:nplu:.
head right andler body right, and bead leh andior body befl
positbons. The primary reason for movieg the patient into
these posithons is to alter the omentation of the labyrinth
relative 1o the earth gravitational vector [, JE.-I:I:.mFuh

an existing spontanecus nystagmuas or the provoabon of
due to the position can occar becaise of central

nervos system (CNS) isvolvement or peripheral vestibular

mvolvernent. Damage to the cerebellum, Armold-Chiari mal-
formation. multiple sclerosis. verieheobusilar insulfchency,
ard even medication effects may all canse vertical positional
oystagmus [L, 4, 5. von Brevern et al reported a varbety
of types of observed in various static positions:
gootropic, ageatropic, lomional, and downbest for patients
with definite migraihous vertigo [6]. 'We have reported on
apeotiopic horipomtal i patbees with migraino
positional vertsgo (MPV) [7].

The presence of positional nystagmas oould also be an
mdicator of peripheeral vestibular involvement. (O course,
BPPY affeciing ihe horizontal semnicircular camals would be
provoked uing these 1ypes of positiors |8, 5. Hll:mi;
patient with spontanecas nystagmus resulting from
wmmmmm
may also alter the nystagmus. Likewise, wien resioration
of vestibular vone occars with static compensation, placing

the patient into defferent poshions with varying levels of

ol & 00N REHICENT HAnoHon Wil knggs dorana of diabeses (P - D0BE) wis observed.
Casxhniers. Impased balete dnloy cofrclales mith mackeyddould dubeln (@bt Adostdie
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1. Imarodaction

a&mong the ciderly popolatson. falb commenly lead 20 mocbidity.
disaSility. 4md ona of endependence. The Licton oftes reported to be
o ed with Lalls = older people ndlude agr, W6, mascle rengeh,
impaired balance, sensary iempairmess, chennic diseates, piychocmops:
medication use, kypotension, and sarcopenia “~ Forhes, recument
H:u!:ﬁa:ﬁiﬁ;;nthﬂmnpﬂ:mﬂcmuﬂrd
life.' and are independent risk fectors for admission o murEng
facilities ® In particulsr, older persons with dlabetes are ot o Bagher
risk fior £3lls and Iractunes than chose without disbetes, ™ and diabetic

CommPiacT ool e esr © Paone.
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complicamns fuch i peripheral rruropatin e emplired vision ane
Imoren o 2oy gl and increate the risk for Gils 7" However, the
dssockabton between smpaired balance and microvascular diafetic
vomphiciaons. Bus ol yel beern oxamened thomaughly. particdaily in
relitivrly young prople with diabeiei

A QH & preceded by bodi of balanoe, and balancr abilicy &
frequently evaluared by using the Berg Balanoe Scale and the Tened
Up and Lo { TUG) test. The Lamer has been recommended a5 2 routine
screening test for fall mibk acoosding fo the podelines published by che
Mhemerican Geriatric Sochety and the British Gerigtric Society.'™!
Iimpugreees of Balinge B 2l evaluated clinically by wing the
m—hpdnmunﬁﬂtnunpmimml’hw
Reach (FR) test."" and the body sway test. ' in the present stody. we
hypothesized that even relatnely young people wilk diabetes may
harre empied hallence Wikse heie Bulande bests dre siefol tooh for
preduming falh ey abber adults, there have boen onby J few repori
abour whether they @a efferively enadare impairment of halecre
Among younger acans with daberes

Farthermore. che assocations between mmpaired balance and
microvascular comeplications of diabetes Bave mot been well
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older adults with diabetes mellitus: A systematic review and meta-analyses
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1. Introduction Falls 43 a compliction of DM o incseasingly béing reoopessed 48

Dasberivs cnefl®us (D] 15 4 sujor public health concern with the
number of Cxues in every rountry [Inernagional Duabeces
Federation, X151 The prevalence of disggnowed and undugrosed DM
has commonly been shown 10 ncreas with Jge o 0 approdmatety
5% years, after which time a plirau or slight deorease s bypically
observed [ Sawcler. Dunning. & Rod rguer-Aafias, 3100 5 Booens estmunics
from che Infernational Diabetes Federation [ IDF) indicate thu clder adudts
(265 yrars] acooont for apprmcmuairdy 253 (542 malion) of DM ases
lodaly, This proportioe o ¢ ectnd 1o grow sitilaniislly in cfming yars
abegade plobal population agring: duch that by 2040 odder adulcy ane
persected 1o cormtimule lmert oee-third (2005 millon) of peephe vng
wide DM (Iewernanonal [Rabetes Foderaran, 5L DA avong older
adults is complicated by complexaty of linesa, incressed sk of modical
co-inonbsditied. eardy Sevelcprment of funcondl dechine d condorrtant
risk of fraiky and Lk [ Intrmational Diabetes. Federation, 20131

Cordlall & deen Paond
* Corsrsorsing suibee o TS becnar: 17 Alsa B, B Kk Vicara, TIEL, Scerais
[ ruel ool oty | Brd=s coem e il Chulpman | STy Tiirn oo g
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harving 4 muajor impact on e overall health and quality of e of older
st { Internatondl Diabetes Federabon, 2013 % Falls are defined 44 ~an

et L b The covreess to rest on the ground, floor
or other lower leved™ [Lamb, jecsiad-Sieen Hauer & Secior, 2005 ) in thee

pereral oider Cormimmingy-Swlling popolation, approsdmanety oo in
three cider people 2B sach year (Moyer, 2011 ) Strildngly for peopie
with DL dhwe Coemibistion of e (265 wears] and DM eheredoes the risk
of recurreni Gils by 67X (Fijpers f al, 2012 ; and pider adisics with DM
are twice as el to have imjunous Ll | Roman de Memelinge, Caméeer,
Cakberi, Wan Dewy Noorrgace, B Dedhaere. 7017 For an msdsadaal, Gl
can result o loas of confidence aad reduced aciviny bevels, polendialy
lexding to ks of lower-Ermdy maaclhe amd bone sirevgellhy [ Kamndikania
Primeda, Sevanes, Usti-Radl, & Kangs, 2000 and & fogr of [ekng
[Ziibera et sl 2007 ] For the pabdi health system, Sere are burgroning
oSl dsociated wilhh hospriaicistion rolted to Llls | Beadiey. 20135
Ooe of the mosd oommon nsk Gooes for (s & opaired postaral
coxtrod, or halide [ Drooting 301 1; Cane, Beo, Sheiefie, & Ruberrten, 20007,

with impainTreess possible i one o eoore-of dh o, seTsoTy and ceniral
NETVOLS Ty awmponents. Most commondy impbcated in Qs related o
people with DM & peripheral neuropatfey. wherddy changess in the motor
arul'or sersory covmponencs of the foot and anide potencaly keat oo halance
deficits (Palma Antigual MarSeer Monmoy, & Cajando, A0 3] However,

T PLOS | o

EEF‘EH‘HZGE:H-E

Citaion: Ta Y-, Yarg ¥-C. Lo FH, Lis P Lim -
£ Ln 5 [0 Forciora Baleren ang B
Dsterrargriy i Dider Paopie wit Dabede. Mok
OME T1[T) e SE00R. oo !0 Y37 doumal

o 27T

Ediior: Asalca veven o Mo Schod
UNITED STATES

Raceress: a4 006

Aeccegted June 116
Publnites oy 0t 00

Copyright: © 2016 T atal Tha o i opee s
s dakibuied Jrdee P wemn of Pu Cosates
ormors. Altutor Lcerss. which pemil
il s, Rt e IO 0 Y
T, et Sl Sngen U N SO
Tl

e by Sk L vy i B
e P Pl e B S s Ton ek

Furpiineg: Thih Sy wich Jopporid Dy ricaatch
i e s Miriatry of Scairs ind Techrsiogy,
Tty PR 1601- 200 B8 0T RS 1300004
008 000, el 10 -FI-E-008 008, WCES T uT)-
T2 -0

Carpatng Pkl T §oTork Bk Sadiirid
il g pompinyg rieh !

Functional Balance and Its Determinants in
Older People with Diabetes
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Abstract

Objective
To daterrird funcional balance abslites of older aduhts with dabetes, and ety debenmi-
narss of thags gDilneds.

Methods

Eighty dgiabotic and 57 healthy non-dabetic community-dwelling oider adults comploted the
Mini Mental Status Exameration (MMSE) and questionnaires about their medical and fall
hisionas. Parficipants wane also assessed or vision, plantas sengithvey, muscie strength,
and functional balance, nciuding Funclional Reach (FR), Frve Times Sit-lo-Stand (FTSTS),
and 180" tum (TURN]. In adaition to Datwesn-group CoOmparisons, hprarchical negression

anabysis was conducied to identity the independent delerminants for gach of the indrvidual
balance tasks 1or the Gabates and coMod Group separately,

Results

Theer diabeies group had signfcantly greater body mass indes, heghear rale of canda: dis-
ease avd poarer plantar sersitivity, mental stalus, gip and kneer limb strength. The diabe-
V88 group parommed signiticantly pooder i FTSTS and TURN (both £<0.001), but not FR
{0 = 0.108). The sgnificant detesmirants foe the balance tasks vaned substantially between
rasks and groups. For the dgiabetes group, ey inciuded visual and plarar sensitivey and
MMSE for FR (¥ = 0.35), ankie dorsiflexion strength for FTSTS (R = 0L377), and plantar
sensitivity, knee exltension sirength and MMSE for TURN (AP = 0.391). Far the cartmol
roup. ke extEnsion stergth ermerged A5 e cormimon ard arty Sgrificart delermirant
and only explained apprommately 10% of the variarce far FR and TUAN.

Conclusions

Impainments in tunctional balance abdites wane evident Sor clder adults with diabedes. Their
undapenning functional imitations wene diflerent for dffenent tasks and wene also diterent
trom thosa of the control gnoup. Screening of functicnal balance and mental status., lower
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Multiple diabetic complications, as well as impaired
physical and mental function, are associated with
declining balance function in older persons

with diabetes mellitus
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Objective: To nivesyratc whother therr iy a dhifferenoe = balsnce fenchon betweorn older
persons with and wiihoui diabenes melboss (M), and 1o idemify whether medianng acwon. sech
s disbctic complications, Instrumental Acinvates of Daily Livasgg | LADL ) soors, Wi Menial
Stalr Exarrenatur MMSE | were, s well o bemoglobnn Alc | HEA LG, [nilmy plasss glucose
(FPE), sorum total cholestenad (TOL ngheerdes (TO L and low-density Bpoprotem (LOL), =v
scconciled with Malanee function in older possan with DA
Hethody: [n S cross-sectional stusdy, a total of 208 older posons were divided into o DM
group (e=R0) and o ostsn] group who Bd pet have DM (8= 2], Balanee function wiss cviluated
wrih the Tinettn perfomance-tnented mobidny psesmen (POMA], which includes balance
el it nubmeaden. Activitaes of daily b { ADL ), LADL, and the MMSE worr alw swasured
Fall mcsdents = lesz 17 monts, ihe we of walking sids fear of falling, comeetodaies, and
polvplermacy wore reconded. Deabetic comphcations were pevosded, e HhA L, FPOL, TC,
TG, eed LDL were mensored @ the patenis of the DM grosp.

Reults: Fall incidents i bist |2 maonths were Baghes 2o the [ prowp thae m e contned phoug
(<001} POMA score as well as ADL snd LADL scores weere lower i the diahetic group
than the cootrod groep (F=<0.05). Within the Gsbetx group, the POMA soore wi positively
related t0 the ADL soore (odds retio [OR] 11.7; %% coafdence imierval [CL], 3076-+4 4597,
Pa00L], TADL score (DR, 16.286; 95% C1, 4 T8-S50, Pofifl) and MMSE scom (DR,
OS24, 9% C1, I Tod-40.074; f<001 ), but was negatively related 1o age (OR_ 7.707; 4%
O, 203529185, Pc0.01) and diabetic complscation (DR, 6567, 93% Cl, 21.2379-19.504;
P01, Also, withan the DM groap, the decreaded POMA soore wis associated with mulnple
diabotic complicatsons (DR 5977, #5% CI, | 37823 92éc P00 5] decsrased IADL scome
(OHR, [0.ZEE; 5% C1, 241043915 P01 snd MMSE sooee (DR, 13,757, 95% CL
2 5ES-T4 DaE; Mol )

Conclusion: Muoltiple diabets; complicatioss, Jower MMSE, ADL, and 1ADL ores were
manol with declining balesnor fancoon n the older persons weth (M. These fndings cam alor
phyiacians W deiost and intervens cariser on deciemmyg halascs in alder pomoms wnith D
Keywords: disbetes mellin, balance, POMA_ fall, eldesly, porformance -onenind mobadny
FmcyeTcT

Introduction

Falls are the main cause of both fatal and sonfsal injurics ia the eldely,’ such &
fractures and cerchral muuma, which increase morbidicy and momality and mise
health care cosis.™ Diabetes mellibas (DM) affects >300 malltor individasls
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Prevalence of vestibulopathy in benign
paroxysmal positional vertigo patients with
and without prior otologic history

Prevalencia de vestibulopatia en pacientes con vértigo
postural paroxistico benigno (BPPV), con y sin historia

Sowwces and [usorders,
Tampa, FL. USA previa de patologia otoldgica
Key Words _
Benign pasoxyienal positional Abstract Sumario
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Benign paroxyieal posisonal verige (HPFY) = & cosmmon
cause of dizziness craracteriad by infenss poticnally -prosoked
vertigo of brief duration (Lanska & Remler, 1997; Bath et al,
2000 Pallak et al, 200). BPFY s cawsed by mferaction of the
cupula of the affecied semsscircular canal and otoconia from the
alekth orgass (Schuknechy, 1959; Parnes & MoClure, 1992), The
oioconia, which are normally bocated In the utncle, become
dislocalnd and move indo 1he alfected semicercular canal. When
the head is placed in a provoking postios, the oloconia move in
the cankl and depdace che cupula, This revahs = vemigo and
rodary mystagmus lowards the afTectod car (Belalisky ot al, 2000
Mgoas ¢t gl 2O}, The nyitapees ypecally lasis fog less 1han
one minute and is fatsgable after mulliple powtionings (Lanska
& Remder, 1997, Komrad ef al 1999 Belafoly et al, 3600L
Although all three semuarcular canaky may be allectal, pontenior
canal BPPY i3 the most common form due o the amatomical
posilion of thas canal im relatson 19 the uincls (Herdman & Tisa,
LG},

The et ofien considesed the most wefiul in the dugnoads
al vestibular discases is the bithermal qlonc est. The calors
nedk s s B0 abimulale 1Be Baneontal sermicarcular canaly s

that ike response of each labyrmih can be compared. Each ear

E

1SS D9 1T perent & PSS | LK IBE onlinr
CaCH: oL il | A 0 ST Aprd 14, AN
i e Mrinsh Seowty of AsSedags, Inamarionl A pd

o scparelcly sumulmed using & warm asd o0l siEmalus
The slow-phase velocily of the myslagmus is b value commenly
used for assessmemt of the caloric pesposse (Jacobson et al,
1997 Anahsis of sbow-phase  velocry  allows
for evalustios of the iniegrity of the righi and lefi hosronial
semisrtalyr ¢analy, sparalck, as well a: for compuarisos
of the sirength of the response of each system. A difference
ol mare tkas 2096 belwoen respoanses [rom the cars is corpadernd
clinically significasd for a weak vestibular system (Jonghoes et al,
1962} Thas findg is called o weolurers] weakees, =nplysng 2
vedlibular disorder on e skle with the diminesbed ey
ponse (Jacobson et al, 1997h In 4 usidaleral weskness, there
s an apymmeiry m the mapwtude of miormation enicnmg
the beminsiem, b geseracng differssi mysisgruss charmcier-
i Frosn cach ¢ar The mwo cars are reacting dillerently
{asymmetncally} to the same type of siimulaton. The
lndmgp of asymmeiric Mectom or unalatera] weakneis m the
vegtibular system (Jacobson et al, 1997) may be termed a
vestibuloahy

There are numersss disorders that! may cuse 3 conoomitan]
vedlibulogurhy gnd BFPY (Pollek ¢t &l, N2, The liersiure
sugpesis that westibular peuntis. labsminthitis, or Memeere's
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Clinical Significance of the Presence of Autonomic and
Vestibular Dysfunction in Diabetic Patients with

Peripheral Neuropathy
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Backgroond: YWe investigated the prevalence of dishetic sutrmomic neuropathy [DAN] and vestibeZar dysfonaction (VD) in dia-
et patients with peripheral nearopathy.

Metheds: Thirty-Gve diabetic patients with peripheral neusopathy were enrolled from August JO08 o hily 2009, All subjects
usiderwenl sstosomic fanction tesis. Ninetoen of the patients (54.3%) usderwent videonysagmographny,

Results: Diabetic sutonomic neuropathy was observed in 28 patients (B0%). A mild degree of amonomic failure was observed
ia 15 patients (64.3%), and a moderate degree of sstonomic fRilure was observed in len patients (35.7% ). Factors related 10 DAN
imctuded dishetic nephropatiy { P=0,0%2), degree of chronic Kdney disease [P= 0.003), and duration of diabetes { P 0.044). Ves-
tibubar dysfienction was observed in 11 of 19 patients (57,99, There wis i sdgnificant association between DAN and VDD,
Comclusbon: Mwamwlnﬂﬂﬁcpﬂm[Hmew.w
dysfunction was observed in nearly 60% of dabetic patients with peripheral neuropaiby who complained of dizrines b showed
mo significant association with DAN. Diabetic patients who complained of dizziness need to examine both sutonomic fnction

and veitibular fanction.

INTRODUCTION

Diabetic agtonomic neuropathy (DAN] Is a type of diabetic
pohmeuropathy, uswally acoompanied by diabetic peripheral
meurogathy | 1,2]. Diabetic autonomic neuropathy is associated
with the duration of the disease as well 23 poor ghyxemic con-
trol and has a negative effect on quality of e and [ expec-
tamcy i affiected patients [34].

Previous reparis indicated that the vestibular system i in-
valved in autonomic nearal contral for bood pressuce and res.

Commpondag ssttor |ong Fyeal Hahn

Dyparsmen of Iuemal MeSoas, Cyeongaeng Naonal Laimay |4l
Ciprangnang asinzal Univemesy Lohaol of Medicas, 79 Cangram-m.

[ el - 70, M
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piration according to positional change [5,6]. Vestibular dys-
function (VD) & a commen comarbidicy in patiesas with dia-
betes. Klagenberg et al [7] reported a VI prevalence rate of
&% in a survey of 30 subfects with type [ diabeies Gawron e
al [&] reported that children and young adults with type | dia-
betes were valnerable 10 VD, and VD prevalence was signifi-
viduals [7-9]. Viestibular fusction plays an importast role in

postural tabilicy with upright posture, slong with the scrmati
and visual systerms. Thus, VD increases the risk of falls due to
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The Impact of Diabetic Neuropathy on
Balance and on the Risk of Falls in Patients
with Type 2 Diabetes Mellitus: A Cross-
Sectional Study
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Abstract

Introduction

Diabetic neurcpathy (DM) is a prevalent complication of Type 2 Diabetes Medlitus (T2DM)
with a major impact on the haaih of the affectad patient We hypomasired that mediated by
the dysfunctionalities associated with DN's three magor components: sensitive [lack of
moton associated sensony]), molor (Impaiments in movemeant coOnINaton ) and Sutonomic
(the presence of postural hypolension), the presence of DN may impair the balance in the
affected patients. Our study’s main aim is 1o evaluate the possible association between the
prasance and severity of DN and both the balance impairment and the rsk of falls in patents
with T2DM,

Material and Method

In this cross-sectional study we enrolled, according to a consecutive-case population-
basad satling 198 patents with TZDM. The presance and savefity of DN was evalualed
using the Michigan Neuropathy Screening Instrument, a 1ool which aliows both dagnosing
and severity staging of DN. The balance impairment and the rigk of ialls were evaluated
using four validated and standardized tools: Berg Balance Scale (BBS), Timed-up and Go
1est (TUG), Single Leg Stand test (SLS) and Fall Eficacy Scale (FES-).

Hesults

The presence of DN was associated with significant decreases in the BBS score (40.5 vs.
43.7 poinis; p<0.001) and SLS time (9.3 vs. 10.3 seconds; p = 0.003) respectively increases
in TUG time (8.9 vs. 7.8 saconds; p = 0.002) and FES-I scora (38 vs. 33 points; p = 0.034).

R

American
Institute
o Balance’



:
|

30 T J010, Ossiagy & Sammsiogy. Iac

Diabetes, Vestibular Dysfunction, and Falls: Analyses
From the National Health and Nutrition
Examination Survey

Yun Agrawal, John P. Carey, Charles C. Della Santma, Michael C. Schubert,
and Lioyd B. Minor
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O jective: Patienis with disbeios v ol =creaserd risk hotk: for
falls anad for vestibular dvifunchion, & known bk faoor for
falk. Our amms wers |) %0 Exther charadionoes the veslibuler
dysfeniction. peoacal i paticnts with diabeios and ) b evahaie
for an eudependess clloct of veatdyle dyslizncizon o Bl risk
u‘rnq;;uu:m.uﬂ.ﬁ.th:r:-.

Study Dedgn: Nibonal cross-sschonsd sesvey,

Patienb Adols oo the Dscfiod Stsies spod 40 veurs = older
who parlicipated m the M- 200K Natiorg] ligal: and Megin-
hos Exesmsaten Sassvey (0 = S A6

Imierentiens; [hapaosis of dabcies, ponpheral seopathy,
and retmopan.

Msin Outcome Moasurm; Vetibulas Fochon masumd by
e madified Rosmberp Tt of Standmp Balance on Fem and
Complipet Seopport Serfecos sl hiwdory of Glling = & pre-
vious |2 months.

Resglts: We chwened 3 bpghe provalescr of vesibcle dys-
Mieracticet: m paticrsts with dmbcies with lonpet dursten of decmer,
ety wmps homoglnbe &, ek el offeer Eshotos-roisiesl
comphceteen, wgpeainet of 5 dos-rogasear soighwomilies b
twoen dubcies melhius soversty ond vostilgler dinlfonchon, W
abioy soded that veaibulet dyslisseree: duleneredenily ool
‘the odds of Gllmy more Sen iok! smoey abest with ds-
et {odds mbio, 1.3; 5% confidimor mieral. 1.1-5.1 L oven
afier adbmbng O perpheral noeopeine and cieoceiiy Wom-
oveT, wr e B incluby valibuler dvfachon, perpleea!
mtufopaiiy, aod retitopeiby m o medtveesic modcls crmmaiend
the wgmificent associnieon briween Eaboies and fall mak
Condusloa: Vessbule dvslncton may reprosenl @ sl
mengsarad  dabcio-oclatod comphicabon, whach xiy = 3
medisior of the cffect of disbetes melbtcs on Gl mak
Koy Weands: Dabhoios medistus- - Falle - Viotthc i dyfuectan
e Nopwroaod 3121445 1450, 2010

Falls rank smoeg the mest morbed and cosily health
conditions affecting older individuals. Ten percent of falls
resuslt in sericas injuries such as hip frsctures (1), whach
carry excracadmanly hagh rates of morbidity and mortality
(2} Falls commoaly bead o resticted mobihity asd tm-
paired capacity for self-care, and they =re an mdependeni
risk factor for placement in a skilled nursing facilioy {3-6).
The increased needs and duminshed aulonomy ssociscd
with falls come at remendous cost o society (7-9). These
costs soem B0 be nuang: a rocont shudy Sound that the pre-
"1&:'5:- ¥ of Ballinduced iniarics § :
sigm m the last 25 years, even after adjusting for
age (10). Coupled with an aging population, the scope

ddross corTispereleTai B0 FOPTEE rnjeEna e W A gread. W00
nwﬂcuqﬁ--&-t—!‘::himjﬂnﬂnﬁu-

Lniverey Soiaal of Medoms, B0E 5 Caoling Seon, Rakaman, MID
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and cost of this slready ssgnificant public healts probdesn
n‘!ll]:ﬁ::l:'_rllu'n' i

The nak of fallng seeems w be significandy elevated
smong patienis with dishetes (11.12). The mecmangio-
which coseribuse to fall risk (13) A recent sudy abo
Foriired that paticnts with diabetes mre 70% more likely w
have dysfinction of the vesttbular system (1 4), whach s a
kocremn sk factor for falls (15) A1 prowest, the ooy
o beraeen westihaler dysfuncton snd dishetes mellings
is not well charsctertred. Moreover, the relatnee contribe-
e o vestibe b jon and other dabetes-rokabod
camrphcanons (¢ g perpheral nearopathy, rennopatsy 1o
the increased fall mak among paticots with deabetes s
unknowns,

Here, we use data foom the Mational Melsh and Numi

tion Exasnination Survey (NHANES) fram 2001 o 2004 w
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Falls and Balance Impairments in Older Adults with Type 2 Diabetes:

Thinking Beyond Diabetic Peripheral Neuropathy
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ABDSTRACT

Qder adults with cype 2 disbetes haee sipefcanty higher incidence of Llls tBan those withow type 2
diateies The devasiating conseguenies of [ills indude decEses in mobility. shicy seoedance, i
eionalization and momalivg One of the mos commaenly identificd sisk oo ssooiused wath [alk & impaieed
balance. Balance imgpaimerds and subsequent increased fall risk in obder sdults with 1ype I disbeses are
il OOy d5seriaied wilh diabeth peripdenal neurospatiy (DPFN L Comsegieemly, DPS has been the
cemiral foous of falls prevention rescarch and intervenions lor ckier adulls with type 1 Sabeies. Howeser.
inolibed studies bave identilied sdults with type I diabetes without overt compikatsns of DFN (o also
be ar imcreawed (4 risk |1 i ko 1hat e ability w sainiain balanoe B o ool skl chat reguines
the miEgration of mukpe SenseTimotor Jd coEniiive Hoorsses. EMerpng evedenod SUZRests (B disbetes-
rebaned subile declines o sensccy UNCLORS | Soumal e sory. Ve and vestibrober | metsbolas muscle S
ey ] et fee TUMCTROI Mty alus Conrrbine i wceeakad faD rid e odder adihs with iy 2 daabeetis
Enewiedge of 1hie ype 2 diabaeies-relsied sensonmaior aoed oognileve delicis may help io brosden
approsches 1o falls prevention in older #3ults with type 2 Sabetes. Therefore, the purpose of this mini
review i3 10 debonbe che empact of Type 1 didberes on senslimeion sl Cognicve Sy Hems that My oom:
iriute to incressesd Lall risk in older adults with type 2 Subetes

C 2005 Canadsan Duybeeies Assvocaimon Fublpobed by Ehevier Inc. All rghts reserved
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Ly ey Jpfry oufirant & dubite de fppe 7 ond un nomber comudsbablemend plon flevt de cam
Gue ofux gl i doulrent pod dea disbe & Type 1 Les consdquences ddvastacnices ded chules ot ks
dagivaries | e diclin de b eobilng, Pévicsnenr & Maerbvnd, Pimainseanaloation ©f 1a snortalind. Lun
dos Lateyrs de risgor de chates e phos Enfguemmemt observl copeema les troubles de Piguilibee. Les
croudes e Mégueilibes o Faugmaenianion sulbsfquenie da risgque de dhses chez kes personnes Sghes solran
dia dialaite & Cppe 2 dom plei ftguesment aiedcefs 1 L iecropathic dabdtgue pefiphdngue [NDFL
Conséquese=wen!, L MOP 2 comtited be pois] central de b echerche dur s priveenion di chotri ches
hes peronnes dpfes soufrees du dabiite e oype . Cependanr. des Sudes Bolies ont Sgalemen dzabil
gibt ke adhilies souln du diabeéie de Ty I it complicainns seinbes df NDF dbecir galemest exposds
au fgue de cBubii, 11 6l fond gue 1l capacitd § masbenif I'Sgelbed ¢ und habileté compleze gui
mfceste MNnctgradon de mulviplkes peodessss cognidEs & semocimoieors. Des donndes sosen ey
EMmEdgenies montrenl g Ie didhn fultil de foptionnement des HE0Emes semsonicts b Ju disbiie
[somatosensoricl. visuel et vestibulaire). du fonctionmement do mdtabolisme muscelxire e du
o e extrutll e Sgabermene ooniyibeer § Naugrmentason du rigee de chuses cher ks personnes
St sonifriae da disbdie de 1ype I Le Ll de cosnd®re Ce5 defioins seasofiemateurs of cofmiris kés Ju
datdin de type 2 peol contnbauer 3 £hege ey approches sur |3 prévention des chules cher les personnes.
Spfes souffrant du diabdoe de oype T Par comnsdgeent, Nobjenil &0 ceite mars-revoe o de décrire es
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Impact of Diabetic Complications on
Balance and Falls:
Contribution of the Vestibular System

Linda |. D"Sikva, james Lin, Hinrich Staecker, Susan L. Whitney, Patricia M. Kluding

0

[sabetes CAuscs Many Compiicaions. mchelng reonopatty and peripberal nouropaiy. which
e woll whidcrlivd i CormAburing 1o gl instkhilivy dsd falls A Jow wndorsood coesgdac il
ol diahaios i e cffot on e vondibaalar sysicm The vesiifnder walom coesribuios sqpneficand by
o halanor in wic and dynamic conditons by providing spatiady onenting mdemason i s
mecwoniy tha diabroes has Been peponed 1o Wocr vesShder fumrisoen B By el e
clinical spadies Paibophysadogpcat changos @ ponpheral anad orearal sestibsadar SruciueTs dus
o diabeoies bave hoon poted. YVestibular dysfonoron is issociaend wich empesned halenor amd
& Bighwr msk of falla. As the prvvalonce of dubctr Ecrrasos, so docs B pesicneal fof falls du
i diahoic complcanems The purposs of this POMPOCTIVG SR I8 10 prose Cvshonod on the
panEcrphiraidogy of dabeics wlecd complacitons and their infiernce oft Dalencr enad Calls,
with apecific sfleabon o omofgiog ovidence of vostibuder dvafurcton due o dshedes
Urnsierstarufing this srlatcmship may e ouscid S0 sorocming by plesical Swrapois) for
poradhie vesobsalar dysfuncon in poople with diabeoes and for furthor doveloping and esting
e effhcacy of MErvenlons W reduce Ealls 0 this populatson.
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Otolith Dysfunction in Persons With Both Diabetes and Benign
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Ohjective: Vestibular dysfescises 1s & well-recognized com-
plicatioa af type 2 dishesies (DM) thar may contribute o
mcrensed (]l msk. The prevalemce of besign parocysmal
podstional vertage (BPFY) is higher in poople with DM. The
st of DM on the ctalith oegasn al the veslibular ayslcen
= people with BPPY iu unknown, The purpose of this sudy
was to snalyre otolsth functien using vestsbular-evoked
evogenic poleniial (VEMP) iesis in people with DM and
comcartenl BPPFY (BFPY +DM). and o caamine the
relationships between VEMP sarables and diabetes-relaicd
varables.,

Stwdy Deiign: Prospoctive, Cfai-secxfol iudy,

Setting: Teriary academac modical cenier,

Subjeets and Metheds: Pamicipests 40 o 65 years were
recruiind im fowr groups: costrods (n=210), people with D
(= 19}, BFFV (a= 18), and BFFV + DM (o= 14). Saccule
and utricle function were examined using <ervical VEMP
(EVEMPFP) and oculer VEMP (oVEMP), respectively, Dha-

betes-refated varishles such as HbAle, durstion of duabeics,
end presence of sensory impairmes due 10 Subeies were
ool lened.

Hesults: The frequescy ol abnormal ¢ VEMP responscs was
haghes in the DM {(p=005), BHFFY (pe=I0003), asd
BPFY =DM [(p<000L) groeps compaed with conirole [5
i pariscipanis with diabeses, higher HhAle levels were
poreelated wwih prolonged P1 (p=0,03) and N1 luencies
[pe=003 The frequency of abmormal oVEMFP mesponscs
wad it diflerest betvween poups (p= 01L

Conclusion: Alhouph HBPFY amd DM ey isdependently
afTect picle and ssccule finclios, they do Dol seem Lo kave
s distingt cumalative cffect, Key Words: Benign
paronysreal posisonal vertipo—Dubetes—Vestibular-cvoked
mycgenic pobenimal

Chod Newrofod JR:3T9-3R5, JOIT,

Type 2 diabetes (DM) affects 9.3% of the US popa-
latson { 1) and is predicied io affect one in three people by
the year 2050 (2). Diabetic complications sach &s per-
pheral neuropathy and TEti:ru:|:|lﬂ1:|r-|:-|:nlr|I:|.|:|!c xignifi-
camily to balamee deficits, increasing fall risk (3.4).
Vestibular dyvsfanction may be comsbdered ancther
possible complication of diabetes (5-T) In people with
diabetes and vestibular dysfuncton, tbe rsk of falls

Addrrss corospondoncs and repral moguests o Linds §, DX Silva,
ET., Fald, 1 ol Fayaical Therapy Edestson, RockBassl
Universry, 1100 Rockkien Rosd, Kessss Cay, MO &4 0D
Eeraul: linda dulvainock barsl oda

T aredll il COFediirlead G1 e LA vediaty o Kobfridd hedba] Canled,
o Wik seppoited By a5 (retnsional grest TIZHD0S TSN from (he
Euniee Ketmady Sheivid Mational [nsesssie of Child Heald and Hussin
Development ond & o o B Eanon Fumeers in PFrogeess, Ine.
RED ap ac the Limsveruty of Karaas Madical Center 15 supporied by
CTSA geant (CTSA Awand ® UL T TRAOOODO0L ) fremm NURR and MOATS
wwarded o e Lniversity of Kansas Medscal Cermer.
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mcreases mone than two bmes, afler sdjusting for per-
ipheral newropathy and retinopathy (6). Fall prevention is
B major clinical focus for people with disbetes, hemos
examining the effect of diabetes on the vestibular system
MErits aslention.

Animal studies have shown that dsabetes affects the
saccule, causing morphological changes, such as type |
hair cell loss (B,9), whereas clinical research has shown
that in people with DM, utricle and saccule function are
significantly imipaired <o with age-matched,
healthy comtrals (10,11} Degeneration of the maculse
of the uiricle and mccule can casse ofoconia fmgments to
dislodge, which is the cause of one common peripheral
vestibalar condition, benign paroxysmal posational ver-
tige (BPFYV) (12,13). Recemt studies have shown that
BPPY is present in higher froquency in peaple with both
type 1 and type 2 diabetes compared with healthy con-
trols (14— 16)
objective, and reliable elecsrophysiologicsl tests chat
measare otolith function (17). The cervncal YVEMP
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Vascular and Neuroepithelial Histopathology of the Saccule
in Humans With Diabetes Mellitus
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Hypoilesis: This study aimed s determase o there are
quastiisiive differesces in the nesoopithelium asd micm.
vasculature of the wecule between subjects with gnd withow!
dimbetes melling (L

Background: Histopathologe: changes that may underise the
pocigtion between DM and vestibular dwsfunction have ool
heeti characterieed 18 huifids

Methods: |[eran \emporal bones (ITHs) from 19 ssbsects
with DM (== 16 npe | DM [TIDM]L 5=23 ope [I DM
[TIDM]) were compered with 40 group sge-masched com-
trols. Veossel wall thicknos was measured from the sacoalar
Eennle. Typs | and oype Bl vesibsgdar haat el (VHC)
toumts womo porformed on perpendicularty onomted sacoalar
maculac using differeatial inlerferendcs QonIraal MICHoACORy
(TIDM: SHTRI mbjects; TIOM: SHTAX wbpects; oo
trols: JSHTR20 sobjecis).

Resalts: The mein Sensify of bype | VHCs was 16 W 1T
lower i e N growps compared o comirols (TIDM 52.21

The worldwide incidence and prevalence of diabetes
mellitus (DM} are moreasing af epudemic mbes (1,.2). In
mulitple organ systerms, the chronscally high glicose
concentrations that charactenze the disease cause capl-
laries and small artenoles o accumulate basement mem-
brame matenal that thickens vessel walls and alters
vascular permeabality (3} Known as diabetic miucroangi-
opathy, thas hyperglycemia-induced microvascular path-
ology resulis in the most commonly recogmazed diabetes
complacations: retinopathy, nephmopathy, and peripheml
néuropathy (3).

Dmbetes may also result 1o pathodogy and dyxlfunction
of the mner ear, DM is epedemiologically associated with

Aidreds oSl e i rEpEn Mg e o AMeredinh B Addami,
MDD, 420 Delaware 5t SE, MIMC ¥, Menneapoli, MM 53435,
L %A E-mul meadsmaig amn sdy
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Wesemrch Councal of Terkey (TUBITAK)
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[4.26], TIDM 533 [5.34], contral 63,14 [249] cella/men’,
=002} There were no &fesences between T10M, T2D5ME,
and comrol groups in ope 1 VHO dessary (T1DM 2059
[5.17), T2DM 40.44 [693), controd 42 80 [1.79] cells/me’,
p=092) or m mean yesse]l wall thickoess (TIDM 223
62], T2OM I.0% [0.53L comtral 20O 053] wm, p e 0.26)
Comchuiion: Newrooprhely] pahokgy, massloded i kwes
deniaty of type | VHOs was obstrvad m the sccules of
subjecm with DM Secculsr mecrcangopathy, cipressed o
ghemtions in eencde  thicksess, was nol observed These
findmgs &r consistont with hsdolops obsomabons. @ animals
with experenenially inducad dubetes. M may have & stiedtive
and decletenoa cffioct oo human vestshular sosory epithelia
Ky Wards: Dhabeics snelhnis—Hisopathology—Hurman—
Labyrimh—Saccule— Temporal Bome— Viesmbulor,

O Newronad 372553357, 2006

sensonneura] bearmg loss (d-6). The cochlese of
humans and animals with DM mamifest commesponding
mécroangiopathic and newroepithelial changes, including
capillary basrment membrane thickenmg m the strma
vascularss, thickening and ooclssion of cochlear arterio-
les and arterves, and vaniabie degrees of cochlear hair cell
and spirzl ganglion cell boss (7.8). Adults with DM are
also at increased risk of vestbular dysfunction and falls,
independent of the presence of penipheral seuropatby and
retinopathy (9,100 When companng vesbbular test
results to those of controls, subjects with DM have mare
dysfusction of the otolsth organs, superior and Isteral
semmicincular canals, and'or therr cormesponding vestiba-
lar nerve afferents (11 -13). However, any comespondmg
vestibuler end organ patholegy m hionans with DM
remnains uncharacterioed,

A wnes of light and electron mscroscopes mvesta-
gabioos of pathologic changes in the scoule was camed
oul i rals with drag-mnduced diabetes (14- 16 Unlike
controds of the ame age, mooules from mts with longer
durations of disbetes had scattered type [ vestibular hadr

cell (YHC) depeneration but nevtbhes prmip had type 1l

NEW PROTOCOL SUMMARY FORM

Principal Investigator: Jack Wazen, MD

Sub Investigators: Herbert Silverstein, MD; Julie Daugherty, PhD, NP-C; Richard Gans, PhD; Carmelo Ortega, AuD,
Joshua Smith, DO

Drug, Device or Procedure: Canalith repositioning maneuvers

Protocol Title: The Effect of Canalith Repositioning Maneuvers on the Postural Stability of Patients with Diabetes
and Migraine.

Lay Title (Must be at or below an 8" Grade Reading Level): How do diabetes and migraine impact the effectiveness
of treatment in people who have benign positional vertigo?

Enter a brief description of study put into lay terms:

This study is designed to look at how benign positional vertigo affects balance and stability, comparing the
differences between people with and without migraine disorder or diabetes. Migraine and diabetes are both risk
factors for balance disorders. Benign positional vertigo is known to affect balance function for a period of time
even after an episode of vertigo has ended. Our main goal is to see how postural stability changes after positional
vertigo has been treated with a repositioning maneuver in a group of individuals with a history of diabetes and in a
group with migraine headaches. We will compare these results to a control group (no previous medical history of
diabetes or migraine headaches).

Please include if the drug, device or procedure is FDA approved and for what indication:
N/A
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Role of Audiology

- Interview and Medical History- Review
of Systems

- Inclusion of Screening or Diagnostic
Protocols

- Recommendations for additional
evaluation or management
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Intervention strategies &
Fall Risk management

Screening protocols (< 5 min)

- Interview for history of falls or elevated self-report fear of falling
- Timed up-and-go test (TUG)

- Functional reach test

- Dynamic Gait Index (DGI)

- Clinical Test of sensory integration of balance (CTSIB)

- Test for BPPV - modified Hallpike (mHallpike)

Advanced assessments

- Computerized Dynamic Posturography (CDP) or Gans SOP, CTSIB
- VideoNystagmography (VNG)

- Vestibular Evoked Myogenic Potential (VEMP)

- Rotary Chair

PR plhe
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Treatment & Management
- Canalith repositioning maneuvers
(CRM) for active BPPV
- Vestibular Rehabilitation Therapy (VRT)
- Balance Retraining Therapy (BRT)

- Activities of Dally Living (ADL)

- Addressing fall risks in the home
environment

- Assistive Device appropriate for inside
. YR aThe .
and/or outside the home 2§ instiic.
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Thank You

email rgans@dizzy.com
website: dizzy.com
cell: 727.686.4622
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