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Abstract

Background As the ageing population continues to grow in many countries, the prevalence of geriatric dis-

eases is on the rise. In response, healthcare providers are exploring novel methods to enhance the quality of life

for the elderly. Over the last decade, there has been a remarkable surge in the use of machine learning in geriatric
diseases and care. Machine learning has emerged as a promising tool for the diagnosis, treatment, and management
of these conditions. Hence, our study aims to find out the present state of research in geriatrics and the application
of machine learning methods in this area.

Methods This systematic review followed Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines and focused on healthy ageing in individuals aged 45 and above, with a specific emphasis

on the diseases that commonly occur during this process. The study mainly focused on three areas, that are machine
learning, the geriatric population, and diseases. Peer-reviewed articles were searched in the PubMed and Scopus
databases with inclusion criteria of population above 45 years, must have used machine learning methods, and avail-
ability of full text. To assess the quality of the studies, Joanna Briggs Institute’s (JBI) critical appraisal tool was used.

Results A total of 70 papers were selected from the 120 identified papers after going through title screening,
abstract screening, and reference search. Limited research is available on predicting biological or brain age using
deep learning and different supervised machine learning methods. Neurodegenerative disorders were found to be
the most researched disease, in which Alzheimer’s disease was focused the most. Among non-communicable dis-
eases, diabetes mellitus, hypertension, cancer, kidney diseases, and cardiovascular diseases were included, and other
rare diseases like oral health-related diseases and bone diseases were also explored in some papers. In terms

of the application of machine learning, risk prediction was the most common approach. Half of the studies have used
supervised machine learning algorithms, among which logistic regression, random forest, XG Boost were frequently
used methods. These machine learning methods were applied to a variety of datasets including population-based
surveys, hospital records, and digitally traced data.

Conclusion The review identified a wide range of studies that employed machine learning algorithms to analyse
various diseases and datasets. While the application of machine learning in geriatrics and care has been well-explored,
there is still room for future development, particularly in validating models across diverse populations and utilizing
personalized digital datasets for customized patient-centric care in older populations. Further, we suggest a scope

of Machine Learning in generating comparable ageing indices such as successful ageing index.
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Background

The continuous progress in medical technology and
advancements in living standards have enabled an
increasing number of people to live to an advanced age.
However, with old age comes a multitude of health issues,
and simply living longer does not guarantee a state of
good health. According to the World Health Organiza-
tion (WHO) report, the share of the older population that
is above 60 years of age is expected to double between
2015 and 2050, among which nearly 80 percent are from
low and middle-income countries [1]. The persistence
of communicable diseases, along with an increase in the
prevalence of non-communicable diseases, has led to a
reduction in the health and well-being of older people. To
benefit from the changes in demographics, every nation
faces significant challenges in ensuring that its healthcare
and social systems are well prepared.

Health and well-being of the elderly
The absence of sickness is not the only indicator of good
health. Health encompasses the aspects of physical,
psychological, and social well-being [2]. The research-
ers given evidence that many older persons categorized
as healthy based on the medical tests had vulnerabilities
exposed to lifestyle-related or psychological problems,
which affected their risks of dying or being handicapped
within five years [3]. On the other side, some persons
with chronic conditions possessed several qualities that
kept them healthy. Overweight older persons with other-
wise good physical and mental health, for example, had
the lowest chance of dying or becoming handicapped.
So, there are different kinds of illnesses faced by older
adults. Physical vulnerabilities such as vision problems,
loss of hearing, functional disability, chronic obstructive
pulmonary diseases, cerebrovascular, cardiovascular dis-
eases, and cancer are common illnesses experienced by
old age people all over the world. Apart from these, obe-
sity is another health concern that is affecting an increas-
ing number of seniors around the country. Age-related
increases in obesity peak in the 60 s and 70 s increasing
the risk of diabetes, arthritis, cardiovascular disease, and
several cancer types. According to the Longitudinal Age-
ing Study of India (LASI), 75% of the elderly suffer from
chronic diseases and 40% have a disability due to various
factors [4].

The mental health of older is equally significant as
their physical health. With the increase in life expec-
tancy, mental illness has significantly influenced the

older person’s quality of life. Cognitive deficits, dementia,
depression, and anxiety disorders are some of them. It
has been pointed out by many researchers that middle-
and low-income countries invest a very lesser amount
for mental illness and most of it is neglected. At the same
time, mental health disease awareness is minimal. Many
individuals assume that memory issues and emotions of
depression or pessimism are inevitable as they become
older, so they delay or avoid getting help. As reported in
the World Alzheimer Report 2021, 75% of people with
dementia globally are undiagnosed [5]. Many elderly peo-
ple, particularly those residing in long-term care institu-
tions, are affected by depressive disorders and symptoms.
As a result, the demand for mental health treatment in
old age is becoming more widespread and urgent.

Machine learning in geriatric research

Machine Learning (ML) has revolutionized the technol-
ogy sector with its day-to-day applications. Many devel-
oped countries are now adopting this technology to
enhance their healthcare service [6]. This raises the ques-
tion of whether ML will be a powerful tool for enhanc-
ing gerontological research. Developing an accurate and
quick diagnosis is one of the most difficult aspects of care
for geriatric patients. Such individuals bring complicated
medical histories and clinical circumstances to health-
care settings, necessitating a focus on how to enhance
patient care outcomes for this group. A statistical foun-
dation underpins ML. This should be self-evident, given
that ML requires data, which must be characterized
using a statistical framework. It allows the user to submit
an enormous quantity of data to a computer algorithm,
which the computer may then evaluate and make data-
driven suggestions and judgments based only on the sup-
plied data [7]. This approach is promising since it readily
discovers trends and patterns in a large dataset, is easy
to handle multi-dimensional and multi-variety data, has
wide applicability in practically every discipline, and is
constantly improved.

Need of the study

Numerous systematic literature reviews have delved
into the utilization of machine learning within the realm
of geriatric research. Choudhury and colleagues con-
ducted a comprehensive examination of the application
of machine learning in geriatric clinical care, and they
observed the absence of standardized metrics for evalu-
ating machine learning models, as well as the pressing
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need for tailored data governance in the healthcare
domain [8]. Another literature review explored the
integration of machine learning and artificial intel-
ligence in the context of geriatric mental health [9].
This review revealed that dementia stands as the most
extensively researched mental health concern within
this field, with inconsistent information availability for
other mental health issues. Olender et al. undertook a
systematic review of studies that used machine learning
techniques to predict clinical outcomes in older popu-
lations [10], while Leghissa et al. scrutinized research
papers focused on the detection, classification, and pre-
diction of frailty in older adults using machine learning
methods [11]. The summary of the objective and out-
come of these studies have been described in Table 1.
In the latter two decades of life, geriatric patients suffer
from a variety of ailments, including chronic illnesses,
frailty, cognitive decline, and functional dependency.
These individuals require high-quality clinical treat-
ment since their issues may lead to hospitalization. As a
result, effective solutions for enhancing geriatric clini-
cal care are required. Numerous studies from all over
the world have used ML to identify older people at high
risk for dementia, predict weakness, risk of falls, pneu-
monia, delirium, and acute kidney disease, and pro-
vide them care. The scope of this study encompasses a
comprehensive examination of aging-related concerns,
encompassing various facets such as brain age predic-
tion, biological age prediction, chronic diseases, mental
health issues, and cognitive disorders. Unlike previous
literature, which often concentrated on singular aspects
of aging, our research presents a holistic overview,
shedding light on the multifaceted aspects of the aging
process from creating successful ageing index to using
genome data to understand biological ageing, from risk
prediction, classification of around all geriatric diseases
to multimorbidity, the current study has a broader cov-
erage of literatures in ageing field. The present review
mainly focuses on studies that have applied different
ML algorithms for accessing the health and well-being
and diseases in the elderly population.

In the present study, we sought to explore two research
questions:

1. What is the current state of research on the applica-
tion of machine learning in addressing aging-related
issues?

2. How has machine learning been applied to study ger-
iatric diseases, the type of population, methods, and
datasets used?

So, the objective of the study is to understand the appli-
cation of ML in solving ageing-related issues by studying

Page 3 of 35

the available literature and looking into the more refined
measures and methodologies that will show a much bet-
ter picture of the issue.

Methods

Literature search strategy

The systematic review followed the guidelines of the
Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) [14]. In the current study, older
adults are defined as individuals aged 45 and above. The
study focuses on the healthy and successful attainment of
ageing, with the illness older adults face during this pro-
cess. PubMed and Scopus databases were used to search
original articles, as the authors have access to these data-
bases. The search was conducted focusing on the follow-
ing three major domains:

+ Machine learning
+ Geriatric population
+ Diseases that occur in old age

For machine learning, we used the keywords Machine
Learning, Unsupervised Machine Learning, Supervised
Machine Learning. The second set of keywords is Geri-
atrics, Aged, Older Population for older adults. For the
diseases, Diabetes Mellitus, Hypertension, Cancer, Car-
diovascular Diseases, Heart Diseases, Lung Diseases,
Chronic Obstructive Pulmonary Disease, Alzheimer’s
Disease, Parkinson’s Disease, Dementia, Mental Health
Disorders were used as keywords with OR operator in
both PubMed and Scopus for searching papers. Then we
combined these three sets of keywords with AND opera-
tor to get results for all three domains at once. In the
PubMed database, we used the available MeSH (Medi-
cal Subject Headings) terms related to our search. Only
title, abstract, and keyword sections were selected for
the search to get comprehensive and only important lit-
erature in the field. The literature search was done on 7th
April 2023 and 10th October 2023. The search strategy is
clearly explained in the Table 2.

The inclusion criteria of the study were:

+ DPeer-reviewed papers with available full-text

o Study includes older population and must have
focused on any geriatric disease

+ Implementation of machine learning algorithm

Primarily, the research articles were excluded using the
filter option of the database, based on the language (only
English language articles were selected). We excluded
papers focused on only the younger population, or have
applied different methodology other than machine learn-
ing, and the papers whose full-text version is not available
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Table 2 Search strategy
Domain PubMed search query Scopus search query
#1 Machine Learning ~ "Machine Learning*'[Mesh] OR "Unsupervised Machine  TITLE-ABS-KEY (( "machine learning" OR "supervised
Learning*"[tiab] OR "Supervised Machine Learning*'[tiab] machine learning" OR "unsupervised machine learning")
#2 Geriatric population  ((("Geriatrics*"[tiab]) OR "Aged*'[tiab]) OR "Health Ser- (elderly* OR "older population" OR geriatric*)
vices for the Aged*"[tiab]) OR "Frail Elderly*"[tiab]
#3 Diseases (((((((((("Diabetes Mellitus*"[tiab]) ("diabetes mellitus" OR hypertension OR cancer OR car-

OR "Hypertension*"[tiab]) OR "Early Detection
of Cancer*"[tiab]) OR "Cardiovascular Diseases*"[tiab])
OR "Heart Disease Risk Factors*"[tiab]) OR "Lung

diovascular OR heart OR stroke OR lung OR "pulmonary
disease" OR Alzheimer OR "Parkinson’s disease" OR "mental
health" OR dementia))

Diseases*"[tiab]) OR "Pulmonary Disease, Chronic
Obstructive*"[tiab]) OR "Alzheimer Disease*"[tiab])
OR "Parkinson Disease*"[tiab]) OR "Dementia*"[tiab])

OR "Mental Health*"[tiab]

Final search query #1 AND #2 AND #3

#1 AND #2 AND #3

on the web are also excluded from our study. However,
we included the studies covering both younger and older
populations; and some studies have used deep learning
methods, as this method is the advanced application of
machine learning methods and is often considered as a
subfield of it [15], the studies using only deep learning
methods were decided to be included. Both the review-
ers (A.D. & P.D.) carefully screened the titles and then
abstracts of all the papers and discarded the papers that
did not come under the scope of our research and vio-
lated our inclusion criteria. The selection of articles was
initially done by one reviewer (A.D.) and then checked by
another reviewer (PD.). Figure 1 illustrates the PRISMA
flowchart showing the number of articles screened,
included, and excluded in each step.

Data collection process and critical analysis:

Both the reviewers (A.D. & P.D.) studied all the selected
articles to collect useful information. The research arti-
cles were thoroughly read by one author (A.D.) and the
objectives, type of data used and the machine learning
methods used were summarised in an Excel sheet, which
was further examined by another author (P.D.) to check
the correctness.

Quality assessments of studies

The 70 studies were reviewed for quality by two authors,
AD and PD, independently, and arrived at one score with
mutual agreement using the Joanna Briggs Institute’s
(JBI) critical appraisal tool [16]. This tool is commonly
employed for evaluating the methodological quality of
studies, specifically analytical cross-sectional studies. It
comprises eight questions that address issues related to
internal validity and the risk of bias, including aspects
such as confounding, selection, and the clarity of study
sample reporting. A high risk of bias was determined if

positive responses were 49% or lower, a moderate risk of
bias if the measure fell between 50 and 69%, and a low
risk of bias if positive responses exceeded 70%.

Results
The use of machine learning in geriatrics and ageing
research has been on a significant rise since 2019, which
is shown in Fig. 2. In 2021, the number of published
papers was the highest compared to any other year.
Initially, we found 249 research articles from the Pub-
Med database and 1415 research articles from the Scopus
database, after using the filters according to our inclusion
criteria, the number was cut down to 120 peer-reviewed
research articles. However, out of these, only 100 papers
had free access. After screening the titles of the articles,
and screening the abstracts, a total of 70 articles were
selected for the critical analysis. The score of the qual-
ity assessment of the studies conducted using the Joanna
Briggs Institute’s (JBI) critical appraisal tool which is avail-
able in Table- S2 of the supplementary file. Among the 70
studies, a specific number, only 3 studies showed a mod-
erate risk of bias, while the remaining 67 studies demon-
strated a low risk of bias. Importantly, none of the studies
included in our review were identified as having a high
risk of bias. A summary of the machine learning appli-
cations in different geriatric diseases and their objective,
datasets, and findings are included in Table 3. Following
are the findings from the table, grouped by disease type.

Biological and brain age prediction

Biological age refers to an individual’s age as determined by
their physical and physiological health, as opposed to their
chronological age brain age on the other hand, is a measure-
ment of the age of an individual’s brain based on its physical
condition and function. The concept of biological age and
brain age is useful in understanding an individual’s over-
all health and risk of age-related diseases. By using neural
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Fig. 2 Research papers using ML over the years (from PubMed and Scopus databases)

networks and supervised ML algorithms on clinical datasets,  problems [13], measurement of healthy ageing [17], and the
biological age prediction [15] and brain age prediction [12]  association between the health status of older adults and envi-
were conducted by two different studies. Ageing-related ronmental and social factors [18—20] were studied extensively.



Page 7 of 35

841

(2023) 23

Das and Dhillon BMC Geriatrics

0b'8Ly=uondipaid
WopUel ‘80’65 = buluiea
deaq /0TS = 9poN Jedur]
‘|11 G =1S2104 wopuey

|opow bujwioyed

159Q 91 SeM Y "B1EP JO SIABM
# SNOIARID WO SWIY 341 Yum
JuIBW yieay ayl bumy Aq
1|ING SEM [9POW UOIDIP

-aid DLW YieaY v (¢
sa|gelleA d1ydelbouwapo

-120s BuIsn Aq 3|qelieA du1aw
41|eay mMau ay3 21eiauab o}
pasN sem [2pow Jeaul| v/ (|

|9PO Jeaur]
‘(NNY) buiuies dosq 152

109foud

smels yesy  SOHLTY ‘¥S13 40 sanem

SPOY1aW [euol}

-1pel1 Yyim Adeindde ayy
2JedWod 0} pue spoyiaw
Bulules| auiydew buisn
Burebe ul yieay Jo syueu

‘(Jou13 a1enbg uesiy) IS P31P3ID DUSM S|PPOW OM|  -J04 WOPURY -S|]oPOW A /Buiaby AyleaH 9 WO SYNPR ISP|0 607’9 -IUIISISP 31 31eN|eAS O 6102 [61] '|e 39 uenyobu3 ¥
SIOMIDN [BINSN
£oeINNde JO  [RIDYIIY ‘DUILDR JOIDIA
SWJ9) Ul POYI2W 159q aY3 S uoddng ‘Ba1] uoisidag
909'0=1I3Y NNY 2|doad Jap|o jo snieis  1500g9X ‘(NNY)sioqybiau
-1SSe|D) 152104 Wopuey yijeay ay1 1o1paid 01 |ny 152J83U-Y ‘UOISSIH3I
'GE9'0=13YISSe|D 1500gOX -9SN S| [9POW paysl|gelss Jesurt -spoylaW N (ST4VHD) spoylaw
'7/9°0=>3Ulyde\ JOIDSA AImau sy quswiRdx 1USIDLYJ20D UOIIR[RLI0D AaAIng euipnyibuo Bujules| aujydew buisn
1oddns ‘z/9'0=uoIssaibay SIY1 Ul [9poWl Jeaul|-uou e jo  uosiead ‘(D) 1US1DYJR0D 1USWRIIISY pUe YijesH 9|doad Jsp|o Jo suon
2151607 '669°0 =YIOMISN 1USWYSI|RISS PUB S2IN1es) UO[IBWIOJU| [eUIIXEIA| SN1els yijeay BUIYD SLOZ R ELOZJO  -IPUOD Yijeay ayi Jo Sio}
|BIN3N [eIDYIMY :ADRINDDY Jeaul|-uou Bunoenxe Ag -U011D3|3s aIn1ea /Buieby AyieaH  19se1ep pauIquiod //+'67  -dipaid syl a1ebjisaaul o) 0202 [81] e UD ¢
punos AjjesuiawoydAsd pue
9|qIsea) 5| $109dse [euonow
‘9AIIUBOD ‘|eINBUIIOSUDS ‘Al
-|lgow ‘ButuondUNy 1UI4IP JO
195 © SaPN|dUl D1IdW Y| SINBM
'ssado.d bulabe syl puels 152104 SSI0DP AJBA 1BY) SWS)l pue
-Iapun 03 Pasn aq ued Ya1ym wopuey ‘9311 UoIsidag Swia1l Joydue Buisn
1JOY0D e Ul Y}[eay Jo ain -spoylaw N ‘Apn3s jeuipnibuol e uj
-SeaWl e 91eaid 01 pajjdde sem yoeoidde SIABM JUSIDYIP SSOIDR
saibojopyiaw [ednAejue K103y asuodsay way| SN1els yieay SIABM ST XIS pasedwod aq ued 1ey)
VN e1eP 7 JO UOIIRUIqUIOD VY [9A3]1}NW UeISaAeg /Buisby AyyeaH  1siy W0l s103[gns 988’/ | 21025 Y1|eay e 21eaid o] /102 [£1]|e 12 o13)jeqeD) 4
SpoyiaW |y pue
|euon|pes Usamiag uon
-2Ipaid g uo JaxIewolq
[BDIUI|D UDBS JO dUD
-nul ay1 aledwod o] ¢
s|opow
| SNOleA U9amiaq
SI0MISU uondipaid yg Jo Adel
abe |ea160j01q Bunoipaid ul [eanau das( ‘Uolssaibal -nJde 2y} ajedwod o] 7
SPOYISW [DIISIIRIS [eUOIIPEI) 10199A Loddng ‘uols 2310y Ul siaylewolq
1'0=NNg buiwiopadino aduay ‘sjppoul -521631 4y ‘uoissaibal sjeudsoy Ajunwwod |eotuld buisn uonoipaid
‘8Q0=YAS '/6:0=15210} [eDNSIIe1S Uey) abesane uo diys gOX -SpoyIdW N IV /10T Yybnoiy1 510z woyy (vg) abe [esibojoiq ul
uwiopuey ‘9/:0=1s00gox  -Uofe|aJ Jeaul| J:obuois sawiy uolssalbail [elwoukjod sdn-yDayd Y1eay aunnos  SPOYISW [PONSIELS [EUOIY
'66'0=|BIWOUA|0d ‘¥’ 0 = e 9| Inoge padnpoud puz ‘uolssaibay Jeaur PaAII34 OYM 19P|0 10 07 -Ipes1 pue |y buikojdwa
-urq :anjeA pasenbs -y (NNQ Ajutew) sjppoud |y —Spoyiaw [euonipel| oby |ed1bojolg pabe $123[qns 67891 | S|opow a1edwod 0] | 120T [G1] e 1o wiy |
@uewJoyiad [apoy sbuipul4 spoylaw TN awodInQ 19s ejeq aAndRIqo paysijgnd Jeap oyiny OoN"S

$3IpN1s Jo Alewwing € ajqel



Page 8 of 35

841

(2023) 23

Das and Dhillon BMC Geriatrics

UOIUSA

-J21U1 JO JUSUUSSISSE [PUODUNY

Jayuny pasu oym syualied

U93125 0} Pasn 3¢ Ued pue

uoudIpaid ayrjo - Adeundde ybiy yum pasds 1eb

9699 = ANAINSUSS ‘9606 = A} juaned 1o1paid 03 3|ge sem
-Dy129dS 948/ = AdeINDDY 9241 uoIsPap s|dwis v

s 1e syuaned Jo
uonesyiiuapl 9y saroidw
X35 pue a6e 01 $321pul JUNOD
poojg |4 jo uonippe sy1 pue
4511 J9D2UBD [B12310|0D buluiw
-1919p JO1DB) [e1dNID B SI by
")l 9ALISP 01 pasn uonendod
1[9BIS| DY WOJ) 350U} YlM
9|gesedwod sanjeA DNy
pasnpoud HN 2yl woly erep
24ed Alewnd pa129)[03 Ajpull
VN -noJ 0} paljdde 3102s %S1 3y

(LLO=WWAS '80=14
'180=WgD ‘80=8ND
‘7£0=99X '80=41) el
N2V (S5°0=WAS ‘98°0=4Y4
‘760=WgD '980=9ND
'SL0=9DX '98°0=41) A1y
-102dS (98'0=NAS ‘€£0=44
'£0=INgD '€/ 0=49ND
£0=99X '€L0=y1) AU
-AISUSS (180 =IWAS
'£80=44'980=INgD
'80=49ND 78 0=49X
'S80=47) DOHNY

souewopad

anndIpaid 1599 8y pey
aulye bunsoog 1usipeln
J10128) JUBAS|R AUBU

-lwoud e s A)|IgepIoye SIIA
-195 21eD43[e3Y 1Y) PUNO) pUR
Buisbe |nysseddns o3 saINqul
-U02 1B $DS11DRIRYD POOY|
VN -oqybiau paynusp! Apnis ay |

J2YISSe|D 9211 UOISIDa(g

159104
wopuey—[apow T\
elep

SN UO [9pOW 33 51591
Apnis siyy pue eyep [aels|
Buisn paules) sem [9po
sisAjeue 9AN23ds0lIaY

(g9X)1500gOX
‘(INgD)auiydepy bunsoog
USIPeID ‘(NAS)SaUIYR

10309 Woddng
‘(Y)uolssaibay dnsibo
‘(44)152104 Wopuey
"(@ND) saheg aAteN
URISSNED-S|2pOW A
0SSV

1591 N ASUNYA-UUBL
-U01123|35 2In1ea

(LYW)
$931] UOISsa1bay d1eieA

-NINN TN Pasialednsun

(sausned

1061) V44o—piodal
|eDIpaW DIUOIID3|3

Siualied J19d
-ue) buowle [eAIAING

e1ep plodal
y1[eay dIUoIID3d aJed
Jaoue)  Arewd sjusned 6110557

uoljeujuexd
1D [euiwiopae pue

VX JUSMIIPUN OYm
sjualied Jo elep oS}
-DeJRYD [BDIUID DY) pUR
sabew | ) 2y pa123]|0D
(uef 1zoz o1 uef £107)

aseasigauog  [eudsoy woly synpe z/|

9107 '(S103)

sKanIns 9)17 Jo Aljend
ueadoing yunoy syl Woly
SalIUN0> cﬁmwao\_jm_

Buleby |nJssadong €€ WOl SYNPe ¢/'ST

SaWI DL JOMO|S
aney [|IM siuaied yoiym
1Ipaid A]3181N00E 0}
1591 (9N1) 09 pue dn
pawi] ueyl Jayio usw
-ssasse dielsb auyl Jo
suUaUOdWOd UO paseq
wyiuobje ue dojaasp 01
yoeoidde bBujuied)
QUIYDeW e 3z1jin o]

(i) duieeq yoiesssy
90132814 [BDIUID BY} UO
|9eIS| Ul paALRp wiyiobje
Sl 8y) 21enjeAs o

s15010d0a150

1Ipaid 01 Aydeibowoy
pa1ndwod [euiwopge
paduUBYURUN JO [9A3)

€7 94118 9NSSA 9PSNW
seosd uo paseq sjppow
Buiules| suiyoew jo
KiaueA e dojaasp of

$99.1 UOISSaIbal D1eleAl}
-Inwi Buisn sajyoid buieabe
pa1e1d0sse pue skemyied
Bujabe 1uaIayip asie)
-deJeyd pue AJuspl o

610¢

£10¢

[@dv4

Lcoc

[€7] |2 3o 1ueses 8

[z7] e e g /
[17] |28 bueny 9
[07] "2 38 Buom S

@uewJoyiad [ppoy sbuipuly

spoylaw TN

awodi1nQ 19s ejeq

an3lqo

paysijgnd Jeap

loyiny  oN"1S

(panunuod) € a1qey



Page 9 of 35

841

(2023) 23

Das and Dhillon BMC Geriatrics

UOIIBDYISSR[D YSH
AaAD 03 sJ0INQLIU0D Juepoduwl
2J9M UOISUSLIRdAY d1jo1seIp Ul

awl} abeuadiad pue Aujige

-leA ainssaid poojq axeme

‘91el 1eay Ajlep abelane

‘Auanoe [esisAyd pariodai-jjes
‘S|eNPIAIPUL 3S1 MO| BulAy

-Uap! Ul J9119q pawiopad
wyiobe ) pue sa10G ¥siy
weybuiuield 1surebe a10ds

3SU AAD Y1 paiedwo) Hsu

anD Jo uonoipaid 1oy e1ep

SIDIASP 3|CeIBIM “o'] 'S9DINOS

N e1ep [2A0U pasn Apnis ay |

SUOIIUAIIUI
and aneIuaAid JaljIes woly
14auaq 03 A|9I| 1e Oym

S AAD 1e34-01 %01 T YUM
s|enplAIpul AJauspl 01 [el)

VN -u210d ay) sey gAD-haYy
Ayljeyiow

anneladolsod bunoipaid 1oy
sa|qelieA Jueliodwi ale uol

-DJejul [eIPJEDOAW pUB ‘UOISUSY
-19dAy ‘ewiyise pue gdod Jo
S3IpIgIowod dYdads ay) pue
21025 \YSY 9Y1 eyl

p3]eanal saskjeue dvHsS

24N|Ie} ISAI| PUB ‘JUSW

-9oe|dal 9AeA Delpied ‘ued

-suely Jo A1abuns Bun| ‘sisoiqy
Areuow|nd se yons ‘sanipiq

-1owo> 1oedwi-ybiy 1ng alel

YN 9WOs s|eanal siskjeue ¥ oyl

1055163y

JU92S9( JUSIPRID) dASeyYdD
-01G 10552169y 10109
1oddng ‘uoissalbay
1e3UIT PasI[eIauaD) s
yb1y 1oy Jayisse|D 10109/
poddngs 4y ‘sakeg aneN
{1 MOJ 104 TN 9|quIasug

and bunsipaid oy
anD-112y Jo Alljige oy a1e
-njeAd 03 paljdde a1am s
-pow piezey [euopodold
X0 'sdnoib s € ol
payne.s pue paiejnd(ed
2I9M 521025 JAD-112Y

san[eA (dyHS) suon
-eue|dx3 aAnIppy As|deys
‘uolssaibal dpsibo—Aq
SOUIIGaP! SI010B) 3SIY
Bunsooq 1ualpein 159104
wiopuey ‘sulydew J012aA
1oddng ‘uoissaibal
19UDIIse[] ‘UoIssalbal
2151607 ajgereAn N

aseasip
12|NDSeAOIpIED

aseasip
18|NdSeAo|pIed

Slualed 9o

Apnis 110yod
[eutpniibuol aAndadsoid
LYvy3IHBUIS woly sjenpia

-Ipul UeIsy 15eayinos 009

UBGOIG YN WOy
sydesboloyd [eunss pue
elep [e2IUID Pa3I3|[0d
AN Jo A101siy ou yum
$123(qns 09781

HPNY (31994000
yoing paiisibal Jadued
|€12210|0D Alewid 1o}
UoNDasal JUSaMIBPUN

-ue) Buowle [eAIAING  oym elep siuaned [05'79

RIEeWENVE]
BuIsn MOIOM [eDIUlD
Jenbas pue Aujige|ieAe
UOIBWIOJUI JO 958D UO

paseq ‘s10108} sl JO
sdnoib unoy Jo anjea

SAIIPPE 31 91e613S3AUI O]

S|enpIAIpUl Ul JUSW
-SS9SSE 3SL 9DUBYUD (7
ASH (JAD) esessip
JB|NDSBAOIPIED JO) pale
-31D SIavjJewolq pareald
Ajsnoinsad a1epijen 03 (|

S911IPIGIOWOD Uo e1ep
SAISUIXS PR123][03 18y}
A1nsibal J1aoued [e10310]0d
apimuoneu ‘abie| e uo
paseq ‘Aljeriow Aep o€ Jo
s10101pald paziubodaiun
Alsnoinaid Ajnuspl ol (¢
K19b1ns Ja0ued

|B1D3J0[0D 10§ SI0EDIPUI
Aujenb 1d1paid o (1

[4dv4

€¢0C

Lcoc

[97] "|e 13 Bueny I
[G7] e 18 Buas] ol
[¥2] "[e 38 yosog 6

@duewJoyiad [apo sbuipuly

spoylaw TN

awodInQ

19s ejeq

analqo

paysijgnd Jeap

oyny  oN*1Is

(PanunUOd) € 3jqey



Page 10 of 35

841

(2023) 23

Das and Dhillon BMC Geriatrics

uonduny
|eua1 ‘A|[geI0U pUP SI0108) YSLI
3|qIsianal Ajjenusiod ‘pasiu
-bodal-||om sepnpoul sjenpia

uondIpaid ysuIA g

(syuedpdpied
87581) Apnis (339dSV)

19selep aied Aewd
abue| e Ul [9pOW Y}
31epI[eA O} PUB S|eNPIAIPUI
Alap| ‘Ayyeay Ajjeniul ul
|ewy [ediuld abuey e ul
paj|0Jua $129fgNns woly
(IDVIN) SIUSAT JB|NDSPA
-0lpJeD) 3SIDAPY Jofely

-Ipul ApIap|e ‘AYijeay Ul DN ¥SH JO) S|9poW UoIssalbai a5eas|p A[9P[3 @Y1 Ul SIUSAT 1USpPIDUI JOJ [9POU UoN
91H9=DNY 1uappul budipald ppow Y paezey jeuoniodold xoD) Je|NdseAOIPIED Bupnpay Ul ulidSy  -dipaid yysu e dojaasp of 1207 [0€] ZaunJeN-ZaydUeS Sl
uoljeu
UOIBUIWILIDSIP pUB UON 1WLIDSIP puUe Uonelqgied
-eiql[ed dUeLeA paule|dxa Jo ‘9duelieA paule|dxs Jo
uopJlodold jo siseq ayi uo uoniodold ay Jo
s|opow sp.ezey [euoipiodoid SISeq a1 Uo sjppow
X0D) pawlloyadino bulules) spiezey [euontodoid xo0D
daa uaw ul uond3ul A1y |euon|pesl pue sjiepow buj
-eu|dsal J19MO] 9INDE YIM -uJes| daap ay3 Jo dueW
aseasip Aleuow|nd aANISGO -JoyJad 2y 21edwiod 01 (7
SIUOIYD PUB USWIOM Ul 35N 1U3A3 OAD JO
022eQ0} IO} UM S|9POW Bu| Msu oyl bunoipaid oy
-uJes| daap ayl Aq pa1ewnsa Hujuiea daaq |opony 95easIp 7107 ‘Pue|ea7 MIN Wolj s|apoud buiues| dasp
N soljel piezey1sable|ayl  piezeH jeuoniodold XoD Je|NdseAoIpIed uoieindod Apnig |oAouU dojanap 01 (1 [4dd [62] '|e 39 uaIgueg 1
10108} uon SOWOD
2A111paid puy 01 -9l | -BpI[eA JOJ 1I0Y0D 123(0)d  -INO YIIM UONIBIDOSSE JI9Y)
2210e.d (21Ul Ul uols1aq erep d1yoelbo SAIIUSADIJ QUIBIA UIOY)  SSISSE PUB SLIOYOD Paseq
paYNUSP! A|Isea 9q URd 1Byl -IPJEDOYD3 UO paseq bul $122(gNs $6€'| S|Ppow -Aunwiwod ul sadAiou
sadAiouayd oiydesbolpied  -191sN|D SUBSU-Y PAWLIOY ENENT] ules} 01 SYSINYLS woyy  -ayd oiydesbolpiedsoyoa
N -0Y2a € payiuapl Apnis ay | -1ad-sisA|eue Ja1sn|D JejnaseAoipled s129(gns /g8 snousbowloy Ajnuspl of [4d4 [87] e 19 IyseAeqoy| €l
sa1jigeded
onsouboud paroidul yum
sjlapow papiroid Ajpuanbas
-gns yoiym ‘yoeoidde jeuon
-USAUOD 341 01 pasedwod se
$9IN1e3} JO ISPIO JSN1Q
(9£°0="Audyads ‘080 =Au Anuapt ued sNdy paseq-1A
-ARISUS ‘0€°'8/ =A2BJ  "SDIINT Ul SOAD JO JUSWISSIsse SINdY [euon.
-N22e ‘98'0=JNY) 44 su Aiea 1oy 93104yd poob e -USAUOD 03 uos|ledwod ul
‘(Lg'o=Audydads ‘|80 =A1 90 UBD SN JY Paseg-ainies) sa1n1eaj A103eIOgR|UOU
-AIISUSS ‘98’08 =AdRINDDE  AI0}RIOCR|UOU 1Y) SOPN|DU0D (1Q) 2211 Buisn snieis gAD bul
‘98'0=DNY) WAS Jeaul] Apnis iy |NdY auljaseq 01 - uoisidag ‘(INAST)DUIYD.| Apnis j013U0d  -101paid 1e J91aq wiogad
‘(8:0=AudY1dads ‘g/° 0 =All paiedwod se sainies) Jo 10109/ 1oddng Jeaur] —ased ybnoiy ueisied  Aew 1By (SNdY) S|PpOW
-AISUSS ‘6018 =ADeI SI9PI0 JUBIYIP Ajjenueisgns (NNV)SYHIOMISN [einaN EN:EN[e} ‘ABojolp.ed Jo an1nsu| uondIpaid ysu paseq-A
-n22e '/8'0=DNV) NNV paynusp! sNdY paseq-1n [BISGIIY -S|9POW TN Jejnosenolpied  gelund wioy s153(gns of oAleUIBY e dOfAsp O Loz [£7] e 10 pifes 4
>uew.oyiad |spo sbuipuly spoylaw TN awomnnQ 195 eleq YN BE] (o6 paysijgnd Jeap Joyiny OoN-"Is

(penunuod) € ajqeL



Page 11 of 35

841

(2023) 23

Das and Dhillon BMC Geriatrics

(85°0=2102s

14°0£0=DNV 'L£0=Au
-AIISUSS '69'0 =A1Dynads
'69'0=A2eIN20Y) NNV
(85°0=2103s 14'0£0=DNV
‘0/°0=AUAISUSS 0/ 0=A)l
-oy1ads ‘0z 0 =AdeInddy)
Y1'(85'0=21035 14
'0£0=2NV '0L0=A)
-AIISUSS '69'0 =A1DYDads
'0£°0=A2eIN22Y) WAS
'(85'0=91025 1 4'0/0=DNVY
‘7/°0=AIAINSUDS ‘8910 = A1l
-oy1ads ‘690 =AdeINddY)
99X (85°0=291035 |4
'0£0=DNV ‘89 0=Au
-AIISURS '0£°0 = Audyioads
'0£:0=£A5eIN2dY) 4y

(ly'66=2NV

'96'96 =2102S | 4
‘T1I'66=112221 ‘6876 = UOIS
-paud) 1q Bunsoog
(6£66=DNV '€¥'56=2310S
14'86'86=|[eJ31
‘Llzze=uolspaid)| g
buibbeg (1+'66=oNY
7€96=2100S |4
'9/'56=1|EJ31 '68'96 = UOIS
-a1d) 4y (€266=DNY
'S0'S6=2100S |4
'75'86=1e321 78’ L6 =UOIS
-1Da1d) NN ‘(9€'66=DNV
‘€676 =291035 |4
'T1'86=18331G6’'L6=UOIS
-paid) 13 (9896 =NV
768/ =29103s |4

;mw.mm =||edal §'/9=UQlIs
-1221d) N9 ‘(¥9'96 =NV
'GG'8/ =200

14’66 76=[ed3]

'96'99 =uoIs|daid) gN
(96'£6=DNV 'LE'€6=231005
14'G£96=eda1

'96°06 = UuolsIda1d) ¥

1531 poo|q BuIsn INoyIM
‘uondipaid elwadA|b19dAy 1oy
pasn 3@ Ued $|00) BuludaIds
paseq ASAINS 18yl Smoys Apnis
9] "elwadA|bIadAy Joj si010e)
MSU uenoduwl 1SOW G 4am
A)Is2Q0 [eUIWIOPQE oM Jod
92IM1 UBY1 3J0W sy Bujwins
-uod ‘uoisuaniadAy buiaey ‘sny
-e1s [|Ng ybry ‘obe Japjo buleg

sainypuadxa

UONUSAIRUI pue Bujusa1ds3)
AJBSS9D3UUN PIOAR PUE ‘S3N[EA
umousun Jo 1oedwi ayl

pIoAe U 11 1ey1 Aem ayi
poy1aw BuIUSRIDS 1USLIND BYL
anoidui 01 Adeded sey Apnis
SIY1 Ul padojaAsp [spowd ay |

SIOMIDU [RINSU
[eIDYle pUR ‘Saulydew
10329/ 1oddns ‘Bunsooq
Juaipelb ‘uoissalbhal
o1s160| a1eUeAlNW 159
-10} WOPUERI-S|apow T

sId yum

|9pow bunsoog pue
Bunop’1g pabbeg > 1y
'sylomiaN [einaN ‘1d
'|9POIA }IOMIBN Ueisakeg
'sakeg anleN ‘Uolssalbay
21SI607—S[9A3] S 40AS
AjIsse|d 03 sjppow TN

s Sa190eI]g

9seasIp

910z uel| ‘(Apras

Sd31S) esessig 9|gediu
-NUWUWODUON JO Si0)oe4
YSly JO @due||loAING WO}
S[enpIAIPUL G0/'/ L

£10¢ "eulyD "e1eg

1e|NDSPACIPIED  BUIUSIDS SMI0IS [euOlIeN

Apnis

paseq uoleindod e uo
elwadA|biadAy Jo uon
-d1paid Joj swiuoble
N Pasn AlUoWIWod G Jo
Ajige ay3 asedwod 01 (7
elwadA|6

-19dAy yim paieposse
$1012€] Dj|0ge1aw pue
‘91415 3y1] DIWOUODD
-01205s Ajuapi 01 (|

Adualpyje uon

-eoyissepd ay3 aroidwi 01
suwyilobe bujuiea)
SUIyDeW UO paseq
S|opouwl uonedyisse|d

3S1 90135 dojansp of

[€dv4

610¢

[€] |8 13 JejipRIOpy /1

[L€]e19 N 9l

s>uewuoyiad [spopy

sbuipury

spoylaw TN

awo2nQ

19s ejeg

an3lqo

paysijgnd Jeap

loyiny  oN"1S

(panunuod) € ajqey



Page 12 of 35

841

(2023) 23

Das and Dhillon BMC Geriatrics

(05'0=2102s

L4 2 0=Aiuads
"/:0=AUANISUSS ‘G0 =Kdel
-n2de %/:0=DNY) GND
"(65°0=21025 14'080=AU
-oy12ads $8 0 =AUANISUDS
'Lg0=AdeIndde ‘880 =DNY)
99X (05°0=21035 | 4
‘€£0=Ayads ‘g 0=Au
-AISUSS b/ 0=Adel

159 paudiojiad 1s00gD)
uolsuauadAy ul

Jusweduw] aARIUbOD

Al1ea Jo s10101paid 1uedyiubis
P3J9PISUOD 31aM AJIAIDE [D
-1sAyd pue ‘sjpAs| uoneINpa

saAeg aAleN UeISneD
1500gDX ‘UOISsaIbaY
onsibo1—siayisse)d JN
uoIssalbal

syuaed
aAIsuR1IadAY pazijendsoy
£¢/ Buipnpur Apnis

sie
-NPIAIPUI UOISUaLIadAY Ul
1uaWaliedwl aAIUbOD
AJ1ea JOXysu ay1 121paid 01
S3|qeLeA pa1da||od A|l
-Se3 UO Paseq [apow

-N22R‘€8'0=DNVY) 41 ‘9be ‘@duaijundId diH 0SSV - UONDS|S 2injea uoIsUaLRdAH  [eUOIRAIDSO JRIUdRIN T Jouadns e dojaasp o) €207 [£€] e 19 Buoyz 44
xapu| eaudodAy sieak G Uaye
-edoude ay3 01 paledwod uolsuanadAy padojanap
uojsuanadAy s1o1paid Janag 197 “(SHHS) Apnis 1uawdojaAsp uols
(W Buisn) saunseaw uonouny Y1jeaH 1eaH dosjs wioly  -usuedAy yim paieposse
Areuow|nd pue dass Jo s|lenplAlpul 098 Apnis  sainseaw Aieuow|nd pue
VN uoljeulquiod anbiun v uolssaIbay pazijeusd uolsuaLadAH 10Y02 9AD3ds0ld  da9|s 19913S 03 T\ 3sh O] 1202 [o¢] 1219 N 1z
S|9pouw 3say} Ul Ss|apoul W 4o Ajige
si0121pa.d JuepOdWI 1SOW Sy -101paid ay1 a1edwod 01 (¢
24aM s3pLISDA|BLI pue ‘uioid syuaned jo erep olydelb
-odi Aususpybry ‘xapul sseu -OWSP PUB UOIRWLIOJUI
Apoq ‘2502n|6 poojq bunse 152104 el uo paseq sniljjlew
(%782 =14VdY ‘S|9pow 9.1 UoIsIdag pue wopueJ ‘9.1 UoISIDap (NSSDdD) Homisn $3190eIP JO %Sl 1B UOI}
‘9%t €8 =152104 Wopuey 159104 Wopuey ay) ueyy  ‘(Ngo) aulydey bunsoog 90UBI9AING [dunUaS 218D -eindod ay1 Ayauspl 01 N
'9%0 8 =U0IsS2163Y J1351607 19119 Woylad s|spow uols 1USIPEIS) ‘UOIssaIbal Alewlid ueipeued) Woiy Buisn [spoul aAndIpaid
9%/ 78=INgD) DOYY  -Saibay d1sIboT pue NgD ayL 2135160]- S|ppow N sl s1agelg  siuaned ueipeue) 6OE'E L SAID3YYS Ue pling 01 (L 6107 [6€) e 38 e 04
waelL»ip
-21d 01 9duewIoad Jonsqg e
pajuasaidal [opoul 49 9y si21aueled [e2160|
(1192 poo|q 1YM) DM pue Apnis 110Yyod (QYHSYIA)  -Oleway painseaud Ajpui
obe 21aM |apow 4g Y3 Ul (4g9) 152104 densioog J9PIOSIP D10I3DSOIaYIe  -NOJ pue NJZ] Usamiag
S10)1DB) DAIDDYD ISOW Y| ‘9313 UOISIDAP ‘UOISSIHI 14e3y pue %0115 pey UO[IeID0SSe [el}
YN 159G 2y3 pauliopiad [apoud 4g J11s160|-s|]2pow N HoENESIE|lq} -USel\ wolj S3NPe 0006 -ud10d ay3 ssasse o £20C [7€] |e 39 Ioosuey 6l
JSTEYE
syuaned WAzl 9seas|p/aduewiopad aAl
[eNPIAIPUI JO UOISsalboid ases -lubod yum uianed ayi Jo
-sIp @Y1 buidel 1oy Jayiewolq uoljeosse pue ‘uianed
Buibew! uoisnyiad buisiwoid 3IOMIBU pajeja-Nd 7L 2Yd
Alybiy e si 21025 ulenied sa1aq 'S|0J3UOD |ewOu pue
-elp uoisnyiad [enplAlpul 8y syuaed |NQZL Usamiag
‘poyraul uosuedwod dnoib 13yIsse|d uoissaibal Apnis [eulp SN[eA SAIIRUIWLIOSIPD
S1BLIBAIUN PISN-A[SPIM SU1 01 DNSIBO| ‘UOID9|9S 2IN1ed) -nybuo| aApdadsoid swn S, poyiaw ay1 a1ebiy
Joladns s| poyiawl paseq 'siskjeuy yusuodwo?) 1eaA-79 ApNis uondas  -saaul o3 auljadid bujules|
VN Buluiea| aulyoew ay| ledpULd-spoyIaW || HoENERIE.|le} SSOJD) WO $103[QNS G| | aulyoew e dojansp o 610C [e€l eI UBYD 8l
@duewJoyiad [apoy sbuipul4 spoylaw TN awodInQ 19s ejeq aAnRIqo paysijgnd Jeap oyiny  OoN"S

(panunUOd) € 3jqey



Page 13 of 35

841

(2023) 23

Das and Dhillon BMC Geriatrics

%S =44 '%S v/ =15009
OX ‘%t L £ =41 :£oRINDDY

(969° L8 =2aJinseaw
4'%1°78=AuAnISUSS

‘% 18=Add ‘%L 78=Adel
-N22e) 4Y ‘(%11 8 =2Inseaw
49178 =AuAISuas

‘%C 18=NAdd ‘%1 78=Adel
-n22e) 13 ‘(%€ 08=23IN
-seal 4 % '18=All
-AIIISUSS ‘0% |08 = Add

‘91" 18 =AdrINdde) Y

VN

Al

SN1eIS 994) SUOISHUI

-101paud Ul A2ed)e 159yb1y =YL
PIMOYS [9POW 15910)

wopuey ‘uoisusladAH pue
95895IP ASUpPIY| DIUOIYD pue
SN1P1S 9314 SUOIS UIaMIaq
puNOJ Sem UONe[al 3SI9AUL Y/

uojsuaadAyyo sio1dipaid Juey
-jodwl a19m ainssaid poo|q
ybiy A10151Y S, Joyr0w pue
‘11531042 ybiyjo Aioisiy
‘sa19qelIpjo A103s1y ‘Alisago
[eUILIOPQE ‘s3|qe1abaA pue
S1NJYo uondwinsuod
21enbape ‘Al1Annoe [edisAyd
‘35N 022eqo1UBWAO|dWS
‘|9A9] uoedNP? ‘1I9pusb

9By “AljIge uoneujwLdSIp
Jamo| Ajuedyiubis e pey

9911 UOISIDSP PUP 15910}
wopuel ‘uolssaibai d1isibo| 03
pasedwod DNy JO SWwis) u|

saloba1ed

|INg |]e Ul uolsuapadAy
195UO-M3U PUB 9DUIHUUNDID
1SIBM UD3MIDQ PUI1 U
-1SISUOD B PaleDIpUl SIsAjeue
1ISUSS Y] "UoIsUaLIadAY Jo
1uswdolansp sy3 101paid 0
24n1ea) Juepoduwl Ue se
2OUIRJUINDIID ISIEM
pajeanal poylaw bunsoog
1USIPRID SUWIIIXT 9l puUe
POY13W 152104 WOpuel 3y |

105591631 1500gDX 159
-10J WOpuUeY ‘UoIssalbal
211516071\ pasiaiadng

uolssalbay
1351607 152104 Wopuey
'921] UOIS|29J-S|2pow TN

1500¢g9X ‘159104
Wopuey—Ss[@pow N
sdnoibgns Jus

-J94IP Ul UOISS21631 X0D JO
siskjeue Aanisuss ‘sauj|ds
21gnD pa1duisal Ag
pazIeNnsiA pue [9POIA
uolssalbay X0 paisnipy

7207-0707 Us3MIaq
auop sem Apnis dnmol|oy
Liuowi 71 v eigesy
1pPNOS Jo [eydsoy e 1e
INDd 2uobispun saeye

25easig Asupry| oym syuaned /€|

Apnis yueqoig Jeyep) woly

uolsualadAH S|enpIAIpUl /86

STdVHD woy

uolsuanadAy S[eNPIAIPUL OSE'S

syualed Buowe

(INDd) Aworoyyjoiydau
snoaueIndJad Jaye sineis
9314 3U03S By 1o1pald 0}
@C?:m& Qulydew osn O]

sainpadoud [esjuld
SAISEAUI JO Pa3U 31 1IN0
UM uoIsuaLIadAy
Buidolanap Jo xsu ybiy 1e
S[ENpIAIpUI AJauspl 01
sjapowl aAndipaid aed
-W0 pue 12NJISUod of

uolsuauadAy Jo
1uawdojansp sy pue
9DUBJRJUINDID

151BM US9MI12q Uoneld
-0sse a1 a1ebnsaAul o

(444

0coc

[€dv4

[ov] "[e 30 sa4eyblY 4
(6€] 12 13 10eey)y vz
[8€] le39 UNS €z

a>uewuoyiad [spopy

sBuipury

spoylaw TN

awodi1nQ 19s ejeq

an3lqo

paysijgnd teap

loyiny  oN"1S

(panunuod) € ajqel



Page 14 of 35

841

(2023) 23

Das and Dhillon BMC Geriatrics

VHd MO| B pue ‘sieak ¢ 2uon
-eInp SISA[eIP ‘sN1e1s [euonouny
19MO] ‘UoIsUaLIadAY 10 s
-aqelp Jayua Yim siuaididal
L awimsiy ‘pabe-ajppiu—y
121SN|2 'SASUPIY [daY 49MO)
‘PayDIRWSIW \/TH Jaybiy
9AI9D24 PUP UoISUaIRdAY aAey
4280 9 01 A|2I| 2J0W 2I9M
A3y] Dnagelp-uou pue bunok
—¢ J31SN|D "sASUpp (xapul 3|y
-01d Jouop Asuphy) Idax ub1y
(JOUOP UOLIDI0ID PIPUSIXS)
@23 2A19231 01 Aj2y1|

150W 2y} O5s|e a1am Ay =ber
-UIA SISA|RIP JO SIBA+ € YUm
J119GeIP 3G pUe ‘snjels
[BUOIIDUN JISMO| 9ARY O)

A|2M1] 21om ‘|Ng Jaybry e

peY ‘S9SN IN0J SY3 JO 159
-plo—zJa1sn)2 (Apogue
SNl [ued) yyd ybiy e pey
oym syuaidipal Juejdsuels-al
Aduppy DnRgeIp-Uou ‘|Ng

MOJ 19BUnoX - | 191sn|d paz!
-1912BJ1BYD 2IM SIDISNPD 1

450 yum

950U J0j S9WO2INO Jue|dsuen
A3UpIY JO JUBWISSISSE Pase
-Iqun Ue 1o} pamojfe sey

Apnis 1ua.nd ay) ‘yoeoudde
VN Buriasn|d e buikdde Ag

yoeoidde bunaisnp
SNSU3SUOD pasiAled
-nsun—(W) buuaisnd
sisAleue paezey
|euoniodoid xoD—s191
-sn|> paubisse buowe
3S1 JO uoIseduwo)
sisAjleue Jaia|\—uedey|
—1uejdsuen Asuppy Jaye
y1eap pue ain|ie} yeib
P2JI0SUaD Y1eap JO SYSU
SA13B|NWIND JO UONeWIIST

aseqelep bulieys

uebiQ 0 }I0M12U patun
Juopeiue|dsuel] pue
1UsWaINd0ig uebiQ buisn
paynuapl alam (61-5107)
VSN ay1 Ul Juejdsueny
ASUp1y paAIedal

95easig Asupry oym syusned €/0'/1

siouop pailed Jlsyl pue
490 Yum syusidadal
ue(dsues) Asupry Jo
sadAouayd [eojulp
9711063182 01 Pasn sem
yoeoidde Buuisnd
‘SSW0DIN0 (45H) uonouny
1eib pakejap bulaiayip
puelsIapun Ja11aq o]

[€dv4

[L] '|e 32 damo|per 9T

@uewJoyiad [ppoy sbuipuly

spoylaw TN

awodi1nQ 19s ejeq

an3lqo

paysijgnd Jeap

loyiny  oN"1S

(panunuod) € a1qey



Page 15 of 35

841

(2023) 23

Das and Dhillon BMC Geriatrics

sdnoib jusned
1UI9YIP 10} pa1Iodal sem
Apyads [ewndo ‘Al

Kio1s1y

UsIA 1sed pue ‘siojaeyaq
‘sojydesbowsp usied ‘suon
-IpUOD DIUOIYD pue 31nde Buld
-AOD S135E1EP PaJNIdNIIS Buisn
sdnoub juaned ysu-ybiy sno
-lieA (g) Jo uonejndod uaned
||eJ2A0 UB (]) SSOIde uols
-s21dap 10§ 31D PIDURAPE JO
pasu ul syuaiied Joy buiuaaios
91ewolne 0} A)jige ay3

S|9POW UOISIDAP 159

eueIpU|
‘UY1jeaH Izeusysy 1e
1ISIA 918D Aleullld woly

sjuaned ssoloe
uolissaidap 10j aied
paduURAPE JO PIRU AU
Bundipaid jo sjqdeed

-AlISUas [ewndo DNy S91eAISUOWSP APNIS SIY|  -10) WOopURY—[2pOW A Y1|eaH [PIUSIN S[ENPIAIPUL /L €78 S|9POUI UOISIDap pliNg O 6107 [p¥] |19 duylRILNyYISEY| 67
dnoib apidins ayy Ul
19MO| 219M [aA3] utRroldodl|
A)SUSP-MO]| pUB |013153|0YD
|B101 '22UBIDJUINDIID ISIEM
‘xapul ssew Apog Jaybiy
Apuesyiubis syusuledipaul Jo
(L000=Add 9N Y3 Yum ‘uoissaidap Jo
'666'0=AdN '€€8:0=A1 A103s1y Juauiwold ajou e
-2y1>ads ‘0090 =Au pey dnoib apIns 2y TN (SSIHN) @1n195 W Buisn Ag uon
-AINSURS ‘zeg0=Ade)  Buisn Apuanbaljul sindd0 1eyy Bupieys asueinsu| yieay  -ejnodod Alape Buowe
-N22e ‘818'0=JNV) spIns bunoipaid ioy 159104 [BUOIIEN WO} PIED AlISP|D apIdIns Bunoipaid Joy
159104 Wopuey  [9pou e padojanap Apnis sy | wopuey—I[apow A Yi[esH [eIUSI ueaIoy YInos /0’8y |apowl e dojansp o Lcoe [ev]1eI2 OYD 8¢
sbumas oy
-ads Ul 95e3sIp A3UpPI DIUOIYD
10919p 01 Aydeiboloyd [eunsi
Buisn Jo jenuaiod ayy
spoddns pue ‘jspow 4y dIs
-Se|> B WOl UOIIBULIOUI O} (S39) Apnas
Jejiuiis sl @ Ajuo-abew g (zdS) weiboid
[EUI1S] B ‘UOI1D913p 95835IP Apnis aainoadsold ajodeb
A3uply 21UOIYD 40} ‘sny | -UIS—bunsal [euI2103 J0o4
‘dnoib sjoym aya Ul jeyl oy 4y pue sbew (Q335)Apnis saseasip
JejiwIs sem UoIsuaLIadAy pue  Buluiqwiod 1 pUgAY (€ 2fs Jo Abojolwapida
$919qeIp Yim syusned Jo uols a10debuis—y1Q Jo
S195e18P 91 J0J sdnolbgns ur y1Qg abew jo -uauadAy pue sa1aqgelp uofepIeA pue Jusw
Apuaiagip pugAy pue Ajuo 2dueWIoyad By “UoliepleA ‘AID1UY3a 'xas ‘abe bul -doajap 104 "eulyd pue (v1Q) wyobe buj
'3y ‘Aluo abew 1oy [euIRIUI F3S UISONY YBIY  -pnjpul (4Y) S1010B43sU (7 alodebuls woly saipnis  -uiea| dasp buisn sabew
pavodal 219M AN ‘Add PIARIYDE Y10d S|SpoW 4y [ed v sbewi (| |BUOI195-55040 ‘DlUy1911 [BUI1S] WO 9583SIP
‘Audyidads ‘AlARISUSS DAY -IUlD pue ya Ajuo-abewt ay | -paUlel] UM S|9POW € aseasig Asuply  -|nwi ‘paseq uoneindod € ASUpIy D1UOIYD 19313p Of 0z70C [z#] ‘e 1o webeAeueqges Vad
>uew.oyiad |spo sbuipuiy spoylaw TN swomnQ 19s ejeq aAndeIqo paysijgnd Jeap Joyiny OoN"IS

(panunuod) € ajqey



Page 16 of 35

841

(2023) 23

Das and Dhillon BMC Geriatrics

VN

(1998 =eddey uayo>
'6976=DNV '€£'88= L4
'61'76=1/8J21 ‘5568 =U0IS
-12a1d 'pi96 = AoeInde)
NN ‘(996 = eddey uayod
'Tr79=DNV 'S6'67= 14
'GT'/G=1/B331 '67°0C=UOIS
-paid /766 =AdeInde)
Y1 (€85 =eddey usayod
"/¥'68=DNV '0C°€9= L4
'/9'08=1|eJ31 ‘86" |G =UOIS
-1231d ‘8968 =AdeINdE)
WAS '(06'26 =reddey uayod
‘9066=2NV 06 =14
'9G°G6=1/BJ21 ' G'Z6=UOIS
-12aud 'p| g6 =AdeInde)
49X ‘(Lc'z6="eddey uayod
'€8'86=DNV 'LY'€6= 14
‘8E¥6=1/8I31 ‘056 =UOIS
-paid /66 =KdeINDE) 4y

VN

15ideJayy [enplAIpul Ue 01 3|qe
-|leneun Ajsnoiaaid asam 1eyy
Adeiayr o1ul s3ybisul a|geniea
apiroid 01 abpajmouy siyl
10BIIX 0} SN SMOJje bujues|
daa 'sdwordwAs bupuasaid
siuaned ul ssuswanoidull
aonpoud djay spoyiaw
abueyd gD 1eyy ajdpund ayy
suoddns buipuy ay |

uolissaidap bul

-121paid Ul [eRuUSNUL ISOW Sy}
2I9M $21n3e3) AUANDSUUOD
12UJ1UI pUB UD3IDS "B1ep
S105US duoydiiews woly
paynuapl AlpAisnigoun aq
ued uolssaidap Jo aAledIpul
Siayieul [ejolARYSq 1.y}
21esuowap sbuipuy IO

p|O-1e9A-0/ 19AO

UsuIoMm pue g/ 01 | € pabe
uauwl Joy Ajje1oadsa ‘2Insopua
199415 81 Y1M UOIR[9110D
aAnIsod Juedyiubis e sey 31ing
‘AD YHM 31[31102 10U S0P
{3y [RIUBWU SIUDPISDI 1eY)
MOUYS SISA|eue Uo1e|24i0D
SU0SIPI JO SINSDY Y |

pujuiea desg—uon
-BDYISSe|D J0J ‘UoIssaibay
2151607 s|geLeARN

uolssalbay

21351607 ‘NN 1500g9X
‘|auIay uondUNy siseq
[BIPRI LUM INAS 34 -S|2
-POW TN (SWINT) SlpPow
paXIU JeaUl| 91elieAIq pue
U011e|21100—UOIS
-saudap pue sain1eay
[BJOIABYSQ 31 U9aMID]
diysuoneas ayy

uoneiuswbas abewl
JIUBWISS JOJ YIOMISN
[PUOIIN|OAUOD) A||N{—SPO
-y1ow buiules| desg
siskjeue jods

10y pUE | SUBIO [eGO[D
-suonngLisip [eneds
(1nO) xepul

MBIA US3ID) -S91n1ea)
[ea1sAyd M3l 192115
npleg -buunided abew|

19uIa1ul ybnoiyy
Pa123]102 (1gD) Adeiayy
[eINOIARYSQ SAINUHOD

YijeaH [eausly  Buiaedal syuaned 7/6'/ L

SUEN
-55355€ UOIssaldap aileu
-UoNsaNYD YieaH 1uslied
wa1l-g paniodal-§as pue
s1951ep auoyd 1ews
|eAJ21UI Syuow 9 ul dde
1eJeD) 3y Yyum Apnis
|BUOIIPAISSCO [RUIPNY
-1buo| e Ul Pa123)||0d

YiesH [eausy  siuedipied 679 Jo ereq

AMSISAIUN

[eipapy buopbuens jo

e1ep uonezijeldsoy woly

SI19PIOSIp dL1elydAsd

Buniayns syusned

€18—F1ep Yi[eay [IUay

eulyd ‘A

Buelfueyz-painided ale

YijeaH [eaualy  sabew asaym ease Apnis

S3W02IN0

[BDIUID PUB P3ISAIISP
Adesayy jo 13adse yoes jo
Amuenb ayy usamiaq
UoIeIDOSSe AY1
QUIWIR1BpP 01 (7
1usunean Adessyy
-0ydAsd Jo aunseaw a|qe
-yiuenb e a3essusb 01 (|

uols
-saJdop aduanyul ued ey
SINoIAeYaq Aynuap! 01 (¢
s1aserep

auoyd pews woy pay
-uenb sinoineyaq
uewny yum uolissaidap
Bunoipaid jo Ajigis

-89} a3 1ebHenSaAul 0 (|

eulyD ‘Buelfueyz ur

X35 pue abe Aq yieay [ey
-USW S1U3PISaI YIM SUOIY
-IDOSSE JIBY) puP S2In1ed)
2deds19a13s UeqgIN JO suI)
-1ed |eneds ay3 a10|dxa 0]

0coc

Lcoc

(444

[£¥] [e 39 juegm3 143
[9v] e 33 myodo L€
[S¥] e 10 Bueyz o€

s>uewnioyiad [spopy

sbuipury

spoylaw TN

awod1no 19s ejeq

analqo

paysijgnd Jeap

oyny  oN*1Is

(panunUOd) € 3jqey



Page 17 of 35

841

(2023) 23

Das and Dhillon BMC Geriatrics

(920K¥S'0=10'98¥790=Y1
‘9629’0 =NNQ) Aus
-9q0/1ybramiang
(4851/°0=1A0'81808°0=Y1
'96808'0=NNd) WAZL
"(€££990=10 666, 0=41
'8666/°0=NNQ) UOIs
-UauRdAH ‘(8125 0=10
‘8850=41
'¥5985°0=NNQ) elwap
-1di|sAQ :saseasip 01
Buiplodde Aoeindoy

VN

S9IN1P3) 1USI3YIP JOf USAID
21e SaN|eA [|edal ‘U Ee}
‘AoeINDde 21035 |4 DNV

(9xerur wnisseiod pue axeul
WINIPOS ‘9¥e1ul 91 4pAYoaed
‘931Ul 1ey ‘axeiul uyoid
‘93e1ul ABIaua ‘93e1u) pooy
S9PN|DUIl 3¥eIUI [BUOHLINN
‘219Y) A1159G0/1ybIamIano pue
uolsuaadAy ‘erwspidi|sAp Jo
SIS Ul 103D€) [elIUBNU

1S0W 9Y3 sem ayeul Ablaug
‘S|opow Bujules| aujydew
[PUORUSAUOD 7 UeY} AdJendde
uoipIpaid Ja1ag sey NNd

9oeds an|g pue

U316 pgpuULTICOlD) pue
‘IMAN TAQN YHM punoj a1sm
SUOIeDOSSE JURDYIUBIS ON
$9102$ G SO Yum
Pa1RID0SSE A[9SI9AUI 2U9M
saoeds an|q pue usaib MalA
193435 Y10g 1ey} pamoys
suolssalbal [PAS|INN

S9UO Paseq-a1|[21es Yum
pa1e[21102 10U 24aM sabew|

MB3IA 193135 WOJJ PaALISP adeds

aN|q pue U316 JO SOLIBN

21025 AoeIndde

9698 PUNOIE YUIM SSSUI|UO| JO
uolssaldxa pardipaid

|9POW 153104 WOpUeY 3y |
A12IXUR pUe uoIs

-saidap 1abue Jo s1odiew DN
-sinbul| yum paiepossbe osje
21om $150d asay] ‘daa)s Yum
sa|gno.1 buiaey pue buies
Ayyeayun ‘abueyd bupuem
‘asn adueIsgns ‘swdoiduAs
JiewosoydAsd ‘sdiysuonelal
Jeuosiadiaiul 3ndylip 03 pain
-QJl11B SSUIRUOJ JO SI5BD DU |

9341 UOISIDAP 'U0ISSaIBaI
o1s16o|—uolspedwod 1oy
S|opoW W saseasip
payads syl pue sxeul
[EUONLINU U22aMIDq
UOI1eID0SSE [BSNeD a1 eleA
-13|NW 1eWNSS A|snosuel
-|nwis 01 paudlojad buie
-po\ uoienb3 jeinionig
(uonesyisse|d Aleulq 1oy
uonuny ssoj Adonua ssoi
AJeuiq) NNQ

suolssaibay [PAs|INN Aq
pazAjeue pue (51-509)
9[e2S UoIssaIdaq dL1eLaD
pauanoys ay3 ybnoiyy
Pa55955R 21aM SWOIAWIAS
®>.,mm®\ﬁwﬁ_ HIOMIoN |el
-NaN [BUOIIN|OAUOD A||nj €
Buisn pazAjeue alom
(IMAN) Xapu] 121eAA 92U
-191Q PaZI[eWION pue
"INGN) x9pu| uoneabap
2dUaJaYIg PaZI[PULION

152104 WopueRY—(|]apow
W) Bunsod jo pooy
-1191 343 budipaid uo4
susened [ejodws] ‘spiom
BnIp Jo 95N ‘seinqune
BUISC-|[oMm [RIUSIN ‘PISEq
AKreuondiq ‘Ale|ngeson
uadQ -Aq paioeiixe
sain1es) abenbue

086'01 =Ausaqo/aybrom
-19/0 688'€ =INATL
166'01 = uolsuanadAy
Le2'0L =eiwspidiAp
'sajduses (SINYHNY)
A3AING UonRUIWEX]
UoNUINN pue yijesH
|euoneN ealoy Y1/ 01 Y

Aupiqiown|ni

sabew

31|[21es pue sabewll
M3IA1R211S -e1ep abew|
S[eNPIAIPULO6L L 4O
ApN3s [BUOIIDDS-SS0ID

Y3[eaH [BIUS paseq aJIeuuonsaND

e Jo pouad pue
19puab ‘abe Aq
paydiew dnoib joiuod)
910z @y ¢LoT dul

-3Wi} 8y} ul s1s0d syl Ul
,SUOle, pue, A[2UO|, pasn

Y3[eaH [2IUW OYM SI9SN Ja1IM | 7079

sjapow bul

-UJe3| 3UIYDeW 341 YIMm
11 2Jedwod pue [opow
(NNQ) % omiau [einau
dosp e dojensp of (¢
(WazL) snujiew
sa1aqelp ¢ 2dA) pue uols
-uaudaAy ‘elwapidisAp
‘115900 /AYBIRMISAO JO
Sl pue axelul
[PUONLIINU U99M1SG
SUOIIRDOSSE 1DIP

-a1d pue Ajissepp o] (L

uols

-s21dap d11eab se [jam se
sadeds an|q pue usaib 01
2INsodxa Uaam1aq suol
-BIDOSSE aulWexa 01 (¢
2oeds an|q pue uaaib Jo
JUSWISSISSEe DY) J0) SAUO
POALISP-911|[91€1S YlM
sobew| MaIA 192115 WOl)
PIALRP SOUIRW
adeds19a.15 21edwod 03 (|

Yieay

[eaUBW JO Si0121paId LY1M
s1s0d J1I9y) 21821102 01 (7
Sullouwi

J31IM] JIBY) Ul ,BUOlR, pue
Aj]puo|, ppiom ay1 uon
-usw oym a|doad jo

SIAI| 243 9s110RIRYD 0) (|

Lcoc

610¢

610¢

[05] 13 Wiy s
[67] 1233 UIqIRH Ve
[8¥] 12 32 mnIuNS €€

s>uewuoyiad [spopy

sbuipury

spoylaw TN

awodi1nQ 19s ejeq

an3lqo

paysijgnd Jeap

loyiny  oN"1S

(panunuod) € ajqey



Page 18 of 35

841

(2023) 23

Das and Dhillon BMC Geriatrics

S95PISIP 91 ||B 10J UDAID
2le 531025 A1dyIdads A1
-AISUSS > DOYNY 0S|y
(LLL0=Rw

-oypads 'Lz 0=Au
-NISUSS '€78'0=204NY)
21025 Y1eay e10|

(lg0=~1

-oyads pue 'sg0=A1l
-AI}ISUSS $8°0 = Adeindde)
JLOWS U0 paseq 1s00gox

VN

sdnoibgns

QUI0DUI-1aMO| ‘pabe 3|p

-pIW J0J 93LINDI. 1SOU SBM
21025 Pa1eald A|M3U 31 JO
Souewoad sy “(xapul Aupiq
-JOWOD J9SNeYXI|3 pue xapul
A)pIQIOWOD Uos|ieyD) Spo
-U19W [euOnuSAUOD buisn Aq
P21e3JD $3102S J2Y10 PAWIO)
-19d1n0 ‘ApNis s1y1 Ul paleaid
(SHL) 21035 yyjeay [e3o1 ay |
24nIng Sy Ul

e1ep 95eISIP Se Yons elep
Pa2UB[eGLUI S|GRLBA SUIODINO
Buisn [ppow uonoipaid e bul
-dojanap 10oj [9poul 1s00gepy
-31OWS e Buisn ueyy Aoeindoe
19yb1y spinoid Aew [opow
1S00gOX-3LOWS © buisn
$9130RIP JO

1uswdojansp sy bunuaa
-2id pue 4IapIosIp asn |oyod|e
Buipione ‘uoidejsiies y|
2A123(gns J1eyy buinoidwi Ag
J19bunoA suleiq 11ay) doay
p|no> a|doad 1eyy s|qissod s
1] uenodwi 9G 0S[e Aew
9OU3J|ISaY "1OY0d AlIap|
paseq-Ayunwiuwod e ul abe
uleiq oy sio1oipaid Juspuad
-apul Apuedyiubis se joyodle Jo
95N pue ‘s9190eIP ‘UONIR)SIIRS
Il paynUSpPI siskjeue oy

19YISSB|D 9311 Pa1s00Q
JuaIpelb ‘uoissalbal
2151607 -s|Ppow N

||e JOJ 2405 paulq

-WO0D B puUB SUONDUNJ DAL
-sab1p ‘Aduppy ‘oinau ‘bun|
‘11eay JO ¥su Bulods 10y
S|9POW A 9 3Ing

(3LOWS pue
‘Bujidwesiano ‘bulid
-uleslapun ‘e1ep mel)
yoeoidde [aAs|-e1eQ
(1s00goHX pue 1s00g

-epy) swyiiobje bunsoog

siskjleue
uolssaibas aidniniy

pi0da1 Y1jeay djuod9|e
dnmol|oj JeaKk 7 e woyy
spiodal suaned 9876’6

(slenpiaipur £5¢) bul
-U3315 BIIUSWIRP AlJe3 J0)
sjeydsoy uoney|igeysy

Aupigrownniy

(suedipnued g//) Apnis
Auplquownny  Hoyod paseg-A1unwiwod

21025 sl A1l
-plqiownNW Jo 195 9|qez|
-|esauab pue 3sIaAIP Aj[ed

-1bojoisAyd e dojensp of.
2ouew

-10j19d oy a1edwod pue
yoeoidde |ars|-e1ep pue
swyioble bunsoog buisn
Aia1xue Jo s10101paid ayy
pUE1SIaPUN O} B2I0Y
ynos ui buial susned

S, JI9UWIBYZ|Y SUIWEeXS O]

syuedipied 4ap)o Jo
uopnejndod paiedwiun
Kj2A1IUbBOD e u| saseasip
Dljogelaw pajejal
-9]A1591| SE ||9M SE S1010e)
|EIUSW JURAS|I puUe Bulbe
ulelg Usamiag sdiysuon
-e|2J Y3 21e611S9AU| O]

Lcoe

Lcoc

[€dv4

[£6] e 30 uefeyey 8¢
[2S] e 30 Uo3hg L€
[16] e 13 3uos o€

s>uewuoyiad [spopy

sbuipury

spoylaw TN

awodi1nQ 19s ejeq

an3lqo

paysijgnd Jeap

loyiny  oN"1S

(panunuod) € a1qey



Page 19 of 35

841

(2023) 23

Das and Dhillon BMC Geriatrics

(€L0=NdN

'88°0=Add v/ 0=AKudypads
'98'0 =AUARISUSS '97°0 =Yd
‘08°0=DNV 280=14
'eg'0=AoeINJdR) 3|qWIasu]
(950=AdN 's80=Add
"L£0=Apy1dads 'y 0=
-AIISUSS ‘670 =Yd4
'€£0=DNV 6£0= 14
‘e/:0=/~AoeIN2R) NgD
"(6S0=AdN '180=Add
'090=A12y1ads "1 g0 =A1
-AIISUSS ‘01’0 =Yd4
‘L£0=DNV '180= L4

'v/°0=/AdeINDOR) NAS
‘(?S0=AdN 'L80=Add
'290=Awdynads ‘s, 0=Au

HuibewioINau [eIN1dNIs pue
‘JUsWUleLIe UONIeINPS ‘AN
-Dluy3a ‘abe ale Juswaliedw|

-AIISUSS ‘€0 =YdA SAMNUBO) JO s101Ipaid

dVHS -9|qulesus
Bunoa aulydew bunsooq
1UaIpeIb ‘BUIYdRUW 10109

JuswWaledwi 3

uonendod
UBISY DIUY19-N|NW Ul
ubod jJo

sisoubelp Ajjes 1oy
siylew buibewioinau
[BINIDNIIS PUE ‘SIOIDRY YSLI

Apnis a1odebuls ul

Jejnosen ‘salydelbowsp

'69°0=DNV '82°0= 14 Juenodwl 8yl ‘9|quIasu 1oddns ‘uoissaibail aseasig eluswaq Jo Abojolwap -0120s Buisn [spow
‘| £0=/A2eINde) Y Bupoa ayi 01 buipioddy 21s160] -s|pow N 9AlRIUSbIpOINaN  -Id3 wouy syuedpied [ |6 N 9|gelja) e dojaasp oL €20C [GG] |e 19 ue| or
X9pUl D -dL1dU o,
-BN[BAS '1S2.0J [BAIINS WOP
-UeJ WOoJj $11S11e1S Yuel
P2123|35 AJ[BWIXeU 15210}
|BAIAINS WOPURI 1500gDX
1S00gIA 1D 1S00gX0D)
‘uolssalbal 19NDIS|3
S|apow d1e4ndde  ‘9BPIY ‘OSSY T -S|PPoW TN
1sow padnpoud Ja)jy yidap  “uond3es Buneoy piemioy
UIW 4y ‘UOID3|SS BIN1LSY JO  [elIUSNDIS ‘UOIID|SS plem
95ED U| 'S|9POUl 152104 WOPURI  -10J [elIUaNDbas -spoylaw
19410 2yl pawiopadino  uaddeipn YNYUI'SO1ISIIelS
44 SDIISIIRIS YURI PIDIDS U PIID|S Ajjeudixew
Ajjlewixew ay] “Jaullopad 4y ‘bununy s|geLea (INaV)
1590 93 SeM 1S00gX0D) 4y ‘'yrdap jewuiw 4y SAleIIU| Buibewioinan salpnis
‘S|I9POW Pa3s00q 3y} buowy ‘Souenjodwl s|qeliea 95835I S PWIBYZ|Y 1UDJJ4Ip WOI) eIEP BUl|
SpPoYIaW uoIssalbal x0D) pas! 4y ‘21025 X0D S1BLIBAIUN "(SYIN) Apnis buisby pue  -3seq bBuisn enuswisp 01
-leuossad || Ul OSSY T PaWIO)  -SPOY1aW US4 [SPOYIaU 9s5easlq  AIOWI|\ ASUPAS -sa1pnis |eAIAINS 101pald 1eyl
N -19d1n0 uoIssa1ba1 36pIY U 01129]95 24N1es) 8 SAIRIUSBIPOINSN Bulsbe [euipnyibuoy Slopow N\ dojaasp o) 020C [7G] '[e 38 Jsuoods 6¢
@uewJoyiad [ppoy sbuipuly spoylaw T\ awodno 195 ejeq aAndeIqo paysijgnd Jeap Joyiny OoN"IS

(panunuod) € ajqey



Page 20 of 35

841

(2023) 23

Das and Dhillon BMC Geriatrics

s1aseiep pue
s|opow ay | 1oy pariodai
1€ S3N[eA 105 | 4 Aokl

(gTDwIs pue
TISM IXBNSRY) S|2pow e Jo
91e1s oM} bujwiopadino

o|b6ey woly

sJomaulely
(10 paseq -Isp) buiuies]
dasp paseq buules|
pasialadns Apjeap) [oAou e

-nJoe ‘uoispaid ‘“Aypynads ‘anjeA AUAIISUSS pue 21035-4  (1INDAY) omawely (1Q) 95e35I(]  2UO (e1ep [Y\ Q# PUBlYW  DBuisn aseasip s Jawisyz|y
‘AIIAIISUSS ‘21005 eddey| 1961y sey |INDQY 2yl bulules) dasp paseg-1Sm SAIRIUSBIPOINSN Az $19se1ep |y uleiq ¢ Ajisse|> pue Ajnuapl o 0z70C [65] e 19 uen 4
ssad0.d Buibe padjoAUl
pa3ela|922e ay) buunp sadue WISIUBYD3W SAINR|DI DY) SB
-|lequil SISeISOaWoY Jejn||ad Jo ||9M SB 'S35e3SIP 9A1
510108} BUIALIP UOWWOD 3y} Se aseqelep (030) -eJusabapoinap pue
paynuUap! 249M asuodsal 10} SNQIUWQ uolssaldxg SISeISOaWOY Je|Nn|[ad
-eUIWBYUI PUB 'SWSI|OCeIDW N pasiaiadng aseasig 2U95) WOl PaUIRIQO ‘Buiabe usamiaq diys
VYN Jen||92 ‘pIny Jejn|j@denxa ayL  4Jal|9Y -UoNI3|3s ainea dAlIRIUSDAPOINAN  S3|youd uoneAyIaw YN -Uolje|as ay3 azA|eue o 1202 [85] P19 1IyS 1%
(zz1'0=uolsaid abesany
'0990=DNY 'Z£L'0=3In
-seaW-4 '/9¢°0=2a1el
aA11eHaU 3s[e4 '8/ 0 =916l
annisod asje4 ‘zz9'0=Audy
-153dS ‘€£9°0 = (AUARISUSS)
[[B29Y ‘€0 1'0 = UOIsIdald
'€290=AoRINDY) 11415
‘(Fz1'0=uolsaid abelany
'€990=DNV '08L°0==in elep wiep
-seaW-4 ‘€8¢’ 0 =2a1el S9SBISIP SNOLIEA JO UONDIP pa129]|02 Ajle|nbai buisn
aA11eHAU 3[4 ‘6GE'0=91es  -aid 01 papusIXe 9 UBD 1| "BSN SIDINIDS D4BD WISI-BUO|
ansod asjed ‘|90 =AY |ed2eid Joj [njasn pue sainy ueder uj 9dueInNsUl a1ed  BUIAII3I INOYUM 8/ J9AO
-129dS '/ 190 = (ANARISUSS) -e9) JO Jaquunu obie| e yum  uonezuenbai |07 yum wJ91-buo| pue sdueINsUl pabe suosiad Joj en
[[B23Y ‘501 °0 = UOISIDald Buljesp Ul | 7-47S Ueyl  s|9poud uolssaibal onsibo| 95e9sIQ  Y1|eay JO PIep WIeD WOy  -Uswap adA1-lawiayz)y Jo
'6£9°0=AdRINJDY) 07-41S SA11D3YY3 2I0W S| 0T-Y1S 9s/edg -sjppow N SAlIRIUSHIPOININ suostad €718y sl oY1 101paid o) 020T [£6] e 19 Iysiunyn w
S 19ybiy 1e palsplsuod
2l €/ | UBY} I0W pUB YSLI |[opow uondipaid ay3
195e1EP 159) pUR 1e34-€ MO| B 9ARY 0) PIPIS 1u3sald A|pIAIA 01 pays||
195e1eP UONEPI[eA 10} Y10q -UOD 2Je 0/ | UYL SS|210DS  -Qe1Sd Sem weiboulou (STHTD) £oAIng uopubod
1500g DX ‘sakeq aAleu  weibowou yim ajdoad Jap|0 uolssaibal dnsIbo A1ASbBUOT Y3eaH [eulpny |ewou yum ojdoad
15910} WOPUEJ ‘UoIssalbal uonouny ‘sakeg anleN 1500gDX -16U07 9saUIYD) Y1 WOy A|Jap|a Buljjamp Aunw
2)sI60| 10§ pariodal 21am  SANUDOD dUI|ISEG PUE ‘SN1EeYS 15910} WOpURY -pasn 95e35IP 919A3s Aue Bul -Wod 9saulyD buowe
san(eA ALARISUSS/A1DYDadSs  [ellew ‘BUIAl A|lep JO SDIIAIIDE  S|9POU | Juswalieduwl -ABY 10U ‘g = <1025  Judwailedwl aARIUBOD 1oy
‘Aoeindoe ‘A1dyinads ‘AuAi [PAUSWINIISUL ‘SbR -]spow aA1ubod buidopeasp Jo aseasiq IS Ym ‘09 < =be Jo TN UO paseq [apow
-1SUs ‘Yo Ind jewindo DNy doj9ASp 01 Pa1ddas SaIN1ea4 MSUURRA-€ SS900R 0] dAlRIUSDIPOINaN S|lenpIAIpUl 81/9 uopdipaid e pjing o 120T [9G] [e19 NH It
@xuew.oyiad |spo sbuipuly spoylaw TN awodInQ 19s eyeq aAnda[qo paysijgnd 1eap oyiny oN"S

(panunuOd) € 3jqey



Page 21 of 35

841

(2023) 23

Das and Dhillon BMC Geriatrics

(#1'0=2102s

14'960=AdN 'L0=Add
'86'0=Awdynads ‘01 0=Au
-AI}ISUSS ‘08'0=D0Y-DNY)
1500q1e) ‘(07 =24005 |4
'96'0=AdN ‘070=Add
'96'0=A12Y123ds ‘070 =Au
-AIISUSS ‘08'0=D0Y-DNV)
NNV ‘(¢z'0=2102s |4
'96'0=AdN ‘0C0=Add
'96'0=Awdyidads 'tz o=All
-AIISUSS ‘080 =D0Y-DNY)
Y1'(9€'0=2102s |4
'/60=AdN '€€0=Add
'96'096'0 =Awdyidads
‘6€°0=AUADISUDS
'98'0=D04-DNV) NG5!
(0£0=21035 14'/60=AdN
'60°0=NAdd '96'0=A1dy1>ads

$95e35IP 9S3Y1 JO
AbojoisAydoyied 2103 ayy
Bunsesw pue buipueis
-1apun Joj suoledduwi yum
‘sajyredoulaiold aajeISUID
-9P0JNau Ul SjUsWUOIIAUS
K105U3s xa|dwod jo Buipodsp
aAIIpaid ay1 buigoid 1oy
wbipe.ied sAneWIOjUI pUE
[nyasn e aq Aew dIsniy

oIsnuw Ul

pajenuelsul se ‘buissadoid

2ISNW 4O [9powl T\
pasialadnsun ue buisn
paie|nojed ‘Alljigeldipaid
Apojawl Ja1ied pue

aN|eA aspdins JURIASP 0}
3533 pajejal pue
sasuodsal Alejidnd puy
SJUBIASP DIPOJUI
Bundalep Aoeindoe
PasSIsSE JUN0DJE OJU|
2oua19dwod [edisnw pue
9AIINDAXS ‘lenydadsad

suosiad

Ayifeay €€ -|013u0d
9SeoSIP S IoWIyazZ|y ON}
-sauwe |ed|dA} ‘elnuawiap

uolewIoU|
[BDISNWU JO SPUBY JURI3YIP
Buissadoud ul paredidu
Ajsnoinaid ssiomisu

Uleiq PaINgUISIP eIy
-1eJa1Y Y} UIYIM S31e[a)
-103 [P2IWO1EUROINSU
9|qeJedas aney pjnom
10yod uaned ay ul
asudins [eaisnw Jo buipod
2AIIUBO)) -¢€ SIsay10dAH
sdnoJb yuedidiied

J3U10 Ul UBY] YddAS pue
@14Aq Ul padnpal A|919Aas
2J0W A|9A1R|21 9 p|NOM
(Adonua Apojawi ‘asudins
1UBIASP) S3IPOJRW JO
si21auweled d1312109y)
-UONPWIOJUI 01 AUAILISUSS
-7 SIs9Y10dAH aseasip

S JaWIdYZ|y p|Nom ueyy
A1IADRRI DUOUOINe puUe
UOI10319p JURIASD

[edIsnw JO siuauedw]
2J9AIS IOW YUM pale
-1D0SSe 97 P|NOM SIUIOIP

L€ 0=AUA1ISUSS Asudins, A1osuas Jo sajyoid  Aleluswale 4001 1ey) 10} EN:ENTg] |ejodwa101uoy Yum  -UAS enuswiap [eiodwa)
'/80=D04-DNY) 1500g DX 12UNISIP 9ABY SEIIUSUISP JOfely |9pow UoIssaibay 9AIRIUSDIPOININ syuaned 79 -ased -0JU0l -| SIsaYy10dAH 1202 [19] '|e 35 noweyuag o
%19
87107960 0£C0 6860
20L°0 (£#8'0-79£0) S08'0
150043183 9%¢€'99 00
/96'0 0020 £96°0 ¥0C'0
(S¥8'0-5S£°0) LO8'0 NNV
%CC'19 12206960 6020
¥96'0 SET0 (/#8'0-79/°0)
G080 UoISSa1bay d1sibo wyioble siyy Ag sjenplaipul
%Wy T/ 19E0 5610 LEEO payuel1saybly ayy buowe
/960 86€°0 (868°0-1780) PapN|DUl 91am JusuLedul dAlL
0980 WO -1UbBOd Yum sfenpialpul 3y Jo
%59/ /0E0=AdN 1u21ad XIS-A1UBASS "S|]opoW ‘sbuines a1ed Arewd ul
'7/60=/Add ‘8670=A1 12410 8y} ueyi Juswaledw) soai 9|qeulRIqO S3|gelieA Buisn
-oyPads ‘6960 =All SAIIUub0d Bundipaid uj P31500q 1USIPEID ‘SHIOM |1se1g-yS13 Apnis Juswaliedw aAnUb0d
-AIISUSS ‘9L E0=DNY UOIBUIWILIDSIP 159YDIY ay1 -13U [BIN3U ‘UOIssalbal ENENTg] [BUOIIDSS-550.D B WO} 101paid 01 S|lepow TN
-D0Y '€/8°0 1500g9HX pajussaid 1500g9X o1s1607 -S|Ppow N SAlIRIUSHBIPOININ syuedppied 1678 1591 pue dojaAsp o] €70T [09] e 19 Jl51ZS S
@uewJoyiad [apopy sbuipuly spoylaw TN awodInQ 19s ejeq aAnde(qo paysijgnd teap ioyiny OoN"IS

(panunuod) € ajqel



Page 22 of 35

841

(2023) 23

Das and Dhillon BMC Geriatrics

(8/1'0=Add '6190=~Au
-AIISUSS ‘1 8/°0 = Ady1dads
'£££°0=D09-NV) NN
"(¥€L'0=Add '00£0=Au
-ANISUSS ‘€690 =A1pyidads
¥E€£0=D04-NV) 44

TV 1'0=Add 7/90=Au
-AIISURS 1 69°0 = A1dydads
'£€°0=D04-NV) WAS
"w9L'0=Add 'L¥T0=Au
-AINISURS ‘906°0 = Audyioads
'789'0=D204-NY) SeAeg
SABN ‘(951'0=Add

709'0 = AUARISUDS
'25/°0=Aupypads

12idJ21u1 01

Ases aonpoud sy se
S}IOMIDU [eINBU pUE SSUIYDRW
10309/ 1oddns Jano abey
-URAPE UE 124JO $S3]ay1ianau
Kews swiyiiobe 159104 wop
-ueJ pue uojssaibai d11s1607
||9M 1583 pawioad

|opow sakeg anleN ‘Buibeuew
AYnoyjip pue 199|63u-J|9s
‘eluaiydoziyos ‘sbueyd
INoIARYSq ‘Bulispuem pue
UO[1RJUSLIOSIP SI9M [9pow

SHOMIBU [BINBU 15310}
wopuel ‘saujydeu J0199A
uoddns ‘sakeq anjeu
‘0SSe| YIM uolissalbal
2135160]—S|013U0d pue

(@YdD) AulfeIeq yoieasay
9130814 [BIUI|D) WOl
spiodal Juaned dluol}

2o112eid [e1auab ayy Aq
uonIpuod syl buiaey se
pa12319pun AJuaind s|

yo1ym syuaned uo

‘9€/°0=D0Y-NY) 0SseT Y1m UOISSa1631 213160 SYI Ul S3SED UDIMISQ S1euludld oseasiq  -d9jd woysyuaned ozlL'se enuawap buidopasp 1o
uolissalbay dnsibo paulelal sainlesy dol ay| -SIp 01 sIayIsse|d TN dAlIRIUSDIPOININ ubisap |013U0d-35ed BuISIX 19319p O] 6102 [9] '|e 19 pio4 6

Aoeindde poob yum 10128 XSl 9y

1104y0d yS13 Ul paiedrdal a1am (DdDH) siusuodwod Apnis 01 1uU3aldYa osje s|

S$1nsay "A11S9qO pue ‘sa1aqelp |edidulld uo buusn|D poy1aWw syl 1y pue

‘AuAnoeul [ed1sAyd ‘uoliejosl |eD1YdIeIRIH AQ pamoyjo) ‘pasoubelp-uou Jo Ajjood

[e120s ‘uoissaidap ‘Bupjows  (y4) SIsA[euy Jo1oe4 aid Buiby [eqO[D 01 JSYIIM S| BIIUSUISP SISyM

‘Bupjup ‘uoisualadAy ‘sso| INW—TN pasiaiadnsun Kemaies) ayy wolj SA9AINS Ul BRUSWSP

Bupieay ‘UoIIEINPa MO|  SNIELS BIIUBWSP pPatiodal 1951 PISIUOWIeH 3|geqoid Aynuapl ued

‘PIJUSWIRP O] UOIISURILJO  -J|9S 9yl YIm pasedwlod 6—1 S9nem (YST3)  [opow pa1sabbns ayy 1eyy

Sl Paseaidul 18yl SI010e)  SN1els eruawap ARy, Jo Buraby jo Apnig [euipny 91e4150W3P 0} (7

SUIU YIIM P1RIDOSSe SeM pue uoedYIRUapI I Uo Hul -16u07 ysi|buz -19s uon skanins buiebe uon

OlleJ 9PUI/3[BW) [i B -JUNOD AQ Palen|eAd sem -epljeA (3YyHS) @doing ur  -ejndod ul epuswap pooy

pake|dsip ‘9jdoad Jap|o ul wyiobe buuisnp 1USWIINSY pue ‘Bulsby -119¥1] ybiy 01 uonisues

1U3[eA.d DJOW SBM SNy pasodoid a1 jo Jamod 95eas|q  ‘U[edH JO ASAINS JO 79 | Buiynuspi Joy siskjeue
VN -1 eruswag Ay, UONBUIWLIDSIDAY]  9AIRIUSDIpOINSN  aAeM -Bulp|ing [2pow Jo4 Bup3sn|d e YIng 03 (| €70z [£9] e 13 lUelRN-IgieyD Il

aseasip

s Jawiayz|y Ajepadsa

'sIoplosip |ed1bojoINau Jo

|opow pasiaiadnsun e JENIED) SU Yam $103(gns Jo

-3U1-JO-91E1S JUaLIND 31 J2AO 2Jeasay 9seasi s Jau sabewl yy14 zL Ul

(6£:0=uoIspaud  JusWACIdUI JUEDYIUBIS YUM SauIyoeWw -194z|\y UISUODSIAN WO} PaAISGO (HINA) SIS

'/90=4) 44 (950 =uoIs 159Q 9Y3 SHJoMm UoIssaIbal 10109/ Moddns 's159104 ENENTg] S|ENPIAIPUL |GZ JO  -Ud1ULIRdAH Ja11e\ SUYA
-paid 5 0=4) WAS paseq 153104 Wopuey wopuey -sjapou SABIUSDBIPOINAN sueds [YN-ZL pue || Aynuenb pue 12919p o] 102 [29] |e 19 ndeyy Vag
>uew.oyiad |spo sbuipuly spoylaw TN awodInQ 19s ejeq aAndeIqo paysijgnd Jeap Joyiny OoN"IS

(panunuod) € a1qey



Page 23 of 35

841

(2023) 23

Das and Dhillon BMC Geriatrics

S3SBY [eDOA LI0YS WIOJ)
Alleonewioine a|qeidenxa
Alisea a1e ydIym ‘sainiesy

yoaads 1ounsip Aq paziiaide
-1eYD 9 0} W3S SN U413}
-JId '$2102s uolssaidap pue
‘Ayrede ‘A1a1xue Bunoipaid ul
auljaseq aAoqe wiopad pue
$21n1e3) Yo9ads wolj uon

uo|ssaibal Jeaul| 0sse]
‘uolssa1H3al 10103/ 1od
-dng -sjopow A JusW
-$S95Se 91 J0J pasn sem

SdN Pliw yum syuaned ul
(SdN) sdwoydwiAs dureryo
-Asdoinau pue sainiea}
yoaads pardesxe Ajjed

-BULIOJUI 1DBJIXS 01 3[qe 3Je (K1oauanul dLeIYDASdo) aseasig splodal |eydsoy wolq -11eWOolNe U3aM13q uon
N 105521631 BulUIe3| BUIYDR  -NBU) [N 210DS [EDIUID Y 2AnBIUSHIPOINAN ‘SAN Yim siuaned [, -eID0OSse syl 21e61saAuUl o] 120z [89] ‘(e 12 BIugy €5
LAIgesip ssaoxe, (OMIT) 3unoD (19231M1) wiioped
95BAIDUI PUB 3SESIP YL YIM  PIOAA pue Alinbuj dnsinb eIpaW [e1D0S UO PUIbNS
S|enplAIpuUl 10} suonedadxa -ulq -sisAjeue JuaU0D 95e3SIP S, IBWIDYZ|Y 01
an1ebau pue sadA102191s swielb-N -Jayls P3YDJeas 2U9M SPIOM JUBAS|J SUOISUBWIP
10edwi pjNOd YaIym ‘ewibis  -sejd 9|ndIpl ‘@dustiadxs Ay pa1eRI QY 6 IdY |BJ9ASS UO S199M] JO
o1ignd a1eniadiad 01 spiom |euosiad ‘uoneziuebio 21835 s Ja1im| ybnoiyy 9|dwes JO Jua1uod Yy}
A3 pa1e|RI-QY Pash s1oaml ‘leotoydelsw ‘93of ‘DAL P3123]|02 (QY) 2569 Bulpod Joj poyiaw
pa1e[al-gy 29Ul JO %€ 1L eyl -BULIOJUI -SUOISUSUIP a5easig -SIp S JaWlayz|y O} pasiaIadns e a1es1suo
N PaYIUSPI APNIS 3Y| 9 OIUI PAPOD 2I9M S19M|  SAIRIUSDIPOINSN palejal $199M1 0G 1L € -wap pue dojansp o] /10T [£9] |8 13 Je2sO 5
FENEN]o]
2A11eIUSHIPOINSU U0y 3310YD
poob e |15 a1e A3y ‘S10j219Y |
"SNNQ Ueyl 121disaul 01 1aIse
91 pue ||am Wwioyad sjppow uonendod Japjo ul
X0D) 'ISASMOH "B1ep PaJosuad J5X0D S9SBISIP SANRIUSHIPOI
3|puUeY Ued 1l JISA0SION ‘'UFX0D)—S[9POU X0 -nau 101paid 01 Sjepow
'$9IN1B3} SNOJBWNU YIM  12USsUs( Jawiojsuel|gel Apnis yS13 woly  plezey |euoijodoid xoD
S195e1ep Jejngel snosusbois ‘PIeMIOPaaS -SNNA dnmoj|oy 104 8 anem g pazue|nbal yum (SNNQ)
19y Y1IM $25B3SIp SAI1e) -S|9POW "BlIURWQ IO 7 9ABM WOJJ UONIPUOD  SYIOMIaU [einau dasp JO
-usbapoinau Jo uondipaid 1o} SJBWIBYZ|Y ‘SUOSUINIed JO ENENTg] dAIeISUSbapOINaU OU  sadAl 1uIayip Jo duBW
N Buisiwold s Jauliojsues|gel SIUSAS MU -2UI02INO dAlRIUSDIpOINAN  Bulaey syuedpiied €£45 -10419d ay3 21edwod 0] €20T [99] |e 19 OAenby 1S
UOIBUIWILIDSIP 10§ Jo1dIpald
JUBAS|2J ISOW S Sem UOI}
-edNp3 s1010e) 2112USH Uey)
2UI|D3pP 3AIIUBOD 03 Iow
91NQIIUOD SI01D8) DISU
-abuou 1eyy paisabbns
sanbiuyoal uonesyisse|d 4y J3YISSe|D 152104 WOP (Apnis auIpap
|INg pUB ‘SN1eIS USLIed  -UeY -[9pOW I SISAjeue 1USWIINSY PUe Y1edH) aAIIub0d 1o1paid 01
£3 304V 's919qeIp pue ‘SISN K10123(e11 ssed Ju1eT SYH WIOJ) SUONEN|BAD DALY 95B3SIP S IBWIBYZ|Y 10}
‘90115 4Iopusb ‘abe ‘uoednpa -$955B|D JO Jaquinu pue 9seaslq  -ubod 7 < pue yYNQ Yim 10128} %Sl D1suab pue
VN 219M s10121paud payuels dof WO 91 SUIWIS1Sp Of SAIRIUSBIPOINSN syuedipued 7|’/ 9|geylpow a1en|eAs o) 00T [S9] ‘e 1o eAOUESED 0S
>uew.oyiad |spo sbuipuiy spoylaw TN swomnQ 19s ejeq aAndeIqo paysijgnd Jeap Joyiny OoN"IS

(panunuod) € ajqey



Page 24 of 35

841

(2023) 23

Das and Dhillon BMC Geriatrics

paynuap!

AJ|NJSS222NS 2I9M SNpe

J9P|0 Ul uonoUNy SAINUB0D
1eqo|b ur sulPsp [enusiod e
Bunodipaid 1oy sainiesy Juey
-Jodwi Y3 'Sy | "USWOM Joj
1EP |X 31 UO 2UIYDeU J0IDIA
uoddns Buisn pa1d3|as alam
sain1eay lewndo Aluami pue
‘USUI I0J BIBP ¢ 94yl UO

dDIN ‘QVDS 1eN2nse|3
‘OSSV1 SHOMISN [BINSN
‘49 'LA 'WAS -S|lopouw TN

23103 YINOS ‘uesng ul

s)npe
J9P|O Ul UOIIdUNY ALY

-1ubod |eqo|b ul duIPIp B

1Ipaid 01 ssauly [ed

-1sAyd pue 1eb Jo sainieay

19U d1Ise|d Buisn pa1d9jas  1500goX ‘Uoissaibal Jeaul| 95e3sIg  PRIdNPUOD ASAINS B WOy Juenodwil Ajnuspl o1 (TN)
VN 919M S2IN1e3) [eundo aAl4 o|dwils -Bupyuel ainyea SAIRIUSBIPOINSIN S)Npe Japjo 90€ Buiules| sulyoew asn of 120T [z/]11e 39 YyoN /S
Juauliedw] aAINUBOD J0§ SI0)
-oIpaid Buons ApAnesedwod
2I9M |INg Buiseainul ‘yijeay
9A1193(QNS SIOM ‘A1DIUYID |opow
DiuedsiH ‘uo1eINPS JISMOT piezey [euoiiodoid xoD 9|dwies aAlleIUSS
"B[JUSWAP pue JuawLieduwl -slen dull 1oy -ai1das uonejndod ojeds
2ANIubod Buidojaaap 1oy 9715 109449 91BWINSD ob.e| e Ul BIUBWISP pue
351 159ybIy A|oAinejal 1e SISKjeue |BAIAINS puUe 4y 1uaWaliedwi aAIUbOD
2J9M SSAISIP [BUONOWS UO -9ouepodw! Bunsesaloy ui sioid|paid
yb1y pa1ods oym sjenpin SAI1e[3) JUllBWINST aseasig SYH wouy p2123|35 Jo aduepodw|
N -Ipul pue suedUBWY UedLyy  ABojopoyIaw paulquiod) 9AIRIUSDIPOINN SNPe J3PI0 6/6'6 9Ae[2) 91 91BWIISD O] 0202 [1/]]e 12 uspueMYDSY 95
abewep JejndseAcIqaIdd Jo 2Ins0dxa Yum
Juspuadapul sl 95easip PR1eID0SSE 95e3SIP S JaU
S, JaWlayz|y Pasealdul JO dAIL (0107-6661) -194Z]V/ JO S DluIoleue
-e21pul Ja11ew Aa16 jo Aydoie (IN3S) Buibew| aouLUOSDY -0JN3aU Paseaudul Jo 3|o)
aAIssaIboid Aq paleipawi si - Buljspoly uonenbd einy onaubey Jo Apmis Buneipaw [enusiod ayy
yolym ‘abess esjurdaid ayi 1e -on.s -paljdde poyisy KIOWBN dAIIBAIU| YI|eaH 2I0|dxa 01 (¢ ‘2uIPap
Bulules| mau/||edas 9914 918 YA utelq ybnoayy SUSWOA 3yl g Bbulsby Kiowawi d1posida ayy
-IpaWWll JO 2Ul|D9p Alles 01 $94025 AJle|iwis usened 2AIIUBO)) JO ApNiS aAllen S1D9yje (Joyew a1ejndi
$9INQLIUOD 1eY) ADIX010INSU 1P s JauWiRyz|y 95e3sIg  -1U| Yi[eaH SUSWOAN WOy -led) G'ZINd JlayIym
N ST JO winnuuod ay | paubisse a1am s103[gNg SAI1RIUSO3POININ S9[eWD) 13PIO | €G QulWexa 0} (| 020T [0/] '|e 32 uBUNOA S
Buiules|
dosp ‘s9a11 pa1sooq
3SBY UOIIeDLISSe|D AJeUIq B Ul JUBIpRID) 1500gepY Y 'Id
159] Buel |lel] syl pue 159 'sakeq anleu ‘sioqyblau (uonedyissepd Aleulq)
2INBI4 xa|dwoD) YIalua1sQ  1Sa4eau Y WAS -S|lopoul 2oueWLIOd SAIIUBOD
-Aay a1 153] Buimelg W JUSUISSISSE SARIUBOD $,J95N [9pOW 03 SONISLIAY
S195gNS 320D Y3 o'l ‘paJapISU0d $1s31  [eubIp -yoeoidde Jusiind -deseyd ainssaid pue
2IN1ed) J0j pale|ndjed sem  3AINUBOD 9y uo sayseoidde S2IN1edy |esodwial ‘[e1oeds ‘jesu1sw
DNV ||e23Y ‘UoIsdald 'ssO) snoiAald [|e SWIOpRdIN0 195 UMEIP JO SISAjeue 1U1U0d a5easig > 24edAep Dl -09b se yans ‘sainieay
607 ‘21035 | 4 “AoeINdDY 2IN1e3) INO Sanbiuysal —peoidde [euonipel| SAIIRIUSDSPOINSN  -1eUsb e wioly $193[gNs Ot uad |eybip asn o] 220z [69] beiuuos pue abueid 5
>uew.oyiad |spo sbuipuiy spoylaw TN awodInQ 19s ejeq aAndeIqo paysijgnd Jeap Joyiny OoN"IS

(panunuod) € a1qey



Page 25 of 35

841

(2023) 23

Das and Dhillon BMC Geriatrics

(%0£78=DNV

-D04Y '%0E €8 = 21035

14 '96/°78=AKdeande)

449 (%0°€5=DNv-204

SaNbIULD3) 1US231 SI SWO)
-Jadino anbiuyda) uonesyis
-se|d> pasodoid sy 1eyl mMoys
S)nsaJ aAnesedwod ay1 pue
AUAIISUDS 96001 Pue Adel

159104 Wopuey
15009 DX ‘Wy3lioble

(sabewy

[4IN 052) 9SeqeIep (INAV)
2AlenIu| buibewioinaN

sisAjeue

A12woab [e1oelyn|NwW Jo
UOI1eZI|1IN 943 UO Paseq
958351 SJaWIdyz|y Jo
sabe1s snoLeA Ajis

-Se|d A|jeonewoine o)

‘Yt |7 =105 |4 -NDDB 0417’66 PIASIYDE Sey Inoqybiau 1sa1eau-y| aseasiq aseasig sJawiRyz|y poyaw [euoieinduod
‘967 €/ =AdBINDIR) 15009 DY anbiuyday pasodolid ay| sisAleue [e1delnNy dAlIRIUSDIPOININ (I 095) 2|66} |9nou e asodoid o] 20T [9/] e 19 [PWWeD|3 19
AVEINY]
-liedwi 9AnIUBOD Jo sio1dIpald
Juenodwl Se payusp| UM
uolssaidap pue ‘abe ‘suon JuswWaledwi
pouad  -elwi| [euonduny bujuonouny SNINUBOD JoJ S10108)
QWY JUIaYIp Jof uodIpald '|0J23153|0YD ‘aInssaid poo|g e1ep (5107 Juenodwil AJ3uapl 01 (7
Juswaledwi 9AIUBOD IO} NG Y JeIA [PUONDSS-SSOID pue uojssalbay ~1107) STHYHD Woly “uswaliedw|
paiiodal aie Y7 Jue 44 Jo §|9 ‘i 1A ‘7 Je9A 18 SBWODINO 21151607 159104 Wopuey sdnmoj|o} y1eak 2AIUBOD Ul bululed)
-pow JUSIYIp Jo Adeundde | Joj Aoeindde ybly pamoys -Juswialiedwi aARUBOD aseasiq ‘74eak 'auljaseq wouy 2UIYdeW JO 3N|eA DAL
‘91025 4 ||BD34 ‘UOISIDaId S|9pOW 15910} Wopuey  BundIpaid 1oy slEPoW A SA1RIUSHIPOINDN synpeJapjo9ze’r  -dlpald ayy alojdxa 01 (| €207 [S/] e 32 N 09
sa|dwies 9210A Jo buissadold
|euUbIS o) pue sBuIpIod3l
paqdsuel} Woij yiog ‘(enboj
-ouowl) y2aads aAj1elIeU UO
2J0W Pasnd0} ‘os|y -anbojelp $31N10311ydIe dosp uonoelaUl anbo|
uay0ds JO sisAjeue oyl ybnoayy  14e-jo-91e3s ‘SIaYISSe|d 9N -elp ybnoiyy paidslep
BIIUSWISP JO SUBIS Alies  -e1ousb Jesul| -spoyiaul S10Z ‘Apnis 90 Aew Qv Jo subis
Bunoyuow o1 yoeoidde I Buissadoid ydsads 9s5easlq  eluaWag INJATYd WOl [eInoiAeyaq A|Jea Jayiaym
VN [9A0U B padNnpoIiul Apnis ay | -spoyiaw pasodoid aAnelusbapoinaN  siuedidiued pabe 3ppin 21eb1s9AuUl O] 6102 [/] e 19 BIDIED) 65
S91uepyUod bulyde| pue
‘Bupjows Ajpuaiund jou
‘suwoydwiAs anjssaidap Juaw
-lledwi Burieay pue ‘2inssaid
POOJ|Q DI|0ISeIP PUR DI|01SAS
19yb1y ‘uoisusnadAy pariodas
‘SIIYMIe ‘95BISIP PIOJAYL ‘BIW
-U1AyJie DeIpIeD ‘9s5easIp 1eay
‘syutejdwod Alowaw aARdaf (80-9007) Apnis 11o0yod
-gns ‘sbnip uopduosaid aiow  BulAISN|D (dedAH) paseq (LVHAW) wea] buiby W Buisn
‘U1[eaY PR1RI-J9S DSIOM UlIM -uoiued pue-Alsusp AyyjeaH Ausybolybnox  enuswisp uspIdUl JUSNb
P21LIDOSSE SeM BIIUSLISP PUGAH yum bulapow ENENTg] -e|ayebuoUO| Woly -95gNS YIM pajedosse
VN JuapUl Jo Alljigegoid ay | AOMIBI -POYIaW N 2AIBIUSDIPOINAN S|enpIAIPUL 61| S3|qeLieA Ajauspl o 020T VAR ER: 85
@uewJoyiad [ppoy sbuipuly spoylaw TN awodInQ 19s ejeq aAndeIqo paysijgnd Jeap Joyiny OoN"IS

(panunuod) € ajqey



Page 26 of 35

841

(2023) 23

Das and Dhillon BMC Geriatrics

(566:0=DNV
‘96'0=AU2Y1>3ds ‘160 = A
-AISUSS ‘mm.oH\AuQDuumv
19Ns2Y-A¢ ‘(F66:0=DNY

‘| =Audypads ‘v 16 0=Au
-AI}ISUSS 'S6°0=AdeINDDR)
1ONDOA-QE (£60=DNY
'158°0=Audyads

sayoeoidde aujydeu 10109/
10ddns pue 1sN9DA 3y 01
pasedwod uleiq ayi ul suoibai
Pa1PID0SSe-358ISIP JO U
-BZ||PD0] 21RINDP DIOUI SP
|[oM se 9duewoped uol
-e2YIsse|d 1594 a1 papiroid

ABarens Buiuiea) saysuely
—SJ3LISSE|D JO DU
-loyiad ay) anoidwi 01

[REINEER)RICNEN]
|enpisay desQg g pue

(19NDDA) YIOMISN [euon

(ssuedidiied 095) (INAY)
2AlenIu| buibewioinaN

J9Y1S5e[2 10unsIp
992141 33 paledwlod Ajjed
-11eWR1SAS pue uolssaib
-oid pue Juswdojensp
95895IP 01 INGLIUOD 18y}
suolbal uleiq ay3 Jajul pue
9583SIP S JBWIBYZ]Y
1Ipaid 03 siayisse|d

'6£6'0=AlAl |9pOW 19NSY 341 18y} -njoauoD deaqg A1sp gg 95easlq  9seasig SIPWIBYZ|Y Wol)  elep Y paseq-buiules)
‘06'0=/A2eIN2OR) NAS pa31sabbns suosiledwod ay]  ‘aulyde| 10303/ oddng dAlRIUSDIpOINAN  sabew YN paiyblam-| | auIydew pjing o 1202 [6/] BueA pue I 59
(syuedpued |07) 121U
Apnis ay3 ul BuIleUIPIO0D) S JDWIBYZ|Y
PaJapISU0d 13se1ep AIDAS 10} [eUOIIEN ‘SIDPIOg INOYIAN
AeINdDe 9608 UBY) 40W YIIM Kioysoday aseasiq
padojaAap sem [01U0d s Jawayz)y ‘(INAY)
yijeay ue pue juswiiedul Jayissepd uon 2AlenIuU| BuibewioinaN
SAIUBOD PlIU WOJ} 3SBISI -dUNY SISeq [eIpes dUIydew aseasig sJawipyz|y [4IAl [ean1dNas
S, JaUWIBYZ|Y ‘UONeIYISSe|d 10199A 1oddns ‘sisA|eue aseasiq  ‘obedawoy euawag o) paiyblam-1 ] buisn asea
VN DIIBWOINe JOj) POYIaW [9A0U VY 1usuodwod [edidulld SAIIRIUSDIPOINSN 191U YDIeSSIY [BUONBN  -SIP S JaWIayz|y AJIsse|d o) 00T [8/] |e 32 AseNyiysOL 9
(05'78=DNV ‘00'G9=|[ed3I
‘| 7 #8=AdeINdDR) 1500gEPY
‘(Pr¥8=DNV ‘0008 =23l
178 =AorINd2e) 159104
wopuey (05¢8=JNY
'00°69=[eda1 ‘'8S" L g =Adel
-NJde) 33| UoIsida]
‘(czz8=DNV '000L=|[e23) Ajpnnoadsal
‘8618 =AdeINDE) NAS %C6 PUe %16 JO 9103s-4 e Ul
(0000£=DNV '00°0/ =|e224  bunjnsal Agaayl ‘uonesyissed uoledyIsse|D 15009
'00°G/ =/Aoeindoe) eudoip 4y pue WAS 341 01 9duedyiubis -epy pue uolnedyissed sabew uleiq
/M-UoIssalbay dnsibo pappe wyiiobje exniog pue (INAS) SUIYy2e| 101097 |4 Wolj sanbiuysay buj
(91'6£=DNY'00°0L=|[ed3 Buruny ua1swelediadAy  1oddng ‘uonesyissepd (4y) (s3uaned -UJB3)| SUIYDPW JUDISHIP
'56'8/ =AdeINdDR) 9y 'SaNjeA DNV PUB |[edal 158104 WOpURY ‘UONedyIs 0G1) 39se1ep (z-SISyO)  buisn enuawiap-uou pue
uopeindwi /m ‘A&oeINDOR WINWIXeW spjalk -Sepd (1) 9911 uoisidaQ ENENlg] salpnis buibew jo BIIUSWSP YIIM SPI0D3)
-uolssalbay disibo 12UISSeP (4Y) 352104 Wopuey ‘UoIssalbal d13s160) SAI1RIUSOIPOININ SIS ssa20y uadO Jusied ayi AJissep o] 44V [£/] e 33 ueleseyiunos €9
s19se1ep abew| |[ews
3|puey AJISea Ued JO ISy S|
11 puUe saIN1es} paljeid-puey
Aue a1inbal Jou saop [apow
w1sAs pasodoud sy pue
syooda of uo swa|goid ssed
-1}INW 10 9%/ 16 JO AoINDDE UR
aneb YoIym 19se1ep uonepl
-|eA UO pa3epljeA pue ‘NND Y3 Buiuies| Jajsuel)
paulelial ‘wajgoid sy 1oy (Slomiau ‘9’1 Abojopoylaw [9A0u e
96G/°€/ JO AoeINDDE Sey 19NX3|y paulelad ayl pasn paseq buluiea| doap e ENENTg] (s9jdwies abew  Buisn sabels aseas|p s, Jaw
|opow pasodoud ay | wyiobje pasodoid oy 19uxaly) Buluies| Jsysuel] SAIRIUSBIPOINSN £6€9) A1oysodal abbey  -1ayz|y a|dinuw Assed o 120T [0€] '|e 19 |ezeyn 29
@uewJoyiad [ppoy sbuipuly spoylaw TN awodInQ 19s ejeq aAndeIqo paysijgnd Jeap Joyiny OoN"IS

(panunuod) € a1qey



Page 27 of 35

841

(2023) 23

Das and Dhillon BMC Geriatrics

S|9POW Y1 pUe 51531 DU} JOJ

ENENGEIEN]
-19yz|y JO sl 1e uosiad e Jo
uondipaid Ajies sajgeus
siom pasodoid 3,680 S
Aoeindoe Jayisse|d g abeis Jo

wyaLobie oisiboT [eruounny

"1/°0 JO AoeIndde Ue Y1im
159104 WOPUBY Pue 9gQ JO
Adeindde ue yim sydipaid
Jayissep | abe3s Jo NAS

“s Jawiayz|y auuysqg, pue
JSAowWiayz|y ureusdun,

/S JawIayz|y ON,:suoniuysp

uolssaibal d1sIBo| [elw

uosiad e jo

SUI29p SAINUDBOD Y1
$s9s55e 01 (VD) 1531 Ay
2AIUBOD) pajjed 159)
|es16ojoydAsdoinau e
Bunonpuo) (1) sJauw
-134z|y Yum pajeidosse
SI012BJ XSl SNOLIBA UO
siskjeue |njaied bulop Aq
31| 918 JIBYL Ul JDWIBY

pariodal a1am A1pyinads |euonelado ayy buisn 1o1de} -Oul|NW 15210 WOpPUEJ 95e3sIq (syuaned -Z]\ 4o san|iqissod yim
‘AIAIISUSS ‘ADRINDDY MS1 9Yl PaYISse Apnis ay]  ‘sulydew 101294 Loddng SAIRIUSBIPOINSN 19€7) e1ep [ea1ulD s|doad Bundipaid (1) 4404 [€8] |p 19 Iy1eAay 69
uonesyiiuapl Joy
DBy MSH [9A0U 10§ |00 Buluiw
e1ep e se sulewop eiep biq
[e2Ipaw 9430 UlYIM NNDT JO
(62/:0=~AoeIndDR uondepe Joj [elluaiod 1ea1b
‘'0S£0=AdN'0LL0=Add  Sulewai Os[e aiay| ‘sio1edipul
‘Y120=YNL 'O/ 0=YdL) [9A0U [elua10d Se s1uaAe 152104 Wopuey S9JN1e3) [eNPIAIPUI
44 (S5 0=Adel [eDIPAW PIes JO ApNis [e1ulD  (NNDJ) SHOMIBU [einau syuaned Ajpuspi 01 pue syuaned
-NJ2e 'Y/ 0=AdN 13U1INJ 10§ 9DUIPIAS dpIroid daap 9|quIasu yum ennuawap buowe enuawap jo uonezijexnd
'99/°0=Add ‘799, 0=4YNL UO1e[2110D JO 9DUSPIAS uonezuenbal Adonus 9UOD1IN0 Uoh (s3uaned 867'6G)  -soy 1oipaid 03 yoeosdde
9%/ 0=Y4d1) NND3 JISINAY pue AISAODSIP BY]  —SHIOMIBU [einau daag -ez||e)dsoH  Sp40d34 Y3eay DIU0i1d9|3 TN [9A0U B pling O 0202 [8] '|e 1o Bues| 39
sdnoib enuswap
-l}INW Ul SIS0 [BIBASS YIIM
213 ‘elWAUE ‘9Bl ‘9D ‘92IN0S
UOISSIWIPE S|[Bj 'SUONDJUI 10R.)
Areunn ‘s;9dn ainssaid ‘uols 3J1| Jo Auenb |jeiono
-sjupe 1e swajgoid [edipaul Jo 3I0MIBU [RINSU 1oedw| pue SAWOJINO
Jagwinu ‘Ayredojeydasus  uondaniad sake|inuw 159 syuaned anoldw o1 A|Jes pajeb
S|9pPOW 10)  PN|DUl ‘AIOISIY [EDIPAW WO}  -IO) WOPUEI ‘9311 U op elluawap buowe -1W 9 P|NOd 18y} SOUIOD
paiodal S| uolepl|eA ssoid A[ISOW ‘SI0128} ¥{SI 2UI02INO  ‘U0IsSaIBal d11s160] ‘|apow 2W021N0 Uol (syuaned -1no uolleziendsoy 1oy
plojus 1oy DOY-DNY  uoneziendsoy paynuspl doj. poseq 9913 9|quuissuy -ezl[e)dsoH £0¥8) P03l |eUdSOH S10108 sU AJauspl 0| ot [18] e 13 Buep /9
uoneuiojul (sfenpiaipul 07Z'S)
(Pr20=DNV '578°0=A1 onauab Ajuo buisn aannad (deogp) aseqeiep sadAy
-oy12ads ‘€99:0=AUAISUSS  -WOD A|YBIyst yoiym g0~ bul -0uayd pue sadAlousn i
'99/°0=AdeINd28) 0SSV ~Ueal ‘94G punole Aq AInd I9DN (zd'za891000sYd)
(80/°0=DNV ‘0080=A1  aAneIado BujAledal 3Y3 Jopun 1207 A)|1q1dadsns 1oy 9583SIP S IBWIRYZ|Y 10}
-oy12ads ‘919'0=AUARISUSS eale oy sanoudwi sajduies Apnis uonedossy apIM 10108} Sl D1aUab 3|qls
‘02/°0=A2eIN20R) OO YD PaYISSe|ISILIO) Pany [9pow -9UWOURD) :ApNIS Ajlude4  -sod JO 195 a1 pulxa pue
(0890=DNV €/ 0=Au ayyo sipew ayrsnid 09D ‘OSSY T (SWIMSE) osess|q sawiRyzly Adeindde uonedyissed
-oy19ads ‘979’0 =AUAIISUDS |9POW [B[31U] UB WIOJ) SID UON23|3S [IPOIA ASIM ENENTg] 195UQ-91e71—bulby uo anoldwi 015! Y2ieasal
'989'0 =A2eINd2e) SINIMSY -{ieujo uonippe ay| -obe3s buiddensioog SAIRIUSBIPOINSN 91N11ISU| [PUONEN  SIY1 JO 9ANDS(CO Ulew 3y | 020 [08] '[P 19 $9|BSOY-0IUIOY 99
@uewJoyiad [ppoy sbuipuly spoylaw TN awodInQ 19s ejeq aAndeIqo paysijgnd Jeap Joyiny OoN"IS

(panunuod) € ajqey



Page 28 of 35

841

(2023) 23

Das and Dhillon BMC Geriatrics

(%0°5S=DNVYD0Y

'05€'GC =105 |4

'9%9'1 £ =AdeINd2e)

44 '(%0°€S=DNVYD0Y

‘9%t L7 =21025 |4

'9%¢°€/ =A2BINDDR) 1500gX

suonedndd0 [enuew pue
3UODUI P|OYasnoy Jamo|
‘(sainjuap buleam 'Yyiaa
61-01 Burey) yieay eio
aul|aseq ‘abe Japjo Aq pasus
-Nyul Ajulew sem ssoj Y1001 Jo
UoNDIPald 115810} WopuUerY
pawIopadIN0 1500g9X

|spow uon
-eDUISSe|D 15210 Wopuey
‘wyiobie uonedyissed
1500gOX -S[9pow N
wyobje
eINIog—UOI1D9|as 2injea

si0101paud

95043 JO UINOIARYR] 23U}
puelsiapun 0} (¢

SSO| 11001 JO 9dUdp
-DUl 3y 1d1paud 01 (7
SSO| 11001 JO

s10121paid yueriodwil
Isow au1 AJauapl 01 TN
Buisn Jo Ajigissod aya
21e6is9AUl 0] (|

S39Vr) APNIS uonen|erl
|ea16ojojuRI9) ueder
s95easI (B0 WOYS JNPe U3p|o L0Y'6L

Lc0c

[¥8] '|e 39 Aes00D oL

a>uewnoyiad [spopy

sbuipury

spoylaw TN

awo2nQ 19s eyeq aAnR(qo

paysijgnd 1eap

oyny  oN*1s

(panuNUOd) € 3jqey



Das and Dhillon BMC Geriatrics (2023) 23:841

Neurodegenerative disorders

There are many studies focused on neurodegenerative
disorder, which includes Alzheimer’s disease, Parkinson’s
disease, Dementia, and any type of cognitive disorders.
Different types of deep neural networks were applied and
compared with Cox proportional hazard models to pre-
dict the neurodegenerative disorders using population-
based datasets [66], and another comparative analysis
was done to understand the association between ageing
process and these diseases [58]. Among all kinds of neu-
rodegenerative diseases, Alzheimer’s disease was focused
a lot. Some studies used biomarker data for example
white matter hyperintensities [62], and particulate matter
[70] to explore their role in causing Alzheimer’s disease.
On the other hand, interestingly many studies have used
social media (Twitter) data, to capture the sentiment of a
large number of populations regarding the stigma of the
disease [67]. Insurance claim data [57] is also used for
the study. Most of the studies used regularised regression
models, logistic regression, and deep learning models
for capturing the risk. Among neurodegenerative dis-
orders, another part of the disease is dementia [54, 61]
and cognitive dysfunctions. Machine learning was used
to diagnose and predict cognitive dysfunction mostly
using population-based data [55, 56, 60, 72, 75], mostly
using regression models from supervised ML, another
type of studies have used biomarker variables [65], digital
device features [59, 69], and hospital records [68] to ana-
lyse the risk factors of cognitive dysfunction. Similarly,
for dementia, most of the studies used population-based
surveys [63, 71, 73, 74] and clinical datasets [64] using
classification and deep learning methods of ML. Mostly,
logistic regression and random forest regression per-
formed better than the other models applied.

Non-communicable diseases

Among NCDs, diabetes, hypertension, chronic kid-
ney diseases, cancer, and cardiovascular diseases were
explored. Diabetes mellitus is very common among the
older population and machine learning has been exten-
sively applied for the detection, prediction, and iden-
tification of risk factors of the disease. Studies have
developed predictive models [34, 35] based on supervised
ML (logistic regression, XG Boost, decision tree, etc.)
and some studies identified associated risk factors [32,
33] using clustering algorithms (like principal component
analysis), logistic regression classifiers, and other super-
vised ML algorithms. Predicative models for hyperten-
sion were developed by using population-based datasets
[39], with the association of risk factors like high waist
circumference [38], cognitive impairment [37], and sleep
& pulmonary measures [36] discussed. LASSO (Least
Absolute Shrinkage and Selection Operator) and Ridge
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regression were popularly used for finding the asso-
ciation of the risk factors and feature section for model
building. Chronic kidney disease detection [42], predict-
ing stone-free status [40], and identifying distinct types
of kidney transplants [41] were the focus areas. Patient
records from the hospital were the only source for this
kind of study. To detect chronic kidney disease, image
processing, and deep learning algorithms were used, for
predicting stone-free status, supervised ML algorithms
(like logistic regression, random forest, and XG Boost
regressor) were used, and lastly for identifying the kidney
transplants clustering approach was used on the organ
sharing data of patients. We found two studies based
on colorectal cancer [22] which evaluated its risk using
a random forest model on primary care health records.
Another study predicted the quality of colorectal cancer
surgery [24] with the 30-day mortality data from a hospi-
tal record and applied supervised ML algorithms. Many
studies applied cross-sectional health survey data [25, 26,
28] and administrative databases [27, 29, 31] for predict-
ing the risk of cardiovascular diseases. These studies used
deep learning algorithms, cluster analysis, and ensemble
ML to identify risk factors.

Mental health conditions

Except physical health, mental health has equal impor-
tance for the overall body condition of older adults. Many
types of mental health-related issues among the older
population, for example, predicting depression from
smartphone data using supervised ML models [46], iden-
tifying patients with depressive symptoms using random
forest decision models on primary care visits [44], sui-
cide prediction model [43], analysing the effect of envi-
ronmental factors on mental health [45, 49], quantifying
the psychotherapy content and its effect [47], and study-
ing loneliness using social media data Twitter [48] and
sentiment analysis were addressed by different studies.
Most of the studies applied logistic regression, random
forest, and deep learning models. The studies identify-
ing environmental factors have used image data of sur-
roundings along with neural networks and deep learning
algorithms.

Furthermore, other diseases like oral health-related
diseases, bone diseases, and multimorbidity were also
covered. From our advanced search, we only found one
study in the field of oral health, which predicted tooth
loss among older adults using a population-based data-
set and supervised ML classification algorithms [84].
One study on osteoporosis [21], which used CT (Com-
puted Tomography) scan image data to develop various
supervised ML models to develop prediction models was
also found. Classification and prediction models for mul-
timorbidity were developed using deep learning models,
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Fig. 3 a Different machine learning methods used for geriatric diseases*. b Type of dataset used in the included studies

*The total number of papers here is more than 70 because many papers have used more than one algorithm and are counted more than one time

to make this chart

by comparing them with other ML algorithms [50]. For
developing a score for an overall health condition, a set of
multimorbidity was taken into account and analyzed with
the help of logistic regression, and a gradient-boosted
tree classifier [53].

Type of methods and datasets used in the included studies
We've provided an overview of model performance met-
rics in the final column of Table 3. These metrics include
the Area Under the Curve—Receiver Operating Char-
acteristic (AUC-ROC), accuracy, specificity, sensitivity,
precision, and the F1 score. Based on these performance
scores, the Random Forest algorithm demonstrated the
highest performance, with Extreme Gradient Boosting
and Neural Networks following as the second and third-
best performers, respectively. To clarify, the AUC-ROC
measures the ability of a model to distinguish between
different classes, accuracy represents the proportion of
correctly classified instances, specificity measures the
ability to correctly identify negative cases, sensitivity
assesses the ability to correctly identify positive cases,
precision quantifies the accuracy of positive predic-
tions, and the F1 score combines precision and sensi-
tivity to provide a balanced evaluation of the model’s
performance.

Figure 3 (a) & (b) shows the application of different
types of ML methods and types of datasets used respec-
tively. 67% of the papers included in our study have
used supervised ML models, in which Random Forest,

Logistic Regression, and the Decision Tree were the top
three mostly used algorithms. After supervised ML, deep
learning was the second most used algorithm, and lastly
unsupervised ML. In unsupervised ML, the clustering
technique was used often. Fig. 3 (b) shows the different
types of datasets used. Nearly half of the studies (45%)
used population-based surveys, while electronic health
records and hospital-based data were the second highest
used dataset. In the population-based datasets, two data
sources English Longitudinal Study of Ageing (ELSA)
and China Health and Retirement Longitudinal Study
(CHARLS) were used more often. Then MRI/ CT images
were the second highest used dataset. Many kinds of dig-
itally traced data were also used, which includes internet
databases like Kaggle, mobile application-based datasets,
and data retrieved from social media APIs (Application
Programming Interface) like Twitter.

The application of ML methods can be explained in
three parts that is classification, risk prediction, and
disease detection & diagnosis. The highest number of
studies have predicted the risk factors or have built risk
prediction models for different diseases. Under risk pre-
diction, health survey datasets from population-based
cross-sectional studies or biobank studies have been
used to build the models. For the same, survival models
like the Cox proportional hazard ratio model penalized
regressions and supervised ML (decision tree, random
forest, support vector machine, and logistic regression)
were mostly used. Another type of data is nationally
represented administrative population-based datasets,
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which have mostly focused on the sociodemographic
and behavioral risk factors of the diseases. These stud-
ies have used supervised ML and deep learning methods
to get the desired result. Except for these, some studies
used hospital records, primary care visit records, and
insurance data. The second category is disease detection
and classification. Disease detection refers to the identi-
fication of the presence of a disease or condition usually
through screening and testing. While, on the other hand,
disease diagnosis is the process of identifying the specific
disease or condition that is causing a person’s symptoms
[85]. Generally, population-based datasets, biomarker
data, and image-based data such as MRI, and retinal
image data were used to detect or diagnose the disease
in the studies. For image-based data, hierarchical clus-
tering is used to detect the disease. In the case of other
datasets, a mix of deep learning and supervised machine
learning was used. The third category is disease classifi-
cation. In the context of machine learning, disease classi-
fication refers to the process of developing algorithms or
models that can automatically classify or categorize dis-
eases based on labeled data separating diseases and not
diseases or the severity of the illness. Ensemble ML algo-
rithms, deep neural networks, random forests, and deci-
sion trees were the methods used for the classification of
diseases using the health survey datasets containing phe-
notype data and national health survey datasets [86].

Discussion

The ML methods have been largely used to study differ-
ent types of illness and in different kinds of datasets. The
use of machine learning in the development of new treat-
ments and interventions leads to the development of new
drugs that can slow down the disease progression pro-
cess [87]. The exponential increase in the use of machine
learning in geriatric care is evidenced by the growing
number of research studies in this field. There has been a
significant number of published studies identified in the
last decade and it’s growing day by day.

Machine learning is a relatively new technology in the
field of geriatrics, and it has the potential to revolutionize
the way we diagnose, treat, and manage geriatric diseases.
In comparison to traditional methods, machine learning
has several advantages that make it a promising tool for
geriatric care. One of the most important advantages of
ML is its ability to analyse a large amount of unstructured
data like image data CT scans, MRI, tumor images, etc.
It can find patterns and detect those morbidities quickly
and more accurately [88—90]. While traditional methods
rely on manual data analysis which is time-consuming
and prone to human error, ML algorithms with their abil-
ity to learn and adapt, can be trained on large datasets
and improve their accuracy over time [91]. In contrast,
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traditional methods rely on fixed rules and protocols that
may not be able to adapt to the changing needs of geri-
atric patients. Machine learning algorithms can analyse
patient data to identify those at high risk of developing
a disease. This early identification can enable clinicians
to intervene early and provide appropriate treatment
to prevent or slow down the progression of the disease
[92]. A paper by Ali et al. systematically reviewed 180
research articles according to the application of artificial
intelligence in healthcare benefits, challenges, method-
ologies, and functionalities, which concluded that this
novel method continues to outperform humans in terms
of accuracy, efficiency, and fast execution of clinical pro-
cesses [93]. Another systematic literature review by Bat-
tineni et al. suggested that in real-time clinical practice,
there is no universally accepted approach for determin-
ing the optimal method, as each machine learning tech-
nique comes with its own set of strengths and limitations,
however, Support Vector Machines (SVM) and Logis-
tic Regression (LR) are two common machine learn-
ing methods that are used in most of the studies [94].
In another review article, the majority of the examined
studies emphasized that the use of only machine learn-
ing methods or combining it with other intelligent tech-
niques is popularly used to prevent emergencies [95].
This approach holds a significant promise for uncovering
substantial patterns in both structured and unstructured
datasets. The widespread adoption of these techniques
generates curiosity about their global evolution and
which countries utilize them most extensively. According
to Tran et al,, the trend of usage of machine learning and
artificial intelligence in research is highest in the United
States, followed by China and Italy [96]. Previous sys-
tematic literature studies have highlighted mostly clini-
cal aspects of geriatrics and have only focused on chronic
diseases [8, 10] and some have focused only on mental
health disorders [9] or frailty [11]. The current study cov-
ers the total breadth of ageing from diseases to mental
health problems and also the successful ageing, brain age,
and biological age prediction. The study has also included
literature which have used population-based surveys to
build a successful ageing index by exploring new meth-
ods and datasets. Many kinds of digitally traced data [30,
46-48, 67, 69] are used in studies that have a future scope
of application for improving geriatric research.

However, it is important to note that machine learn-
ing is not without its limitations. ML algorithms require
large amounts of high-quality data to be effective, and
there may be issues with data quality or bias that can
impact the accuracy of the algorithms. Additionally,
machine learning algorithms are not always transparent
in their decision-making [97], which can make it difficult
for clinicians to understand how the algorithms arrived
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at a particular diagnosis or treatment recommendation.
So, in most cases, it may be suitable to use both the con-
ventional methods and the ML methods side by side to
get better results [98]. To summarize, machine learning
offers several benefits in geriatric care such as its ability
to rapidly and accurately analyse large amounts of data,
learn and improve over time, and enhance the precision
of diagnoses and treatment recommendations. How-
ever, it is crucial to acknowledge the potential limita-
tions of machine learning and take necessary measures
to ensure that the algorithms are fair, transparent, and
validated before their implementation in clinical settings.
The future scope of ML in geriatrics is vast and promis-
ing. With the aging population on the rise globally, there
is a growing need for innovative technologies that can
enhance the quality of care for the elderly. However, it is
crucial to continue research and development to ensure
that the algorithms are fair, transparent, and validated
before their widespread implementation in clinical
practice.

Conclusion

The current review found a wide variety of research
papers analyzing different diseases using various machine
learning algorithms in different kinds of datasets. Disease
diagnostic criteria, risk prediction models, and factors
were also highlighted and the application of machine
learning in the field of geriatrics and care is well explored,
but still, there is scope for future development. There is a
need to validate that constructed machine learning mod-
els in large-scale datasets generalize the results across all
age groups, gender, ethnicity, and other crucial factors.
Also, there is a huge scope in using internet-based data
and digital datasets from personalized applications in
digital devices like smartphones and wearable technolo-
gies to provide customized patient-centric care for older
populations.
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