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Special Report from the CDC

In2015

Athe direct-medical costs (
falls.ar&&$2.ahillion-for
fatalfalls argiLddillionfor
nofatalfalls.

The direct costs of fatal and non-fatal falls among older
adults — United States

Elizabeth R. Burns, * Judy A. Stevens, Robin Lee

National Center for Injury Prevention and Control, Centers for Disease Control and Prevention, Adanta, GA USA

ARTICLE INFO

Athe-average cost-of aifate =
wasZh:; 340hile-theavera( v
costof anonfatal fall was e

80

Tahle 3

Fall

Older people
Costs
Hospital care
STEADI

2015 inflared fatal and monfaral cost estimate s for undntentional f&ll injuries by treatment seting and sex, United States, 200 5

ABSTRACT

Introduction; This study sought to estimate the incidence, average cost, and total direct medical costs for fatal and
non-fatal fall injuries in hospital, ED, and out-patient settings among U.S. adults aged 65 or older in 2012, by sex
and age group and to report total direct medical costs for falls inflated to 2015 dollars. Method: Incidence data
came from the 2012 National Vital Statistics System, 2012 Healthcare Cost and Utilization Project-Nationwide
Inpatient Sample, 2012 Health Care Utilization Program National Emergency Department Sample, and 2007
Medical Expenditure Panel Survey. Costs for fatal falls were derived from the Centers for Disease Control and
Prevention's Web-based Injury Statistics Query and Reporting System; costs for non-fatal falls were based on
claims from the 1998/1999 Medicare fee-for-service 5% Standard Analytical Files. Costs were inflated to 2015 es-
timates using the health care component of the Personal Consumption Expenditure index. Results: In 2012, there
were 24,190 fatal and 3.2 million medically treated non-fatal fall related injuries, Direct medical costs totaled
$616.5 million for fatal and $30.3 billion for non-fatal injuries in 2012 and rose to $637.5 million and $31.3 billion,

| incidence as well as total cost increased with age and were higher among women.

Dffice based and outpatient

;ated falls among older adults, especially among older women, are associated with

Fatal Hospitalizations ED visits s. Practical application: Widely implementing evidence-based interventions for fall pre-
Av_ cost per fall Total cost* Aw. oost per fall A Tatal cost™ Av_ oost per fall Total cost™ Aw. cost per Eall Total cost® Tease ﬂ]E incidence and hfﬂ]thfﬂff costs ElSSIIiEltEd W]th thE‘SE‘ iI]jU]'iES
cost per fall ’ . A . "
— Prw— pr— Pe— P p— P P National Safety Council and Elsevier Ltd. All rights reserved.
Sax
Aden 525 769 $2EF D 20407 551 S3HO 2.1 £1.9
Wormen ireE12 13550 1310029 128 £5252 6.4

Totals may differ because of rounding. All costs are inflated but not adjusted for changes in incidence benwvesn 30012 and 2005
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Risk.-Factors:for-Fallsinithe Elderly
N Acognitive impairment

(adjusted- 3996 C1:5322)
| Apresence.of-at leashtamic conditions

—__———-—---

NEEEICBE
|
mﬂmmw(

T'ﬁﬂww'ﬁwuuﬂﬁwmw nsEan
Qmmua ﬁlaulwaw*jmmwaaau.

> 2 chronic disease é.OO—Z.lS (1.40-3.19)
Poor vision: 1.41-4.80 (1.01-8.45) (OR 2(195/0(:1429
Abalance and gait-impairment
Urinary incontinence: | 1.48-3.40 (1.19-6.15)
Stroke: 1.39-9.67 (1.15-81.85) (OR £:49586C1:327)
Diabetes: 1.16-3.62 (0.96-10.53) '
Hypertension: I - (1.05-1.81) AIO'W bOCy"maSS Index
Postural hypotension:| 1.92-2.87 (1.12-6.73) (OR £3986C1.22:)
Arthritis: 1.39-1.42 (1.02-1.87) AFemaIeS-( 996CH 12 ,-$)
Vertigo: 1.87-5.25 (1.19-25.90 | o o
e _ ( ) TinetthME, Doucette J, ClausiE, et al. Reslofaxioysrior
Dementia: 4.82-7.50 (1.68-8.40) | duringfallsdby:olderpersons-inthe doimBariid$od 995
Cognitive impairment:| 2.19-2.20 (1.50-4.63) 4‘_?(13'1214; _ _ o
KingMB,-Tinettk ME.-Falls in-covetingitfder persons.|J Ar
| e v 4~ v 11w A =~ | GeriaB0d99%3310:11464 A
RPe.enijonksnwn J EI ] n
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Medication use Use three or more medications: 2.06 (1.14-3.14)
Use four or more medications: 1.24 (1.06-1.46)
Use five or more medications: 117 (0.81-1.68)
Use Anti-hypertensive drug: 2.40 (1.13-5.10)
Use long-acting benzodiazepines:  2.40 (1.01-5.87)
Use Diuretic drug: 2.16-7.20 (1.18-7.80)
Use Vasodilator drug: 3.00 (2.30-4.20)
Drinking alcohol regularly 2.54 (2.46-2.63)
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Table I. Risk of falling and drug use: results from meta-analyses,
pooled odds ratios from Leipzig et al.[42.43]

Drugs Odds ratio (95% CI)
Any psychotropic

Antipsychaotics 1
Sedative/hypnotics 1
Benzodiazepines (any) 1
Short acting 1
Long acting 1
Antidepressants 1.
TCAs 1
Type 1a anti-arrhythmics 1
Digoxin 1
Centrally acting antihypertensives 1.16 (0.87, 1.55)
Nitrates 1.13 (0.95, 1.386)
ACE inhibitors 1.20 (0.92, 1.58)
p-Blockers 0.93 (0.77, 1.11)
Calcium channel blockers 0.94 (0.94, 1.14)
Any diuretic 1.08 (1.02, 1.16)"
Thiazide diuretics 0.97 (0.78, 1.20)
G;‘izs; diuretics g:gg Egzz ::E; Leipzig RM, Cumming R.Gr,letti.ME. Drugs and fa_llls in
- ‘ older people: a systematic review and metaalysis: II.
Non-opioids 1.09 (0.88, 1.34) Cardiac and analgesic drugs. J@ariatrSoc1999
NSAIDs 1.16 (0.97, 1.38) 47 (1): 40-50
Aspirin 1.12 (0.80, 1.57)

_ _ _ . - Leipzig RM, Cumming RG, Tinetti ME. Drugs and falls in
ACE =angiotensin-converting enzyme; Cl=confidence interval;

NSAIDs =nonsteroidal anti-inflammatory drugs; TCA=tricyclic older peoplg: a systematic rewew and metaal L3 .
antidepressant; * indicates statistically significant odds ratio. Psychotropic drugs. J ABeriatrSoc1999 47 (1)730-9




Table Il. Risk of falling and drug use: results from meta-analyses. Summary of pooled odds ratios from Leipzig et al.,[**#% Woolcott et al.*#!
and Bloch et al.l*%

Drugs Study (publication date range)
Leipzig et al.[4243] Woolcott et al.144! Woolcott et al.[44] Bloch et al.[#*]
(1966-1996) (1996-2007) random (1996-2007) pooled (1981-2007)
pooled OR (95% ClI) effects pooled OR (95% CI) Bayesian OR (95% Cl) pooled OR (95% Cl)

ntihypertensives

Non-informative®

1.26 (1.01, 1.50)*

1.24 (1.01, 1.50)°

Diuretics 1.08 (1.02, 1.16)° 1.03 (0.84, 1.26) 1.07 (1.01, 1.14)°

B-Blockers 0.93 (0.77, 1.11) 1.14(0.97,1.33) 1.01 (0.86, 1.17)

ny psychotropic drug 1.73 (1.52, 1.97)° 1.78 (1.57, 2.01)*
ntidepressants 1.66 (1.41, 1.95)° 1.72 (1.40, 2.11)" 1.68 (1.47,1.91) 1.59 (1.46, 1.73)
Benzodiazepines 1.48 (1.23,1.77)° 1.60 (1.46, 1.75)" 1.57 (1.43, 1.72)° 1.39 (1.24, 1.54)°
ntipsychotics 1.50 (1.25, 1.79)° 1.71 (1.44, 2.04)" 1.59 (1.37, 1.83)° 1.50(1.32, 1.71)"
Sedatives/hypnotics 1.54 (1.40, 1.70)° 1.31 (1.14, 1.50)" 1.47 (1.35, 1.62)° 1.54 (1.40, 1.69)"

ranquilizers T34(1.07, 167
Opioids 0.97 (0.78, 1.20) 0.89 (0.50, 1.58) 0.96 (0.78, 1.18) 1.38 (1.23, 1.56)*
NSAIDs 1.16 (0.97, 1.38) 1.65 (0.98, 1.58) 1.21 (1.01, 1.44)"

Cl=confidence interval, OR =odds ratio; NSAIDs =nonsteroidal anti-inflammatory drugs; *

indicates statistically significant OR.

PATHAMMAS AT

Leipzig RM, Cumming RG, Tinetti ME. Drugs and falls in older people: a systematic review aralysta |I. Cardiac
and analgesic drugs. J AberiatrSoc1999 47 (1): 40-50
Leipzig RM, Cumming RG, Tinetti ME. Drugs and falls in older people: a systematic review ardlysta |.
Psychotropic drugs. J A@GeriatrSocl1999 47 (1): 30-9

people & sustainability

meta-analysis. J Aging HealtB11; 23 (2): 329-46

WoolcottJC, Richardson KJ, Wiens MO, d¥lataanalysisf the impact 0fd medication classes on falls in elderly
persons. Arch Intern MeB009 169(21): 195260
Bloch FThibaudM, DugueB, et al. Psychotropic drugs and falls in the elderly people: updated Ilteratlrarewew anc



Meta-analysis of the Impact of 9 Medication Classes
on Falls in Elderly Persons

John C. Woolcot, MA; Kathryn . Richardson, M5c; Matthew . Wiens, BSc, Pharm, PharmD; Bhavini Patel, MPharm;
Judith Marin, BPharm, PharmD; Karim M. Khan, MD, PhlD; Carlo A. Marra, B5c, Pharm, PharmD, Ph»

ARCH INTERN MED/VOL 169 (NO. 21), NOV 23, 2009

Table 3. Pooled Bayesian Odds Ratios and Subgroup Sensitivity Analysis

Antihypertensives> @ [B-Blockers Sedatives/Hypnotics
]

I 1 T - -
Study Characteristic No.? OR (95% Cl) No.2 OR (95% Cl) No.?2 OR (95% Cl) No.?2 OR (95% Cl)
No. of subjects 4976 10145 8354 44 684

1.24 (1.01-1.50) 1.07 (1.01-1.14) 1.01 (0.86-1.17) 7 1.47(1.35-1.62)

4 1.29(1.00-1.65) 3 1.08 (1.01-1.16) 2 098
=35% Fallers 3 1.34(0.93-1.91) 2  1.09(1.00-1.17) 1 094( 11118 References identified from initial search
=35% Fallers 1 1.11(0.78-1.58)¢ 1 1.04 (0.87-1.24) 1 1.13( e B L

Long-term care 1 0.80(0.40-1.60)° 3 1.02 (0.84-1.25) 2 118 4261 EMBASE

Other 1 1.19(0.77-1.83)° 3 1.06 (0.82-1.38) 0 043 4087 MEDLINE
Mean age of study subjects, y 8 Cochrane database

=75 4 1.33(1.03-1.68) 4  1.11(1.03-1.20)0 2 083

=75 2 1.04 (0.79-1.38)° 5 0.96(0.84-1.08)b 2 102 11065 Studies excluded
Medication/falls ascertainment « Article did not look at the association

Good 9 119 {[]??"1 33]{: 5 1.04 {039‘1 23] 1 0.87 { - be‘ween .medmatlﬂn use and risk of falling

* Article with data from before 1996

Poor 5 1.24(0.97-154) 4 1.09(1.02-1.16) 3 1.02( « Participants younger than 60 years
Study type v

Case-control 2 1.09(0.80-1.50)¢ 5  1.11(0.94-1.32) 1 087( ) )

Cohort 3 1.34(0.93-1.91) 1 1.05(0.97-1.15) 0 1.00( 53 Sudies consered and assessed

. -analysis
Cross-sectional 1 1.11(0.78-1.58)¢ 3 1.11(1.00-1.24) 3 102
. _ _ ] . 31 Studies excluded
aﬂhnrewatmns. Cl, confidence interval; OR, odds ratio. - « Insufficient data results
Refers to new studies nn_I]..r. - _ ) « Inappropriate study design

bGreater than 95% posterior probability that the difference between ORs is greater than 0. v

CAttained by random-effects inverse-variance model (frequentist) owing to unstable Bayesian model.

22 Studies included in the meta-analysis 1‘5




Whsldeylyarefatients at Risk

APRolypharmanyultiple prescribing physigeescaptions filledutiple-pharmacies a
Increasee risknotmanaged properly.
APharmacoekiseitbharmacodynpnuperties-of.drugs-change with-aging-and rest
differenmesponse
Aincrease intotal body fat
Alese weightr@lnourished
Atotabbody:watershridkid By
ASerumealbuminds-frequently.ded@28ed by
A4Qb reductioniin livervelume-and.blood flow
Adecline inkidney, mass-renal.blood flow, glomerular filtration rate and tub
Adecreaseongafunction
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Medicatien RallMeechanisms

Medicati@axtingon
Athebrain-(psychotropics)
Acardiovasciuaction
RPsychotropizxiolytics/sedhipaotics, antipsychoties-antidepressants,
anticonvilsants; andnarcetic analgesic
AEffects, on.cognitive function, resulting in.sedation;-slower reaction t
iImpaired balance.

Cardievascular-medidan@ndlood: pressure-with- subsegquent-hypotensior
heart-rate; resulting:in:bradycardia, tachyecardia;sor-periods of asystole
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TABLE 1 — Potential adverse effects of medications contributing to falls

in the elderly

Adverse drug effect

Medication(s)*

Aagitation

Antidepressants, caffeine, neurcleptics, stimulants

Arrhythmias

Antiarrhythmics

Cognitive impairment,
confusion

Benzodiazepines, narcotics, neuroleptics, any drug with
anticholinergic effects

Drizziness, orthostatic
hypotension

Anticonvulsants, antidepressants, antihypertensives,
benzodiazepines, narcotics, neuroleptics

Gait abnormalities,
extrapyramidal reactions

Antidepressants, metoclopramide, neuroleptics

Increased ambulation

Diuretics

Postural disturbances
{(e.g., problems with balance)

Anticonvulsants, benzodiazepines, neuroleptics

Sedation, drowvwsiness

Anticonvulsants, antidepressants, benzodiazepines,
narcotics, neuroleptics

Syncope

Beta-blockers, nitrates, vasodilators {(e.g., alpha,-adrenergic
blockers such as doxazosin)

VWisual disturbances
(e.qg., blurred wvision)

MNeuroleptics, any drug with anticholinergic effects

*Mot an exhaustive list; many other agents may cause adverse effects specified.

THH’I'H'(I‘T.)H'I
people & sustainability

Ruddock BMedicationsandfalls inthe elderly. CPJ/RRGIULY/AUGUZD04 VOL137, NO.6. 17-18




Antihypertensive agent.-cause orthostatic hypotension

Betablockers atenolol, canvedilol orthostatic hypotension Giving
- Corvodie i food cnrvowicss
the risk
Allslaz=z0 il e (ehollole =l doxazosin pprazosin, orthostatic hypotension should lbesgivenat nightdo
terazosin, tamsulesir reduce itherriskcof-orthastatic
hypotension
selective wrinary
tract alpha receptorblockers.
Tamsulosin aalfuzosin
Nitrates orthestatic hypotension Useithese:cautiotislyiin
Vasodilatingeeffects patients with lower systolic
blood pressureand in these
who arevolume depleted
Diuretics Thiazidediuretiecs  orthostatic hypotension,
Loop diuretics, electrolyte imbalances,
dehydration, andiincreased
urinary frequency
timolol systemic-adverse effects Systemic-effectsisimilarcto
betaxolol and bradycardia beta-blockers
levobunolol and hypotension administered @ptically-are
edicdtions Thalncrease.TodayGkeriatricMedicine2018 11(4) absorbedssystemically.




Psychotropic medications::-can cause: sedation, balance problems, impaired judgment, motor defic

behavioral changes, and sleep disturbances.
Anxiolytics Benzodiazepines cognitiveiimpairment, closelyrmonitor

SedativeHypnotics (BZDs)

Antipsychotics haloperidol
olanzapine
guetiapine

aripiprazole
risperidone

unsteady:gaitppsychomoto LdticiitA Bspange@spaking
impairment, delirium,and long haltlife med.i.e.

dependence diazepam:-can:cause
confusion, insemnia,
lethargy, -acuteldelirium;anc
weight loss

symncope ssedation; slowed

reflexes, loss of balance,

and impaired-psychomotor
function

Coggins MD. Medicatiodlonitor: Medications Thalncrease. TodayGeriatricMedicine2018 11(4).
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Psychotropic medications: can cause sedation, balance problems, impaired judgment, motor deficits,

behavioral changes, and sleep disturbances.

Antidepressants Tricyclic (TCAS) --Anticholinergicside effects: confusion,
ekl B antidepressants cognitive impairment, delirium, dry mouth,
falls constipation, and urinary retention
--alphablocking activity can cause orthoste
hypotension.

--antihistamine properties can cause
sedation, impair balance, and slow reactio
times

SSRIigitalopram  ataxia, impaired psychomotor function, anc
escitalopram syncope, contributing to increased fall risk.
sertraline orthostatic hypotension.

paroxetine

fluoxetine

SNRIs: venlafaxine

CNTHAMMAS AT

N&Z8J people & Susfa/nab/l/fy 2]1
Coggins MD. Medicatiodonitor: Medications Thalncrease. TodayGeriatricMedicine2018 11(4).



PainMedications Opioids:zand opioids sedation,dizzinessy synecope,

derivatives and central-nervous,system
depression
Anticonvulsants gabapentin ataxia, impaired psychomotor
levetiracetam function, andssyncope

phenytoin
valproate

Coggins MD. Medicatiodlonitor: Medications Thalncrease. TodayGeriatricMedicine2018 11(4).
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loNanls 2: Falls Risk Assessment tool

INTUATIRAzIIUU

Azlluu (o] 1 2 3
SUU?UGUan DUISN adSUISN 8-14 Du UONNoTY 14 Su
nsnidn
Sati] o-19 U 20-59 U 60-70 U UnnnoY 70 U
Us::5annau Tuxnauiudnsau HNAauTu HNAUTU HNnaulfuidaunsau

NIsSNsuAaD

AaNMwsuNunoiU

NISUDVIKU

Nnswa

NISTFON

2r —
no:IsAaiSasy

TuawsnAdUAU
NIsIuny

JunarHiuaolia
ADUMISADUINAD
VINWDU

Soan, anun,
unAA

DINSILUIWD,
msusurnaudna

TudoNNbwa

UDJnymn

peop(AIUUSOU O - 10 = DA WADICH

6 10sunau

iaulagiZiaunsnd
HSoAUZIDU 2 AU

Sanunta:unnAa

Tuesryors,
MISUSURnauU
wadnad

T&suen

Udoygrmiswa
lalEplcinnlCalal

LoNS:uuiDwIEa:
Hasaidoanbwa
rRIu [B-blocker,
UJudadanDs,
YNaaAIUAUIaDQ

OlsABosy 1 Tsa

Jdao:uoy

11-20 = DADUIBUIUNUNAT

3 1IGsurniau

iaulaudaunsnd
HSoAUZIDU 1 AU

sunna

MsusuUrau
waundiunn

NIsSuDVIRUlUIQIoU,

[wplals]

waljga/
pJryrmimisaodans

Uons:uudsain
NiJwa 13U
gnasuUs:zann,
JIUDUHAU,
Unay
psychoactive

OlsABosy > 1 IsA

JaaD-nangag,
Jaa1D=s810
(stress incontinence)

falS|latI110][]
aJnsod
HeoludouNs
AURIDY

NJsus, nmisaaaulv
UNwsow

2O WAS,
uranaa
MISUOUIBULQUNG

uNfivauanuaq

MISHOESUNWSOV
JUSUNSY

CANONS:UURDIvIA:

HADAQADAIA:
S:uudsannuwa

OlsaBosuranglsa

Jaa1D:=s10
(urge incontinence),
ANAUJAAD:

21-33 = DA WIAUIAN

Anaonann Fall prevention: Best Practice Guidelines, Quality improvement and Enhancement Program, version 3, 2003.

AnUUIIMANSGau0Y
nsumsiwng NSINSIVAISISTUAY




oNals 2: Falls Risk Assessment tool

INoJAltKAzIIuUU
AUl O 1 2 3
NSIFN TUdonnowa UUNS:UUKDIRIA: UiNs:uuUS:AN | DAvens:uuBDiRIA:
KAaoQIRDANUWA NUWA 13U KADQIADAIIA:
Ju P-blocker, | ©ndoLUS:AN, | S:uuUs:ENNTWA
gnJudaanD:, JNUDUNAU,
NAAIUAUIADQ gNAaU
psychoactive
nModsniBosy T Olsagosy 17sa | UlsaBosu > 1 1sA | Dlsaisoduransisa
AXIUUSOU O - 10 = DADWIADNEN 11-20 = TAWADNUNUNAW  21-33 = TADWIAUIAY

ARaBNAN Fall prevention: Best Practice Guidelines, Quality improvement and Enhancement Program, version 3, 2003. 24
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