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EDITORIAL

https://doi.org/10.47102/annals-acadmedsg.2026362

Strengthening infection control in Singapore’s nursing homes:

Lessons, limitations, and the road ahead
Meng Ying Sim' MRCP (UK), Ray Junhao Lin" MMed (Int Med)

In this issue of the Annals, Sun et al. contribute to a
growing body of evidence supporting preventive
and systems-based interventions in nursing homes
(NHs)." As populations age and healthcare systems
shift towards community-based and preventive care
models, NHs have become an increasingly important
component of healthcare delivery. In Singapore,
where the proportion of residents aged 65 years and
above is projected to rise from approximately 16%
to one-quarter of the population by 2030, this trend
carries particular urgency. Strengthening care in these
settings has implications not only for patient outcomes
but also for health system sustainability, particularly
through reducing healthcare-associated infections,
avoidable hospital admissions, and unnecessary utili-
sation of acute hospital resources.

Existing literature has consistently shown that
proactive interventions, including standardised care
processes and coordinated service delivery between
NHs and acute care systems, can reduce avoidable
transfers to hospitals. In a systematic review by Graver-
holt et al., interventions such as advance care planning,
enhanced access to specialist services, and structured
clinical pathways for lower respiratory tract infections
were associated with reduced hospital admissions.?
In Singapore, similar principles have guided efforts
to strengthen integration between acute hospitals
and long-term care facilities. The Empower Nursing
Homes And improve staNdards of CarE (ENHANCE)
programme by Sengkang General Hospital in
Singapore demonstrate how structured partnerships
can improve preventive care delivery in the community.?
ENHANCE incorporated tools including the National
Early Warning Score, teleconsultation, clinical care
pathways, and staff training aimed at improving NH staff
capacity to assess and manage acutely unwell residents
on site, thereby reducing hospital transfers.

Sun et al. extend previous work through emphasis
on infection prevention and control (IPC) as a core
strategy for reducing infectious disease burden and
avoidable hospital transfers in NHs. Through improved
access to specialist support, structured IPC measures,
and standardised clinical practices, the Infectious

Diseases Community Programme (IDCP) was asso-
ciated with improved NH IPC capacity and reductions
in methicillin-resistant Staphylococcus aureus (MRSA)
acquisition and inappropriate fever-related transfers.
These findings are consistent with international
evidence demonstrating that effective IPC programmes
in long-term care facilities require multicomponent
approaches incorporating staff education, surveillance
systems, hand hygiene, environmental cleaning,
antimicrobial stewardship, and strong organisational
support.* This is important in NHs, where communal
living environments and frequent healthcare encoun-
ters as well as limitations in staffing, infrastructure, and
IPC expertise increase the risk of infectious disease
transmission and inconsistent implementation of IPC
practices.

The reported 33.6% relative reduction in new MRSA
acquisitions (P<0.001) is both statistically significant
and clinically meaningful given the burden of multidrug-
resistant organisms (MDROs) in long-term care settings
and the frequent movement of residents between
hospitals and NHs, which influences transmission
dynamics across the wider healthcare system.®
Underpinning these outcomes was a structured,
3-tiered training programme in which 1260 staff across
all 20 participating NHs were trained across 37 sessions,
incorporating a train-the-trainer component designed
to sustain IPC capacity beyond the programme period.
Notably, influenza vaccination coverage exceeded
90% of residents, with 7 of 9 NHs achieving at least
80% coverage among both residents and healthcare
workers. This represents a substantial improvement
from baseline and reflects the programme’s concurrent
work to address consent barriers, knowledge gaps,
and cost-related obstacles to vaccine uptake.

Of note, 2 facilities, labelled NH E and NH F, demon-
strated post-implementation increases in MRSA
acquisition rates. The authors attribute these findings
to limited baseline data, later programme onboarding,
smaller sample sizes, and unmeasured confounders
including differing resident case-mix and staffing
variability. These discordance highlight that IPC
programme effectiveness is not uniform across facilities,
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and early, comprehensive programme integration is
key to achieving consistent outcomes. Identifying and
addressing such heterogeneity will be essential as
similar programmes are considered for broader
implementation.

Beyond individual IPC programme components,
the findings align with growing evidence supporting
horizontal IPC strategies, which aim to reduce
transmission broadly across multiple organisms rather
than targeting a single pathogen.*¢ Such strategies
include hand hygiene, environmental cleaning, staff
education, antimicrobial stewardship, surveillance, and
standardised barrier precautions—all of which feature
as components of the IDCP. These approaches are
relevant in NHs, where residents have increased infec-
tion risks and MDRO exposures due to multiple
comorbidities, frequent healthcare exposure, and
prolonged stays. The influential cluster-randomised
PROTECT trial by Huang et al. demonstrated that a
multicomponent IPC intervention combining targeted
decolonisation strategies, chlorhexidine bathing,
enhanced barrier precautions, and staff education
significantly reduced MDRO prevalence and hospi-
talisations in NHs.© While decolonisation represents
a targeted vertical IPC strategy rather than a strictly
horizontal approach, the PROTECT trial reinforces the
complementary value of bundling universal precautions
with staff education—an approach that mirrors the
logic of the IDCP.

In Singapore, Healthier SG reflects a broader shift in
national strategy towards preventive care, integrated
population health, and chronic disease management.’
However, while Healthier SG has focused primarily
on the above, long-term care facilities have received
comparatively less attention despite accounting
for substantial healthcare resource utilisation.® NHs
increasingly care for residents with greater clinical
complexity and higher-acuity needs, making IPC
capacity in these settings critical to broader health
system resilience. Yet, sustaining IPC programmes
at NHs require long-term institutional investment in
workforce development, surveillance systems, institu-
tional infrastructure, and IPC governance—strategies
outlined by the World Health Organization’s Global
Report on Infection Prevention and Control.” Notwith-
standing the challenges of competing operational
demands, the role of NHs within the healthcare
system must therefore be more explicitly recognised.
Central to this is the Agency for Integrated Care
(AIC), which plays a pivotal role in overseeing quality
standards, funding, and workforce development in
Singapore’s NH sector. Given that most of Singapore’s
NHs are operated by voluntary welfare organisations—
which face distinct staffing constraints and funding
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structures compared to hospital-linked facilities—any
strategy for sustaining and scaling programmes such
as the IDCP must account for these heterogeneous
operating environments. Embedding IPC outcomes
as measurable quality indicators within AIC's accredi-
tation and oversight framework would represent a
meaningful and sustainable institutional step forward.

The IDCP also incorporated an antimicrobial steward-
ship (AMS) component, through which an antimicrobial-
choice guideline was developed collaboratively with
primary care physicians, infectious disease specialists,
and pharmacists. This aligns with Singapore’s National
Action Plan on Antimicrobial Resistance and reflects
growing international evidence demonstrating that
AMS in long-term care settings can be feasible and
clinically beneficial.’® The programme’s Fever and
Desaturation Pathway additionally incorporated
assessment of Advance Care Plans (ACPs) and Pre-
ferred Plans of Care in hospital transfer decisions—a
dimension that intersects with Singapore’s National
Strategy for Palliative Care and highlights the impor-
tance of expanding ACP penetration in NHs as a
complementary strategy to reduce inappropriate
transfers."

Beyond clinical interventions, sustainable IPC
programmes depend on robust surveillance and
data systems. The study demonstrates how routinely
collected healthcare data can be leveraged to support
IPC monitoring and evaluation, including detecting
trends and assessing intervention outcomes. By using
data already captured through electronic medical
records and national reporting systems, the study
illustrates how existing data can generate meaningful
process and outcome indicators for quality improve-
ment. Looking ahead, integration of NH IPC
surveillance data with Singapore’s National Electronic
Health Record, could enable more timely outbreak
detection and real-time monitoring of IPC quality
indicators at a system level.

The study highlights several important directions for
future research. Formal health economic evaluation
is needed to assess the cost-effectiveness and long-
term financial sustainability of the IDCP model, which
is essential for sustainable programme adoption in
resource-constrained settings. Research employing
implementation science frameworks—such as stepped-
wedge cluster-randomised designs—could seek to
identify which components of the multicomponent
programme contribute most to improved outcomes,
enabling resource-limited facilities to prioritise
effectively. Cross-cluster evaluation across Singapore’s
3 regional healthcare clusters would assess the
generalisability and scalability of the hospital-NH
partnership model. Finally, studies examining the
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impact of staff turnover on IPC programme sustaina-
bility, and evaluating interventions, such as digital
microlearning modules and cascade training approa-
ches, are essential to ensuring durable implementation
beyond the programme period.

Overall, the study by Sun et al. provides timely
evidence supporting multicomponent IPC interven-
tions in NHs. The findings underscore the value of
preventive and collaborative approaches to infection
control in long-term care facilities and highlight the
central role NHs play within integrated healthcare
systems in ageing societies. As Singapore navigates
the epidemiological and fiscal challenges of a rapidly
ageing population, the IDCP model offers a pragmatic
and scalable framework—one that warrants broader
national attention, formal health economic evaluation,
and integration within Singapore's broader health policy
architecture.
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A multicomponent control programme in nursing homes in Singapore

Louisa Sun'? MBBS, Nares Smitasin'? MD, Brenda Mae Alferez Salada' MD, Cathrine Teo' BSc,
Garvi Pandya* MBBS, Xin Hu' CIC, Dale Andrew Fisher'? MBBS

ABSTRACT

Introduction: Nursing home (NH) residents are
vulnerable to infections and avoidable hospital transfers.
The Infectious Diseases Community Program was
developed as a multicomponent intervention to
strengthen infection prevention and control (IPC),
improve vaccination uptake, and support clinical decision-
making in NHs.

Methods: The authors conducted a retrospective
cohort study in 6 NHs in western Singapore
with pre- and post-implementation data, in collaboration
with an acute hospital. A total of 4801 admissions were
screened, of which 2045 fever-related admissions were
included. The intervention comprised IPC training, policy
and process reviews, vaccination support, antimicrobial
guidance, and implementation of a structured fever and
desaturation pathway to standardise hospital transfer
decisions.

Results: New methicillin-resistant Staphylococcus
aureus (MRSA) acquisitions declined from 14.6% to 9.7%
(relative reduction 33.6%, 95% confidence interval [CI]-6.8
to -3.1, P<0.001). Inappropriate fever-related transfers
decreased from 12.0% (108/898) to 7.3% (61/839), a
relative reduction of 39.2% (absolute reduction 4.8%, 95%
Cl -7.5 to -2.0, P<0.001). Influenza vaccination coverage
exceeded 90% by 2022. Staff surveys indicated sustained
adoption, with 84% reporting regular use of the pathway.
Conclusion: A collaborative model integrating acute
hospital expertise with NH teams was associated with
improved IPC outcomes, increased vaccination coverage,
and reduced inappropriate transfers, supporting safer
care delivery in long-term care.

Keywords: infection prevention and control, nursing
homes, hospital transfers, antimicrobial stewardship,
vaccination

INTRODUCTION

Nursing home (NH) residents are particularly
vulnerable to infections due to advanced age, frailty,
comorbidities, and the institutional nature of care.
Hospital transfers for acute illnesses, particularly
infections, increase the risk of delirium, nosocomial
complications, functional decline, and caregiver

CLINICAL IMPACT

What is New

* Multicomponent infection control programme in
nursing homes (NHs) was associated with reduced
MRSA acquisition and fewer inappropriate hospital
transfers.

¢ Influenza vaccination coverage exceeded 90%, with
sustained staff adoption of structured
clinical pathways.

Clinical Implications

e Findings highlight the potential of collaborative
models between acute hospitals and NHs to
strengthen infection prevention and support
safer, more appropriate care delivery.

distress, while imposing additional strain on healthcare
resources.” Many of these admissions are preventable
through strengthened infection prevention and control
(IPC) practices, and improved assessment and decision-
making on-site in the NHs.*”

As of 2024, Singapore has 88 NHs and other long-
term care facilities providing for a small percentage
of the population aged 65 years and above.' This
proportion of older adults is projected to rise to one-
quarter by 2030, leading to anticipated corresponding
challenges in optimising care quality and healthcare
utilisation. Strengthening IPC capacity and enhancing
NH staff competencies to manage residents in situ
are critical strategies to mitigate avoidable hospital
transfers.’4

Infections remain among the most common causes
of hospital admission from NHs, particularly respiratory
and urinary tract infections.”™ Robust IPC systems and
vaccination programmes can reduce such events,
yet many NHs face implementation barriers including
limited resources, competing priorities, as well as
consent or cost issues.’®' For NH residents who
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develop infections, studies have shown that selected
conditions, including pneumonia, can be effectively
managed in long-term care settings without transfer
when structured assessment and treatment protocols
are available.”®' For example, Naughton et al.
demonstrated comparable outcomes when pneumonia
was treated within NHs versus in the hospital.?

While studies have shown that up to 40% of trans-
fers from NHs may be preventable with structured
clinical pathways and enhanced staff training,?' NH staff
often lack decision-making frameworks and medical
support to assess acutely ill residents confidently."

Recognising these challenges, the Infectious
Diseases Community Program (IDCP) was introduced
as a collaborative initiative between an acute hospital
and 20 participating NHs in western Singapore.
The multidisciplinary IDCP team included infectious
disease physicians, IPC nurses, and pharmacists who
worked closely with NH nursing and managerial leads.
The programme aimed to strengthen IPC systems,
increase vaccination uptake, and support appropriate
clinical decision-making for infectious diseases.

This study evaluated the effectiveness of the IDCP
programme using routinely available data from 6
representative participating NHs with complete pre-
and post-intervention datasets, assessing its impact on
infection prevention outcomes, vaccination coverage,
and the appropriateness of hospital transfers.

METHODS

Study design and setting

A retrospective cohort study was conducted to
evaluate the multipronged IDCP intervention. While
the IDCP programme was implemented across 20 NHs,
the analysis focused on 6 facilities with complete pre-
and post-implementation data, representing a range
of sizes, staffing models, and medical coverage. Two
periods were compared: pre-implementation (2015-
2017) and post-implementation (2019-2021), with
2018 designated as a washout year to allow routine
embedding of programme components. Although
defined as the pre-implementation period, selected
IDCP components (including policy review and early
phases of staff training) were progressively introduced
from 2016 onwards. These early interventions were
not uniformly implemented across all facilities and
were limited in scope; however, their presence may
have attenuated observed differences between pre-
and post-implementation outcomes.

Intervention: Infectious Diseases Community Program
(IDCP)

The IDCP comprised several coordinated components
designed to strengthen IPC governance, workforce capa-
city, vaccination uptake, and antimicrobial stewardship.

Ann Acad Med Singap Vol 55 No 7 July 2026 | annals.edu.sg

As an initial and central component of the IDCP,
the team collaborated with each NH to review and
align policy documents, identifying outdated guidance,
gaps, and overlapping content. Revised recommen-
dations were made to standardise policies across
facilities and align them with the Ministry of Health’s
National Infection Prevention and Control Guidelines
for Long-Term Care Facilities.?? Key areas addressed
included hand hygiene, isolation or cohorting of
residents with known multidrug-resistant organism
(MDRO) carriage, environmental disinfection and
cleaning, and reporting procedures for infections
with outbreak potential. A follow-up review in 2018
demonstrated notable improvements in governance
structures and adherence to standardised policies.

To strengthen workforce capacity, a 3-tiered staff
training programme was developed and progressively
rolled out between 2016 and 2018.

(1) Tier 1 was a half-day foundational course
(approximately 4 hours) for all staff, delivered on-
site or virtually, incorporating a train-the-trainer
component to enable in-house continuity.

(2) Tier 2 was a full-day (8-hour) course for supervi-
sory and audit staff, focusing on hand hygiene
auditing, environmental cleaning, and outbreak
response.

(3) Tier 3 was an advanced 2.5-day (20-hour)
immersion programme conducted at the acute
hospital, combining didactic sessions, case-based
discussions, and practical ward-based attachments

on surveillance, MDRO management, and leader-
ship in IPC.

Training was adapted for virtual delivery during
the COVID-19 period. Across all participating NHs,
37 training sessions were conducted for 1260 partici-
pants, and by programme completion, all 20 NHs had
staff certified through tiers 1 to 3.

Vaccination strategies

Vaccination for the elderly and medically vulnerable
individuals is an important preventive measure against
infections and reduces hospital admissions.??* |IDCP
engagement sessions identified gaps relating to
low vaccine uptake by NH residents and healthcare
workers. These included cost, limited knowledge,
fear of side effects, and challenges in obtaining
consent from residents, staff, or next-of-kin.

To address these barriers, the IDCP team developed
A Guide to Vaccination of Residents and Staff in Long-
Term Care Facilities in Singapore (internal document),
outlining procurement steps, counselling frameworks,
and common misconceptions. It was disseminated
prior to the post-implementation period and adapted
to individual facility needs. Funding from the
JurongHealth Fund enabled provision of up to 2500
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free pneumococcal vaccinations, primarily admini-
stered during the washout period in 2018 and early
post-implementation period. While vaccines were
largely utilised at the facility level, centralised records
of exact uptake and timing were incomplete, pre-
cluding precise quantification of coverage and impact
on hospital admissions.

Fever and desaturation pathway

A key component of the IDCP was the fever and
desaturation pathway (Fig. 1), developed to guide NH
staff in assessing residents with fever or respiratory
symptoms and standardising decisions on hospital
transfer. Early iterations were refined with staff input.
The pathway outlined vital-sign monitoring, suppor-
tive measures, and recognition of deterioration
requiring escalation. Assessments included blood
pressure, respiratory rate, oxygen saturation, and
mental status using the Glasgow Coma Scale (GCS),
supported by targeted training from IPC nurses.
Residents meeting severity criteria were transferred,
while stable residents received supportive care within
the NH. By early 2019, the pathway had been adopted
in all participating NHs, with COVID-19-specific
elements added subsequently.

Structured clinical pathway used to guide NH staff
in assessing residents with fever or desaturation,

standardising decisions on supportive management
within the facility versus transfer to acute hospital care.

Training comprised a combination of didactic
teaching, case discussions, and simulation. Introduc-
tory modules covered fundamental IPC practices,
while advanced modules built competence in
clinical assessment, recognition of deterioration, and
understanding of advance care plans (ACPs) to ensure
alignment with residents’ goals of care.

Antimicrobial stewardship component

An antimicrobial-choice guideline was developed with
primary care physicians, infectious disease specialists,
and pharmacists. Introduced prior to the post-
implementation period, it addressed an existing gap
in national guidance, and enabled facilities to establish
in-house formularies for timely access. Its specific
impact was not evaluated in this study, and may
represent an unmeasured co-intervention.

Data and outcome measures

Patient data were retrieved from hospital electronic
medical records, NH transfer forms, and internal
IDCP logs. Admissions were screened for any mention
of fever as a leading or contributing factor.

To evaluate IPC initiatives, methicillin-resistant
Staphylococcus aureus (MRSA) acquisition rates

Fig. 1. The Infectious Diseases Community Program’s fever and desaturation pathway.

Keep in NH

For Fever:

Fever 238.0°C
and/or
desaturates
Sp0, <93% RA

6 hourly

sponging

needed

management?

1. Monitor vital signs 4 hourly

2. Serve paracetamol 1 g

3. Cold compress or tepid

For Desaturation:

4. Start patient on nasal
cannula Oxygen 2 L/min Repeat
increase to 5 L/min if needed to
keep saturation SpO, >90% i
5. Perform oral suctioning as

Is resident for No 6. Start on normal saline/
active o flimucil nebulizerevery 2-4 hourly

7. Chest physiotherapy if no

contr

Care in NH with the
support of antibiotic
guideline

Dr
assesses
patient as
requiring
admission
?

nursing
assessment
algorithm
every 4
hours

Assess the following:
Blood pressure Yes
Heart rate 55:
Respiratory rate
Oxygen saturation
GCS/mental status

1. Blood pressure
<100 mmHg

2. Respiratory rate 222 bpm
3. 3p0, <90% on 5 L of

supplementary O,
4. | GCS score / change in
mental status (drowsy or
aggressive)
Meets 2 out of 4 criteria?

Send to
acute
hospital

ACP: advance care plan; GCS: Glasgow Coma Scale; NH: nursing home; PPC: preferred plans of care; RA: room air
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were used as a surrogate measure. Acquisition was
defined as the detection of MRSA at hospital admission
in residents whose prior screening results were
negative or unknown. During this period, all adult
admissions to Singapore’s acute hospitals underwent
MRSA active surveillance using standard culture-based
methods (nares, axilla, and groin swabs), with discharge
screening for those initially negative.?® No major
changes in sampling sites, laboratory techniques,
or surveillance protocols occurred during the study
period. Residents who were negative on 1 admission
but positive on a subsequent admission were classified
as having NH-acquired MRSA, providing an objective,
though imperfect, measure of NH IPC performance.
MRSA infections (distinct from colonisation) were
not analysed separately. As residents may have been
admitted to other acute healthcare facilities between
admissions to the study site, interim MRSA acquisition
events may not have been captured, introducing
potential misclassification. However, as the study
hospital is the primary referral centre for participating
NHs, such events were likely limited and non-differential
across study periods. MRSA acquisition was assessed
at the level of admission episodes rather than unique
residents. As patient-level linkage across admissions
and institutions was not available, repeat admissions
by the same resident could not be excluded, and the
proportion of frequently readmitted individuals could not
be determined. This approach was applied consistently
across study periods, and any resulting bias is likely
non-differential.

To assess the impact of the fever and desaturation
pathway, hospital transfers were considered approp-
riate if residents met at least 2 of the following criteria:
systolic blood pressure <100 mmHg, respiratory rate
>22 breaths/min, oxygen saturation <90%, or a
decrease of 2 or more points on the GCS from baseline.
Documentation of an ACP was also reviewed. During
the COVID-19 pandemic, the pathway was adapted
to include suspected or confirmed COVID-19 cases
as legitimate indications for hospital admission, consis-
tent with evolving national guidance. Transfers were
classified as inappropriate if residents failed to meet
these criteria, and had no other urgent medical indi-
cation for hospitalisation.

An anonymous survey of NH staff was also conducted
to capture qualitative insights into adherence to the
pathway and perceptions of whether the approach
reduced unnecessary admissions. Surveys were
conducted at 2 time points: 2018 (washout year) and
2022 (post-implementation).

Statistical analysis

Data were analysed at both the individual NH and
aggregate level, excluding facilities with incomplete
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pre-intervention data. Differences in proportions
between pre- and post-implementation periods were
compared using chi-square tests. All data analyses
were performed using R, version 2024.09.0+375
(R Foundation for Statistical Computing, Vienna,
Austria), within the RStudio environment (Posit
Software, Boston, MA, US).

RESULTS

Over the study period, 4801 hospital admissions
of NH residents were screened, of which 2045
admissions involved fever as a primary or contributory
reason. Screening for MRSA on hospital admission
demonstrated a significant decline in new acquisitions,
from 14.6% (329 of 2247) in the baseline period to
9.7% (253/2613) after programme implementation
(Table 1). This represented a relative reduction of
33.6% (absolute reduction 5.0 percentage points,
95% confidence interval [Cl] -6.8 to -3.1, P<0.001).
The decline coincided with greater uptake of standard
precautions, regular staff training, and the establish-
ment of multidisciplinary IPC committees within most
participating NHs. All established facilities recorded
meaningful improvements, with relative reductions
ranging from 30.7% to 48.9%. NH C achieved the
largest improvement, from 19.0% to 9.7%—a 48.9%
relative reduction, although Cls for individual facilities
were wide due to year-to-year variability (Table 1).

Percentages represent the proportion of new
MRSA-positive cases among residents screened in the
respective period. Facility-level data were available
only as aggregated percentages derived from institu-
tional reports, and corresponding numerator and
denominator values were not consistently available.

Training outcomes reflected broad engagement
across NH staff. A total of 20 tier 1 sessions, including 10
face-to-face, 5 virtual, and 5 train-the-trainer modules,
trained 959 participants. Ten tier 2 sessions trained
170 staff in supervisory roles, while 8 tier 3 sessions
reached 131 staff identified for IPC leadership respon-
sibilities. Most training occurred during the washout
year (2018), with additional sessions conducted
through 2019 to accommodate new facilities and staff
turnover.

Analysis of inappropriate transfers focused on 4 NHs
(A to D) with complete pre- and post-intervention
data. Across these facilities, the overall proportion
of inappropriate fever-related transfers decreased
significantly from 12.0% (108/898) before implemen-
tation to 7.3% (61/839) afterwards, representing a
39.2% relative reduction (absolute reduction 4.8
percentage points, 95% CI -7.5 to -2.0, P<0.001;
Table 2). Improvements were consistent across most
facilities, with the exception of NH A, which showed
no significant change. Two additional NHs (E and F),
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Table 1. Changes in new MRSA acquisition rates pre- and post-implementation of the Infectious Diseases Community Program (2015-2017 versus

2019-2021).

Nursing home Pre-Intervention, % Post-intervention, Change in MRSA acquisition,
% % (95% ClI)

NH A 14.0 9.7 -4.3 (-55.9 t0 47.2)

NH B 20.7 13.7 -7.0 (-67.1 to 53.1)

NHC 19.0 9.7 -9.3 (-64.9 to0 46.2)

NH D 14.3 9.3 -5.0 (-56.5 to 46.5)

NH E? 4.7 7.7 +3.0

NH F? 4.0 7.3 +3.3

Overall 14.6 9.7 -5.0 (-6.8 to -3.1) (P<0.001)

ClI: confidence interval; MRSA: methicillin-resistant Staphylococcus aureus; NH: nursing home; P: P value.

2 For NH E and NH F, there were only had data for 2017 in the pre-intervention period.

® Overall analysis based on total MRSA screenings and acquisitions across all facilities.

which lacked full pre-intervention data, achieved post-
implementation inappropriate-transfer rates (7.8%
and 7.9%) within the same range as those observed in
the 4 fully evaluated facilities.

Staff perceptions similarly reflected these quanti-
tative findings. An anonymous survey conducted in
2018 across 3 NHs demonstrated high engagement
with the fever and desaturation pathway, with between
63.6% and 91% of staff reporting that they “always”
used the pathway when assessing residents with fever.
More than 95% were familiar with the tool, and only
2.2% reported awareness without use. Regarding
impact, between 54.5% and 75.6% of staff reported
that the pathway “often” prevented unnecessary
transfers, while a further 20% to 45.5% reported that

it prevented transfers “a few times”. A follow-up
survey in 2022 confirmed sustained use, with 78%
reporting continued adoption and 84% (combining
“always” and “very often”) indicating regular use for
clinical decision-making. Across participating NHs,
all staff surveyed either strongly agreed (58%) or
somewhat agreed (42%) that the programme had
improved their facility’s capacity to triage fever cases
appropriately.

Influenza vaccination uptake trends improved
across most participating NHs over the study period.
Although coverage varied between facilities, by
2021, 7 of 9 NHs with available data had reached
at least 80% influenza vaccination coverage among
residents (including 4 with coverage above 90%;

Table 2. Changes in inappropriate fever transfers pre- and post-implementation of the Infectious Diseases Community Program (2015-2017 versus

2019-2021).
Nursing home Pre-intervention Post-intervention Change in inappropriate P value
total no. (inappropriate %) total no. (inappropriate %) transfers, % (95% ClI)

NH A 324 (6.8) 292 (9.2) +2.5(-1.8 to 6.8) 0.41
NH B 190 (20.0) 167 (7.2) -12.8 (-19.7 t0 -5.9) <0.001
NH C 236 (14.8) 241 (7.1) -7.8(-13.3t0-2.2) <0.001
NH D 148 (8.8) 139 (3.6) -5.2(-10.7 t0 0.3) <0.001
NH E2 25(8.0) 129 (7.8) -0.2(-11.8t0 11.3) 0.94
NH F2 27 (18.5) 127 (7.9) -10.6 (-26.0 to 4.7) <0.001
Overall® 898 (12.0) 839 (7.3) -4.8 (-7.5 t0 -2.0) <0.001

Cl: confidence interval; NH: nursing home

2 For NH E and NH F, there were only data for 2017 in the pre-intervention period.

® Overall results exclude NH E and NH F due to incomplete pre-intervention data.
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Fig. 2), and 6 of 9 had reached the 80% target among
healthcare workers (including 3 above 90%). By the
end of the programme, more than 90% of residents
had received at least 1 influenza vaccination. Additio-
nally, educational sessions and vaccination guidelines
were well received, with a majority of 89% of health-
care workers reporting that these resources improved
their knowledge and understanding of different
vaccines.

Each panel represents 1 NH (NH A-J). Naming
is consistent with Tables 1 and 2 for NH A-F;
additional NHs (NH G-J) are included in this
figure where vaccination data were available but
were not part of the MRSA and transfer analyses
due to incomplete datasets. Solid orange lines show
annual vaccination coverage (%) for NH residents.
Dashed line indicates the 80% coverage target. Gaps
in trend lines indicate years for which data were not
available.

DISCUSSION

This  study demonstrated that a multipronged
infectious disease programme in NHs was associated
with measurable improvements in IPC and clinical
decision-making. New MRSA acquisitions declined
significantly across most established facilities, inap-
propriate fever-related transfers were reduced by
nearly 40%, and influenza vaccination coverage ex-
ceeded 90% of residents by 2022. However, NH E and
NH F demonstrated increases in MRSA acquisition
rates in the post-implementation period. These
facilities had only 1 year of baseline data, limiting the
reliability of pre- and post-implementation compa-
risons. In addition, later programme onboarding,

smaller sample sizes, and unmeasured factors such
as resident case-mix, staffing variability, and referral
patterns may have contributed to the observed
increases.  Staff surveys confirmed high and
sustained adoption of the fever and desaturation
pathway, highlighting increased confidence and
more standardised triage decisions. Together, these
outcomes reflect not only adherence to structured
IPC processes but also the value of collaboration and
sustained engagement between acute hospital IPC
teams and NH leadership.

Working with NHs presents inherent challenges.
These facilities are often understaffed and under-
funded, with leadership balancing competing
priorities.”®? Support from acute hospital teams may
be perceived as adding workload or introducing
standards that do not align with existing systems,
particularly when documentation is manual and clinical
outcomes are not routinely captured. Despite these
barriers, staff enthusiasm in participating in training
and assuming IPC leadership roles demonstrated that
improvement was both recognised and welcomed.

Measuring IPC outcomes is difficult even in acute
care settings. In this real-world intervention, pros-
pective surveillance within NHs was not feasible;
however, leveraging acute hospital systems enabled
a practical evaluation. Routine screening for MRSA
carriage on hospital admission and discharge
provided a consistent surrogate of IPC standards.
These data were extracted directly from hospital
IPC surveillance systems, allowing for consistent and
objective measurement across the study period.
Although limited by swab sensitivity, and the assump-
tion that a negative discharge swab followed by a

Fig. 2. Annual influenza vaccination rates among residents in participating nursing homes (2016-2021). Data provided by institutional quality reports.
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positive admission swab reflected NH acquisition, the
use of identical processes pre- and post-intervention,
alongside consistent declines across multiple facilities,
support the validity of the observed improvements.
Direct quantitative measures of IPC practices (e.g.
hand hygiene compliance rates) were not consistently
available across facilities; however, multiple system-
level indicators, including policy standardisation,
establishment of IPC governance structures, and
sustained staff training, support improved adherence
to IPC practices over time.

There are also meaningful risks and costs associated
with frequent hospital transfers for self-limiting
conditions. The structured fever and desaturation
pathway reduced admissions that did not meet
objective transfer criteria. Staff surveys reinforced that
the pathway increased clinical confidence and provided
a standardised approach to fever management.
Inappropriate transfers from NHs should be regarded
as a valuable quality metric, particularly given
increasing global pressure on acute care bed
availability. Although this study required manual data
extraction, real-time monitoring and feedback could
more effectively prevent unnecessary transfers and
their negative consequences for residents, families,
and health systems.

Strengthening medical support within NHs will
be essential to build on progress. Some facilities
lacked daily medical input, which constrained staff
capacity to manage acute changes. Enhanced access
to primary care, deployment of advanced practice
nurses, and expansion of hospital-at-home services are
potential strategies to fill this gap.?¢?® Staff turnover
was another challenge, as new employees were not
always adequately trained in the pathway. Limited
documentation of ACPs or preferred plans of care
also introduced uncertainty, as staff were sometimes
unsure whether hospitalisation was consistent with
the residents’ preferences. Although awareness of
advance care planning improved, the absence of clear
directives complicated decision-making in some cases.

Several limitations should be considered. As
expected in a real-world programme evaluation, this
retrospective study relied on routinely collected data
and was therefore subject to variability in documen-
tation and completeness. Baseline demographic and
clinical characteristics of residents were not consis-
tently available, limiting adjustment for potential
confounders. The analysis was conducted within
a single regional cluster of NHs, which may affect
generalisability to other settings with different
resources and care structures. External factors,
including the COVID-19 pandemic and the evolving
national policies on infection control and hospital
transfer criteria, may also have influenced observed
outcomes. Formal health economic evaluation of
the programme was not conducted. As such, cost-
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effectiveness and long-term financial sustainability
could not be assessed and represent important areas
for future study.

However, the consistency of improvements across
multiple facilities and outcome measures, alongside
stable data collection processes before and after
implementation, supports a meaningful programme
effect. These findings should therefore be interpreted
as a pragmatic evaluation of a complex, multicom-
ponent intervention, reflecting the realities of imple-
mentation in long-term care settings.

CONCLUSION

In conclusion, this study provides evidence that
a collaborative strategy encompassing IPC policy
reviews, staff education, and vaccination support
can strengthen infection control in NHs. The use of
a structured clinical pathway improved the appro-
priateness of hospital transfers, aligning decisions
with objective clinical criteria while supporting resident
well-being. Although resource-intensive, such work
is feasible and sustainable when built on partnership,
shared goals, and an appreciation of the unique
challenges faced by NHs and their staff.

Supplementary material
Annex S1. STROBE checklist.
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1990-2023: Sex, age, and risk-attributable patterns
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ABSTRACT

Introduction: China’s population has aged rapidly
in recent decades, accompanied by a steady rise in
Alzheimer’'s disease and other dementias (ADOD).
Understanding long-term national trends is important
for anticipating future healthcare needs.

Methods: The authors analysed Global Burden of Disease
(GBD) 2023 estimates for China from 1990 to 2023,
following the Guidelines for Accurate and Transparent
Health Estimates Reporting, with STROBE used as a
secondary reporting reference. Deaths, disability-adjusted
life years (DALYs), incidence, and prevalence were
examined together with crude rates, age-standardised
rates (ASRs), and average annual percentage changes.
Results were evaluated and stratified by sex and broad
age group. Modelled risk-attributable burden was
assessed for selected GBD risk factors—ambient parti-
culate matter pollution, high fasting plasma glucose,
smoking, and household air pollution from solid fuels.

Results: Over the study period, the number of people
affected increased markedly. Deaths rose from 122,411
in 1990 to 586,002 in 2023, while DALYs and prevalent
cases more than tripled. In contrast, ASR showed only
modest upward changes. Women had higher ASRs in
2023, although mortality- and DALY-related rates
increased more quickly among men. The burden
remained concentrated in those aged 75 years and older.
Among the selected exposures, ambient particulate
matter pollution accounted for the largest attributable
share in 2023, whereas household air pollution declined
over time.

Conclusion: The marked increase in absolute ADOD
burden, together with smaller changes in ASR, is
consistent with demographic ageing being an important
contributor to rising dementia-related service needs in
China. The risk-attributable estimates suggest changing
population-level patterns for selected environmental and
metabolic exposures, but they should not be interpreted
as individual-level causal effects.

Keywords: ageing, Alzheimer’s disease and other
dementias, China, disease burden, risk factors, trend
analysis

CLINICAL IMPACT

What is New

e This study provides an updated national profile of the
burden of Alzheimer's disease and other dementias in
China from 1990 to 2023, based on Global Burden of
Disease 2023 estimates.

e By comparing absolute counts, crude rates, and
age-standardised rates, this study distinguishes
health-system service demand from age-adjusted
epidemiological change.

Clinical Implication

e The study summarises sex, age, and selected
risk-attributable patterns to support dementia
surveillance, ageing-adapted care planning, and
prevention-oriented policy discussion.

INTRODUCTION

Alzheimer's disease and other dementias (ADOD) are
now central to the global non-communicable disease
agenda, because they combine high late-life prevalence,
prolonged disability, substantial caregiver burden, and
major health-system costs.”? As life expectancy rises
and fertility declines, population age structures shift
towards older age groups, and the number of people
living with cognitive disorders is expected to keep
growing in many countries, including China.?#

China represents a critical setting for ADOD burden
monitoring for several reasons. First, the speed
and scale of demographic transition are historically
unusual, with rapid expansion of the elderly population.
Second, regional heterogeneity in socioeconomic
development, healthcare access, vascular risk profiles,
and environmental exposures may shape both
diagnosis and disease progression. Third, shifts in
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major risk factors, including ambient particulate
exposure, metabolic risk, and smoking, may alter
future trajectories even when age-standardised
rates (ASR) remain relatively stable.>’ In this context,
separating absolute burden growth from standardised
rate change is essential for interpretation and policy
planning.

Current evidence indicates that dementia burden
is influenced by both non-modifiable and modifiable
factors. Age is the strongest determinant, while sex-
related biological and social pathways may contribute
to differential susceptibility, clinical presentation,
and survival.®? Major prevention frameworks have
highlighted potentially modifiable contributors,
including vascular and metabolic factors, smoking,
and environmental exposures.'®'? At the same time,
diagnostic criteria and disease conceptualisation
have evolved, from syndrome-based to biologically
informed frameworks, complicating temporal
interpretation across decades.” Robust trend analyses
must therefore pair epidemiological indicators with
cautious interpretation of changing detection patterns
and competing mortality.

Large comparative platforms, such as the Global
Burden of Disease (GBD) programme, offer internally
consistent time series on incidence, mortality, preva-
lence, disability, and risk-attributable burden, provi-
ding a robust basis for long-horizon national
assessment.’'> For policy decisions, however, country-
level interpretation remains essential. Interpretation
is further complicated by the 2020-2023 COVID-19
period, during which many settings reported reduced
access to routine cognitive care, delayed diagnosis, and
disruption of community support.’ Although annual
burden models may smooth short-term shocks, these
disruptions can still influence recent slope estimates
and endpoint levels.

Against this background, the present study provides
a policy-oriented, non-causal trend analysis of ADOD
in China from 1990 to 2023, integrating 4 dimensions:
(1) long-run changes in deaths, disability-adjusted life
years (DALYs), incidence, and prevalence; (2) contrasts
between absolute burden and ASR; (3) sex-specific
and age-group trajectories; and (4) temporal shifts in
selected risk-attributable burden (ambient particulate
matter pollution, high fasting plasma glucose, smoking,
and household air pollution from solid fuels).

METHODS

Study design and analytical scope

This was a nationwide, longitudinal burden analysis
of ADOD in China from 1990 to 2023. The analysis
focused on temporal changes in incidence, deaths,
prevalence, and DALYs, with emphasis on both abso-
lute burden expansion and rate-based epidemiolo-
gical dynamics. To avoid relying on a single statistical
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expression of disease burden, the authors jointly
evaluated all-age rates and age-standardised rates,
and further examined sex-specific and age-specific
heterogeneity.

Data source, reporting framework, and acquisition

This study was reported primarily in accordance with
Guidelines for Accurate and Transparent Health
Estimates Reporting, with STROBE used as a secondary
reference for observational reporting structure.”'8
All estimates were extracted from GBD 2023 using
the China-specific series for the cause category
"Alzheimer’s disease and other dementias”.'*"> The
extracted variables included location, year, sex,
age group, cause, measure, metric, point estimate,
and 95% uncertainty interval (Ul). The measures
were incidence, prevalence, deaths, and DALYs;
the metrics were numbers, crude rates, and ASR per
100,000 population (age-standardised to the GBD
standard population). The extraction date, data filters,
and analysis code are provided in Supplementary
Appendix S1 to improve reproducibility.

In GBD 2023, ADOD is a modelled population-level
cause category that includes Alzheimer's disease and
other dementias rather than biomarker-confirmed
Alzheimer’s disease alone.’®™>'? The estimates are
therefore interpreted as dementia burden estimates
at the population level. They do not provide subtype-
specific clinical diagnoses and may be influenced
by changes in case ascertainment, diagnostic
practice, mortality coding, and data availability across
calendar years.

GBD estimates are derived from multiple data
sources and statistical modelling procedures.”™'™ For
this reason, all results are presented as health estimates
with uncertainty rather than as directly observed
registry counts. Where possible, the authors report
95% Uls for GBD estimates and 95% confidence
intervals (Cls) for joinpoint-derived average annual
percentage changes (AAPCs).

Outcomes and epidemiological metrics

The primary burden indicators were incident cases,
deaths, prevalent cases, and DALYs. DALYs were
used because they combine years of life lost due to
prema-ture mortality and years lived with disability,
and therefore capture both fatal and non-fatal health
loss relevant to dementia service planning. For each
indicator, absolute numbers and rates per 100,000
population were reported. Crude rates were used
to reflect overall service demand in the population,
whereas ASRs were used to describe age-adjusted
temporal patterns.''®

Stratified analysis framework

Sex-stratified analyses were used to describe burden
levels and rates of change among females and males
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across all 4 outcomes.”” Age-stratified analyses were
used to describe whether burden and trends were
concentrated in older groups. The current age grouping
of 15-49, 50-74, and =75 years was retained to
maintain consistency across the extracted outcome and
risk-attributable datasets. The authors recognise that
more detailed older-age strata, such as 65-74, 75-
84, and =85 years, would be more informative for
geriatric policy interpretation and have noted this as
a limitation.

Trend estimation and statistical interpretation

Long-term temporal trends were quantified using log-
linear regression in the Joinpoint Regression Program
version 5.2.0.0 (National Cancer Institute, Bethesda,
US).?® Annual rates or ASRs were used as dependent
variables. The maximum number of joinpoints was set
to 6 according to the number of annual observations
and the default settings of the Joinpoint Regression
Program. Join-points were selected using the
programme’s  permu-tation-based model-selection
procedure,? and AAPCs with 95% Cls were calculated
for 1990-2023.2' GBD 95% Uls were reported for
burden estimates but were not propagated into the
joinpoint regression models; therefore, AAPCs should
be interpreted as descriptive trend summaries based
on point estimates.’?' AAPCs were interpreted
descriptively: an AAPC greater than 0 with a ClI
excluding O indicated an increasing trend, an AAPC
less than O with a Cl excluding O indicated a decreasing
trend, and a Cl including O indicated no clear long-
term directional change.?’ Because multiple subgroup-
specific AAPCs were estimated, statistical significance
was not used as confirmatory evidence of causal
differences between groups. Data cleaning and figure
production were conducted in R version 4.3.1 (R
Foundation for Statistical Computing, Vienna, Austria).

Risk-attributable burden assessment

Risk-attributable burden was analysed for 4 selected
GBD-attributable risk factors: (1) ambient particulate
matter pollution, (2) high fasting plasma glucose,
(3) smoking, and (4) household air pollution from solid
fuels. These estimates represent modelled population-
level attributable burden based on exposure distri-
butions, relative-risk functions, population-attribu-
table fractions, and theoretical minimum risk exposure
levels used in the GBD comparative risk assessment
framework.?? They should not be interpreted as
individual-level causal effects or as evidence that
reducing a given exposure would produce proportional
reductions in dementia burden. The analysis did not
cover all potentially modifiable dementia risk factors.

Data validation and reporting control

All values included in the narrative were checked.
Count-level values, rates, percentage changes, and

Ann Acad Med Singap Vol 55 No 7 July 2026 | annals.edu.sg

AAPCs were aligned to table source values to ensure
textual consistency with figures and tables. Results
are presented as point estimates with 95% Uls or
95% Cls according to the source metrics.

RESULTS

National burden levels and long-term changes

From 1990 to 2023, the absolute burden of ADOD
in China increased across all 4 outcomes (Table 1,
Fig. 1). Incident cases rose from 755,780 to 3,476,644
(+360.01%), deaths from 122,411 to 586,002
(+378.72%), prevalent cases from 4,352,315 to
20,299,243 (+366.40%), and DALYs from 2,813,268
to 11,646,909 (+314.00%). Standardised indicators
also increased over the same period. Age-standar-
dised incidence rate (ASIR) rose from 126.71 to
156.63 per 100,000 (AAPC 0.67, 95% CI 0.53-0.80),
age-standardised mortality rate (ASMR) from 27.91
to 28.65 (AAPC 0.27, 95% ClI 0.03-0.51), age-
standardised prevalence rate (ASPR) from 735.54
to 918.83 (AAPC 0.71, 95% CI 0.55-0.87), and age-
standardised DALY rate (ASDR) from 509.08 to
539.50 (AAPC 0.25, 95% CI 0.08-0.42) (Table 1, Fig. 1).
At the all-age crude-rate level, mortality increased
from 10.38 to 40.96 per 100,000 (AAPC 4.50, 95%
Cl 4.30-4.69), DALY rate from 238.59 to 814.10
(AAPC 3.92, 3.79-4.05), incidence rate from 64.10
to 243.01 (AAPC 4.14, 3.99-4.29), and prevalence
rate from 369.11 to 1418.89 (AAPC 4.18, 4.02-4.35)
(Table 2, Fig. 1).

Sex-specific burden trends

In 2023, females showed higher standardised levels
than males for all 4 indicators (Table 1, Fig. 2). Female
versus (vs) male values were 179.64 vs 129.45 for
ASIR, 32.13 vs 23.87 for ASMR, 1059.87 vs 743.39 for
ASPR, and 617.86 vs 439.61 for ASDR (per 100,000).

Sex-specific trend slopes differed by outcome. For
mortality and DALYs, AAPCs were higher in males
than females (ASMR 0.60 [95% CI 0.15-1.06] vs
0.18 [-0.04-0.40]; ASDR 0.54 [0.33-0.74] vs 0.22
[0.06-0.38]). For incidence and prevalence, females
showed slightly higher AAPCs than males (ASIR 0.74
[0.58-0.89] vs 0.68 [0.57-0.80]; ASPR 0.81 [0.63-0.98]
vs 0.67 [0.54-0.81]) (Table 1).

In absolute terms, 2023 female counts were
2,177,773 incident cases, 378,647 deaths, 12,830,656
prevalent cases, and 7,424,090 DALYs; corresponding
male counts were 1,298,871, 207,355, 7,468,587, and
4,222,818 (Table 1).

Age-specific burden trends

Age-stratified analyses showed that burden levels
were highest in older adults (Table 2, Fig. 1). In 2023,
the =75 years group recorded the largest counts in
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all outcomes, including 496,622 deaths, 8,043,060
DALYs, 2,149,715 incident cases, and 12,840,665
prevalent cases.

For mortality, AAPCs were 1.76 (95% CI 1.47-2.05)
in ages 15-49 years, -0.09 (-0.32 to 0.14) in ages
50-74 years, and 1.32 (1.08-1.57) in ages =75 years.
For DALY rates, AAPCs were 1.97 (1.72-2.22), 0.17
(-0.05 to 0.39), and 1.03 (0.85-1.20), respectively.
Incidence rates increased across all age groups, with
AAPCs of 1.90 (1.69-2.11), 1.11 (0.95-1.27), and 1.06
(0.95-1.18). Prevalence rates also increased across
age groups, with AAPCs of 2.03 (1.88-2.18), 0.81
(0.66-0.97), and 1.30 (1.13-1.47), respectively (Table
2, Fig. 1).

Risk-attributable burden profile

In 2023, modelled attributable burden varied across
the selected GBD risk factors (Table 3, Fig. 3). Attribu-
table deaths were 190,422 for ambient particulate
matter pollution, 103,694 for high fasting plasma
glucose, 28,725 for smoking, and 27,759 for house-
hold air pollution from solid fuels. The corresponding
attributable DALYs were 3,794,481, 2,058,837, 687,815,
and 559,148. These estimates should be interpreted
as modelled population-level attributable burden
among the selected risks rather than as direct causal
effects.

From 1990 to 2023, age-standardised attributable
death trends differed by risk. AAPCs were 4.29 (95%
Cl 4.04-4.55) for ambient particulate matter pollution,
0.82 (0.57-1.06) for high fasting plasma glucose,
-0.14 (-0.45-0.17) for smoking, and -5.47 (-5.94 to
-4.99) for household air pollution from solid fuels.
For age-standardised attributable DALY rates, AAPCs
were 4.41 (4.24-4.58), 0.74 (0.59-0.89), -0.05 (-0.28-
0.19), and -5.41 (-5.87 to -4.96), respectively (Table 3,
Fig. 3).

DISCUSSION

This GBD 2023-based analysis describes long-run
ADOD burden dynamics in China from 1990 to 2023
using a national health-estimates framework.''
Across the full period, absolute burden increased
across deaths, DALYs, incidence, and prevalence. In
contrast, ASR increased more modestly. This contrast
is consistent with demographic ageing and population
structure change contributing importantly to rising
dementia-related service needs, although the present
analysis did not formally decompose the increase
into population growth, population ageing, and age-
specific rate change.*7172

A central pattern is the divergence between absolute
growth and age-standardised growth. Death counts
increased markedly over the study window, whereas
the corresponding ASMR changed only modestly;

Ann Acad Med Singap Vol 55 No 7 July 2026 | annals.edu.sg

similar contrasts were observed for DALYs, incidence,
and prevalence. This pattern is compatible with
previous global and China-focused dementia burden
studies showing that demographic momentum can
substantially increase the number of people affected
even when age-adjusted rates change slowly.#7.19:23
Therefore, count-based and rate-based indicators
answer different but complementary policy questions.

For clinicians, payers, and governments, absolute
burden remains the operational denominator for
system demand. Memory clinic utilisation, hospital
contact volume, community follow-up, long-term
care demand, and family caregiving needs are driven
primarily by the number of people living with dementia
and related disability. Age-standardisation is necessary
for temporal and cross-population comparison, but
it does not replace count-based planning in a rapidly
ageing population.*°

Sex-specific results show 2 coexisting features.
Females had higher levels across major burden
indicators in 2023, including both counts and ASR.
This is consistent with prior literature indicating that
sex and gender differences in ADOD burden may
reflect longer female survival, life-course biological
factors, and social determinants.®? However, trend
pace differed by endpoint in this dataset, with faster
male increases in mortality- and DALY-related
standardised trends and slightly faster female increases
in incidence- and prevalence-related standardised
trends. This pattern indicates that burden level and
rate of change do not necessarily move in parallel
within sex strata. It also suggests that sex contrasts
in ADOD should be evaluated by outcome dimension
rather than treated as a single summary effect.

Age-specific trajectories indicate persistent
concentration of severe burden in advanced age. The
=75 group contributed the largest numbers of deaths
and DALYs in 2023, while younger adult groups carried
a smaller but non-zero share of growth across non-
fatal outcomes. Near-flat patterns in some middle-age
mortality and DALY trends, combined with continued
increases in the oldest group, are compatible with an
age-gradient structure in which neurodegeneration,
frailty accumulation, multimorbidity, and competing-
risk dynamics become more prominent late in life.’0-1224
Under this pattern, care-system pressure is expected
to remain concentrated in very old adults, with
implications for continuity of late-life cognitive care,
referral pathways, caregiver support, and community-
based long-term management.

The risk-attributable component should be inter-
preted cautiously. Ambient particulate matter pollution
had the largest modelled attributable burden among
the selected GBD risks in 2023 and showed the
steepest increase in age-standardised attributable
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Fig. 3. Modelled burden of Alzheimer's disease and other dementias attributable to selected GBD risk factors in China, 2023. (A) Number
of attributable deaths and DALYs; (B) age-standardised attributable death and DALY rates per 100,000 population. These estimates are
population-level modelled attributable burdens and should not be interpreted as individual-level causal effects.
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rates. However, these findings reflect GBD compa-
rative risk assessment assumptions and should not
be read as direct proof of individual-level causality
or proportional preventability.?? Baseline differences
between risks may also affect comparisons of relative
growth.»% High fasting plasma glucose also contri-
buted a substantial and increasing modelled burden,
which is biologically plausible given previous evidence
linking diabetes and chronic hyperglycaemia to
cognitive decline and dementia through vascular and
metabolic pathways.?’?® Smoking-attributable ASRs
were broadly stable, while household air pollution
from solid fuels declined. These patterns support
prevention-oriented surveillance but require cautious
translation into policy.?

Practical implications for China and ageing Asian
health systems

The findings have several practical implications. First,
dementia surveillance should routinely report both
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absolute numbers and ASR, because these indicators
inform different decisions. Second, primary care
and memory-clinic pathways may need expansion to
accommodate rising case numbers, particularly among
very old adults. Third, community-based long-term
care, caregiver support, and payer planning should
be strengthened because much of the health loss
is concentrated in later life. Fourth, urban-rural and
provincial heterogeneity should be assessed in future
subnational analyses to avoid masking inequities
in diagnosis, access, and long-term care capacity.
Finally, air-quality improvement, diabetes prevention,
and tobacco control remain relevant public health
priorities, but the present ecological estimates should
be used as supportive surveillance evidence rather
than causal proof of individual benefit.’02224

The 2020-2023 interval overlapped with the
COVID-19 pandemic, when disruption of chronic
care pathways, delayed diagnosis, and interruption
of supportive services were reported in many
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settings.’**3!" However, the present study did not
formally estimate pandemic-specific effects or
compare pre-pandemic and pandemic-era slopes. The
COVID-19 period is therefore discussed as a contextual
limitation rather than as an explanatory factor for
the observed long-term trends.

Overall, the findings are consistent with previous
global and China-focused evidence showing rising
dementia burden in absolute terms under demo-
graphic pressure, while adding an updated GBD 2023
national profile that jointly tracks fatal burden, non-
fatal burden, sex and age patterns, and selected risk-
attributable estimates.*”141519.23 This integrated view
may support dementia surveillance, ageing-adapted
service planning, and cautious prevention-priority
setting.

Several methodological features support interpre-
tability, including the long observation window, the
use of internally consistent GBD definitions, and the
parallel evaluation of multiple burden indicators. Never-
theless, limitations remain. The estimates are modelled
rather than derived from complete nationwide
adjudicated registry data. Changes in awareness,
diagnostic criteria, coding practice, death-certification
quality, and data availability may have influenced
long-term trends.’” ADOD subtype granularity was
unavailable, limiting disease-specific interpretation.
Risk-attributable estimates are ecological and
model-based, so ecological fallacy is possible when
translating findings to individuals.?? The study did not
formally decompose burden growth into population
growth, ageing, and age-specific rates, did not
perform age—period-cohort modelling, and did not
resolve provincial, urban-rural or socioeconomic
heterogeneity. Finally, the broad age groups used
here may obscure clinically important differences
among older adults, particularly those aged 75-84
and =85 years.

CONCLUSION

From 1990 to 2023, China experienced large increases
in the absolute burden of ADOD, whereas age-
standardised increases were smaller. This pattern is
consistent with demographic ageing contributing
importantly to rising dementia-related  service
needs. Burden remained higher in females and was
concentrated among older adults, especially those
aged =75 years. Among selected GBD risk factors,
ambient particulate matter pollution and high
fasting plasma glucose showed substantial modelled
attributable burden, while household air pollution
from solid fuels declined. These findings support
strengthened dementia surveillance, ageing-adapted
care capacity, and cautious integration of risk-factor
prevention into public-health planning.
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ABSTRACT

Introduction: Artificial Intelligence (Al) is increasingly
explored for medical education, and dermatology,
with its visual diagnostic focus, holds promise for Al-
enhanced learning. However, evidence on its educational
effectiveness remains limited and fragmented. This
scoping review aimed to assess the evidence base for
applications and limitations of Al-based educational tools
in dermatology.

Methods: A systematic search of PubMed, Embase,
Web of Science, Scopus, and PsycINFO up to July 2025
was conducted. Data were synthesised narratively,
considering types of Al interventions and their assessed
outcomes. These were analysed with the Cost, Usability,
Credibility, Fairness, Accountability, Transparency,
Explainability (CUC-FATE) framework. Study quality
was assessed with ROBINS-I and a COSMIN-informed
checklist.

Results: A total of 827 records were screened, with 360
duplicates removed, yielding 467 studies. Six full-length
studies and 1 conference abstract met inclusion criteria,
mostly from 2023 to 2025. These explored Al-generated
clinical images, Large Language Model-generated
vignettes, intelligent tutoring systems, and clinical decision
support tools. Content validation studies generally
reported favourable ratings for accuracy, clarity, and
educational utility, while intervention studies suggested
possible benefits for learning performance and diagnostic
accuracy. Usability and credibility were commonly
assessed, whereas cost, accountability, fairness, transpa-
rency, and explainability were rarely examined.

Conclusions: Most of the studies reviewed had high risk
of bias, small sample sizes, and limited methodological
rigour, with significant heterogeneity in examined educa-
tional outcomes limiting synthesis. While current initial
studies on Al hold promise, this scoping review under-
scores the need for more robust studies with standardised
evaluation frameworks, prioritising ethical principles such
as fairness, explainability, and accountability for safe
integration in training.

Keywords: artificial intelligence, dermatology, large
language models, medical education, scoping review

INTRODUCTION

Artificial Intelligence (Al) technologies—particularly
deep learning algorithms and Large Language Model

CLINICAL IMPACT

What is New

e This scoping review focuses on the emerging
evidence of the direct educational impact of
Al-based educational tools in dermatology and
identifies major gaps in methodological quality,
standardised evaluation, and ethical oversight.

e Asthe use of Al in healthcare and medical education
expands, these findings provide a preview of
opportunities and challenges in Al-based
dermatology training.

Clinical Implications

® The findings support the need for rigorous and
ethically grounded frameworks to guide safe
integration of Al into dermatology education, with
emphasis on educational effectiveness, fairness,
explainability, and accountability.

(LLM) computer systems—have progressed at an
unprecedented pace in recent years, driving innovation
across a wide range of healthcare applications.’
These advancements have resulted in a corresponding
surge in research on the application of Al in medical
education,? including the development of virtual reality
simulators® and intelligent tutoring systems.* Such tools
enable the provision of individualised, innovative and
adaptive learning experiences, allowing students and
physicians to practise medical reasoning.>¢ Moreover,
integrating Al into medical education allows for
distance learning, making medical education more
accessible in resource-constrained areas with limited
resources’ or time due to clinical demands.®

In the field of dermatology, its inherent visual
diagnostic process makes it an attractive possibility
for Al to be applied as an educational tool,” with
similar promise being noted in other visually intensive
specialties, such as radiology, for the enhancement
of clinical competencies and optimising learning
outcomes.’® Al applications—ranging from machine
learning-based diagnostic simulators to image-based
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learning platforms’—have been proposed to improve
diagnostic accuracy, engagement, and learning
efficiency.’”? However, the evidence evaluating the
effectiveness of these technologies in dermatology
education—such as in assessing improvement in
diagnostic accuracy, knowledge retention, clinical
decision-making—remains fragmented and under-
explored, with robust evidence for their use in
dermatology education currently lacking.™

As such, this scoping review aims to address this
gap, examining the current methods by which Al
has been applied to dermatological education. By
charting the existing research landscape and evaluating
current evidence, this scoping review aims to highlight
promising applications and identify limitations in
existing studies. In doing so, this study aims to
suggest future innovations for more efficacious Al
usage, including areas of learner and faculty develop-
ment necessary to integrate Al into dermatological
education.

METHODS

The protocol detailing the search strategies of this
review was formulated by the authors, who registered
this on the International Prospective Register of
Systematic Reviews (PROSPERO, registration number
CRD420251058835) on 22 May 2025 before the study’s
initiation. While initially designed as a systematic
review, in view of the small number of highly hetero-
geneous studies identified, the study was redesigned
as a scoping review after article identification to
provide a broader map of existing evidence. With a
narrow evidence base, assessment on efficacy would
be limited, and hence research questions were refined
to define the applications and limitations of the
selected studies.

Search strategy

The search included the databases of MEDLINE
(through PubMed), Embase, Web of Science, SCOPUS,
and PsycINFO, with the search strategies described in
Supplementary Table S1. All studies published from
the inception of the respective database till 1 July
2025 were included. Based on titles and abstracts,
duplicate studies were first excluded. The remaining
studies were then evaluated based on titles and
abstracts for their relevance to the use of artificial
intelligence in dermatological education.

Selection of articles

Studies published in any language, from all countries,
were considered for review. Randomised controlled
trials, non-randomised controlled studies, pre-post
intervention studies, and observational studies were
included if they referred to direct application of Al
in dermatological education. Efforts were made to

Ann Acad Med Singap Vol 55 No 7 July 2026 | annals.edu.sg

obtain full-length studies for findings highlighted in
conference abstracts. Studies were considered at
various levels of healthcare education, including that
of medical students, residents (especially dermatology
and general medical trainees), and non-dermatology
clinicians involved in dermatology learning. Tools used
solely for clinical diagnosis without an educational aim,
editorials, opinion pieces, protocols without results,
and studies focused solely on Al tool development
without educational evaluation were excluded. As
title and abstract screening was done jointly, formal
recording of reviewer disagreements and calculation
of inter-rater reliability were not applicable.

Data collection

Data were extracted via a standardised collection
form, with authors’ names, publication date, country
of publication (as defined by the setting of data
collection), type of study, and level of healthcare
education of the intended learner audience. Following
this, categorisation was performed of the types of
artificial intelligence educational tools assessed, any
specific learning outcomes examined and overall
conclusions.

Data analysis

In this review, the articles identified displayed signifi-
cant heterogeneity, preventing meaningful pooling
and synthesis of educational outcomes. As such,
a scoping review was conducted according to the
methodological framework proposed by Arksey and
O’'Malley™ and refined by Levac et al.," and was
reported in accordance with the Preferred Reporting
ltems for Systematic Reviews and Meta-Analyses
extension for Scoping Reviews (PRISMA-ScR) checklist
(Supplementary Table S2).'* With the extracted data,
a narrative account of findings was produced,
considering the types of Al interventions and the
educational outcomes assessed. The limitations and
gaps in these studies were also identified.

The studies were categorised based on various
aspects of Al technologies specifically measured by
each study. Utilising an approach developed by
Quttainah et al.”” examining enablers for the use
of LLMs in medical education, an assessment was
made on whether the parameters of Cost, Usability,
Credibility, Fairness, Accountability, Transparency, and
Explainability (CUC-FATE) were considered by each
included study.

Quality assessment

Only non-randomised studies were obtained, and
their methodological quality was assessed. Study
quality of quasi-experimental studies was assessed
using the Cochrane Collaboration’s Risk Of Bias In
Non-randomized Studies of Interventions (ROBINS-I)
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tool,’® modified for usage in before-after studies. As
no established appraisal tool exists for validation of
Al-based educational content, content validation
studies were assessed based on a framework devised
by the authors, informed by the COnsensus-based
Standards for the selection of health Measurement
Instruments (COSMIN) checklist for content validity.”
This framework examined core tenets of the COSMIN
checklist, including relevance, comprehensiveness
and clarity, as well as recommendations regarding
expert involvement and qualitative evaluation during
instrument development.

There are also currently no suitable frameworks for
assessing the quality of Al-powered interventions in
medical education. The commonly used Transparent
Reporting of a multivariable prediction model for
Individual Prognosis or Diagnosis (TRIPOD) criteria,
while modified recently to account for machine learning
methods,?® work to evaluate predictive models by
their performance, and cannot be directly applied
to effectiveness in medical education. As such, a
framework previously utilised by Bates et al.?" also
referenced in other reviews on artificial intelligence in
healthcare education,?? was utilised.

Fig. 1. Database search.

Identification of new studies via databases and registers

Records identified from:
Databases (n = 827):

Records removed before screening

Web of Science (n = 96)
S =348 _+ !
F‘gﬁsﬁn(?n = TB; Duplicate records (n = 360)

PubMed (n = 180)
Embase (n=125)

Identification

'

Records screened Records excluded
[n = 467) (n = 406)

|

Reports not retrieved
(n=0)

Reports sought for retrieval
(n=61)

Saeening

Reports excluded
y No educational aim (n = 27)
Reports assessed for eligibility Pure diagnostic aid (n = 12)
(n=61) Protocol without results (n = 9)
No Al focus (n = 6)
Reviews (n =2)

5 studies included
from search

New studies included in review
(n=T7)

RESULTS

Search results

The comprehensive search of PubMed, Embase,
Web of Science, Scopus, and PsycINFO yielded
827 studies, of which 360 duplicates were excluded
(Fig. 1). From the remaining 467 studies, 406 were
excluded based on titles and abstracts. In total, 61
studies were retrieved and assessed for eligibility,
of which four full-length studies and one conference
abstract were identified. Further search of citations
yielded two other relevant articles,??* with a total
of 6 full-length studies and 1 conference abstract?#
selected for review.

A decision was made to include a conference
abstract?”’ to allow comprehensive mapping of the
dermatological educational landscape, in accordance
with a proposal by Scherer et al.*° An attempt was made
to contact the authors and examine study registers
and published protocols to obtain further information
on methods and results, but without success. However,
due to its brevity, there was limited ability to appraise
the abstract for its design, risk of bias, and assessed
educational outcomes, which is noted in the subse-

Identification of new studies via other methods.

Records identified from
Citation searching (n = 2)

\J

Reports sought for retrieval Reports not retrieved
(n=2) (n=0)
Reports assessed for eligibility Reports excluded:
n=2) ’ (n=0)

Induded

Full length studies (n=6)
Conference abstract (n=1)
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quent discussion. The PRISMA flowchart for this study
was created with the aid of an app designed by
Haddaway et al.*’

Description of included studies

The general characteristics of studies are summarised
in Table 1, with specific outcomes examined summa-
rised in Table 2 and further laid out in a frequency
table for content validation studies (Supplementary
Table S3). Out of the 6 identified studies and 1
conference abstract (henceforth considered with
the rest of the studies), 6 of these were conducted
over the past 3 years (2023-2025)22¢—with 1 study
focusing on an intelligent tutoring system in 2008.%
Four of the studies were conducted in the US,2+27-%
and 1 each in Italy, Australia, and Germany.?3>2¢

Three of the studies (including the conference
abstract) were assessed as quasi-experimental, defined
here as studies analysing the effect of interventions
without the assignment of experimental and control
groups??’2?; while the remaining 4 studies?*2%
were designed as cross-sectional studies for content
validation, defined here as studies which focused on
rating the quality and accuracy of Al output. Three
studies had a stated targeted audience who were
residents,?>%2? three studies had a stated targeted
audience who were medical students,?*?*?’ and one
study general practitioners.??

Al technologies examined

Many studies focused on the utilisation of generative
Al, including 2 for image generation?®?¢and 3 for text
generation.2428 Al studies examining text generation
utilised ChatGPT in its various models, with 2
studies®*?® attempting to generate questions for use
in clinical examinations. The last study? attempted
to assess the LLM’s ability to answer questions about
acne vulgaris for education and was unique in assessing
the LLM’s ability to identify appropriate reference
literature for learners.

Out of the 2 remaining studies, the first evaluated
an intelligent tutoring system in dermatopathology
serving as a precursor to modern Al today.?” The
second, a conference abstract, provided a different
approach, utilising a clinical decision support system
for medical students in an outpatient setting, creating
a list of differential diagnoses during patient review.?

Educational outcomes examined

Both  full-length  quasi-experimental  studies???
attempted to examine the improvement of clinical
competence, with 1 image-generation study? looking
at the improvement in learning accuracy (albeit in a
small sample of students, which cannot be interpreted
as evidence of educational benefit), while another
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study on intelligent tutoring® looked at the frequency
of errors. The conference abstract?’ evaluating a
clinical decision support system appeared to only look
at patient perception and utilisation time of the Al
tool, although the absence of a full-text limits
assessment. The significant heterogeneity of these
educational outcomes prevented further synthesis
and comparison.

All studies designed for content validation attempted
to break down the characteristics of Al-generated
output important for educational use. The 3 studies
focused on LLMs?*2428 |ooked at accuracy and clarity of
material generated, though they diverged significantly
in aspects they found important for education.
The content validation study for Al-generated images®
looked similarly at accuracy and utility for clinical
education.

Quality assessment

The 3 quasi-experimental trials (including the
conference abstract) were analysed with the ROBINS-
tool with all studies assessed having a serious overall
risk of bias (Table 3). None of the trials provided data
on the participant recruitment or measures to control
for confounders. In the conference abstract,?” while
there was limited information to assess for the risk of
bias, the authors only recruited two medical students
to test the intervention.

In assessing content validation studies on Al-
generated materials,2%2% a content validity checklist
informed by the COSMIN approach was adopted’
(Table 4). All studies had clear descriptions of
measured constructs and assessed relevant (but
different) characteristics of Al-generated materials.
They also all used clear Likert scales for assessment,
involving experts in its development and reporting
on inter-rater agreement. Three out of 4 studies
were significantly lacking in having a small number of
individuals assessing the suitability of teaching material,
and only 1 out of 4 studies reported qualitative insights.

When analysed using the approach by Bates et
al.?" (Supplementary Table S4), the accuracy of the
Al-based educational technologies was often unvali-
dated, and information with regard to uncertainty and
data-handling was not provided in all studies.

Enablers of Al in medical education

Studies were assessed for examination of the key
features of the CUC-FATE framework! (Table 5) for
effective and safe usage of Al in medical education,
but many of these elements were not assessed in
identified studies. While all studies examined the
usability of Al technology, and 6 out of 7 studies
examined their credibility, none of the studies assessed
issues regarding cost.
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Table 2. Results of included studies.

Content validation studies

Reference

Descriptive statistics

Conclusions

Naldi et al. (2024)%

The 23 answers were evaluated on:
e Quality (101/115 or 87.8%)
Readability (109/115 or 94.8%)
Accuracy (87/115 or 75.7%)
Thoroughness (98/115 or 85.2%)
Consistency (73/952 or 76.8%)

The 69 references provided were evaluated on:
e Pertinence (246/260 or 94.6%)

e Relevance (237/260 or 91.2%)

e Updatedness (162/260 or 62.3%)

ChatGPT demonstrated potential as a resource

for dermatology continued medical education,
producing appropriate responses in terms of quality
and thoroughness, and high readability. However,
responses were sometimes inaccurate or inconsistent
with guidelines, indicating areas for improvement.

The references provided by Al were positively evaluated
in pertinence and relevance, but issues in currency
suggest gaps in the availability of papers ChatGPT

had been trained.

Rao et al. (2025)*

The questions reflected high levels of:

e Alignment with scientific consensus (4.45, 95% Cl 4.28-4.62)
e Comprehensiveness (4.3, 95% Cl: 4.11-4.89°)

e Overall quality (4.28, 95% ClI: 4.10-4.47)

The questions reflected low levels of:
e Clinical harm (1.6, 95% Cl: 1.38-1.81)
e Demographic bias (1.52, 95% CI: 1.31-1.72)

Mean ratings of assessors reflected high alignment
with scientific consensus, comprehensiveness and
overall quality, with low suspicion of clinical harm and
demographic bias.

Errors relating to factual accuracy, including potential
Al hallucinations, were indirectly captured in ratings for
scientific alignment and clinical harm.

Cevik et al. (2025)%

Initial ratings for DALL-E had the authors rate on the following:
e Resemblance to real world pathology (3/5)

Adequate representation (4/5)

Easily visible and discernible details (4/5)

Quality (4/5)

Beneficial for educational purposes (4/5)

Only DALL-E had the ability to generate distinctive
features associated with skin cancer, while images
created by Midjourney and BlueWillow had
exaggerated fictionalised features.

Ayub et al. (20232

Out of the questions:

e 10/40 (25%) were low complexity

e 9/40 (22.5%) were vague or unclear

e 5/40 (12.5%) were inaccurate

e 16/40 (40%) were accurate and at an appropriate level
of complexity

The model was assessed to have a limited
domain-specific knowledge, with a

limited ability to understand context and generate
high-quality distractor options

Quasi-experimental studies

Reference

Descriptive statistics

Conclusions

Pielage et al.
(2025)%

e Skin lesions were assessed as mostly realistic
(average of 6.17/10)

e Subjective competence of the students increased
(from 2.28 to 3.12/5)

e Out of the 20 images assessed, the 4 students in the
learning group (exposed to Al generated images)
achieved a mean accuracy of 0.64, as compared to
0.56 for the 3 students in the control group.

The skin lesions were assessed as mostly realistic and
the subjective competence of the students increased
after completing the dermatology scenario in VR in the
study. In the small group, a small increase in learning
accuracy was observed after learning from Al-generated
images, suggesting potential for medical education

Lee et al. (2024)%

e 89% of patients supported the use of such technology in
medical student education
® Average utilisation time of the application was 67.0 seconds

Such machine learning clinical decision support
technology has the potential to actively engage
students during their clinical rotations without being
disruptive to clinic flow. Overall, patients supported the
use of the technology.

Payne et al. (2009)%

e A decrease in errors over time was noted from
approximately 50% to 20%

e Anincrease in Correct-BNS (optimal solution path)
actions over time was
noted from approximately 20% to 50%

During the tutoring, the frequency of errors gradually
declined. While student performance frequently
differed from the tutor-defined optimal path, students
approached the optimal solution path as they continued
to be tutored.

Al artificial intelligence; BNS: best-next-step; VR: virtual reality
2 Only 95 out of the 115 items were deemed eligible for assessment of consistency by the authors.
® This confidence is not symmetric about the point estimate with a much higher upper bound (4.89), which may be a possible error in the original

manuscript.
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Table 3. Cochrane risk-of-bias assessment tool for non-randomised studies.
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Bias domains

Pielage et al. (2025)%

Lee et al.? (2024)%

Payne et al. (2009)*

Pre-intervention

1.1 Bias due to confounding PY PY PY
1.2 Bias in selection of participants into the study PY PY PY
Risk-of-bias judgment Serious Critical Serious
At intervention
2.1 Bias in classification of interventions PY PY PY
Risk-of-bias judgment Serious Serious Serious
Post-intervention

3.1 Bias due to deviations from intended interventions PN NI PN
3.2 Bias due to missing data NI NI NI
3.3 Bias in measurement of outcomes PY PY PY
3.4 Bias in selection of the reported result PY PY PN
Risk-of-bias judgment Serious Serious Moderate
Overall bias Serious Serious Serious

NI: no information; PN: probably no; PY: probably yes
2 Assessment for this study was limited as a conference abstract

Table 4. COSMIN-inspired assessment for content validation studies.

COSMIN-inspired
concept

Criterion

Cevik et al. (2025)%°

Naldi et al. (2024)%

Rao et al. (2025)*

Ayub et al. (2023)%

Relevance/ construct Clear description Met Met Met Met
definition of construct being
measured
Item relevance Relevance of Met Met Met Met
generated items to
construct
Content coverage Comprehensiveness Unmet—only a Unmet—only used Partially met— Partially met—
of construct few images of skin for acne vulgaris randomly selected utilised CME articles
cancers vignettes under from JAAD
USMLE
Comprehensibility Comprehensibility of Met Met Met Met
rating scale
Expert review Involvement Met Met Met Met
of experts in
development
Reliability evidence Inter-rater agreement Met Met Met Met

reported

Methodological quality

Number of experts

Not met—only 3

Met—S5 individuals

Not met—only 3

Not met—only 2

of expert evaluation appropriate individuals, with with 4 residents, 1 individuals individuals
poor rigor specialist
Qualitative Quialitative insights Not reported Reported Not reported Reported

validation evidence

reported

CME: continuing medical education; JAAD: Journal of the American Academy of Dermatology; USMLE: United States Medical Licensing

Examination
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Table 5. Assessment of studies using the CUC-FATE framework.

Study Cost Usability Credibility Fairness Accountability Transparency Explainability
Cevik et al. (2025)? NR R R NR NR NR NR
Naldi et al. (2024)% NR R R NR R NR R
Pielage et al. (2025)% NR R R NR NR R R

Rao et al. (2025% NR R R R NR NR NR

Lee et al.? (2024)% NR R NR NR NR NR NR
Ayub et al. (2023)* NR R R NR NR NR NR
Payne et al. (2009)% NR R R NR NR R R

No. of studies examining 0 7 6 1 1 2 3

NR: not reported; R: reported
2 Assessment for this study was limited as a conference abstract.

Two of the studies??’ reported Al interventions
created by the authors, allowing assessment of their
transparency, but studies that utilised proprietary
LLMs, such as the content validation studies, lacked
the ability to do so. Author-created Al interventions
in these studies also allowed assessment of explaina-
bility. Including a study? which asked the LLM to
generate reference literature for provided information,
a total of 3 studies specifically assessed explainability.

This same study also highlighted the presence
of inaccuracies and errors in the LLM’s responses,
urging the necessity of expert review to prevent
misinformation, thus being the only study assessing
accountability.?® Only 1 study that looked at Al-
generated questions considered fairness, specifically
assessing the risk of demographic bias in Al-generated
questions and concluding that the risk of this is low.?

DISCUSSION

This scoping review has identified a small but
emerging body of literature examining the application
of Al in dermatological education. Though the included
studies examined a range of Al-based interventions,
such as Al-generated images of dermatological
conditions and LLM-generated educational content,
the overall evidence base remains limited. Most studies
were preliminary, small-scale and heterogeneous in
design, and current evidence is insufficientin supporting
conclusions regarding its effect on improving learner
performance and clinical competence.

The review also highlights several questions that
are still unanswered. It remains unclear which Al-
based interventions are the most effective for different
groups, such as medical students, residents, and
general practitioners, and whether these interventions
necessarily provide meaningful added value over

Ann Acad Med Singap Vol 55 No 7 July 2026 | annals.edu.sg

existing traditional educational methods. Important
concerns on implementation, such as transparency
and explainability, are also inconsistently addressed in
studies, and represent critical concerns for educators.

Since completion of the search by this review, a
broader scoping review of Al and dermatological
education has been published by Lau et al.,* also
highlighting educational applications, including the
use of LLMs as well as generative and adaptive
imaging tools. In contrast, this present review focused
on studies examining direct educational applications,
deliberately excluding the substantial number of
studies solely assessing Al performance in answering
dermatology examination questions. By adopting this
narrower educational focus, this review provides a
more targeted appraisal of the current evidence for the
use of Al in dermatological education, concluding that
despite growing interest in the field, current evidence
is sparse and limits strong conclusions.

Nevertheless, this field continues to evolve rapidly.
For example, a study published after the search period
examining the usage of LLMs as a dermatology case
narrator for medical students®* would have been eligible
for this review. As this study was published after the
prespecified search period, it was not included in the
formal synthesis, but its relevance suggests that future
updated reviews may identify a larger body of eligible
evidence.

The findings of this review are also consistent
with emerging evidence from the broader medical
education literature, with a rapidly increasing number
of Al-related publications over the past few years.® A
scoping review of Al medical image generation across
health professions education (including dermatology)
by Gupta et al.* also concluded that generative Al
should be treated as an experimental adjunct requiring
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rigorous human review. Similarly, in radiology education
(a similarly visually intensive specialty), a scoping review
of Al-based educational approaches by Hui et al.*®
identified a range of possible applications, from
personalised curriculum generation and diagnostic
support tools to automated evaluation systems.

While similar themes were observed in the present
review, the evidence base identified for dermatology
was considerably smaller, with fewer studies evaluating
educational outcomes and learner performance.
Together, these reviews suggest that while derma-
tology shares characteristics with more visual
specialties—making it potentially well-suited for Al-
enhanced learning, robust evidence demonstrating
educational effectiveness is lacking, making further
research with rigorous validation necessary to identify
the most effective Al tools in education.** Other
potential interventions not included in this review,
such as personalised learning platforms,® integrating
Al with virtual-reality based training for skin cancer
screening® as well as Al-assisted learning for know-
ledge and milestone assessment,*” have been proposed
by other authors, and would benefit from implemen-
tation studies to assess educational outcomes.

Key limitations

There was considerable heterogeneity noted in study
design and evaluation metrics for educational efficacy
in quasi-experimental studies, with a diversity of
intervention types explored. These studies were also
small-scale with low sample sizes (ranging from 2 to
44), with few participants and inadequate control for
confounding variables causing serious risk of bias.
None of the studies employed validated instruments
to assess learning outcomes, often relying on self-
developed Likert scales or informal expert ratings.
Similarly, none of the content validation studies used
standardised measures to assess content validity of
Al-generated information. This lack of standardisation
prevents meaningful synthesis.

None of the studies examined compared Al-based
interventions with traditional teaching methods. This
absence of a control group limited conclusions about
added educational value and generalisability, and
such comparative analysis is essential in evaluating
Al-based interventions’ educational effectiveness.’

All studies were conducted in pilot or isolated
research settings, outside the realm of formal medical
school or residency training curricula, suggesting
institutional adoption of Al in dermatology education
is currently limited. This is consistent with existing
research, which suggests thatadoption of Al into medical
education is still in its early developmental stages.*® A
key challenge is the alignment of existing educational
frameworks and curricula with rapidly evolving Al
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capacities,*’ with educational centres often struggling

with infrastructure and policy support required.*

A further limitation relates to the review process
itself, where study screening was conducted
through consensus between 2 reviewers rather than
independent duplicate reviews. While this collaborative
approach allowed for discussion and agreement at
each stage, it may have increased susceptibility to
shared reviewer bias.

CUC-FATE framework

This scoping review utilised the CUC-FATE framework
to examine crucial enablers for Al in medical
education, demonstrating that most dimensions were
unassessed by included studies. Credibility and utility
were frequently assessed, and while an earlier content
validation study® using an older LLM noted high
levels of inaccuracy, this was not noted in newer LLM
based content validation studies®?* utilising newer
models of the same LLM. This underscores how LLMs
are rapidly evolving and improving, and older studies
with less positive results may be less relevant with
newer generative Al models.

Most studies lacked reporting of assessments of
transparency and explainability. Content validity is
limited by the inability to trace presented evidence
to its origins, which is especially pertinent when
proprietary technologies, such as the LLMs ChatGPT
or Gemini, are used.®* These deficiencies may
undermine clinicians’ trust in Al-assisted dermatolo-
gical education, particularly when verification of
accuracy in clinical contexts is essential.*

Encouragingly, an included image-generation study?
described the creation of a custom diffusion model,
providing detailed methodological transparency.
While other studies focusing on deep learning
algorithms and clinical decision support systems for
diagnosis of melanoma** and other skin diseases*®
were excluded from review because of the absence
of educational focus, their transparent designs would
allow effective adaptation for educational purposes.

Ethical concepts of accountability and fairness were
rarely assessed in included studies. With the use of Al
in dermatological education rapidly expanding, these
omissions are concerning, given that the identification
of ethical challenges is paramount for responsible
development and implementation.*” The issue of
accountability, establishing liability for harmful results
sustained from incorrect educational content,®® was
assessed in only 1 study®® which emphasised the need
for human oversight to ensure clinical accuracy.
For fairness, Al algorithmic bias can lead to error in
diagnosis of under-represented populations such as
individuals of colour,®" causing erroneous education of
medical professionals. This was briefly assessed in 1
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study on Al-generated dermatological examination
questions,?* but should be more widely evaluated.

Implications for practice and future research

Despite promising innovation in the application of Al
in dermatological education, this review has demon-
strated that significant gaps remain, highlighting
key areas for future development. Current quasi-
experimental studies had a high rate of bias, empha-
sising the need for larger, robust, multicentre studies
involving diverse participant cohorts in institutional
contexts for both medical student and healthcare
professional training in dermatology.

Significant methodological heterogeneity across
studies severely limited comparison, highlighting
the need for standardised reporting frameworks and
verified evaluation tools to ensure replicability. This
review has demonstrated a framework for content
validation studies devised by the authors and
informed by the COSMIN approach, and the CUC-
FATE framework, which incorporates not just practical
but important ethical considerations. Adopting such
standardised frameworks would improve the quality
and transparency of Al-related educational research
in dermatology, allowing appropriate and effective
implementation. There is a need for studies to
explicitly incorporate ethical principles in their design,
ensuring Al-based educational tools are equitably and
responsibly implemented.

Singapore has emerged as an early regional adopter
of Al in healthcare training, resulting in an increased
impetus to equip faculty and students with the
necessary foundational knowledge in Al in a forward-
looking medical education landscape.*? In this aspect,
efforts have been made to design curricula locally
to integrate Al into medical education,® with local
medical educators highlighting the benefits in equipping
medical learners with skills in digital technology.**
By using dermatology as a targeted case study, this
review provides timely evidence that can inform
curriculum design for Al-enhanced medical education
in Singapore and similar healthcare systems.

Given the diversity of Al interventions, we recommend
that further research involve learners in their design,
which can improve engagement and reduce barriers
to adoption. Multiple studies have consistently
demonstrated that dermatology specialists,> trainees,*
and students,*>*” while agreeing that Al will play a
key role in dermatological education, expressed that
they lacked training to utilise it effectively. A mixed-
methods approach, combining quantitative outcomes
of efficacy with qualitative data of learner experience,
would be useful in examining these perceptions to
enhance usage of Al in dermatological education.
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Beyond the design of learner-facing interventions,
successful implementation of Al in dermatological
education will also need investment in faculty
development. Recent medical education literature has
emphasised the importance of equipping educators
with Al literacy through structured faculty development
models, which can include competency-based
certification and interdisciplinary training.®®*? As Al
becomes increasingly integrated into educational
practice, frameworks for faculty development have
been devised in broader medical education contexts,®
although these have not been explored specifically in
dermatology. Future work should therefore examine
not only the effectiveness of Al interventions for
learners, but also the competencies and support
required for educators to implement these tools safely
and effectively.

CONCLUSIONS

This review suggests that Al is an evolving tool for
dermatology education, with potential benefits
for learners. Existing literature is characterised by
methodological heterogeneity and limited validation,
and there is insufficient evidence to determine
whether Al-based educational tools improve learning
outcomes compared with standard educational
approaches. Establishing standardised frameworks
for the development, validation, and evaluation of Al-
based educational technologies is crucial to generate
higher-quality evidence, allowing for effective and
ethical implementation in dermatology training.
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research: The Table 2 fallacy
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ABSTRACT

Multivariable regression tables are common in observa-
tional clinical research, but their coefficients are often
over-interpreted. A model built to estimate the effect
of 1 exposure may also report coefficients for age,
sex, comorbidities, behaviours, and other adjustment
variables. These additional rows are frequently read as
independent risk factors, even when the analysis was
not designed to estimate their effects. This is the Table
2 fallacy. The problem is not the use of adjustment, but
the interpretation of adjustment terms as if each were a
separate causal estimate. In this commentary, we use a
directed acyclic graph and a single worked example to
show why the coefficient for the exposure of interest can
answer the intended clinical question, while coefficients
for adjustment variables may not represent clinically
actionable effects. We also show how similar errors
arise when interaction terms are interpreted as causal.
Authors should specify the target estimand (the causal
effect the analysis is designed to estimate) and exposure,
choose adjustment variables from the assumed causal
structure, interpret only the exposure coefficient, and fit
a separate model for each further question. We set out
red flags, recurring pitfalls, and questions to ask of any
risk-factor table. A regression table is not a menu of
modifiable risks. An association is clinically actionable
only when the study was designed to support that
interpretation.

Keywords: causal inference, confounding, directed
acyclic graphs, effect modification, measures of effect,
risk factor

INTRODUCTION

An adjusted regression table can make a modelling
decision look like a clinical finding. In many observa-
tional studies, the row of interest is the exposure—
the comparison the model was built to estimate.
The other rows often list age, sex, comorbidities,
behaviours, and other variables included to control
confounding. Because all rows are displayed in the
same format, they are easily read as equivalent clinical
effects. That reading is often wrong.

Statistical results have long been vulnerable to
over-interpretation. Over the past decade, sustained
efforts have improved how clinical researchers report
statistical findings. The American Statistical Association
has cautioned against treating a P value threshold as
the basis for scientific conclusions,’? and others have
urged that statistical significance not be treated as a
statement of truth.® Several journals now discourage,
or decline to publish, P values in favour of effect esti-
mates and confidence intervals (Cls),*¢ while estimation
graphics have been promoted to make both the
estimate and its uncertainty visible.” A similar case for
Cls was made in Singapore in 2010.8

These reforms are important, but they leave a more
basic problem untouched—an estimated coefficient
may be accompanied by a Cl and still be given the
wrong causal interpretation. In clinical research,
observational studies often aim to answer causal
questions using multivariable regression models. An
effect estimate and Cl for the exposure of interest
are reported, alongside coefficients for variables
included for adjustment. The issue is not adjustment
itself, but a habit that remains common in observa-
tional clinical research—reading every coefficient in
the adjustment model as if it were a causal effect.
Presenting the coefficient for every adjustment
variable within a table, and interpreting each as an
independent effect estimate, is referred to as the
Table 2 fallacy, named for the table in which it
characteristically appears.’

The fallacy arises because a multivariable model
is usually intended to answer a specific clinical
question. For example, a study may seek to estimate
the effect of rheumatoid arthritis on cardiovascular
risk while adjusting for age, smoking, hypertension,
and diabetes. The adjustment variables are included
to obtain a less biased estimate of the effect of rheu-
matoid arthritis; they are not necessarily included to
estimate their own effects on cardiovascular risk. This
can be understood using a directed acyclic graph, a
diagram in which arrows represent assumed causal
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relationships between variables (Fig. 1)."° In such a
framework, the total effect of an exposure is its overall
influence on the outcome through all causal pathways.
Some of these pathways may pass through interme-
diate variables, known as mediators (steps on the
causal path from exposure to outcome). To estimate
the exposure’s effect without confounding, investi-
gators adjust for variables that influence both the
exposure and the outcome.’ The adjustment set is
chosen to answer a single causal question: the effect
of the exposure on the outcome. Consequently,
although the adjustment variables’ coefficients appear
in the same regression table, they are adjustment
terms, not separate causal estimates.

Fig. 1. Directed acyclic graph for the worked example.

X

exposure

The exposure X is rheumatoid arthritis, the outcome Y is
cardiovascularrisk, andthe confounderZ is smoking. Smoking causes
both rheumatoid arthritis and cardiovascular risk, while rheumatoid
arthritis also causes cardiovascular risk; Z is therefore adjusted for
because it confounds the X-Y relationship. Arrows are labelled with
the data-generating coefficients usedin the simulation: Z—X = 0.8, the
directZ—Y effect = 0.4, and the target X—Y effect = 0.5 (highlighted).
Data were generated from a linear model with standard
normal errors (Supplementary Appendix S1).

Consider the same example, simplified to a single
confounder: a model for the effect of rheumatoid
arthritis on cardiovascular risk, adjusting for smoking,
a cause of both (Fig. 1). In plain terms, smoking is
included to help estimate the effect of rheumatoid
arthritis, not to answer a separate question about
smoking itself. In this model, the coefficient for rheu-
matoid arthritis can be read as an estimate of its total
effect on cardiovascular risk in the simplified causal
diagram, because there is no mediator between
rheumatoid arthritis and cardiovascular risk. The
coefficient for smoking is different. Although it may
appear to represent smoking’s effect on cardiovascular
risk, it actually represents smoking’s effect after
accounting for rheumatoid arthritis. In other words,
it estimates only the part of smoking’s effect that is
not explained by its influence on rheumatoid arthritis.

Ann Acad Med Singap Vol 55 No 7 July 2026 | annals.edu.sg

If smoking increases cardiovascular risk partly by
increasing rheumatoid arthritis, then the adjusted
smoking coefficient understates smoking’s total effect.

Estimating smoking’s total effect is a separate causal
question. To answer it, rheumatoid arthritis should not
be included in the adjustment set, because it lies on
the causal pathway from smoking to cardiovascular
risk. The model would instead need to adjust for
confounders of smoking itself." In this simplified
example, there are none, so a model containing
smoking alone would be sufficient, but only because
smoking is assumed to have no confounders here, not
as a general rule. A different question, such as separa-
ting smoking’s direct effect from the part acting
through rheumatoid arthritis, would require methods
designed for mediation. The fitted model and
estimates are provided in the Supplementary
Appendix S1.

The same reasoning applies when a table suggests
that the exposure effect differs between groups.
Suppose a study asks whether rheumatoid arthritis
raises the risk of an adverse cardiovascular outcome,
adjusts for smoking, and includes a rheumatoid
arthritis x smoking interaction term to allow the
rheumatoid arthritis effect to differ between smokers
and non-smokers. The results table suggests the
association is stronger in smokers than in non-smokers.
It is tempting to read this causally: that smoking
worsens the effect of rheumatoid arthritis, and that
smoking cessation would reduce the excess risk.
Strictly, however, this table has only asked whether
the rheumatoid arthritis effect differs across smoking
groups. That is effect modification—how the effect
of 1 exposure varies across levels of another variable.
It is not the same as estimating the joint causal effect
of both rheumatoid arthritis and smoking. To answer
that second question, smoking would need to be
treated as a second exposure, with its own causal
question and sufficient adjustment set.’? The diffe-
rence between smoking groups is represented by an
interaction term, but that term is still part of the model,
and on its own, it describes effect modification, not
a causal interaction. It should not be read causally
unless the causal question and the adjustment set
required to answer it have been specified. Interpreting
it causally is therefore another manifestation of the
Table 2 fallacy, even when the main estimate for
rheumatoid arthritis is valid.

The problem becomes clearer with unmeasured
factors. Smokers may differ from non-smokers in ways
that are hard to capture completely, including diet,
physical activity, and access to preventive care. These
factors may influence both smoking and cardiovascular
risk. Although adjusting for smoking may suit the
rheumatoid arthritis question, smoker and non-smoker
comparisons are still made within the structure the
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adjustment model creates. Apparent differences
between these groups may therefore reflect not only
genuine effect modification but also residual confoun-
ding or modelling artefacts. In the extreme, the entire
apparent difference between smokers and non-
smokers could reflect such unmeasured factors rather
than any effect smoking cessation would alter; the
coefficients for smoking, age, sex, and their interac-
tions remain quantities the analysis was never designed
to interpret causally.

The error is not remedied by a change of wording.
Calling these estimates “independent associations”
still invites each row to be read as a distinct effect, and
terms such as “potential risk factor” and “predisposing
factor” further imply an actionable, quasi-causal
relationship.”™'* The causal interpretation then often
reappears in the discussion, through mechanistic
explanations or recommendations for intervention. A
disclaimer of "association only” relocates the fallacy
rather than resolving it.

Several steps help to avoid the Table 2 fallacy.
First, define the purpose of the analysis. Observational
data can be used to describe patterns, build prediction

models, or answer causal questions. If the aim is
description, report descriptively. If the aim is pre-
diction, evaluate prediction performance rather than
interpreting coefficients as intervention effects. If the
aim is causal inference, specify 1 exposure, 1 outcome,
and 1 target estimand. The exposure estimand is
interpretable as causal only if the causal question is
well defined and the adjustment set is sufficient; it must
control confounding without adjusting for mediators
or colliders of the exposure-outcome relationship.
The remaining variables are used for adjustment,
not to be read as a menu of risk factors. If another
variable seems interesting in its own right, treat it as
a distinct question, with its own causal diagram, its
own sufficient adjustment set, and its own model. A
well-presented table makes this explicit (Table 1): the
exposure is set apart and interpreted, while the adjusted
variables are grouped and flagged as included for
confounding control, not as separate causal effects.

Second, pre-specify the adjustment set from the
assumed causal structure, rather than selecting
adjustment variables by stepwise procedures or
statistical significance. These procedures may be

Table 1. Adjusted risk ratios from a hypothetical, illustrative multivariable model for incident cardiovascular events, with each coefficient grouped by
its causal role. The rheumatoid arthritis exposure is represented here as graded inflammatory disease activity, to illustrate a multi-level exposure.

Variable Adjusted RR? 95% ClI
Exposure—interpretable as the target effect®

No inflammatory disease 1.00 —
Low disease activity 1.20 0.95-1.52
Moderate disease activity 1.45 1.18-1.78
High disease activity 1.80 1.40-2.31
Adjustment variable—coefficients not causally interpretable®<

Female sex 0.93 0.82-1.05
Age (per 10 years) 1.55 1.43-1.68
Current smoking 1.40 1.22-1.61
Lower income 1.25 1.08-1.45
Diabetes mellitus 1.50 1.30-1.73
Hypertension 1.38 1.20-1.59

Cl: confidence interval; RR: risk ratio

2 The exposure block is the causal contrast the model was designed to estimate, using a pre-specified adjustment set derived from the causal diagram;
it is interpretable only when that adjustment set is sufficient and contains no mediator or collider of the exposure. Its category contrasts form part of

the same exposure definition and should be interpreted together.

® The adjustment variables are included for confounding control, not because their coefficients are target effects. Each variable has its own causal
structure and would require its own adjustment set before its coefficient could be interpreted causally. Treating these coefficients as independent

risk factors is the Table 2 fallacy.

¢ Adjustment set: sex, age, smoking, lower income, diabetes mellitus, hypertension.

< Risk ratios are collapsible: when there is no confounding and no effect modification on the risk ratio scale, the marginal risk ratio equals the stratum-
specific risk ratio. For non-collapsible measures such as the odds ratio and hazard ratio, conditional and marginal estimates may differ even in the
absence of confounding, mediation, or effect modification, for reasons unrelated to the Table 2 fallacy.'>®
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useful for prediction, but they do not define a causal
adjustment set. A variable may be needed for confoun-
ding control even if it is not statistically significant,
while a statistically significant variable may be
inappropriate to adjust for if it is a mediator or a collider
(a variable influenced by both the exposure and the
outcome, which adjustment can bias)."’

Third, present the primary result as an estimation
graphic rather than a dense coefficient table in which
every variable invites a causal reading. The graphic
shows the single-adjusted exposure effect with its
full uncertainty rather than a significance test; in the
worked example, the smoking-adjusted outcome is
plotted for 2 groups, with the adjusted effect and
its bootstrap distribution shown alongside (Supple-
mentary Fig. S1). The same principle of reporting the
adjusted effect with its uncertainty applies whatever
the effect measure (mean difference, risk ratio, or risk
difference).

Finally, because no observational adjustment can
be assumed complete, the extent of residual confoun-
ding should be quantified, for example with an E-value,
which indicates how strong an unmeasured confounder
would need to be to explain away the observed
exposure effect.” Box 1 lists red flags, recurring pitfalls,
and questions a reviewer can ask of any risk-factor table.

Box 1. Spotting the Table 2 fallacy: Red flags, common pitfalls,
and questions for reviewers.

Red flags in a manuscript

e Every row in a multivariable “risk factors” table is discussed as if
it were clinically actionable.

* Adjustment variables are labelled as “independent predictors”,
“risk factors”, or “predisposing factors”.

e The discussion section gives mechanisms or intervention
implications for covariates that were not the main exposure of
interest.

* Interaction or subgroup terms are interpreted causally, as a joint
effect, without a clearly stated causal question.

* Variables were selected by stepwise selection or statistical
significance, then interpreted causally.

Common pitfalls

e Reading an adjustment-variable coefficient as its total effect.

* Assuming the adjustment set for the exposure also works for
every other covariate.

e Using cautious “association only” language, but later making
causal or clinical claims in the discussion section.

e Treating statistical significance as evidence of causal
importance.

Questions a reviewer can ask

* What causal question, or set of target estimands, was the model
designed to answer?

e Was the adjustment set chosen using subject-matter knowledge
(e.g. a causal diagram) or selected statistically?

e Are any non-exposure coefficients interpreted as independent
risk factors and clinically actionable findings?

e For each non-exposure coefficient that is interpreted, is there a
separate causal question and justified adjustment set?

Rule of thumb

* Interpret the coefficient the model was designed to estimate.

* For each further causal question, specify the question, causal
assumptions, adjustment set, and model separately.
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None of these steps is demanding, yet together they
turn a regression table from a list of numbers into a
clearly defined estimate whose causal interpretation
can be assessed.

CONCLUSION

The Table 2 fallacy arises when coefficients included for
adjustment are interpreted as separate causal effects.
Avoiding it requires a clearly defined exposure, the
effect to be estimated, the underlying assumptions,
and the variables needed for adjustment. This principle
applies to every table reporting estimates from a
multivariable model: interpret the effect the analysis
was designed to estimate, and treat the remaining
coefficients as adjustment terms rather than findings
in their own right. The distinction requires no new
software or larger sample, only the habit of asking
what causal question each coefficient answers and
whether the study design can answer it.

Supplementary materials

Fig. S1. Estimation graphic for the adjusted exposure
effect (illustrative simulated data).

Appendix S1. R code for the simulation.
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Transcatheter aortic valve implantation for severe aortic regurgitation with

Trilogy system: Initial Southeast Asia experience
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Dear Editor,

Aortic regurgitation (AR) is a common valvular heart
disease, with a cohort study reporting an approximate
prevalence of 13% in men and 8.5% in women." Severe
AR portends significant mortality and morbidity if
untreated.? Aortic valve surgery remains the gold
standard for management.®> However, a significant
proportion are treated conservatively because of
high surgical risks, significant comorbidities, or the
patient’s refusal of surgery.* Despite the success of
transcatheter aortic valve implantation (TAVI) for the
management of aortic stenosis (AS), existing devices
have not been designed for the treatment of AR. In
patients with limited surgical options, these devices
have been used off-label with higher associated risks.®
The recent development of dedicated devices has
changed the landscape.®’ In particular, the ALIGN-AR
study demonstrated the safety and efficacy of the u
se of the Trilogy transcatheter heart valve (THV)
(JenaValve Technology, Irvine, CA, US) in treating
patients with severe tricuspid AR.” The Trilogy valve
is a porcine pericardial THV composed of 3 leaflets
within a self-expanding nitinol stent scaffold. It has 3
locators which are centred on the native aortic cusps,
limiting implant depth and allowing clipping to the
native leaflets for secure anchoring.” To the authors’
knowledge, this is the first case series in Southeast
Asia (SEA) to describe the initial experience with the
Trilogy THV for the treatment of severe tricuspid AR.

Consecutive patients who underwent TAVI for
severe tricuspid AR with the Trilogy THV in a tertiary
cardiac centre were included. Severe AR was diagnosed
according to the European Society of Cardiology
2025 guidelines,® and patients were evaluated by a
multidisciplinary heart team. A computed tomography
(CT) scan was performed to assess the feasibility of
the transfemoral route and the suitability/sizing for
implantation. All procedures were performed via the
transfemoral route under general anaesthesia and
transoesophageal echocardiographic guidance. In

summary, a dedicated 18 French sheath (measuring
85cm) was inserted via the femoral route to the
sinotubular junction. The valve was then inserted via
the sheath to the aortic root, after which the sheath was
retracted to the descending aorta. The locators were
adjusted, and after all 3 locators were confirmed in the
native cusps and appropriate depth was achieved, the
valve was deployed under rapid pacing (Fig. 1).
Technical success and all clinical outcomes were
defined according to the Valve Academic Research
Consortium-3 criteria® both in-hospital and at 3 months.

A total of 5 patients were treated (median age
75 years, range: 49-83 years). Two patients had
preexisting left or right bundle branch blocks (LBBB/
RBBB). Three patients were New York Heart Associa-
tion (NYHA) Class II, while 2 were NYHA | with left
ventricular (LV) dysfunction. Four patients were deemed
high risk for surgery, and 1 patient repeatedly declined
surgery in view of age (75 years old). Echocardio-
graphic and CT measurements are also outlined in
Supplementary Table S1.

Overall, procedural success was achieved for all
patients, with a median procedure time of 85 minutes.
There were no major in-hospital complications. Post-
procedural echocardiogram showed mild paravalvular
AR in 1 patient, while the rest had no residual AR.
However, there was a significantincidence of conduction
system disease post-implant, with 1 patient developing
new LBBB, and 3 patients developing complete heart
block (CHB) requiring device implantation (of which
2 had underlying LBBB and RBBB, respectively). Of
the 3 patients, the degree of oversizing ranged from
6.06-18%, with 2 requiring permanent pacemaker
(PPM) implantation and 1 requiring cardiac resyn-
chronisation therapy with a defibrillator (because of
concomitant indication for primary prevention with an
LVEF <35%). Notably, all 3 patients had the smaller of
the 2 possible valve sizes implanted. Median length of
stay was 6 (range: 3-13) days, largely due to monitoring
and management of conduction issues. Two patients
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Fig. 1. Trilogy transcatheter heart valve (JenaValve Technology, Irvine, CA, US): sizing chart, design,” and deployment.
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who did not require PPM had hospital stays of 3 and
4 days, respectively.

At 3 months, all patients were well, with 4 of the
5 patients at NYHA | and 1 patient stable at NYHA Il
Valve performance remained excellent, with no
bioprosthetic dysfunction and minimal or no residual
AR. Patients with LV dilation demonstrated reverse
remodelling.

This first case series in SEA demonstrated that
the Trilogy THV represents a safe and feasible option
for patients with severe tricuspid AR.

Prior to the advent of AR-specific THVs, there was
off-label use of pre-existing TAVI devices for those
who were unable to undergo surgery. PANTHEON,
the largest investigator-initiated international registry
evaluating the off-label use of such TAVI devices
for AR, demonstrated an increased incidence of
residual paravalvular leak (9.5%), valve embolisation
(12.4%), need for a second valve (10.5%), and surgical
conversion (2%).° In contrast to AS, there is often
greater annular dilation, and a lack of leaflet and
annular calcification, which makes anchoring of the
THV challenging.

The advent of AR-specific TAVI devices has changed
this. These devices have a dedicated mechanism to
anchor on the native valve leaflets, independent of
the degree of calcification.' These include the J-Valve
(JC Medical Inc, Burlingame, CA, US) and the Trilogy
THV. In the North American experience with the latest
transfemoral iteration of the J-Valve,"" procedural
success was 81% (22/27) overall and 100% in the last
15 cases. At 30 days, 1 death and 1 stroke occurred.
In ALIGN-AR, using the Trilogy valve,” procedural
success was 95% (171/180). At 30 days, there was a
2% mortality rate and a 2% stroke rate. In this case
series, there was 100% procedural success with no
complications. At 3 months, there was improvement
in symptoms with no significant AR.

Several limitations should be noted with this treat-
ment strategy. First, the development of conduction
system abnormalities necessitating device implan-
tation remains a concern. In ALIGN-AR, the rate
of PPM implantation was 24.0%.” While the rate of
device implantation is higher in this small case series
(3/5), 2 of the patients had pre-existing conduction
system abnormalities, which put them at a higher
risk for the development of CHB. Notably, ALIGN-
AR showed a decrease in this complication with
less aggressive oversizing and slight modification of
implantation technique with operator experience.
Further studies are required to assess predictors of
the development of conduction system abnormalities,
as well as potential mitigators. Second, as with all novel
devices, long-term durability will require extended
studies.

Ann Acad Med Singap Vol 55 No 7 July 2026 | annals.edu.sg

In this first case series in SEA, the Trilogy THV was
safe and efficacious in the treatment of severe
tricuspid AR. There was 100% procedural success, and
no mortality or significant AR at short-term follow-
up. However, a significant proportion of patients
developed CHB necessitating device implantation.
Current gaps include identifying measures to mitigate
conduction system abnormalities and assessing long-
term durability.

Supplementary material

Table S1. Baseline characteristics, procedural details,
and clinical outcomes (n=5).
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Dear Editor,

Antifibrotic  therapies such as nintedanib and
pirfenidone have transformed interstitial lung disease
(ILD) treatment, representing a significant advance-
ment in managing progressive fibrosing conditions.
While these agents are used across Asia, their use in
Southeast Asia, for example in Singapore, Malaysia
or Indonesia, remains significantly under-represented
in literature. To address these knowledge gaps in
real-world use of antifibrotics among Southeast Asian
population, the authors conducted a retrospective
drug use evaluation at the ILD subspecialty service
in Tan Tock Seng Hospital in Singapore from January
2016 to October 2024, with the aim to evaluate the
usage patterns and clinical outcomes of nintedanib
and pirfenidone in patients with ILD.

A total of 44 patients were included in this analysis,
26 (59%) patients received nintedanib and 18 (41%)
received pirfenidone. Among the nintedanib group, 5
patients were subsequently switched to pirfenidone,
with 1 patient later returning to nintedanib therapy.
For analysis purposes, patients were grouped
according to their initial antifibrotic medication. All
patients screened were included and no patients were
excluded for data analysis.

Baseline characteristics were comparable between
the groups, with no differences in age, race, body mass
index, and smoking status (Supplementary Table S1).
There were more males on pirfenidone than nintedanib
(100% vs 80.8%, P=0.048). Baseline forced vital
capacity (FVC) (percentage predicted) and diffusing
capacity of the lungs for carbon monoxide (DLCO)
(percentage predicted) were comparable between
the groups. The median number of comorbidities was
3 (interquartile range [IQR] 2-4) in the pirfenidone
group and 2 (IQR 1-4) in the nintedanib group.
Patients with =3 comorbidities were more common
in the pirfenidone group (61.1% versus [vs] 38.5%).
The most prevalent comorbidities were diabetes
mellitus, pulmonary hypertension, and liver disease,

with no significant differences in individual comorbidity
patterns between the groups. Idiopathic pulmonary
fibrosis (IPF) was the predominant diagnosis, though
its prevalence differed significantly between the
groups (nintedanib: 79.5% vs pirfenidone: 100%,
P=0.006). The remaining nintedanib patients (20.5%)
had progressive pulmonary fibrosis (PPF), comprising
equal numbers of PPF, fibrotic hypersensitivity
pneumonitis, and connective tissue disease-associated
ILD.

Drug interruption/discontinuation was significantly
more common in the pirfenidone group (77.8%)
compared to the nintedanib group (53.8%, P=0.049)
(Table 1). Dose reduction was observed in 26.9% of
nintedanib patients but none in the pirfenidone group.
The main reasons for treatment modifications were
adverse events (nintedanib: 42.3% vs pirfenidone:
27.8%) and deaths (nintedanib: 15.4% vs pirfenidone:
27.8%), with no significant difference in overall
modification reasons between groups (P=0.804).
Other reasons included precautionary measures for
cardiovascular concerns or worsening organ function,
and miscellaneous factors such as financial concerns
or pill burden.

Target dose achievement, defined as total daily dose
of nintedanib 300 mg daily and pirfenidone 2403 mg
daily, was higher in the nintedanib group (50.0% vs
33.3%, P=0.272). The mean daily dose achieved was
256%50.8 mg for nintedanib and 1691+607.5 mg
for pirfenidone. Among patients not achieving target
doses, adverse events were the primary reason in both
groups, though more prominent in the pirfenidone
group (50.0% vs 34.6%). Other reasons included
advanced disease concerns, and precautionary dose
limitations due to comorbidities such as chronic liver
disease or progressive chronic kidney disease.

The safety analysis revealed distinct adverse event
profiles between the 2 medications. Liver enzyme
elevations were significantly more frequent with
nintedanib (38.5% vs 11.1%, P=0.046) of which
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Table 1. Usage pattern, adverse event profile, and clinical outcomes of antifibrotic therapy in patients with interstitial lung disease.

Nintedanib Pirfenidone P value
(n=26) (n=18)
Drug interruption, no. (%)° 14 (53.8) 14 (77.8) 0.049
Dose reduction, no. (%) 7 (26.9) 0
Reason for drug interruption or dose reduction, no. (%) 0.804
Side effect 11(42.3) 5(27.8)
Deceased 4(15.4) 5(27.8)
Precaution® 2(7.7) 1(5.6)
Others® 4 (15.4) 3(16.7)
Achieved target doses of antifibrotic, no. (%) 13 (50.0) 6(33.3) 0.272
Average total daily dose of antifibrotic, mean SD, mg 256.0+50.8 1691.0+£607.5
Reasons for not achieving target dose, no. (%) 0.100
Side effect(s) 9 (34.6) 9 (50.0)
Precautions?® 0 2(11.1)
Advanced disease 1(3.8) 0
Others® 0 1(5.6)
Not specified 3(11.5) 0
Adverse events, no. (%)
Elevated liver enzymes 10 (38.5) 2(11.1) 0.046
Pattern of liver injury 0.394
Hepatocellular injury 4 (15.4) 0
Cholestatic injury 3(11.5) 0
Mixed injury 2(7.7) 2(11.1)
Unable to be determined 1(3.8) 0
Gastrointestinal side effect 9 (34.6) 8 (44.4) 0.545
Dermatological side effect 0 1(5.6) 0.409
General disorder® 0 3(16.7) 0.062
No documented side effect experienced 10 (38.5) 8 (44.4) 0.761
Time from start of antifibrotic to follow-up pulmonary function test, mean SD, months 9.9+3.4 10.0+£4.3 0.918
Change in FVC, mean SD, percentage predicted 4.0+14.1 -1.5+14.9 0.335
Change in DLCO, mean SD, percentage predicted -1.76%9.7 -12.5€11.7 0.069
Mortality, no. (%) 13 (50.0) 12 (66.7)
Time from start of antifibrotic to death, median (95% Cl), weeks 85 (0-182) 110 (71-149) 0.542

Cl: confidence interval; DLCO: diffusing capacity of the lungs for carbon monoxide; FVC: forced vital capacity; SD: standard deviation

2Drug interruptions include patients who are deceased.

® Precautions comprise cardiovascular concerns (initiation of antiplatelet, myocardial infarction), new diagnosis of liver cirrhosis, worsening renal
function.

¢ Others include advanced disease and uncertain benefits, revision of diagnosis of interstitial lung disease, financial concerns, patient defaulted as
overseas, pill burden.

4Precautions include concerns about hepatotoxicity in view of chronic liver disease with hepatic steatosis, renal function in view of progressive chronic
kidney disease.

¢ Patient declined dose escalation and had wanted to try Ayurvedic medications.

fGeneral disorders (e.g. fatigue, non-cardiac chest pain, general feeling of discomfort).
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4 patients showed hepatocellular injury patterns, 3
showed cholestatic injury, and 2 showed mixed injury
patterns while 2 on pirfenidone showed mixed injury
patterns.

Gastrointestinal side effects including nausea,
vomiting, diarrhoea, anorexia, and poor appetite
were comparable between groups (nintedanib: 34.6%
vs pirfenidone: 44.4%, P=0.545). General disorders
such as fatigue, non-cardiac chest pain, and general
feeling of discomfort were observed exclusively with
pirfenidone (16.7%, P=0.062). Dermatological side
effects were rare, with only 1 patient in the pirfenidone
group experiencing an eczema flare. Notably, a
substantial proportion of patients did not experience
any side effects during antifibrotic therapy—
encompassing 38.5% in the nintedanib group and
44.4% in the pirfenidone group (P=0.761).

Overall medication adherence was good in both
treatment groups, as measured by medication
possession ratio (MPR). The median MPR was
98.6% for nintedanib and 94.4% for pirfenidone
(P=0.394). Good adherence, defined as MPR =80%,
was achieved in 78.3% of the nintedanib group and
71.4% of pirfenidone group (P=0.732).

After a mean follow-up of 9.9+3.4 months for
nintedanib and 10.0£4.3 months for pirfenidone, both
groups showed no statistically different patterns in
lung function changes (Table 1). Mean FVC change
was comparable between the groups (nintedanib:
4.0+14.1% predicted vs pirfenidone: -1.5£14.9%
predicted, P=0.335). Similarly, mean DLCO change
showed no significant difference between the groups
(nintedanib: -1.76+9.7% predicted vs pirfenidone:
-12.5+£11.7% predicted, P=0.069). Survival analysis
revealed no statistically significant difference between
the treatment groups. Mortality rates over the study
period were 50% in the nintedanib group and 67% in
the pirfenidone group. Median survival was 85 weeks
(95% Cl 0-182) for nintedanib and 110 weeks (95%
Cl 71-149) for pirfenidone (log-rank P=0.542).

The study’s retrospective design is limited by
potential biases including incomplete documentation
and under-reporting of mild adverse events.
Treatment selection was based on physician discretion
considering multiple factors including approved
indications (pirfenidone restricted to IPF only),
patient comorbidities, potential drug interactions,
contraindications to specific antifibrotic agents, pill
burden preferences, and cost considerations. Notably,
nintedanib is cheaper than pirfenidone in this study’s
healthcare setting (about SGD700 or approximately
USD550; 20% cheaper per month at full doses). While
MPR is widely utilised for medication adherence

Ann Acad Med Singap Vol 55 No 7 July 2026 | annals.edu.sg

assessment, it has limitations including inability to
confirm actual medication ingestion, and potential
imprecision over short intervals.’”

This study provided important real-world evidence
on antifibrotic therapy use, safety, and effectiveness
in patients with ILD in Singapore. Despite frequent
dose modifications and substantial comorbidity
burden, most patients maintained high medication
adherence, and experienced lung function preservation
comparable to international studies. However, adverse
event profiles, particularly hepatic enzyme elevations,
were more pronounced than in clinical trials, high-
lighting the need for enhanced monitoring and
individualised management strategies.

Supplementary material

Supplementary Table S1. Baseline demographic and
clinical characteristics of patients with interstitial lung
disease treated with nintedanib or pirfenidone.
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A primary care perspective on gender-focused mental health services in

Singapore: Correspondence
Jeremiah Pereira’ MMed (Int Med)

Dear Editor,

This author read with interest the recent letter by
Puthran et al. on gender-focused mental health
services in Singapore,” as well as the subsequent
correspondence by Fung et al., which contextualises
the integration of such services within general
psychiatric care.?

This author welcomes several key directions high-
lighted across both pieces, particularly the recognition
of evolving models of care, and the need for system-
wide capability building. This letter response offers
a primary care perspective to further contextualise
these discussions.

The informed consent model. First, it is encou-
raging that Puthran et al. acknowledge the current
predominance of a mental health assessment model,
noting that “most providers seem more comfortable
with a prior psychiatric assessment... rather than
an informed consent approach.” This distinction is
important. While psychiatric involvement remains
essential in selected cases—particularly those with
complex presentations, significant psychiatric insta-
bility, or diagnostic uncertainty—over-reliance on
mandatory assessment frameworks risks creating
unnecessary barriers to care.®> The American College
of Obstetricians and Gynecologists states that “current
consensus is that an informed consent process
without a separate letter from a mental health care
professional is more than adequate for initiating
therapy for those patients who wish to medically
transition”.* The Endocrine Society’s 2017 guidelines
similarly moved away from requiring obligatory
psychosocial evaluation, a position affirmed in the
World Professional Association for Transgender Health
Standards of Care Version 8.

Research demonstrates that the informed consent
model is associated with high patient satisfaction, and
significantly shorter time to treatment initiation.® For
individuals with clear, persistent gender incongruence
who are otherwise medically suitable for treatment, an
informed consent model allows for more timely care
without compromising safety.

Delineating case complexity. Second, this author
supports the framing of case complexity, particularly
the statement that “more complex cases requiring a
second opinion or trained multidisciplinary support”
should be referred to specialised services.’

Implicit within this is the recognition that not all
cases are complex. A substantial proportion of
individuals presenting with gender-related concerns
may be appropriately managed in primary care
settings, provided clinicians are adequately trained
and supported. Multiple healthcare systems have
successfully implemented primary care-led gender-
affirming hormone therapy programmes in cities
including Toronto, Vancouver, Boston, and Sydney.?
Clear delineation between straightforward and
complex presentations is therefore critical to avoid
over-centralisation and bottlenecks in specialist
services.

Co-occurring conditions as rationale for integration.
Third, both letters highlight the high prevalence of
co-occurring mental health and neurodevelopmental
conditions among gender-diverse individuals.

From a primary care standpoint, this should not be
viewed as a barrier to decentralised care, but rather
as a rationale for it. Primary care physicians routinely
manage mild-to-moderate mood disorders, anxiety
conditions, and neurodevelopmental presentations
within a biopsychosocial framework.> Integrating
gender care into this existing scope aligns with
established primary care competencies and supports
continuity of care.

Clinical guidelines for co-occurring autism and
gender dysphoria emphasise the importance of
assessment but do not preclude gender-affirming care.
Rather, they recommend an extended diagnostic period
with overlap between assessment and treatment.
The presence of co-occurring conditions should trigger
appropriate assessment and support, not automatic
exclusion from primary care management.

Building system-wide competence. Finally, this
author strongly agrees with Fung et al. in that
“multiplying subspecialty silos” is unlikely to be
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sustainable in a resource-constrained system, and
that “building system-wide competence” should be
prioritised.?

In this regard, primary care represents a natural
and scalable platform for capability building. The
medications used for gender transition are common
and can be safely prescribed by primary care physicians
with appropriate training. Primary care physicians
already have experience managing hormone-based
therapies in contexts such as menopause, andropause
and contraception. With appropriate training—
including understanding the diagnostic criteria for
gender dysphoria, prescribing and monitoring
hormone therapy, managing common side effects,
and recognising when specialist referral is needed—
similar principles can be extended to gender-affirming
hormone therapy.

Multiple studies emphasise that creating welcoming
environments, training all staff in culturally competent
care, and integrating gender-affirming services
into existing care structures are more sustainable
than creating isolated specialty clinics. The AFFIRM
framework developed from patient narratives empha-
sises that care should be flexible, accessible,
multidisciplinary, and community-centered.’

Singapore’s own mental health landscape demon-
strates the value of primary care integration. Studies
show that patients often consult multiple providers
before reaching psychiatric services, with primary care
serving as a key pathway.™

A pragmatic model for Singapore. Taken together, a
pragmatic model for Singapore may involve:

(1) Primary care-led management of straightforward
cases using an informed consent framework.

(2) Clear referral pathways for complex or uncertain
presentations requiring specialist mental health
assessment.

(3) Shared care models linking primary care with
multidisciplinary specialist services, where primary
care providers maintain ongoing management
with access to specialist consultation as needed.

(4) System-wide training to improve baseline compe-
tence across providers, with emphasis on cultural
humility, clinical skills, and recognition of when
specialist referral is appropriate.

Such an approach would align with the goals of
accessibility, equity, and sustainability, while avoiding
unnecessary delays in care for patients who could
otherwise be managed safely in community settings.
The continuum of care framework recommended by

Ann Acad Med Singap Vol 55 No 7 July 2026 | annals.edu.sg

recent guidelines— emphasising creating an affirming
environment, establishing diagnosis and goals, selec-
ting appropriate pharmacotherapy, and monitoring
both hormone levels and clinical outcomes—can be
delivered effectively in primary care settings with
appropriate training and specialist backup."
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"Gazing into the crystal ball of mortality prediction in conservative kidney

care”: Correspondence
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Vui Heng Chong* FRCP (UK), Jackson Tan® FRCP (UK)

Dear Editor,

We refer to the Annals article, “Gazing into the
crystal ball of mortality prediction in conservative
kidney care”, which highlights the paucity of data
contextualising mortality predictors within Southeast
Asian populations and the call to embrace adoption
of conservative kidney management (CKM)." In this
letter, we would like to present our perspective on
CKM, as a fourth modality of kidney replacement
therapy (KRT), set against the backdrop of the current
economic crisis of dialysis care.

We conducted a retrospective cohort study of all
patients aged over 70 years with end-stage kidney
disease (ESKD) in Brunei who received either KRT or
CKM between 2018 and 2023. Data from the Brunei
Dialysis and Transplant Registry included sex, race,
comorbidities, age, KRT initiation dates, baseline
biochemical markers, and outcomes such as survival,
hospitalisations, place of death, cardiac arrests, and
intensive care admissions. The study aimed to report
survival rates and compare demographic and clinical
differences between groups. The KRT group included
patients starting dialysis electively or acutely, while
the CKM group included patients enrolled in the CKM
clinic. Both groups of patients were selected from the
national pre-dialysis clinic to either start dialysis or be
referred for CKM. Patients with metastatic cancer or
severe dementia were excluded from both groups in
this analysis.

Statistical analyses were conducted using R version
4.6.0 (R Foundation for Statistical Computing, Vienna,
Austria). Independent t-test was used to compare
means between the 2 groups while Pearson’s chi-
squared test was used to compare associations
between categorical variables. The Kaplan-Meier
method was used to estimate patient survival and
the log-rank (Mantel-Cox) test to compare the curves.
Results were considered statistically significant if the
P value was less than 0.05.

Table 1 summarises the demographic and clinical
characteristics of both groups. In total, 182 patients
fulfilled the inclusion criteria, of whom 160 received
KRT and 22 underwent CKM. Within the KRT cohort,
104 patients (65%) commenced haemodialysis acutely,
of whom 41 (26%) required intensive care treatment.
Only 29 patients (18%) had a functioning arteriove-
nous fistula at the time of first dialysis, while 2 patients
were initiated directly onto peritoneal dialysis. Com-
pared with the CKM group, the KRT group was
significantly younger with higher rates of diabetes and
coronary artery disease, but had higher baseline serum
creatinine, phosphate, and lower albumin levels.

By the end of the follow-up period, 55% (n=88) in
the KRT group and all 22 patients in the CKM group
had died, corresponding to a 45% relative risk re-
duction in mortality in the KRT group. The mean survival
time was 16.69 = 15.05 months in the KRT group
compared with 7.31 £+ 8.09 months in the CKM group.
The 6-, 12-, 18-, and 24-month survival rates were
82%, 63%, 56%, and 43%, respectively, for patients
receiving KRT, compared with 55%, 27%, 23%, and
0% for those managed with CKM. Among all patients,
only KRT and the age group of 70-74 years demon-
strated significantly better survival. Among patients
who died, the KRT group experienced a significantly
higher number of hospitalisations, were less likely to
die at home and more likely to experience hospital-
activated cardiac arrests.

Our study demonstrated that KRT confers a signifi-
cant survival benefit compared with CKM, despite
the KRT group’s lower baseline estimated glomerular
filtration rate and higher burden of comorbidities.
Not surprisingly, existing literature similarly favours a
survival advantage among patients who commence
dialysis. Reindl-Schwaighofer et al. compared 8622
elderly patients receiving haemodialysis with 174
patients managed with CKM, and found that
haemodialysis was associated with a significantly
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Table 1. Comparison of demographic and clinical factors between KRT and CKM groups in Brunei Darussalam (2018-2023).

KRT group (n=160) CKM group (n=22) P value
Mean age (years), mean+SD 75.59+4.46 83.50+4.19 <0.05
Median age (years) 75 82 NA
Sex: male, no. (%) 85 (53) 10 (45) 0.07
Sex: female, no. (%) 75 (47) 12 (55)
Race: Malay, no. (%) 137 (86) 19 (86) 0.85
Race: Chinese, no. (%) 23 (14) 3(14)
Comorbidities: DM, no. (%) 135 (84) 11 (50) <0.05
Comorbidities: Hypertension, no. (%) 157 (98) 22 (100) 0.19
Comorbidities: CAD, no. (%) 56 (35) 3(14) <0.05
Creatinine (umol/L), mean=SD 981.7+£356.1 595.9+240.4 <0.05
eGFR (mL/min), mean=SD 5.30+5.87 7.91£3.25 <0.05
Haemoglobin (g/dL), mean+SD 9.21£1.62 9.38+1.75 0.65
Albumin (g/L), mean=SD 30.24+5.75 33.95+6.28 <0.05
Phosphate (mmol/L), mean=SD 2.20+0.74 1.46+0.41 <0.05
6-month survival (%) 82 55 NA
12-month survival (%) 63 27 NA
18-month survival (%) 56 23 NA
24-month survival (%) 43 0 NA
Overall survival (months), mean+=SD 16.69+15.05 7.31+8.09 <0.05
Acute dialysis, no. (%) 104 (65) 0 (0) <0.05
Elective dialysis, no. (%) 56 (35) 2(11)e <0.05
Using AVF on first dialysis, no. (%) 29 (18) 0(0) NA
ICU admission, no. (%) 41 (26) 0 (0) <0.05
Number of hospitalisations, mean+SD 4.71+3.81 1.70+0.75 <0.05
Dying at home (among those who died), no. (%) 12/88 (14) 8/22 (36) <0.05
Recorded hospital cardiac arrests (among those who 15/88 (17) 0/22 (0) <0.05

died), no. (%)

AVF: arteriovenous fistula; CAD: coronary artery disease; CKM: conservative kidney management; DM: diabetes mellitus;
eGFR: estimated glomerular filtration rate; KRT: kidney replacement therapy; NA: not applicable; SD: standard deviation
2 Two patients had a few sessions of dialysis as part of short-term palliative measures.

1.

lower risk of death (hazard ratio [HR] 0.23, 95% confi-
dence interval [CI] 0.18-0.29; P<0.001) compared
with CKM.?2 Likewise, a Southeast Asian cohort from
Thailand involving 669 KRT patients and 50 CKM
patients reported a mortality HR of 4.97 in the CKM
group.?

Though we did not directly assess quality of life,
our study uniquely evaluated surrogate indicators—
demonstrating fewer hospital admissions, fewer acute
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procedural interventions, fewer “unplanned” deaths,
and more time spent at home in the CKM cohort.
These outcomes may better reflect local Asian religio-
cultural priorities surrounding dignity and the sanctity
of death. Our findings are consistent with those of
Hussain et al.,* who likewise observed that patients
receiving KRT were more likely to require acute hospital
admissions and to die in hospital. Carson et al. also
reported a significantly greater hospitalisation burden
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in the KRT group, with patients spending an average
of 6.9% of their remaining days as inpatients due to
dialysis-related complications, compared with 4.3% in
the CKM group.®

But, at what cost? This rhetorical question cannot
be meaningfully examined through a purely financial
lens, especially in Brunei and similar settings where
healthcare is free for citizens and permanent residents.
Although this removes direct expenses for patients
and families, it may foster delayed decision-making
about dialysis until late-stage disease. Consequently,
many patients present urgently with severe ESKD
complications such as fluid overload, metabolic
acidosis, and hyperkalaemia, requiring immediate
intervention. After stabilisation, some continue dialysis
due to the lack of cost barriers, gratitude for life-saving
treatment, and early improvements in well-being.
However, they may not yet understand the lifelong
demands and burdens of ongoing dialysis. The benefit
of foresight, informed by the experience of seasoned
clinicians, could ideally help guide such vulnerable
patients towards a holistic CKM approach.

The 2026 World Kidney Day theme, Kidney Health
for All: Caring for People, Protecting the Planet,
highlighted the high financial costs, environmental
impact, and reduced quality of life often linked to
haemodialysis.® It supported practical CKM, especially
for elderly and frail patients, by promoting care
aligned with personal values and wishes, and reducing
unnecessary family, economic, and environmental
burdens.

Longevity without dignity is an empty victory. Our
study concludes that although KRT increases longevity,
it often imposes a heavily encumbered lifestyle with
significant psychosocial and medical costs. CKM may
offer a meaningful alternative for selected elderly
patients by preserving dignity rather than prolonging
life. We summarise our position with the principle
that medicine should seek to “add life to years rather
than add years to life.”
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Authors’ reply
Dear Editor,

We thank the authors for their interest in our editorial
and for sharing their experience and outcomes
following the implementation of a conservative kidney
management (CKM) clinic. We believe it is important
to continue to increase awareness and acceptance
of CKM as a management strategy for kidney failure,
and we commend the authors for contributing to this
ongoing conversation.

The authors’ observations that patients who
were initiated on dialysis had a survival benefit but
increased hospitalisations and were more likely to
die in hospital are in keeping with the findings in a
recent systematic review." Given that a randomised
controlled trial would be both methodologically and
ethically challenging, well-conducted observational
studies with defined outcomes and patient-reported
outcome measures will most likely inform the future
evidence base guiding shared decision-making
regarding CKM versus dialysis.

The authors highlighted that the costs of dialysis
and CKM cannot be examined solely from a financial
perspective, given the variation in healthcare financing
structures and approaches across healthcare systems.
While this is certainly true regarding what the patient
pays, there have been reports evaluating overall cost
differences between dialysis and CKM. Considering
the costs associated with outpatient clinic visits,
investigations, dialysis treatments, and inpatient
hospitalisation, Verberne et al. found that the annual
cost for patients aged 70 years and above who opted




Dialysis vs CKM in elderly patients in Brunei: Improved survival, but at what cost?—Norhasyimah Tamin et al.

for CKM was approximately 20% of that for patients
who chose dialysis.? Beyond cost, the same group
also evaluated value, and found that CKM achieved
similar survival and health-related quality of life out-
comes with lower treatment burden and treatment
costs, especially in the oldest patients and those with
severe comorbidity.?

However, costs and value represent but 1 component
of the decision-making framework. For the individual
patient, the decision between dialysis and CKM is
shaped not only by values but also by perceived
survival benefits, symptom burden, quality of life,
caregiver burden, and religious or cultural beliefs. A
qualitative study conducted with patients recruited
from 9 renal units in England found that patients
opting for different treatments held contrasting beliefs
about the potential advantages of dialysis.* Some
dialysis and predialysis patients believed that dialysis
could extend their lives and offer them a better quality
of life or help them maintain their current quality of
life. The prioritisation of survival, even with substantial
symptom burden and reduced independence, is an
individual choice that transcends financial considera-
tions. Nevertheless, many studies have reported that
healthcare providers significantly influence the shared
decision-making process, particularly in how CKM is
presented and how the patient’s overall prognosis is
communicated. Patients often perceive a lack of choice
as the reason for starting dialysis.> Decision-making is
often shaped by differing perspectives among patients,
caregivers, and physicians, with the “right decision”
seldom perfectly aligned among stakeholders.® While
structured frameworks, such as MIND-IT, have been
proposed to guide this process,” meaningful shared
decision-making ultimately requires something less
easily protocolised: time—not merely 15 minutes
within the confines of a clinical consultation, but time
afforded across multiple dedicated conversations, to
unpack complex interventions, understand individual
values, and arrive at decisions that are both informed
and deeply human. Clinicians need to be trained and
spend time presenting kidney failure treatment options
accurately and in a balanced manner so that patients
appreciate and understand the uncertainties and
trade-offs between dialysis and CKM, as highlighted
in the KDIGO 2024 Guideline for the Evaluation and
Management of CKD.8? Undergirding this process are
the principles of respect and autonomy, where the
focus should be on facilitating informed, values-
concordant decision-making rather than directing
patients towards a predetermined treatment pathway.

The authors’ findings are a timely addition to the
emerging body of literature on CKM outcomes.
We reiterate our call for better-conducted studies,
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including patient-reported and caregiver-centred
outcomes, to refine the evidence base underpinning
shared decision-making in kidney failure care. Equally
important will be continued efforts to ensure that
treatment discussions are balanced, individualised,
and grounded in respect for patient autonomy,
recognising that the “best” treatment may differ
according to each patient’s goals, priorities, and lived
experience.
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