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Abstract

Background: Frail older adults living in residential aged care facilities (RACFs) usually experience comorbidities and
are frequently prescribed multiple medications. This increases the potential risk of inappropriate prescribing and its
negative consequences. Thus, optimising prescribed medications in RACFs is a challenge for healthcare providers.

Objective: Our aim was to systematically review interventions that increase the appropriateness of medications
used in RACFs and the outcomes of these interventions.

Methods: Systematic review and meta-analysis of randomised control trials (RCTs) and cluster randomised control
trials (cRCTs) were performed by searching specified databases (MEDLINE, PubMed, Google scholar, PsycINFO) for
publications from inception to May 2019 based on defined inclusion criteria. Data were extracted, study quality was
assessed and statistically analysed using RevMan v5.3. Medication appropriateness, hospital admissions, mortality,
falls, quality of life (Qol), Behavioural and Psychological Symptoms of Dementia (BPSD), adverse drug events (ADEs)
and cognitive function could be meta-analysed.

Results: A total of 25 RCTs and cRCTs comprising 19,576 participants met the inclusion criteria. The studies tested
various interventions including medication review (n = 13), staff education (n =9), multi-disciplinary case
conferencing (n=4) and computerised clinical decision support systems (n = 2). There was an effect of interventions
on medication appropriateness (RR 0.71; 95% confidence interval (Cl): 0.60,0.84) (10 studies), and on medication
appropriateness scales (standardised mean difference = —0.67; 95% Cl: —0.97, —0.36) (2 studies). There were no
apparent effects on hospital admission (RR 1.00; 95% Cl: 0.93, 1.06), mortality (RR 0.98; 95% Cl: 0.86, 1.11), falls (RR
1.06; 95% Cl: 0.89,1.26), ADEs (RR 1.04; 95% Cl: 0.96,1.13), QoL (standardised mean difference = 0.16; 95% Cl:-0.13,
0.45), cognitive function (weighted mean difference = 0.69; 95% Cl: — 1.25, 2.64) and BPSD (RR 0.68; 95% Cl: 0.44,
1.06) (2 studies).

Conclusion: Modest improvements in medication appropriateness were observed in the studies included in this
systematic review. However, the effect on clinical measures was limited to drive strong conclusions.

Keywords: Medication optimisation, Intervention, Elderly, Systematic review, Aged care facility, Clinical outcomes,
Meta-analysis

* Correspondence: phhend@hotmail.com
'Medical school, University of Western Australia, Perth, Australia
Full list of author information is available at the end of the article

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12877-020-01634-4&domain=pdf
http://orcid.org/0000-0003-1326-6943
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:phhend@hotmail.com

Page 2 of 19

(2020) 20:236

Almutairi et al. BMC Geriatrics

(960£) SonIeXE] -
'suonedIpaw (| | -9 :2buel)

‘SUIUOW 7| JIAO SISB] A|LIUOW B UO
3sN BNIP 5,1USPISDI PaMBIASI (JUBISISSE  I19P|O

0/'/ 9berIaAR  swa|qoid palejpl  SyUOW /59sInu HN ‘1s1pewleyd ‘uepisAyd) pue  $581 =YHN sauloy 104 [07] e 1@
Uo paqDsaId a1om SIUSPISDI HN- -uonedIPaN ) sbunsaw Aeurdpsipinw Jenbai - [} €€ =HN BuisInN - -121snD USpPaMS 8661 uossae|D
(©1°01)
db j0uod 01 pasedwod sonoudAy
PaPUSWIWIOI3) UOU paqldsald
DIM SIUDPISII JO %S 866 LUl -
(%061) 5661 dn
Apnis snoiaaid 01 pasedwod (901 1) -MOJ|0} 19pjo
J9MO| 2Jam so1I0udAy papuauiwodal  ssaudlendoldde 1eak ‘dn pamoj|oy alsam  pue 65| =YHN sauloy 104 INERE
-uou paqudsaid suuapisal Jo uoiodoid- UonedIPaR -921y1 G661 ul paledpiued sswoy buisiny [} 9¢ =HN puisinN - J21snD uspams  000¢ 1PIYIS
‘syuessaldapiue
‘sonoudAy
(1000 >d) db PIPUSWILIODD!
UORUSAIRIUI Ul SD0UdAY papuswiLodal uou-
-UOU Pa5ead SIUSPISAI JO 9/ E— soidonoydAsd 19p|o [81 /1]
(£00'0 =) sdy pasead db UIM SJUSpIsal  syiuouwl syuow 7| Jojispewneyd Ag pue  $681 =YHN sauloy 104 91 e
UORUSAIIUL BU1 Ul SIUDPISAI JO %6 | — 4o uoiodoid- 7L P3| sbunssw Areundidsipinu A|Yruon- 59 €€ =HN puisinN - Ja1snD Uspams 8661 1PIYIS v
‘suwo1dwAs ‘Saljluley
‘Pasead sonoydAsdinue [eInolAey2q 104 sbunasw BuluaAd ‘parsanbal usaym -
11243 pey db uonusAIRIUL Ul YHN %EE— 4O 9ouasaud SUOISSaS dN MOJ|0) 'YIUOW | J1je-
‘db j01u0d 01 pue A11aAas- *JO1edNPI
db uonUIAIRIUL Ul %7 SI UodNPal sdy- ‘Ke1s jo 9SINU AQ PRIIAIIDP YoM | J9AO
‘001 4ad /61 01 SAep skep/ 001 /sAep souwwelboid Y- 9-G pPaAIddRl Jeis HN-  Jop|o
€6 Woy paseadsp db uonusaUl Ul ash Brup sgy - syiuow (UIW 09-GF) suepisAyd o1 usiA- pue L€ =YHN Souloy [O1];ri1e
ul auljaseq 1e skep 0| Jad asn sdy- 4o uoiodoid- 9  |PUONEONPS PRUSAIIRP 1SLIeIYdASdoIah- [} 71 =SHN BuIsSINN 104 VSN /661 lopeay €
‘Snyels SNJe}S [eDIPAW pue
[euondUNy 'SI9pJOSIp [eInoiAeYSq S3udlied ssnosip
/anIUb0od pue - 01 Y | 0} Apj@9M Spunoi [euonesnp3-
'3sN 1UlelISal- 1usWabeurPW 68 =YHN
SI9pIoSIp Bnip didonoydAsd Joy jod0104d (HN
|0JIUOD YUMm InoiAeYaq - Uo paseq saulepINb buigqudsaid mau Jo  J9p|0  AHUNWWOD
961 SNSI9A UOIIUIAIDIUI YUm uopelbe Bnip Syuow uopeusws|dwl  pue paq sauloy NERE
Ul uonanpai 91/ Juediubis A|jesnsneis- opoydAsdiue - 9  :weiboid aied eppuswsp e Jo ue de Sy- G9 0S50 HN L BuIsINN 10y VSN 9661 JOUAOY 4
sbnup annoeoydAsd
|OJIUOD 04| Z SNSISA UONUSAIDIUL Ul %G 01 SaAlleuIRje ‘ABojoydAsd ewieyd
219m Aj219|dwod panunuodsIp/sbrnip du1elRb Uo Sswuesisse buisinu /sasinu
SAIIBUISIE YUM PDINASGNS pUe Pasead 01 PISAIIDP J9M SUOISSS Bujules] 4 -
so130udAY PIPUSWILIODBI-UOU JO OU- 'sbuljiew ¢ ul (swsjgo.d [einolreysq
‘|0J1U0D URY1 UORUSAISIUI Ul PIdNPaI ‘BJULIOSUI) S9LBWIWINS 2IN1RIY||
Ajea1b yiuow /usied/sAep Jo ou - ‘sonoydAsdnue 9 PanIdal YHN Jo suepisAyd |y -
|OJIUOD Ul 94t SNSIDA %7€ Buisn syuspisal “(SUSIA DAIDRIAUL €) SUOISSIS d1eledas
UOIUSAISIUL Ul Pased soioydAsdiue- 40 uonodoud- 104 s1speweyd AQ palAUL 219m
(200 =4) dnoib [o;uod S3102S UO[IBN|BAS JUI[9SE] 31 1B ploysaiyls  Jap|o
Ul 9508 01 paIedulod 9/7 UORUSAIIUI asn brup  syauowl 9A0Q SeM SBNIP aADeOYDASd pue €78 =YHN sauloy 104 w1
Ul ueaw asn Bnip aAdeOYIASd- dAIDPOYDASd- G Jo buiquosaid 1oy si oym suedisAyd - 59 71 =SHN VISTINEEINalp) VSN 7661  [e 19 UloAy L
dn al
S)NSal Jo Alewiung SOWOdIND  -MO||04 uonuaAIRd|  2by  azIs ojdues pumas  ubissg AIUnoD  JeaA Joyiny  Apnig

S3IPN1S PaPN|DUl AU JO SIIsHRIRYD APNiS | djqeL



Page 3 of 19

(2020) 20:236

Almutairi et al. BMC Geriatrics

db 32 Ul (£Z0 03 Z0'L-)
8€'0 — snsion (0¢'1-91°0) €20 dbaul

a1 Ag paledald MalAaJ UO[RDIPIW-

‘BllRASNY

4INOS JO UONLDOSSY S DWIdyz)y ay3

JO 9ARRIUSSRIdRI B pUB ‘gD ‘Jels 21ed

Ul 91025 ||\ Ueaw :sauidazelpozuaq - |eruapIsal ‘uepLiienab ‘syspeulieyd-  Iapjo
|db 112 Ul (Z'1—#0) /0 SNSI9A syiuow ‘S{93M 7| -9 PR1ONPUOd aldM  puB  $G| =YHN Avjey 10y (vl (e)
(1'9-177) L'y db 1uj Ul 2103S || URSIN- 21025 YN- / S9DUIJUOD 3seD AleuldRsipRinw 7— 59 OL=HN 2Jedpaby JasnpD elesSNY +007  |e 3@ AnoD 8
‘JJe1s auwoy
AQ Pa12335 SIUIPISAI 00G 404 UWIB3I
Bnip pamainal 1spewlieyd [eajulp-
HN/Y
(620=d 700 03 90°0 — 1D %S6 ‘900 —)  swajgoid paiejal 9 12eu0D abeiane ispewleyd ed1uld -
Pa3NPaJ 1U3PISaI /PRIISIUILPY -UoNeDIP3N- “SysIA 1seweyd [esiulp
sauldaze|pozuaq Jo Jagquinu s3av- pue sueyd [jem ‘supajng Aq pauoddns-
ueaw dnoib uonuIAIIUI Y3 Ul - asn bnig- ‘uted 1 uoissaudap se yons aied buoy
#r00=d'00-820 — 1D %S6 uojssiwpe Ul Swi9|qoid UOWWOD pue SUoedIPaW  J9p|o
v1°0 —) paseasdap db ju| ur uapisal/ [eudsoy-  syuow  dupieab Buipnpul (SUOISSIS UoHedNPS  puB  OEZE = YHN sauloy 104 [xdNERE]
paJa1siujwipe sonpdajoydAsd Jo ou ueaw- 3184 Al[eUON- 4 paseq-ws|qold 6-9) UoleINPa 3sINU- 59 75 =HN puisinN - J31snD ell_ASNY 1007 SIElele)Y] L
‘uted Joj Juswisbeuew
|ed160j0deulleyd-uou
pue syuabe [edidoy 1o joweladeled
Se 42NS SaAIIRUISIR 10 ‘SIYSN
10000=d puiddols 1oy wyiobe !
‘(skep 1€°0) [430 01 pasedwlod (sAep |'€) S1J2USq pue Sysi
paseanur db 1u| ul asn jowleladeled - SAIVSN
10000 NEET INoge sabessaw PaAIdR) sueldisAyd-
=d ‘(skep 9-0'z) db 110 01 pasedwiod 1sed a3 Ul 95N suepIsAyd aued> Arewnd  Jopjo
sAep 6| -0/ wouy db 1u| ul paseadsp joweiadeled  syiuowl || 03 auoyda|ey/paNsiA uedisAyd Apnis- pue /4| =YHN sauloy 104 [ca
35N SQIYSN 4O sAep JO Jaguunu UesA- pue sgivsN € (Ui Og) suolssas Bulules Jeis- 59 0C=HN BuisinN - 13150 VSN 100C e 9 UsiS 9
Yiesp pue sje4-
Sdgdd-
D3dsvd-
Sdo- ‘pauswa|dwl ussg pey sabueyd
ISWA- J3Y19UM UO UIBLIISE O} PUB SWI)|
(sAep uaned -go.d Aue Ajnuapl 03 pa1sIAaL S1aMm
-Ul) uoIssiupe HN ‘M3IA31 3UIDIPRW-1S0d SY99M € -
SHN [eudsoy- Jels
U] Ueyl Jayb1y 19m 412 Ul SY1eap - "SUOIRDIPaW awoy buisinu Ag payiuapl wajqoid
111> 03 pasedwod ondajoinau 1U4IND pue AI0ISIY [BIIPAW ‘UONeIPaW
1U| Ul Pa5BAIDUI $210JS SYgYD UB\ - Buisn 1o} uoseal 1US.ND JO S|IP19p Pa1DS[|0D Isideudleyd- (U] 851
"PRUIDP UM IS [I0) UJ- ‘SUOIIeIIPaW -auoyd 4an0 1o ‘A1sbins v L)
1= SuonedIpaw Jo abueyd- Jo sadA]- SdO 'HN  Jspjo SJUapIsal
(%9°16) dO Ag pai1dadoe SUORBDIPAW  SYIUOW 1B SUOIEeDIPaW Yl M3IARJ 1speuleyd - pue  0£E =YHN sauloy 1Dy [
SUONBPUIWILLIODAI JO 6EZ - PagLdsald Jo ou- g Ispewleyd Ag ps| M3IAL UOREDIPSIN- 59 1 =HN puisinN - J31snD ‘pueibul Q007 | 19 SSIuin4 S
*SD11e1ab “AlISp|e Ul asn
(%56 Bnup a1am s$31doy ‘(Y §'G9 = SUOISEID0
—-0S :2buel ‘9//) sbnip d1donoydAsd- G) s1soeweyd pa1d9|9s 104 UOIEDNP-
dn al
S)NSal Jo Alewiung SOWOdIND  -MO||04 uonuaAIRd|  2by  azIs ojdues pumas  ubissg AIUnoD  JeaA Joyiny  Apnig

(Panuu0D) S3IPNIS PIPN|PUL AU JO SDISHIdRIRYD APNIS | djqeL



Page 4 of 19

(2020) 20:236

Almutairi et al. BMC Geriatrics

SUON- JO JSQUINN- Ul Jeak | yum A1nua Japlio) weiboud Jaindulod- 6o z=Aupe4 abiejom] LSNP VSN 8007 ZIMIND €l
SUONe}NSUOD do)-
Xapul [ayreg-
JSWINS -
SIIed -
AljeMOW -
1uedpiued
‘pauswWR|dwl 12d sauIpaw
2I9M 4O JIaqUINN-
SUOBPUSWILLIOIDI 353U JO 9699/ PUB  SISOD SUDIPSIA-
(969°G/) pardadde suonepuswwodal  swajqoid pajeal 'do 01
1sioeudleyd - -UOIIBDIP3IN- SUONEPUSWIWODR)
Apuedyiubis pasnpai sjje} Jo ou- SUOISSIWpe USNUM plemloy 1sioeweyd- sauloy
(100 > |eudsoH- J24ed [euapISal
d) U Ul |'E SNSIDA 7 214D juaped PUB $1UPISSI DY} YIIM UOIIeYNSUOD -  I3P|O pue
juaned/sabueyd Juonedpaw Ul syiuow ‘PIOD3I [PIIPAW SAUSPISDI Y} bulsn pue |99 =YHN sawoy [87] e 1
Bnup Jo Jaguunu ueaw ul aseadu| - sabueyd Jo ‘ou- 9 AQ M3IAR] UOIEDIPAW 1SIDRWIRY] - 59 G9=HN BuisinN 104 MO 9007 Afsueulaz L
SUOIIBPUIWILIODSI
puiquosaid
910IM pue apiroid 01 siaqudsald
pue 1sU1elydAsd U9am1ag 10eIU0D-
VD Ul sabueyd Juedyiubis oN- 700 - SYIuoW € AI9AS
(%171 O} £'6%) IVD- 95INu Joluds 1s1relydAsd abe pjo Ag pa
049°/ 41D Ul Paseanul INg (9%€7 O /1) ‘sondajoinau AQ MIAS) UOIIEDIPIIN-
‘dx3 Ul 9417 95eaid9p asn dnda|oinaN-- BulAlRII '95Nn d3dsj0INaU O} SdABUIY  IIP|O
(SY00=d "%/ /E-50 1D %56 'L'61) SJUSPISal  SYIUOW  -|e 'suoiuaAIalul [edlbojodeuieyd-UoU  pue 6 =YHN Souoy 104 [a
1U3PISaI/3sN D1Idj0INAU Ul UoIdNPaI - Jo uoiodoid- 7l uo Je1s aled o3 uoddns pue buiutes]- 59 7L =HN BuisinN  131snD MN 9007 [e 12 A9s504 1L
(851980 1D%S6
‘L1°L) Slley ur SduIay1p uedyIubis ON -
(SL'L-690 1D%S6
'68'0) UOIIUSAISIUI JSYE 13 21043] 35N “Ajoe) yoea Ul
Bnip gzg ul 2oualayip uedyiubIs oN - 9SINU UJ| 4O} (SUOISSIS Bulules Y g) v—
(0S¥1-69'1 1D%S6'S6Y) 's91@1 ||Bj pue ‘uondNpal
db 11> 01 pasedwod db 1u| Ul paseaidul YS1 041s ‘asn didonoydAsd uo
9sn brup sonoydAsdinue Jo NYd- dYIN - UOIBWLIOUI JIpNe pajielap bunuasaid -
(S11-690 1D%S6'68°0) UOUSAIIUI suolssiupe 'SI0D0P  J9p|o Sa1M|10.)
19)yerg 910j9q 9sn bnup didosoydAsd [pudsoH-  syauow 01 sisideulieyd JO SUSIA 4oeaNO  pue G/ =YHN aled [97] )
Ul 9dU3JHIp 1UedLIUBIS ON- 21025 |YIN- /  (UIW QE) OM] {UOIUSAJSIU [BUONRINPT- 59 0CZ=HN [enuapISaY 104 eleASNY  $007  |e 3@ Ano oL
1speuleyd
s|jey- Aunwwod ‘uepisAyd Ajiwey ‘asinu
's3Qv- ‘Isipeweyd apnjpul Jajsuel) Jo yiuow
suiajgold paiejas UIYIM AJ1|IDB) 1B 9DUIDJUOD 3SeD- sieydsoy  ableydsip
(I'6-6€ 1D%S6 UOReJIPAN- aspewleyd Aunwwod € woly |eudsoy
'G'9 PaUISIOM pey 310dS |y db 11D ul- uolssiwpe pue uepisAyd Ajlwey 941 01 uoew Jspjo  pableydsig /K108y
(€711 %56 [endsoH- -10JUl pale[oi-UoNedIPaW Syl slajsuel}  pue Ol =yHN °led [s2l (@)
‘g’z db U Ul 21025 [y Ul 9bueyd oN- 21035 [YIN-  S99Mm g JOJeUIPIO0D UOoHISUe.] ISiDeuwleyd- 59 G8=HN  Wiar-buo 104 eleaSNY +007  |e 3@ AnoD 6
"9DURJ3JU0D 35BD 310J3] dD) SIUSPISI
dn al
S)NSal Jo Alewiung SOWOdIND  -MO||04 uonuaAIRd|  2by  azIs ojdues pumas  ubissg AIUnoD  JeaA Joyiny  Apnig

(Panuu0D) S3IPNIS PIPN|PUL AU JO SDISHIdRIRYD APNIS | djqeL



Page 5 of 19

(2020) 20:236

Almutairi et al. BMC Geriatrics

‘SyIuowW
71 1B 10U INQ SYIUOW 9 1e paulelisal
SyuapIsal Jo uopiodoid ul

uonoNpal JuedIubIS-

‘dn-mo|jo} Yruow

oSN 1Ulel1say -

Z1 9 91e db 1uj Ul uoissaibby sbnip “(syauow Xxis o} duepinb
Ul uonoNpas JUedDIUDIS - onoydAsdinue dnoib Ajyyuow pue  Iap|o
*asn dnoydAsdpue puisn - syiuow JeUlWwas  pue [ |Z=YHN sauloy 1Dy [zgl
Ul 2UJayIp JuedlIUbIS Ajjednels oN- SJUDPISAI JO Y- 71 sAep ) weiboid Buiuten pue uonesnp3- 59 #=HN BuisinN - J31snD AeMION 0107 | 19 peisal -1
'suofed|paw
95941 4o buiguosaid ayy anoidull
01 545 1M PasIom pue
uonedIpaw
aAoeOYIASd Jo ssaualendoidde
91el S||e} 9yl abueyd ON- Ssasse 01 wiyiobje ue paydde -
(67°0-171°0 1D %56 ‘9C°0) S||e} JO OU- 'SOUIDIPaW 10) PI3U BY3 SS3SSE 0} UPY| JO
S9WOY UORUSAIRIUI ‘suoledIpawW 13U puUB SJUSPISAI BY} YlM Pa3dNpuod
(9%05) 9AI1DBOYIASd 2IIM SMIIAIRIU| 1SIDeWIRYd ALJUNUILIOD
db 110 01 pasedwiod pasealdap (%S61L) arendoiddeul pUB dO ‘SpI0d3J WO} Pa1d3)||0d
db 1u] Ul suonedIpPaW dAIDROYIAS paquasaid  syiuowl SeM UOIIBULIOJUI SAUSPISaY JeaA  Jap|o
91eudoiddeul SIUDPISAI 71 10} | Joj s1sppewueyd pautel} A AYuow  pue  HE€ = YHN sauIoy 10y [L€] e 12
Bup|el SIUSPISal ‘SYIUoW 7| 1Y - Jo uomiodoid-  Ajyauon P3MSIA UM SIUIOY UOIIUSAIDIUI- 59 Il =HN puisinN - I31snD pueil 0102 uosJaned SL
“uofewloul
Buissiw pue ‘paplone
3q 01 UOIeDIP3aW ‘UoIeISIUuIWIpPe JO
Aduanbalj/asop Ajlep pPapusWILIOdI
W 1=0'L 1D %56 L) | Ul uedyiubis wNWiXew :2Jam suaje sadAy ay] -
sI1aplo Bnup [eul) 1eudoiddy- paypen
re o pue Uspply sus|y :syun [0QuoD- £€8
'L 1D %56 ‘g'l) uonewojul buissiu Joy ‘pake(dsip =S]UaPISAY
OS—1 1D %S6 21aMm ASUSDIYNSUI [PUSI YIIM SIUDPISII syun Aeis
'97) paploAe 3 pjnoys 1eyl sbnup 1oy 91eudoidde J10j Buiqudsaid uonedIpawl 03 pae|al -buoj 7z -
“Aouanbaly 10y (7 1-0'L 2I9M 1Byl LR SUSJY 4aguDsaid SHUN UOIUSAIIU| IO) - J9P|O Aljioe4 Aujioey
D %56 'T°1) 3| Ul ybiy a1om uoiuodosd  sispio Bnip jeuly  syuow paubisse pue aled W9} aled 10Y [og]
SI19pJo brup [euyy 1eudoiddy- 4o uoiyodoid- Zl Ajuopuel a1am syun Aeis-buoj zz ayL 69 -buojauQ-  wis-buol SN epeued) 600C |12 PlR4 i)
‘sBnip asayl Jo
Buiguosaid ayy payusaaid aney pjnod
Way3 JO AU JI SUILLIIDP O} PIsSIsse
2I9M SSSD dY) Ul papnpul susje-
‘(pauluLIIDp
2JaM suoleIUl bnup-bnip pue
laylo SI019 BUIpNUI SJUSAS 9|geIUSARId)
ay1 Ul palRUaP! 31oM s3QY JO ou-
Ajgeiusnsid syuowl "PIMIIADI DIM SHIS|e SUON
(0€'L-180 1D %S6'C0'L) = s3av - 9 pue -desayul Brup-bnup snouss Ajjenusiod ‘Sol|Ioey
S3AV 9|qeIuLAld AYIdASS S3QY - Aylj1oe) 009 Ueyl alowl - Jap|O 3lLL 2led epeue)
(ET1-76'0 1D %S6'90'L) =s3AQY  S3IAQY 9|geruanaid auo “(W21sAs Loddns UOISSP [edIUlD  puB  =SIUdpPIsaY  Wa)-buo) 104 pue [67] e 1@
dn al
S)NSal Jo Alewiung SOWOdIND  -MO||04 uonuaAIRd|  2by  azIs ojdues pumas  ubissg AIUnoD  JeaA Joyiny  Apnig

(Panuu0D) S3IPNIS PIPN|PUL AU JO SDISHIdRIRYD APNIS | djqeL



Page 6 of 19

(2020) 20:236

Almutairi et al. BMC Geriatrics

wouj db 132 ay1 Ul paseadul Sjjey Jo ou- |eudsoH- ddOLS ‘Aape ul asn Bnup [essuab
(€1'1-18°0) db 1| 03 paledwod (19¥1S-ddOLS) P3PNPOUI UONUSAISIUI [EUOIEDNPS BYL - JIP|O [8€] e 19
(95 1-6°1) db 11> ul Jaybry sem sbnup  ssauairendoidde SYIUOW ‘UOIIUSAISIUL  pue 9|/ =YHN sauloy 104 '1e||0D
oreudoiddeur Jo Jaguunu ueaw ay] - UOIEDIPIA - 9 [PUOIIEDNPS PAAIRISI SI01D0P OE— 59 9¢ = HN BuisInN - -121snD uleds 102 -eJoJeDn) F44
'sdnoib y1oq ul auies a1am J0uU
70D pue ‘s9100S |4 ‘uonezijeudsoy - 150D UoNed|Paul- 10 1da0de 01 papap ueRIsAyd JaIyd -
'625SN Aq db dYN- ‘uepisAyd
Ul 53502 Bnup abesane sy Ul sea1dIp- 700- J31Yd 2y} 01 SUOIBPUSIUIODSI
(900" =) db 1u] Ul S|je} JO JaqUINU uolssiwpe yum dn pamo||oy Uayl euad JYv1S
obeISAR BU1 Ul PIseaIdap JUedBIUDIS - [eudsoy- /ddOLS YHm pauaaids A3lj10€)
(100 >d) Aljeyow- SuoNeDIPaW sQdd Pue SWId Ajnuspl 0)-  Japjo dlenab
db 1uj ur pagudsaid sbnup Jo Jaquuinu ssaudleudoidde  syuopw speweyd  pue  6SE =YHN aled ASNERE
abeIaAR 31 Ul Pasealdap Juedyiubis- uonedIPaW- 4 AQ Pa12NPUOD MIIAI UONLIIPIW- 59 | =HN JluoIyd 104 |98IS| 107 [eyiusyuel4 1z
-abesop
paJaMmo| 10} alam uepIsAyd sy Aq uayey 'Sd¥ya Aynuspl 01
SUOMDe 9y ul sabueyd Ul 1uedIubIS uoewIOUI
[(6C’L) G5 ueaw] swusied bBuljjamp punoibydeg Yl U0 Paseq SMaIAII
-AUNWIWOD pue [(€€°1) €57 Ueaul] uopedIpaw paleniul-isewteyd [eatuld -
syuaned awoy bulsinu ul Sgyq Jo ou ‘eyep
91 U99M13Q 2DUIDYIP 1UBDIUDIS ON - a|dwes poojq susied Jo UOID||0d
(60 abuel) pue (SYAJ) Jo sued Jueadjas  Jspjo
waned / (5']) 'z uesw] | € sem dnolb JO JUBWISSaSSEe 10 Ajunuwod
UOIUSAIDIUI SY3 Ul Sdy( JO OU [PIO] - Sdya - syuow PapN|DUl 18Ul MIASI UONRDIPIW  SIeak 10 sawoy [o€]
db uj Ut Wid Ul paseadap 99— SINIH JO Ou - 4 ps|-sisiewieyd S.  6LC=4YHN Buisiny 104 puUePsSzIMS  €10C [ 19 SO|IIN (114
‘parusWRdwl a1om
sabueyd a10jaq ueIsAyd ayx yum bnip
oibJsuljoydiue ue aoe(dal Jo
S129)49-9pIS SNUIIUOISIP SSNJSIP 1spewlieyd [eajulp-
panosdull dibiauljoyd-iue - Jsppewseyd [edrulp - Jspjo
10U $123)J3-3pIs dIbJaUIjOYd-hue - uonouny AQ Pa12NPUOD 2I9M S2I0DS SOV dNPal pue /8 =YHN sauloy SANERE
paAoIdul 10U UODUNY SAINUDOD - SAIIUBOD) - syoam g 01 M3IA B UM M3IAS) paseg-iaded - [} ZC=HN BuIsINN 104 KemuoN  €10C VESEN 6l
P31INJ20 JUSWISSISSEI ‘SYIUOW g JaYe - (a4
(SLL=20LL dD = S1USpISAY
111> 01 pasedwod 60°L [—+9°L 1) 31 0} PapJeMIO} SUOIBPUIWILIODS - aled
db juj Ul paonpas pusned 150D uonedIpaWl- MIIADI -buinupuod 21ed
/SUOIBDIPAUW JO J3gUUNU [B10] - AyljeHow- uonedipaw [aued Aleurdipsipnw  Jspjo pabeuew -buinupuod
‘pa1dadde 941°08 PUE SUOIIBPUSILIODSI paqudsaid  syuow 10} elRID 54999 Buisn pue  pue -9sinu pabeuew [r€]
UOIBDIPaW PaAIRIRI syuaed JO 9/ 76— sbnip jo ou- 9 ‘Uedlelab e AQ JUSWISSISSE [eDIpal- 59 0l =YHN -9SINN 104 puei N LLoz e 19 adod 8L
‘M3IAJ Alyruowl Buunp pasn
(et pue UoISSILIPe JO Y #¢ Ulylim suoday -
60 1D %S6 ‘LL'L gH pa1snipe) €1°| YH Nsu-ybiy Je syuapisal
‘SYIUOW-IUPISI ||B 10} M3IAJ UOEDIPaW palabiel
000 | /uolssiwpe [eNdsoH- s3aQv Bulpiroid sisioewleyd Juelnsuod
(80'1L 031 anp Ajjenuaiod 4O uondNIISUl Pa|IeIdd-
—€/°0 1D %56 680 4H pa1sn(pe) 06'0 YH uoissiwpe S|[ey /WNLIRP 1O SL 1@ sjusplsal  I9P|O
‘SYIUOW-IUPISI leudsoH —  syauow Ajuap! sisiewseyd JUBYNSUOD 1SISSe pue | Z€€ = YHN sauloy 104 S91e1S [SINERE]
0001/ 91eJ A1J|eLON- AjljeHon — 4 01 pa1eIauab Ajjednewoine s NYYO - 59 GZ=HN SVISTINEEI Nallp) pauun 110z auede yal
dn al
S)NSal Jo Alewiung SOWOdIND  -MO||04 uonuaAIRd|  2by  azIs ojdues pumas  ubissg AIUnoD  JeaA Joyiny  Apnig

(Panuu0D) S3IPNIS PIPN|PUL AU JO SDISHIdRIRYD APNIS | djqeL



Page 7 of 19

(2020) 20:236

Almutairi et al. BMC Geriatrics

aInsealy duapuadapu| [euondung pyj4 ‘Wuswieal] 1ybiy 03 s101d0p 3|y 0} |00 Bulusaids
pue suondudsald areldoiddeur Ajjenualod s,uosiad JaP|O JO |00] BUIUIAIDS YV IS/ddOLS ‘suolssiwo uondudsaid [enualod sOdd ‘suonedipaw aleudoiddeu) [erIua10d Spyid ‘SPA033J [eIIPaW DIU0IIIIID SYWTF ‘@1eds Bnig
1613ul[oYyd1UY SV ‘OleY piezeH YH ‘OpIND P3N JUSWISSISSY NSIY dU1eLID YD ‘dbeiusdiad g ‘dnoib Juswuadxe dxa ‘9j17 Jo Aljend 700 ‘A101usAul uonelby playsue-usyod YD ‘suidszelpozuag gzg ‘(A1essadau
uaym) ejeu a1 oid NYd ‘WI|GOId PIIL[DI-UONHBIIPIN dYIN ‘Xdpu| ssaudlendoiddy uonedipapy [y ‘siusng bnig asiaapy s3gy ‘sbnig Alojewwejjul-nuy [epI0IalS-UON SGIYSN ‘@njea d ‘d ‘ajeds buiney noineyag jeAoy
-UOIYdLD SHFYD ‘spied) uoissaidag SNPaYdIS JUBWISSISSY Jalg ISV ‘91edS uolssaidaq dMIeRD SO ‘Wex] d3elS [eIUSN-IUIN FSWIN ‘UOIUSAISIUI Juf ‘|o13u0d 11 ‘dnolb db ‘sonoydAsdiuy sqy “Anoy iy ‘saynuiw ujw
13quiNU Ou ‘JIaUoNIdRIg [BIBUID ¢ ‘[BAIDIU| DDUIPHUOD [D ‘swd1sAS 1oddng uoisidaqg [ediul)d pasuRIndwo) s§S@D ‘SOWOH BulsIiNN SHN ‘S1uapisay aWOH BulsIiNN YHN ‘S|elL Pa)|0J1uo) pasiwopuey |y :SUOIIDIAIGQY

(oro=a) ‘(££0

-050 1D %S6 '590)db 110 01 pasedwod
(690770 1D %56 '95°0) db ul U

S|je} 210W JO aUO YUM Siualled-

s|le4-

(¥ F01 —) db 11> 01 pasedwod 700~ ‘Apeam syuedidinied pamainai 4o syl
(€Y F0L —) db | up sabueyd uonduny ‘Buiquasaidsp buung -
700- 2AIIUBOD- 151b0j0DRWLIRY4 [EDIUID/URID
(Tl 010€0 1D%S6 '09°0 UH) Si9]|e4 JO ou- -leuab e pue 4o e Ag pa1onpuod suon  Iap|o S6
db AljeUow-  syjuow -BDIPaW [BIDJaUSG-UOU BUINURUODSIP  pUB = S1UdPISaY [1¥]
111> Ul 9601 pue db Ul ul 9697 Aujenow- S||&4 4O OU- 4 AQ Pamo||oj M3IASI UONEDIPAW- 59t =Aujoed SOvd 104 ellelisny 910¢ | 19 J9Nod T4
AU[eLOW-
“(suolssiupe
(€90=d‘19'1-940 9INoe |10l SYIUOW € 351 Y1 40§ Ajypuow
1D %56 ‘L 1°1) AM[eHOW U] 9dUalaylp ou-  ‘suopesijeldsoy (Y1) Pupssw weal Aeu 1p!
(650=d 9¢'1-580 (239 's|[ey ‘asn utensal Buipnpul
1D %56 ‘/0'1) UoIssiwpe suonesijeydsoy Aloye|nguJe) SJOJeDIPUI JUBPISI Jo Bupewyouaq - 1ap|o
SAIISUSS Alole|NQUUER JO S31el Ul SUoIssIuIpe syuow  Bujydeod [edJUlD pUB UOIeINPS Jeis pue 8661 =YHN 1Dy puejeaz ZBLRE
db 1135 pue 1u| UsaMIaq SDURIBYIP OU- |eudsoH - ¥l paJaAlap Isljedads asinu ABOjoIU0ISD) - 59 9€ = HN SPDvY -Lsnp MIN §10C AJjouuod ve
(100" >d 'S£0
— 01650 1D %S6 '090=4d (£T— 01T
1D %S6 eak/uosiad/skep ¢7) db 110
03 paJedwiod (91— 01 7L D %56 ek
suosiad/shep 1) db jur up Apuediiubis pleilele}
PaseaIdap Uolssiupe [endsoy- Bupnsuod ayi 01 asay1 1ybiybiy pue
(500 =d) (5500 YW [enuaiod Ayuapy o1
— 016800 — 1D %56'7/00—) db 11> P3YSe 2J9M UOIIUIAIDIUI SIY} Ul S3SINU -
01 pasedwod (¢¢0'0 — 03 ¥S0°0 — 1D %S6 ISWA- ‘Paseq
‘8600 —) db 1u| Ul pasealdap 10D YH- 700- -ApN15-958D SUOISSIS Y- PUOIIS dYl-
(Y00 =d) Aujenion- SIUIAS
(1E0+ 01600~ 1D %56 ‘L1'0+) db SUOISSIWpe Bnup ssiaApe Buipuodsaliod pue suon
1132 Ul pabueyd 10U pue (50— O} 120 |eNdsoH- -edlpaw [njwiiey Ajjenusiod aziubodas  Iap|o LCC Sal1l|1oe)
D %56 ‘€770—) db Ul ul pasemo| sbrup  ssaudleudosdde  SYIUOW 01 $SINU S|geUd O PawIe Jels buisinu  pue = S1uapisay BuAj| 104 l6€]
|njuey Ajjenualod Jo Jaquunu ueaw- uoNedIP3IN- 71 10} SUOISSS Bulules} SAIIIRIRUI Y- OMI- 9 0z =Aupe4 pa3sIssy  -1a1snD puejul4 10z e 12 eleYid €T
*101e2NPa 31 Ag papiroid syiuow
s||e4- 9 10} (duoyd ein) uoddns puewsp-uo -
(1YV1S-ddO1S) S9DUDI3J21 pUP [elidleul
‘%6EC  ssaureldoidde [BUOIEINPS PaAIRIAJ Os|e syueddied-
—€'GZ Woij dnoib uonuaAIIul YL Ul uonesIpaly -9)doad Jap|o ul suondeal
abueyd Apuedylubis Jou pue %87-£61 SuoISSIwpe Bnip asianpe pue ‘doyssiom |4 1S
dn al
S)NSal Jo Alewiung SOWOdINO  -MO||04 uonuaAIRd|  2by  azIs ojdues pumas  ubissg AIUnoD  JeaA Joyiny  Apnig

(Panuu0D) S3IPNIS PIPN|PUL AU JO SDIISHIdRIRYD APNIS | djqeL



Almutairi et al. BMC Geriatrics (2020) 20:236

Background

Inappropriate medication prescription encompasses mis-
prescribing, overprescribing, and underprescribing. Mis-
prescribing involves the use of medication that
significantly increases the risk of adverse drug events
(ADEs) and involves incorrect dose, frequency, adminis-
tration and duration. Use of medications that are likely
to cause drug-drug interactions or drug-disease interac-
tions is also an aspect of misprescribing. Overprescribing
involves the use of medications without clear indica-
tions. Underprescribing is the omission of clinically-
indicated medication that may have potential benefit for
treatment of the disease [1].

Residents of aged care facilities (RACFs) are often frail
and have multiple comorbidities. On average RACF resi-
dents take more medications than younger age groups,
and more than community-dwelling elderly with similar
disease complications [2]. They are frequently prescribed
multiple medications that can increase the risk of ADEs,
morbidity and mortality [3, 4]. Moreover, the majority of
these residents have dementia and the use of psycho-
tropic drugs is typically high. Age-related changes in
pharmacodynamics and pharmacokinetics, multiple co-
morbidities, and the presence of polypharmacy are the
main factors often associated with ageing that makes op-
timisation of drug therapy a complex task. Furthermore,

Previous studies indicate that about 40% of prescrip-
tions for RACF residents may be suboptimal or inappro-
priate [5]. Consequently, there is a heightened risk of
adverse drug reactions (ADRs), hospitalisations, and
medical expense [3, 6]. Therefore, there is an urgent
need to improve prescribing and to optimise drug ther-
apy for older people living in care homes [5, 7].

Medication optimisation is a person-centred approach
designed to ensure medication safety and improved clin-
ical outcomes via effective use of medicine [8, 9]. A range
of interventions for optimisation of prescribed medica-
tions in RACFs have been developed to potentially opti-
mise prescribing. These include medication review,
education programs, the use of clinical decision support
technology, and multidisciplinary case-conferencing.
These interventions have been evaluated to determine the
effect of optimising prescribing in nursing homes and in
older people with dementia, but the results were not
pooled statistically [10-12], and the nursing home specific
data require updating. The 2011 review concluded that in
nursing homes, educational interventions including aca-
demic detailing seems to show most promise [12]. The
other 2011 review found that education and pharmacist
drug review may reduce inappropriate drug use under cer-
tain circumstances [11]. The other 2018 review of 18 ex-
perimental studies specific to older people living with
dementia in any setting concluded that the improvement
of medication appropriateness is supported by emerging
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evidence, and the impact of these interventions on demen-
tia patients’ outcomes required more research [10].

We therefore aimed to systematically review the avail-
able interventions conducted by a health professional
that aimed to increase the appropriateness of medica-
tions used in residential aged care facilities and to evalu-
ate their effects on medication appropriateness and
residents’ clinical outcomes.

Methods

This systematic review was conducted and reported in com-
pliance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines [13]. A
PRISMA checKklist can be found in Additional file 1. The re-
view was registered with the international prospective regis-
ter of systematic reviews PROSPERO CRD42020148669.

Data sources and search strategy

An electronic search of the literature was conducted
from inception to May 2019 using the following data-
bases — MEDLINE, PubMed, Google scholar, Psy-
cINFO. A combination of the following keywords and
MeSH terms were used: “Optimize OR improve OR
maximize OR optimization AND medication OR drugs
OR medicines AND side effects OR safety OR adminis-
tration OR review AND nursing homes OR residential
OR aged care”. The reference lists of the relevant articles
and reviews were hand-searched to further identify any
additional studies. The complete search strategy is pre-
sented in Additional file 2.

Study selection

The title and abstract of all retrieved articles were ini-
tially reviewed to find those potentially relevant to the
study area. The abstract of the selected papers was
assessed against five inclusion criteria: (i) randomised
controlled trials (RCTs) and cluster randomised con-
trolled trials (cRCTs); (ii) residents’ age 60 and older;
settings are residential aged care facility or nursing
homes or residential continuing care hospitals; (iii) inter-
ventions to increase the appropriateness of medications
used in nursing homes (iv) reported in English; (v) pub-
lished between 1980 and 2019.

Data extraction and quality assessment

Details of the included articles were independently ex-
tracted by two authors (H.A, and L.F). Data included de-
tails of the authors, publication year, country, study
design, age, setting, sample size, intervention, follow-up,
outcomes, and summary of results. Table 1 depicts the
study characteristics of the included studies.
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Studies included in quantitative synthesis
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J

Assessment of risk of Bias

The quality of each article and risk of bias were assessed
independently by the two reviewers (H.A, and L.F). For
assessing risk of bias we used the Cochrane Collabora-
tion’s tool [42]. The studies assessed based on standard

criteria: adequate sequence generation, allocation con-
cealment, blinding of participants and personnel, blind-
ing of outcome assessment, incomplete outcome data,
selective reporting, and other bias. Risk of bias tables
provided in RevMan v5.3 was used to assess reporting
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bias. See Risk of Bias in Included Studies Section (Figs. 2
and 3).

Statistical analysis

Outcome measures such as medication appropriateness,
hospitalisation, mortality and other outcomes were
assessed for heterogeneity and were pooled for meta-
analysis using fixed effects methods if little heterogeneity
was found or using random effects methods if hetero-
geneity was present (P value < .05). The software Review
Manager (RevMan) version 5.3 (The Cochrane Collabor-
ation, The Nordic Cochrane Centre, Copenhagen,
Denmark) was used. The risk ratios (RR) for dichotom-
ous outcomes with 95% confidence intervals (CIs) were
calculated. Heterogeneity was measured by /2. Continu-
ous outcomes were expressed as mean difference (MD)
and standardized mean difference (SMD) between
groups with a 95% confidence interval (95% CI). Funnel
plots were used to assess possible publication bias (Add-
itional file 3: Figs. S1 to S9). Effect estimates were con-
sidered statistically significant of the p value was less
than 0.05 (2 tailed).

Results

The literature search provided a total of 6024 potentially
relevant publications. Following independent screening
for eligibility, 106 articles were assessed for eligibility of
which 25 RCT's and cRCTs were included in this system-
atic review. The flowchart of the literature search is rep-
resented in Fig. 1.

Study design

The design consisted of 15 studies [14, 17, 19-24, 27,
29-33, 38—40] comprising five cRCTs and 10 RCTs [15,
16, 25, 26, 28, 34-37, 41].

Country and settings

Trials in residential aged care settings or residential con-
tinuing care hospitals (long-term care) were conducted
in the USA (n =5) [14-16, 22, 33], Australia (n =5) [23—
26, 41], UK (n =3) [21, 27, 28], Norway (n =2) [32, 35],
and one each in Canada [30], Israel [37], Sweden (4 pa-
pers reported results of one) [17-20], Finland [39], Spain
[38], Switzerland [36], Ireland [31], New Zealand [40]
and one combined between USA and Canada [29] and
one combined between UK and Ireland [34].

Participants

Studies included involved older people living in residen-
tial aged care facilities aged 60 years and older with a
mean age range of 81.2 to 87.2 years.
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Interventions

Various interventions applied by pharmacist, physician
or a multidisciplinary team (physicians, pharmacists, and
nurses) in the included studies were evaluated. Methods
to review residents’ medications were presented in 12
studies [21, 23, 25, 28, 31, 33—-38, 41]; nine studies [14—
16, 22, 26, 27, 32, 39, 40] investigated the impact of staff
education, four studies [17, 20, 24, 25, 40] evaluated the
implementation of multi-disciplinary case conferencing,
and two studies [29, 30] evaluated computerised clinical
decision support systems.

Outcomes

Most outcome measures in the reviewed studies were re-
ported as (a) medication appropriateness (n=16) [14—
17, 19, 23-27, 30, 31, 35-39], hospital admission (n =
11) [21, 23, 25, 28, 33, 34, 37-41], mortality (n =9) [21-
23, 28, 33, 34, 37, 39, 40], medication-related problems
(n=7) [18, 20, 21, 23, 25, 28, 36, 37], falls (n=7) [26—
28, 31, 33, 38, 41], quality of life (n=5) [27, 34, 37, 39,
41], Behavioural and Psychological Symptoms of De-
mentia BPSD (1 =4) [15, 16, 27, 32], ADEs (n=2) [25,
29], and cognitive function (n = 2) [15, 35].

Medication appropriateness

Medication appropriateness was assessed in 11,470 resi-
dents encompassing 16 RCTs [14-17, 19, 23-27, 30, 31,
35-39] by different tools including Medication Appropri-
ateness Index (MAI) [24—26], STOPP-START criteria [37,
38], indicators of appropriate neuroleptic prescribing in
nursing homes [27], Beers criteria, Anticholinergic Drug
Score (ADS), number of psychotropic medications and
non-steroidal anti-inflammatory drugs (NSAIDs( [39].

Other outcomes

Hospital admission

Eleven studies [21, 23, 25, 28, 33, 34, 37-41] specified
hospital admission as an outcome measure. Furniss et al.
[21] reported in-patient days as hospital admission. Rob-
erts et al. [23] investigated the proportion of hospitalised
residents. Crotty et al. [25] reported hospital usage based
on unplanned visits to emergency department and hos-
pital readmission. Zermansky et al. [28] reported hospi-
talisation rate during a 6-month period per resident.
Lapane et al. [33] investigated any hospitalisation and
potential ADE-related hospitalisation in a randomised
cluster trial. Pope et al. [34] reported the number of
admissions to acute hospital. Frankenthal et al. [37]
reported hospital admissions. Garcia-Gollarte et al.
[38] reported the total number of days spent in hos-
pital. Pitkala et al. [39] reported hospital days/resi-
dent/year. Connolly et al. [40] reported all acute
admissions and ambulatory sensitive hospitalisations.
Potter et al. [41] reported hospital admission as the
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Fig. 2 Risk of bias graph

proportion of residents experiencing an unplanned
hospital admission.

Mortality

Nine studies [21-23, 28, 33, 34, 37, 39, 40] included
mortality as an outcome measure. Furniss et al. [21] re-
ported mortality as a number of deaths over 8-months,
by Zermansky et al. [28] over 6-months. The number of
deaths was reported by Stein et al. [22] over a 3-month
evaluation period, by Pope et al. [34] over a 6-month
period, and by Frankenthal et al. [37] over 1 year. Rob-
erts et al. [23] reported residents’ cumulative survival
and death proportion for 1 year. Lapane et al. [33] calcu-
lated the average percentage of mortality per 1000
person-months. Pitkala et al. [39] used a Cox propor-
tional hazard model to calculate hazard ratios. Connolly
et al. [40] reported death risk ratio over 14 months.

Falls

Seven studies [26-28, 31, 33, 38, 41] included falls as an
outcome measure. Crotty et al. [26] calculated the per-
centage of residents who fell in 3 months prior. Fossey
et al. [27] reported the proportion of residents who had
at least one fall over a 12-month period. Zermansky
et al. [28] reported number of falls over 6 months. Pat-
terson et al. [31] calculated falls rate per 100 resident-
months. Lapane et al. [33] reported the number of
people falling over 12 months. Garcia-Gollarte et al. [38]
reported the number of falls and fallers post-
intervention. Potter et al. [41] reported the proportion of
patients with one or more falls.

Medication - related problems

Seven studies [18, 20, 21, 23, 25, 28, 36, 37] included
medication - related problems as an outcome measure.
Claesson and Schmidt et al. [18, 20] reported the type and
frequency of drug-related problems discussed by clinical
teams and their recommendations. Furniss et al. [21] re-
ported the total number of recommendations made by the

pharmacist, and the accepted recommendations by the
general physician (GP) and the actual changes in medica-
tions. Roberts et al. [23] calculated the number of drug
changes. Crotty et al. [25] categorised medication-related
problems to different categories such as high dose, admin-
istration time and no indication. Zermansky et al. [28]
measured the recommendations made by the pharmacist
against the number of accepted/rejected recommenda-
tions of the doctor. Milos et al. [36] measured the percent-
age of medications changed. Frankenthal et al. [37]
measured the number of recommendations accepted by
the GP according to the STOPP-START criteria. There
was no extractable data for this outcome and therefore
meta-analysis was not performed.

Quality of Life (QoL)

Five studies [27, 34, 37, 39, 41] reported patient Quality
of Life (QoL). Fossey et al. [27] reported rating for well-
being in residents. Pope et al. [34] measured QoL by
asking patients with Abbreviated Mental Test Score
(AMTS =28) or staff who were familiar with the patient
about whether the intervention had been of benefit.
Frankenthal et al. [37] used the Medical Outcomes Study
12-item Short-form Health survey (SF-12). Pitkala et al.
[39] used the 15-dimensional instrument of health-
related QoL (15D). Potter et al. [41] used self-reported
QoL assessed with Quality of Life in Alzheimer’s De-
mentia (QOLAD).

Behavioural and Psychological Symptoms of Dementia
(BPSD)

Four studies [15, 16, 27, 32] assessed Behavioural and
Psychological Symptoms of Dementia (BPSD). Rovner
et al. [15] reported behaviour disorder. Fossey et al. [27]
reported aggression events in past 12 months and Testad
et al. [32] used the Cohen-Mansfield agitation inventory
tool (CMAI) to measure agitated behaviour of residents.
Meador et al. [16] used Nursing Home Behaviour Prob-
lem Scale (NHBPS).
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ADEs

Two studies [25, 29] reported ADEs. One study defined
ADE as an injury resulting from the use of a drug [29].
Crotty et al. [25] investigated number of ADEs during
the 8-week follow-up period.

Cognitive function

Two studies [15, 35] included cognitive function as an
outcome measure. Rovner et al. [15] used the Norwegian
version of the global cognitive test Mini-Mental Sate
Examination (MMSE) to assess cognition. Kersten et al.
[35] used the Consortium to Establish a Registry for Alz-
heimer’s Disease (CERAD)‘s 10-word list test for delayed
recall and recognition and MMSE.

Risk of bias in included studies

Assessment of the risk of bias is summarised in (Figs. 2
and 3). Except for nine studies with unclear risk [14, 16,
17, 19, 20, 22, 32, 35, 37], the remaining 16 studies had
low risk of selection bias. Performance bias was high in
21 (77.8%) studies [15, 19-21, 23-26, 28—34, 36—41]; de-
tection bias was high in eight (29.6%) studies [15, 19, 21,
23, 26, 31, 33, 35], and allocation concealment was
found in four (14.8%) studies [15, 26, 27, 35]. In most of
the studies, blinding of participants and staff was not
possible due to the nature of the intervention.

Effectiveness of the interventions
Medication appropriateness
Meta-analysis of medication appropriateness (Fig. 4) in-
cluding 6754 residents [15, 17, 23-27, 30, 31, 37-39]
showed a significant improvement on medication appro-
priateness (RR 0.71; 95% confidence interval (CI): 0.60,
0.84, despite high heterogeneity (P< 0.00001; I* = 91%).
This outcome was assessed for the intervention subtypes
of staff education (RR 0.66, 95% CI:0.43, 1.01), imple-
mentation of multi-disciplinary case conferencing (RR
0.97,95% CI:0.92, 1.03) computerised clinical decision
support systems (RR 0.78, 95% CI:0.64, 0.95) and medi-
cation review (RR 0.62 95% CI:0.41, 0.93) (See Fig. 5).
The standardised mean difference of medication ap-
propriateness scales for the remaining two Crotty et al.
studies [24, 25] was calculated separately (standardised
mean difference = - 0.67; 95% CI: - 0.97, - 0.36) with a
heterogeneity of I” = 3%.

Other outcomes

Hospital admission

Meta-analysis of hospital admission (Fig. 6) as an out-
come measure investigated in 11,272 residents resulted
in the analysis of eight studies [25, 28, 33, 34, 37, 38, 40,
41] (10,610 residents), which showed that interventions
have no effect on hospital admission RR = 1.00, 95% CI:
0.93,1.06) with a heterogeneity of I* = 0%.
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Mortality

Meta-analysis of mortality (Fig. 7) as an outcome meas-
ure investigated in 13,675 residents [21-23, 28, 33, 34,
37, 39, 40] showed no significant difference between the
intervention group and control group (RR 0.98, 95% CI:
0.86,1.11, P = 0.07) with a heterogeneity of I* = 43%.

Falls

Meta-analysis of falls (Fig. 8) as an outcome measure in-
vestigated in 9382 residents [26-28, 31, 33, 38, 41]
showed that interventions had no effect on falls (RR =
1.06; 95%CI: 0.89,1.26) with a heterogeneity of I* = 87%.

Medication- related problems

Claesson and Schmidt et al. [18, 20] found 819 medica-
tion -related problems in 395 participants resulting in an
action taken in 90% (737) with withdrawal of a drug in
368 (45%) and change of medications in 162 (20%). Fur-
niss et al. [21] reported that 239 (92%) of 261 recom-
mendations were accepted by the GP resulting in change
in therapy in 144 patients. The most common reasons
for recommendations (33%) were the medication indica-
tion was no longer present. Roberts et al. [23] found that
medication reviews resulted in changes to medications
in 54 (39%) of residents. Crotty et al. [25] reported that
the most common medication-related problem identified
in control and intervention groups was that the residents
were allocated to a new family physician when transfer
to long-term care facility (n=35, 62.5% intervention;

n =41, 75.9% control). Zermansky et al. [28] found a sig-
nificant difference in the mean number of drug changes
per resident (mean 3.1, SD=2.7 for intervention and
mean 2.4, SD = 2.6 for control) (P < 0.0001). Milos et al.
[36] found similar number of drug-related problems be-
tween community-dwelling patients (mean 2.55, SD =
1.29) and nursing home residents (mean 2.53, SD = 1.33)
(p=0.767). 56% of drug-related problems resulted in an
action taken and change of medications (mean 1.44,
SD =1.33) with no difference between the community
dwelling and the nursing home patients (p =0.946).
Frankenthal et al. [37] made 327 recommendations - 245
in 129 residents based on STOPP and 82 in 65 residents
based on START. The physician accepted 82.4% of
STOPP recommendations and 92.6% of START
recommendations.

Quality of Life (QoL)

Meta-analysis of quality of life (Fig. 9) outcomes in 570
residents, of a total of 1141 residents that included QoL
as an outcome measure, found that the interventions
had no effect on residents’ QoL (standardised mean dif-
ference = 0.16 95% CI:-0.13, 0.45) with a heterogeneity of
2 = 57% between trials [37, 39, 41]. Pitkala et al. [39] re-
ported that health-related QoL in the intervention group
(- 0.038, 95% CI: - 0.054, — 0.022) declined more slowly
than in control group during 12-month follow-up (-
0.072, 95% CI: —0.089, - 0.055). Frankenthal et al. [37]
found no significant difference between groups in the
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Fig. 5 Subgroup analysis of the effect of interventions medication review, multi-disciplinary team meetings, staff education and computerised
clinical decision
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(intervention mean 37.7 £ 1.7, control mean 39.6+11.3  two studies [15, 27] comprising 419 residents showed no
p =0.70) of the SF-12 questionnaire.
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Experimental Control Risk Ratio Risk Ratio
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Fig. 7 A meta-analysis of the effect of interventions on mortality
J

significant change after the intervention (RR 0.68, 95%
CI: 0.44,1.06; I* “0%) (Fig. 10).

ADEs

Of the 1206 residents [25, 29] examined for ADEs after
the intervention. Neither of the two RCTs reported any
statistically significant differences in ADEs between the
intervention and control groups. The RR for all ADEs
was 1.04 (95% CI: 0.96,1.13; I* “0%) (Fig. 11).

Cognitive function

Meta-analysis of 145 residents [15, 35] indicated that the
interventions had no effect on cognitive function
(weighted mean difference = 0.69, 95%CI: - 1.25, 2.64)
(Fig. 12). No heterogeneity was detected between trials
(* -0).

Discussion
This systematic review examined how a wide variety of
interventions optimise medications prescribed in nursing

homes, when applied either individually or through
multi-faceted approaches. Our meta-analysis of available
data showed that the interventions implemented in the
included studies can improve medication appropriate-
ness in older residents, although heterogeneity was high
among included studies. Whilst these results were prom-
ising, the impact on the residents’ clinical outcomes was
undetectable. There was limited evidence for effective-
ness of interventions in reducing hospitalisation, all-
cause mortality, falls, ADEs, cognitive function or BPSD.

There are several published systematic reviews on clin-
ical outcomes of different interventions conducted in aged
care homes. In a review by Forsetlund and colleagues [11],
the authors found that both educational outreach/educa-
tional interventions and medication review by pharmacists
under certain situations could reduce inappropriate drug
use in nursing homes. However, they reported that the
evidence was of poor quality and too low to assess the ef-
fect of the interventions on health outcomes. A review by
Loganathan et al. [12] grouped the interventions into four
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Fig. 8 A meta-analysis of the effect of interventions on falls
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groups (staff education including academic detailing,
multi-disciplinary team meetings, medication review, and
computerised clinical decision support system). No one
interventional strategy was found to be effective. However,
the most promising intervention seems to be education
including academic detailing. That review reported that
multifaceted interventions are likely to be required to im-
prove prescribing in care homes [12]. A narrative review
by Shafiee et al. [10], which included 18 studies, seven of
them RCTs, found that the interventions may improve
medication appropriateness in people with dementia in
any settings, but the evidence for the effect of the inter-
ventions on health outcomes remained uncertain.

Our findings on clinical outcomes are in line with that
of previous reviews [43, 44], which found no evidence
for the interventions impacting resident’s clinical out-
comes such as ADEs, mortality, QoL and hospital admis-
sion. Since the elderly often exhibit non-specific clinical
symptoms such as depression, constipation, falls and
confusion, it is difficult to detect ADEs as opposed to
the general condition of the residents. Another possible
reason for the lack of significant effect of interventions
on falls and ADEs may be the potential for underreport-
ing of incidents that were obtained from nursing re-
cords. The lack of effect of interventions on QoL in the
treatment group compared to the control may be attrib-
uted to the wide variation in the length of the follow up
period (3—12 months) [43].

Interventions that focus on individual team members
may had limited effectiveness in busy clinical environ-
ment. For example, the educational intervention deliv-
ered by a pharmacist [26] failed to have any significant

demonstrated that the lack of effect was attributed to
staff attrition, short study duration, and not all the phy-
sicians in the recruited homes participated in the study.

Very few of the interventions were based on strong
theoretical foundations. An exception was the educa-
tional study by Pitkéld et al. [39], who suggested that the
use of constructive learning theory to recognise poten-
tially harmful medications was more likely to change
practice in healthcare than using lectures alone. Deficits
in the education of health careworkers were thought to
be important. Forsetlund et al. [11] suggested that health
care providers receive inadequate training in geriatric
medications in their education. Therefore, any interven-
tion for minimising medications usually requires some
form of education.

Although our primary focus was on clinical outcomes,
some interventions demonstrated a decrease in
medication-related costs. Frunsis et al. [21] reported a
reduction in the cost of medicine per resident over 4
months period by 27.47 GB Pounds in the intervention
group. Roberts et al. [23] reported savings in drug cost
(64 AUD/ resident/year in intervention group) in the
clinical pharmacy program. Frankenthal et al. [37] found
a significant reduction in the average monthly costs of
medications in the intervention group ILS 279 +171.9
compared to baseline ILS 382.7 + 279 (P<0.001) at 12
months follow-up period. Pope et al. [34] reported a net
reduction in medication cost in intervention group over
a 6-month period. While, Crotty et al. [24] reported
similar Pharmaceutical Benefit Scheme (PBS) monthly
drug costs of regular medications between groups (mean
AUD 359 in intervention versus AUD 303 in control

effect on major outcomes. The investigators (P =0.837). These interventions require resources and
Experimental Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Fossey 2006 14 173 16 165 44.1%  0.83[0.42, 1.66]
Rovner 1996 12 42 20 39 55.9% 0.56 [0.32, 0.98]
Total (95% CI) 215 204 100.0% 0.68 [0.44, 1.06]

Total events 26 36
Heterogeneity: Chi = 0.82, df =1 (P = 0.37); I?= 0%
Test for overall effect: Z=1.72 (P = 0.09)

Fig. 10 A meta-analysis of the effect of interventions on Behavioural and Psychological Symptoms of Dementia (BPSD)
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Total events 431 359

Fig. 11 A meta-analysis of the effect of interventions on adverse drug events (ADEs)
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therefore, evaluating these interventions economically
and their cost-effectiveness should be considered in fu-
ture research.

Strengths and limitations

This systematic review was based on a comprehensive
search of the literature that was limited to 25 studies
with robust design (RCT, cRCT) and compared to previ-
ous reviews on related topics [12, 44], our sample size
may be regarded as sufficiently powered.

Another strength of this review was a focus only on
residents in care homes. The nursing home population
is at heightened risk of receiving multiple drugs because
of their comorbidities. Therefore, evaluating specific
available interventions optimising medications in this
setting is required. We were able to complete meta-
analyses to pooled the overall effects.

This study is not without limitations. We included
only English language publications, which may lead to
potential omission of other interventions. Although
MEDLINE, PubMed, Google scholar, and PsycINFO da-
tabases were searched for relevant articles, some studies
indexed in other databases may have been missed. We
identified several additional articles manually which may
indicate poor indexing of older studies and a lack of
consistent terminology.

Due to the nature of the interventions, performance
and detection biases may have resulted from the diffi-
culty in maintaining blinding. Meta-analysis of some
studies was difficult due to the variations in the

measurement of specific outcomes. Certain outcomes,
such as cognitive function, were examined in a lim-
ited number of articles, reducing the power of the
analysis. Further, certain studies were small or had
short study periods, which may potentially limit the
effect of an intervention on the outcomes. We
attempted to evaluate medication-related problems
such as drug interactions, number of pharmacist rec-
ommendations etc. but these outcomes were not con-
sistently reported in the studies and this our ability to
draw any robust conclusions was limited.
Heterogeneity was notable among some studies in-
cluded in the meta-analysis. The factors that caused this
heterogeneity were difficult to discern. Due to differ-
ences in training, the characteristics of the nursing home
residents, healthcare culture, the number of physicians’
visits and their usual practices the ability to generalise
findings from one country to another is difficult.

Implications for research and practice
In view of the considerable investment in strategies
aimed at improving medication appropriateness in
RACFs worldwide, our findings question the value of
such interventions based on the apparent lack of out-
comes that may be meaningful to RACF residents.
Large, high quality RCT studies are required to
identify effective interventions to optimise medications
used in RACFs. Regarding physicians or staff accept-
ance of the intervention, only limited information was
provided in the studies. Further qualitative study
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Fig. 12 A meta-analysis of the effect of interventions on cognitive function
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utilising semi-structured interviews may provide use-
ful information to obtain the opinion of healthcare
professionals with regard to process outcomes, such
as whether the intervention was perceived to be suc-
cessful or not, and to identify the potential means to
overcome the barriers to changing professional behav-
iour by this method. More intensive interventions on
medical and care staff with more stringent monitoring
may be required.

Conclusion

This systematic review found that multifaceted interven-
tions including medication review, staff education/train-
ing, multi-disciplinary case-conferencing and clinical
decision support technology could improve the appro-
priateness of medications at RACFs. However, evidence
for the effect of these interventions on residents’ clinical
outcomes was scarce and no conclusion could be drawn.
More robust clinical studies are required to ascertain the
health outcomes benefits.
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