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Clinical effectiveness evaluation and cost-effectiveness analysis of comprehensive geriatric

assessment and multidisciplinary team for ambulatory older patients: a cohort study

CGA and MDT group showed greater improvement in nutritional status compared to those in the usual care group, Additionally,
the CGA and MDT is a cost-saving intervention.
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ABSTRACT

Objective: The comprehensive geriatric assessment (CGA) and multidisciplinary team (MDT) services are essential
components of clinics that promote holistic care for older patients. However, their clinical and cost-effectiveness
have not been fully established.

Materials and Methods: This study was a 1-year cohort, two-arm observational study conducted in ambulatory
older patients at the Geriatric and Internal Medicine OPD. The primary endpoint was clinical effectiveness: activity
of daily living (ADL), Thai mental status examination (TMSE), Mini-nutritional assessment (MNA), extra-visit,
hospitalization, length of stay, fall rate, and death rate. The secondary endpoint was a cost-utility analysis using a
decision-tree and Markov model. Outcomes included the incremental cost-effectiveness ratio (ICER), and quality
of life, assessed by the European Quality of Life Five Dimensions Five Levels (EQ-5D-5L). Sensitivity analysis was
conducted through probabilistic methods.

Results: Older adults who received the CGA and MDT service in the geriatric OPD showed improved nutritional
status, with the MNA-SF score increasing from 9.3 (+ 3.3) to 10.9 (£ 2.9) (p=0.01). There were no significant
differences between groups in terms of extra-visits, hospitalizations, length of stay, fall rate, or death rate. After one
year, the ICER for the CGA and MDT group was US$-3,073 per quality-adjusted life year (QALY) gained to usual
care, indicating cost savings at a threshold of $4, 564.9 US dollar per QALY gained.

Conclusion: The CGA and MDT service in a geriatric clinic is clinically effective compared to usual care over a
one-year follow-up, as demonstrated by the improvement in nutritional status. Additionally, the CGA and MDT
is a cost-saving intervention.

Keywords: Clinical effectiveness evaluation; cost-effectiveness; incremental cost-effectiveness; comprehensive

geriatric assessment; multidisciplinary team, geriatric clinic (Siriraj Med J 2025; 77: 1-11)

INTRODUCTION

Currently, the number of older adults is increasing
significantly.! Older adults with comorbidity are
considered a national healthcare challenge.>’ Evidence
shows that patients who receive comprehensive geriatric
assessment (CGA) and multidisciplinary team (MDT)
services tend to live at home longer, have a reduced rate
of institutionalization, receive more palliative care, and
are prescribed safer, low-risk medications.”® Studies
in Europe and the US have found that CGA & MDT
services improve clinical outcomes in over usual care
in inpatient department (IPD) settings. However, these
services in Western countries often incur high costs due
to the extensive use of comprehensive service.*”* One
study in Southeast Asia demonstrated that CGA and
MDT services in an IPD setting can be both clinically
effective and cost-saving for older adults." It is necessary
to evaluate clinical and cost-effectiveness'” of CGA and
MDT services in the Out-patient department (OPD)
settings for older adults, as this has not yet been studied
in Thailand or in tertiary hospitals worldwide.

MATERIALS AND METHODS
Study design
This study was a prospective cohort, 52-week trial

with two parallel arms, conducted in the Geriatric OPD
and Internal Medicine OPD at a tertiary hospital in
Bangkok, Thailand. The study included both clinical
and cost-effective analyses.

Cost-utility analysis was performed using a model-
based approach (Decision Tree and Markov Model). The
comparators were CGA and MDT versus usual care.
The effectiveness was measured in life years (LY) and
quality-adjusted life year (QALY). The study adopted a
societal perspective, with a time horizon extending over
length of life. Probabilistic sensitivity analysis was used
as the analytic method.

Intervention and control

In the intervention group (CGA and MDT), older
adults were patients who had previously received services in
the Geriatric OPD. They underwent medical examinations
and received treatment from a team of geriatricians and
MDT, including a pharmacist, psychologist, geriatric
nurse, dietitian, and rehabilitation team.

In the usual care group, older adults were patients
who had previously received services in the Internal
Medicine OPD. They received medical examinations
and standard care from their doctors, who were either
internists or specialist medicine physicians.
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Participants and recruitment

The participants were older adults who met the
following criteria: 1) aged 60 years or older with at least
two comorbidities, 2) able to follow up at the hospital,
and 3) had no communicable diseases. If participants
were unable to provide personal history, a proxy or
caregiver willing to participate in the study was asked
to provide information instead. The exclusion criteria
included older adults who: 1) had an unstable medical
condition (ie sepsis, shock), 2) were expected to undergo
surgery within 1 month, 3) had an accident which required
immediate treatment within 24 hours, 4) were predicted
to have a life expectancy < 6 months and 5) were not
willing to participate in the research. All eligible older
adults and their legal representatives were invited to
participate in the study without undue influence and
provided written informed consent.

Older adults visiting the Geriatric OPD and Internal
Medicine OPD were randomly selected based on their OPD
registration times: 8.00 AM, 9.00 AM, 10.00 AM, 11.00
AM, 1.00 PM, 2.00 PM, 3.00 PM. If a selected older adult
did not meet the inclusion criteria, the next individual
registered at that time was chose. The recruitment process
was stratified by age and level of ADL. ADL evaluation
included the Barthel Index, Lawton Scale, and ADL

state.'®

Procedures

The researcher conducted interviews with older adults.
After obtaining informed consent, the researcher began by
assessing their cognitive function using the Thai mental
status examination (TMSE) test. The total score is 30 and
the cut-off value for possible cognitive impairment is 23

Original Article SM]

or less. It includes assessment in orientation, memory,
attention, calculation, language ability, picture copying,
and abstract thinking. If the patients were diagnosed or
showed symptoms of dementia and had a TMSE score <
23 points, baseline characteristics, including age, gender,
education level, Barthel ADL score, Lawton IADL score,
Charlson comorbidity index, Utility (EQ5D5L), MNA
short form, number of falls within 3 months, underlying
diseases, and history of recent hip fracture were gathered
from their caregiver or proxy.

The second and third interviews were conducted
at the 6™ month and 12" months, respectively. Phone
interviews were used to collect cost-related information
at the 3™ and 9" months. Onsite interviews at the 6" and
12" months were carried out to collect both clinical and
cost data. Permission was requested from the hospital
database department to access medical staff salaries
for both the CGA and MDT and usual care groups to
calculate direct medical costs.

At the beginning (day 0), and again at the 6™ and
12" months, the researcher collected utility data by
explaining the EQ-5D-5L scoring process to older adults
or their caregivers before conducting the interview.

The analysis was performed at the 12-month mark
to compare the clinical effectiveness and cost effectiveness
between the two groups.

Outcomes

From the total of 138 older adults at the beginning
of the study, the 55 older adults in CGA&MDT and 52
in usual care who remained at the one-year follow-up
were analyzed (Fig 1).

Assessed for eligibility n=140

Exclusion criterion n=2
» - unstable condition n=1
- deny participation n=1

allocation (1:1 ratio) n=138

v

v
- Allocated to GGA&MDT n=69
- Withdrew consent n=0

- Lost to follow up n=2
- Death n=12

v

Analyzed n=55

Fig 1. Study flowchart.

v

- Allocated to usual care n=69
- Withdrew consent n=0

- Lost to follow up n=4
- Death n=13

v

Analyzed n=52

Abbreviations: CGA= comprehensive geriatric assessment, MDT=multidisciplinary team
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Primary outcome

The primary outcome was the clinical effectiveness
assessed across five aspects; 1. ADL consisting of the
Barthel Index, Lawton Scale and ADL state'®, 2. Quality of
life (QOL) and patient satisfaction, 3. Cognitive function
assessed using TMSE, 4. Nutritional status evaluated using
the MNA-SF, and 5. Unplanned hospitalizations, OPD
visits, emergency department visits, length of hospital
stays, fall events, and death rate.

The ADL was classified into five groups'” as follows.

1. ADL 0: No ADL limitation

2. ADL 1: Mild ADL limitation

3. ADL 2: Moderate ADL limitation

4. ADL 3: Moderate ADL limitation

5. ADL 4: Complete ADL limitation

Given the study’s one-year duration, the expected
number of participant deaths was small. Therefore, the
ADL state was used to predict the chance of death based
on the study by Stineman MG."” The classification of
ADL groups allowed for a one-year follow-up to match
the ADL predictor with the possibility of death.” This
information was then used to calculate, QALY, and
incremental cost effectiveness ratio (ICER) in a decision
tree diagram18 and Markov model.”

Secondary outcomes

The secondary outcomes included cost effectiveness
in terms of the ICER. The intervention (CGA and MDT)
cost and control (usual) cost were compared to assess
both cost and QOL. ICER was evaluated to determine
if adopting the new intervention is an efficient use of
resources.

Costs were considered from a societal perspective, with
a discount rate of 3%. Data were collected prospectively
over a one-year period. The costs included direct medical
costs, direct non-medical costs and indirect costs. Direct
medical costs borne by patients were obtained from the
hospital database, including medical services and personnel
costs. The personnel cost was calculated by multiplying
their hourly salary by the duration of service provided to
each older adult. Direct non-medical costs included living
expenses during the study, such as transportation, food
and accommodation for healthcare visits. Costs covering
expenses for drugs, transportation, food, accommodation,
and medical devices for each older adult were collected
and recorded in a logbook. Total costs for each older
adult were computed by adding all medical costs listed
in the parameter and utility table. The transitional ADL
states and utility were obtained from evaluations at the
0™ and 12" month evaluation for both groups. At the 0™
month, ADLs were classified into states 0 to IV; at the

12" month, they were classified into states 0 to IV and
death (within 12 months) (Supplementary Fig 1). The
utility scores derived from the health-related quality of
life measure (EQ-5D-5L) questionnaire were converted to
a scale ranging from 0 to 1 (with lower scores indicating
lower quality of life and higher scores indicating better
quality of life). Though there are many QOL measures,
we chose the EQ-5D-5L which is the generic, preference-
based measure to generate QALY for the cost-eftective
analysis. This questionnaire is completed with low burden
to patients and readily applied in a various health setting.
It covered five dimensions: mobility, self-care, usual
activities, pain/discomfort, and anxiety/depression. The
EQ-5D-5L questionnaire has an associated utility which
is derived from its preference-based score in the Thai
population.”

Statistical analysis

Sample size calculation

The effect of the CGA and MDT intervention on
ADL outcomes from a previous study showed that older
adults who received CGA and MDT intervention in an
IPD setting and were followed up for 3 months had a
higher mean Barthel ADL score than those in the usual
care group (17.15vs 14.35)." To achieve a power of 90%
and a two-sided significance level of 0.05, 126 older
adults were required to detect a difference. Considering
a potential loss to follow up rate of 10%, the total sample
size needed was 138 older adults.

Data analysis

A per-protocol analysis was used for the clinical
outcomes. A linear model was performed to analyze the
change in clinical effectiveness (mean ADL scores using
the (Barthel and Lawton indexes over 12 months. In the
regression analysis, potential risk factors for the clinical
outcomes with a P value of <0.2 from the univariate
analysis were included. The categorical data, including
extra visits, hospitalization, fall rate, death rate, and patient
satisfaction, were compared between the 0" month and
12" months to assess the effects of the CGA and MDT
intervention versus usual care. For the proportional
effectiveness analysis of categorical outcomes, a chi-
square test was used. For continuous variables, a Student’s
t-test was applied to normally distributed data, while
the Mann-Whitney U test was used for non-normally
distributed data. The estimated effect size was reported
as a mean or median difference for relevant data, along
with 95% confidence intervals. Statistical analyses were
conducted using PASW Statistics 18 (SPSS Inc., Chicago,
IL, USA). All tests were two-tailed, and a p-value of less
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than 0.05 was considered statistically significant. The
outcome of the economic analysis was based on the
intention-to-treat analysis.

To estimate the costs and QALY, and assess the cost-
effectiveness of the CGA and MDT service, a decision
tree was applied to model the transitional states of older
adults’ ADL from the 0™ to the 12" month, dividing
participants into the intervention arm (CGA and MDT)
and the control arm (usual care). Following this, a simple
two-state Markov model (“Alive” and “Dead”) was
employed.””” In the Markov model, all participants
interviewed after the 1-year follow-up started in the
“Alive” state. During each annual Markov cycle, they faced
arisk dying and could transition to the absorbing “Dead”
state’ (Supplementary Fig 2). The annual risk of dying
was based on the all-cause 1-, 5-, and 10-year mortality
rates in older adults, as described in the study of activities
of daily living stages by Stineman MG."” The model ran
for 30 cycles to ensure that, by the end of the analysis,
all participants had transitioned to the “Dead” state. For
each Markov cycle in which participants remained in the
“Alive” state, they incurred an annual cost and QALY
estimate. No costs or QALY were associated with the
“Dead” state. At the end of the analysis, the discounted
costs and QALY were summed over all cycles to estimate
the per-participant mean costs and QALY for both CGA
and usual care, respectively. The model was implemented
in Microsoft Excel, with the outcome presented as total
cost and total QALY.

The ICER was used to measure cost-effectiveness by
dividing the difference in costs between the intervention
and control groups by the difference in QALY gained.
This helped determine if the CGA and MDT services
provided more benefit per cost compared to usual care.

A probabilistic sensitivity analysis was conducted to
account for uncertainty. Cost-eftectiveness acceptability
curves and cost-effectiveness plane were used to explore
uncertainties in costs and outcomes. A Monte Carlo
stimulation® was employed, generating 1,000 rounds of
simulation using a gamma distribution for cost uncertainties
and a beta distribution for utility and probability of
death in each ADL state parameter. The costs of CGA
and MDT and usual care, as well as QALY data, were
collected over one year from the hospital database and
patient interviews.

RESULTS

Patient characteristics

Atbaseline, each group consisted of 69 older adults.
The older adults in CGA and MDT and usual care groups
were comparable in many aspects. For example, the mean

...................................... Original Article SM]

age was 81.5 (+ 8.6) years in the CGA and MDT group
and 77.6 (+ 8.3) years in usual care group, respectively
(Table 1). However, the CGA and MDT group had
lower TMSE scores compared to the usual care group.
There was also a higher proportion of older adults with
dementia, OA knee and recent hip fracture within 3
months in the CGA and MDT group. Cancer patients
were present in both groups (Table 1).

Outcomes

Clinical effectiveness analysis

After one year of follow-up, the clinical outcomes
were summarized in supplementary table 1. Older adults
in the CGA and MDT group showed greater improvement
in nutritional status compared to those in the usual care
group. Specifically, the MNA-SF score for older adults
who received CGA and MDT services from a Geriatric
OPD improved significantly, increasing from 9.3 (+ 3.3)
t0 10.9 (£ 2.9), p=0.01 (Table 2). In contrast, the usual
care group showed a non-significant change in their
MNA-SF score over the same period (10.1 (+ 2.8) vs
10.2 (¢ 2.6), p=0.69) (Table 2). Other clinical outcomes
were similar between the two groups.

The CGA and MDT services in the OPD setting did
not demonstrate a reduction in unplanned OPD visits,
hospitalizations, ER visits, or occurrences of serious and
non-serious falls. Additionally, there was no significant
decrease in mortality rates after one year of r follow-up,
with 12 deaths in the CGA and MDT group and 13 in the
usual care group (21.8% vs 25.0% p=0.76) (Supplementary
Table 2).

Quality-adjusted life year

At the one-year follow-up, the number of older
adults in the CGA and MDT group was 55, while the
usual care group had 52 participants. At baseline, the CGA
and MDT group had a non-significant utility difference
compared to the usual care group (0.68 (+ 0.23) vs 0.60
(+ 0.24)) (Supplementary Table 2). After one year, the
CGA and MDT group showed an increase in utility, rising
from 0.68 (+ 0.23) at baseline to 0.76 (+ 0.21) (p=0.01)
(Table 3). Similarly, the usual care also experienced an
increase in utility from 0.60 (£ 0.24) at baseline to 0.72
(% 0.22) after one-year (p=0.01) as shown in Table 2.
Both groups demonstrated significant improvement in
utility.

Economic evaluation: cost-effectiveness analysis
The relevant costs for CGA and MDT and usual

care were US$8,309 and $9,039, respectively. The QALY's

for the CGA and MDT and usual care groups were

https://he02.tci-thaijo.org/index.php/sirirajmedj/index
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TABLE 1. Baseline characteristics and underlying diseases.

et CGA & MDT Usual care p-value
N =69 N =69

Age (SD) 81.5+8.6 77.6+8.3 0.08

Female (%) 49 (71%) 45 (65%) 0.573

No income (%) 73% 65.7% 0.796

Barthel score (Max 20) (SD) 15.0+4.8 154 +4.2 0.6

Lawton score (Max 8) (SD) 34+23 3.8+24 0.155

Charlson comorbidity index (SD) 52+15 54+1.9 0.469

TMSE score (SD) 19.9+7.7 23.8+8.3 0.004

Utility (EQ5D5L) (SD) 0.68 +0.23 0.60 + 0.24 0.060

MNA SF score (SD) 9.1+26 99+27 0.066

Previous fall times within

3 months

1 time 15 9 0.310

2 times 18 16

Underlying disease

HT 42 (61) 47 (68) 0.374

DM 15 (22) 27 (39) 0.26

DLP 25 (36) 29 (42) 0.49

Stroke (Ischemic and Hemorrhagic) 12 (17) 12 (17) 1

- recent stroke within 6 months 0 (0) 1(1.4)

Recent hip fracture

- within 3 months 13 (19) 0 (0) <0.001

Dementia 13 (19) 1(1.4) 0.001

Coronary Artery Disease 3 (4) 8 (11.5) 0.116

Spondylopathy 4 (6) 3(4) 0.698

Parkinson disease 3(4) 4 (5.8) 0.698

CKD any stage 12 (17.4) 17 (25) 0.317

NPH 2 (3) 1(1.4) 0.559

Liver cirrhosis 1(1.4) 4 (6) 0.172

CA stage I to 11l 8 (12) 7 (10)

ongoing radiotherapy 0(0) 1(1.4)

ongoing chemotherapy 0 (0) 1(1.4) 0.97

CA stage IV (metastasis) 0 (0) 2(3)

ongoing oral chemotherapy 0 (0) 1(1.4) 0.154

OA knee 17 (25) 3 (4) 0.001

COPD 2(1.4) 1(1.4) 0.559

Abbreviations: CGA = comprehensive geriatric assessment, MDT = multidisciplinary team, TMSE = Thai mental state examination, MNA
SF = mini-nutritional assessment short form, EQ5D5L = European quality of life five dimensions five levels, UC = universal coverage, SD
= standard of deviation, HT = hypertension, DM = diabetic mellitus, DLP = dyslipidemia, CKD = chronic kidney disease, NPH = normal
pressure hydrocephalus, CA = cancer, OA = osteoarthritis, COPD = chronic obstructive pulmonary disease
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TABLE 2. Comparison of baseline and 1-year outcomes of the CGA and MDT group and usual care group.

Categories baseline 12-month p value
CGA & MDT group N =55 N =55
Barthel score (Max 20) (SD) 16 £ 5.1 15.52+4.3 0.09
Lawton score (Max 8) (SD) 3.6+23 39+25 0.15
TMSE score (SD) 20.8+7.4 209+7.3 0.99
Utility (EQ5D5L) (SD) 0.66 +0.24 0.76 £ 0.21 0.01
MNA-SF score (SD) 9.3+33 10.6 £2.9 0.01
Usual care N =52 N =52
Barthel score (Max 20) (SD) 155+4.4 15.8 £4.1 0.45
Lawton score (Max 8) (SD) 3.94+25 429+24 0.13
TMSE score (SD) 23.54 £ 5.1 22.8+4.8 0.07
Utility (EQ5D5L) (SD) 0.62 £0.25 0.72+0.22 0.01
MNA-SF score (SD) 10.1+2.8 10.2+2.6 0.69

Abbreviations: TMSE = Thai mental state examination, MNA= mini-nutritional assessment, EQ5D5L= Euro quality of life group 5

dimensions 5 levels, MNA-SF= mini-nutritional assessment short form, SD= standard deviation

TABLE 3. Costs, health outcomes, and ICER of the CGA and MDT group compared to the usual care group.

options Total cost
(US dollar)
Usual care 9039
CGA&MDT 8309
Incremental value -730

Life-years QALY ICER

(years) (years) (US dollar/QALY)
2.3216 2.0840

2.9477 2.7688

0.1789 0.2376 -3073 (dominant)

Abbreviations: CGA&MDT= comprehensive geriatric assessment and Multidisciplinary team, Lys = life years, QALY = quality adjusted

life year (currency rate in January 2022: 35.05 Baht = 1 US dollar)

2.321 and 2.084, respectively. The incremental cost was
$-730, and the incremental QALYs were 0.237. The
incremental life year gain at one year was 0.18 years.
Based on probabilistic analysis, the incremental cost-
effectiveness was cost-saving at $3,073 per QALY (Table 3).

Uncertainty analysis

The cost-effectiveness acceptability curve, based
on the net benefit approach, was used to illustrate the
relationship between the ceiling ratio (willingness to
pay for a unit of QALY gained) and the probability of
favoring each group. From a societal perspective, the

results indicated that the CGA and MDT service, at a
cost of $4,564 per QALY gained, had a 90% probability
of being cost-effective, while the usual care service had
only a 10% probability (Fig 2). Therefore, the CGA and
MDT service was the preferred choice.

The results of the probabilistic analysis are shown
on the cost-effectiveness plane (Supplementary Fig 3).
The joint distribution of incremental costs and QALYs
reveals that the CGA and MDT service is associated with
a slightly decrease in cost in 99% of the simulations (at
a cost-effectiveness threshold of $4,564) and a gain in
QALYs in 92 % of the simulations.
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Cost effectiveness acceptibility curve
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Fig 2. Cost-effectiveness acceptability curves for quality-adjusted life-year gained

Abbreviation: CGA= comprehensive geriatric assessment and multidisciplinary team

DISCUSSION

This was the first prospective study to assess the
clinical effectiveness and cost-effectiveness of a geriatric
service at a Geriatric OPD in a tertiary hospital within a
medical school in Thailand. Previous studies on the cost-
effectiveness and clinical effectiveness of OPD services
were conducted in municipal ambulatory OPD settings
in Sweden’ and community clinics in England.” While
these European studies demonstrated clinical effectiveness
benefits, the cost analysis did not show cost-effectiveness
due to the high intervention costs. In contrast, this study
found that CGA and MDT was a cost-saving intervention
in the OPD setting in Thailand.

Following these initial findings on cost-effectiveness,
a closer look at baseline characteristics reveals further
insights into the unique benefits observed in the CGA
and MDT group. The baseline characteristics between
two groups were similar, although the CGA and MDT
group had a lower TMSE score compared to the usual
care group at baseline. Despite this, the outcomes showed
that MNA-SF score in the CGA and MDT improved
more than in the usual care group, while both groups
experienced an increase in quality of life along over the
one-year study period. The improvement in nutritional
status among older adults could be attributed to the CGA
and MDT service, which maintained the physical, mental
and functional health of patients with poor nutritional
status. This was achieved by providing appropriate
nutritional education and nutritional supplements to
effectively enhance their nutritional health.

In addition to nutritional improvements, the study
also considered the broader context of quality of life,

especially considering pandemic-related challenges. The
evaluation of quality of life (EQ-5D-5L score) appeared
to be lower than the mean score for the Thai population.”’
Several factors may explain this finding. First, this study
was conducted during the COVID-19 pandemic, which
directly affected older adults’ quality of life, particularly
in terms of depressed mood and anxiety, as well as the
well-being of caregivers.”** Secondly, most older adults
in this study were female, had multiple comorbidities, and
experienced financial problems due to the lockdown, all
of which are associated with lower quality of life scores.”’

While these factors impacted quality of life,
the study also assessed how CGA and MDT services
affected healthcare utilization and mortality, providing
a comprehensive view of their impact on older adults.
The CGA and MDT services in the OPD setting did not
demonstrate a benefit in reducing unplanned OPD visits,
hospitalizations, ER visits, or the incidence of serious
and non-serious falls. Additionally, the CGA and MDT
services did not decrease the number of deaths during the
one-year follow-up period. This may be because the CGA
and MDT service did not directly address the primary
causes of mortality in older adults, particularly those
due to infectious diseases. Neither the death rate nor
the occurrence of undesirable events (unplanned OPD
visits, hospitalizations, ER visits, serious and non-serious
falls) was found to be directly preventable through this
intervention.

Although certain healthcare utilizations were not
significantly reduced, comparing these findings with studies
from different regions emphasizes the cost-effectiveness
of CGA and MDT services in specific contexts. The

26-2
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findings indicated that while CGA and MDT services
were a more expensive option in terms of direct medical
costs, they were likely to provide better outcomes in
nutritional status and quality of life compared to usual
care. Although the cost of medical personnel in the CGA
and MDT group was three times higher than that of the
usual care group, other societal costs associated with CGA
and MDT were lower. This demonstrates both clinical
and cost effectiveness, similar to the study by Soejono
CH" in Southeast Asia. However, that study was non-
randomized control trial and was conducted in an IPD
setting. It showed that the CGA provided clinical and
cost benefits over usual care in the 30 days follow-up
after hospitalization. In our study, the cost savings in
the CGA and MDT group were mainly due to a trend
of fewer extra OPD visits and unplanned admissions.
While these numbers were not statistically lower than
those in in the usual care group, the total cost savings
still suggested cost-effectiveness. Interestingly, the CGA
and MDT service did not significantly reduce unexpected
events but did contribute to overall cost-saving results.
The number of extra OPD visits in the GCA and MDT
group was not lower than in the usual care group, a
finding that contrasts with the study by Wei et al.”” The
study by Wei et al reported reduced number of drugs
prescribed, fewer healthcare utilization in terms of OPD
visits, emergency department visit, and hospitalizations
among older adults in the Geriatric OPD which provided
the CGA and MDT services as compared to non-geriatric
OPD clinic. The reduction in medical costs was shown
in patients with more comorbidities and an older age
(= 80 years).

Our study cannot be directly compared with others
conducted in different countries due to variations in
the cost of living.” In Europe and the US, the cost of
living is 3-4 times higher than ASEAN countries, which
corresponds to the higher costs of medical care, including
medical personnel, as shown in many studies."**” The
CGA and MDT service improved the quality of care for
older adults by detecting undiagnosed problems, such as
cognitive impairment, depression, fall risk, inappropriate
medication use and urinary incontinence.” This highlights
the potential benefit of CGA and MDT services in low
to middle-income countries, where lower medical care
costs can significantly enhance the quality of clinical
practice for older adults.

A probabilistic sensitivity analysis was conducted to
assess uncertainty, confirming that the CGA and MDT
service was more cost-effective than usual care in terms
of QALY gained. The acceptability curves indicated
that the cost per QALY, from a societal perspective was

...................................... Original Article SM]

approximately $3,052 per QALY, which is lower than
the national threshold of $4,564 per QALY.” Therefore,
the CGA and MDT service not only results in societal
cost savings but also improves the quality of life for older
adults.

The study’s strengths in design contribute to the
reliability of these findings, despite certain limitations.
The study lies in its prospective design with a follow-up
period of up to one year, demonstrating significant clinical
and cost outcomes in the Geriatric OPD. Other studies
on cost-effectiveness analysis have been retrospective,
which can introduce limitations such as recall bias and
difficulties in accurately collecting cost data.”” Moreover,
previous studies did not find that CGA and MDT services
in an OPD setting were cost-saving; they primarily
demonstrated clinical effectiveness in providing more
palliative care services.””

Nevertheless, acknowledging study limitations helps
in understanding the scope and generalizability of these
results, especially considering pandemic-era data and the
unique baseline differences observed between groups.
First, the COVID-19 pandemic during the study period
affected the number of older adults receiving the MDT
service. This could affect the service provision from the
non-COVID period. Second, we did not identify the
specific causes leading to extra admissions, ER visit and
falls. Some causes might not be avoidable even with the
CGA and MDT. Third, there were slight difference in
baseline characteristics between the 2 groups which
might affect the outcomes. The potential confounding
variables such as age, income, ADL, illness severity
(determined by Charlson Comorbidity Index: CCI)
were not significantly different between group. However,
some of the illness conditions were different such as
dementia, OA knee and recent hip fracture within 3
months. Dementia and OA knee were more prevalent
in the CGA & MDT group, while recent hip fracture
was more prevalent in the usual care group. These could
affect the service need and clinical outcomes. Lastly,
as the study was conducted in a single medical school,
which is a tertiary hospital in Bangkok Metropolitan
with a large number of older adults and MDT experts,
generalizing the results nationwide requires caution due
to the lack of such expertise in other healthcare settings
and different living expenses.

CONCLUSION

This study demonstrates the clinical and economic
effectiveness of CGA and MDT services in an outpatient
setting, affirming their role as essential components of
elderly care for enhancing quality of life and managing
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health-related costs. The broader implications of these
findings suggest that CGA and MDT services could
be beneficial beyond Thailand, serving as a model for
aging populations worldwide. By focusing on cost-
effectiveness and holistic care, these interventions can
help healthcare systems meet the complex needs of older
adults, providing sustainable and high-quality care on
a global scale. Further research in diverse healthcare
settings is needed to refine this model, ensuring that CGA
and MDT remain adaptable to the unique challenges of
different regions and healthcare infrastructures.
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The Thai Version of the PAINAD Scale (PAINAD-Th)

in Moderately Severe to Severe Dementia

The PAINAD-Th is a valuable tool for evaluating pain in People with dementia (PwD), not only in severe
dementia but also in moderately severe stage, regardless of concurrent delirium. It also demonstrated
good-to-excellent concurrent validity, inter-rater reliability, and test-retest reliability.

Results:
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1.00 for forward translation
and 0.93 for back
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ABSTRACT

Objective: To evaluate the reliability and validity of the Thai version of the PAINAD (PAINAD-Th) scale for
assessing pain in people with dementia (PwD).

Materials and methods: A cross-cultural translation of the PAINAD scale involving forward and back-translation
to and from Thai was conducted, and then the content validity index (CVI) of semantic equivalence was evaluated.
The PAINAD-Th was tested on 120 videos of PwD. Each participant was recorded in two videos: one during an
activity and the other at rest. Subsequently, two trained nurses independently observed the videos and rated the
PAINAD-Th to assess inter-rater reliability. The rating process was repeated in one week to investigate the test-retest
reliability. The concurrent validity was assessed against the Visual Analogue Scale rated by the expert committee.
Results: The CVI of PAINAD-Th was 1.00 for forward translation and 0.93 for back translation. The PAINAD-Th
showed strong correlations with the reference standard (r,=0.854-0.943, p-value <0.001). The inter-rater agreement
for the total scores was 0.937 and 0.955, and the test-retest reliabilities were 0.914 to 0.964 for the activity stage and
0.880 for the resting stage, respectively. The concurrent validity index did not vary significantly across different
stages of dementia; the findings remained consistent in the delirium subgroup analysis.

Conclusions: The PAINAD-Th is a valuable tool for evaluating pain in PwD, not only in severe dementia but also
in moderately severe stage, regardless of concurrent delirium. It also demonstrated good-to-excellent concurrent
validity, inter-rater reliability, and test-retest reliability.

Keywords: Pain; dementia; reproducibility of results (Siriraj Med J 2025; 77: 12-21)

INTRODUCTION

Dementia is a complex syndrome characterised by
impairment across multiple cognitive domains, resulting
in a progressive decline in daily functioning.' In addition
to cognitive decline, dementia affects behaviour, mood,
mental state, and interpersonal relationships.” In the early
stage, people with dementia (PwD) may not need assistance
in basic daily activities and can communicate their needs
well, but as the disease advances to the severe stage, they
usually have limited expression of their needs and are
unable to perform daily activities without assistance.’

Pain detection is one of the challenging problems
in PwD. Despite the high prevalence of pain up to 50%
of people with dementia in hospital settings,” it is often
inadequately identified and managed due to the difficulties
in expressing pain,’ resulting in depression, further
cognitive and physical decline, increased risk of falls,
poor sleep quality, and a reduction in the quality of life
of affected individuals.*”

Pain self-reporting is considered the gold standard
for evaluating pain in patients who can express the
characteristics and severity of their pain. In people with
mild to moderate cognitive impairment, it is suggested
that pain can be evaluated by querying their pain using
the Numerical Rating Scale or verbal expression.*’
However, pain assessment in people with severe cognitive
impairment using self-report is challenging because of
their decreased communication ability. Notwithstanding
the difficulty in verbally expressing pain, PwD possibly
manifest their pain in non-specific manifestations such as

confusion, agitation, restlessness, irritability, or changes
in appetite.'”"?

This adversity has led to the development of various
pain assessment tools in PwD, based on behavioural
observation, including the “Discomfort Scale-Dementia
of the Alzheimer’s Type” (DS-DAT), “Checklist of
Nonverbal Pain Indicators” (CNPI), “the ABBEY Pain
Scale”, “Mobilization-Observation-Behavior-Intensity-
Dementia Pain Scale” (MOBID), “Pain Assessment
Checklist for Seniors with Limited Ability to Communicate”
(PACSLAC), “Pain Assessment in Advanced Dementia”
(PAINAD) scale, and Doloplus-2 scale. Among the tools
mentioned, the UK National guidelines recommend
using the PAINAD and Doloplus-2 scales to assess pain
in PwD.’

The PAINAD scale was developed by Warden, et al.
to assess pain in PwD. It includes observing individuals
in five features: breathing, negative vocalisation, facial
expression, body language, and consolability. Each
feature is scored on a scale ranging from 0 to 2 based on
specifically described characteristics. The scale exhibited
good construct validity, strong interrater reliability,
and a good correlation with the DS-DAT scale and
the Visual Analogue Scale (VAS)."” The PAINAD has
shown strong concurrent validity in clinical research,
regardless of cognitive status in older adults undergoing
hip fracture surgery."* Additionally, it has demonstrated
a high sensitivity of 92% in identifying and detecting
pain in older people with severe dementia."”

https://he02.tci-thaijo.org/index.php/sirirajmedj/index
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The PAINAD scale has been translated into multiple
languages, including Italian, German, Portuguese, Dutch,

16-22

Chinese, and Korean.'*”* However, it has not been translated
into Thai. Given the absence of an optimal pain assessment
tool for individuals with moderate to severe dementia in
Thailand, despite the increasing prevalence of dementia
among older adults as a result of a rapid transition of
the Thai population into a super-aged society within
a decade,” this study aims to assess the reliability and
validity of a Thai version of PAINAD (PAINAD-Th)
for measuring pain in PwD. Moreover, this study aimed
to explore the validity of the PAINAD-Th in delirium
superimposed on dementia patients, given the high
prevalence of delirium varying between 38-72% in a
tertiary hospital setting.”**

MATERIALS AND METHODS

This study comprised three phases of validity processes
carried out at Siriraj Hospital, a large university hospital in
Bangkok, Thailand. The study protocol was approved by
the Siriraj Institutional Review Board before commencing
(§1560/2019). The process of cross-cultural translation and
the evaluation of the validity and reliability of PAINAD-
Th involved three distinct phases, as outlined below.””*
Video recordings were used for training and interrater
reliability processes to minimise the disturbance of
vulnerable subjects and ascertain that the assessments
were based on the exact circumstances.

Phase 1: Translation of PAINAD to a Thai version

In the initial forward-translation step, the original
English version of the PAINAD scale was translated into
Thai after receiving permission from one of the PAINAD
developers, Prof. Ladislav Volicer, by two bilingual
geriatricians with Thai mother tongues. Subsequently, a
complete translated version was created through consensus
between the two translators. A back-translation was
then independently undertaken by another translator,
who is bilingual in traditional Thai and English and has
a master’s degree in linguistics. Subsequently, a team
of three subject-matter experts (two geriatricians and
one anesthesiologist) reviewed the back-translation
and rated each feature from 1-4. Higher scores (3 or 4)
indicated closer equivalence to the original version. The
content validity index for semantic equivalence to the
original version of the PAINAD was then assessed.” Any
uncertainties about the translation were discussed with
the back-translator. All features underwent a thorough
review to ensure accuracy and grammatical correctness.
Subsequently, the final version of the PAINAD-Th scale
was attained.

Phase 2: Training process

The two nurses underwent a two-step training
process facilitated by a geriatric fellow. Initially, they
participated in a one-hour instructional session where
they received detailed explanations of each component
of the PAINAD-Th scale and were assessed to confirm
their comprehension of the tool. Subsequently, each
nurse independently practised using the scale while
observing the same set of 10 videos. The objective was
to sufficiently acquaint the nurses with the patient-
observation procedures, enabling them to independently
and consistently utilise the PAINAD-Th scale in the later
evaluation.

Phase 3: The test of reliability and validity of PAINAD-Th

The reliability and validity of the PAINAD-Th scale
were assessed through inter-rater reliability, test-retest
reliability, and concurrent validity analyses.

Study design

From September 2019-March 2020, patients aged
over 60 who had been admitted to Siriraj Hospital were
enrolled in the study if any one of the following conditions
were met:

1) they had a prior diagnosis of dementia in their
medical records;

2) they had been diagnosed with dementia by a
geriatrician on admission or

3) they had an abnormal cognitive assessment™
(namely, a modified Informant Questionnaire on Cognitive
Decline in the Elderly score (modified IQCODE)*' > 3.42,
a Thai Mental State Examination score (TMSE)* < 24,
or a Montreal Cognitive Assessment score(MoCA)"” <
25).

After the dementia patients were identified, the
geriatric fellow assessed the severity of dementia using the
Functional Assessment Staging Test (FAST)* in order to
enrol patients with a moderately severe or severe stage of
dementia (FAST stage 6 and 7). The family members or
guardians of patients were informed about the research
aims and procedures, including video recordings, and
then informed consent was obtained. Patients were
excluded if they were comatose or quadriplegic, had
severe sepsis or septic shock,” or had been admitted to
an intensive care unit.

On the initial assessment, baseline characteristics
were collected and assessed by the geriatric fellow. These
included age, sex, comorbidities, the Barthel Index,” for
assessing basic activities of daily living, FAST stage for
dementia, and the Diagnostic and Statistical Manual of
Mental Disorders, Fifth Edition (DSM-5) classification for
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delirium.' The delirium diagnosis made by the geriatric
fellow had previously demonstrated a substantial agreement
with an experienced geriatrician with Cohen’s kappa
coeflicient of 0.783.

Pain diagnosis reference standard

A researcher recorded videos of each participant
for two episodes, each for a 5-minute duration. The first
record, labelled as “activity”, was captured during an
activity that could provoke pain, such as wound dressing,
bed-bathing, or physical therapy session, while the second
one, labelled as “rest”, was recorded while the patient
was at rest. Two geriatricians who were unaware of the
scoring of the PAINAD-Th established a comprehensive
pain assessment as a reference standard by reviewing the
participants’ medical histories from electronic medical
records and inpatient documents, including potential
sources of pain, and then used a Visual Analogue Scale
(VAS)” to assess the participants’ pain levels based on
their behaviour in the activity and rest videos, given the
participants were unable to communicate their pain
accurately.

Determination of PAINAD-Th reliability

The primary outcomes included assessing the
reliability and validity of PAINAD-Th for measuring
pain in PwD in moderately severe to severe stages. To test
inter-rater reliability, two trained nurses independently
evaluated the participants’ pain using PAINAD-Th by
observing the same sets of video records. One week
later, the rating process was reproduced to investigate
the test-retest reliability of PAINAD-Th. Concurrent
validity was investigated by evaluating it against the
VAS assessment by the geriatricians.

Statistical analysis

The sample size calculation for exploring the concurrent
validity of PAINAD-Th was based on the previous study
reporting a moderate correlation (correlation coefficient;
r=0.65) of translated PAINAD (Italian version) with the
Visual Rating scale.'* Our study expected the lowest value
that still represents a moderate correlation (r=0.4-0.69),*
thus, the correlation coeflicient of 0.4 was used to estimate
the sample size, given an acceptable significant level of
5% (p=0.05) with a power of 80% and a 20% dropout
rate; the calculated sample size was 57.

Demographic data for categorical variables were
reported as percentages. For continuous variables, data
were presented as means with standard deviations for
parametric data, and medians with interquartile ranges
for non-parametric data. The content validity index

...................................... Original Article SM]

was used to determine the semantic equivalence to the
original PAINAD scale by summing the percentages of
agreement of all items given a rating of 3 or 4 by the expert
committee. Intraclass correlation coeflicients (ICCs)
were analyzed for inter-rater reliability using a two-way
mixed-effects model with absolute agreement type and
for test-retest reliability using a two-way mixed-effects
model with consistency type.”*’ The concurrent validity
of PAINAD-Th compared to the reference standard was
analyzed using Spearman’s rank correlation coefficient,
due to the non-parametric nature of the data. Analyses
were conducted using PASW Statistics for Windows
(version 18.0; SPSS Inc., Chicago, Ill., USA).

RESULTS
Baseline characteristics

A total of 60 participants were enrolled in the study,
with a mean age of 84.7 + 7.1 years. In total, 120 video
recordings were obtained. Women comprised 66.7%
of the sample, with the majority (60%) diagnosed with
Alzheimer’s disease. Approximately two-thirds of the
participants were in the moderately severe stage of
dementia. The most common diagnosis associated with
painful conditions was fractures, accounting for 38.3% of
cases. Delirium was present in 23.3% of participants, with
hypoactive delirium being the most prevalent subtype.
Characteristics of the included participants are outlined
in Table 1.

Content validity index

The content validity indices for the semantic
equivalence were 1.00 for the forward translation and
0.93 for the back translations.

Concurrent validity

The concurrent validity of the PAINAD-Th at rest
demonstrated strong correlation coefficients (r,), ranging
from 0.854 to 0.943, with a p-value <0.001. During
activity, the correlation coefficients (r,) ranged from
0.897 to 0.904, also with a p-value <0.001 (Table 2).
Subgroup analyses were conducted to assess concurrent
validity across different dementia stages and based on
the presence of delirium. The results indicated a slightly
stronger correlation with the reference standard in the
severe stage compared to the moderately severe stage. In
participants without delirium, the PAINAD-Th exhibited
a very strong correlation with the reference standard
(Table 2).

Inter-rater reliability and test-retest reliability
Concerning inter-rater reliability, the ICCs for the

https://he02.tci-thaijo.org/index.php/sirirajmedj/index

Volume 77, No.1: 2025 Siriraj Medical Journal 15



Boonsawat et al.

TABLE 1. Baseline characteristics.

Characteristics

Age, mean £ SD
Male, n (%)
Education, median (P25, P75)

Charlson comorbidity index@, n (%)
0
1-2
3-4
25
Admission ward, n (%)
Medical
Surgical
Orthopedic

Diagnoses related to painful conditions, n (%)

Fracture

Surgical procedure

Joint contracture/ arthritis
Limb ischemia
Headache

Abdominal pain

None

Diagnoses related to dementia, n (%)

Alzheimer’s disease
Vascular dementia
Other dementia types
Mixed-type dementia

Cognitive test, median (P25, P75)

Thai Mental State Examination (TMSE)

Caregiver, n (%)
Spouse
Child
Relative
Formal caregiver

FAST stage, n (%)
Stage 6, moderately severe
6A
6B
6C
6D
6E
Stage 7, severe
7A
7B
7C
7D
TE
TF

Results (N=60)

84.7+7.1
20 (33.3)
4.0 (4.0, 12.0)

32 (53.3)
18 (30.0)
10 (16.7)

17 (28.3)
17 (28.3)
26 (43.3)

23 (38.3)
16 (26.7)
4 (6.7)
3 (5.0)
3(5.0)
1(1.7)
10 (16.7)

36 (60.0)

12 (20.0)
9 (15.0)
3(5.0)

145 (10.3, 17.5)

9 (15.0)
31(51.7)
8 (13.3)
12 (12)

5 (8.4)
7 (11.6)
11 (18.3)
4(6.7)
17 (28.3)

7 (11.7)
1(1.7)
1(1.7)
3(5.0)
3(5.0)
1(1.7)
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TABLE 1. Baseline characteristics. (continue)

Characteristics

Delirium, n (%)
Total
Hypoactive
Hyperactive
Mixed

Barthel Index, n (%)
Very severely disabled
Severely disabled
Moderately disabled
Mildly disabled

Note: * Age-unadjusted Charlson comorbidity index

Results (N=60)

14 (23.3)
8 (13.3)
4(6.7)
2(3.3)

19 (31.7)
14 (23.3)
20 (33.3)
7 (11.7)

TABLE 2. Concurrent validity: the correlation between the VAS (reference standard) and the PAINAD-Th.

All cases
(N=60)
Stages of Dementia
Moderately severe stage
(N=44)
Severe stage
(N=16)
Delirium Diagnosis
Delirium
(N=14)
No delirium
(N=46)

Spearman’s Rank Correlation Coefficient (rs; 95% CI)
Rater 2

Rater 1

Activity

0.904
(0.807-0.960)

0.883
(0.765-0.955)
0.995
(0.973-1.000)

0.843
(0.530-0.976)
0.952
(0.898-0.977)

Rest

0.854
(0.756-0.940)

Activity

0.897
(0.801-0.951)

Rest

0.943
(0.879-0.990)

0.878 0.884 0.949
(0.748-0.964) (0.775-0.954) (0.891-1.000)
0.834 0.965 0.964

(0.472-0.966)

(0.865-0.997)

(0.842—1.000)

0.827 0.861 0.883
(0.560-1.000) (0.495-0.993) (0.667-1.000)
0.878 0.922 0.966

(0.750-0.960)

(0.833-0.965)

(0.906-1.000)

Abbreviation: VAS, Visual Analogue Scale
Note: all p-value <0.001

total PAINAD-Th scores were 0.937 (activity stage) and
0.955 (rest stage). At rest, each item showed a moderate-
to-good ICC, ranging between 0.691 and 0.818. The
ICCs for the activity stage also showed moderate-to-
good ICCs of 0.671 to 0.861 (Table 3). The test-retest
reliabilities for the total scores were good to excellent

(ICCs 0£0.880 to 0.964). When examining each feature,
the ICCs generally showed good reliabilities, except for a
few features that displayed moderate reliabilities. These
include the breathing feature assessed during the activity
stage, and the body language feature assessed both in
the rest stage and during the activity stage (Table 4).
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TABLE 3. Inter-rater reliability for each feature and total score.

PAINAD-Th feature Intraclass correlation coefficient (ICC; 95% ClI)

Breathing

Negative vocalisation
Facial expression
Body language
Consolability

Total score

Activity
0.671 (0.566-0.789)
0.861 (0.778-0.914)
0.701 (0.470-0.829)
0.780 (0.658-0.862)
0.827 (0.726-0.893)

0.937 (0.880-0.965)

Rest

0.735 (0.594-0.833)
0.818 (0.713-0.887)
0.773 (0.647-0.858)
0.766 (0.631-0.855)
0.691 (0.531-0.803)

0.955 (0.926-0.973)

TABLE 4. Test-retest reliability for each feature and total score.

PAINAD-Th feature

Activity

Breathing

Negative vocalisation
Facial expression
Body language
Consolability

Total score

Rest

Breathing

Negative vocalisation
Facial expression
Body language
Consolability

Total score

Intraclass correlation coefficient (ICC; 95% CI)

Rater 1

0.676 (0.511-0.793)
0.746 (0.609-0.840)
0.828 (0.727-0.893)
0.695 (0.538-0.806)
0.767 (0.638-0.854)

0.964 (0.941-0.978)

0.764 (0.633-0.852)
0.789 (0.670-0.868)
0.731 (0.586-0.830)
0.720 (0.572-0.823)
0.884 (0.813-0.929)

0.880 (0.807—0.926)

Rater 2

0.606 (0.417-0.744)
0.792 (0.674-0.870)
0.771 (0.643-0.856)
0.680 (0.517-0.796)
0.861 (0.778-0.915)

0.914 (0.861-0.948)

0.857 (0.772-0.912)
0.635 (0.455-0.764)
0.741 (0.601-0.837)
0.622 (0.439-0.756)
0.846 (0.754-0.905)

0.880 (0.807-0.927)
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DISCUSSION

This study demonstrated good validity and reliability
of the PAINAD-Th scale for pain assessments among
patients with moderately severe or severe dementia. The
result was consistent with previous studies.'”'**" The
content validity indices of the PAINAD-Th, as evaluated
by experts, demonstrated high scores, signifying semantic
equivalence to the original version and suitability for
implementation in a Thai context. The concurrent validity
of the PAINAD-Th, evaluated by comparing the results
against the VAS determined by the two geriatricians,
showed an excellent correlation. This result was similar
to a study by Warden, et al.,”” which was tested against
the VAS and was slightly higher than that of D. Costardj,
et al.'* The strong correlation may be influenced by the
comprehensive pain assessments by an expert committee
across multiple domains. This includes observing the
participant’s body language, facial expressions, and
pain-indicating vocalizations, all of which may partly
resemble those of the PAINAD-Th features. Regarding
pain-indicating vocalizations assessed by the expert
committee, some of the PwD may be able to accurately
report their pain verbally, even in moderate to severe
stages,*""” which could correspond to an observational
comprehensive assessment of pain recommended for
individuals with severe dementia.”

In this study, the use of PAINAD-Th also effectively
measured pain in patients with dementia in their
moderately severe and severe stages, addressing the
gap left by previous studies that focused only on patients
in the severe stage.'”'**" Additionally, the PAINAD-Th
scale accurately identified pain in both resting and active
stages.

Wealso observed that the assessment of the breathing
feature during activity demonstrated lower inter-rater
reliability and test-retest reliability compared to other
features, which is consistent with the previous study."” The
findings may be attributed to the difficulty of accurately
assessing breathing patterns through video recordings
when PwD could have altered respiratory pathology,
leading to apnea or breathing dysrhythmias.”"** Besides,
Cheyne-Stokes respiration may not be a specific indicator
of pain, as this pattern is commonly seen in patients with
unstable central respiratory control, such as those with

“ As a result, the variation of

stroke and heart failure.
breathing patterns in PwD could perplex the rating of
the breathing feature.

Despite the discrepancy in each feature score
between the two raters, the decision to proceed with
further management was based on the total score rather

than each feature. It is important to note that the lower
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agreement on each feature may not diminish the overall
rating result.

Our study demonstrated that the PAINAD-Th
effectively evaluated pain in PwD who also experienced
delirium. The data revealed a strong correlation between
the PAINAD-Th scores and the established reference
standards, suggesting that this tool is reliable in complex
clinical situations, such as acute care settings where
delirium is frequently encountered.”** Although the
correlation was slightly reduced in PwD with delirium
compared to those without, this discrepancy likely
stems from the inherent challenges of assessing pain in
delirious patients. Delirium often manifests with various
symptoms, such as disorganized thinking, perceptual
disturbances, and inattention, that can obscure the accurate
interpretation of pain-related behaviours. For example,
negative vocalizations may not necessarily indicate pain
but could reflect other unmet needs, making it difficult
to differentiate. However, considering that pain is a
well-documented precipitating factor for delirium®,
the availability of a tool like the PAINAD-Th, which can
capture pain signals even in these complex cases, is crucial
for ensuring timely and effective clinical interventions.
The test’s ability to operate reliably in such challenging
contexts underscores its value in managing pain in PwD,
particularly in settings where delirium is a common
complicating factor.

This study presents both strengths and limitations that
should be recognized. A key strength was the methodology
employed to assess test-retest reliability, inter-rater
reliability, and concurrent validity. Geriatricians and nurses
observed the same set of video recordings, enabling direct
comparison of the pain ratings provided by nurses against
the reference standard values determined by geriatricians,
without any interval between assessments. This approach
ensured consistency and robustness in evaluating the
tool’s validity. Additionally, the study demonstrated
that pain assessment using the PAINAD-Th could be
effectively conducted after a one-hour training session.
It is plausible that further competency could be achieved
through more extensive training or supplementary self-
learning resources, which may enhance understanding
of the tool. This could serve as a framework for the tool’s
integration into daily clinical practice and support its
feasibility for use by non-specialist personnel.

However, several limitations must be acknowledged.
A primary limitation is that patient assessments were
conducted via video recordings, while in clinical settings,
pain assessments are typically performed in person,
allowing for a more comprehensive and time-sensitive
evaluation. Furthermore, the validity of the reference
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standard could be strengthened by confirming the
resolution of symptoms following pain relief, thereby
providing additional verification of the tool’s accuracy
in identifying pain.

Another limitation is that we did not account for
behavioural and psychological symptoms of dementia
(BPSD) diagnoses prior to the reference-standard pain
assessment. BPSD is highly prevalent, affecting up to
90% of PwD,*** and includes a variety of manifestations,
such as agitation, anxiety, irritability, and abnormal
vocalization. These symptoms may contribute to the
overdiagnosis of pain by the reference standard, as certain
behavioural cues assessed by the PAINAD-Th scale can
overlap with features of BPSD. This overlap could lead
to a high correlation between the reference standard
and the PAINAD-Th scale.

However, it is important to note that BPSD is often
triggered by unmet needs such as pain, hunger, toileting,
or communication difficulties. Thus, diagnosing and
addressing potential pain may be more beneficial than
overlooking it, given the significant impact untreated
pain can have on the quality of life in PwD.

CONCLUSION

The PAINAD-Th is an effective tool for assessing
pain in people with dementia, regardless of the presence
of delirium. Compared to the standard reference, it
has demonstrated good-to-excellent content validity,
concurrent validity, inter-rater reliability, and test-retest
reliability. Furthermore, its utility extends not only to
severe dementia cases but also to moderately severe
stages.
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ABSTRACT

Objective: The aim of this study was to evaluate the surgical, oncological outcomes, and complications in men >75
years of age who have undergone robot-assisted radical prostatectomy (RARP).

Materials and Methods: A retrospective analysis was performed on data from patients who underwent RARP
between July 2018 and December 2020. This analysis included the patients’ characteristics, perioperative outcomes,
postoperative outcomes, oncologic outcome and biochemical recurrence(BCR) comparing an elderly group (=75
years old) with a younger group (<75 years old).

Results: In total, 455 patients were classified into two groups: 57 patients aged >75 and 398 patients aged <75 years
old. No significant differences were observed in BCR at 12 months10.3% vs. 17.5% (p=0.1), perioperative and
postoperative complications, pathological positive lymph node, or resection margins. The pathological T-staging
and Gleason grade groups were more aggressive in the older group with pT3 64.9 vs. 48.7% (p < 0.05) and Gleason
grade group 4 and 5 41.3% vs. 25.1%, (p < 0.05).

Conclusion: RARP is safe and feasible procedure in selected elderly patients, offering comparable perioperative
and postoperative surgical outcomes to those seen in younger patients.

Keywords: Prostate cancer; robot-assisted radical prostatectomy; elderly; outcome; biochemical recurrence (Siriraj

Med ] 2025; 77: 22-28)

INTRODUCTION

Prostate cancer (PCa) is the second most frequent
cancer and the fifth leading cause of cancer-related death
among men in 2022." In Thailand, it is the fourth most
common cancer in men.” According to WHO data from
2020, the life expectancy of Thai males at birth is 74.4
years, with a life expectancy of 22.8 years at age 60°, and
these figures are increasing annually. For urologists,
this growing trend of reduced mortality in the elderly
population presents challenges in choosing appropriate
treatment options, such as radical prostatectomy (RP),
radiation, or androgen deprivation therapy (ADT).

Previous studies have shown that elderly patients
with PCa often present with more aggressive and locally
advanced tumors.’ Therefore, it is crucial for urologists
to offer active treatment to selected elderly patients, as
some may experience local tumor invasion or systemic
metastasis. Robot-assisted radical prostatectomy (RARP),
first performed in 2000, has demonstrated better outcomes
and safety profiles compared to open RP**, especially
when combined with some surgical techniques and
preoperative MRI.”* Additionally, this approach spares
patients from the systemic effects associated with ADT,
which is commonly administered alongside radiation
therapy in patients with unfavorable or high-risk PCa.
However, the upper age limit for RP as a curative treatment
for localized PCa remains a topic of debate.

The aim of this study was to evaluate the surgical
and oncological outcomes, as well as complications, in
men aged 75 years old or older who have undergone
RARP.

MATERIALS AND METHODS

This retrospective cohort study was conducted at the
Faculty of Medicine Siriraj Hospital, Mahidol University,
Bangkok. The study proposal was approved by the Siriraj
Institutional Review Board of the Faculty of Medicine
Siriraj Hospital, Mahidol University (272/2565(IRB4)).

From July 2018 to December 2020, the records of
557 patients with PCa who had underwent RARP were
reviewed. Patients were divided into two groups: those
younger than 75 years old and those aged 75 years or older.
Both groups were analyzed for assessing their preoperative
characteristics, which included body mass index (BMI),
American Society of Anesthesiologists classification
(ASA), prior prostatic surgery, BPH medication use,
prostate specific antigen (PSA), neutrophil-to-lymphocyte
ratio (NLR), and platelet-to-lymphocyte ratio (PLR).
Perioperative characteristics included operative time,
neurovascular bundle (NVB) sparing, blood loss, and
prostatic weight. Postoperative characteristics included
Gleason score, pathological stage, surgical margin status,
complications (classified by Clavien-Dindo), length of
postoperative hospital stay, and postoperative PSA level.

All the patients were followed up with serum PSA
measurements every 3 months after the surgery. Biochemical
recurrence (BCR) within one year was defined as a PSA
level of 0.2 ng/ml or higher.

Sample size was calculated based on the research by
Burkhard Ubrig (2018), we estimated that in the group of
prostate cancer patients who underwent RARP at Siriraj
Hospital, those aged 75 years and older, as well as those
younger than 75 years, will have a biochemical recurrence
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rate after one year of follow-up of approximately 25.0%
and 10.0%, respectively. We established the ratio (n2/
nl) of prostate cancer patients aged 75 years and older
(n1) to those younger than 75 years (n2) as 7/1, or a ratio
of 7. Given a two-sided Type I error (a) of 0.05 and a
power of the test of 80%, the required sample size for
prostate cancer patients aged 75 years and older (nl) is
at least 57 cases, while for those younger than 75 years
(n2) it is at least 398 cases, totaling 455 cases overall.

Statistical analysis was performed using SPSS
statistics version 23 (IBM Corp, Armonk, NY, USA).
Demographic data were presented according to the
distribution of quantitative variables: the mean + standard
deviation for normally distributed variables and median
with interquartile range for non-normally distributed
variables. T-tests were used to compare continuous values
between two groups. For binary variables, the chi-square
test was used. Multivariate analyses were conducted to
identify significant predictors of BCR. A p-value < 0.05
was considered statistically significant.

RESULTS

Patients were divided into two groups: those younger
than 75 years old (n=398) and those aged 75 years or
older (n=57) (Fig 1). RARP was performed using the
Da Vinci Robotic 4-Arm system with a transperitoneal
approach. Pelvic lymph node dissection was performed
in the majority of cases, with the extent of dissection
determined at the surgeon’s discretion.

Preoperative characteristics of the two groups are
shown in Table 1. The mean age in the group aged <75 was

67 years old (63-70), compared to 77 years old (75-79)
in the group aged =75 years. The percentage of patients
with ASA class 3 was higher in the older group (35%
vs. 23.4%). BPH medication use was also significantly
higher in the elderly group (63.2% vs. 39.4%). Both the
neutrophil-to-lymphocyte ratio (NLR) and platelet-to-
lymphocyte ratio (PLR) were significantly lower in the
older group. The median PSA levels were not significantly
different between the two groups.

The perioperative and postoperative characteristics
are displayed in Table 2. The non-NVB sparing technique
was more commonly performed in the older group, with
a significantly higher rate compared to the younger group
(89.5% vs. 51.5%, p < 0.05). Prostate size was significantly
larger in the older group. Similarly, pathological T-staging
was more advanced in the older group, with 64.9%
classified as pT3 compared to 48.7% in the younger
group. The proportion of patients with a high Gleason
grade group (4 and 5) was also higher in the older group
(41.3% vs. 25.1%). The operative time was not significantly
different between the two groups (160 min vs. 165 min,
p = 0.82), nor was blood loss (250 ml vs. 200 ml, p
= 0.38). Despite the higher prevalence of aggressive
pathological features in the older group, there were no
significant differences in surgical margin, pelvic node
involvement, or postoperative complications between the
two groups. The majority of patients in both groups did
not experience postoperative complications. However, 8
patients (2%) in the younger group and 3 patients (5.3%)
in the older group experienced Clavien-Dindo grade 3
complications.

N-=-557

CA prostate patient who undergone RARP

Incomplete data

> or loss fu

m=102)

Age>T75,N=57

Age<75,N=398

Fig 1. Patient selection.
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TABLE 1. Patient characteristics.

<75 years 275 years p value
Number of patient 398 57
Age (IQR) 67 (63-70) 77 (75-79)
ASA <0.05
1 41 (10.3%) 0 (0%)
2 264 (66.3%) 37 (64.9%)

93 (23.4%) 20 (35.1%)
BMI (kg/m?) 24 .22 (22.42-26.58) 23.82 (22.2-25.4) 0.2
BPH medication 157 (39.4) 36 (63.2) <0.001
Previous prostate surgery 7 (1.85%) 3 (5.3%) 0.12
PSA (ng/ml) 9.4 (6.67-15) 10 (7.28-17.49) 0.5
NLR 2.37 (1.73-3.15) 1.98 (1.6-2.4) <0.05
PLR 140.91 (108.9-189.56) 120.24 (93.18-144.29) <0.05

Abbreviations: NLR = Neutrophil-Lymphocyte ratio, PLR = Platelet-Lymphocyte ratio

The duration of hospitalization was not significantly
different between the two groups. BCR at one year was
higher in the older group (10.3% vs. 17.5%), but this
difference was not statistically significant (p = 0.1).

Multivariate analysis revealed that preoperative
PSA of 15 or higher, higher Gleason grade group, and
positive surgical margin were significantly associated
with BCR (Table 3).

DISCUSSION

As life expectancy for men continues to increase, a
larger proportion of elderly patients are being diagnosed
with clinically significant PCa, with many potentially
having a life expectancy extending beyond 10 years.
Careful selection of candidates for surgical intervention
for PCa among the elderly is therefore crucial. While a
minimum life expectancy of 10 years is typically deemed
necessary when considering potentially curative therapy,
many urologists refrain from pursuing definitive treatment
for localized PCa in elderly patients based solely on age,
without considering their overall life expectancy. There
is extensive literature on the oncological outcomes of
RP in patients aged 65 years old or older, or 70 years old
and older.”"” However, only a limited number of studies
have specifically examined oncological outcomes for
men aged 75 years old and above.'""”

Previous studies have shown that older patients
undergoing RARP often present with higher pathological
stages, Gleason scores, and PSM rates. Similarly, the
older group in our study exhibited higher histological
and staging characteristics compared to the younger
cohort, with 64% of older patients having pT3 disease.
Interestingly, while the PSM rate was lower in the older
group, the difference was not statistically significant.
Previous research has highlighted a strong correlation
between PSM and recurrence of PCa. Yang et al.’identified
an association of PSM, GG 4 to 5, pT3, and PSA levels
greater than 10 ng/ml, reporting a 5-year BCR rate of
66.7%. Consistent with their findings, our multivariate
analysis emphasized the importance of PSM in predicting
BCR, while age did not predict BCR. This suggests that
RARP is a viable option for selected older patients,
offering comparable short-term oncological outcomes
to younger adults, even when presenting with slightly
more advanced disease.

Physical status and cognitive function are crucial
predictors of postoperative outcomes. The Mini-Cog and
G-8 screening tools'* are recommended for comprehensive
preoperative assessment in urological cancers, including
RARP. In our study, the majority of older patients were
classified as ASA class 2. Complications rates, as classified
by the CDC, did not differ significantly between the groups,
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TABLE 2. Perioperative and Postoperative outcomes.

Operative time (min) (IQR)

NVB preservation
None
Unilateral
Bilateral
Blood loss (ml)
Prostate weight (g)
Patho
pT2
pT3a
pT3b
Gleason grade group

1
2

a b~ W

pN1

Resection margin
Positive
Negative

C-D classification*
No

2
3a

Post-op LOS
BCRin 1 year

<75 years

160 (125-201.25)

205 (51.5%)
51 (12.8%)
142 (35.7%)

250 (150-400)
38.7 (29.4-51)

204 (51.3%)
131 (32.9%)
63 (15.8%)

26 (6.5%)
164 (41.2%)
99 (24.9%)
33 (8.3%)
76 (19.1%)
24 (6%)

191 (48%)
207 (52%)

335 (84.2%)
34 (8.5%)
21 (5.3%)

8 (2%)

5 (4-6)

41 (10.3%)

275 years

165 (135-200)

51 (89.5%)

3 (5.3%)

3 (5.3%)

200 (100-310)
45 (35.35-58.25)

20 (35.1%)
19 (33.3%)
18 (31.6%)

1(1.8%)
17 (29.8%)
12 (21.1%)
6 (4.5%)
21 (36.8%)
5 (8.8%)

21 (36.8%)
36 (63.2%)

45 (78.9%)
6 (10.5%)
3 (5.3%)

3 (5.3%)

5 (3-18)
10 (17.5%)

p value

0.82
<0.05

0.38
<0.05
<0.05

<0.05

0.56
0.12

0.24

0.46
0.1

*Clavien-Dindo classification

TABLE 3. Multivariate analysis showing predictors of post-operative BCR in both groups.

Adjusted OR (95%) p value
PSA 215 2.73 (1.46-5.11) 0.002
Gleason grade group 1.41 (1.10-1.82) 0.007
Margin positive 2.96 (1.35-6.50) 0.007
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with 21% of older patients experiencing postoperative
complications (5.3% with grade 3 complications versus
2% in the younger group). These results align with a study
by Ubrig et al.””, which reported minor complications in
26.3% of patients over 75 years undergoing RARP, with
major complications occurring in only 1.3% of cases. These
findings underscore the importance of comprehensive
preoperative evaluation and the integration of validated
tools for patients undergoing RARP.

Frailty, a condition marked by reduced physiological
reserves and impaired function across multiple systems,
leads to a diminished capacity for the body to respond
to stress. Systemic inflammation is a key contributor to
physical decline and frailty in older adults. Meta-analyses
have shown that frailty and pre-frailty are associated
with elevated levels of serum inflammatory markers. The
NLR and PLR are emerging biomarkers of inflammation.
Previous studies have found that declines in physical
function and frailty are associated with higher NLR and
PLR in elderly patients.'*'” Moreover, several studies have
confirmed that these novel markers are linked to cancer
progression and prognosis. In our study, both NLR and
PLR were significantly lower in the older group, although
their relevance to the 1-year BCR was not established.
Additionally, a large population-based study in China
by Meng et al.”” reported variations in inflammatory
biomarkers, including NLR and PLR, across different
age groups, with higher values observed in men older
than 65 years (NLR: 1.71 vs. 1.85, PLR: 106 vs.139). This
suggests a potential selection bias, as healthier older
adults may be more likely to undergo RARP. Research
into the impact of NLR and PLR in the Thai population
remains limited. However, a study by Veerakulwatana
etal.” found no association between NLR or PLR levels and
30-day major complications following radical cystectomy,
a more aggressive procedure than RARP.

PSA has been used for detection of recurrent disease.
The American Urological Association (AUA) and the
European Association of Urology (EAU) have recommended
defining BCR as a serum PSA >0.2ng/mL followed by a
second confirmatory level.”>** Approximately 20-40% of
patients with clinically localized PCa will present BCR
after RP.”*”” Short time from RP to BCR has also been
associated with poor clinical prognosis. Ten-year rate
of systemic progression for PCa was 10% for patients
who experienced BCR more than six years after RP,
compared to 19% for those with BCR occurring less than
1.2 years after RP.” Therefore, we have chosen to conduct
follow-up on BCR for one year and from our study BCR
at one year was higher in the older group (10.3% vs.
17.5%), but this difference was not statistically significant

(p=0.1).
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Recent studies have shown that elderly patients
often exhibit more aggressive pathological findings,
which align with the results of our own research. As
such, there are potential benefits to performing RARP
in selected patients aged 75 years and older, as they may
achieve surgical and oncological outcomes comparable
to those of younger patients. Therefore, age should not be
considered a contraindication for surgical intervention.

However, there are several limitations of our study
to note. First, this study involved a retrospective analysis,
therefore it was restricted by the available evidence level.
Second, our results might not be representative for all men
over 75 years old because our cohort involved a highly
selected group of patients. Third, our follow-up duration
was too short to show biochemical, cancer-specific, and
overall survival. Finally, there may be potential bias from
the surgeons’ experience.
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Validation of self-application-based malnutrition and limited mobility screening tools

compared with standard diagnostic tools in older adults

This application allows older adults to efficiently screen for malnutrition and limited mobility
with high validity, particularly when face-to-face screening is not feasible.
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ABSTRACT

Objective: To validate application screening tools against face-to-face standard tools (the Mini Nutritional Assessment
(MNA) and Short Physical Performance Battery test (SPPB)) in older adults.

Materials and Methods: A mobile or tablet application was developed based on user interfaces and experiences.
Outpatients aged 60 years and over were tested with this tool. We used 2 questions from the WHO-ICOPE algorithm
and 3 questions from the STEADI algorithm to screen for at-risk malnutrition and limited mobility, respectively.
The MNA and SPPB were used to detect malnutrition and limited mobility, respectively, to test their validity.
Results: The study involved 187 participants, 16% of whom were diagnosed with at-risk malnutrition by the MNA
and 18.7% of whom had limited mobility according to the SPPB. The sensitivity and specificity of the malnutrition
application tool were 66.6% and 96.1%, respectively. When BMI < 18.5 was combined in the application, the
sensitivity and specificity were 90% and 91%, respectively. For limited mobility, the sensitivity and specificity of
the application were 94.2% and 76.3%, respectively. The majority of participants rated the application for easy
understanding as «excellent» (65%) and rated their confidence in their ability to use the application by themselves
as “excellent” (70%).

Conclusion: The application is an age-friendly, time-saving tool that can be used when face-to-face screening is
difficult with good validity.

Keywords: Screening; Application; Older adults; Malnutrition; Locomotor capacity; Intrinsic capacity; Limited

mobility; WHO-ICOPE (Siriraj Med ] 2025; 77: 29-38)

INTRODUCTION

Populations worldwide are transitioning toward
an aging society, and the trend is rapidly increasing. In
October 2017, the World Health Organization (WHO)
released “Integrated care for older people: Guidelines
on community-level interventions to manage declines
in intrinsic capacity”.' The guidelines include care for
various aspects of intrinsic capacity, including vitality,
locomotor, psychological, visual, hearing, and cognitive
capacity.'

“Vitality” refers to the physiological factors related
to locomotor capacity, encompassing balance and energy
expenditure within the body. One significant factor
contributing to reduced vitality among older adults is
malnutrition,"” a problem affecting up to 10% of the
population aged 65 and above;” its impact on quality of life
is substantial and affects disability rates, hospitalization
duration, mortality rates, and healthcare costs.”*

Locomotor capacity refers to an individual’s physical
ability to move from one place to another. Mobility is a
crucial factor in healthy aging, developing disability, and
preventing dependence on others.' Limited mobility is
common among older adults, leading to difficulties in
movement, cognitive decline, and social issues. Additionally,
limited mobility can result in dependency, disabilities,
physical injuries, hospitalization, and an increased length
of stay.'"'” Screening for limited mobility and providing
care to improve flexibility are essential for achieving a
good quality of life.’

11,12

As mentioned, assessing nutritional status and
locomotor capacity is crucial. Early screening for malnutrition
and limited mobility, followed by prompt assessment and
treatment, can lead to positive outcomes.' Screening tools
should be rapid, user-friendly, cost-effective, standardized,
and valid.” Various types of screening tools have been
developed to assess intrinsic capacity; however, they have
limitations such as the need for face-to-face assessments,
time-consuming procedures, and difficulty reaching
individuals who are far away and cannot easily access
healthcare facilities. Furthermore, many tests require
long evaluation times. For example, the SPPB assessment
takes an average of approximately 10-15 minutes."
In the present era of advanced medical technology,
electronic applications are being increasingly used for
screening to assess nutritional status more effectively.
The benefits include remote access without the need to
visit a hospital, which is particularly advantageous during
the COVID-19 pandemic, as it helps reduce face-to-face
contact. Researchers have aimed to develop electronic
applications to screen for malnutrition and limited mobility
among Thai older adults, thus increasing the chance of
accessing diagnostic tests and interventions to improve
their physical capabilities. Moreover, if malnutrition or
decreased mobility is detected, basic self-care instructions
and guidance on seeking medical attention at hospitals,
especially for high-risk individuals, are provided. However,
tool development requires validity evaluation and possibility
of self-screening.
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MATERIALS AND METHODS

This research was approved by the Ethics Committee
for Research in Human Subjects, Faculty of Medicine,
Siriraj Hospital, Mahidol University, Thailand. The approval
number is 344/2566 (IRB3). The certificate of approval
is Si 463/2023. This study was subsequently conducted
from 2023-2024 and is classified as observational clinical
research (diagnostic research). The older adults who
came to Siriraj Hospital, the quaternary care medical
center in Thailand, were randomly selected using the
consecutive sampling method. Researchers conducted
patient screening using the Eligibility Criteria Checklist
before obtaining consent from participants or their
relatives.

The inclusion criteria included outpatients aged
60 and older who could communicate, read Thai and
answer questions on mobile or tablet applications.
Exclusion criteria included those with visual or hearing
impairments that impeded the application or standard
tests, disabilities affecting the use of the application or
SPPB, and dyspnea (functional classes III-IV). Individuals
who requested not to be contacted or do not wish to
disclose their medical records were excluded, as were those
with prior evidence of severe neuropsychiatric diseases
affecting communication, such as severe dementia with
behavioral and psychological symptoms of dementia
(BPSD) or schizophrenia. Inpatient older adults were
also excluded. Participants or their legal representatives
had the right to withdraw from the research at any time
without consequences; this ensured that participation
was voluntary and that participants could drop out at
their discretion. Additionally, participants who did not
cooperate in completing the questionnaire or testing via
electronic tools or the standard test were excluded from
the study.

All participants were provided with detailed
explanations and asked for consent before they participated
in the study. General patient information, including sex,
age, occupation, level of education, primary caregiver,
preexisting conditions, current medications, history of
alcohol consumption, history of surgery, history of hearing
and vision impairment, oral health status and denture
usage, functional status, physical activity, history of falling,
gait aid usage, and oral nutritional supplementation, was
also collected from the electronic medical record system
and self-reporting. Participants underwent screening for
malnutrition and mobility impairment via application
screening tools, with participants using the tools themselves;
afterward, trained medical personnel evaluated them for
the MNA and SPPB. The user satisfaction and experience
were also investigated. Statistical analysis was conducted

...................................... Original Article SM]

on all collected data. Appendix: Figure 1 illustrates the
flow chart of the validation process.

Malnutrition

Standard tool: The current gold standard for diagnosing
malnutrition is the GLIM criteria, which comprises
screening and assessment of nutritional status.” According
to the MaNuEL study, the MNA can be used as a standard
reference tool for evaluating the validity of nutritional
screening instruments;** these are considered ‘semigold’
reference standards and can be used as substitutes for
the gold standard in certain cases, such as for measuring
changes in body composition.® The full form of the
Mini Nutritional Assessment (MNA)'*"” comprises both
screening and assessment components for nutritional
status, including measurements via anthropometry;’
notably, it bears similarities to the GLIM criteria used
for diagnosing malnutrition."” Additionally, various
studies have shown that the MNA performs well in
community-dwelling older adults.”*'” Consequently,
researchers have chosen to utilize the MNA to assess
the validity of electronic screening programs for at-risk
malnutrition in elderly individuals. The cutoff point is
below 24 points.

Screening tool: We use a tool that is simple and
concise, making it easy for older adults to use. To screen
for at-risk malnutrition, we used the WHO-ICOPE 2
questions (unintentional weight loss >3 kg over the last 3
months, OR appetite loss).! Appendix: Figure 2 illustrates
the self-application-based malnutrition screening tool.
In previous trials when we developed this tool, there
were limited data of its validity, but now there is a study
published. However, the study was not in application-
based self-assessment and has never been conducted in
Thailand. Ina cross-sectional study of the ICOPE screening
tool in China, the sensitivity was 51.3%. However, the
specificity was 94.7%, which indicates a high validity.
When included a BMI below 20 kg/m? provided better
sensitivity.® Thus, we included BMI in the application
and separated the calculation of the statistic of whether
or not to include BMI. The screening was considered
positive when the participant answered yes to one of
the two questions.

Locomotor capacity impairment (Limited mobility)

Standard tool: Several tools have been used to evaluate
senior people’s mobility and balance.'"”*** However, there
is currently no clear consensus on which tool should
be the primary assessment method, depending on the
aspect that we want to evaluate.'' The SPPB is a tool used
to assess gait, balance, and endurance in older adults,
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both in research and clinical settings.” The SPPB can
predict disability, falls, activities of daily living (ADL),
limited mobility, and hospitalization rates.'’*” Studies
have consistently reported that the SPPB is accurate and
reliable for assessing mobility capacity in older adults
across various environments, with minimal environmental
impact on measurement reliability.'”'* Researchers use
the SPPB as a standard assessment tool for evaluating
the validity of electronic screening programs for limited
mobility. A cutoff of less than 10 points is used to detect
locomotor capacity impairment or limited mobility.

Screening tool: To screen for limited mobility or
locomotor capacity impairment that causes an increase
in fall risk, we used the first-step 3-key questions of the
STEADI algorithm (feel unsteady when standing or
walking, worry about falling, or have fallen in the past
year).”” In the prospective cohort study of older adults
living in Nakhon Ratchasima, Thailand, the sensitivity of
the first step 3-key questions by clinicians was 93.9%, and
the specificity was 88%."” The screening was considered
positive when the participant answered yes to one of
the three questions. Appendix: Figure 3 illustrates the
self-application-based limited mobility screening tool
(limited mobility).

User acceptance testing

We conducted interviews with participants to rate the
application in terms of two aspects: ease of understanding
and confidence in the use of the application. For ease
of understanding, the participants rated the application
on a scale of 1- to 5, with 1 being poor, 2 being fair,
3 being average, 4 being good, and 5 being excellent.
Similarly, for their confidence in using the application
by themselves, the participants provided ratings on the
same 1- to 5 scale, indicating their level of confidence
from poor to excellent. These ratings provided valuable
insights into the user experience and overall satisfaction
with the application.

Sample size calculation

Tool: Self-application-based malnutrition screening
tool.

The sample size for this study was calculated
based on the sensitivity and specificity values obtained
from previous studies. Screening for malnutrition has
demonstrated a sensitivity of 73% and a specificity of
84%.”" The pooled prevalence of at-risk malnutrition is
reported to be 42.6%.”* To estimate the required sample
size for each group, the principle of estimating a single
proportion with a margin of error (d=0.10) is applied.
This method ensures that the sample size is sufficient

to accurately reflect the sensitivity and specificity of
the malnutrition screening tool within an acceptable
margin of error. Therefore, the estimated total sample
size required for at-risk malnutrition in this study was
178 participants.

Tool: Self-application-based limited mobility
screening tool.

The sample size for locomotor capacity impairment
was calculated based on the sensitivity and specificity of
the ICOPE tool from previous studies. For individuals
with limited mobility, the ICOPE tool has shown a
sensitivity of 85% and a specificity of 92.8%, with a
prevalence of limited mobility of 35%.” To calculate
the required sample size for each group, the principle
of estimating a single proportion with a margin of error
(d=0.10) was applied. The estimated total sample size
required for the study was 140 participants.

Thus, the total sample size was initially calculated
as 178 participants. A possible 5% data loss rate must
be taken into consideration when adjusting the sample
size. Consequently, an adjusted total sample size of 187
participants was needed for the investigation.

Statistical analysis

We analyzed the outcome measurements for this
study to confirm the validity of the application screening
tools in detecting malnutrition and locomotor capacity
impairment, comparing them with the standard tools
MNA and SPPB. We present descriptive data in terms of
percentages, means, and standard deviations to provide
participant demographic data. The validity of the self-
application-based malnutrition and limited mobility
screening tools was evaluated by sensitivity, specificity,
positive and negative predictive values, and likelihood
ratios. The accuracy was also investigated. User satisfaction
and experience were assessed by analyzing participants’
ratings of easy understanding of and confidence in their
use of the application. We reported these ratings as
percentages. The data were analyzed using SPSS version
18.0 (SPSS Inc., PASW Statistics for Windows, Chicago,
IL, USA).

RESULTS

A total of 187 people participated in the study (mean
age, 69.8+7 years). Appendix: Figure 4 illustrates the age
distribution of the participants. Thirty (16%) patients
were diagnosed with at-risk malnutrition by the MNA,
and 35 (18.7%) were diagnosed with limited mobility
by the SPPB. The baseline characteristics are described
in the Table 1 & 2. The validity of the application for
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TABLE 1. Demographic data: Nutritional status.

Parameter Normal nutritional At risk malnutrition/ Total
status (n=157) Malnutrition (n=30) (n=187)
Age (meanzSD) 70+6.9 69+7.5 707
Female, n (%) 101 (64.3) 24 (80) 125 (66.8)
Education, years (mean+SD) 12+4.7 115 12+4.7
Living alone, n (%) 22 (14) 7 (23.3) 29 (15.5)
Financial problem, n (%) 9(5.7) 2(6.7) 11 (5.9)
Oral problem, n (%) 119 (75.8) 26 (86.7) 145 (77.5)
Denture use, n (%) 64 (41) 15 (50) 79 (42.2)
Cognitive impairment, n (%) 15 (9.5) 2(6.7) 17 (9.1)
Malignancy, n (%) 12 (8) 5(14.7) 17 (9.2)
Stroke, n (%) 6 (3.8) 1(3.3) 7(3.7)
CAD, n (%) 8(5.1) 1(3.3) 9 (4.8)
DM, n (%) 39 (25) 5(16.7) 44 (23.7)
Osteoporosis, n (%) 7 (4.5) 5(16.7) 12 (6.4)
Polypharmacy = 5 drugs, n (%) 43 (27.4) 6 (20) 49 (26.2)
History of fall in past 1 yr, n (%) 20 (12.7) 4 (13.3) 24 (12.8)
Oral nutritional supplementation, n (%) 19 (12.1) 7 (23.3) 26 (13.9)
Gait aid use, n (%) 3(1.9) 2(6.7) 5(2.6)
BMI, kg/m? (mean+SD) 24.2+4 1 18.6+2.9 23.314.4
Locomotor capacity impairment, n (%) 28 (17.9) 7 (23.3) 35 (18.7)

detecting malnutrition and limited mobility is shown in
the Table 3. Validation of the application of Malnutrition
compared with that of the MNA. If a BMI < 20, which
is used for diagnosing malnutrition in older adults, was
included in the application, the sensitivity and specificity
increased to 100% and 81.5%, respectively. When the
ROC curve was used to find the best cutoff point, a BMI
of 19.38 provided the best results. For limited mobility
applications that use the first-step 3-key questions of
the STEADI algorithm, the sensitivity and specificity
were 94.2% and 76.3%, respectively. For each question,
“feeling unsteady when standing or walking” yields the
best result. Table 4 shows the validation of the limited
mobility application compared with SPPB.

In terms of user satisfaction and experience, the
participants rated the application for easy understanding

as “excellent” 65%, “good” 32.5%, or “average” 2.5%.
They rated their confidence in their ability to use the
application by themselves as “excellent” 70%, “good” 25%,
or “average” 5%. The time to complete the application
averaged less than 2 minutes. Appendix: Figure 5 illustrates
user satisfaction with the application (easily understanding
point, %), Appendix: Figure 6 illustrates user satisfaction
with the application (confidence in their ability to use
the application by themselves, %).

DISCUSSION

To date, few studies have included mobile or tablet
applications in the process of screening for malnutrition
or limited mobility in Thai older adults. To the best of our
knowledge, this is the first study using the 2-questions
of the WHO-ICOPE and the first step 3-key questions
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TABLE 2. Demographic data: Locomotor capacity.

Parameter Normal locomotor Locomotor capacity Total
capacity (n=152) impairment (n=35) (n=187)
Age (meanzSD) 69+6.4 76+6.7 707
Female, n (%) 105 (69.1) 20 (57.1) 125 (66.8)
Education, years (meantSD) 1314.6 10+4.8 12+4.7
Living alone, n (%) 24 (15.8) 5(14.3) 29 (15.5)
Financial problem, n (%) 7 (4.6) 4 (11.4) 11 (5.9)
Hearing impairment, n (%) 4 (2.6) 4 (11.4) 8 (4.3)
Visual impairment, n (%) 54 (35.5) 18 (51.4) 72 (38.5)
Cognitive impairment, n(%) 11 (7.2) 6(17.2) 17 (9.1)
Malignancy, n (%) 12 (8) 5(14.7) 17 (9.2)
Stroke, n (%) 5 (3.3) 2 (5.7) 7 (3.7)
CAD, n (%) 6 (3.9) 3(8.6) 9 (4.8)
DM, n (%) 32(21.2) 12 (34.3) 44 (23.7)
Osteoporosis, n (%) 9(5.9) 3 (8.6) 12 (6.4)
Polypharmacy 2 5 drugs, n (%) 32 (21.1) 17 (48.6) 49 (26.2)
History of fall in past 1 yr, n (%) 13 (8.6) 11 (31.4) 24 (12.8)
Oral nutritional supplementation, n (%) 21 (13.8) 5(14.3) 26 (13.9)
Gait aid use, n (%) 0 5(14.3) 5(2.6)
BMI, kg/m? (mean+SD) 23.1+4.4 24.2+4.7 23.3+4.4
Malnutrition, n (%) 23 (15.1) 7 (20) 30 (16)

TABLE 3. Validation of the malnutrition application compared with the MNA.

e Moo Mo 0 anton o o 0,
vs. MNA vs. MNA vs. MNA

Sensitivity 66.6% 90% 100% 100%

Specificity 96.1% 91% 81.5% 86.6%

PPV 76.9% 65.8% 50.8% 58.8%

NPV 93.7% 97.9% 100% 100%

LR+ 16.8 10 5.3 7.1

LR- 0.35 0.11 0 0

Accuracy 96% 90.9% 84.5% 88.7%

Abbreviations: Malnutrition App. = Malnutrition application, MNA = Mini Nutritional Assessment, PPV = Positive predictive value, NPV
= Negative predictive value, LR+ = Positive likelihood ratio, LR- = Negative likelihood ratio
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TABLE 4. Validation of the limited mobility application compared with the SPPB.

Validity/test Locomotor App. 3

questions vs. SPPB vs. SPPB

Sensitivity 94.2% 31.4%
Specificity 76.3% 90.1%
PPV 47.8% 42.3%
NPV 98.3% 85.1%
LR+ 3.9 3.1

LR- 0.07 0.77
Accuracy 79.6% 83.1%

Locomotor App. Q1

Locomotor App. Q2 Locomotor App. Q3

vs. SPPB vs. SPPB
74.2% 74.2%
90.1% 84.2%
63.4% 52%
93.8% 93.40%
7.4 4.6

0.28 0.3
87.2% 82.4%

Abbreviations: Locomotor App. = Limited mobility application, SPPB = Short Physical Performance Battery Test, Q1 = Has fallen in the

past year?, Q2 = Feels unsteady when standing or walking?, Q3 = Worries about falling?, PPV = Positive predictive values, NPV = Negative

predictive values, LR+ = Positive likelihood ratios, LR- = Negative likelihood ratios

of the STEADI algorithm for screening for malnutrition
and locomotor capacity impairment via application by
self-screening, respectively. The questions are simple and
short; thus, they are appropriate for older adults. The
majority of the participants reported their high satisfaction
with the application rated their excellent confidence in
their ability to use the application by themselves.

In terms of baseline characteristics, there were more
females than males, with a ratio of 2:1. This proportion may
be higher than that of the general older adult population.”
Approximately 16% of participants were diagnosed with
at-risk malnutrition according to the MNA, which is
lower than the pooled prevalence of at-risk malnutrition
in Thai older adults as assessed by the MNA.”* Similarly,
when compared with the health survey of monks in the
Bangkok Noi area of Bangkok, the monks exhibited a
higher prevalence of elevated BMI and a lower prevalence
of at-risk malnutrition compared to our participants.”

They were diagnosed with limited mobility by
the SPPB at a rate of 18.7%, which is lower than that
reported in a previous study;* this may be because, in this
trial, the exclusion criterion excluded individuals with
disabilities and severe dementia; those are the majority
of malnutrition and mobility impairment patients. The
group with locomotor dysfunction was older and had fewer
years of education; more financial problems; cognitive
impairment; hearing and visual impairment; a history
of falls; polypharmacy; greater use of gait aids; and more
cases of malnutrition. Thus, there are more comorbidities
and fragilities.

The specificity of the malnutrition application tool,
which involves two screening questions concerning weight
loss and poor appetite, is excellent, but the sensitivity
is fair. These results are similar to those of previous
ICOPE face-to-face screening trials, but this trial was
more sensitive and accurate. In the previous ICOPE
face-to-face screening trial, researchers included BMI in
screening for malnutrition. Thus, the sensitivity increased;
this may be because BMI has high sensitivity by itself.
We therefore added BMI to the application. The results
show that the sensitivity increased, which is consistent
with the previous face-to-face trial.

In this study, the three questions in the application
to screen for locomotor capacity impairment had high
sensitivity, specificity, and good diagnostic value. This
result resembles that of previous face-to-face studies; the
sensitivity of the STEADTI’s three key questions ranged
from 78.9 to 100%."*' Therefore, this application may
be used to screen for at-risk malnutrition and limited

5,7-8,10,28-32

mobility by online self-screening in Thai older adults,
except in an inpatient setting.

The strength of this study is its ability to screen older
adults quickly. Compared with previous studies, screening
by the MNA takes approximately 7-30 minutes*’, and
the SPPB takes approximately 10-15 minutes.'' However,
this application takes almost 1-2 minutes to complete.
Therefore, this application is a timesaving and age-
friendly tool. Furthermore, the only additional equipment
required is the individual’s mobile phone or tablet.
Moreover, individuals can use it independently, making
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it suitable for situations where face-to-face screening is
challenging. This tool lowers the barriers to accessing the
screening process. However, few studies have validated
the screening performance of the first-step ICOPE tool
and the first-step STEADI algorithm, especially in mobile
or tablet applications.” " This application is available
for validation.

The limitations of this study are that the mean age
of the participants was 69 years, which favors younger
older adults, and the mean number of years of education
favors higher education, which introduces selection bias
but may be considered usual in a study that focuses
on digital technology. Next, they were diagnosed with
limited mobility by the SPPB fewer times than in the
previous study;” this may be because, in this trial, the
exclusion criterion excluded individuals with disabilities.
Moreover, the use of the MNA as a standard diagnostic
tool may be inconsistent because the gold standard for the
diagnosis of malnutrition is the GLIM criteria. However,
according to the MaNuEL study, the MNA can be used
as a standard reference tool for evaluating the validity of
nutritional screening instruments; these are considered
‘semigold’ reference standards and can substitute for the
gold standard.”**" In this application, some words of the
question can have an ambiguous meaning: “feel unsteady
when standing or walking”. We evaluated the validity of
the test, which provided good sensitivity, and afterward,
the question could be used. The BMI is one part of the
MNA that is used as a standard reference, which may
lead to an increase in its validity. In the MNA, the BMTI’s
point is 2 out of a total score of 30, which is a minimal
count and may not produce much change. However, the
interpretation should be carefully considered. Next, this
research did not test test-retest and interrater reliability
because the participants lived in a distant area. As a
result, the test’s reliability may decrease. Furthermore,
the use of electronic devices among Thai older adults is
limited. However, the current trend is to increase the
use of electronic devices. In the future, if this application
is validated for use by caregivers, it can be used by both
older adults and caregivers.

For implementation, this application can be used by
Thai older adults in noninpatient settings to screen for at-
risk for malnutrition and limited mobility. Furthermore,
this application can provide self-care information or
suggestions for further evaluation when there are at-
risk conditions that can be put in the application for
immediate feedback. We should assess the test-retest
and interrater reliability of the research to reduce the
limitations in future research.

CONCLUSIONS

Combining BMI with the 2 questions of the WHO-
ICOPE screening for malnutrition provides better sensitivity.
However, BMI should be used with caution because it
is a body composition metric that is included in the
standard reference, the MNA. The first step, the 3-key
question of the STEADI algorithm, which is applied
to screen for limited mobility and fall risk, has high
sensitivity and is appropriate for use as a screening tool
in older adults. The majority of the participants reported
their high satisfaction with the application rated their
excellent confidence in their ability to use the application
by themselves. Thus, this application is an age-friendly,
time-saving tool that can be used when face-to-face
screening is difficult.
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ABSTRACT

Objective: This study investigated the characteristics of home-based activities in individuals with mild cognitive
impairment (MCI) and mild dementia, as well as factors related with those activities.

Materials and Methods: A cross-sectional, questionnaire-based study was conducted on patients with MCI and mild
dementia at Siriraj Hospital. Data on patient and caregiver characteristics, home cognitive activities, and proficiency
in using information technology (IT) devices and telecommunications applications were collected. Home activities
were categorized into cognitive, physical, and religion-related activities based on their type and frequency.
Results: Of 157 enrolled patients with a mean age of 76.2+7.9 years, 46.5% were diagnosed with MCI and 53.5%
with mild dementia. The MCI group exhibited significantly higher frequencies of activities such as reading, writing,
playing mobile games, texting, calculating, music listening, meditation, praying, almsgiving, doing chores, cooking,
and gardening (all p<0.05). Approximately 51% of patients were able to use I'T devices. MCI patients demonstrated
greater proficiency in using smart IT devices and teleconferencing applications than those with mild dementia
(79.5% vs. 26.2%, and 49.3% vs. 11.9%, both p<0.001). Cognitive activity scores were associated with age (r=-0.34,
p<0.001), body mass index (r=0.16, p=0.04), educational attainment (r=0.38, p<0.001), IT device literacy (r=0.41,
p<0.001), and proficiency in using telecommunications applications (r=0.55, p<0.001).

Conclusion: Thai patients with MCI and mild dementia engaged in limited home activities, particularly those
with dementia. IT device literacy was surprisingly prevalent and contributed to higher cognitive activity scores.
Developing home-based cognitive stimulation programs for Thai patients facing cognitive challenges utilizing
telecommunication may be feasible.

Keywords: Home-based activity; cognitive activity; mild cognitive impairment; mild dementia; Thai (Siriraj Med J

2025; 77: 39-50)

INTRODUCTION

Leisure activities impact cognitive decline in geriatric
adults. Engaging in activities such as board games, reading,
musical instruments, crossword puzzles, dancing, household
chores, walking, swimming, and caregiving significantly
reduces the risk of cognitive decline.’

A survey conducted in 2020 on Thai individuals
aged over 60 during the COVID-19 pandemic revealed
difficulties in activities such as leaving the house for errands,
shopping, medical appointments, religious ceremonies,
social activities, and visiting relatives or friends.” The
pandemic has also notably affected the decline in Mini-
Mental State Examination scores in dementia patients,
with a more significant decline during the lockdown.**
A systematic review suggests that cognitive training
can improve cognitive function in patients with mild to
moderate dementia.” However, caregiver-led cognitive
stimulation therapy at home did not significantly improve
cognitive function in dementia patients, likely due to
inconsistent engagement in cognitively stimulating
activities within the study samples.®”

There is evidence showing that factors such as low
education attainment, depression, physical inactivity,
obesity, or social isolation can contributed to modifiable
risk factors for dementia.’ In the Thai population, previous

studies have identified several factors associated with
dementia in the elderly. These factors include male gender,
advanced age, low education levels, diabetes, depression,
lack of mobile phone use, limited skills in computer
and internet use, infrequent social participation, and
minimal engagement in religious activities.”'” Moreover,
advanced ageing people are likely to experience home-
activities limitation due to many possible factors, such
as health status, depression, psychosocial factors, body
mass index (BMI), or education level.'' Previous research
suggests that engaging in activities such as computer use
and arts or crafts may lower the risk of mild cognitive
impairment (MCI)."” These activities may also promote
cognitive reserve, neuronal function, neural growth,
and alternative neural pathways, thereby facilitating the
maintenance of cognitive function."”

Other studies have shown associations between leisure
activities and dementia risk, indicating potential protective
effects against dementia.'* ' However, a large longitudinal
study suggested that reduced activity participation may
indicate prodromal dementia, despite an unclear association
with dementia incidence.”” Nonetheless, a systematic
review in 2016 confirmed the positive association between
mentally stimulating leisure activities and cognitive
function, as well as decreased cognitive decline.”
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Clinical guidelines recommend cognitive training
for patients with cognitive impairment to slow disease
progression. However, previous studies on home-based,
caregiver-led cognitive stimulation therapy showed
limited effectiveness in improving cognitive function
for dementia patients, possibly due to difficulties in
consistently engaging participants in cognitively stimulating
activities.®” Limited information exists on home-based
cognitive training for dementia patients in Thailand.
This study aimed to investigate the characteristics of
home activities that contribute to cognitive function
in individuals with MCI and mild dementia, as well as
factors influencing these activities. The findings may
facilitate the development of home-based tools or activities
to stimulate cognitive function at home.

MATERIALS AND METHODS
Patient population and data collection

This cross-sectional study was conducted at a
single center university hospital between September
and December 2022 and was approved by the Siriraj
Institutional Review Board (COA no. Si 448/2022).
Eligible participants were (1) individuals aged 60 years
old or older who visited the memory clinic or related
clinics at Siriraj Hospital, (2) diagnosed with MCI or
mild dementia, and (3) had at least one caregiver. MCI
was defined as having a measurable objective cognitive
impairment such as a Montreal Cognitive Assessment”’
(MoCA) score below 25, while having the Thai Mental
State Examination®” (TMSE) score of 24 to 30. The TMSE
is an adaptation of the Mini-Mental State Examination
(MMSE). Patients with MCI were also characterized by
having normal activities of daily living, as indicated by a
Functional Assessment Staging” (FAST) scale score of 3
or a Global Deterioration Scale** (GDS) score of 3. Mild
dementia was defined as having a TMSE score of 18 to
23,a FAST score of 4, or a GDS score of 4. The diagnosis
of MCI or mild dementia was then re-validated by at
least two experienced neurologists. The exclusion criteria
were (1) severe visual, auditory, or mobility impairments
that hindered daily activities and cognitive tests, and (2)
cognitive decline caused by reversible processes such as
vitamin B12 deficiency or thyroid disorders.

The sample size was calculated using the formula for
infinite population proportion and drew upon information
from a previous study.' The proportion of individuals
regularly engaging in leisure and physical activities was
set at 0.25, with an acceptable margin of error of 0.07
and a type 1 error of 0.05. The calculated sample size
was 147 individuals. After adding 10 percent to account
for incomplete data, the adjusted sample size was 162

Original Article SM]

individuals. However, five participants were excluded
after recruitment because they were initially classified
as having mild dementia but were later found to have
moderate dementia upon further review.

During routine outpatient visits, patients and their
caregivers were apprised of the study and subsequently
invited to engage in the research. Caregivers who agreed
to participate provided written informed consent. The
caregivers then completed a comprehensive questionnaire
on (1) the patient and caregiver characteristics, (2) patient
and caregiver proficiency with information technology
(IT) devices and aptitude in utilizing telecommunications
applications, and (3) patient engagement in cognitive
stimulation activities at home.

Home-based cognitive stimulation activities and activity
scores

Twenty-five home-based cognitive stimulation
activities were categorized into three groups. The first
group consisted of 14 cognitive-related activities: reading;
writing; playing cards; board games; crossword puzzles;
mobile games; texting; computer use; calculations; drawing/
painting; playing musical instruments; listening to music;
singing; and socializing with friends/relatives. The second
group included four religion-related activities: meditation;
praying; almsgiving; and temple visits. The third group
encompassed seven physical activities: dancing; chores;
cooking; babysitting; pet care; gardening, and exercise.
Each activity was rated based on frequency: never;
occasionally; 1-2 days/week; 3-5 days/week; and daily.

According to a previous study by Verghese J et al’,
activity scores were calculated as follows: 0 point for never
and occasionally; 1 point for 1-2 days/week; 4 points for
3-5 days/week; and 7 points for daily participation received.
Thus, the maximum scores in our study for cognitive-
related, religion-related, and physical activities were 98,
28, and 49, respectively. Furthermore, Participation was
classified as “frequent” for 3-7 days/week engagement
and “rare” for 0-2 days/week engagement.

IT device literacy and ability to use telecommunications
applications

IT device literacy data from the questionnaires
were divided into two categories: simple devices (CD
players, radios, and mobile phones for basic calls) and
smart devices (smartphones, tablets, and computers).
The ability to use telecommunications applications was
also classified into two categories: simple applications
(such as LINE for texting, Facebook, and YouTube) and
smart applications (for example, LINE for video calls,
Facetime, or Zoom).
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Statistical analysis

Statistical analyses were conducted using PASW
Statistics, version 26 (SPSS Inc, Chicago, IL, USA). Age,
BMI, TMSE, MoCA, and Thai Geriatric Depression
Scale-15” are reported as the mean and standard
deviation. Nonparametric continuous data are presented
as amedian with an interquartile range, and categorical
data are shown as percentages. Statistical comparisons
for categorical data were performed using Pearson’s
chi-square test, while the Mann-Whitney U test was
used for continuous variables. The independent samples
Kruskal-Wallis test was employed to compare three or
more categorical variables with nonparametric data.
Spearman’s rank correlation coefficient was used to
assess variable correlations. Statistical significance was
defined as a p-value < 0.05.

RESULTS

The study included 157 patients with a mean age of
76.2 + 7.9 years, 65.6% of whom were female. Of these, 73
(46.5%) were diagnosed with MCI, whereas 84 (53.5%)
were identified with mild dementia. Statistically significant
differences were observed in the mean age, generation,
BMI, education level, TMSE scores, and MoCA scores
of the MCI and mild dementia patient groups (Table 1).
The caregivers of the patients in the two groups had no
significant differences in their characteristics (Table 2).
While the level of confidence and anxiety in caregiving in
the two groups did not significantly differ, the caregivers
of patients with mild dementia experienced a significantly
greater burden of care (p < 0.001).

Table 3 showed significant differences in the IT
device literacy and ability to use telecommunications
applications of the two groups. A majority (79.5%) of
MCI patients were proficient in using smart devices,
compared to only 26.2% of mild dementia patients (p <
0.001). Similarly, 49.3% of MCI patients could use video-
call or conference applications, while only 11.9% of mild
dementia patients possessed this capability (p < 0.001).
Conversely, there were no significant differences in IT
device literacy and the ability to use telecommunications
applications among the caregivers in the two groups.
Regarding the activity scores, the patients in the two
groups exhibited significant differences in their cognitive
(p < 0.001), physical (p < 0.001), and religion-related
activity scores (p = 0.004).

Patients with MCI engaged in reading, writing, playing
mobile games, texting, calculating, and listening to music
more frequently than those with mild dementia. Patients
with MCI also had higher frequencies of home physical
activities (chores, cooking, gardening) and religion-

related activities (meditation, praying, almsgiving). Most
patients did not report that COVID-19 had negatively
impacted their activities; however, meeting with friends or
relatives, visiting temples, and almsgiving were affected,
with 47.1%, 28.7%, and 19.1% of patients, respectively,
reporting an adverse impact (Table 4).

The results revealed significant associations between
cognitive-related activity scores and physical activity
scores, religion-related activity scores and BMI (Fig 1).
A significant inverse association was found between
cognitive activity scores and the Geriatric Depression
Scale-15 as well as patient age. Furthermore, patients’
cognitive-related, religion-related, and physical activity
scores significantly differed based on their IT device
literacy and ability to use telecommunications applications
(Fig 2). Patients who could use smart devices or video
call/conference applications had higher scores for all three
cognitive-stimulation activity groups. When comparing
the impact of different levels of education and family
income on each home-based activities, only a significant
difference in level of education was found in the scores
of cognitive-related activities.

DISCUSSION

This study is the first to investigate home-based
activities in Thai patients with MCI and mild dementia. The
findings suggest that home activities, including reading,
writing, playing mobile games, texting, calculating, listening
to music, meditating, praying, giving alms, doing chores,
cooking, and gardening, showed significant differences
in frequency between individuals with MCI and those
with mild dementia. A previous study compared home
activities in elderly individuals who developed dementia
with those who did not, indicating that certain activities,
such as reading, playing board games, playing musical
instruments, and dancing were found to be less common
among patients who would go on to develop dementia.1
Despite cultural differences, we also observed that activities
like reading were less frequent among patients with
dementia in our study. However, our study compared
individuals with dementia to those with MCI, rather
than assessing the risk of developing dementia as was
done in the previous study.

The study found significant associations between
older age, lower BMI, lower education level, IT device
literacy, and ability to use telecommunications applications
with poorer cognitive function. Our study results align
with previous research, which consistently identifies
age and education level as significant risk factors for
cognitive impairment.”*”” While research on the influence
of information and communication technology (ICT)
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TABLE 1. Baseline characteristics of patients and comparison between MCI and mild dementia groups.

Characteristics e
n=157
Age, years (meantSD) 76.2+7.9
Generation (%)
Baby boomers 52.9
The silent generation 47 1
Female (%) 65.6
BMI, kg/m? (mean*SD) 23.243.8
Education (%)
Primary school or lower 34.4
Secondary/High school 18.5
Graduate or higher 471
Comorbidities (%)
Hypertension 72.0
Diabetes 38.2
Dyslipidemia 73.2
Cardiac disease 183
Stroke 24.2
CKD 13.4
Other 5.7
TMSE (meanSD) 22.6+4.1
MoCA (meanxSD) 20.8+4.7
TGDS-15 (mean*SD) 3.912.8

MCI Mild dementia P
n=73 n=84
72.546.9 79.4+7.3 <0.001
61.4 38.6 <0.001
29.7 70.3
68.5 63.1 0.478
24.1+3.8 22.5+3.6 0.005
20.5 46.4 0.001
19.2 17.9
60.3 35.7
68.5 75.0 0.365
42.5 34.5 0.307
67.1 78.6 0.106
16.4 14.3 0.709
20.5 27.4 0.319
9.6 16.7 0.194
8.2 3.6 0.211
26.0£2.8 21.2+3.8 <0.001
21.9+4.2 19.2+5.0 0.006
3.9+2.7 3.8+£3.0 0.650

Abbreviations: BMI, body mass index; CKD, chronic kidney disease; MCI, mild cognitive impairment; MoCA, Montreal Cognitive
Assessment; TGDS-15, Thai Geriatric Depression Scale; TMSE, Thai Mental State Examination

use on cognition is relatively limited, previous studies
have also demonstrated that ICT usage is associated with
cognitive benefits, including enhancements in memory
and executive function in older adults over time.”**

Surprisingly, 51.0% of patients in our study were
able to use IT devices. Patients with MCI showed a
high level of proficiency in using smart IT devices and
teleconferencing applications than those with dementia.
This finding was consistent with a study involving 2,172
people with dementia and MCI in Spain and Sweden,
which reported that approximately 54.14% of participants
used a smartphone almost every day, while only 9.76%
utilized specific application or software to support their
memory.” In our study, 44.9% of participants were able
to use any application; however, we did not collect data
on the specific applications they used.

The study also examined the impact of religion-
related activities on cognitive status. Previous research has
shown a positive association between religious or spiritual
involvement and cognitive function.” ** However, limited
information exists regarding younger individuals and
non-Christian groups. Given that nearly all participants
in the present study were Buddhist (99%), it appears that
common practices in Thai culture, such as meditation,
almsgiving, and praying, are significantly associated with
cognitive function.

The study has its limitations. this study relied on a
questionnaire asking caregivers about the past activities
of patients. As such, it may be subject to recall bias, as
the accuracy of the responses depends on the caregivers’
memory and perception. Moreover, there is a possibility
that the accompanying caregiver during the outpatient
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TABLE 2. Baseline characteristics of caregivers and group comparison.

Characteristics All patients MCI Mild dementia P
n=157 n=73 n=84
Caregiver’s age, years (meanSD) 52.9+14.9 52.4+15.5 53.4114.4 0.510
Caregiver, female (%) 70.6 64.3 75.9 0.116
Caregiver’s relationship (%)
Spouse 24.0 29.0 19.8 0.375
Offspring 62.0 56.5 66.7
Other 14.0 14.5 13.5
Caregiver’s education level (%)
Primary school or lower 4.7 29 6.2 0.091
Secondary/high school 11.9 7.1 16.0
Graduate or higher 83.4 90.0 77.8
Caregiver with comorbidities (%) 44 1 41.4 46.3 0.543
Family income, Baht/month (%)
Less than 20,000 12.5 7.2 16.9 0.218
20,001 — 50,000 48.0 52.2 44.6
50,001 — 100,000 18.4 15.9 20.5
More than 100,000 211 24.6 18.1
Caregiver’s availability for home cognitive 77 1 700 831 0.054
training (%)
Available hours in a day,
median (IQR) 2.0 (1.0-3.0) 2.0 (1.0-3.0) 1.0 (1.0-3.0) 0.084
Available days in a week, 6.0 (3.0-7.0) 6.0 (2.5-7.0) 6.0 (3.0-7.0) 0.848

median (IQR)

Abbreviation: MCI, mild cognitive impairment

visit may not be the primary one. Hence, the information
accuracy might have been affected. Lastly, our study
did not collect data on underlying factors that might
influence impaired mobility, which could potentially
contribute to a lower activity frequency.

In future research, the cross-sectional design of
this study limits the ability to establish clear causality or
identify which specific activities may contribute more
significantly to a decline in cognitive function in patients
with MCI and mild dementia. A longitudinal study will
be needed to determine which activities that should be
targeted for future intervention. The high prevalence
of IT device use among patients with MCI and their
caregivers in our study highlights the potential for future

interventions using mobile or telecommunication devices
in Thai patients with MCI. In dementia patients, IT
literacy is lower, so developing interventions through
their caregivers may be a more feasible approach.

CONCLUSION

The current investigation provides valuable insights
for home-based activities of Thai patients with MCI and
mild dementia. Approximately half of them were able
to use IT devices, a factor that may be associated with
higher cognitive activity scores. Developing home-based
cognitive stimulation programs for Thai patients with
cognitive issues using telecommunication technology
is potentially feasible.
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TABLE 3. IT device literacy and telecommunications application proficiency of patients and caregivers, with
patients’ activity scores.

Variable All patients MCI Mild dementia p
n=157 n=73 n=84

Patient IT device literacy (%)
Unable to use any device 21.0 4.1 35.7 <0.001
Only simple devices * 28.0 16.4 38.1
Smart devices T 51.0 79.5 26.2

Caregiver IT device literacy (%)
Unable to use any device 0.7 1.4 0 0.235
Only simple devices * 1.3 0 25
Smart devices T 98.0 98.6 97.5

Patient ability to use telecommunications applications (%)

Unable to use any application 541 27.4 77.4 <0.001
Simple applications T 16.6 23.3 10.7
VDO call/conference app § 29.3 49.3 11.9

Caregiver ability to use telecommunications applications (%)

Unable to use any application 4.6 4.2 4.8 0.382
Simple applications 1 12.3 8.5 15.7
VDO call/conference app § 83.1 87.3 79.5

Cognitive-related activity score (maximum score = 98)

median (IQR) 10.0 (4.0-20.5) 15.0 (7.5-27.5) 7.0 (1.0-14.0) <0.001

Religion-related activity score (maximum score = 28)

median (IQR) 4.0 (0.0-8.0) 7.0 (0.0-14.0) 1.0 (0.0-7.0) 0.004

Physical activity score (maximum score = 49)

median (IQR) 14.0 (7.0-21.0) 21.0 (11.0-22.0) 10.0 (4.2-18.0) <0.001

* Simple devices: CD players, radios, or phones for simple calls

t Smart devices: smartphones, tablets, or computers

1 Simple applications: Line application for texting, Facebook, or YouTube

§ VDO call applications: Line application for video calls, Facetime, or Zoom

Abbreviations: app, application; MCI, mild cognitive impairment
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TABLE 4. Frequency of home activities (cognitive, physical, and religion-related) and group comparison.

Home All Mild Home All Mild
activities and patients Mcl dementia p activities and patients mcl dementia p
frequency (%) n=157 n=73 n=84 frequency (%) n=157 n=73 n=84
Cognitive activities Physical activities
Reading Dancing
Rare 61.8 53.4 69.0 0.045 Rare 97.5 97.3 97.6 0.887
Frequent 38.2 46.6 31.0 Frequent 2.5 2.7 2.4
Writing Doing chores
Rare 84.7 75.3 92.9 0.002 Rare 36.9 21.9 50.0 <0.001
Frequent 15.3 24.7 71 Frequent 63.1 78.1 50.0
Playing cards Cooking
Rare 99.4 100.0 98.8 0.350 Rare 66.9 56.2 76.2 0.008
Frequent 0.6 0.0 1.2 Frequent 33.1 43.8 23.8
Playing board games Babysitting
Rare 99.4 100.0 98.8 0.350 Rare 89.8 91.8 88.1 0.446
Frequent 0.6 0.0 1.2 Frequent 10.2 8.2 11.9
Doing crossword puzzles Caring for pets
Rare 99.4 98.6 100.0 0.282 Rare 73.2 75.3 71.4 0.581
Frequent 0.6 14 0.0 Frequent 26.8 24.7 28.6
Playing mobile games Gardening
Rare 93.6 87.7 98.8 0.004 Rare 72.6 58.9 84.5 <0.001
Frequent 6.4 12.3 1.2 Frequent 274 411 15.5
Texting on a mobile phone Working out
Rare 68.2 43.8 89.3 <0.001 Rare 49.0 45.2 52.4 0.370
Frequent 31.8 56.2 10.7 Frequent 51.0 54.8 47.6
Using a computer Religion-related activities
Rare 96.2 94.5 97.6 0.312 Meditation
Frequent 3.8 5.5 2.4 Rare 86.6 79.5 92.9 0.014
Calculating Frequent 13.4 20.5 71
Rare 82.2 67.1 95.2 <0.001 Praying
Frequent 17.8 32.9 4.8 Rare 56.7 47.9 64.3 0.039
Drawing or painting Frequent 43.3 52.1 35.7
Rare 99.4 98.6 100.0 0.282 Almsgiving
Frequent 0.6 1.4 0.0 Rare 80.9 74.0 86.9 0.040
Playing a musical instrument Frequent 191 26.0 13.1
Rare 97.5 95.9 98.8 0.247 Visiting temples
Frequent 2.5 4.1 1.2 Rare 96.2 94.5 97.6 0.312
Listening to music Frequent 3.8 5.5 24
Rare 49.7 39.7 58.3 0.020
Frequent 50.3 60.3 1.7 Abbreviation: MCI, mild cognitive impairment
Singing
Fare 87.9 83.6 91.7 0.120
Frequent 12.1 16.4 8.3
Meeting with friends or relatives
Rare 82.8 82.2 83.3 0.850
Frequent 17.2 17.8 16.7
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Fig 2. Activity scores stratified by education level, family income, IT device literacy, and telecommunications application proficiency.
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ABSTRACT

Objective: To assess the prevalence of geriatric syndromes (GSs) and evaluate service satisfaction among older
patients attending a comprehensive geriatric check-up clinic (CGCC) at Siriraj Hospital.

Materials and Methods: A cross-sectional study was conducted at the CGCC from December 2021 to November
2022. Participants aged 60 years and older were screened using a two-step approach; short screening by a standard
questionnaire followed by an in-depth assessment. GSs were identified through standardized tools, and patient
satisfaction was assessed using a structured questionnaire.

Results: Of 159 participants, 67.9% were women, with a mean age of 66.6 £ 6 years. In step 1, 43.7% showed cognitive
impairment, 29.1% had a risk of falls, and 76% reported oral health issues. Step 2 confirmed cognitive impairment
in 40.6%, malnutrition risk in 93.3%, and sarcopenia in 78%. The mean satisfaction score was 33.3 + 2.5 out of 35
points. Total service time averaged 104.2 + 36.9 minutes.

Conclusion: In a health check-up clinic where GSs are often under-recognized, GSs, particularly cognitive impairment,
fall risk, and oral health issues, are prevalent. Despite extended service times, patient satisfaction remained high,
highlighting the importance of comprehensive screening in geriatric care.

Keywords: Geriatric syndromes; cognitive impairment; comprehensive geriatric assessment; patient satisfaction;

health screening (Siriraj Med J 2025; 77: 51-63)

INTRODUCTION

Geriatric syndromes (GSs) comprise a well-defined
cluster of conditions that have a significant impact on the
health of older individuals. These conditions are influenced
by age-related physiological changes, functional stressors,
and identifiable chronic diseases, resulting in a multifaceted
process of organ system impairment."” Owing to their
substantial impact on the older population, GSs have
emerged as a pivotal concern within the field of geriatric
care. This burden includes a variety of challenges, including
increased disability rates, elevated hospitalization rates,
and prolonged lengths of stay in health care facilities.””
GSs are defined and captured under the mnemonic
“7Is”: inappetence, instability, intellectual impairment,
incontinence, immobility, insomnia, and iatrogenesis. In
the outpatient setting, a range of screening tools tailored
to these specific conditions are employed, contingent
upon the nuances of the health care system and the
preparedness of health care personnel.' The prevalence
of GSs reported in previous studies ranged from 36%
to 75.3%."° These results demonstrate the necessity of
addressing GSs as a crucial aspect of geriatric health care
management.

Thailand, classified as an upper middle-income
country, has a life expectancy of approximately 84
and 79 years for females and males, respectively.” The
demographic landscape reveals a significant shift, with
the proportion of individuals aged 60 years and older in
Thailand reaching a considerable 20% of the population
by 2023.*” However, clinical practices focused on GSs are

relatively rare.” In addition, the number of GS diagnoses
remains inconclusive, with considerable variability observed
across different health care providers and regions. This
variability highlights the absence of standardized approaches
for addressing GSs. While the Thai Ministry of Public
Health has introduced screening guidelines for various
geriatric issues in the older population'’, implementation
difficulties persist. Inadequate infrastructure and a lack
of specialists in certain regions make it difficult for health
care professionals to comply with these guidelines. This
highlights the disparities and complexities surrounding
the integration of geriatric care protocols, leading to
efforts to bridge the gap between policy and practical
execution.

In the context of geriatric care at Siriraj Hospital,
notable advancements were realized with the establishment
of the comprehensive geriatric check-up clinic (CGCC)
in 2021. This initiative was undertaken with the primary
purpose of enhancing the quality of care and facilitating
the early detection of GSs in a general health check-up
clinic. The clinic provides a platform for comprehensive
geriatric assessment (CGA) for individuals aged 60
years and older. This assessment protocol is intended to
incorporate a holistic evaluation of physical, mental, social,
and functional aspects. The outcome of this thorough
assessment subsequently guides the diagnostic process,
allowing the identification of health-related conditions
requiring specialized care.

Despite the substantial range of studies, to our
knowledge, investigations into the prevalence of GSs
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and the consequential health care utilization resulting
from GS screening in a check-up clinic within a tertiary
care facility in Thailand are lacking. The present study
assumes significance by focusing on the demographics
of older outpatients who have undergone geriatric
screening. The objectives of this study were to determine
the prevalence of GSs, examine the practical implications
of screening outcomes by assessing their influence on
medical consultations, and assess the level of satisfaction
among older outpatients attending Siriraj Hospital’s
comprehensive check-up clinic.

MATERIALS AND METHODS
Study design and participants

This was a cross-sectional study in which participants
were recruited from the CGCC specified for older people
at Siriraj Hospital, which was developed in 2020. The study
cohort comprised individuals aged 60 years and older
who were undergoing a new protocol of comprehensive
geriatric screening and assessment within the check-
up clinic of the Department of Preventive and Social
Medicine, Faculty of Medicine, Siriraj Hospital, Mahidol
University, Thailand. The recruitment phase spanned
from December 2021 to November 2022. The eligibility
criteria for enrollment were as follows: 1) subjects who
were 60 years of age or older; 2) subjects who received
comprehensive geriatric screening services at the CGCC
at Siriraj Hospital; and 3) subjects who did not have
communication problems. The exclusion criteria were
as follows: 1) older individuals who had not undergone
a full battery of comprehensive geriatric screening; and
2) older individuals or representatives who declined to
participate in the study. All participants provided written
informed consent.

The sample size for this study was determined via
Cochran’s formula'' with a 95% confidence level. Previous
studies reported that the prevalence of undetected GSs was
6.7% in geriatric clinics and 2.5% in community-dwelling
populations. However, as no data were available for the
check-up clinic population, we estimated a prevalence
of 5% for the calculation. The allowable margin of error
was set at 4%, with a corresponding z score of 1.96 at the
95% confidence level. The minimum sample size was 115
participants. To account for an estimated 20% rate of
missing data, the final targeted sample size was adjusted
to 138 participants. The study protocol was approved
by the Siriraj Research Ethics Committee (COA No. Si
218/2565).

CGCC services and measurements
The CGCC was established in 2020 with the primary

...................................... Original Article SM]

objective of conducting a comprehensive evaluation of GSs
and aging-associated problems in the older population.
This specialized facility provides a comprehensive array
of services designed to identify and address a spectrum of
concerns through systematically organized flow management
(Fig 1). The scope of evaluation included malnutrition,
cognitive impairment, depression, fall and fracture risks,
sarcopenia, frailty, oral health problems, frailty, hearing
and visual problems, and a general health assessment
stratified by distinct age groups. The assessment embraced
a multifaceted approach, integrating thorough patient
history-taking, a physical examination, and multiple
questionnaire-based assessments focusing on each age-
related concern. The majority of questionnaires employed
in this service were derived from standardized instruments
or were based on screening guidelines from the Ministry of
Public Health, Thailand."” Some of these were subsequently
tailored to specific contexts and constraints of health
care services, particularly limitations inherent to the
service duration allocated for each patient. The selection
of questions ensured practicality and administrative
efficiency.

In accordance with the CGCC framework, the
screening process was conducted in two steps (Fig 1).
During the whole process, the service team administered
a comprehensive evaluation focusing on general physical,
mental, and social conditions through a structured
set of screening questionnaires. These questionnaires
encompassed the following key domains:

1) Malnutrition risk assessment: The first step of the
malnutrition risk assessment involved the application of an
adapted version of the SPENT Nutrition Screening tool."”
This tool was modified by a panel of experts to enhance
its applicability in identifying individuals at high risk
for malnutrition. It comprises three questions targeting
key indicators of nutritional risk: recent appetite loss,
unintentional weight loss of 3 kg or more within the past
three months, and body mass index (BMI) values either
below 18.5 kg/m? or equal to or greater than 30 kg/m?.
A positive response to any of these questions triggered
a more comprehensive evaluation in the second stage of
screening. In step 2, the Mini-Nutritional Assessment
short-form (MNA-SF)"*'* was employed. The MNA-SF,
a widely validated tool, provides a total score of up to
30 points, categorizing individuals into three nutritional
statuses: normal nutritional status (24-30 points), at risk
of malnutrition (17-23.5 points), and malnourished (<17
points)."”’

2) Cognitive function evaluation: The assessment
of cognitive function incorporated both self-reported
cognitive-related questions and an adapted version of the
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Fig 1. Flow chart of the comprehensive geriatric screening of participants.

Abbreviations: BIA, bioelectrical impedance analysis; BMD, bone mineral density; CGCC, Comprehensive geriatric check-up clinic; ENT,
ear nose throat; FRAX, Fracture risk assessment tool; ICOPE, Integrated care for older people; MDT, Multidisciplinary team; MNA-SF,
mini-nutritional assessment short-form; MoCA, Montreal cognitive assessment; MSRA, Mini sarcopenia risk assessment; PHQ, patient
health questionnaire; TMSE Thai mental stale examination; TUGT, timed up and go test; 5TSTS, five-times-sit-to-stand test

Integrated Care for Older People (ICOPE) framework."”
The self-reported cognitive assessment encompassed key
indicators, including any recent memory loss, functional
deficits, and changes in behavior or emotional state. In
the adapted version of the ICOPE cognitive screening, the
assessment focused on two specific cognitive domains:
word recall (three common words) and orientation (date,
month, year and place). The positive indicators of the
respondents were subsequently assessed using the Thai
Mental State Examination (TMSE)'° and the Montreal
Cognitive Assessment (MoCA)'"” in the second step, which
were tailored to their educational background. Both the
TMSE and MoCA are standardized cognitive assessments,
with a total possible score of 30 points. For the TMSE, a

cutoff score of 23/24 was employed to identify cognitive
impairment'®, whereas for the MoCA, a cutoft score of
24/25 was used to determine mild cognitive impairment
(MCI)."”

3) Depression screening: The depression screening
instrument, which was originally validated for the Thai
population'?, consists of two questions suggesting depressive
symptoms in the past 2 weeks and was designed to identify
individuals at high risk for depression. Respondents who
provided affirmative responses to at least one of these
questions were flagged for further evaluation. High-risk
individuals were subsequently assessed via the Patient
Health Questionnaire (PHQ-9), a widely recognized
instrument for determining the severity of depression."’
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In cases where the PHQ-9 score exceeded 7 points, the
PHQ-8 was employed to evaluate the risk of suicidal
ideation, offering an additional layer of insight.”’

4) Fall risk screening: The fall risk screening tool
employed is a tool developed by the Centers of Disease
Control and Prevention (CDC) and Stopping Elderly
Accidents, Deaths & Injuries (STEADI).” This screening
tool consists of three essential questions aimed at identifying
individuals at high risk for falls. The questions focused
on key risk factors, including a history of falls within the
past year, a subjective feeling of instability, and a fear of
falling. An affirmative response to any of these screening
questions triggered a comprehensive fall risk evaluation.
The subsequent assessments included the timed up and go
test (TUG)* and the five-times-sit-to-stand test (5TSTS)*
in step 2. These objective measures are well-established
methods in clinical practice for evaluating mobility and
lower limb strength, both of which are indicators of
fall risk. Participants identified as high risk on the basis
of these tests were initially checked for any reversible
conditions and provided fall prevention. For those at
high risk, further evaluation was carried out by referral
to a specialist, enabling in-depth investigation of the
underlying causes and the development of individualized,
targeted preventive interventions.

5) Fracture risk assessment: The Fracture Risk
Assessment Tool (FRAX)** was employed to estimate the
risk of major osteoporotic and hip fractures. This tool
provides a quantitative measure of fracture risk, with the
outcomes indicating the likelihood of fractures at critical
sites such as the hip and other major osteoporotic regions.
In cases where the calculated fracture risk exceeded
thresholds of >3% for hip fractures and >20% for major
osteoporotic fractures, participants were advised to
schedule appointments for bone mineral density (BMD)
testing to obtain a definite diagnosis.”

6) Sarcopenia screening: The modified version of
the Mini-Sarcopenia Risk Assessment (MSRA-5)*, a
five-question screening tool, was employed to assess the
risk of sarcopenia. A cumulative score of 30 or below
signifies a positive result for sarcopenia.” Individuals with
a positive screening result underwent further evaluations,
including the 5TSTS, handgrip strength, and bioelectrical
impedance analysis (BIA), to classify them as having
normal, sarcopenia, or severe sarcopenia.’’

7) Frailtyidentification: The FRAIL scale”, consisting
of five questions, was used to identify frail individuals.
Those with three or more affirmative responses were
categorized as frail and underwent additional assessments
to determine the underlying causes of frailty.

8) Oral health assessment: A battery of five questions

...................................... Original Article SM]

aimed at detecting oral health issues, including 1) the
presence of pain, 2) pus or bleeding when brushing
the teeth, 3) the use of dentures, 4) the presence of
cavitated dental lesions or food impaction, and 5) alack
of scaling within 12 months. If a respondent answered yes
to Question 1) or 2) or had malnutrition and answer yes
to Question 3), 4), or 5), they were referred to a dental
clinic for further evaluation. If the responses were yes
to 3), 4), or 5) with no malnutrition, they received an
appointment to see a dentist.

9) Ear, nose, and throat (ENT) assessment: This
screening included questions related to dizziness, hearing
difficulties, and swallowing problems. A positive response
in any of these areas indicated a high risk for ENT issues,
and the respondent was referred to a specialist.

10) Ocular health screening: Participants were asked
about their ophthalmologist visits within the past year.
Individuals who had not seen an ophthalmologist were
referred for further evaluation.

11) Traditional Thai medicine (TTM) services:
Respondents were screened for symptoms that aligned
with the treatments available through TTM services. Those
who met the criteria were referred for TTM services.

Each of these domains provides a targeted approach
to screening, enabling early identification of potential
health issues and facilitating timely referrals for appropriate
interventions.

Data collection

A research assistant approached each participant
enrolled in the CGCC to obtain informed consent prior
to data collection. The data collection was conducted by
members of the clinic, particularly nurses or other health
care personnel, and was seamlessly embedded into the
CGCC’s routine services. A comprehensive dataset was
constructed, which included various demographic and
health-related details recorded in case record forms.
Initially, demographic information such as age, sex,
level of education, income, smoking status, and physical
activity level was collected. Basic health information,
including weight, height, blood pressure, and the presence
of underlying diseases, was subsequently recorded. The
participants then completed the first step of the screening
process via the CGCC’s screening instrument. For those
who tested positive in the first step of the screening process,
a second step of more in-depth assessment followed.
Upon completion of the entire check-up process, patient
satisfaction with the services provided was assessed via a
structured satisfaction questionnaire. Additionally, the
time spent on each service was recorded to facilitate a
comprehensive evaluation of the quality of care delivered
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at the CGCC. The satisfaction survey consisted of seven
questions, with a total score of 35 points. Each question
was rated on a five-point Likert scale ranging from 5
(very satisfied) to 1 (very dissatisfied).

Statistical analyses

SPSS version 18.0 (SPSS Inc., PASW Statistics for
Windows, Chicago, IL, USA) was used for the statistical
analysis. Continuous variables are presented as the means,
medians, and standard deviations (SDs). Independent
t tests, Pearson correlations, Mann—Whitney U tests,
and Wilcoxon signed-rank tests were used to analyze
continuous data on the basis of the data distribution.
Moreover, categorical outcomes are presented as frequencies
and percentages. The chi-square test, or Fisher’s exact
test, was used to compare categorical data. Univariate
and multivariate linear regression analyses were used
to evaluate the associations between variables. The odds
ratios and adjusted odds ratios with 95% confidence
intervals are reported. A p value less than 0.05 indicated
statistical significance.

RESULTS
Demographic characteristics

The baseline characteristics of the participants
are presented in Table 1. A total of 159 participants
were included in the study, with a mean age of 66.6+6
years. Women represented 67.9% of the participants.
The mean body mass index (BMI) was 22.7+3.4 kg/m?,
and the mean waist circumference was 88.7+7.1 cm for
males and 8449 cm for females. More than half of the
participants (56%) had attained at least a bachelor’s
degree. In terms of health status, 56% had at least one
underlying condition, including hyperlipidemia (11.3%)
and insomnia (9.4%). Additionally, 39% of the participants
reported taking at least one medication regularly. Over
half of the participants (52.2%) exercised at least five
times per month, and 79.3% had received the COVID-19
vaccine, with 54.1% receiving the influenza vaccine.

Outcomes of the comprehensive screening (step 1)

In the first step of the screening process, oral health
problems were the most commonly identified issue, affecting
76% of the participants, followed by ocular problems at
53.8%. Cognitive impairment was detected in 43.7% of
the participants, while 29.1% were identified as being
at risk of falls. Future fracture risk, as assessed via the
FRAX score, was observed in 29.1% of the participants,
with an average risk of 3.1+3.9% for hip fractures and
8.6+5.7% for major osteoporotic fractures. Depression

and malnutrition were less prevalent, affecting 10.8%
and 9.5% of the participants, respectively. Frailty was
reported in 1.9% of participants on the basis of the FRAIL
scale. ENT problems and sarcopenia were identified in
38% and 31.4% of the participants, respectively. These
findings are detailed in Table 2.

Outcomes of the comprehensive screening (step 2)

The participants who tested positive in step 1
underwent further assessment in step 2, and the results
are summarized in Table 3. Cognitive impairment,
categorized as mild cognitive impairment (MCI) or
more significant impairment, was confirmed in 40.6%
and 36.2% of those tested, respectively. The average scores
for the TMSE, MoCA, and MoCA-B were 22.5+5.8,
20.9+4.3, and 17.1+4.9, respectively. With respect to fall
risk, 56.5% of the participants in step 2 tested positive,
with an average time of 10.8+2.8 seconds for the TUG
test and 15.2+4.7 seconds for the 5TSTS test. Depression
was confirmed in 41.2% of the participants, with an
average PHQ-9 score of 5.8+3.5. Among those screened
for malnutrition, 93.3% were confirmed to be at risk of
malnutrition, with an average MNA-SF score of 22+4.
Sarcopenia was confirmed in 78% of the participants, with
an average 5TSTS time of 15.2+7.6 seconds. Handgrip
strength for the dominant hand averaged 30+6.4 kg for
males and 19.6+3.4 kg for females.

Service quality and satisfaction

The participants reported a high level of satisfaction
with the CGCC services, with an average satisfaction score
of 33.3£2.5 out of a possible 35 points. The average time
required to complete the baseline characteristics was 8.1+3.8
minutes, while the comprehensive screening process took
an average of 34.6+19.9 minutes. The total service time,
including waiting time and physical examination by a
physician, averaged 104.2+36.9 minutes. These results
are presented in Table 4.

Relationship between satisfaction and service time
Fig 2 illustrates the relationships between the total
satisfaction score and various service-related times
during the CGCC service, including the total screening
time, waiting time and total service time. No significant
relationships were found between these time metrics and
the satisfaction scores. The graphs presented nonlinear
relationships, indicating that extended screening and
waiting times were associated with a decline in patient
satisfaction. The fitted values and 95% confidence intervals
(CIs) for these relationships are depicted in the figures.
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TABLE 1. Demographic characteristics of CGCC participants (n = 159).

Characteristics

Age, yearstSD

Women, n (%)

BMI, kg/m2+SD

Waist circumference, cm+SD
Male
Female

MAP, mmHg+SD

Education attainment, n (%)
<Bachelor’s degree
=Bachelor’'s degree

Having carers, n (%)

Having = 1 underlying disease, n (%)
Hyperlipidemia
Insomnia
Cataract/Glaucoma
Hypertension

Having = 1 medication, n (%)

Current smoker, n (%)

Current drinker, n (%)

Exercise status, n (%)

1-4 times/month

25 time/month

Received = 1 vaccination, n (%)
COVID-19 vaccine

Influenza

Values

66.6+6
108 (67.9)
22.7+3.4

88.7+7.1
8419

90.7+11.6

70 (44)
89 (56)
68 (42.8)
89 (56)
18 (11.3)
15 (9.4)
15 (9.4)
11 (6.9)
62 (39)
3(1.9)
8(5)

42 (26.4)
83 (52.2)

157 (98.7)

126 (79.3)
86 (54.1)

Abbreviations: BMI, body mass index; CGCC, comprehensive geriatric check-up clinic; cm, centimetre; MAP, mean arterial pressure;

mmHG, millimetres of mercury; SD, standard deviation

DISCUSSION

This study provides new evidence on the effectiveness
of a two-step comprehensive screening process for older
populations, presenting the prevalence of GSs identified
in step 1, followed by more detailed assessments in step
2 at a health check-up clinic in a tertiary care unit. This
study also highlights the satisfaction scores, time spent
on services, and relationships among these variables,
offering insights into the operational efficiency of the
check-up clinic.

The application of standardized screening tools
constitutes a fundamental component of the CGCC
service. The tools applied throughout the two-step
screening process exhibit varying levels of sensitivity
and specificity, reflecting their applicability across
different GSs. In the initial step of the screening process
(step 1), depression was assessed via the Thai version
of the two-question screening questionnaire, which
has been shown to have high sensitivity (96.5%) and
specificity (85.1%) in detecting depressive symptoms.'
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TABLE 2. Participant outcomes from the comprehensive screening (step 1).

Positive screening in Step 1

At risk of malnutrition, n (%)
Cognitive impairment, n (%)
Depression, n (%)
Falling, n (%)
Fracture risk
FRAX results, n (%)
Positive
FRAX score, %+SD
Hip site
Maijor site
Sarcopenia, n (%)
Frailty, n (%)
Oral problem, n (%)
ENT problem, n (%)
Ocular problem, n (%)

Having any symptoms required TTM, n (%)

Values

15 (9.4)

69 (43.4)
17 (10.7)
51 (32.1)

46 (28.9)

3.1£3.9
8.6+5.7

50 (31.4)
3(1.9)
120 (75.5)
60 (37.7)
85 (53.5)
46 (28.9)

Abbreviations: ENT, ear nose throat; FRAX, Fracture risk assessment tool; SD, standard deviation; TTM, Thai traditional medicine

Additionally, fall risk was evaluated via a three-question
screening tool, which has been previously validated
among community-dwelling older adults in Thailand
and has high sensitivity (93.9%) and specificity (75%).”"
Fracture risk was assessed via the FRAX score, a globally
recognized, web-based algorithm recommended by the
World Health Organization and other organizations,
including the National Osteoporosis Foundation, to
predict future fracture risk.”* The modified version of
the MRSA-5 tool used for sarcopenia screening in step
1 is another well-validated tool for the Thai population,
offering a sensitivity of 82.6% and a moderate specificity of
43.4%.” This tool’s effectiveness in identifying individuals
at risk for sarcopenia has contributed to its widespread
use in geriatric screenings. Similarly, frailty was assessed
using the FRAIL scale, which has been validated in the
Thai population and has high sensitivity (85.8%) and
specificity (80.6%).” The high sensitivity of these tests
is particularly appropriate for the two-step screening
process, as they allow for the inclusion of a broad range
of at-risk individuals in step 1, who are then further
evaluated in step 2 to identify those in need of targeted

interventions or treatments.’’ This approach ensures
that the screening process is both comprehensive and
efficient, allowing for early identification and timely
management of GSs.

Some of the adapted questionnaires used in the
first step of the screening process may exhibit limited
efficacy owing to their development by experts on the
basis of previously established standard instruments.
The malnutrition screening questionnaire in step 1 could
lower the sensitivity of the screening process. Adapted
from the SPENT Nutrition Screening tool %, the questions
focus on more severe symptoms and advanced-stage signs
of malnutrition, including a BMI of <18.5 and >30 kg/
m?* and significant weight loss over the preceding three
months. Moreover, participants attending the check-up
clinic predominantly came from higher socioeconomic
backgrounds, where malnutrition is less prevalent.”” As
aresult, only 9.3% of the participants tested positive for
malnutrition during the first step. This finding contrasts
with that of a previous study, which reported a 37.8%
prevalence of malnutrition risk among older adults in
Thailand.” However, after further assessment in step 2,
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TABLE 3. Participant outcomes from the comprehensive screening (step 2).

Positive screening in Step 2 Values

Cognitive impairment (n =69)
Assessment results, n (%)

MCI 28 (40.6)
Significant impairment 25 (36.2)
Test results, point (mean+SD)
TMSE (n =8) 22.5+5.8
MoCA (n =61) 20.9+4.3
MoCA-B (n =7) 17.1+£4.9
Falling, (n =51)
Positive, n (%) 26 (56.5)
Test results, second (mean+SD)
TUG 10.8+2.8
5TSTS 15.2+4.7
Depression (n =17)
Positive, n (%) 7(41.2)
Test results, point (meantSD)
PHQ-9 5.843.5
At risk of malnutrition (n =15)
Assessment results, n (%) 14 (93.3)
Test results, point (mean+SD)
MNA-SF 22+4
Sarcopenia, (n =50)
Positive, n (%) 39 (78)
Test results
5TSTS, second+SD 15.217.6
Right hand grip, kg=SD
Male 3016.4
Female 19.6+3.4
BIA, kg/m2SD 6.4+1.1

Abbreviations: 5TSTS, five times sit-to-stand; BIA, bioelectrical impedance analysis; kg, kilogramme; MCI, mild cognitive impairment;
MNA-SF, mini nutritional assessment short-form; MoCA, Montreal cognitive assessment; PHQ, patient health questionnaire; TMSE, Thai
mental state examination; TTM, Thai traditional medicine; TUG, timed up and go test; SD, standard deviation

TABLE 4. Participant outcomes from the comprehensive screening (step 2).

Satisfaction Values p-value
Satisfaction score, point (mean+SD) 33.3+2.5 ref
Service time Values

Time to fill baseline characteristic data, minute (mean+SD) 8.1+3.8 0.941
Time to complete comprehensive screening, minute (mean+SD) 34.6£19.9 0.974
Time of waiting and using in examination room, minute (mean+SD) 61.6+36.3 0.810
Total service time, minute (mean+SD) 104.2+36.9 0.987

Abbreviations: CGCC, comprehensive geriatric check-up clinic; SD, standard deviation
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Fig 2. Relationship curve between total satisfaction score and time of service.

98.3% of the participants were confirmed to be at risk of
malnutrition or malnourished, demonstrating the high
positive predictive value of the step 1 questions. These
findings suggest that while the step-one malnutrition
screening tool is practical for high-volume clinical settings,
its lower sensitivity may necessitate revisions of the
incorporation of more sensitive questions to enhance
the early detection of at-risk individuals.

The screening for oral health issues, ENT problems,
and ocular conditions in step 1 involved the use of expert-
designed questionnaires aimed at detecting clinical or
urgent symptoms that need further evaluation by specialist
clinics. These tools identified oral health problems, ENT
issues, and ocular problems in 75%, 37.8%, and 50.6% of
the participants, respectively. These results are consistent
with those of previous studies. For example, 64% of
older adults in the United States were reported to have
periodontitis*, whereas ocular issues, particularly visual
impairment, affected 20-33% of older adults.”* Similarly,
ENT problems have been reported to affect 25-50% of
this population.” The results from the step 1 screening in
this study align with these previously reported prevalence
rates, indicating that these screening questions are likely
effective in general clinical practice.

This study highlights the relationship between service
time and patient satisfaction, with findings consistent with
previous research suggesting that higher satisfaction levels
are associated with shorter waiting and service times.*
However, older adults may prioritize interpersonal aspects
of care and the thoroughness of assessments over efficiency
alone.”” The present study aligns with these observations,
as the comprehensive screening process employed here
provides a holistic evaluation, likely contributing to the overall
satisfaction of patients despite the extended service time.

Strengths

Several notable strengths of this study can be
identified. First, the check-up clinic’s ability to detect
unrecognized GSs before theylead to further deterioration
or hospitalization is a substantial advantage. Early
detection through comprehensive assessments allows
multidisciplinary teams to intervene promptly, thereby
preserving the functional capacity and enhancing the
quality of life of older adults.”’ Second, the large sample
size used in the primary data collection phase strengthens
the generalizability of the findings, providing robust
evidence on the efficacy of geriatric assessments in detecting
prevalent yet often overlooked conditions. Third, the
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implementation of standardized screening tools across
both steps of the service process constitutes a key strength
of this study. These validated tools, which adhere to
international guidelines and established cutoff points,
can be easily replicated in other health care settings, both
within Thailand and globally, owing to the availability
of translations and the use of standardized instruments.
Finally, this study examined service-related metrics,
including data collection times, waiting periods, and
examination durations, providing valuable quantitative
data for enhancing service quality. These metrics can be
integrated with patient satisfaction data to inform targeted
interventions aimed at improving service delivery." By
leveraging these data, the service team can optimize both
the efficiency of care and the overall patient experience,
ensuring that future improvements are data driven and
aligned with patient expectations.

Limitations

Some limitations emerged in this study. First, social
desirability bias, recall bias, or information bias may
have influenced the responses, as participants might
have underreported or misremembered relevant details
during the self-reported questionnaires. Furthermore,
participants may have tended to provide socially desirable
responses when completing formal questionnaires.*
Second, the reliance on the adapted version of screening
questionnaires in step 1 is important, particularly for
malnutrition and cognitive impairment.'*"* Even though
these adapted versions are based on previously validated
instruments, these questionnaires may alter the sensitivity
required for early detection, potentially resulting in the
under- or over-detection of at-risk individuals. While
practical for high-volume settings, incorporating more
validated and sensitive questions could enhance the
detection of early-stage conditions. Finally, the specific
characteristics of the population at a check-up clinic
in a high-volume hospital located in an urban setting
may limit the generalizability of the results to rural
populations or other health care settings with different
demographic profiles and health care access challenges."
Future research should consider these limitations when
designing studies applicable to broader populations.

Clinical implications

The findings from this study have several important
implications for clinical practice. First, early detection
of GSs through comprehensive geriatric screening can
mitigate the progression of these conditions, reducing
the need for more intensive health care services and

44,45

improving overall well-being.**** Second, the two-step
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comprehensive screening process for older adults offers a
replicable model for other health care services. Health care
systems can adapt and integrate similar comprehensive
screening protocols into their services, particularly those
focused on time management and the refinement of
questionnaires to fit their specific contexts. Finally,
the data on service efliciency and patient satisfaction
underscore the importance of streamlining health care
delivery without compromising the quality of care. These
insights can guide future efforts to optimize service
processes, ensuring that care remains both efficient and
patient-centered.

CONCLUSION

This study highlights the effectiveness of a two-step
comprehensive geriatric screening process in detecting
GSs among older adults attending a check-up clinic at
a tertiary care hospital. The findings revealed a high
prevalence of GSs, including cognitive impairment, fall
risk, and oral health issues, highlighting the critical role
of early detection and timely intervention. The utilization
of standardized screening tools facilitated reliable and
consistent assessments, contributing to the reproducibility
of the results across different settings. Moreover, despite
extended service times, patient satisfaction remained
notably high, reflecting the overall quality of care provided.
However, this study identified certain limitations in the
sensitivity of specific screening instruments, indicating
the need for further refinement to improve early detection
capabilities. These findings offer important insights into
the improvement of geriatric care practices and the
optimization of health care service delivery, both within
Thailand and globally, through the implementation of
structured and efficient screening protocols.
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ABSTRACT

Objective: This study aimed to investigate the effectiveness of personalized multifactorial fall risk assessment and
intervention in reducing the incidence of recurrent falls after one year.

Materials and Methods: This retrospective study reviewed medical records from the Geriatric Rehabilitation
Clinic at Siriraj Hospital, including data from patients with a history of falls (fallers) or gait instability (non-fallers)
between April 2016 and April 2021. Upon entering the clinic, older patients received personalized multifactorial fall
risk assessment and intervention. Functional mobility was also evaluated using the Timed Up and Go (TUG) test,
Functional Reach, and 30-second Chair Stand test. Fallers were followed for one year, and classified into recurrent
fallers or zero-fallers based on whether they experienced at least one fall during the follow-up period.

Results: Of the 134 patients initially reviewed, 105 met the criteria for analysis. The cohort was predominantly
female (65.5%) with an average age of 81.5 years (SD 6.8). Common risk factors included hypertension, back/leg
pain, and cognitive impairment. After 12 months, 27.4% of fallers experienced recurrent falls. Sedative medication
use was significantly associated with increased fall risk (OR 4.15[1.5,11.44]; P < 0.05). Other risk factors were not
statistically significant. The fall rate reduced from 80% to 27.4% following personalized intervention.
Conclusion: Personalized multifactorial fall risk assessment and intervention significantly decreased the fall rate
among older patients. Sedative medications were notably linked to increased fall risk, highlighting the need for
careful medication management and targeted fall prevention strategies.

Keywords: Aged; balance; exercise therapy; falls; gait disorders; rehabilitation; risk factors (Siriraj Med ] 2025; 77:

64-72)

INTRODUCTION

Falls and instability among the older people have
significant global repercussions, including disability and
increased mortality.! On an individual level, falls often lead
to a decline in self-care abilities, reduced independence, and
even death, emphasizing their severe impact. Nationally, the
economic burden of falls is considerable, with healthcare
costs escalating due to hospitalizations and long-term
care expenses for fall-related injuries. A 2014 study
in the United States estimated that the annual cost of
elderly fall care ranges from $68 million to $2.8 trillion,
underscoring the substantial financial strain associated
with falls.”

A fallis defined as an unexpected and sudden loss of
control, causing an individual to collapse to the ground
or assume a seated or prone position, typically due to
impaired balance.’

To address these challenges, the American Geriatric
Society and British Geriatric Society have established
guidelines focusing on fall prevention and comprehensive
risk assessments for older adults. These guidelines
emphasized proactive strategies, including regular
evaluations using tools such as the Timed Up and Go
Test, the Morse Fall Scale, and the Berg Balance Test."
Additionally, the CDC’s Stopping Elderly Accidents,
Deaths & Injuries (STEADI) Initiative emphasized three
key components: Screen, Assess, and Intervene.” For
individuals experiencing recurrent falls or abnormal

gait, thorough assessments by interdisciplinary teams are
essential. Evidence-based interventions, such as balance
training, muscle strengthening exercises for the hips,
knees, and ankles, and joint flexibility exercises were
crucial in managing fall risks.” Additionally, making
appropriate modifications to the home environment
was recommended to further reduce fall risks among
the older people.”*

At Siriraj Hospital, the Geriatric Rehabilitation
Clinic works in conjunction with the geriatric clinic to
provide specialized care for individuals aged 70 and older,
or those aged 60 and above with cognitive impairments.
The clinic focuses on enhancing the functional capacity
of older adults at risk of functional decline. Patients with
movement or balance issues and a history of falls receive
comprehensive, multifactorial fall risk assessments and
personalized interventions. This study aimed to investigate
the characteristics and fall risk among older patients
attending the geriatric rehabilitation clinic. In addition,
the incidence of recurrent fall was also examined as an
outcome of the fall management interventions in this
vulnerable population.

MATERIALS AND METHODS
Study Design

This retrospective study involved a review of medical
records from the Geriatric Rehabilitation Clinic at Siriraj
Hospital. The research project was reviewed and approved
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by the Human Research Ethics Committee of the Faculty
of Medicine Siriraj Hospital (Project SI 1003/2020, Code
761/2020 [IRB1]). Authorization to access medical record
information was granted by the hospital director.

Participants

We evaluated patients treated at the Geriatric
Rehabilitation Clinic for eligibility based on the following
inclusion criteria: a history of at least one fall within the
past year or walking instability between April 2016 and
April 2021, along with abnormal functional mobility tests.
Additionally, patients needed to have accessible medical
record data from at least one baseline, one follow-up
assessment within the year, and one year follow-up
visit. Patients were excluded if their data on risk factors,
complications from various diseases, functional mobility
tests, or dependency status were incomplete at the three
specified time points.

Data collection and assessment

Study measurements were recorded at initial and one
year follow-up visits. Patients with at least one fall or gait
instability underwent a multifactorial fall risk assessment
and intervention. This assessment included evaluating
various fall risk factors such as comorbidities, medication
use (including sedatives and hypnotic drugs), visual and
auditory function, cognitive function, frequent urination
(=8 times per day), urinary incontinence (stress, urge,
overflow, and mixed incontinence), foot deformities (e.g.,
hallux valgus, hammer toe, Charcot arthropathy), back/
leg pain, and external factors like home environment and
presence of pets. Activities of daily living (ADL) were
assessed using the KATZ ADL” and LAWTON IADL
scales."

Fall history was documented by recording the location
and time of each fall. Balance impairments were evaluated
using functional mobility tests, including the Timed Up
and Go (TUG), Functional Reach, and 30-second Chair
Stand tests, with results documented in clinic records.
According to the CDC’s STEADI tool,” a TUG score of
12 seconds or more, a low number of 30-second chair
stands based on age groups, and a Functional Reach
score of less than 10 inches indicate a fall risk.”

Patients exhibiting abnormal functional mobility
tests were scheduled for regular follow-ups, approximately
2-3 times annually. During these visits, they underwent
repeat functional mobility assessments and received
personalized advice, counseling, exercise recommendations,
and environmental adjustments based on the multifactorial
fall risk assessment results. Follow-up visits included a
comparison of current functional mobility test results with

previous assessments, and patients and their caregivers
were provided feedback regarding their performance.
Patients were then encouraged to adhere to the recommended
interventions, with exercise programs reviewed and
adjusted according to each individual’s functional capacity.

Multifactorial fall risk interventions

The Geriatric Rehabilitation Clinic collaborated
closely with the geriatric clinic, where geriatricians
addressed medical issues that could contribute to falls,
such as polypharmacy, postural hypotension, and
cardiopulmonary conditions. Physiatrists in the rehabilitation
clinic assessed and managed neuro-musculoskeletal
issues and other risk factors, including gait and balance
impairments, back and leg pain, and foot deformities. For
specific conditions like visual or auditory impairments
that required further assessment by other specialties,
consultations were initiated. Living environments were
screened, and necessary adjustments were recommended.
Exercise recommendations in our clinic were based
on the Otago Exercise Program (OEP), a home-based
initiative designed for fall prevention in older adults."
This program emphasized three key areas: strength,
balance, and endurance. Strength and balance training
was recommended three days a week, for 15-20 minutes
twice daily, while endurance training involved 30 minutes
of daily walking, which could be divided into 10-minute
sessions throughout the day. These exercise programs were
tailored to each patient’s functional status and physical
capacity. To ensure proper execution of the exercises
at home, patients and their caregivers were instructed
on the exercises in the clinic. Clinicians demonstrated
each exercise, emphasizing proper technique and safety
precautions. For patients who experienced instability
during standing or walking, additional support was
recommended, such as using their hands for balance while
performing the exercises. In terms of enhancing exercise
adherence, patients were encouraged to record their
exercise sessions using smartphones. This self-monitoring
strategy helped reinforce their commitment and allowed
clinicians to review the patient’s progress during follow-up
visits. For patients who did not use smartphones, written
instructions were provided as an alternative. To further
ensure adherence and proper execution, caregivers were
asked to supervise the patients during their exercise
sessions at home. This support from caregivers was vital
for reinforcing the routine and providing assistance if
needed. As the program was conducted in an outpatient
(OPD) setting, our role was to select the appropriate
exercises from the OEP, which patients were expected
to perform at home. Adherence was closely monitored
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through regular follow-up appointments, during which
clinicians reviewed the patients’ exercise performance
and made any necessary adjustments. We also ensured
that all procedures adhered to the Privacy and Data
Protection Act (PDPA) of 2019, especially in regard to
patients using smartphones to record their exercises.

Data collection and classification

Demographic data, including age, gender, body mass
index (BMI), fall risk factors, functional mobility tests,
and ADL scores (KATZ ADL and LAWTON IADL),
were collected at the initial assessment and again at 12
months. This information was extracted from medical
records and entered into a prepared case record form.
Participants were initially categorized into two groups:
fallers (those with at least one fall in the preceding year)
and non-fallers (those without falls). Fallers were further
classified into two subgroups: recurrent faller (those with
multiple falls) and zero-fall (those with no falls during
the follow-up year).

Sample size calculation

The sample size calculation was based on a study
involving multifactorial interventions to reduce the risk of
fallsamong elderly individuals living in the community."
This study indicated an average decrease in recurrent falls
of 33%, an acceptable width of 95% confidence interval
(24%, 42%). The sample size would be 105 cases.

Statistical analysis

Statistical analyses were performed using PASW
Statistics version 18.0 (SPSS Inc., Chicago, IL, USA)."”
Descriptive statistics were applied to assess demographic
characteristics, fall risk factors, functional mobility test
results, and ADL abilities at baseline between fallers
and non-fallers. Comparisons were also made between
recurrent fall and zero fall groups at the one-year follow-
up. Categorical variables, such as gender and the presence
of common risk factors, were compared using Chi-square
tests, while Fisher’s exact test was used for the number of
30-second chair stands. Continuous data, including age,
BMI, number of medications, functional test times, and
ADL scores, were compared using independent sample
t-tests. Statistical significance was defined as a p-value
< 0.05. Odds ratios with 95% confidence intervals were
reported for univariate analyses.

RESULTS

From April 2016 to April 2021, a review of outpatient
medical records at the Siriraj Geriatric Rehabilitation Clinic
identified 134 patients who underwent multifactorial fall
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risk assessment and intervention for falls and unsteady
walking. Of these, 18 patients did not return for follow-up,
seven were unable to participate due to conditions such
as cerebrovascular disease or other serious illnesses, and
four missed their follow-up appointments. Therefore,
data from 105 patients were included in the final analysis.
The cohort was predominantly female (65.5%), with an
average age of 81.5 years (SD 6.8) and an average body
mass index (BMI) of 22.8 kg/m® (SD 3.2). The most
common risk factors were hypertension (82.9%), back
or leg pain (81.0%), and cognitive impairment (61.0%).
Falls were most frequently reported at home (82.2%)
and during the daytime (74.6%).

Participants were divided into two groups based
on their fall history over the past year: 84 patients were
categorized as Fallers, individuals with a history of falls,
while 21 were classified as Non-fallers, individuals with no
fall history. Basic demographic and clinical characteristics,
including gender, age, BMI, and common risk factors,
were provided in Table 1. The Faller group exhibited
higher prevalence rates for several factors compared to
the Non-faller group. Specifically, pet ownership was
more common among Fallers, as was diabetes, frequent
urination, foot deformities, and the use of sedating
medications. The Fallers also had longer completion
times for the TUG test. Most Fallers reported difficulties
in performing activities of daily living. No significant
differences were observed in the other functional mobility
tests between the Faller and Non-faller groups.

After 12 months of follow-up, 27 patients from
both groups experienced falls, while 78 patients did not.
Among the 84 patients with a history of falls prior to the
study, 23 (27.4%) experienced recurrent falls, while 61
(72.6%) did not. The recurrent fall group had significantly
higher use of sedating medications compared to the
zero-fall group (OR 4.15 [1.5,11.44]; P < 0.05) and this
magnitude could be interpreted as large effect size." Other
risk factors did not show significant differences between
the groups. The recurrent fall group was more likely
to have hypertension, diabetes, cognitive impairment,
foot deformities, and polypharmacy. Additionally, the
recurrent fall group took longer to complete the TUG
test compared to zero fall group, suggesting a higher fall
risk despite improvements since the initial assessment
(Table 2).

DISCUSSION

This study explored the characteristics, prevalent
risk factors, and functional mobility among older adults
attending a geriatric rehabilitation clinic. Our findings
indicated that the majority of participants were elderly
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TABLE 1. Demographic characteristics, common risk factors, and functional tests of all participants at baseline

(N=105).

Variables Faller (N=84)

Demographic characteristic
Sex : Female 55 (65.5)
Age (year)' 81.21+7
Body mass index (BMI: kg/m?)" 22.843.2

Common risk factor
Pets 27(32.1)
Diabetes Mellitus 36(42.9)
Frequency urination 49(58.3)
Foot deformity 23(27.4)
Sedative drugs 34(40.5)
Number of medication’ 8.2+2.6
Urinary incontinence 33(44.0)
Auditory impairment 18(21.4)
Cardiovascular disease 28(33.3)
Cognitive impairment 50(59.5)
Visual impairment 49(58.3)
Back/ leg pain 67(79.8)
Hypertension 68(81.0)

Functional mobility test
Time up and go (sec)’ 30.5+14.0
Functional reach (inch)' 7.943.5
30 sec chair stand (times)? 6(2-17)
KATZ AD' 5.1+1.5
Lawton IAD? 2.3+2.5

Non-Faller (N=21) P value Odds ratio (95%ClI)
13(61.9) 0.759 1.17 (0.43,3.13)
82.5+5.8 0.430 0.97 (0.90,1.04)
22.9+3.4 0.943 0.99 (0.81,1.22)
4(19.0) 0.239 2.01 (0.62, 6.56)
6(28.6) 0.232 1.88 (0.66, 5.31)
9(42.9) 0.202 1.87 (0.71, 4.90)
4(19.0) 0.435 1.60 (0.49, 5.27)
7(33.3) 0.548 1.36 (0.50, 3.72)
8.6+3.5 0.578 0.95 (0.80, 1.13)
10(47.6) 0.768 0.87 (0.33, 2.26)
5(23.8) 0.775 0.87 (0.28, 2.71)
8(38.1) 0.681 0.81 (0.30, 2.19)
14(66.7) 0.548 0.74 (0.27, 2.01)
14(66.7) 0.486 0.70 (0.26, 1.91)
18(85.7) 0.758 0.66 (0.17, 2.49)
19(90.5) 0.517 0.45 (0.94, 2.12)
26.7+12.8 0.285 1.02 (0.98, 1.06)
7.7+2.5 0.795 1.02 (0.86, 1.22)
6(4-11) 0.547 0.98 (0.82,1.16)
5.6+.9 0.068 0.73 (0.46, 1.16)
3.1+2.6 0.187 0.89 (0.74, 1.06)

Data presented as number (%), 'mean * SD, “median (Min-Max); *p value< 0.05 indicates statistical significance

females, with hypertension, back and leg pain, cognitive
disorders, visual impairment, and frequent urination
identified as the most common risk factors for falls,
listed in order of prevalence.

Upon comparison of individuals with and without
a history of falls at baseline, associations were observed
between pet ownership, diabetes mellitus, frequent urination,
foot deformities, and the use of sedative medications;
however, these associations did not achieve statistical
significance. Over the one-year follow-up, we identified
significant risk factors for recurrent falls. Specifically,
the use of sedative/hypnotic drugs was significantly

associated with recurrent falls, with a prevalence of 65.2%
in the recurrent faller group compared to 31.1% in the
zero-fall group (OR 4.15[1.5,11.44]; P < 0.05). While
cognitive impairment, hypertension, foot deformities,
and polypharmacy were more prevalent among recurrent
fallers, these factors did not reach statistical significance.

The Timed Up and Go (TUG) test demonstrated
that both the faller and recurrent faller groups took longer
to complete the test than the non-faller and zero-fall
groups. Notably, no significant differences were found
in other balance assessments at baseline or at the one-
year follow-up. At baseline, 80% of participants reported
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TABLE 2. Demographic characteristic, common risk factors, and functional tests of the faller group at 1-year

follow-up (N=84).

Variables

Demographic characteristic

Sex : Female 17(73.9)
Age (year)' 80.746.9
Body mass index (BMI: kg/m?)" 22.843.3
Common risk factor
Sedative drugs 15(65.2)
Cognitive impairment 16(69.6)
Hypertension 20(87.0)
Foot deformity 7(30.4)
Number of medication’ 8.7+2.7
Diabetes Mellitus 10(43.5)
Frequency urination 13(56.5)
Pets 7(30.4)
Back/ leg pain 18(78.3)
Visual impairment 12(52.2)
Auditory impairment 4(17.4)
Cardiovascular disease 6(26.1)
Urinary incontinence 8(34.8)
Functional test

Time up and go (sec)’ 28.25+14.6
Functional reach (inch)' 9.0+0.0
30 sec chair stand (times)? 7(2-13)
KATZ ADL' 4.6+1.9
Lawton IADL' 24126

Recurrent fall (N=23)

Zero fall (N=61) P value Odd ratio (95%Cl)
38(62.3) 0.318 0.58 (0.20, 1.69)
81.418.1 0.705 0.99 (0.92, 1.06)
22.8+3.2 0.980 0.99 (0.84, 1.19)
19(31.1) 0.005* 4.15 (1.50, 11.44)
34(55.7) 0.250 1.82 (0.65, 5.04)
48(78.7) 0.538 1.81(0.46, 7.03)
16(26.2) 0.700 1.23 (0.43, 3.54)
8.0+2.6 0.323 1.10 (0.91, 1.34)
26(42.6) 0.944 1.04 (0.39, 2.73)
36(59.0) 0.836 0.90 (0.34, 2.38)
20(32.8) 0.837 0.90 (0.32, 2.53)
49(80.3) 1.000 0.88 (0.27, 2.85)
37(60.7) 0.482 0.71 (0.27, 1.86)
14(23) 0.768 0.71 (0.21, 2.42)
22(36.1) 0.387 0.63 (0.22, 1.82)
29(47.5) 0.294 0.59 (0.22, 1.59)
21.9+13.9 0.318 1.03 (0.97, 1.10)
9.943.5 N/A N/A

6(2-17) 0.882 0.96 (0.77, 1.19)
5.2+1.6 0.194 0.84 (0.65, 1.09)
2.7+2.7 0.697 0.96 (0.80, 1.16)

Data presented as number (%), 'mean + SD, “median (Min-Max), *p value< 0.05 indicates statistical significance

having fallen in the previous year, a higher prevalence
than observed in other studies, likely attributable to the
specialized nature of our clinic. For instance, Assantachai
et al. reported a fall prevalence of 19.8% among elderly
individuals in urban Thailand over six months,'” which
aligned with our findings that high blood pressure,
cognitive impairment, and functional difficulties are
prevalent among fallers.'

Our results support a recent review indicating
that multifactorial fall risk assessment and intervention
strategies could effectively reduce fall rates.'” Lee et al.
documented a 32% reduction in falls among participants

who received such interventions.'® Additionally, our
study highlighted a fourfold increase in the risk of falling
associated with sedative medications among recurrent
fallers. This finding corroborated the work of Woolcott
et al., who identified sedatives as significant contributors
to fall risk.”® Various medication categories, including
antihypertensives, antiarrhythmics, anticholinergics,
antihistamines, and other fall-risk-increasing-drugs,
have been linked to heightened fall risk."”** Among older
patients with comorbidities, cumulative exposure to
anticholinergic and sedative medications was associated
with poorer performance in multiple gait dimensions,
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including slow walking speed and impaired walking
balance.””

Cognitive decline significantly increased fall risk
in older adults due to specific associations between
gait parameters and cognitive function.” In our study,
cognitive impairment did not emerge as a statistically
significant risk factor for recurrent falls, potentially due
to the personalized multifactorial fall risk assessments
and interventions including the OEP implemented
upon clinic entry. Counseling on home modifications
and safety concerns during daily activities was also
emphasized, underscoring the effectiveness of home
fall-hazard interventions in reducing both fall rates and
the number of fallers among high-risk individuals.” In
addition, the OEP has positive effects on motor function
in improving neurocognitive function in older adult.

Hypertension is prevalent in the older population and
is recognized as a risk factor for falls, often necessitating
medications that may further exacerbate fall risk.”"
Orthostatic hypotension, particularly when coupled with
hypertension, has been independently associated with an
increased risk of future falls. In our study, hypertension
was not identified as a significant risk factor for recurrent
falls, likely due to the proactive management of medications
and efforts to minimize polypharmacy by geriatricians.

Although foot deformities were not statistically
significant as a risk factor for recurrent falls, they remained
a consistent concern among both baseline and recurrent
fallers, suggesting that footwear modifications could enhance
safety. Cultural factors, such as the Thai preference for
barefoot living at home, may contribute to ongoing fall
risks. Additionally, diabetes was recognized as a common
risk factor that can lead to falls due to complications
such as peripheral neuropathy,” retinopathy, vestibular
dysfunction, cognitive impairment and hypoglycemic
events associated with insulin use.” The implementation
of diabetic foot problem screening, foot care advice,
and appropriate shoe prescriptions in our geriatric
rehabilitation clinic may explain the lack of significant

29

association between diabetes and recurrent falls in our
study.

Falls among older adults arise from a complex
interplay of risk factors, emphasizing the necessity for
comprehensive assessment and intervention strategies
to mitigate these risks. The recurrent fall group in our
study exhibited poorer balance function, as evidenced by
longer TUG completion times compared to the zero-fall
group. Both multifactorial and exercise interventions
were associated with beneficial outcomes related to
fall prevention.” Given the constraints of time and
resources in outpatient settings, some clinicians may opt

to implement only a single strategy. However, network
meta-analyses indicated that exercise alone was linked
to reductions in fall rates, incidence of fallers, and fall-
related fractures compared to usual care.” A review by
Guirguis-Blake et al. supported strength and balance
training as effective interventions for older adults with a
history of recurrent falls. Promoting such interventions
can enhance health, independence, and overall quality
of life.”* The OEP has been demonstrated to effectively
reduce falls and related injuries while also improving
cognitive function, lower limb strength, and balance
abilities, which were critical for fall prevention in older
adults.” Additionally, it has shown cost-effectiveness
for individuals over 80 years of age.”

This study possessed several strengths, notably
demonstrating the benefits of personalized multifactorial
fall risk assessments and interventions among high-risk
elderly individuals, and showcasing the feasibility of
implementing such strategies in an outpatient setting.
However, limitations should be acknowledged. Selection
bias may have occurred due to the recruitment of
participants with a history of falls or gait instability,
resulting in a higher fall rate compared to community-
based studies. Furthermore, during the COVID-19
pandemic, the utilization of telemedicine for follow-
up visits led to the exclusion of 16% of participants who
were unable to attend in-person functional mobility
tests. Recall bias concerning fall history may also have
influenced outcomes and specific interventions. Lastly,
this study was conducted within a tertiary care geriatric
clinic, where resources for personalized assessments
and interventions were available; therefore, the findings
may not be generalizable to other care settings. Future
research should consider prospective cohort studies with
larger sample sizes to address these limitations, facilitate
more comprehensive data collection, and strengthen the
robustness of study findings.

CONCLUSION

The personalized multifactorial fall risk assessment
and intervention reduced the prevalence of falls among
older adults from 80% to 27.4%. Sedative medication
was identified as a significant factor associated with an
increased risk of falls. The majority of falls occurred
during the daytime, highlighting the importance of
addressing medication-related fall risks and implementing
personalized preventive strategies.
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are Factors Associated with Frailty and Decreased
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Frailty and Quality of Life in Breast Cancer Survivors

Amongst breast cancer survivors women, depression and poor functional capacity were associated
with frailty and poor quality of life.
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ABSTRACT

Objective: This study examines the prevalence and clinical factors associated with frailty, poor health-related quality
of life (HR-QoL), and the combined presence of both in older breast cancer survivors.

Materials and Methods: In this cross-sectional study, 230 BSC patients aged > 60 years and > 3 years cancer free were
recruited. Frailty and HR-QoL were evaluated using the Fried Frailty Phenotype and the Functional Assessment of
Cancer Therapy-Breast (FACT-B), respectively. As well, overall health status was assessed through a comprehensive
geriatric assessment (CGA). Logistic regression was used to identify factors independently associated with frailty
and reduced HR-QoL.

Results: Of all 230 BCS, 16.5% were frail, 47.4% were pre-frail, and 36.1% were robust. Depressive symptoms were
strongly associated with frailty (OR: 13.1, 95% CI: 4.04-42.74), indicating that individuals with these symptoms
were 13 times more likely to be frail. Low physical activity (OR: 5.7, 95% CI: 2.1-15.08) and unmarried status (OR:
2.75, 95% CI: 1.47-19.57) were also significant predictors of frailty. Frail participants had notably lower HR-QoL
scores than those who were non-frail.

Conclusion: This study highlights the significant impact of depressive symptoms, reduced physical function, and
social factors on frailty and HR-QoL in old-age BCS. Comprehensive geriatric assessment, including mental health
and social support evaluations, are essential for early identification and intervention. Further research should focus
on additional interventions aimed at reducing frailty and enhancing HR-QoL.

Keywords: Breast cancer survivors; frailty; health-related quality of life; depression; older adults (Siriraj Med J 2025;

77:73-82)

INTRODUCTION

Frailty, characterized by increased vulnerability to
endogenous and exogenous stressors, presents significant
public health challenges, especially among aging populations.
The prevalence of frailty, ranges from 4% to 59% in older
adults living in the community, increasing with age and
being significantly higher in women than in men.' This
condition imposes substantial risks, including falls,
hospitalizations, and increased mortality, amplifying
the urgency to effectively address this problem.”” The
impact of frailty is not only societal, but also personal,
worsening quality of life, inducing feelings of loneliness,
and imposing significant financial burdens due to escalating
care costs."*

In the context of breast cancer survivors (BCS),
frailty assumes a unique dimension. Previous studies
have shown that a substantial proportion of older BCS,
particularly those aged 70-79, experience frailty or pre-
frailty, highlighting the need for tailored healthcare
interventions.” Additionally, the combination of breast
cancer and its treatments further complicates the health
aspects of these survivors, affecting not only their physical
well-being, but also their mental health and quality of
life (QoL).? Previous research have demonstrated that
predictors of psychological well-being among BCS were
resilience, stress, and social support.” However, recent
advances in breast cancer therapies have led to treatments
that are less aggressive but more effective, potentially

altering the landscape of frailty prevalence and health-
related quality of life (HR-QoL) among older BCS."""

With the complexities of recent advances in adjuvant
endocrine therapy and chemotherapy through intensive
therapeutic escalation'’, it is challenging in daily clinical
practice to deliver comprehensive care to older breast
cancer survivors (BCS) who are already suffering from
declining cognitive abilities and physical frailty without
a comprehensive geriatric assessment.”” However, recent
evidence has shown that various types knowledge sharing
for geriatric patients are important and can serve as effective

1 Therefore, a

tools for increasing patient satisfaction.
specific study is needed to investigate all associated factors
of frailty and HR-QoL, within the context of physical,
mental, social, and functional aspects of a comprehensive
geriatric assessment.”” Through this exploration, we
aim to facilitate targeted interventions and improved
healthcare strategies tailored to the unique needs of this

population.

MATERIALS AND METHODS
Ethical issues

The research protocol was approved by the Human
Research Ethics Committee of the Faculty of Medicine
Siriraj Hospital, Mahidol University (Si 213/2022). The
research was also registered through the Thai Clinical
Trials Registry (TCTR20230811012).
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Participants and sample size

Breast cancer survivors were recruited from the Breast
Clinic, Department of Surgery, Faculty of Medicine Siriraj
Hospital, Mahidol University, Thailand. The eligibility
criteria included individuals who were 60 years or older,
and cancer-free for more than 3 years. Exclusion criteria
included communication problems, moderate to severe
dementia, end-stage renal disease, or receiving renal
replacement therapy, as well as women with cancers
other than breast cancer (except non-melanoma skin
cancer).

The prevalence of frailty in cancer patients has
previously been reported to be 48% (p = 0.48) at a
confidence level of 95%, with a margin of error of 6.5%
(d=0.065)." Using the sample size formula to estimate
the proportion of a population, the calculated number
of samples was 227. Consequently, 230 subjects were
ultimately recruited for the study.

Data collection and assessment

Relevant demographic data, clinical and pathological
data, and breast cancer treatment were retrieved from
medical records. The variables related to comprehensive
geriatric assessment (CGA) were directly evaluated
by well-trained research assistants using structured
questionnaires. Physical Performance and muscle strength
were also measured on site.

Frailty status was diagnosed using the Fried frailty
phenotype.”” The cutoft points for each were as follows.

- The grip strength less than 28 kg for men and 18
kg for women

- Unintentional loss of body weight of more than
4.5 kg in the past year.

- 6-meter walk with gait speed less than 1 m/s.

- Feeling exhausted by 1 or 2 positive questions
established by Center for Epidemiology Studies
Depression Scale (CES-D)

- Global Physical Activity Questionnaire (GPAQ)
less than 20™ percentile.

Those who met 1-2 of 5 abnormalities were categorized
as pre-frailty, and those with 3 or more abnormalities
were categorized as frailty. The Functional Assessment
of Cancer Therapy-Breast (FACT-B) was used to assess
HR-QoL.” Individuals with FACT-B scores lower than
the 50™ percentile were categorized as having a poor
HR-QoL. Other important variables included body
weight, height, BMI, calf circumferences, Charlson’s
comorbidity index*', Mini-Cog test”’, Six-item version of
the Thai Geriatric Depression Scale (TGDS-6)*, Short-
form Mini Nutritional Assessment-Short Form (MNA-

...................................... Original Article SM]

SF)*, Barthel’s index of activities of daily living (iADL)*
and Lawton’s iADL.*

Statistical analysis

The mean with standard deviation (SD) or median
(interquartile range) were used for quantitative variables.
Qualitative data were presented as numbers and percentage.
To compare quantitative variables, Student’s t tests and
Mann-Whitney U tests were used for normal and non-
normal distribution data, respectively. Chi-square tests
or Fisher’s exact tests were used to compare qualitative
variables. Stepwise forward logistic regression analysis
was used to identify independent factors associated with
frailty, poor HR-QoL, and the combination of frailty and
poor HR-QoL.

Statistical significance was set at a p-value <0.05.
PASW Statistics for Windows, Version 18.0. Chicago:
SPSS Inc; 2009, was used for all statistical analysis.

RESULTS

The prevalence of frailty, pre-frailty, and robust
groups diagnosed by the Fried frailty phenotype was
16.5%, 47.4%, and 36.1%, respectively. The baseline
characteristics of the three groups shown in Table 1.

Almost half of the participants were married (44.3%)
and had received education for 12 years or more (70.4%).
17.4% had a history of breast cancer among their first-
degree relatives. Invasive ductal carcinoma was the most
common pathology (91.2%), followed by intralobular
carcinoma, mucinous carcinoma, and malignant phyllodes
breast cancer. The staging distribution was as follows:
stage 0 (15%), stage 1 (33%), stage 2 (33%), stage 3 (15%),
and stage 4 (1.3%). Triple-negative breast cancer (poor
prognosis) breast cancer was present in 11.2% of the
cases.

Regarding cancer treatment, all of them had
undergone surgery, specifically mastectomy in 71.7%
and breast-conserving therapy (BCT) in 28.3%. More
than half of them received chemotherapy (CMT) (55.1%),
while 91.1% had completed CMT. The commonly used
chemotherapies were as follows: 60.2% had doxorubicin
and cyclophosphamide (AC), 22.8% had their combination
with taxane (AC+T), 5.7% had CMT with targeted therapy,
and 14% had other regimens such as methotrexate.
Among them, 72.2% had received endocrine therapy
and 52.6% had received radiotherapy.

Comparisons between the frailty and non-frailty
groups are presented in Table 1. Sequentially, the
independent factors associated with frailty among BCS
were identified by a stepwise forward binary logistic
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TABLE 1. Baseline characteristics, and relevant clinical data of the three frailty status groups (n = 230).

Total Robust Prefrail Frail Non-Frailty* p-value
(n=83) (n=109) (n=38) (n=192) (Frailty
Mean £SD Mean £SD Mean £SD Mean £SD Mean £SD VS Non-
or N (%) or N (%) or N (%) or N (%) or N (%) Frailty)
Age (years) 68.6 £7.0 66.08 +5.1 68.52 +6.3 74.16 £9.0 67.47 £5.9 <0.01*
Age at diagnosis 59.1 +8.5 56.70 7.1 59.33 £7.3 63.76 £11.9 59.2 +7.3 <0.01*
Years after diagnosis 95157 9.395.6 9.19+4.9 10.39 7.6 9.28 +5.2 <0.01*
BMI (kg/m?) 245 +4.3 24.25 +3.8 24.38 +4.7 25.20 +4.6 2432 +429  0.52
Grip strength (kg) 18.2 4.6 21.53 +2.4 17.24 +4.1 13.36 4.2 19.1 +4.04 <0.01*
Gait speed (m/s) 1.15 £0.32 1.32 £0.21 1.12 £0.31 0.83 +0.31 1.2 £0.29 <0.01*
Charlson’s Comorbidity Index 2.5+0.65 2.37+0.8 2.51 +0.83 324114 2.45+0.8 <0.01*
Calf circumference (cm) 34.8 +3.6 35.10 £3.1 34.58 3.9 34.57 £3.7 34.8 +3.56 0.56
Barthel iADL 19.5 +1.2 19.66 0.5 19.62 +0.6 18.5+2.6 19.64 £0.56  <0.01*
Lawton iADL 7414 7.88 +0.4 7.61+1.0 5.87 +2.5 7.73 £0.79 <0.01*
Married 102 (44.3) 44 (53.0) 48 (53.0) 10 (26.3) 92 (47.9)
Status Divorced/widow 83 (36.1) 21 (25.3) 42 (38.5) 20 (52.6) 63 (32.8) 0.206
Single 45 (19.6) 18 (21.7) 19 (17.4) 8(21.1) 37 (19.3)
Education ~ 0-12 68 (29.6) 20 (24.1) 29 (26.6) 19 (50) 22 (11.5) 0.09
(year) >12 162 (70.4) 63 (75.9) 80 (73.4) 19 (50) 19 (9.9)
No 75 (32.6) 36 (43.4) 30 (27.5) 9(23.7) 30 (15.6)
Caregiver  Informal caregiver 148 (64.3) 45 (54.2) 75 (68.8) 28 (73.7) 28 (14.6) 0.04*
Formal caregiver 7 (3.0) 2(2.4) 4 (3.7) 1(2.6) 14 (7.3)
Smoking 10 (4.3) 4 (4.8) 5 (4.6) 1(2.6) 49 (25.5) 0.85
History of alcohol drinking 28 (12.2) 13 (15.7) 14 (12.8) 1(2.6) 66 (34.4) 0.12
Polypharmacy 74 (32.2) 19 (22.9) 76 (69.7) 22 (57.9) 52 (27.1) <0.01*
(=5 medication use/day)
Physical High 42 (18.3) 22 (26.5) 14 (12.8) 6 (15.8) 36 (18.8) <0.01*
activity Moderate 122 (53) 47 (56.6) 69 (63.3) 6 (15.8) 116 (60.4)
(GPAQ) | 5w 66(28.7)  14(16.9) 26 (23.9) 26 (68.4) 40(20.8)
Depressive symptoms 19 (8.3) 2(2.4) 8(7.3) 9 (23.7) 10 (5.2) <0.01*
(TGDS -6 score >2)
Exhaustion (CES-D positive) 31 (13.5) 0(0.0) 92 (84.4) 14 (36.8) 17 (8.9) <0.01*
MNA-SF 29 (12.6) 4 (4.8) 11 (10.1) 14 (36.8) 15 (7.8) <0.01*
(<12 = at risk or malnutrition)
Cognitive impairment 54 (23.5) 13 (15.7) 30 (27.5) 11 (28.9) 43 (22.4) 0.11

(Minicog score > 2)

Note: The Nonfrailty group comprises individuals from both the pre-frail and frail groups.
* = statistically significant; iADL = index of activities of daily living; GPAQ = Global Physical Activity Questionnaire; TGDS = Thai Geriatric
Depression Scale; CES-D = Center for Epidemiology Studies Depression Scale; MNA-SF = Mini Nutritional Assessment-Short Form
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regression analysis, as shown in Table 4. Comorbidities
assessed by Charlson’s comorbidity index, activities of
daily living (Barthel’s index for basic ADL and Lawton’s
index for instrumental ADL), depressive symptoms and
poor nutritional status were found to be associated with
frailty.

Likewise, the comparisons of clinical characteristics
between the good and poor HR-QoL groups and the
independent factors associated with the poor HR-QoL
groups were demonstrated in Table 2 and 4, respectively.
The only independent factors associated with poor HR-
QoL were depressive symptoms, poor instrumental ADL,
and being single. Interestingly, the total FACT-B score
for the frailty group (115.95%17.14) was significantly
lower than that of the non-frailty group (128.91£11.87),
p <0.01. All other subdomains of the FACT-B score of
the frailty group were also lower than those of the non-
frailty group, as shown in Table 5.

Finally, comparisons of clinical characteristics
between those with and without the combination of
frailty and poor HR-QoL and the factors independently
associated with the combination are shown in Tables 3
and 4, respectively. Again, depressive symptoms and
poor Lawton iADL, Barthel index ADL scores, and being
single were found to be statistically significant associated
factors.

DISCUSSION
Depression increased the risk of frailty through
physical inactivity and decreased motivation, which

Frailty

h4 .
@ Depression
& ria
«®9  Poor
@=| basic ADL
(OR0.7)
& poor 1ADL
X B (0R05)

5

(OR 2.8)

Being single

Original Article SM]

are commonly observed in depression, leading to a loss
of energy and overall functioning.””** Depression and
frailty are also important risk factors for malnutrition
in older adults with cancer.” Our results revealed an
independent association between malnutrition and frailty
(Table 4). Some common risk factors for depression and
frailty have previously been highlighted, for example,
oxidative stress, hypothalamic-pituitary-adrenal axis,
and mitochondrial dysregulation.”** Our subjects with
depressive symptoms had a higher probability of frailty
(OR=13.1,95%CI:4.0-42.7), whereas a meta-analysis in
older adults conducted by Soysal et al reported an OR
of 4.07 (95%CI 1.93-8.55).” These findings highlight
significantly higher risk of frailty in older adult with
breast cancer compared to healthy older adults.(Fig 1)

Due to the atypical presentation of depression in
older adults, overcoming these barriers and recognizing
the impact of depression on cancer outcomes are crucial
for improving overall well-being and prognosis in older
cancer patients.””" Given that depression is a treatable
disease and associated with a poor HR-QoL among older
BCS, healthcare personnel involved in their care should
be aware of these relationships. Integrating depression
screening into routine clinical services is essential, as
it can reduce risk of frailty, and improve HR-QoL.*
Treatment options for depression include psychotherapy,
medication, lifestyle modifications, increased physical
activity, and enhanced social support and connection.

BCS who reported a higher HR-QoL were able to
maintain higher levels of physical activity and the ability

Poor quality of life

Frailty + Poor quality of life

ADL = Activities of daily living
OR = Odd raito

Fig 1. Schematic figure summarizing risk factors related for frailty and poor HR-QoL.
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TABLE 2. Comparisons of baseline characteristics, staging, and treatments, as well as relevant clinical data between
the good and poor HR-QoL groups.

Poor QoL (n=115) Good QoL (n=115)
Characteristics Mean *SD Mean *SD p -value
or N (%) or N (%)
Age (years) 70.03 £8.17 67.12 £5.12 <0.01*
Age at diagnosis (years) 60.67 £9.70 57.56 +6.6 <0.01*
Years after diagnosis (years) 14.37 £1.85 14.12 £2.0 0.78
BMI (kg/m?) 248 +4.3 2413 +4.4 0.25
Grip strength (kg) 17.04 £+4.75 19.31+4.1 <0.01*
Gait speed (m/s) 1.05 £0.34 1.26 £0.27 <0.01*
Charlson Comorbidity Index 2.77 £1.05 2.4 +0.86 <0.01*
Calf-circumference (cm) 34.56 +3.8 34.96 £3.4 0.4
Barthel iADL 19.3+1.4 19.6 £1.04 0.07
Lawton iADL 7.08 +1.82 7.77 £0.67 <0.01*
Smoking 4 (3.5) 6(5.2) 0.52
History of alcohol consumption 9(7.8) 19 (16.5) <0.01*
married 39 (33.9) 63 (54.8)
Marital status divorced/widow 54 (47.0) 29 (25.2) 0.03*
single 22 (19.1) 23 (20.0)
Education (years) 0-12 42 (36.5) 26 (22.6) 0.022*
>12 73 (63.5) 89 (77.4)
No 32 (27.8) 43 (37.4)
Caregiver Formal caregiver 6 (5.2) 7 (6.1) 0.034*
Paid caregiver 7 (6.1) 0 (0.0)
Polypharmacy (=5 medications use/day) 45 (39.1) 29 (25.2) 0.02
Physical activity High 23 (20.0) 19 (16.5)
(GPAQ) Moderate 54 (47.0) 68 (59.1) 0.17
Low 38 (33.0) 28 (24.3)
Exhaustion (CES-D positive) 21 (18.3) 10 (8.7) 0.03*
Depressive symptoms (TGDS-6 score =2) 15 (13.0) 4 (3.5) <0.01*
Poor nutritional status (MNA-SF <12) 18 (15.7) 11 (9.6) 0.16
Cognitive impairment (Minicog score =2) 27 (23.5) 27 (23.5) 1.00

* = statistically significant; QoL = quality of life; iADL = index of activities of daily living; GPAQ = Global Physical Activity Questionnaire;
TGDS = Thai Geriatric Depression Scale; CES-D = Center for Epidemiology Studies Depression Scale; MNA-SF = Mini Nutritional Assessment-
Short Form
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TABLE 3. Comparisons of baseline characteristics, staging, and treatments, as well as relevant clinical data between
those with and without the combination of frailty and poor HR-QoL.

Frail + Poor QoL (n=30) Other (n=200)

Characteristics Mean *SD Mean *SD p-value
or N (%) or N (%)
Age (years) 75.07 £9.5 67.6 5.9 <0.01*
Age at diagnosis (years) 64.7 £13.0 58.28 +7.26 0.01*
Years after diagnosis (years) 10.37 £8.29 9.33 £+5.18 <0.01*
BMI (kg/m?) 25.88 +4.2 24343 0.06
Grip strength (kg) 13.214.5 18.9 4.1 <0.01*
Gait speed (m/s) 0.8 £0.34 1.20 £0.29 <0.01*
Charlson Comorbidity Index 2.43 £0.62 2.9 £0.67 <0.01*
Calf-circumference (cm) 35.13 £3.7 34.71 £3.57 0.56
Barthel iADL 18.43 2.4 19.61 +0.87 <0.01*
Lawton iADL 5.53 +2.6 7.71 +£0.83 <0.01*
Smoking 1(3.3) 9 (4.5) 0.08
History of alcohol consumption 1(3.3) 27 (13.5) 0.11
married 6 (20.0) 96 (48.0)
Marital status divorced/widow 19 (63.3) 64 (32.0) <0.01*
single 5(16.7) 40 (20.0)
Education (years) Lz L) 2o e <0.01*
212 15 (50) 147 (73.5)
No 8 (26.7) 67 (33.5)
Caregiver Informal caregiver 21 (70) 127 (63.5) 0.14
Formal caregiver 1(3.3) 6 (3.0)
Polypharmacy (=5 medication use /day) 17 (56.7) 57 (28.5) <0.01*
Physical activity 19" 3(10.0) 39 (19.5)
(GPAQ) Moderate 6 (20.0) 116 (58.0) <0.01*
Low 21(70.0) 45 (22.5)
Exhaustion (CES-D positive) 11 (36.7) 20 (10.0) <0.01*
Depressive symptoms (TGDS-6 score =2) 9 (30.0) 10 (5.0) <0.01*
Poor nutritional status (MNA-SF <12) 10 (33.3) 19 (9.5) <0.01*
Cognitive impairment
8 (26.7) 46 (23.0) 0.66

Mini-cog (score <2)

* = statistically significant; QoL = quality of life; iADL = index of activities of daily living; GPAQ = Global Physical Activity Questionnaire;
TGDS = Thai Geriatric Depression Scale; CES-D = Center for Epidemiology Studies Depression Scale; MNA-SF = Mini Nutritional Assessment-
Short Form
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TABLE 4. Crude and adjusted odds ratios of the independent factors associated with BCS with frailty, poor HR-
QoL, and those who had the combination of frailty and poor HR-QoL.

Crude odds ratio Adjusted odds ratio

Independent factors associated with frailty and poor HR-QoL

Lawton iADL score

Barthel iADL score

Depressive symptoms

Marital status (single)

Independent factors associated with frailty

Charlson comorbidity index

Barthel iADL
Lawton iADL

MNA-SF (poor nutritional status)

Depressive symptoms

Independent factors associated with poor HR-QoL

Depressive symptoms

Lawton iADL

Marital Status (single)

0.48 (0.36-0.62)
0.53 (0.36-0.80)

8.14 (2.98-22.30)
4.75 (1.80-12.54)

1.14 (1.08-1.20)
0.43 (0.27-0.68)
0.48 (0.37-0.63)
6.89 (2.96-16.01)
5.65 (2.12-15.08)

4.16 (1.34-12.96)
0.63 (0.47-0.83)
3.01 (1.65-5.50)

0.47 (0.35-0.62)
0.68 (0.52-0.91)
13.13 (4.04-42.74)
2.75 (1.47-19.57)

1.58 (1.09-2.30)
0.64 (0.45-0.91)
0.54 (0.41-0.72)
3.85 (1.28-11.56)
5.04 (1.42-17.95)

4.17 (1.29-13.48)
0.67 (0.51-0.93)
2.65 (1.391-5.05)

QoL = quality of life; iADL = index of activities of daily livingg MNA-SF = Mini Nutritional Assessment-Short Form

TABLE 5. Comparisons of the FACT-B score between the frailty and non-frailty groups.

FACT-B score Total Frailty Non-frailty (Prefrail + p value
(n=230) (n=38) Robust) (n=192)

FACT-B GP 2593 +2.72 2442 + 3.89 26.22 £2.32 <0.01*
FACT-B GS 22.29 +5.07 20.23 +5.97 22.69+4.78 <0.01*
FACT-B GE 21.89+3.05 20.71 £ 3.51 221329 0.02*
FACT-B GF 23.48 +4.36 19.78 + 5.60 24.22 + 3.67 <0.01*
FACT-B breast 33.18 £5.30 30.81+7.18 33.64 £4.73 0.02*
FACT-G 94.77 £ 10.87 85.79 £ 12.99 96.54 + 9.48 <0.01*
FACT-B total 126.76 £ 13.72 115.95+17.14 128.91 + 11.87 <0.01*

* = statistically significant; FACT-B = Functional Assessment of Cancer Therapy-Breast; FACT-G =Functional Assessment of Cancer Therapy
- General; GP = general physical well-being score; GS = general social/family well-being score; GE = general emotional well-being score; GF =
general functional well-being score; FACT-B breast = FACT-B Breast cancer subscale
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to live independently over time."* This underscores the
crucial role of a comprehensive geriatric assessment
of functional decline by multidisciplinary approaches
during cancer treatment, integrated with therapy itself,
to prevent frailty and preserve HR-QoL among survivors
in their later years.”

Our results also highlighted the significant impact
of social factors on single breast cancer survivors, linking
them to reduced HR-QoL (p=0.03) and compounded
frailty and poor HR-QoL (adj. OR 2.8, 95%CI 1.5-19.6).
A study in Korea revealed that single cancer patients
exhibited a more significant decline in HR-QoL compared
to individuals with other marital statuses.” These findings
are consistent with previous research on Thai breast cancer
survivors, emphasized the importance of family ties in the
spirituality of Thai women. Enhanced spiritual well-being
was influenced by positive family connections, strong
social support, and a deep connection with nature or a
higher being, regardless of religious beliefs.”” Despite this
influence, healthcare providers often overlook spirituality
due to cultural disparities and the absence of guidelines
in many low- and middle-income countries. Regarding
single marital status, a previous study demonstrated
associations between depression and single BCS.” Another
systematic review showed that single cancer survivors are
more likely to experience physical frailty.” However, to
the best of our knowledge, no publication has shown an
association between both depression and frailty in single
BCS. Our study is the first to report that single marital
status was significantly related to both depression and
frailty in BCS.

Due to similar living cultures among other Asian
countries, we anticipate that the result from this study could
apply to other Asian populations. Women who are BCS
should receive a comprehensive geriatric approach and
appropriate intervention to prevent frailty and enhance
HR-QoL. These interventions include diet monitoring,
regular exercise programs, mental health intervention
and social support.

Although previous studies have examined frailty
and HR-QoL in older BCS", the strengths of our study
lie in the use of specific clinical tools in this particular
setting, i.e., comprehensive geriatric assessment used in
routine clinical practice, the Fried frailty phenotype for
frailty diagnosis, and FACT-B to assess HR-QoL in BCS.
To our knowledge, this study is the first clinical study
on frailty and HR-QoL among Thai BCS. However, due
to the cross-sectional study design, we were unable to
establish causal relationships between independent risk
factors and frailty or HR-QoL.

...................................... Original Article SM]

CONCLUSION

Depressive symptoms and physical inactivity in
older BCS are associated with frailty and poor HR-QoL.
Single marital status and BCS in Thailand is associated
with a poor HR-QoL, with or without frailty. Poor
nutritional status is also an independently associated
factor of frailty. Therefore, the comprehensive geriatric
approach, including diet counseling, exercise programs,
mental health assessment and intervention, as well as
social support, should be discussed with older BCS to
prevent and manage frailty in order to promote good
HR-QoL.
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Impact of Frailty on Healthcare Utilization in Older
Patients Admitted to Medical Wards: A Study from
a Large Medical School in a Middle-income Setting
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Impact of Frailty on Healthcare Utilization in Older

Patients Admitted to Medical Wards

Frailty leads to increased healthcare utilization by patients and higher mortality.
Identifying frail older patients with an aim to provide appropriate care might reduce
the negative outcomes associated with frailty.
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ABSTRACT

Objective: The study aimed to evaluate healthcare utilization and mortality in patients stratified by frailty status
and explore the factors associated with a prolonged length of hospital stay (LOS).

Materials and Methods: This retrospective cohort study included medical inpatients aged 260 years old. They
were classified into robust, prefrail, and frail groups using the FRAIL Scale. The primary outcome was LOS, while
the secondary outcomes were hospital costs, in-hospital mortality, and factors associated with a prolonged LOS.
Multivariate analysis was used to explore the factors that influenced the prolonged LOS, and the results were
expressed using an adjusted odds ratio (AOR).

Results: Of the 603 enrolled participants, 269 (44.6%) were classified as frail, 256 (42.5%) as prefrail, and 78 (12.9%)
as robust. The frail group had longer hospital stays than the robust group (8 days [1,58] vs. 6 days [1,36]; p=0.003).
Healthcare costs in the frail and prefrail groups were higher than in the robust group (1264.6 USD [128.9, 30216.0],
1051.7 USD [154.3, 37615.7], and 937.7 USD [174.8, 18539.8], respectively; p=0.001). Frail and prefrail patients
were also more likely to die in hospital than the robust ones (7.1% vs. 0.0%, p=0.010; 6.3% vs. 0.0%, p =0.028,
respectively). The multivariate analysis also revealed that frailty was associated with a prolonged LOS [AOR of
2.21(95%CI, 1.07-4.56); p=0.031].

Conclusion: Frailty leads to increased healthcare utilization by patients and higher mortality. Identifying frail
older patients with an aim to provide appropriate care might reduce the negative outcomes associated with frailty.

Keywords: Frailty; length of hospital stay; healthcare cost; mortality; older patients (Siriraj Med ] 2025; 77: 83-92)

INTRODUCTION

Frailty is a clinical condition caused by the age-
related deterioration of various systems in the body.’
The syndrome increases a person’s vulnerability to
stress, which can lead to them experiencing more severe
conditions and delays in the resolution of acute illnesses."”
Frailty is more prevalent in hospitalized older patients,
accounting for 13%-41% of those population.”* Frailty
is related to unfavorable health outcomes, including
functional impairment and disability™*, as well as increased
mortality””*, and increased healthcare utilization by such
patients.”"’

Existing evidence on the impact of frailty has mostly
been gathered from studies conducted in high-income
countries (HICs). Those studies have found higher
medical costs, higher rates of complications, and higher
mortality rates among prefrail and frail older people
compared to robust groups of similar aged people.'"
Frailty is also a significant concern in low- and middle-
income countries (LMICs), with the number of frail
older individuals growing with the aging population
in many countries.'*'"” In such countries, high medical
costs could be an important barrier to accessibility to
healthcare services at the individual level. The increasing
healthcare expenditure of dealing with such a group can
also be a critical challenge for society, particularly in
resource-limited settings. In this regard, quantifying the
impact of frailty on medical expenses in LMICs might

14,15

provide more insights into the issue and enable better
decision-making by policymakers to assist healthcare
planning.

Thailand is an upper-middle-income country, in
which the proportion of older people is rising and is
projected to significantly increase over the next decade.'
The Thailand Development Research Institute (TDRI)
has estimated that medical costs could triple from 0.68
to 2 trillion baht in 15 years as the country becomes an
aging society."” This emphasizes the tremendous effect of
the increasing number of older people on the healthcare
costs of Thai society. However, in-depth studies of the
medical costs for different segments of older people are
limited to date, and, to the best of our knowledge, none
has yet explored the frailty status in Thailand.

Thus, the present study aimed to investigate the
healthcare utilization (length of hospital stay (LOS) and
healthcare costs) and mortality rate of robust, prefrail,
and frail older inpatients at a university hospital in
Thailand. Furthermore, factors affecting a prolonged LOS
were also investigated to explore potential amendable
and preventable factors that could reduce the need for
a lengthy LOS.

MATERIALS AND METHODS
Study design and participants

This retrospective cohort study was carried out
at Siriraj Hospital, a university hospital in Thailand.
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The inclusion criteria were consecutive patients over
60 years old who resided in the local vicinity and were
admitted to general medical wards from September
2019 to December 2020. The assessment of frailty was
attempted in all patients from the local area near the
hospital. The study flow is demonstrated in Fig 1.

Frailty assessment

The Thai version of the FRAIL Scale, validated in the
Thai context and with excellent accuracy'®, was applied
to screen older patients prospectively. The tool consists
of 5 questions covering: Fatigue, Resistance, Ambulation,
Illnesses, and Loss of Weight. Each question needs a self-
reported answer in the form of a rating as 0 or 1 point,
depending on the presence of certain characteristics in
each criterion. The total score thus ranges from 0 to 5,
with a higher score indicating more frailty characteristics.
A cutoft point of 3 or above is classified as frailty, while a

...................................... Original Article SM]

score of 1 to 2 indicates prefrail and 0 indicates a robust
status, respectively. Here, well-trained research assistants
assessed the patients using the FRAIL Scale to evaluate
the patients and classified them into robust, prefrail, and
frail groups.

Data collection

The patients’ demographic data, including age, gender,
comorbidities, and Charlson comorbidity index (CCI)’, as
well as admission laboratory results, were retrieved from
the hospital databases for all the patients who underwent
a frailty assessment. The 10™ revision of the International
Statistical Classification of Diseases and Related Health
Problems (ICD-10) codes used to compute the CCI are
shown in Additional file 1 (Appendix 1). Data on the
length of hospital stay (LOS), reasons for admission
(Appendix 2), in-hospital complications (Appendix 3),
in-hospital mortality, and 1-month readmissions at Siriraj

Medical inpatients aged =60 who live
in the local area

(Sep2019-Dec 2020)

N =1,385

Exclusion N = 612)
Nursing home residency (N = 28)
Not willing to permit follow up (N = 48)

ICU admission (N = 5)

ET intubation (N - 112)
Requiring end-of-life care N = 135)

Not available to have a frailty assessment

N =284)
\ 4
FRAIL Scale screening
N =773)
Exclusion
Patients with subsequent admissions
Y (N=170)
Included patients
(N =603)
Robust Prefrail Frail
N=78 N =256 N =269

Fig 1. Study flow
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Hospital were also collected from the same databases.
The direct medical costs of the entire index admissions
were also collected from the hospital database. The
accreditation teams carried out the data quality control
procedure to ensure accurate details were used for the
ICD-10 codes after the medical residents had written the
discharge summary. Moreover, all the medical records
were reconfirmed by the attending staff to make sure
that the information in the medical database was correct.

Factors associated with prolonged LOS

With regard to defining what constitutes a prolonged
LOS, we utilized the mean LOS in our study, which was
in accordance with a previous study in an acute care
setting that defined LOS as 210 days."” Several studies
exploring the factors associated with prolonged LOS were
identified.””” We chose factors related to an extended
LOS that were relevant to our context to explore in our
analysis. We identified several factors, namely, age >70
years old, female gender, CCI more than 5, comorbidities,
frailty status, laboratory values (low serum albumin
and hematocrit level), and reasons for admission, to be
investigated in our analysis.

Statistical analysis

The patients’ demographic data, reasons for
admission, hospital complications, readmissions, and
in-hospital mortality are reported herein as numbers
and percentages for the categorical variables. Continuous
variables, including CCI, albumin level, hematocrit level,
LOS, and total costs, are presented using the mean +
SD or median (minimum, maximum) for normal and
non-normal distributions when appropriate.

The Kruskal-Wallis test was used to analyze the LOS
and direct medical costs among the robust, prefrail, and
frail groups for continuous outcomes. Differences between
the two groups were calculated using Dunn’s test. Chi-
square and Bonferroni tests were used for assessing the
mortality outcomes to estimate the differences between
the three groups. To investigate the factors associated
with prolonged LOS, we used 10 days as the cutoff point.
This figure was derived from a prior study that provided
care in contexts similar to the circumstances in our
study.” The Mann-Whitney U test or Independent
t-test was used to investigate the continuous data in
the univariate analysis. Chi-square or Fisher’s exact test
was used to analyze the significant differences between
the categorical variables. The possible factors related to
prolonged LOS are reported using the odds ratio (OR)
and 95% confidence interval (95%CI) in the univariate
logistic regression models. The potentially contributing

factors were considered regarding their clinical relevance
and a statistical consistency of P < 0.20 from the univariate
analysis and were put into a multiple logistic regression
model. The associations between a prolonged LOS and
the related factors are presented as an adjusted OR along
with 95%Cl. P-value < 0.05 was considered as indicating
a statistically significant difference. All the analyses were
done using SPSS 26 (SPSS, Inc., Chicago, IL, USA).

The sample size was calculated using nQuery
Advisor 6.0.1 software. A prior study reported a mean
LOS ranging from 8 + 8.6 days for non-frail, to 11.2 +
12.2 days for prefrail, and 13 + 12 days for frail older
patients.” Therefore, with 90% power, it was determined
that 148 participants were needed per group.

RESULTS

Overall, 1,385 older patients were admitted to the
medical wards of Siriraj Hospital during the study period
(Fig 1). Among those, 773 were interviewed using the
FRAIL Scale. After excluding the patients with subsequent
admissions during the study period, 603 participants
were enrolled and categorized into 3 groups according to
their frailty status; specifically, 78 (12.9%) were assigned
to the robust group, 256 (42.5%) to the prefrail group,
and 269 (44.6%) to the frail group, respectively. Table 1
shows the baseline characteristics of the participants.
The participants in the prefrail and the frail groups were
more likely to be female, older, and to have a higher CCl
than those in the robust group. Infection was the most
common reason for admission among the 3 groups. During
hospitalization, the prefrail and frail patients were more
likely to experience hospital infections compared to the
robust patients. The percentage of 1-month readmissions
in the frail group was higher than that in the prefrail and
the robust groups, although the difference among them
was not statistically significant.

Table 2 lists the primary outcomes, showing that
frail patients had a longer LOS than the robust ones (8
days (1, 58) vs. 6 days (1, 36); p = 0.003). Moreover, the
direct medical costs in the frail and prefrail groups were
significantly higher than in the robust group (1264.6
USD [128.9,30216.0], 1051.7 USD [154.3,37615.7], and
937.7 USD [174.8, 18539.8], respectively; p = 0.001).
Additionally, post-hoc analysis revealed that prefrail
and frail patients were more likely to die in hospital than
patients with a robust status, although this difference was
not statistically significant (6.3%, 7.1%, and 0.0%; p =
0.055; and 6.3% vs. 0.0%, p = 0.028, and 7.1% vs. 0.0%,
p =0.010 for the individual comparisons, respectively).

Table 3 lists the factors associated with a prolonged
LOS. In the univariate analysis, the factors significantly
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TABLE 1. Comparison of the baseline characteristics among the robust, prefrail, and frail groups.

Variables Total (n=603) Robust (n=78) Prefrail (n=256) Frail (n=269) p-value
Female 308 (51.1%) 24 (30.8%) 146 (57.0%) 138 (51.3%) <0.001*
Age, years <0.001*
60-69 192 (31.8%) 41 (52.6%) 82 (32.0%) 69 (25.7%)
70-79 202 (33.5%) 25 (32.1%) 79 (30.9%) 98 (36.4%)
>80 209 (34.7%) 12 (15.4%) 95 (37.1%) 102 (37.9%)
Charlson comorbidity 109 (18.1%) 5 (6.3%) 40 (15.2%) 64 (24.6%) <0.001*
index(CCl) >5
Comorbidity
Myocardial infarction 10 (1.7%) 0 (0.0%) 6 (2.3%) 4 (1.5%) 0.40
Congestive heart failure 22 (3.6%) 4 (5.1%) 5 (2.0%) 13 (4.8%) 0.13
Cerebrovascular disease 26 (4.3%) 5 (6.4%) 11 (4.3%) 10 (3.7%) 0.57
Dementia 37 (6.1%) 2 (2.6%) 18 (7.0%) 17 (6.3%) 0.38

Type 2 diabetes 275 (45.6%) 29 (37.2%) 108 (42.2%) 138 (51.3%)  0.03*

Reasons for admission?

Infection 114 (18.9%) 8 (10.3%) 52 (20.3%) 54 (20.1%) 0.12
Organ failure 77 (12.8%) 9 (11.5%) 34 (13.3%) 34 (12.6%) 0.92
Emergency events 26 (4.3%) 1(1.3%) 9 (3.5%) 16 (5.9%) 0.14
Serum albumin, g/dI 2.99 +0.58 3.06 + 0.68 3.02 £ 0.59 2.95+0.55 0.61
Hematocrit, % 30.31+6.38 32.35+ 6.01 30.38 £5.98 29.68 £ 6.73 0.06
Hospital complications®
Infection 96 (15.9%) 5 (6.4%) 35 (13.7%) 56 (20.8%) 0.004
Organ failure 61 (10.1%) 5 (6.4%) 31 (12.1%) 25 (9.3%) 0.29
Emergency events 30 (5.0%) 5 (6.4%) 15 (5.9%) 10 (3.7%) 0.43
Delirium 36 (6.0%) 1(1.3%) 16 (6.3%) 19 (7.1%) 0.15
1-month readmission 104 (17.2%) 12 (15.4%) 38 (14.8%) 54 (20.1%) 0.26

Data are presented by n (%) or mean£SD.
* Indicates statistical significance (<0.05).

*Reasons for admission are described in Appendix 2.; ® Hospital complications are described in Appendix 3.
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TABLE 2. Outcomes compared among the robust, prefrail, and frail groups.

Variables

Length of stay, days
Hospital costs, USD

In-hospital mortality, n (%)

Robust (n=78)

6 (1, 36)

937.7
(174.8, 18539.8)

0 (0.0%)

Prefrail (n=256) Frail (n=269) p-value
7 (1, 62) 8 (1, 58) 0.003*a
1051.7 1264.6 0.001*ae

(154.3, 37615.7) (128.9, 30216.0)
16 (6.3%) 19 (7.1%) 0.055%*

* Indicates statistical significance (<0.05); * There was a statistically significant difference between the robust and frail groups.; ® There was
a statistically significance difference between the robust and prefrail groups.; “ There was a statistically significant difference between the
robust and frail groups with p-value = 0.010 and between the robust and prefrail groups with p-value = 0.028.

(All costs were calculated in Thai Baht (THB) and converted to USD using the average exchange rate of 1 USD = 36.73 THB (31 Dec 2020

mean exchange rate)).

TABLE 3. Factors associated with a prolonged hospital stay

Variables

Frailty
Robust
Prefrail
Frail

Sex
Male
Female

Age, years
60-69
70-79
>80

Comorbidity

Charlson Comorbidity Index > 5
Myocardial infarction
Congestive heart failure
Cerebrovascular disease
Dementia

Type 2 diabetes

Laboratory results at admission
Albumin level
Hematocrit

Reasons for admission
Infection

Organ failure
Emergency events

Univariate analysis
Crude OR (95%Cl)

1
1.54 (0.85-2.81)
2.06 (1.14-3.72)

1
1.69 (1.19-2.39)

1
1.03 (0.66-1.59)
1.48 (0.97-2.58)

1.58 (1.03-2.43
2.17 (0.62-7.59
2.21 (0.94-5.20
1.36 (0.60-3.05
1.37 (0.67-2.64
0.92 (0.66-1.30

—_— — — — — —

0.54 (0.38-0.77)
1.00 (0.97-1.03)

1.99 (1.32-3.03)
1.84 (1.13-2.99)
0.78 (0.32-1.89)

*Reasons for admission are described in Appendix 2.

* Indicates statistical significance (<0.05).

p-value Multivariate analysis p-value
Adjusted OR (95%Cl)
(Backward Stepwise
Likelihood Ratio)
1
0.16 1.77 (0.85-3.69) 0.13
0.02* 2.21 (1.07-4.56) 0.03*
0.01*
0.90
0.07
0.04*
0.22
0.07 3.39 (1.09-10.57) 0.04*
0.46
0.42
0.65
<0.001* 0.54 (0.37-0.77) 0.001*
0.82
0.001*
0.01*
0.58

** Adjusted frailty, sex, age, congestive heart failure, albumin level, infection, and organ failure.
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associated with a prolonged LOS were frailty status, with
an OR of 2.06 [(95%CI, 1.14-3.72); p = 0.02]; female
gender, with an OR of 1.69 [(95%CI, 1.19-2.39); p =
0.01]; congestive heart failure (CHF), with an OR of 2.21
[(95%CI, 0.94-5.20); p = 0.07]; albumin level, with an
OR of 0.54 [(95%CI, 0.38-0.77); p < 0.001]; infection,
with an OR 0f 1.99 [(95%CI, 1.31-3.03); p = 0.001]; and
organ failure, with an OR of 1.84 [(95%ClI, 1.13-2.99);
p =0.014]. In the multivariate analysis adjusted for gender,
age, CHF, albumin level, infection, and organ failure, frailty
was significantly associated with an extended hospital
stay, with an adjusted OR of 2.21 [(95%ClI, 1.07-4.56);
p = 0.03]. Also, patients with CHF had a prolonged LOS,
with an adjusted OR of 3.39 [(95%CI, 1.09-10.57); p =
0.04]; whereas patients with high albumin levels were
less likely to experience extended hospitalization, with
an adjusted OR of 0.54 [(95%CI, 0.37-0.77); p = 0.001].

DISCUSSION

The present study demonstrated there was an
association between frailty status and negative consequences,
including a prolonged LOS, higher healthcare costs, and
increased mortality, in older patients in acute medical
wards of a university hospital in middle-income settings.
Also, older patients with a prefrail status had higher
healthcare costs and increased mortality compared to
robust older patients. Congestive heart failure was one
important clinical condition that was found to contribute
to extended hospitalization, whereas a high serum albumin
level, which could indicate the good nutritional status
of patients, was a protective factor against a prolonged
hospital stay.

Frailty can contribute to an increased mortality
risk due to its pathophysiology.'*”* Frail individuals
experience a decline in multiple organ systems, leading
to aloss of homeostatic capability to withstand stressors
and resulting in vulnerabilities that can have adverse
outcomes on such individuals when they are exposed to
acute illnesses or physical stress.” Supporting evidence
from a previous meta-analysis showed that frail and
prefrail statuses were associated with a higher risk of
in-hospital, medium-term, and long-term mortality
compared to non-frail groups.” Our study demonstrated a
similar association, showing higher in-hospital mortality
among frail and prefrail patients.

The association between frailty and mortality in
older patients has been established in several contexts in
previous studies, though primarily in acute care settings,
similar to in our study.*””° Most studies were conducted
using the frailty index, frailty phenotype, or Clinical
Frailty Scale (CFS), while limited studies have used
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the FRAIL Scale as the diagnostic tool for identifying
frailty to predict mortality.** The FRAIL Scale has been
validated in the Thai context and shown to have a good
correlation with the Thai frailty index'’, making it an
ideal tool for our study. Additionally, the tool requires
minimal skill and time for its administration. Overall,
this study included additional evidence from using the
FRAIL Scale for stratifying the mortality risk among
older patients admitted to an acute medical setting.

Furthermore, the study highlighted the fact that
prefrail and frail patients are more likely to utilize
healthcare resources than robust patients in an upper-
middle-income country. This increased utilization was
evidenced by their prolonged LOS and the higher costs for
their treatment, which represent healthcare costs from a
provider perspective. This result was in accordance with
previous studies conducted in both HICs and LMICs.”*'**
It was emphasized in a prior study that multi-comorbid
conditions were not the sole contributor to the higher
healthcare cost and utilization found among the study’s
frail group.”® Multiple deficits in other domains, such
as the ability to independently ambulate, the ability to
perform self-caring, and impaired cognition, which are
more common in frail older persons, might contribute
to a higher risk of them experiencing other geriatric
syndromes, such as hospital complications, and lead to
higher costs and a longer hospital stay.

In addition, a prolonged LOS was selected as a
representative measure to explore the potential contributing
factors to the negative consequences of frailty. It would also
be beneficial if some factors were found to be potentially
modifiable. This study showed that frailty was associated
with extended hospitalization. Frailty has long been
considered a strong indicator correlated with prolonged
hospitalization, with different tools used to define frailty
status.”” This study contributes to the field by adding
evidence from using the FRAIL Scale to strategize the
risk of a prolonged LOS among older patients admitted
to an acute medical setting. Moreover, our results showed
that CHF independently contributed to a prolonged LOS,
whereas high serum albumin was a protective factor
against a prolonged LOS. These findings were similar to
those of other studies with respect to their correlation
with LOS.**

The study addressed the negative consequences of
frailty among older inpatients. Despite the study being
conducted in a large single center only, our findings could
have a tremendous impact on the healthcare system in
Thailand and how frailty is considered and managed. This
is a serious issue for the healthcare system as the number
of frail older people is increasing along with the aging
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population, and this is placing an increasing burden on
the healthcare system. Frail older patients should receive
a comprehensive geriatric assessment (CGA) to evaluate
their physical, psychological, functional, and social aspects
in order to ensure they receive appropriate interventions.
Interventions from a multidisciplinary team would be
beneficial for helping prevent complications, which could
lead to decreased healthcare utilization among frail older
patients.”’ ** One of the possible solutions in the Thai
context, where a guideline for caring for hospitalized
older patients is not yet available, is to screen for frailty
at the beginning of older patient’s admission. Integrated
interventions could, therefore, be implemented early
on for the frail group and could ensure the healthcare
provider can better utilize their workforce to ensure
that vulnerable patients are identified and cared for
appropriately.

There are several strengths of this study to note.
First, we prospectively defined frailty status using the
FRAIL Scale based on our setting. Second, we enrolled
consecutive patients during the study period, which should
minimize selection bias. Third, the data were retrieved
from medical databases with a standard procedure to
ensure the accuracy of the clinical information, including
the use of ICD-10 code data. However, there are some
limitations of our study that should be addressed too.
First, the healthcare costs in our study included only
direct medical expenses without taking into account direct
non-medical and indirect costs. Nevertheless, it could be
estimated that the healthcare costs for frail older persons
would be even more than their initial expenditure, with
any deficits requiring recovery after the illnesses. Second,
we could not disentangle the association between frailty
and the in-hospital mortality outcome using multivariate
analysis as there was no mortality in the robust group
during the study. Third, the study was carried out among
frail older inpatients in a large tertiary hospital, which
may limit the generalizability of these findings. However,
considering the limited resources and workforce across the
country as a whole as a resource-limited setting, it could
be assumed that the care setting for older people might
not be much different in other settings in Thailand, or
even in other LMIC countries. The magnitude of impact
might be different in other settings, but the influence
of frailty should remain the same. Last, because of the
nature of the retrospective study design, some potential
confounders, such as socioeconomic status and functional
status, were not available at the time of analysis and so
were not considered. A prospective cohort study should
be conducted to investigate these potential contributing

factors better. Identifying modifiable factors in a resource-
limited setting, where long-term care remains mostly at
home for older people with multiple deficits, would also
be beneficial.

CONCLUSION

Frailty status significantly increased the length of
hospital stay, mortality and healthcare costs of older
patients in an acute care setting. Identifying frail older
patients using the FRAIL Scale, with an aim to ensure
they receive CGA provided by a multidisciplinary team
and transition to a proper intermediate care setting, might
be an option for healthcare systems to appropriately
allocate resources for caring for older patients in an
aging society, particularly in resource-limited settings.
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ABSTRACT

The growing population of nonagenarians has led to increased intensive care unit (ICU) admissions among
elderly patients. However, evidence on their outcomes and optimal management strategies remains limited and
fragmented. This scoping review aimed to explore mortality outcomes, factors associated with mortality, and
treatment intensity in nonagenarians, comparing them to younger patients. A systematic search of MEDLINE and
Embase from 1946 to September 2024 identified studies reporting ICU, in-hospital, and long-term mortality in
nonagenarians. Twenty-nine studies involving 21,420 nonagenarians and 244,323 younger patients were included.
ICU mortality among nonagenarians ranged from 1.42% to 66.7%, with an overall rate of 17.05% (2,738/16,062).
In-hospital mortality ranged from 5.6% to 47%, with an overall rate of 26.54% (5,563/20,962). Long-term (one-
year) mortality varied from 19% to 77%, with an overall rate of 53.45% (7,020/13,134). Key predictors of mortality
included comorbidities, high severity scores (APACHE II, SAPS II), and less aggressive treatment. Despite these
factors, nonagenarians had comparable mortality rates to younger patients when adjusted for illness severity.
Nonagenarians in ICUs display variable but acceptable mortality rates, suggesting that age alone should not determine
care intensity. Their heightened vulnerability after discharge calls for more effective and personalized post-ICU and
post-hospital discharge care plans to better address their ongoing risks.
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Admission (Siriraj Med ] 2025; 77: 93-107)

INTRODUCTION

The global population is aging rapidly, leading
to a significant increase in the number of very elderly
individuals, particularly nonagenarians. By 2030, more
than 30 million nonagenarians are projected to reside
in 35 industrialized countries.' Alongside this trend, the
number of patients aged 80 years and older in intensive
care units (ICUs) is steadily increasing””
substantial challenges for healthcare systems, especially in
the management of critically ill elderly patients.”” Despite
the growing presence of nonagenarians in ICUs, there
remains a significant gap in the evidence regarding their
specific outcomes and optimal management strategies.

Existing studies provide some insights, but the evidence
remains limited and fragmented. For example, Garrouste-
Orgeas et al.’ found that nonagenarians received fewer
interventions, such as arterial line monitoring and renal
replacement therapy, than octogenarians. However, their
ICU and hospital mortality rates were similar. Likewise,
Bruno et al.” also reported that nonagenarians had ICU
mortality rates comparable to octogenarians, despite
greater frailty and fewer organ support interventions.
After adjusting for confounders, there was no significant
increase in risk of 30-day mortality. These findings suggest
that nonagenarians might have outcomes similar to
those of slightly younger elderly patients, even with less
intensive care. Still, the limited number and scope of
these studies leave questions about the best way to care
for nonagenarians in ICUs.

, presenting

Recent data suggest improvements in long-term
survival rates for nonagenarians."’ Yet, few comprehensive
analyses have explored how advances in medical care and
treatment strategies have contributed to these outcomes.
This gap in research leaves healthcare providers with
insufficient guidance on optimizing care for this growing
patient population.

This scoping review aims to explore the outcomes of
nonagenarians in ICUs, focusing on mortality rates and
comparing them to younger age groups. Additionally,
the review will identify key risk factors for death in
critically ill nonagenarians and evaluate how the intensity
of treatment affects outcomes. Treatment is categorized
based on its intensity, such as less aggressive (involving
limited use of invasive catheters, mechanical ventilation,
vasopressors, inotropes, and renal replacement therapy)
or more aggressive. By synthesizing the literature, this
study seeks to provide a clearer understanding of survival
factors and offer guidance for optimizing care for this
unique patient population.

METHODOLOGY

This scoping review adhered to the Cochrane and
Joanna Briggs Institute (JBI) methodologies for scoping
reviews, with reporting following Preferred Reporting Items
for Systematic Reviews and Meta-analyses extension for
scoping reviews (PRISMA-ScR) guidelines." It focused
on collecting data on mortality rates, factors associated
with mortality, and treatment intensity among critically
ill nonagenarian ICU patients.
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Eligibility Criteria
Inclusion
* Studies involving nonagenarian patients (aged
290 years old)admitted to ICUs.
* Studies reporting on mortality (e.g., 30-day mortality,
ICU mortality) and other relevant clinical outcomes.

Exclusion

* Studies without ICU-specific outcomes (e.g.,
those focused solely on quality of life).

* Studies focused exclusively on patients younger
than 90 years of age, unless nonagenarian-specific
data could be extracted.

* Studies not published in English

* Reviews, letters, commentaries, correspondence,
conference abstracts, expert opinions, and editorials
were excluded.

Information sources

Searches were conducted in MEDLINE Ovid ALL and
Embase Ovid Classic the period from 1946 to September
18, 2024.

Search strategy

We performed preliminary searches in MEDLINE
and Embase to identify relevant studies, indexing terms,
and keywords (e.g., nonagenarian, aged over 90, very
elderly, extreme aged, mortality, intensive care). Next,
we conducted a comprehensive search using all indexed
terms and keywords across the selected databases, without
applying any limits or filters (as detailed in Appendix
II: Search strategy). Finally, we manually reviewed the
references from the included studies and assessed those
that met the eligibility criteria for inclusion in the review.

Selection of evidence

We uploaded all citations to Covidence and removed
duplicates. Two independent reviewers (NK and NR)
screened the titles and abstracts based on the inclusion
criteria. Any disagreements during the full-text screening
were resolved through discussion.

Data extraction

The two reviewers (NK and NR) created a data
extraction table to record key variables. These included
study details, publication year, design, the mean or
median age of the nonagenarian group, and mortality
outcomes, with comparisons to younger cohorts when
available.

Review Article S M]

RESULTS
Search results and included studies

The search strategy identified 303 references from
two databases: MEDLINE (n = 178) and Embase (n
= 125). Two additional studies were found through
citation searching, yielding a total of 305 articles. After
the removal of 45 duplicates via Covidence, 260 studies
remained for screening. Following title and abstract
screening as well as full-text review, 29 publications met
the inclusion criteria for the final analysis (Fig 1).

Types of Included Papers

The selected publications spanned from 1984 to
September 18, 2024, with a noticeable increase in studies
in recent years. Among the 29 publications, 4 (13.8%)
were prospective studies'’”, whereas the remaining 25
(86.2%) were retrospective cohort studies.”**'*'*** The
types of ICUs represented were diverse and included
mixed ICUs, surgical ICUs, cardiac ICUs, respiratory
ICUs, nephrology ICUs, and trauma and surgical ICUs
(Table 1).

Among these publications, 58.6% (17 studies)
reported mortality outcomes specific to ICU settings®* '
12131720 22726315 while others addressed in-hospital mortality,
long-term mortality, or ICU-related complications.
Several studies focused on specific medical conditions
affecting nonagenarians, such as acute kidney injury'**,
peripheral vascular disease”’, and postoperative outcomes
following major surgeries, particularly cardiac surgery."*"

Most of the publications incorporated various
illness severity risk scores to predict mortality outcomes,
including the Acute Physiology and Chronic Health
Evaluation (APACHE)"*'7#2>2%31  Simplified Acute
Physiology Score (SAPS IT)*'*'***%, Sequential Organ
Failure Assessment (SOFA)*'****, Charlson Comorbidity
Index (CCI)!016222427:303233 "E]der Risk Assessment (ERA)%,
Global Registry of Acute Coronary Events (GRACE)™,
New York Heart Association (NYHA) Functional
Classification', Clinical Frailty Scale (CFS)’, and Mortality
Probability Model (MPM).” These scores are used to
assess the severity of illness and guide clinical decisions
concerning critically ill nonagenarians, with the APACHE
IT, SAPS II and CCI scores being the most commonly
used scores.

Demographics and geographic distribution of the
studies

Most studies were conducted in Germany (34.5%,
10 studies)®'*01%222427. 28353 followed by the United
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Fig 1. PRISMA flow diagram
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Studies included in review (n = 29)

TABLE 1. Study characteristics.

Author, Study design Population Type of Age Comparison Nonagenarian  Younger group
Year, Country ICU (years) mortality mortality
Michel, 1984, Retrospective 225 nonagenarian Surgical 92.1  Nonagenarian:  In-hospital Not reported
United States®®  cohort study who underwent ICU Elective surgery  mortality:

major surgeries vs Emergency 171225 (7.5%)

surgery

Margulies, Prospective 5,792 surgical Surgical 92.1  Nonagenarians  SICU mortality: =~ SICU mortality:
1993, data collection ICU patients ICU (0.2) vs. Younger 6/140 (4.3%) 130/5652 (2.3%)
United States'” - Nonagenarians: 140 patients In-Hospital In-hospital

- Aged < 90: 5,652 (<90 years) mortality: 24/140 mortality:

(17.1%) 298/5652 (5.3%)

Bacchetta,2003, Retrospective 42 nonagenarian Cardiac  91.2  Notdetermined In-hospital Not reported
United States'”  analysis patients who surgical mortality:

underwent open- ICU 3142 (7%)

heart procedures

Long-term mortality
(mean 2.53 years,
range: 0.16 to

7.1 years): 19%

96  Volume 77, No.1: 2025 Siriraj Medical Journal

https://he02.tci-thaijo.org/index.php/sirirajmedj/index



Review Article S M]

TABLE 1. Study characteristics. (Continue)

Author,
Year, Country

Demoule, 2005,
France’'

Rellos, 2006,
Greece

Nathanson,
2011,
United States®

Yayan, 2012,
Germany™*

Assmann, 2013,
Germany'®

Becker, 2015,
Germany’

Study design Population

Case-control

Prospective
Cohort Study

Retrospective
cohort study

Retrospective
cohort study

Retrospective
data analysis

Retrospective
observational
study

108 ICU patients

- Aged 290 years: 36

- Aged 20-69 years:
72

5,505 ICU patients

- Nonagenarians: 60

- Aged < 90 years:
5445

124,885 ICU patients

- Aged 290 years:
2,576

- Aged < 90 years:
122,309

8,554 ICU patients
- Aged 290 years:
212

- Octogenarians:
1,715

49 nonagenarians
who underwent
cardiac surgery

372 critically ill
patient 290 years

Type of Age
ICU (years)
Respiratory 92.8
ICU (2.4)
Mixed 92
ICU (2.8)
Mixed Not
ICU specified
Mixed 92.7
ICU (6.98)
Cardiac 91.2
surgical  (3.1)
ICU
Mixed 92.2
ICU (91—
94.3)

Comparison

Patient aged
290 years vs.
Age 20-69
years

Nonagenarians
vs. Age <90
years

18-29 years vs.
30-39 years vs.
40-49 years vs.
50-59 years vs.
60-69 years vs.
70-79 years vs.
80-89 years vs.
>90 years

Patient aged
290 years vs.
Octogenarians

Not determined

Patient aged
290 years:
ICU-survival vs.
ICU-non-survival

Nonagenarian
mortality

ICU mortality:
10/36 (28%)
In-hospital
mortality: 17/36
(47%)

ICU mortality:
12/60 (20%)
In-hospital
mortality:
24/60(40%)

In-hospital
mortality:
716/2576
(27.8%)

In-hospital
mortality rate:
3/212 (1.42%)

In-hospital
mortality:
5/49 (10%)

ICU mortality:
68/372 (18.3%)
In-hospital
mortality:
115/372 (30.9%)
1-year mortality:
242/372 (34.9%)

Younger group
mortality

ICU mortality:
13/72 (18%),
In-hospital
mortality:
20/72 (27%)

ICU mortality:
365/5445 (6.7%),
In-hospital
mortality:
485/5445 (8.9%)

In-hospital
mortality:

18-29 years:
505/8709 (5.8%)
30-39 years:
648/9523 (6.8%)
40-49 years:
1449/15928 (9.1%)
50-59 years:
2275/19960
(11.4%)

60-69 years:
3165/22933
(13.8%)

70-79 years:
4722/27941
(16.9%)

80-89 years:
3757/17315
(21.7%)

In-hospital
mortality rate:
44/1715 (2.57%)

Not reported

Not reported
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TABLE 1. Study characteristics. (Continue)

Author, Study design Population Type of Age Comparison Nonagenarian  Younger group
Year, Country ICU (years) mortality mortality
Sim, 2015, Single-centre 155 critically ill Mixed 92 Patient 290 ICU Mortality: Not reported
Korea®! retrospective  patient 290 years ICU (91— years: 50/155 (32.3%)
cohort study 94) ICU survival vs.  In-hospitality
Non-survival mortality:
52/155 (33.5%)
Garrouste- Retrospective 2,419 ICU patient Mixed 92 Patient age ICU mortality: ICU mortality:
Orgeas, 2016,  observational, age 280years, ICU (90.8- >90 years vs. 44/176 (25%) 36/176 (20.5%)
France® multicentre matching compared 93.7) 80-90 yearsold In-hospital In-hospital
study nonagenarian vs mortality: mortality:
octogenarians 36/176 (39.8%)  64/176 (36.4%)
- Age >90 years: 176
- Age 80-90 years:
176
Lai, 2016, Retrospective 510 patients who Mixed 91.6  Patient 290 In-hospital In-hospital
Taiwan” cohort study required prolonged ICU (1.6)  yearsvs. mortality: mortality:
mechanical ventilation Octogenarians  7/41 (17.1%) 104/469
(PMV) for over 21 days (22.2%)
- Patient 290 years: 41
- Octogenarians: 469
Rosenbaum, Retrospective 453 nonagenarians  Cardiac 92 (2) Nonagenarian:  Overall in- Not reported
2017, United cohort study (age 290 years) Intensive Elder Risk hospital Mortality:
States” admitted to or Care Unit Assessment 70/453 (15%)
transferred to the (ERS) score: 4-8 - ERS 4-8:
Cardiac Intensive vs. 9-15vs. 216 34/109 (18%)
Care Unit (CICU) - ERS 9-15:
28/227(12%)
- ERS216:
22/117 (19%)
Overall 30-day
mortality: 104/453 (23%)
Overall 6-month
mortality: 181/453 (40%)
Overall 1-year mortality:
213/453 (47%)
Roedl, 2018, Single-centre 48 nonagenarian Mixed 91.7  Nonagenarian:  ICU Mortality: Not reported
Germany” retrospective  (age 290 years) ICU (90.7- Postcardiac 26/48 (54%)
cohort study who suffered from 92.6) arrest survival In-hospital
cardiac arrest (CA) vs. Postcardiac  mortality:
and achieved return arrest non- 30/48 (62.5%)
of spontaneous circulation survival 1-year mortality
rate:37/48 (77%)
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TABLE 1. Study characteristics. (Continue)

Author,
Year, Country

E.M.Haas,
2020,
Netherlands®

Sousa, 2020,

Brazil*

Kochlya, 2020,
France®

Arikan, 2020,
Turkey'”

Study design

Retrospective
national
cohort study

Retrospective
cohort study

Retrospective
cohort study

Retrospective
observational
study

Population

104,754 critically ill
patients

- Aged 290 years:
9,495

- Octogenarians:
95,259

436 nonagenarians
(age 290 years)

hospitalized patients

- ICU admitted: 333

- Ward admitted: 103

403 patients
admitted to ICU
with acute coronary
syndrome (ACS)

- Age 290 years: 92

- Octogenarians: 311

107 critically ill
nonagenarians
(age 290 years)

Type of Age Comparison

ICU (years)

Mixed Not Aged 290

ICU specified years vs.
Octogenarians

Mixed 935 Nonagenarian:

ICU (3.3)  with AKl vs.
without AKI

Cardiac 92.6 Age 290 years

Intensive (2.2) VS.

Care Octogenarians
Unit

Mixed 92.65 Nonagenarian:
ICU (2.36) Medical vs.

Surgical patients

Nonagenarian  Younger group
mortality mortality
ICU mortality: ICU mortality:
1310/9495 15337/95259
(13.8%) (16.1%)
In-hospital In-hospital
mortality: mortality:
2478/9495 24482/95259
(26.1%) (25.7%)
3-month mortality: 3-month
4092/9495 mortality:
(43.1%) 32102/95259
1-year mortality:  (33.7%)
5222/9495 (55%) 1-year mortality:
40676/95259
(42.7%)
Overall ICU Not reported
mortality:
170/333 (51.1%)
- AKI: 124/173
(71.7%)
- Non-AKI:
46/160 (28.8%)

Overall hospital
mortality (ICU and
ward mortality):
188/436 (43.1%)

- AKI: 131/196 (66.8%)
- Non-AKl: 57/240

(23.8%)
In-hospital In-hospital
mortality rate: mortality:

14/92 (15.2%)
5-year overall
mortality: 34/92

29/311 (9.3%)
5-year overall
survival: 84/311

(37%) (27%)
Overall ICU Not reported
Mortality: 68/107

(63.55%)

- Surgical: 4/25 (16%)
- Medical: 64/82
(78.04%)

https://he02.tci-thaijo.org/index.php/sirirajmedj/index

Volume 77, No.1: 2025 Siriraj Medical Journal 99



Kitisin et al.

TABLE 1. Study characteristics. (Continue)

Author,
Year, Country

Bardak, 2021, Retrospective
Netherland” cohort study
Bruno, 2021, Retrospective
England’ cohort study
Higuchi, 2023,  Prospective
Japan" observational
analysis
Roedl, 2023, Retrospective
Germany”’ cohort study

Study design Population

176 critically

ill patients

- Nonagenarians
(age 290 years): 18

- Octogenarians: 70

- Elderly patients
(65-79 years): 88

7,900 critically
ill patients
- Nonagenarians

(age 290 years): 790
- Octogenarians: 7110

2,242 critically

ill patients

- Nonagenarians:
197

- Octogenarians: 655
- Patient < 80 years:

1,390

1,108 critically ill
nonagenarian and
centenarian

(age 290 years)

Type of Age
ICU (years)

Nephrology 92.8
ICU

Mixed 91
(90-94)

Cardiac 92.5

Intensive (2.5)

Care

Unit

Mixed 92.3
(91-
94.2)

Comparison

Nonagenarians
VS.
Octogenarians
vs. Elderly
(6579 years)

Nonagenarians
VS.
Octogenarians

Nonagenarians
VS.
Octogenarians
vs. Patient

<80 years

Nonagenarian
and centenarian:
PAD vs. without
PAD

Nonagenarian
mortality

ICU mortality:
12/18 (66.7%)
1-month mortality
rate post-
discharge: 40%

ICU Mortality:
213/790 (27%)
30-Day Mortality:
337/790 (45%)

In-hospital:
11/197(5.6%)
1-Year Mortality:
371197 (19%)

Overall ICU
mortality:
201/1108 (18%)
- PAD: 62/391
(23%)

- Non-PAD:
139/717 (16%)

Overall in-hospital

mortality:
311/1108 (30%)
- PAD: 108/391
(41%)

- Non-PAD:
223/717 (26%)

Younger group
mortality

ICU mortality

- Octogenarians:
34/70 (48.6%)

- Elderly 33/88
(37.5%)
1-month
mortality rate
post-discharge

- Octogenarians:
18.6%

- Elderly: 11.4%

ICU Mortality:
1921/7110 (27%)
30-Day Mortality:
2743/7110
(40%)

In-hospital/
30-day Mortality
- Octogenarians:
25/655 (3.8%)

- Patient < 80
years:

28/1390 (2%)
1-Year Mortality
- Octogenarians:
79/655 (11.9%)
- Patient < 80
years: 57/1390
(4.1%)

Not reported
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TABLE 1. Study characteristics. (Continue)

Author,
Year, Country

Theile, 2023,
Germany™”

Bruoha, 2023,
Israel™

Study design Population

Retrospective
cohort study

Prospective
study

863 critically ill
nonagenarians

(age 290 years) with

available RDW
measurements

3,807 patients
admitted to the

Type of
ICU

Mixed

Cardiac
Intensive

Age Comparison

(years)
92.2

(90.0-
94.0)

Nonagenarians:
ICU survival vs.
Non-survival

92,5  Nonagenarians
(2.5) vs.

Nonagenarian
mortality

Younger group
mortality

Overall ICU
Mortality:
132/863(15%)
- Low RDW (214.5%):
34/327 (10%)

- High RDW (>14.5%):
98/536 (18%)

Overall in-hospital
mortality: 275/863 (32%)
- Low RDW (£14.5%):
66/327 (20%)

- High RDW (>14.5%):
179/536 (33%)

Overall 1-year mortality:
361/863 (42%)

- Low RDW (214.5%):
148/327 (45%)

- High RDW (>14.5%):
339/536 (63%)

Not reported

In-hospital
mortality:

In-hospital
mortality:

91/3629 (2.5%)
310 days after
discharge
mortality: 14%

Care
Unit

younger patients 10/178 (5.6%)
310 days after
discharge

mortality: 30%

Intensive Coronary
Care Unit (ICCU)

- Nonagenarians
(age 290 years): 178
- Younger patients

Schmidt, 2024,
Germany'®

Daniels, 2024,
Germany'’

Retrospective
cohort study

Retrospective
observational
cohort study

(age < 90 years):
3,629

1,054 critically ill
nonagenarian
(aged 290 years)

1,108 critically ill
nonagenarian
(aged 290 years)
patients

Mixed

Mixed

92.3
(IQR
3.1)

92.3
91-
94.2)

Nonagenarian:
with AKI vs.
without AKI

1t period:
Nonagenarians
in ICU during
January 1, 2008
— August 30,
2013 vs.

2" period:
Nonagenarians
in ICU during
September 1,
2013 — April 30,
2019

Overall in-

hospital mortality:
304/1054 (28.84%)
- AKI 129/257 (50.19%)
- Non-AKI 175/797
(21.96%)

Overall ICU
mortality:
201/1108 (18.14%)
- 1t period:

72/391 (18.41%)

- 2" period:
129/717 (17.99%)
Overall in-hospital
mortality: 311/1108
(29.87%)

- 1%t period:
123/391 (31.46%)
- 2" period:
208/717 (29.01%)
Overall 1-year mortality:
635/1108 (57.31%)

- 1t period:

237/391 (60.61%)

- 2" period:

398/717 (55.51%)

Not reported

Not reported
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TABLE 1. Study characteristics. (Continue)

Author, Study design Population Type of Age Comparison Nonagenarian  Younger group
Year, Country ICU (years) mortality mortality
Heuer, 2024, Retrospective 145 nonagenarians  Trauma  94.1 Nonagenarians:  ICU mortality: Not reported
Germany** cohortstudy  (aged 290 years) and (3.0)  365-day survival 14/145 (9.66%)
with proximal femur  surgical vs. decreased In-hospital
fracture (PFFs) or before 365-days mortality:
periprosthetic femur 32/145 (22.07%)
fractures 1-year mortality:
81/145 (56%)
Sarma,2024, Retrospective 239 nonagenarians Cardiac ~ 92.3  Nonagenarians: Overall in-hospital Not reported
United cohort study (aged 290 years) Intensive  (91.0- No CAG vs. mortality: 50/239
States™ admitted to the Care Unit 94.4) CAG/No PCI (20.8%)
cardiac intensive vs. CAG/PCI - No CAG:
care unit (CICU) 22/103 (21.4%)
with acute coronary - CAG/No PCI:
syndrome (ACS) 10/46 (21.3%)
- No CAG: 103 - CAG/PCI:
- CAG/No PCI: 46 18/90 (20.0%)
-PCI=90 Overall 1-year
mortality: 133/239
(55.6%)
- No CAG: 63/103
(61.2%)
- CAG/No PCI:
24/46 (52.2%)
- CAG/PCI: 52/90
(57.8%)
Haar, 2024, Retrospective 1,108 Mixed 92.3  Nonagenarians: Overall ICU Not reported
Germany*’ analysis nonagenarians (91.0- ICU-cardiac mortality: 201/
(aged 290 years) 94.2) arrestvs. No 1108 (18.14%)
critically ill patients ICU-cardiac - ICU-CA:
arrest (CA) 22/25 (88%)
- No ICU-CA:
179/1083 (17%)

Overall in-hospital
mortality: 311/1108
(29.87%)

- ICU-CA: 25/25
(100%)

- No ICU-CA:
306/1083 (28%)

The data is presented in Mean (Standard deviation) or Median (interquartile range)

Abbreviations: AKI = Acute kidney injury, ACS = acute coronary syndrome, CA = Cardiac arrest, CAG = Coronary angiography, CICU
= cardiac intensive care unit, ERS = Elder Risk Assessment, ICU = Intensive Care Unit, IQR = Interquartile range, PAD = Peripheral vascular
disease, PCI = Percutaneous coronary intervention, RDW = Red Cell Distribution width, SICU = Surgical ICU
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States (20.69%, 6 studies)'>'*******3> and France (10.3%, 3
studies).” *** Other contributing countries included
the England’, Netherlands*’*, Japan'!, Israel"”, Korea™,
Brazil?, Taiwan™, Greece", and Turkey'’, each accounting
for 3.45% to 6.9% of all contributing countries.
Regarding temporal distribution, there has been
a notable increase in publications in recent years, with
27.6% of the studies published in 2024'*'*******and 20.7%
in 2023.'>*>% This trend reflects a growing interest
in the outcomes of very elderly patients, particularly
nonagenarians, in critical care settings.

Mortality

A total of 29 studies involving 21,420 nonagenarians
and 244,323 younger patients (aged less than 90 years)
were included, examining outcomes related to ICU
mortality, in-hospital or 30-day mortality, and 1-year
or long-term mortality (Fig 2).

ICU mortality

ICU mortality was reported in 17 of 29 studies®* "
121317202427 283155 with rates among nonagenarians showing
considerable variation, ranging from as low as 1.42% to
as high as 66.7%.”’ The overall ICU mortality rate across
all studies was 17.05% (2,738 out of 16,062 patients).

Comparisons between nonagenarians and younger
groups have produced mixed results. Margulies et al."?
reported a slightly higher ICU mortality rate for

nonagenarians (4.3%) compared to patients younger than
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90 years old (2.3%) in United States (U.S.) surgical ICUs.
Demoule et al.” observed higher ICU mortality among
nonagenarians (28%) than patients aged between 20-69
years (18%) in French respiratory ICUs. Conversely,
Bruno et al.’ found equal ICU mortality rates of 27%
for both nonagenarians and octogenarians in England.
Across all studies that reported ICU mortality rates, the
mortality rate for patients younger than 90 years old was
15.61% (17,766 out of 244,093 patients), slightly lower
than that of nonagenarians (17.05%).

In-hospital mortality

In-hospital or 30-day mortality was reported in
26 of 29 studies® 0110181921915 " with rates among
nonagenarians ranging from 5.6% to 47%. Michel et al.”®
documented a 7.5% in-hospital mortality rate for
nonagenarians undergoing major surgeries in the United
States. Margulies et al.'” observed a higher in-hospital
mortality rate for nonagenarians (17.1%) compared to
patients younger than 90 years of age (5.3%) in surgical
ICUs. Demoule et al.”’ reported an in-hospital mortality
rate of 47% among nonagenarians, significantly higher
than the 27% seen in patients aged 20-69 years.

Comparative studies with octogenarians presented
various findings. Garrouste-Orgeas et al.’ reported similar
in-hospital mortality rates between nonagenarians (39.8%)
and octogenarians (36.4%) in French mixed ICUs.
Higuchi et al." reported an in-hospital mortality rate of
5.6% among nonagenarians in a Japanese cardiac care
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unit, which was slightly higher than the 3.8% observed in
octogenarians and the 2% reported in patients younger
than 80 years of age. Bruoha et al.”” reported in-hospital
mortality rates of 5.6% for nonagenarians versus 2.5% for
younger patients in Israeli intensive coronary care units.
When considering studies that reported in-hospital or 30-
day mortality, the pooled overall rate for nonagenarians
was 26.54% (5,563/20,962 patients), which was higher
than the rate for patients younger than 90 years of age,
at 18.4% (44,914/244,093 patients).

Long-term mortality

One-year mortality was reported in 12 studies “'*"
1I51923202830.355 consistently showing higher rates among
nonagenarians relative to younger age groups: 53.45%
(7,020/13,134 patients) for nonagenarians versus 40.88%
(41,260/100,933 patients) for those under 90 years of
age. Becker et al.® reported a one-year mortality rate of
34.9% in Germany, while Rosenbaum et al.”” observed
a rate of 47% among nonagenarians admitted to U.S.
cardiac intensive care units. Roedl et al.** reported the
highest one-year mortality rate, at 77%, among German
nonagenarians who had suffered cardiac arrest. Daniels
et al."’, who compared mortality between two periods,
reported a one-year mortality rate of 57.31% among
nonagenarians in German ICUs, with a slight decrease
in recent years, reflecting improvements in ICU care for
this population over time.

Comparative analyses consistently indicated higher
long-term mortality among nonagenarians. Haas et al.”’
reported a one-year mortality of 55% for nonagenarians in
the Netherlands, compared with 42.7% for octogenarians.
Higuchi etal." reported a one-year mortality rate of 19%
for nonagenarians, which was higher than the 11.9%
reported for octogenarians and the 4.1% reported for
patients younger than 80 years old.

Factors associated with mortality

Various studies have reported that factors such as
the type of admission, comorbidities, severity scores, and
specific physiological markers influence ICU, in-hospital,
and long-term mortality rates in nonagenarians.

Of the 29 studies, 17 were conducted in mixed
ICUs, which included both surgical and medical
patients, with ICU mortality rates ranging from 1.42% to
63.55%.04101316.1722.25.25.27.283155 Other studies varied: 5
studies were in cardiac ICUs with mortality rates between
5.6% and 20.8%'*">****°, 1 in a nephrology ICU”, 1 in
a respiratory ICU”, and 5 in surgical ICUs'*'*"%22¢ of
which 2 focused on post-cardiac surgery patients'*'” and
1 focused on trauma.”

ICU mortality is primarily influenced by the type
of admission, comorbidities and illness severity. Arikan
et al."”” reported a 63.55% ICU mortality rate among
nonagenarians in Turkey, with significantly higher
rates in medical patients (78.04%) than surgical patients
(16%). Similarly, Sousa et al.”” found that nonagenarians
with acute kidney injury (AKI) had a much higher ICU
mortality rate (71.7%) than those without AKI (28.8%). The
Charlson Comorbidity Index (CCI) was also independently
associated with ICU mortality, highlighting the impact
of comorbidities.”

In-hospital mortality is closely associated with
comorbidities and illness severity. Nonagenarians with
AKIT had significantly higher in-hospital mortality, as
reported by Schmidt et al.'” and Sousa et al.”, relative
to those without AKI (50.19% vs. 21.96% and 66.8%
vs. 23.8%, respectively). Additionally, elevated severity
scores, such as the Acute Physiology and Chronic Health
Evaluation II (APACHE II), were consistently linked to
increase in-hospital mortality.”

Long-term mortality is influenced by similar factors,
including specific physiological markers, comorbidities,
and illness severity. Theile et al.” found that nonagenarians
with elevated red cell distribution width (RDW) had a
one-year mortality rate of 63%, compared to 45% in
those with lower RDW. Comorbidities such as peripheral
vascular disease”” and cardiac arrest during ICU stay™”
were also associated with higher mortality rates. Higher
SAPS II scores'”'”** and SOFA scores”, along with the
need for mechanical ventilation and inotropic support'*",
were linked to increased long-term mortality. However,
Margulies et al.”” found no significant difference in
mortality between nonagenarians and younger patients
after adjusting for SAPS scores, indicating that illness
severity, rather than age alone, plays a more critical role
in mortality outcomes.

The impact of ICU treatment intensity was notable.
Some studies found that nonagenarians often received less
aggressive treatments, such as invasive arterial catheter
and renal replacement therapy, yet had mortality rates
comparable to younger cohorts.® Additionally, Bruno etal.”
reported that nonagenarians were more likely to have
treatment limitations but did not face an increased risk
of care withdrawal compared to octogenarians.

Detailed data on factors associated with mortality
and treatment intensity are provided in Appendix I:
Supplemental Table.

DISCUSSION
This scoping review highlights several important
themes relevant to clinical practice and future research.
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Key findings

Across 29 studies, ICU mortalityamong nonagenarians
averaged 17.05%, slightly higher than the 15.61% observed
in younger patients. In-hospital mortality was 26.54%,
exceeding the 18.4% rate in younger groups, while one-
year mortality reached 53.45%, compared to 40.88%
in younger patients. Key factors influencing mortality
included comorbidities, illness severity (e.g., APACHE
I, SAPS II, SOFA), and acute conditions like AKI.
Although nonagenarians often received less aggressive
interventions, they still achieved comparable outcomes
to younger patients in some instances, suggesting that
age alone should not dictate the intensity of care.

Progressive increase in mortality rates

Mortality rates among nonagenarians increase
progressively from ICU admission through to hospital
discharge and over the long term. These results are
consistent with those from the largest cohort study by
Haas et al.”” which reported ICU, in-hospital, and 1-year
mortality rates of 16.1%, 25.7%, and 42.7%, respectively,
in a cohort of 9,495 nonagenarian ICU patients. This
progressive increase emphasized the ongoing vulnerability
of critically ill nonagenarians even after ICU discharge,
suggesting that they require more comprehensive care
and follow-up to improve long-term outcomes.

Variability and factors associated with mortality
There is significant variability in mortality rates
across different studies, reflecting differences in patient
populations, healthcare systems, and ICU practices
worldwide. Mortality rates for ICU admissions among
nonagenarians varied widely, which can be attributed to
factors such as geographic location, type of ICU, patient
comorbidities, and illness severity. Medical admissions
were linked to higher mortality rates compared to surgical
, suggesting that the underlying cause for
ICU admission has a major impact on patient outcomes.
In nonagenarians, mortality is driven by factors other
than age, including the severity of illness, comorbidities,
and the reason for ICU admission. Specific physiological
markers, such as red cell distribution width (RDW), have
also been linked to higher mortality, reflecting the need
for a comprehensive assessment of health status. While
nonagenarians generally had higher mortality rates
compared to younger patients, some studies reported
similar outcomes after adjusting for illness severity',
suggesting that age alone may not determine mortality in
the ICU. Severity scores, such as APACHE IT'*!7#3252831
SAPS II 8,10,12,21,22, 31‘33) and CCII(),]6,22,24,27,3(),3133’ play a CI‘uClal
role in assessing physiological reserve and comorbidities.

10,17,35

admissions
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These tools allow for more nuanced and individualized
decision-making for both nonagenarians and younger
patients, guiding clinical care and optimizing treatment
strategies for this vulnerable population.

Less aggressive interventions and mortality rates

Nonagenarians often receive less aggressive
interventions, such as mechanical ventilation or renal
replacement therapy’, and a higher likelihood of treatment
limitations but did not face an increased risk for withdrawal
of care.” However, their mortality rates remained within
acceptable ranges. This may result from various factors,
including patient or family preferences for less invasive
care, concerns about the risks of aggressive treatments,
or clinical judgments regarding the benefits of such
interventions. The acceptable mortality rates, despite less
aggressive care, suggest that a more tailored approach—one
that weighs the risks and benefits of interventions—may
be appropriate for nonagenarians.

Strengths and limitations

This research presents several key strengths. It is the
first scoping review to systematically explore mortality
outcomes for critically ill nonagenarians, addressing a
significant gap in the literature while ensuring a geographically
diverse and relevant perspective on nonagenarian ICU
outcomes. The review offers a comprehensive overview by
examining multiple studies across diverse ICU settings,
including both surgical and medical ICUs, providing a
broad perspective on patient outcomes. Additionally, it
identifies critical factors influencing mortality, such as
illness severity, comorbidities, and physiological markers
like red cell distribution width (RDW). Finally, the
research establishes a strong foundation for future studies
by identifying knowledge gaps and proposing directions
for further investigation, particularly regarding long-term
care and post-ICU outcomes, thus contributing to the
optimization of care for this growing and vulnerable
population.

This review has several limitations. First, the
majority of the included studies were retrospective,
which may introduce missing data, bias, and variability
in mortality reporting. Some studies focused on ICU
mortality, others on in-hospital mortality, with only
a few addressing long-term outcomes, contributing to
heterogeneity. Second, while we did not perform statistical
or qualitative analyses or assess the risk of bias across
studies, this was intentional, as the review serves as a
precursor to a more comprehensive future meta-analysis
and systematic review. Third, nonagenarians have only
recently become the focus of research, meaning that

https://he02.tci-thaijo.org/index.php/sirirajmedj/index

Volume 77, No.1: 2025 Siriraj Medical Journal 105



Kitisin et al.

additional data and insights are likely to emerge in the
coming years, potentially expanding the evidence base.
Lastly, the exclusion of non-English studies may limit
the generalizability of findings, particularly in regions
where non-English research is more common.

Future research direction

There is still alack of data on the factors that strongly
influence outcomes in this patient population. Common
severity scores used in general ICU populations, such as
SAPS or APACHE, and the frailty index”, may not fully
capture the unique characteristics of nonagenarians and
require revalidation in this group. Future prospective
studies should focus on protocolized management after
ICU discharge, including rehabilitation and nutritional
support, to improve long-term outcomes for nonagenarian
patients.

CONCLUSION

Critically ill nonagenarians in ICUs experience
varied, yet often acceptable, mortality rates, suggesting
that age alone should not determine ICU admission or
treatment intensity. However, the rise in mortality from
ICU discharge to long-term follow-up demonstrates their
continued vulnerability and emphasizes the importance
of developing comprehensive, individualized care plans
that extend beyond the ICU setting.
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