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Lay Abstract
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rheumat oid art hwerte smo raen dl ibkaeelkyd pthch wbke qpchmges i fcrad i If un
l i mi bakeromhree years compared to those without MS
covartihaehsees g cswamimornd ongerAmomgaitithe ainndi vi dual MSK ¢ «
found ol der GAuabsd e wptelh g letdit a slegni fi cantly associ
physical funclaswmeayf ohbfeddl tl eotwii nmgs al Hepwhtdhtbteagei tiv
i mpairmenthavedpomemnti an arl e dbwd ecb npued Igihteyr dfo slpii ftea,l i :
and mortality rates, and are sicgmpfareantloy omdre Ial
without cogni ti ve hiingphd iitrgnee rninte godr fdoermeinnttieag,r at ed car

physical and cognitive health.
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and outcomes.
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study selection and data extraction. A narrative
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Chaptlemntdoducti on

l1.Background

1.110steoporosi s Osrntceofpivet oshsenit cheoadteromed

reduced bone mass andadidd ea i majadn opulimMod gmea lt

der [affbet Worl d Health Organization (WHO) de

ineral density (BMD) that is 2.5 or more sta

althy adult popudanad.dnfofi2llDveeneadubgmanT s,

ained ®threogoly Xaabaslor pti ometry (DXA) scans

objective diagnos[t3)lcHoweverj oosfeoposotebpo
at involves more ,thaal posentompassesdehangyg
croarchitecture that c o, iwthr iclhu taer et oo f it rar eraesf
teopcerlmtgied| I Fajatgunegsy fractures result froi
om st anadnidn gs ihgeniigfhyt t he severlb5.,c®mnpe ommunswte o f
teoporotic fractures [pofjcHrpatrabeuhep, aspi 0ce
rious type of fragility fracture as they of
0% are unable to walk independently and 60%9

d

have tmeosr taasl ratdygphriaa st RO -ffriardst@u]JryeAfar epostst ai

i p fr a2c0t% roef, cidmmumpmathigent s -treergu(irde€Cpwon g t he r

ofLT@dmi ssion inclfEBBx]imgi wi dbalagewi th a histo

increased risk of subseguents fpraagdgilciutawrti yaet

years after [aln3]initial fracture



I n Caonsatdeaoopor osi s affects approximately 20%
a higher prevalence o080 ed 6/ [wedsigemothipa oI e
adults residing in the community, one in thre
experience an osteopo[rdMoime nf raa et U mwe cien atsh & ii rk el
fracture compared to men, however men are mor
fradtildrigd fractures accoiumt[T®}amMd % roett itimeos ctt au 1
hi gher commamupeldé ydbAXioh@ resi dents suff erdisrig fr
are estimated t ¢ léd8nhed wWwiBhianelBombonhhger ambul at
[ 19, 20]

1.2IFracture rlhekemadel sevekahsfeasmane tool s
"s |i kelihood o

used to estimate an individual

met hodol ogi es. [ T hled eFvReA XoEp etdoobly t he Wor |l d Heal

incorporates clinical ri sk factors such as a
history of hip fractures, smoking, alcohol co
secoyndoasgt eoporosi s, and BMD wmweasu rpe nemtbsi,| itto

maj or osteopdhetnewf FRAXESr ®$[12s h(cloeatpao rwad resi )
clinical ri skhifgdctexpgd,aoioreoilt e@d emgyd €gofpor ot i ¢ fr
fall history, type 2 diabetes mellitus, concur
(TBS), and hip Hawievelrenginle QO©OHALhe | imitations
be chal Iteongiet s wi §es8gfheadGavvean Fractpké, R5]sk
incorpomat es cl i hbcaher F&WKXiEcaltubdoet ss btunte fr eque
predict -yeaandraltur e[ 26,sXklev eQForpaecdt uirre t he Ut

comprehensive array of ri sk factors, includin



and |ifestyle factors, without -yeguinmri snlg &MDf r
The Canadian Association of Radi o¢lobpgi8%tsi mmilde rO
than t hescoRX nes age, sex, history of fragil!@
BMD measurements to categorize individuals in

Al t hough these fracture risk models are con
sever al KeRYWXEs pebesmost widely adopted and in
assessment wowhifieaGuvanri QFract ur es pedidf9ifTctAROC
Addi timemadilygofiacter sdv dnfyoe a ek atmpdCea,r vaahd d le t h

i ncor gar dtsetdhies toFRyY XtEcadld e s FRAXE, Garvan, and C

require BMD measurement s, whereas QFBaMDt ure L
factors for its [f2%jcture risk calculations

Ol der adults in LTC diwfefldr nfgr camutmht eirpac o simu
status, functional capacity, and risk f-actors
dwel ling ol der adul ts may nott haocsceurian el YC ca®

highlighting the need for tailookd firhet ERAXE
CARQErimarily desidwedl|l ifog mavemnobtpétas suit e
residents. Thesye amo dferl assc tewsrta nraitsek , 1 0whi ch ar e i
to the shorter |l ife expectancy in LTC (the m
[ 30,A11d]i ti onally, these modepsesciofitenrideknbactage
rates of dementia and fall furwihiecmbaeeprepvaVv &In
osteopoossespandtlilisgherLf@n comm@ni ¢égi denhave

a |l ower | ikelihood of -fegaeatnodr eegcx mharr egvairocuesmofr ut mad



rawiet hin three mont[hlib0f 121, BB B g -shphekcsiafcitdl €ceh a | |
fracture riskanb d€eedphd@pCh | adrioeio bnse e d e d

The Fracture Risk Scall3el ,d34ReS) o piesdtauew iaaldidelraet se
chall enges faced in LTC to determi hactessddéemnik
cognitive impairment and frailty, whdiocehs anroet n
reeBMD measurement3Ct oedrethen tnd sete orbiss ks.pelth & i c a
designed for identifying LTC regpeadenpariaodhiwght
more relevant for the LTC setting. This tool
l nstrMimeinmmum Dat-MDSed .300)Rvhi ch i s a standar di z

automatically coll edeimogr apmpc ela@edsicMda nscai o

-

esidents upon admission and quarterly theresa

anal ysi s, i ncoopofabobim@Shiena fRMMI mahe Di scharge A
( DAD) , and the National Ambul a[tlr]yl tCahraes Rienpdoer
external validation across mul ti golaess e@a daadiasre

ensuring its rel i[a3bd,I3Py emadt ea¢pp PRENZIDILIPiotrya he
various risk factors including age (greater t
(independent or assisted wal king), wandering
history of falls wietvhiomust He apga utr e 3.1 ghh hteh,es Gpaaldse
categorizes individuals into eight risk | evel
risk (level 8) . The scama ihs gali sk ad tReese tdeemit zse
FRS score afaetd4d hoirg hhirgidyseka,r whiitph @ docntewh el ei s kos
the highest risk |l evel (sTheeriosk38¢9of flacpep far ac:t

residents at3)l avanrgiesRk .f g[fE@REBH0e. 6PRS 1 s currently



specifically designed for identifying fractur
by I nter RAI I nternational, furt Alree KBrugpetourte nk
Assessmenrterimm Claoregs ( & R&ai im) | ar t ool that has be
et BHi)s tool uses regression analysis and the
nur si nrge hiodnent s .

1.31Treat meBPDespate: the high presaleonmnoda cdfiucoesst
and the significant advances in ostelbpofobkiac
remain untreated. This care gap exists in coc¢
particul arSyubdoesi hat€CshowP5b50atC orelsy d23i%s a
for fractures receive apprfodpFalant ec oorsdtwend gt ayrnags i
ol der adults, the osteopor o(sd2GRaiyredttneantt amdnrc
with osteoporosis who were at high ri sk, 77. 3

having higher rates of not taking ,merde phdd toinvse

[ 4.Bleveral factors contribute to this treatmen
osteoporosi s medi cati ons, chall enges i n man a
comorbidities, and |l imited | ifeée nédxtpeantca&ncy ea

deci sions.

1.1.4. Addressing gaps in osteoporosis and h
rationale for the study

The substantial burden of osteoporosis and r
unique chall enges faced bygeoltundesrasdcud rtess itnh ec on
comprehensive under st antdhien gd cobff e rhe@estetriemghst.y t i DI

are |l imited studies exglrarcitrug eihiigpm dfrr@aacdtiuurree rre:



(community vs LTC) as well as osteoporosi s mar
in IOhG.s thesisth&kmeo wtl @ diglbd geagpls | ongi tudi nal ,
of hip fracture incidence -daweolnlg nLgl Ca dduelstisd.ent s

By determining the burden of hip fractures
provi de i nsights for tailoring prevention s t

osteoporosi s management across tdiofnf eorfe nftr ascettutri

LTC using the FRS tool wi || and examining tt
di sparities in osteoporosis management will s
and policy development in this popul ation.

1.2. Expilmpadthrohec bone andf g aii Infttyncatmidiointailo
decline

l1.2Muscul oskel etMaulscaud mdikteil @n :le n(cM3rKp)a scso mad iwi
range of di sorders aff ecstuirmg ulnad naensgd r & mgasneold ahse, r
significant health [cAh]lcVwSrKn caomodn ¢ i wlnde ri nad wldtes

rheumatoi d artharcikt igpsad O RA O paorridooswd st eopofrdwal]i c  for

Additional MSK conditions are often categori ze
fibromyalgia, and tendiamé&i amamgnghet mer ecoaon
According to,3fappMWhOi mately 1.721 billion peo
muscul oskel et al conditions, making them the |

back pain being the single | epdddhge paesal ehce
MSK disorders among Canadian men and women i S
2012d4hmhd the highest prebaké&npai nepdabtwgdaade OAA

(7944, 4Approxi mately one in eight Canadians s



|l ohgegrm pain [ahal] Tdies apbrielviatlyence of MSHK 4d7i,AdBr]der
and i ncr ea[se%] Awitthr i ag e, or j oi nt i nfl ammat i c
rheumatoid arthritis (RA), and other rheumat.

chronic condition reported by women and men, [

will have a[rt¥MIK tden diyt i2dMBsl signi ficantly | i mi
due to chronic pain, r eHsowml etvienrg idne srpe d wec eédch eq u a
on quality of I|Iife and healthcare, research o
due to their | ower mortality rates, percepti

mul ti fact oorw aplr ongarteusrsei,ons,| and the tendency to

|l ohgrm preveniti®lowstemt etghesgl obal burden of |

increase in recent years, |l argely due [tial si gni
53]
1.2.2. Classification and subgroups of musc
1.32Z Rheumat oiRh earmtah roii tdi sa:rt hriti s (RA) i's a
characterized by inflammation of the synovi a

destruction, def or mi tly5 4 .,amA¢ cfourndcitnigo ntad ti hmegp aWH
approximately 1% of the global population and
223 times more |ikely tfdboéhadwheRAIi cemapar €ed utr  emg

invol ving periods of exacerbation and remissi

infl ammati on and preserve joint function. The
significantlryalilmpgaucatlsi ttyheofove fe, | ead|fBg]to c
RA can also increase the risk of cardiovascu

thereby contributing 5t80 RAcreaasdomonatabdi wyth



burden due to direct healthcare costs and ind
l ohgegrm dis8bil ity

1.42 Ost eoa&Osttheroiatritshir i ti s ( OA) , the most co
degenerative joint disease characterized by t|
ends of bon¢g&fOWj tUhi mojmmomtil gyearfif egtjsowrei ghsuch
hips, and spine, as well as the hands. OA i s &
predisposition, |l eading t o] 6p3aliln,s triefvfan esnc,e a

globally, reflecting agingGl pbaul ati OAsafaihectrs :

million people, with knee osteoarthritis beir
million), followed [b6yd ]iThhe Ipir@gvandaeniclee olfi a A ©OA «
the majority of individuals over the phgGgd]of 6
Il n Canada, OA affects approximately 4 million

prevalence expected {6Howeeveas ©OWRei popwlt ateixad

person's disease." More than half (52y%)arosf Ca
[ 65]0A i s more common in women than in men. Ar
prevalence of diagnosed OA is estimated to be

than] @®A often | eads to chronic pain, stiffne:
i mpairs daily activities and quality of [|ife.
has oftenr eoseeeanr awwblmedderc ompar ed t o ot her chronic

1.52. OsteopPpotresperosi s i s considered an MSK
affects the skeletal system, which is a c¢ru
Characterized by reduced bone mass and deter.i

t he tsokne'lse abil ity to support the body and f ac



syste8mb5, 4P0n]l i ke many ot her muscul oskel et al C
asymptomatic until a fracture occurs, which i

and remai+dls agno s a[déad]i sTehaisse | ack of early symp

chall enge of timely diagnosis and interventior
MSK conditions, such as osteoarthritis, creat
systemn Gits significant i mpact on bone strengi
understanding osteoporosi s i n t he cont ext 0

comprehensive strategies for prevemti oonf, MSaK I

conditions in older adults.

1.62 Lwmavwck lpawack pain is a widespread muscu
people of all ages, of t pA.3]letaddc amamg droi ssa ginn éd m c
including mechanical I ssues, injuries, degene

condi[teildowsack pain is often categorized as ei't
chronic, persistimd hfeo rmaln2a gweebeakosk oprh inmoorpeo s es ¢
due to its multifactori al nature and the wvar.i
Among the MSK condive mmmmon o waifbfaeaktoipipag@bddnd s s
Canada, the pbraecvkalpeancne iosf sliogwmi f i cant, with ne
chronbackpwdlilbavwc k pain not only affects physi
i mpact on-bmme mtgalanwlelqlual ity of | ife

1.2. 7. Frailty and cfoumncutqd votenyadl i ddeerc dandhuel LtRtho n g
residents

1.82. Fr&irlat yty is a clinical syndrome char a

reserve and function across sever al body syst



health outcomes, such as falls]70p08%8pbkt alsi zoaftt
characterized by |l ow physical activity, uni nt
and slow whV&Efmagl|lspeddvi dual s are at higher r
events such as falls, fracturledQ, hd2BDPat bty adm
associated with increased healthcare utilizat:i
of I'ife, independenZ@] and social engagement

Gl obally, the prevalendwebfifgaol dgr asmdubt s
with estimates rdng@Billgpendmng %ohot B %popul ati
define frai latmp.ngF ccro-demednmyg lyeg, ol der adultthse aged
Friphysical frailty pbBénomy plés [proRdJadl%n ca nraadm
approximately 25% of individuals over the age
aged 85 and ol der, near[l7ys]hakef paregakbseshcmanbédf
wi ahter thandagwomdn 8&dr,re twice as | ikely to be
respec[tiidv,elyfle preval ence of frailty al-so dif
dwelling older adwmltdheamd mmums e yi nt bECpreval e
range from around 10. 7% to 24%, depending on
used to dend3,n7e@hferracialst yin LTC, the pgoddlled estimn

1. 2FEr9ailtgCutoehsty there is a |l dekiponfticomst
frailty, with various tools and instruments u
focus. One of the most widely used tools is t
Fried 78t]Thl s medadli diag ewelalnd i dentifies fraildt
or more of the following caqieporitad exhmausni ioo

(grip strength), sl ow wal Ki7T8dl spieedduainsg me evt



more of these criteria ar eowcctaweriiftieerd aa sarfer acil
as fprreei |, and iinngdnei db at &cd meaistf enreittaSfeagddTla b | e
The Frailty Index (FIlI), dewelaog®dpby hRock we
t o afsrsahsystggval uating a range of health deficit
sympt oms, and fup@Bitonal biampeai romme ntthsewltiuanu | at i
suggests that the more health deficits an ind

includes a br oadr ed podomtdt iusmu odifs atse ad trhoni c Con

hypertensi on, di abet es, hear't di sease), symp
i mpairments (e.g., difficulties in performing
i mpair ment s, psychosocial ediacdtdirra®n Emoid r ioff i ot nhe
deficits is assessed, and the FI score is cal
the total number of( Tpaobt Heendt hi earl Fdle fd acd rtess aismsdeiscs
with spetféideffumiifigaimpbre and frail states. Co
Phenotype which focuses on physical frailty m

to aseBkstygy &asait encompasses a wider ranyge of
Phenotype is simpler and quicker to administe

The Clinical Frailty Scale (CFS) is a tool

on clinical judgment into nine | evels ][ 803dngi n
The t ool provi des a pictori al representatio
straightforward to use in clinical settings.
t hat capture the degree ofs fphyditgyal ifncmoatpioo
cognition, comorbidities, and overall heal th
application and quick assessmeaasdéaylelroowinneg ah



individual 's frailty[ 8ilt]Jatnds kaeaurtihreg Fdl, i nMmhd alh s

physical <criteria such as grip strength and w
of health deficits, the CFS relies more on o0V:¢
subj ecdw btsoerivretr[ 8MHawevaron it has been validat

settings, enhancing its reliabli8l2,t83]Jand appl.

The FRAIL scal e iscraenebnt hfedrnt yoof ocas®idnd oon f

fatigue, resistance, amb[u8.4alTihans, tiololln & sss esr,i nea
use in primary care settings due to iIits ease
Each domain is evaluated theshweghprepenicfei angu &
frandéltygted symptoms and conditions. For exampl
about their | evel of fatigue and exhaustion.

mont h have yohui nffgelytou hdaitd 8wasryvdanvetibats?ar e s
their responses, with one poi-néel assedghsedutor s
The total score ranges from O to 5, awmid hz eiriogh
poiintdi caf r @qplen tpooiinwdi cradé 1 aigld pt h rpecei innaki fciate n g
fr §i814 ]

1.1200 Physi caPhywincali omuncti on refers to the

instrumental activities|[8b,8@8®gcVi hevongdeéeADLS

function is associated with nteggram i d[e8 &bBadl]itthy
increased morbi[dG%,y9 @Gdnedd u areod t aV et sl | gual ity
adylotls 9 Physical function -caporbteedmearbapedf arsr

object iPovref adrelmasede meuachihawes4 er gaitt mag eagadd t est |

(TUG) teste ¢Haitgn stiamglee t est,, aarned cg roispe |syt raesnsg



ADL disability epompgerde dnetacs ug ee[s9.0]fF op h y ;nisd aln cfey
meter gait speed test is frequently used becal
physical function in ol des dadudaisé e dSsl foenteiaavt gead
increased ri sk lds AIDLanadir ={ahdit]jdym t  n d

Gait Speedspeed is commonly used to measur e
of activities of dafi9.%]Reidwicregd agmadang falndceri oand u
associated with deteriorating physical health,
of falls,[a6d9Mmeté&t i wgl k test i s one of the
assess walking speed over 94,98 a%9 |[We s asilc@ewm nt
hi ghr eeest reliability and NMaAaOO@dimey €irn wae ks o rei
easy to adminasteci padtseqoi was kpa di stance of

pace, while the time t kAN The resaft dedgugiang ¢

in meters per second (m/s). A gait speed of
i mpair ment and is associated with an increas
di sability, d onsopr[tDadildiidtzya i oomma) | §n gait speed i s
Physical Performance Battery (SPPB), which al
SPPB is a widely wused tool that combines thes

and preabdikittyj snursing home admi s[sli®h, 1&GaA]d mo i

TUG tTelsd : Ti med Up and Go (TUG) test iI's a w
functmodndlity tasmdtlabshb@eroeshown t o 1p0r3ej@u rcitn g atl H
test, participants start from a seated positi
di stance of 3 meters, turn arddmBdCo nwal lekt ibnagc kt |

wi thin 8 to 12 seconds i s considered nor mal ,



el evated [rl16G4&,TihdeS |[fTAIGI 4 es't assesses functiona
changes in balance and gait speed, whi ch are

indepehtieailg7]

Chair rilke dkesertest assesses | ower body st
essefndrn aperforming daily activities such as s
stdil0O8Participants sit in a chair with their

stand up and sit down as quickly as possible
time taken to complete this geacsknds tryrioaaleldy.
body weakness and a greater [A0®hke ot h pidary $ ec &l
evaluates | ower l imb strength and the abilit
Difficulty or sl ower performance in this test
stairs or gettitnighguitnddpeandcemdea ,i n mpaicl y | i f e

Single | edhet slnengg Idetedsnnce test-essabl vahiedame
used to assess bal ance and postur al stabili
i ndependence and prevenltlion,glRfaaltli sc i gorannt g alrdckee ra
one |l eg for as | ong as possible while keeping

for which they can maintain this polsedgi®omnance

test is attémsdethmaed5 seconds for ol der adul
of falls, decreased mobility, and lrle2dBieciendg i anhdle
to stand for | ess than 10 seconds onh1dl¢ | eg

Gr i p stTrheen gtrh :p eisdt re nigs ha robust predictor o
physical function. This test involves measur.i

forearm muscles usinglidZl ®pntdgci padysampmet ast



the dynamometer with maximum effort, typicall)
from multiple pl11i®2)@pip s$reaegobhdbadas been stro
health outcomes, including physdlcmal ofdectadunl

i p strength is commonly associated with 1inc

(o]
—

daily activities, anefhisgHer Ifiukneltiilocnad dfi mfi d
sex and age; mhloweveed Bhcesmmol d is |l ess than

kg fdrllmiegval ues befFbw Bhesendutative of signif

el evated risk of functional i mpair ment .

1.121. Association Between Frailty, Physical I
and gaps in the |iterature

Frailty and physical function are closely |

such as OBacRApaiow and osteoporosi s substant
carry out activities of daidgi[lldtdyw 416 g. 1 aTBhdelsted | t

di sorders are associated with chronic pain,

factors in the dedM4ildé&oonf epamplieal sfudicés oha
individuals with OA and RA exhibit |l ower mus
bal ance, al | of wh[ BB, avbeseaddettorssotamnrals$
physical function | imitations, making it diff
wal ki ng, climbing stairs, and rising from a
gualfi tlyi foe. Similarly, osteoporosis is strongl

strength and incfé@a2aé8fghisi yhhloerbhbatiuyesontri
i mitations, including difficulties with mobi

activities of daily |living. Osteoporotic frac



i mmobility, further exacerbating TheaiClatnadaad
Mul ticentre Osteoporosis Study (CaMos) furthel
a Frailty I ngexarcadmapgtediectr i 3k, emphasizing t
in fracture[ 128k assessment

Despite the clear associations between frai
are notabl e gaNhs lien ntuhme rloiutse rsatudriee.s have expl

individual MSK conditiong 1dmBd 1fl9n dt2ieerdal8 pd ¢ d In

stucecixasni ning the cumul ative 1 mpact of mul tip
function. Additionally, there is |Iimited | ong
physical function |imitationOAmMORA, otkdeoniadulb:
fragility fractures, and osteoporosis each c
function and the development of frailty in ol
singl east sdyystematically compared the relati ve
physical function. Such a comprehensive anal)
di fferenti al effects of various M$BKprcogdes$ siocd
among ol der adults. This knowledge gap hinder

ol der adults with multiple MSK comorbidities.

l ongitudinal study tfhulantctaisere sksi farasd tMS K nado mpdiy

these complex relationships wild.l contribute t
frailty and functional decline in the context
and redoubdicmgehéalrden in aging populations.

1. 3. Dementia and cognitive impairment and

ol der adul t s



1.3. 1. Dememtia: i s a clinical syndrome char
cognitive function, t hat slilg2diJifti camd & mp a Inpeas r
symptoms affecting memory, coimpkeegydbghacit owv
Diagnosis of dementia typically involves a co
and physical examination,-Meongal tSvat asE&EgpR mmac
Montreal Cogn[iDo¢ ahksds eafsiBRdmmargtiingg i s an umbr ¢
various conditions tThhaet naodfsfte ccto nenoognn ittyi pvee of fu ndcel

adults is Al zheimer's diseas(el5%Deéywy bodyodeth
(10,) xed dementfiran(tbG%)mp ¢2fd)l 2ded mdmatd il g, t he pr
of dementia among ol der adlu28t]lsn i Gareadad,mad pr d X

of comthwal t yng ¢l11@®OBnd &d bfCsesi fl@BDrfe affected

demeteime.ntia i s more common in women than in
From the age of 80 onward, the prevalence is
to men, (20.8% vg 135]Th% riemppedt iovfel gegmenti a
mul tifaceted, |l eadi ng t o significant cogni ti
communication. |t also causes functional i mpa

mood f |l uct uiastoiloantsi,ons odcuiealt o communi cation di f

dependency requiring caregiver [sluiBp]me tatlissaod hi

i mposes a substanti al economic BbBbedghobral heat
dementia was estimated at $1.3 trillion in 2
[ 132]

1.23. Hip fracturdsndawvd ddamentwiath dementia a

experiencing hip fractures due to various f ac



decreased bone strengf{iRBIebidbtuadmerso miaved crnnlsi
that dementia substantially increases the ris
threefold higher risk compared to those with:¢
fracture havwvsd sa odr[ido8rthedii€Bggmna ti ve decline i s
increased fracture risk. Significangtearogmertii od
has been associated with aadp8s%t edcHRa%ie@87yi 91
2. 43) oevxetr 1fOh 8yéefdar t al ity rates foll owing a hi
LTC residents with a Bi5f forfacltTuCr er,e sa pdpernd xsi nda te
and 62% die[wWiB3t/hil18382 years

1. 3ka3l.1 s andOldeenenadwal:ts with dementia have
falls compared to cddmi9t]lihvee lryi sikntoafc tf aol8idienrg aid
fold higher amomdegmehdena aodompbbsewi tpl4a4hob4l]wi
Cognitive impairment affects bal ance, gai t, a
ri[stkk41]The consequences of falls in people wit
hi gher rates of fractufds3,3,AAndodnpp menp-d wéel | omg ¢
ol der adul ts, wialhl sdecreemti @ad to a | oss of

i nstitut[ilodn2all n zlaT G ofnal | s r enme@as ntngpeapge r DIf s tf e tl S

beyond physical i nppharbiadidt ymbarand g elguUC tin egi d en
demepi18@apPdditionally, dementia is a common an
1. 3Balne | oss afNdmedremesnnt saudi es have demons

association of bone[ 136&352&MhIidn dciovgind utai lvse wlietchl i @
exhibit accelerated bone | oss, i ncreasing the

mechani sms underlying this relationship are n



age, vitamin D deficiency, sedent4as4,yl.45WheslTegy | e
the causal relationship between bone health ar
predictor of fractures, significantly contrib
to loss of independescsesuglgesspebatvéooehdiosss
is associated with an increased risk of devel
ri skscausealdementia (hazardilrdaB8)oaphHdRAI 2hé&mecE
(HR 1. 14, 025%8 @13 A t er 10 -wpe,artshosfe fwiltllow ow E
Trabecul ar Bone Score (TBS) had @t thdrg hsetrudii ks
demonstraatledd deéalti ne in BMD is associated wit
wo men, indicating the impact oof shuogngee st € amlgt hc

mechani sms under I[WMi4r8d both conditions.

1.53Idenytiicfgogni tive i mpairment and dementia i |
Effective screening tools are essential for
i mpair ment and dementia in older adul t s. Var i

cognitive functionTlhesle dit agh®ssevdlemanei aaul t i

including memory, attenti pt40@d mmandagodes,t raunntde netxse

i nclude -Memdg a Mi I5it at e Examinati on ( MMSE) , t he
( Mo CA) , and the Clinical[ IDe9niEme i MMRBt pngvVv il CD:
evaluation of cognitive function, assessing
[ 150, 184d\Wvever, it can be influenced by age, ed

i n assessing gxlecliditei vveo CfAu modtfieamlss a mor e compr
particularly wuseful for detecting mild cognit

| anguage, and][ 186 uldhs gMrokCalu i s keisl mer e ti me and s



to complete compPgoreed DR tome t MMSB.t her hand, pr
of dementia severity by wevalufatbBhjje cMigngii ti ve
combines a clock drawing test with a memory r
executive function, though additional testincg
[ 15140 LTThG, Brief I nterview for UM&n tha lmudt Dtad . (S

(MDS) offers a standardized, qgui ¢k, aiadS5effic

However, its focus on memory and orientation,
fully capture al/|l aspects of cognitive i mpair
influenced by cul tur al and educational bi ases

Di agnosing dementia requires comprehensive
medi cal history, often with i1 nput from famil.\y
abil[iTs5&gnitive exadmiomatuisam dineur opsychol ogi c
necessary. Structur al br aplbeli dnagt infgy diufcthe raesn
dementwiuaresearch studies, dementi-h0i sfod@snmo n |
admi ni feaddthasleaosre hos piltBad 9 Jr Wiciolred st hese codes
patients based on maiyag madsntaidce cceraicti eersi ad, u et hteoy c
variations I n di agnostic pract[ilcheBs] t acnat s v dl
screening procedures often invodrvet mheuMwoCAr,gnwi
provide initial indidgdthiedgrns oaf nooagen idteitvaa |iemp ai
i maging techniques | i ke MRIs and PET scans ar
various typepidsoeoddemeanahbl vy, cerebrospinal fl
bi omarkers related toHmwawerdegtemesat suoeedanisred

sever al Il i mitations. Neurocognitive tests can



cul tur al background, p o t[] eLrbtli, all6IOWRBHE ] @aatdi MPE Tt h
while valuable for assessing braconstamiumcgur ar
require specializeflléqQquilg®fFnt eand, eapeéhough u
specific biomarkers, are invasive amotgmaydanp
adylltésA]Consequent| y1,0 rceoldiessncaendons clr@2ni ng t ool
in diagnosis and | ead to challenges in accura

1.3.6. Gaps in the |iterahupef admd tde®mentaisa

among ol der adul ts.

Al t houghegstablsi wee¢d that individuals with d
subsequent hip fractures, the oiuntdciovmedsu aalnsd fnoall
a hip rfeanmaitnurpo oQulryr edhetf isnteuddi es often | ack con
cognitive I mpairment are assessed and reportec
studi es. Furthermore, t here iinspacétsi (npdr tr &rste a
outcomes foll owimgs al thiirgpg firrmcgaps® Iin evidence
effetcteatement strategies. Given these gaps, a
map the existing literature, identify pattern

Longitudinal studies evaluatamd hihpofpr oqgtriers
extended periods ar e i mited. Such studies
relationships and potential causal mechani sms

showstraong associations btheveenslk ogihn hwomefnd ac
compared 1t3® ftrheen il s t lelb mithdereakl | s ampliencdiuzxleeddfi nme
studiesasdi ng teviahsaliipoif @mddt deenennailae ipnropul at i

Al t houbgiho Itohgei c dli npoasthhgwoapyosr o si s and degenéet ¢ s



factoraflaammmad i baen exteh$B88el,y5S5teverT Juiahtilepdb et w
fracamud esement sfaurstt heéd ealedlewr anteincen htoov cogni t i v e
pat-i empbrtant outcomes .Thoilsl oiwsi negs sae nhtiipa |f rfaocrt uw
spectrum of chall enges faced byandl denrft diaedu Intgs
devel opment of targeted interventions that C @
opti mi-zer mnoogre strategies.

Additilbeiaé | yi mited comparative studies expl

o

hip fraadt Wdreaneonng aadluddesmmuni ty and TLHTICS sged $ i n

—

hiender st andiifgd eafeehowtitnifnlguishreméept bemnhsveiep t hes
conditions among ol derttysgpd wlatddmg r &€ T @ & vk iedent s
comorbiditieoomphdx rbgalthcare needsdweolnpianrged
count ¢rlp®gtsgni zing and addr es sfionrg ttahielscer idngs te
prevention and management stTheregf agree,a cistoisng | «

address these gapacurblya ndeyrnatthugrseifzr@amcdt utl ement i a

commuadaweéelyl ing older adults and LTC residents.
1. 4. Met hodol ogi cal considerations
Understanding the intricatehirppl &taonsheps

physi calanfdu dcetmeont,ia requires rigorous methodo

into the key methodol ogical considerations p

particul h€CESobeal oinh admCheatdranhi tendatadi nal

~—

CLSA) , and the chall enges iinmheaginng,i np iecpotnidcuucl

—h

racawmadeesni ti ve idmmainthmeanid@B®& r evashiotsemy f or i

comprehensive access to a®mt arwiha'ch tad dlotwis & domi



based outcomes and quality of care assessment
on atgh atg ak k pausirchrg rinégl at ed heal th outcomes in
1.4. 1. Met hodol ogy i msttuhdey | CES data reposit
I CES (formerly t he l nstitute for Clinical
comprehensi ve crodlletcad odatoad fhreaarhtthhe publicly
Ontario Canada, that serves-basead rleaselagiiktbp r e:
| CES i s an i-mrdefpieth dreemsseamom i nstitute supporte
Mi nistry of Health (MOHer mn@arten e( ML TG)s.t rlyC BOS
authorized entity under Onitaat oéds pkli owasyl CE§i
utilize healthcare data for heamaki mygspempan
Access to these data is strictly controlled b
and Privacy Commrsei oh€ESoho®dses and manages
most diverseraratgd oa&at heaThdéd repository incl
health data, clinical registries, andgdsipoepmutd aati
The methodology employed by I CES involves th
various health datasets. These hea-d dkenadfmieds
protect individual pri vatcegyd pBdpteicardti & iidelnitnke
specific key number (I KN)) and includes heal
residentOmtlgriveé6ihg i n
This study wutilized I CES data on hip fract
communityt earnd derneg settings from 2014 to 2018
1.4. 2. Primary outcome from the | CES stud)

treat ment in LTC



This thesis uses health admirative data fro

outcomes: annualoshtieo paraccstiusr et rreaagdtemeamtd r at es i
to 2018. Hip fractures were identified wusing
algorithm across multiple data bases includin
( NACRS) , RAibsdc harcge Dat abase (DAD) , Same Day
Rehabilitation Reporting System (NRS), Ontari

and Continuing Care [RE@D]Thisg mSByspbdml ¢ FYRSE) |

compl ete capture of hip fracture events acros

relies on administrative health dat a, whi ch
managemen{ l1pUhheoves edsat a i nclude diagnostic code
di scharge summari es, emergency department Vi

standar di0Ozed dleGD (S72. 0, S72.1, S72.2) ensures
facilitates comparability with other studies

The study wutilized the Ontario Drug Benefi't
medi cati on plTeCsecsriidoetntosn.s Jpoerci fi ¢ osteopor osi s
using Drug Il dentification NubDbNEssa(®ldtlisphghrse i

codes assigned by Health Canada t[ol.4a]lTTlhedr ug p

provide a precise method for identifying indi
bet ween different health databases. DI Ns al so
that covers all prescriptigomomesdistc 2hicgn$ na erea

identification across different healthcare se
The-pcomary outcome in this study is the re&

residents at high fracture risk. Fracture ri



specifically developed and validated for use
setting. However, the FRS assess fall status i
whi ch may nottercnaprtiusakmomhd@tGtge rersHt dlelntes. have show
hi story of fall over a |l onger period, such as
fraclh L4 2 sTlh6u8sh,r o ad enre fcraanmepr mo i e ecampr ehensi ve
individual's fall -treirsnk farnadc tbuertet erri sikn faosrsme sl sonmegn
1.4. 3. Met hodol ogy in the Canadian Longitud
The Canadian Longitudinal St-hayedn whgi ngn &I
devel oped to examine the aging process and d
Launched in 201Gapprhex iChaStAe fyol30O,wW00-8memtand

baseline f or[ 1a6t9 [l heea sstt usigtsweenaacwmmags s: t he Trac

the Comprehensive Cohort. The Tracking Cohort
through telephone interviews, coveringl7aO]wi de
The Comprehensive Cohort i ncludept BOdaAa®a@ pat-t

t hr oudhgohmei nn nt er vi ews and site visits across Ca
samples, and det xioll éjclcgePlatit onhpanes anet he C

were recruited from a ge®@®r &mhiocabhe bif mthed1l:

sites situated in seven provinces across Canac
45 andba8belatne, capabl e of providing infor med
French. Exclusion criteria included residents

f utlil me member s of the Canadian Admedl|l FErces, N
reserves and ot her First Nations settlements,

|l ohgrm care facilities. The CLSA's extensive



psychol ogical, soci al , and environment al asrg
investigating the complex inter-lpéiaygodf falcdonr s

For this thesi s, baseline Comp20elh5;n sn w30 ,0Q00¢
participa¥#tea)y dmpd (POW2Qe n=27,765) were used.

1.4. 4. Primary outcome from t he dLSW tsatuidoyn

Thepcomary primary outcome for the CLSA st
Frailty Phenotypdatddi s owkel levaluates frailty
exhaustion, | ow physi cal[ 7a8c]tPiavitti y,i palnhd wn eveg ,e
frail (O3frcaiktegiliadr Preriteria), or no-t frai
of fs describled8lheg Fried Etamlty Phenotype is
evaluates multiple di mensions of frailty, pro
status. It provides a standardi zed metrhoosds f or
di fferent studies and popul ations. However,
physical aspects of frailty, potentially over
frailty criteria as presemt @rogbesstitonwbafcl
conti nuum.

In the tGleSA,el i-aeperpbedseadata for some fraildt
bi aAlesheagdportedaroeengsanesetf ferd i vestf or | ongi t
such as the CLSA, they are subj ¢dtvRdr toxamglad,
recal | bias may occur when participants inac
unintentional weight | oss over the past year,
frailty criteria. F uaryt hbeer nmoorree, |Ifirkaeilly ptage tdircoi pp

assessment s, potentially | eading to underest:i



Physical function | imitation was adaseded U

tests, as propdg¢gdaag@ JTbhyi sMaayphperw aecth eaelv a l-m aweelsk f i v

test, timed up and go, single |l eg stance test,
empl oyandagpex i fic quintiles to account for v
groups of physical performance among partici
performance in the | owest quintile for gait s|
highest quintile for ti metdha phiaghhde gto uwidn tcihlae r
performance). Participants were <classified a
demonstrated | ow performance in at | east one

This method of measuring physical functi on
physical capabilities including mobilaindy,yr db alee

and obaeses yment of participantsanfdussspdicom alc
guintiles helps to contextualize per feomrsmarcdl
variations across di fferent demographics ar
representation of phyogiagdllIMgeeboemanpeeaconss

demonstrated thatstedemeaperesr maecendependent

| ADL disabilitfilg |Howewleder tdckulbtisnary cl assi fi
absent) based on performance in any one test n
Participants with severe mobility 1 mpairments
potentially |l eading to underestimation of p h
indi vAddat sonal |l y, -bwahsielde tpeesrtfsorarfafnecre obj ect i v ¢

influenced by factors such asi paatitypant hmo!H

environment .



1. 4. 5. Met hodol ogy i n the scoping review on

To explore the compliegx framilda diemenhi @ Rentowee
a scoping review methodol ogtyo waap steh e ck eyd . ¢ Bt
of evidence, and7 J,apBAEYNM addreeasrsc hbr oader rese
wide range of study , anrdiagrnes wsnaf urdetfhord oil den teis:
informing future research studies. Compared
conducted relatively quickly and are particul
evidence emdyobedbuems @as research studileilsA]on o

This thesis follows the framewor[kl 7@rwiptols e d
additional guidance from the Joanna Briggs | n:

ScR and -FPPRrle&SpVAr t i hd 76 Wihckee Isicrogpd ng review wil |l

of l iteratur e, l ncorporate diverse study desi
current state of knowledge. It also allows for
invast oq. However, scoping reviews do not 1inc
studi es, which may | imit thlelabphddittyi ¢ maldlrya,w
nature of scoping reviews may | ead to chall en

15 Overvi ean do fr athiessnasl e of the thesis
The overal/l objective of t his t hesi s S

nterrelationships between chronic conditions

cogniti eoh demomg elotmsnunity vs LTC settings. Thi

nderstanding of how these conditions interse

c

acraisfsfereftT€evsi agsmuni ty)



With an agiobgrooipal adh dmsitieomporo®scls, asiement i

physical function | imitations are becoming in
on healthcare systems. Understanding their ini
and managegie@lsdest raadtul t s i n LTC settings ofter

and higher rates of comor bdwleltliiensg ccoompratreerdp a rot
comparati ve apprhoeaamitqgo ed ecthearl hiemeges and needs

This thesi s -feantpeltoeyds nae tnmuoldtoil ogi cal -appgpedach,
administrative dat a, l ongi tudi nal cohort St uc

scoping review. This diverse mbhbehsdwvekogxaminat

—

he -tleornng | mpact o f chronic conditions among
application and integration of wvarious resear
The use of t hese metdhesdoa otgh e&rso ungoht ionnvieys t p rgaw
guestions but al so highlights the strengths
studying aging populations across various <car
Therefore, uthéesieestopecl CES Data Repository
osteoporosi s management i nTlhedihsachoarpryume & yd aatnad
the Canadian Longitudinal Study on Aging (CLS
adults with chronic conditions theaxamifriie ct t
association on of osteoporosis and dementia a
16 Over vitetevpaoger s
Thi s t hesi s consi sts o f three manuscripts

management , and outcomes of chronic health <co



LTC wtilizing diverse health research methodo
scoping review methodol ogy.

The first manuscript titled AHIip fracture
populbaased retrospective bHaberdt sstuddy e xiasni aep
rate and osteoporosi-tsermanaareane f kL T5&)m erag ssil dofgt 3

compared tadwedmmmgi oyder adults at the time ¢

fractur e, in Ontari o, Canada. It was publishe
2024.

The second manuscript titled AFrailty and
muscul oskel etal -dasedseehoAtpspudsgt foom t he C:

on Aging (CLSA)O is a |l ongitudienabasseelcionned aarnyd ¢

c

p data to examine predictors of frailty and

chronic conditions that RAfeosttebarbaroé&spand®Aj
osteoporosis, amndwansel suddifttadt aowmes he Journal
The third maSauosirngptr avitdvedexpl oring the i m

adults with occdegmai sicopi dhgclrieveé ew that maps the

andementia among ol der adul ts I n community
di fferences in fracture incidence, functional
as the risk factors and i mpact sosfi ohni.p fractur



Table 1. Comparison of common frailty
Frailty Tool Criteria Specific Measurements Cut-offs
Frailty Unintentional Self-reported weightloss O 10 | bs or O
Phenotype | Weight Loss weight in the past year
(FP) Self-Reported Center for 1) "I felt th
Exhaustion Studi es Dep/was an effort
(CESD)questomai r2) "1 coul d n
Respons eRaorpetliy
none of the t
day) , Some o
tim dhys),
or a moderate
timd days), M
t he t-41 nka | H)
Weakness (Grip | Hand dynamometer Men:
Strength) BMI O 24: O 2
BMI ™46.:1 O 30
BMI ©@26.:1 O 30
BMI > 28: O 3
Wo me n :
BMI2®: O 17 k
BMI ™®3%.:1 O 17
BMI @®.:1 O 18
BMI > 29: O 2
Slow Walking Timetowalkl 5 f t | Men:
Speed time to comHeight O 173
Up and Go T/Height > 173
Wo me n
Hei ght O 4d&80o01
Height > 159
OR
TUG time 019
Low Physical Minnesota Leisure Timel Fr equency of
Activity Activity questionnaire |moder at el y en
energetic phy
Respons eHaorpdtliy
ever/ never fo
and moder at el
activity
Frailty Cumulative Compr e h en s i|Higher scores indicate greate
Index (FI) Deficits assessment |frailty
deficits ac
FI Domai wd fand cut
Diseasesichronic conPresence of o
as hypertenchronic condi

assessmi



di abetes, h
stroke, COP
arthritis,

Sympt oms|{Common symp/Presence of o
pain, fatiglchronic condi
Vision or h
probl ems, s
breath, and
i ssues

FunctionDifficultieDifficulty or

| mpairmelperforming [perform one o
| ADLs ADLs/ |1 ADLs

CognitiviCognitive t|Scores below
Mi sMient al Stt hreshol ds in
Examination/i mpair ment (e
Montreal Co|< 24)
Assessment

Sensory |Vision and |Presence of s

| mpair meli mpair mentsjor hearing | o

PsychosoQuestionnai|Scores above

Factors |Geriatric Dthresholds 1in
Scale (GDS)|psychosoci al
Hospital An{score > 10)
Depression
(HADS)

NutritioBody mass i|Unintentional
weight |l o0oss/>5% in the pa
nutritional[18.5

Medi cati|Number of mUse of five o
taken regulimedications

F Scori|Rati o of th/No-hrail: FI s
deficits prifrail: F0. 3%0
tot al numbeFIl score > 0.
deficits as

Clinical Overall Physi cal f u|Rangesfromvery fit (1) to

Frailty judgmentimobility, cfterminallyill (9)

Scale (CFS)lomeal t h {[comor bi di ti
functionhealth stat

CFS domai-osf &and cut

Physical|Observational assessment
dailliwing (ADLSs)

Mobility/Qualitative assessment of
use of mobility aids

Cogniti o/Mi #Mient al State Examinat.
Cognitive Assessment ( Mo(




Comorbi d/Revi enedadfcal hi story, doc
conditions, current treat
Quantitative assessment (
comorbid conditions
Overall Clinical evaluati on, i ncl
St atus healthcare provider asse:;
CFS | evelCFS categorizes individu:
Level 1: Very fit, robust
Level 2. Wel | , no signifi
Level 3: Managing well , g
obvious frailty.
Level 4: Vulnerabl e, mi | ¢
Level 5: Mil d frailty, n ¢
Level 6: Moderate frailtdt
Level 7: Severe frailty,
Level 8: Very severe frai
LeveTller9mi nal-dtyageé |l di ®mase
FRAIL Fatigue Self-reported Yes/No
Scale Resistance Climbing stairs Yes/No
Ambulation Walking one block Yes/No
llinesses Number of illnesses O 5 illnesses
Loss of Weight | Selfreported O 5% weight |
Edmonton | Cognition Clock drawing test Specific scoring criteria
Frail Scale | General Health | Self-reported Yes/No

Status

Functional Basic and instrumental | Specific scoring criteria
Independence activities of daily living

Social Support | Self-reported Yes/No

Medication Use | Number of medications | Specific scoring criteria
Nutrition Weight loss Yes/No

Mood Depression scale Specific scoring criteria
Continence Incontinence Yes/No

Functional Timed Up and Go test | Specific scoring criteria
Performance
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ChaptResearch Design and Methodol ogi cal

2.1. Joinpoimtl CES r msgssidamt s tonnd y
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hip fracture rates and osteoporosis treatment
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broad view of how osteoporosis and hip fract
accounting for potenti al policy changes, trea
have infleuemced .t hes

This thesis analyzes hip fracture and ostec

settings using various rate calculations. Fir
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mographics. This approach allows for compar

d community popul ations.
2. 2. Mi ssing data in |l arge cohort studies a
Mi ssing data is a common challenge in | ongi
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studi es.
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2.3. Application of sampling weights in the
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Abstract

Summary This population-based study analyzes hip fracture and osteoporosis treatment rates among older adults, stratified by
place of residence prior to fracture. Hip fracture rates were higher among older adults living in the community and discharged
to long-term care (LTC) after fracture, compared to LTC residents and older adults living in the community. Only 23% of
LTC residents at high fracture risk received osteoporosis treatment.

Purpose This population-based study examines hip fracture rate and osteoporosis management among long-term care (LTC)
residents > 65 years of age compared to community-dwelling older adults at the time of fracture and admitted to LTC after
fracture, in Ontario, Canada.

Methods Healthcare utilization and administrative databases were linked using unique, encoded identifiers from the ICES
Data Repository to estimate hip fractures (identified using the Public Health Agency of Canada algorithm and International
Classification of Diseases (ICD)-10 codes) and osteoporosis management (pharmacotherapy) among adults > 66 years from
April 1, 2014 to March 31, 2018. Sex-specific and age-standardized rates were compared by pre-fracture residency and
discharge location (i.e., LTC to LTC, community to LTC, or community to community). Fracture risk was determined using
the Fracture Risk Scale (FRS).

Results At baseline (2014/15), the overall age-standardized hip fracture rate among LTC residents was 223 per 10,000
person-years (173 per 10,000 females and 157 per 10,000 males), 509 per 10,000 person-years (468 per 10,000 females and
320 per 10,000 males) among the community to LTC cohort, and 31.5 per 10,000 person-years (43.1 per 10,000 females
and 25.6 per 10,000 males). During the 5-year observation period, the overall annual average percent change (APC) for hip
fracture increased significantly in LTC (AAPC = +8.6 (95% CI 5.0 to 12.3; p=0.004) compared to the community to LTC
group (AAPC=+2.5 (95% CI—-3.0to 8.2; p=0.248)) and the community-to-community cohort (AAPC — 3.8 (95% CI—-6.7
to—0.7; p=030)). However, hip fracture rate remained higher in the community to LTC group over the study period. There
were 33,594 LTC residents identified as high risk of fracture (FRS score 4 +), of which 7777 were on treatment (23.3%).
Conclusion Overall, hip fracture rates have increased in LTC and among community-dwelling adults admitted to LTC after
fracture. However, hip fracture rates among community-dwelling adults have decreased over time. A non-significant increase
in osteoporosis treatment rates was observed among LTC residents at high risk of fracture (FRS4 +). Residents in LTC are
at very high risk for fracture and require individualized based on goals of care and life expectancy.

Keywords Long-term care - Osteoporosis - Fragility fracture - Real-world data - Post-fracture care
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Introduction

Hip fractures in long-term care (LTC) are the most com-
mon type of fracture (49% of all fractures) [1] and are
twice the rate of those living in the community [1, 2]. It is
estimated that 45% of LTC residents with a hip fracture in
Canada die within 12 months [3] and of the survivors, 48%
are no longer ambulatory [3-5]. LTC residents may be
at higher risk of fracture due to the characteristics of the
LTC cohort. For example, older adults in LTC are typically
older, frailer, at increased risk of falls and fractures, and
more likely to experience mobility limitation compared
to community-dwelling seniors [1, 2]. Thus, osteoporotic
fractures and treatment rates may vary among older adults
in different settings (i.e., community vs. LTC).

Hip fracture prevention in LTC is often complicated
by the medical complexity of the LTC resident and diffi-
culty in determining fracture risk. Fracture risk assessment
tools, including the Canadian Association of Radiologists
and Osteoporosis Canada tool (CAROC) and the Canadian
Fracture Risk Assessment Tool (FRAX) are not generaliz-
able for LTC as they typically provide a 10-year fracture
risk assessment timeframe (however, the mean life expect-
ance of LTC resident is 2.4 years) [6, 7]. Additionally,
these fracture risk assessment tools do not include LTC-
specific risk factors such as wandering, cognitive impair-
ment and transfer status, for predicting new hip fractures
and were not developed for the frail, institutionalized LTC
residents, making them unsuitable for decision making in
LTC [8-10].

Although a prior fragility fracture is a well-established
risk factor for future fracture, many studies suggest that
the increased risk of a subsequent fracture is particularly
acute immediately after an index fracture and wanes pro-
gressively over the next 2 years (i.e., imminent risk) [11].
Although fracture risk assessment tools such as FRAX
predicts the 10-year fracture risk, some studies have sug-
gested that this underestimates the imminent fracture risk.
However, recent evidence has shown that FRAX could be
adapted to predict fracture over a shorter period [12, 13].

The Fracture Risk Scale (FRS) is a validated tool that
predicts LTC residents at risk for fracture within 1 year
[7]. It uses data readily available in the Resident Assess-
ment Instrument Minimum Data Set (RAI-MDS 2.0),
which is a comprehensive, standardized assessment that
gathers a wide range of socio-demographic and clinical
characteristics on admission and a quarterly basis thereaf-
ter. The FRS was developed using Ontario residents’ data
from the RAI-MDS 2.0, the Discharge Abstract Database
(DAD) and the National Ambulatory Care Reporting Sys-
tem (NACRS) and has been externally validated across
several Canadian provinces [14]. The FRS can be easily
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implemented in LTC as it can be obtained from the inter-
RAI-Long Term Care Facility assessment. Implemented in
2018, the FRS is a new tool that allows objective data on
treatment rates based on risk factors, to be obtained and
can provide new and valuable insight into the effectiveness
of treatment strategies within the LTC setting.

This study aims to compare hip fracture rates in older
adults living either in LTC or the community at the time of
fracture, examine osteoporosis treatment rates in LTC and
across fracture risk levels, and compare the differences in
demographic and temporal trends between 2014 and 2018.
We hypothesize that fracture and treatment rate will vary
among older adults depending on place of residence prior
to fracture.

Methods
Study design

This population-based retrospective cohort study that used
de-identified health administrative data from the publicly
funded healthcare system in Ontario. Data for this study was
obtained from ICES (formerly named the Institute for Clini-
cal Evaluative Sciences), an independent, non-profit research
institute funded by an annual grant from the Ontario Minis-
try of Health (MOH) and the Ministry of Long-Term Care
(MLTC). As a prescribed entity under Ontario’s privacy leg-
islation, ICES is authorized to collect and use health care
data for the purposes of health system analysis, evaluation,
and decision support. Secure access to these data is governed
by policies and procedures that are approved by the Informa-
tion and Privacy Commissioner of Ontario. Administrative
datasets from the ICES Data Repository were linked using
encrypted patient-specific identifiers (ICES-specific key
number (IKN)) and analyzed at ICES [15] health services
records for as many as 13 million residents living in Ontario
were included [15].

Study participants

All Ontario individuals > 65 years old, alive on the first
day of the fiscal year of interest (FY April 1, 2014/15 to
March 31, 2018/19) and who had a hip fracture related
to osteoporosis were identified from healthcare records.
Individuals aged > 65 years were chosen to ensure that
participants had at least one full year of eligibility for public
drug coverage (i.e., Ontario Drug Benefit (ODB) program)
prior to index fracture. An individual was classified as living
in a LTC home during a given year if they received a visit
from a physician to a LTC home, filled a prescription while
living in LTC, or had been admitted to and not yet discharged
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from LTC. LTC status was identified from the ODB, OHIP,
and Continuing Care Reporting System (for Chronic Care)
CCRS-LTC databases. The CCRS provides demographic
and clinical information for all individuals residing in
Ontario’s publicly funded LTC facilities. The ODB database
provides physician billing claims and prescription drug
data on all adults aged 65+ years, while the OHIP database
provides physician billing claims from Nursing Homes or
a Home for the Aged and Non-emergency LTC inpatient
services (with fee code). The Master Numbering System
database (MNS) was used to differentiate between chronic
care and LTC residents. See Supplementary information
Table 1 for a list of databases. Patients were excluded from
the cohort if they had missing sex, were aged > 105 years
old, missing or invalid Local Health Integration Network
(LHIN) data, were not eligible during at least one quarter
in the calendar year of interest or had died prior to the first
day of the index year. LHIN’s (now operating under the
name Home and Community Care Support Services) are
regional health authorities in Ontario, Canada, responsible
for planning, integrating, and funding health services at
the local level [16]. Their primary focus includes service
delivery for home care, LTC home placement services, and
facilitation of access to community resources and supports.
In this study, data was stratified by LHIN’s to examine if
there are any geographic differences among outcomes
accordingly.

For fracture risk assessment and osteoporosis treatment
rate, those reported on the RAI-MDS 2.0 to have end-stage
disease (defined as 6 months or less to live), in comatose
(those in a state of deep unarousable unconsciousness
unable to respond to external stimuli), receiving hospice
care (is identified as being in a program for terminally ill
persons where services are necessary for the palliation and
management of terminal illness and related condition),
individuals with an expected short LTC stay (< 90-day
admission), or individuals with missing data to determine
their fracture risk score were excluded. The sample included
627 LTC facilities across the province of Ontario.

Clinical LTC data was obtained from the Resident
Assessment Instrument Minimum Data Set Version 2.0
(RAI-MDS 2.0). The RAI-MDS is a valid and reliable stand-
ardized assessment that is completed upon admission to LTC
and quarterly thereafter for all residents [17]. RAI-MDS is
completed by the resident’s care team who gather informa-
tion from the resident, their family members and health
care providers, and medical records. It includes health and
social assessment forms that allow a clinician to provide a
comprehensive assessment of the quality of care provided to
the resident and identify the need for further evaluations of
specific conditions or the need for individualized care [18].

Data from the RAI-MDS was linked to the Discharge
Abstract Database (DAD) and National Ambulatory Care
Reporting System (NACRS) to capture incident hip frac-
ture and determine the residents” FRS. The DAD captures
inpatient acute care hospital stay data while the NACRS
captures emergency department visits [19, 20]. Physician
billing records were also searched for evidence of fractures
not found in the hospital-based data; the algorithm required
at least two physician claims dated within 91 days of one
another. Individuals believed to have suffered a hip frac-
ture related to osteoporosis were identified using the Public
Health Agency of Canada algorithm (PHAC), using data
sources from the National Ambulatory Care Reporting Sys-
tem (NACRS), Discharge Abstract Database (DAD), Same
Day Surgery (SDS), National Rehabilitation Reporting Sys-
tem (NRS), Ontario Health Insurance Plan Claims Database
(OHIP), and Continuing Care Reporting System (CCRS)
[21]. Using International Classification of Disease 10 codes
(ICD-10), LTC residents were coded as having a hip frac-
ture [hip ($72.0, S72.1 872.2) within 1-year of their admis-
sion assessments. See Supplementary Table 2. The Ontario
Drug Benefit (ODB) database includes data on prescription
medication claims (i.e., drug identifier, quantity, number
of days supplied, date dispensed) for individuals covered
under the provincial drug program including adults 65 years
and older and LTC residents. Drug identification numbers
(DIN’s) were used to identify osteoporosis medications (i.e.,

Table1 Overall Age-
Standardized Hip fracture rates

LTC-LTC

Community-LTC Community-Community

per 10,000 person-years among Year
cohorts

Overall

Overall Overall

2014-2015 223.6(212.3-235.4) 509.2 (479.9-539.8) 31.5(30.6-32.4)
2015-2016 241.7 (229.7-254.0) 481.3 (453.1-510.8) 28.4(27.6-29.2)
2016-2017 249.1 (236.6-262.1) 477.9 (448.8-508.4) 27.8 (27.1-28.6)
2017-2018 277.7 (263.7-292.3) 534.0 (501.8-567.8) 26.8 (26.1-27.5)
2018-2019 315.7 (299.4-332.7) 549.4 (514.9-585.6) 26.7 (26.0-27.4)
Absolute change 92.1 40.2 —4.8

Relative change % 41.2% 7.9% —152%

"Data is presented as rate per 10,000 person-years (confidence interval)
“Source: ICES AHRQ Project 2022 0900 819 002™

) Springer



53 Page 4 of 17

Archives of Osteoporosis (2024) 19:53

bisphosphonates (i.e., Risedronate, Alendronate, Zoledronic
Acid), denosumab, raloxifene licensed for use to treat oste-
oporosis in Canada) as outlined by the PHAC. Over-the-
counter supplements such as calcium and vitamin D were
not assessed as these data are not available in the adminis-
trative datasets of the ICES Data Repository. A look-back
of 1 year was used to pull osteoporosis medication records.
Participants’ prescription for osteoporosis medication was
identified if they obtained a new prescription at any point
during a specific fiscal year. The initial prescription filled
during the year was termed the ‘index prescription,” consid-
ered ‘new’ if the individual had not filled a prescription for
any osteoporosis medication in the year preceding the index
date. Individuals were then tracked for 1 year following the
index date to determine if they continued to fill prescriptions
during the subsequent year. The number of days of drug
supplied on each prescription was used to determine when
it should be refilled (ex. For denosumab days=180). After
the first prescription for each individual runs out (based on
the days of medication), there is a grace period of 60 days
to refill prescription, if the prescription is not filled until
the end of the year, then the individual is not considered to
be taking the drug 1 year later. The use of the data in this

Fig.1 A Cohort flow diagram;

a. Cohort flow diagram

project is authorized under Sect. 45 of Ontario’s Personal
Health Information Protection Act (PHIPA).

Outcome definition

The target outcome was a hip fracture diagnosis within
1 year, stratified by place of residence prior to and after
hip fracture (i.e., LTC OR community). Multiple LTC
admissions or discharges for the same diagnoses were not
included. Additional outcome measures included osteoporo-
sis treatment rate among LTC residents at high fracture risk
(determined using the FRS and categorized as an FRS score
4 +and osteoporosis treatment rate among LTC residents at
each fracture risk level (i.e., 8 risk scores; see Fig. 1).

The FRS is the first tool developed and validated to pre-
dict hip fracture for LTC residents over a 1-year period using
data readily available in RATMDS 2.0 and LTC-specific risk
factors. The FRS was developed using decision tree analysis.
Fracture risk assessment progresses through the decision tree
until a terminal risk level is determined. The tool includes
the following items age greater than 85 years (no/yes), body
mass index (BMI) (< 18, 18-30, or> 30kgfm2), walking in
corridor (independent, supervision to extensive assistance

b Study cohort stratified by
place of residence before and
after fracture discharge

Place of residency
(prior to fracture)

LTC ‘ Community

\/

HIP FRACTURE
(hospitalization)

Discharge destination
(after hospitlization for hip fracture)

LTC ‘ | Community

b. Study cohort stratified by place of residence before and after fracture discharge.
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or total assistance/walking did not occur), wandering (no
wandering to infrequent wandering, less than daily wander-
ing, or daily wandering), cognitive performance scale (CPS)
(intact cognition, borderline intact or mild impairment, or
moderate to very severe impairment), transfer status (how
resident moves between surfaces to and from; bed, chair,
wheelchair, standing position- categorized as independent
to extensive assistance, or total assistance/transfer did not
occur), falling status within the past 30 days (no/yes), and
previous fractures in the past 180 days (no/yes). FRS consists
of 8 risk levels (1 lowest risk, 8 highest risk and categorized
as 1-3 risk level =low risk and 4-8 risk level =high risk)
(Fig. 2). This categorization is based on observed associa-
tions between risk levels and subsequent hip fracture inci-
dence rates in LTC populations [ref development paper].
Individuals with an FRS score of 4 +have a fracture 1-year
hip fracture risk > 3% while individuals with a FRS score of
8 have a 1-year fracture risk of 12.6%. Additional details on
the FRS have been published elsewhere [7, 22].

Analysis

Crude hip fracture rates (per 10,000 person-years) were
calculated by pre-fracture residence (LTC or community).
The numerator included older adults with a hip fracture dur-
ing the fiscal year of interest (2014/15, 2015/16, 2016/17,

2017/18, 2018/19) and the denominator included all older
adults residing in Ontario during that year. Rates were strati-
fied by sex and age groups (66-79, 80+). Direct Standardi-
zation was used to calculate annual age adjusted incident hip
fracture rates using the 2017/18 Ontario population. Stand-
ardization allows for the comparison of hip fracture rate
among different groups over time, while controlling for dif-
ferences in population size and age distribution. The gamma
method [23] was used to calculate confidence intervals for
standardized rates. Crude osteoporosis treatment rate (per
100 person-years) was calculated by FRS level (1-8) and
stratified by sex and age groups (66-79, 80+). Additional
stratifications by LTC home size (small 1-29 beds; medium
30-99 beds; large > 100 beds) and urban/rural status were
applied for the primary outcome.

Joinpoint regression analysis was used to examine tem-
poral trends in hip fracture and osteoporosis treatment rates
over the study period [24]. This software determines the
best-fitting points corresponding to where the rate changes
(i.e., increases or decreases) significantly. The analysis
starts with zero joinpoints (i.e., the minimum number of
joinpoints) and examines whether one or more joinpoints
are statistically significant and must be added to the final
model. The grid search method was used for fitting the
model and the permutation test was used to select the
number of joinpoints (number of randomly permuted data

Walk in Corridor (G1da)

BMI
<18 1830 T 30+ <18
A
Previous Wandering 85+
Fall (E4aa) years

/\
No Yeos 0"'\ 23
| J&Een
Fall
No Yeos
No Yes 0 16
=

Level 5 Level 5

*Previous Fall= Any fall in the past 180 days.

48

Fall in last 30 days (J4a)

18-30 ~ 30+ No Yes
A

L
Transfer
(G1ba)

No/\

Yeos

4
Wandering
| | ors |

™
03 48

0-2 /\3 0-2
|
[E] [

36

Previous Fracture= Any hip or other fracture in the past 180 days

Fig.2 Fracture risk scale (FRS) decision tree analysis [7]
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sets =4499) using the Bonferroni correction for multiple
testing. The standard error was provided for each data point
using the heteroscedastic random error option. The annual
percent change (APC) and 95% confidence interval (CI)
were determined using the log transformation option. The
APC indicates the annual change on a log scale and is scale
invariant which allows for comparison across populations
or sub-groups. The average annual percent change (AAPC)
was computed to summarize the overall trend in rates over
the study period. A p value of less than 0.05 was taken to
indicate a statistically significant effect. All analysis was
done using SAS software version 9.4 (SAS Institute Inc)
and Joinpoint Regression Program, Version 5.0.2.

Results
Hip fracture burden in LTC

Between 2014 and 2018, the number of hip fractures among
seniors living in LTC prior to having a hip fracture and dis-
charged back to LTC decreased from 1630 to 1587. During
the 5-year observation period, a total of 8241 hip fractures
were identified in LTC. At baseline (2014/15), there was a
higher number of hip fractures among (1) females (n=1226)
compared to males (n=404); (2) those in the 80 +age group
(n=1362) compared to the younger age group of 66-79
(n=268) and (3) in urban (n=1406) compared to rural
(n=210) setting. Standardization data indicated that overall
age-standardized hip fracture rate increased in LTC over the
study period from 233.6 per 10,000 person-years in 2014/15
to 315.7 per 10,000 person-years in 2018/19 (Table 1) and
was higher among females, individuals 80 + years of age,
and LTC residents in rural setting (Table 1).

Hip fracture burden in the community

At baseline (2014/15), there were 5090 fractures among
community-dwelling older adults, which increased slightly
in 2018/19 (n=5654 fractures). The number of hip fracture
was higher among female (n=3564) compared to males
(n=1526), those 80 + years of age (n=3170) compared to
those in the 66-79 age group (n=1920), and those living
in urban areas (n=4360) compared to rural areas (n=707).
The overall age-standardized hip fracture rate decreased
from 31.5 per 10,000 person-years in 2014/15 to 26.7 per
10,000 person-years in 2018/19. This pattern was also
observed among subgroups (Table 2).

Hip fracture burden in community to LTC group

Between 2014 and 2018, the number of seniors living in
the community and discharged to LTC after a hip fracture
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decreased from 21,885 to 17,233. The number of hip
fractures among this cohort decreased from 1171 to 996.
At baseline (2014/15), there was a higher number of hip
fractures among females (n=890) compared to males
(n=281), those in the 80+ age group (n=923) compared
to the younger age group of 66-79 (n=248), and in urban
(n=1021) compared to rural (n=148) setting. Overall, the
age-standardized hip fracture rate increased over the study
period, and was higher among females, seniors > 80 years,
and seniors living in rural settings (Table 2).

Comparative trends in hip fracture rate among LTC
group, community to LTC group, and sub-groups

Between 2014 and 2018, the overall annual average per-
cent change (AAPC) increased significantly in LTC
(AAPC= +8.6;95% CI 5.0 to 12.3; p=0.004) compared to
the community to LTC group (AAPC= +2.5 (95% CI-3.0
to 8.2; p=0.248)) and the community-to-community cohort
(AAPC= -3.8 (95% CI-6.7 to—0.7; p=0.030)) (Table 3).
However, the overall hip fracture APC was highest among
those in the community to LTC cohort compared to the other
cohorts (Fig. 3a).

Hip fracture rate was the highest among females in the
community to LTC group and lowest among males in the
community-to-community cohort (Fig. 3b). The APC trend
increased significantly for both males and females in LTC,
there was no significant increase in the APC trend among
the sex subgroup in the community to LTC group. In the
community-to-community cohort, there was a significant
decrease in the APC trend among females but not among
males (Table 3b).

Seniors > 80 years in the community to LTC group had
the highest hip fracture rates while adults 66-79 years in the
community to community had the lowest hip fracture rate
over the study period (Fig. 3b). Among the community to
LTC, there was a small decrease in the APC between 2014
and 2018. This was not statistically significant (APC = —0.4;
95% CI—6.7 to 6.5; p=0.874). However, the APC increased
significantly for adults 66—79 years in community to LTC
(APC=+8.9%95%CI 4.2 10 13.9; p=0.009). A similar sig-
nificant trend was observed in the LTC cohort among both
subgroups (Table 2). Among community-dwelling older
adults, a decreasing trend was observed among the age sub-
groups, with a significant decrease in APC hip fracture rate
among seniors > 80 years.

Seniors living in rural settings and in the community to
LTC cohort, had the highest hip fracture rate while seniors
in the community cohort living in urban areas had the lowest
hip fracture rate. The APC increased significantly among
seniors living in rural settings among the LTC and com-
munity to LTC; however, there was decreasing trend among
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Table3 Average annual percent change (AAPC) age-standardized hip fracture rate (per 10,000 person-years) 2014/15-2018/19

LTC-LTC Community-LTC Community-Community

Annual change, % (95%CI) P value Annual change, % (95%CI) P value Annual change, % (95%CI) P value
QOverall 8.6% (5.0t0 12.3) 0.004 25(-3.01t8.2) 0.248 —3.8%—-6.7t0-0.7T) 0.030
Sex
Female 9.5% (6.8 to 12.3) 0.001 45(-03810 10.2) 0.074 —6.3%(—8.7 to—3.8) 0.004
Male 11.6% (8.3 to 15.0) 0.001 7.1(-221tw017.3) 0.096 —49(-1141t02.1) 0.111
Age group
66-79 12.7# (10.8 to 14.6) <0.001 8.9% (4210 13.9) 0.009 —0.1(=52t05.4) 0.971
80+ 6.1%(1.1to 11.2) 0.030 -04(-6.71t06.5) 0.874 —9.2%(—=11.6 to —6.6) 0.002
Setting
Rural 14.0% (2.3 t0 26.9) 0.031 13.8(—0.0t029.6) 0.050 —3.8(-991t02.9) 0.164
Urban 9.6%(7.3t011.9) 0.001 4.0(-13t09.6) 0.099 —6.3%—-921t0-3.2) 0.008

“Source: ICES AHRQ Project 2022 0900 819 002"
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Fig.3 A) Overall age-standardized hip fracture rate (per 10,000 person-years) from 2014/15 to 2018/19 among cohorts. b) APC across sub-
groups by sex, age, settings from 2014/15 to 2018/19 among cohorts, APC across subgroups by sex. age, settings

the community cohort. See the Supplementary information
for variations in hip fracture rate among LHINs for both
cohorts.

Osteoporosis treatment rate in LTC among those
at high fracture risk (FRS4 +)

At baseline (2014/15), among the 77,189 LTC residents,
14,713 residents were on osteoporosis treatment. Approxi-
mately 33,594 LTC residents were at high risk of fracture
(FRS score 4+ and up to 12.6% hip fracture yearly incidence
rate), of which 7777 were on treatment (23.1%). Among
LTC residents at high risk of hip fractures on osteoporosis
treatment at baseline (2014/15), they were mostly female
(86.3%), older (80+ years) (86.6%), lived in urban settings
(90.0%) and were in a large LTC facility size (81.2%).

@ Springer

Between 2014 and 2018, the overall age-standardized
treatment rate for LTC residents with an FRS4 4 increased
from 23.3 to 25.4 per 100 person-years (absolute change
2.1; relative % change 9.0%). Among this cohort, the APC
increased for males and females over the study period;
however, this trend was only significant for females
(p=0.022) (Table 4). The APC increased for LTC resi-
dents at high fracture risk (FRS4 +) in both age groups
(6679, 80+ years); however, this was not statistically sig-
nificant. There was also a non-significant increase in the
APC in urban and rural settings. Interestingly, osteoporo-
sis treatment varied by LTC home size. The treatment rate
was the highest among large LTC homes and the lowest
among small homes. Over the study period, we observed
an increase in treatment rate among large and medium
LTC home (medium APC= +3.1%; 95% CI 1.3 to 5.0;
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Fig.3 (continued)

p=0.012); large APC= +1.8%;— 1.0 to 4.6; p=0.136).
However, there was a significant decrease in osteoporosis
treatment for small LTC homes (APC= —11.5% (- 20.7
to—1.1; p=0.039).

Temporal trends in osteoporosis treatment
across fracture risk level in LTC

Over the study period, the osteoporosis treatment rate was
the highest among LTC residents with an FRS score of 8

(highest fracture risk) and lowest among LTC residents with
an FRS score of 1 (lowest fracture risk). Between 2014 and
2018, there was a significant increase in the treatment rate
APC among LTC residents at lowest fracture risk (FRS1)
and highest fracture risk (FRS8) (FRS1 APC= +5.3; 95%
CI 2.0 to 8.7; p=0.015); FRS8 APC= +13.2;95% CI 3.0
to 24.5; p=0.025). Among residents with an FRS score of
3, there was a decrease in the treatment rate APC; however,
this was not significant (APC= —0.4; 95% CI-2.8 t0 2.0;
p=0.623).
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Among the male LTC residents 6679 years, there was an
increase in treatment trend over the study period across all
FRS levels except for those with an FRS score of 7, where
non-significant decrease in the treatment rate was observed
(APC=-2.9; 95% CI 15.2 to 11.0; p=0.531). Similar
trends were observed among male LTC residents > 80 years
(see Table 3). Among the 66-79 age group, we saw the
greatest increase in treatment rate among males with an
FRS score of 4 and among male LTC residents > 80 years
we saw the greatest increase in treatment rate among those
with an FRS score of 1 or 2 (FRS4 APC=6.8;95% CI-0.7
to 14.8; p=0.063;: FRS1 APC=5.2; 95% CI—-7.8 to 20.0;
p=0.309) (Table 5).

Between 2014 and 2018, there was an increase in treat-
ment rate among female LTC residents 66-79 years, across
all FRS levels except for those with an FRS score of 3 and 5
(APC=—-2.8:95% CI-6.0100.6: p=0.077; APC= —-2.8;
95% CI-9.2to 4.1; p=0.284, respectively). Over the study
period, there was also a significant increase in the APC
among female LTC residents 80> years across FRS levels
1. 2, and 7, with the greatest increase observed among indi-
viduals with an FRS level of one (FRS1 APC=6.2; 95%CI
4.1 10 8.3; p=0.002; FRS2 APC=4.1:95% CI 1.2 t0 7.0;
p=0.020; FRS7 APC=3.4n 95% CI 1.3 to 5.5; p=0.014).
The APC for individuals with an FRS score of 3 was stable
over the study period (APC=0.0%; 95% CI— 1.8 to 1.8).

Discussion

In this population-based study, we report trends in hip frac-
ture and osteoporosis treatment rate in Ontario between
2014 and 2018 among LTC and community-dwelling sen-
iors. Our study examined key similarities and differences
in fracture rate among seniors by place of residency prior
to fracture and discharge destination (i.e., community or
LTC). This distinction (based on place of residence prior
to LTC admission) is key as the LTC cohort is older, more
frail, more likely to experience cognitive impairment, and
are at increased risk of falls and fractures, compared to com-
munity-dwelling seniors [25-27]. By differentiating rates
of fracture and osteoporosis treatment among individuals
living in community and LTC prior to fracture, this study
provides valuable insight on specific challenges faced in
the LTC sector. It can inform the development of targeted
intervention to alleviate the burden of hip fracture in this
vulnerable population.

Over the study period, the age-standardized hip frac-
ture rate increased among the LTC and community to LTC
cohorts but decreased among seniors in the community.
Overall, the hip fracture rate was higher among seniors liv-
ing in the community and discharged to LTC after hip frac-
ture compared to other groups. Hip fracture rate was higher

among females, individuals 80> years, and those in rural
settings among all cohorts. The observed higher hip fracture
rate in the community-to-LTC cohort compared to LTC is
noteworthy. This cohort may represent the frail older adults
at high risk of fracture and living in the community but not
receiving appropriate osteoporosis treatment and manage-
ment. This was observed in a Swedish study examining fac-
tors associated with living arrangements before hip fractures
[28]. Community-dwelling older adults admitted to a nurs-
ing home after a fracture were frailer, more often receiving
elder-care services, and were already at higher risk of death
before sustaining a hip fracture [28]. Frailty is associated
with an increased risk of falls and fractures, so individuals
with greater frailty who transition to LTC after their fracture
may have been at increased risk of fracture and have worse
health outcomes compared to seniors already in LTC [28].
We observed an overall significant decrease in hip fracture
rate among the community-to-community cohort. Several
factors may contribute to this trend.

Over the past decade, there has been growing aware-
ness and emphasis on fall prevention strategies among
older adults in Ontario. Community-based programs such
as the Exercise and Falls Prevention Class [29] focusing
on strength and balance exercises [30-32], home modifi-
cations, and educational tools such as the “You CAN pre-
vent falls” [33], “The Safe Living Guide—A guide to home
safety for seniors” and the “Too Fit to Fracture” [34]. These
approaches provide information about fall risk and have
shown promising results in reducing the incidence of falls
and, consequently, hip fractures [35]. Additional strategies
have been implemented to assist healthcare providers in
osteoporosis management and fall prevention. For exam-
ple, the Ontario Osteoporosis Strategy (OOS) developed an
osteoporosis and falls assessment tool based on the 2010
Clinical Practice Guidelines for the Diagnosis and Manage-
ment of Osteoporosis in Canada and the 2015 Clinical Prac-
tice Guidelines for the Frail Elderly that can be integrated
into the electronic medical records (EMR) with the aim of
improving osteoporosis-related care in family practice [36,
37]. These tools help healthcare providers effectively assess
patients for falls and osteoporosis ensuring timely and appro-
priate interventions for improved patient outcomes.

We found the rate of hip fractures to increase in LTC
between 2014 and 2018. This trend was different compared
to a previously published population-based Canadian study
[1], which observed an overall decrease in age-standardized
hip fracture rate between 2002 and 2012 (APC —3.49; 95%
CI-3.97 to—3.01). This trend was also reported in a 9-year
longitudinal American study that evaluated trends in hip
fracture rates among 2.6 million newly admitted nursing
home residents from 2007 to 2015 [5]. Similar to our study
and the Canadian literature, they found a small absolute
decrease in the incidence rate of hip fracture between 2007
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(3.32/100 person-years) and 2013 (2.92/100 person-years)
[5]. However, the rate increased in the year 2015 (3.03/100
person-years) [5]. The change in hip fracture trend over time
may be due to several reasons such as temporal differences
in the population’s clinical characteristics and vulnerability
to fracture. For example, an increase in the proportion of
older adults with higher frailty or complex healthcare needs
admitted to LTC between 2014 and 2018 could contribute
to a higher incidence of hip fractures compared to that of the
previous year [5]. However, our study did not have informa-
tion related to clinical characteristics related to fracture such
as comorbidities and frailty, cognitive, and functional status
to evaluate this.

The observed increase in hip fracture rate in our study
may also be attributed to polypharmacy and deprescription
practices. Approximately 61% of Canadians aged 65 and
older in LTC homes take 10 or more prescription drugs [38],
double the rate among community-dwelling older adults [39,
40]. Polypharmacy has been associated with an increased
risk of adverse drug events, falls, and hospitalization [41].
Additionally, higher use of psychotropic drugs, benzodiaz-
epines, antidepressants, and antipsychotics as well as drugs
deemed “potentially inappropriate™ or “dangerous” is also
more commonly observed among LTC residents compared to
older adults living at home [42, 43]. This may be due to the
patient demographic, as LTC residents are generally older
and have more chronic conditions thus require more care and
may require more medications. However, psychotropic drugs
have been associated with an increased risk of falls while
antipsychotics prescribed to older adults with dementia, may
be associated with an increased risk of death [42, 43]. The
prescription of multiple medications also increases the risk
of drug interactions and adverse events. Deprescribing is the
planned and systematic practice of identifying and discon-
tinuing medications that may be causing harm or no longer
providing benefit [44]. A recent US study [45] found that
bisphosphonates were deprescribed in 20% of nursing home
residents with dementia. Factors contributing to deprescrip-
tion included older age, comorbidities, poorer prognosis,
swallowing difficulties, less mobility, and drug administra-
tion challenges such as nursing shortages. Bisphosphonates
are often first line treatment options for osteoporosis preven-
tion as they accumulate in the bone with some antifracture
efficacy after cessation of therapy [46—48]. Prescribers may
recommend deprescription or “drug-holidays” of bisphos-
phonates in some cases. However, recent evidence indicates
that drug holidays should only be considered in patients at
low risk of fracture [49], and recent international guidelines
emphasize that osteoporosis treatment is a lifelong consid-
eration, with treatment likely continued in those at highest
risk [50].

The observed difference in age-standardized hip frac-
ture rate among subgroups is consistent with a previously

published Canadian epidemiological study that found the
incidence rate of hip fractures to increase with age, being
female, and in rural settings [51]. Several international stud-
ies have described similar variability in hip fracture rates
among subgroups of LTC residents [5, 25, 51, 52]. For
example, a longitudinal retrospective cohort study of care
home residents (including residential and nursing homes)
in England also found hip fracture rates to be higher among
females compared to males and higher among care home
residents aged 70-89 years from 2012 to 2019 [52].

Our study found a higher hip fracture rate among resi-
dents living in rural compared to urban settings among LTC
residents. This may be attributed to limited access to health-
care resources and fewer specialized healthcare facilities in
rural areas, resulting in fewer opportunities for osteoporo-
sis treatment and management or delayed access to medical
care, and potentially contributing to the higher rates of hip
fractures seen in rural areas [53]. Rural areas often not only
have LTC facilities with smaller sizes and fewer beds than
urban arcas but also limited access to formal healthcare ser-
vices, including home-based care options. This may result
in a higher proportion of LTC admissions for individuals
needing greater care and support and influence hip fracture
rates in this cohort.

In rural settings, several aspects may contribute to an
increased risk of falls and fractures among LTC residents.
One key factor is the higher prevalence of social isolation
and limited social support in these areas [54]. This was
observed in an Australian study exploring factors associ-
ated with social isolation among LTC residents in rural or
remote communities [55]. Visitors to LTC residents in rural
regions reported obstacles like time, distance, and trans-
portation issues, which can reduce visitation frequency and
leave LTC residents spending extended periods alone [55].

In this study, we found an increase in osteoporosis
treatment rate among LTC residents at high risk of frac-
ture (FRS4 +). Between 2014 and 2018, the treatment rate
ranged from 23 to 25%; this is similar to a recently published
study that reported a 21% treatment rate among LTC resi-
dents post-fracture [52]. Other studies have reported treat-
ment rates ranging from 1.5 to 40% among high fracture
risk LTC residents [56]. It is well established that there is
a large treatment gap among LTC residents at high frac-
ture risk [57-60]. This may be attributed to many reasons
including LTC residents rarely being included in clinical
trials on osteoporosis treatment making it challenging for
clinicians to weigh the likelihood of benefit against potential
harms and burden from therapy given the residents prefer-
ences, life expectancy and fall risk [61]. Although clinical
trials and real-world evidence have shown that osteoporosis
therapy is effective for fracture prevention in community-
dwelling older adults LTC residents have higher rates of
polypharmacy, pill dysphagia, and chronic kidney disease
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[62-65] which may affect the balance of benefits and risks.
Also, since the average life expectancy of older adults enter-
ing LTC is 2 years [65] pharmacologic therapy should be
provided to patients at high risk of fracture (FRS4 +) with
sufficient time to benefit from treatment [66].

Globally, there are limited national guidelines on
recommendations for osteoporosis management in LTC
with only three published from Canada, the United States,
and Australia providing recommendations on osteoporosis
treatment and fall injury prevention in the LTC setting
[67-69]. The Canadian guidelines were developed in 2015
and provide recommendations for osteoporosis management
stratified by high and low fracture-risk residents [68]. The
American guidelines was last updated in 2009, so it does
not include more recently approved treatment options (e.g.,
denosumab) although treatments that are no longer widely
used (e.g., raloxifene and calcitonin) are included [67].
More recently, the Australian guideline published in 2020,
provide evidence-based recommendation on osteoporosis
management [69]. For example, oral bisphosphonates are not
recommended as first-line treatment, due to the complexities
of administration for frail LTC residents (e.g., swallowing
difficulty, given on an empty stomach and waiting 30 min
prior to breakfast and sitting upright).

Currently, there is no international consensus of
optimal fracture risk assessment tools in the LTC setting.
Two screening tools (FRAIL and FRS model) have been
developed to identify LTC residents at high fracture risk
and who are most likely to benefit from treatment; however,
these tools have not been extensively studied [7, 70].
Although there is no international consensus for fracture
risk assessments in LTC, both of these tools utilize MDS-
RAI data and take into consideration falls and fracture risk
factors for frail elderly individuals, as such, are embedded
in interRAT assessment system. Additionally, in Canada the
FRS model has been validated to predict 1-year hip fracture
risk [7] whereas in the United States, the FRAIL model [70]
has been validated to predict a 2-year risk of hip fracture in
LTC. Nevertheless, the process of determining fracture risk
and life expectancy and conveying the risks and benefits of
initiating osteoporosis therapy in the context of a patient’s
health trajectory and goals of care is essential for fracture
prevention in LTC.

Strengths of this study include the use of population-
based data in Ontario, Canada over a five-year period
(2014/15-2018/19) that limits selection bias. A standardized
approach was used to identify outcomes from health
administrative data obtained from the ICES data repository:
hip fractures were identified using the PHAC algorithm
and ICD-10 codes, osteoporosis drugs were identified
using DIN’s; and fracture risk was determined using the
FRS tool. Although health administrative data is reliable
in identifying hip fractures, there were sociodemographic

@ Springer

(BMI, education, etc.), lifestyle variables (such as smoking,
diet), or medical conditions (such as frailty, sarcopenia, falls)
or mortality that could be involved in changing the risk of
hip fractures. Second, analysis was not adjusted for the
date of death within the fiscal year. Third, the osteoporosis
treatment rate was determined across FRS levels, although
the FRS was developed in 2017, it was not available in the
RAI-MDS2.0 until 2019. Implementation strategies have
been implemented since. However, the data in this study
does not reflect the uptake of the FRS and as such, we
cannot comment on the use of the FRS and fracture risk and
osteoporosis treatment.

Conclusion

In summary, rates of hip fracture have increased over the past
5 years among LTC residents and community dwelling older
adults, which may precipitate admission to LTC. However,
hip fracture rates among community-dwelling adults have
decreased. Hip fracture and osteoporosis treatment rate
was varied among males/females, age groups, and urban/
rural settings and LTC home sizes. Residents in LTC are at
very high risk for fracture and need individualized fracture
prevention care plans based on their goals of care and life
expectancy.
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