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Abstract Given the growing global interest in
Healthy Longevity Medicine (HLM), the field lacks
understanding about public knowledge and interest,
which are crucial for any public health intervention
relying on HLM. This study presents findings from
the Healthy Longevity (HELO) survey conducted
in Singapore, assessing public knowledge regarding
lifespan (number of years a person is alive), health-
span (number of years a person spends in good

Supplementary Information The online version
contains supplementary material available at https://doi.
org/10.1007/s11357-026-02160-8.

J.J. P. Amalaraj - L. Island - J. J. Meij - A. B. Maier (<))
NUS Academy for Healthy Longevity, Yong Loo Lin
School of Medicine, National University of Singapore
(NUS), Singapore 117456, Singapore

e-mail: a.b.maier@vu.nl

J.J. P. Amalaraj - B. Wang - A. B. Maier

Healthy Longevity Translational Research Program,
Yong Loo Lin School of Medicine, National University
of Singapore (NUS), Singapore 117456, Singapore

A. Sziics - A. B. Maier

Department of Human Movement Sciences, @
AgeAmsterdam, Faculty of Behavioural and Movement
Sciences, Vrije Universiteit Amsterdam, Amsterdam
Movement Sciences, Van Der Boechorststraat 7,
Amsterdam 1081 BT, The Netherlands

L. Y.-T. Wang

Well Programme, Alexandra Hospital, Alexandra
Hospital, National University Health System (NUHS), 378
Alexandra Rd, Singapore 159964, Singapore

Published online: 03 March 2026

health), and interest in HLM. This nationwide cross-
sectional survey, conducted between June and August
2024, involved 3034 participants. Main domains
including questions on demographics, living arrange-
ments, medical information, health behaviours,
income and financial status were tested for associa-
tions with knowledge about lifespan and healthspan,
and interest in HLM clinics using binary logis-
tic regression. While 82.3% of 46 years old [IQR,
34-59] participants correctly defined lifespan, 41.3%
accurately defined healthspan and 55.5% expressed
interest in HLM clinics. Younger age, male gender,
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Chinese ethnicity, higher education and income, full-
time employment, lower body mass index, supple-
ment use, moderate (vs. no) alcohol consumption,
high exercise frequency and enrolment in (self-paid)
annual health screenings were associated with bet-
ter knowledge and stronger interest in HLM clinics.
These findings highlight the need for targeted edu-
cation to enhance understanding of healthspan and
implement evidence-based preventive health pro-
grammes, supporting the clinical translation of gero-
science into Precision Geromedicine through HLM
clinics.

Keywords Ageing - Healthspan - Knowledge -
Lifespan - Longevity - Motivation

Introduction

The shift toward ageing populations globally has
placed unprecedented pressure on healthcare sys-
tems [1]. As the older demographic grows, healthcare
costs are expected to increase, raising significant con-
cerns about long-term sustainability [2]. In Singapore,
where the proportion of individuals aged 65 years and
older is projected to exceed 25% by 2030, this demo-
graphic shift has also been accompanied by a growing
prevalence of ageing-related diseases [3]. These trends,
coupled with rising old-age dependency ratios and
declining birth rates [4], pose challenges to healthcare
systems to deliver quality and sustainable care. Ageing
is a process influenced by various psychological factors,
including ageism and self-perceptions of ageing, which
may affect physical, mental, and social well-being [5].
Ageing is therefore more than disease prevalence and
should be approached positively to modulate and pre-
serve healthspan.

Healthy Longevity Medicine (HLM), also
referred to as Precision Geromedicine for scientific
and medical audiences, is an emerging medical spe-
ciality and offers promising solutions to address the
challenges posed by ageing populations [6]. Rooted
in geroscience, Precision Geromedicine seeks to
optimise health and healthspan by targeting the
biological processes of ageing [6]. By focusing on
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prevention and delaying the onset of ageing-related
diseases, the field offers a paradigm shift from reac-
tive to proactive healthcare [7].

Despite its promise, public opinions on HLM
remain insufficiently understood, with surveys
revealing diverse preferences as well as socio-demo-
graphic and ethical considerations, highlighting the
complexity of perspectives on health, lifespan and
healthspan [8, 9]. Lifespan refers to the “total dura-
tion of a person’s life, from birth to death, which
increases over time” [10]. Although there is no uni-
versally accepted definition of healthspan, it is most
commonly described as the “period of life spent in
good health” [11, 12].

The Healthy Longevity (HELO) consortium was
established to examine public awareness, knowl-
edge, and motivations towards healthy longevity
[13]. The HELO conceptual framework was devel-
oped to explore factors shaping views and inten-
tions towards healthy longevity, which formed the
basis for the global HELO population survey, first
developed and deployed in Singapore [13]. Under-
standing public knowledge and interest in Singapore
is particularly timely, given its large-scale national
efforts to ramp up preventive healthcare [6] and its
population’s general receptiveness to public health
campaigns [14]. The HELO survey aims to provide
guidance for the integration of geroscience into new
models of healthy longevity medicine care through
national policy and preventive health strategies
[15]. A preliminary qualitative study conducted
with the Singaporean population during the devel-
opment of the HELO survey highlighted mixed
reactions to the notion of HLM clinics, with both
enthusiasm about their potential to extend health-
span but also reservations regarding the extent of
lifestyle changes required to reach positive results
[16]. However, this study could not inform on the
representativeness of these different perspectives
in the Singaporean population given its qualitative
nature. A population survey is hence warranted to
obtain national population estimates and quantify
their variation with individual characteristics.

This study analysed data from the HELO popula-
tion survey in Singapore to examine knowledge of
lifespan and healthspan, assess interest in attending
HLM clinics, and evaluate whether demographic,
socioeconomic, and lifestyle factors were associated
with these outcomes.
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Method

Ethics approval for the study was obtained from the
Institutional Review Board at the National University
of Singapore (NUS-IRB-2023-672). Written or elec-
tronic informed consent was obtained from all partici-
pants prior to data collection.

Study design and sampling

A nationwide cross-sectional design was utilised
to assess public knowledge and interests in HLM
through the HELO survey in Singapore [13, 16]. The
HELO survey explored public awareness, knowledge,
and factors underlying motivation towards lifespan,
healthspan, and HLM. The HELO survey comprised
149 questions across multiple sections, designed to
capture a comprehensive understanding of partici-
pants’ demographics, knowledge, behaviours, and
attitudes towards HLM:

Section A: Demographic data (37 questions).

e Section B: Knowledge of lifespan and healthspan
(20 questions).

e Section C: Interest in HLM Clinics and health-
related concerns (17 questions).

e Section D: Health behaviours, social support, per-
sonality, and aspirations (75 questions).

The survey was available in the official languages
of Singapore, namely English, Chinese, Malay, and
Tamil. All translations followed the Translation,
Review, Adjudication, Pretest, and Documentation
approach (TRAPD) [17] to ensure culturally and con-
textually appropriate adaptations.

The survey was administered door-to-door in
Singapore from June 24 to August 11, 2024, target-
ing a sample size of up to n=2500 participants.
For door-to-door data collection, multistage cluster
sampling was used to randomly select postal codes
from households and public places across five major
regions of Singapore (Central, East, West, North, and
Northeast), as defined by the Urban Redevelopment
Authority Singapore [18]. This is to ensure a nation-
ally representative sample and capture variations
across socio-demographic groups. The “last birthday”
method [19] was used for within-household sampling
to select household members who were currently at
home, aged 21 years old or older (as defined by the

local age of majority), and had the most recent birth-
day. Surveys were conducted daily between 9 am and
9 pm, and participants had the option to complete the
survey digitally via a QR code (n=1614) or using
a pen-and-paper format (n=389). For online data
collection, surveys were administered via the Qual-
trics platform, which recruited participants residing
in Singapore. A total of n=1000 participants were
recruited through Qualtrics from July 8 to August
20, 2024. Stratified random sampling was applied to
ensure demographic representativeness across age,
gender, and ethnicity.

The median time (seconds) taken to complete the
surveys was 1546 [IQR, 993-2221] for the door-to-
door survey and 971 [IQR, 743-1506] for the online
survey.

Participants

Eligible participants were adults aged 21 years and
older residing in Singapore. Door-to-door participants
received a S$20 reimbursement for their time and
effort. Online panel participants were remunerated
based on the incentives scheme of the panel provider,
which offered rewards in the form of points, cash, gift
cards, or vouchers. Exclusion criteria included non-
residency in Singapore or an inability to provide con-
sent due to physical or cognitive impairment.

Measures
Outcome measures

Outcome measures were dichotomized as follows:
Knowledge of lifespan was assessed by asking partic-
ipants, “Do you know what lifespan is?” and requir-
ing that they selected the correct definition as “the
number of years a person is alive”, were labelled as
“Yes”, while the three incorrect options— “‘the num-
ber of years spent as an adult”, “the number of years
in retirement”, and “the distance between your two
arms when you extend them”, were labelled as “No”.
Similarly, knowledge of healthspan was assessed by
asking, “Do you know what healthspan is?”” The accu-
rate definition “the number of years a person spends
in good health” was labelled as “Yes”, whereas the
incorrect options — “the budget a government can
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allocate to healthcare”, “the number of years a person
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spends with chronic disease”, and “the number of
years a person lives” were labelled as “No”.

After providing an introduction to HLM clinics —
“A Healthy Longevity Medicine clinic offers a com-
prehensive assessment (2 h) of biological, physical,
cognitive, and mental measures, which is followed
by advice from a doctor and other healthcare profes-
sionals to optimise health via personalised lifestyle
changes (e.g. diet, exercise, sleep), supplements, and
medication, interest in them was assessed through a
binary (yes/no) survey question evaluating partici-
pants’ willingness to engage with or utilise the clin-
ic’s services.

Sociodemographic

Age was collected as self-reported chronological age
and perceived age; both measured in years. Chrono-
logical age was defined as the participant’s actual age,
while perceived age captured the number in years
answered to the question “how old do you feel?”.
Gender was categorised as female, male, or other
based on participant self-identification. Ethnicity
was grouped into Singapore’s four officially recog-
nised categories: Chinese, Indian, Malay, and others.
Residency status was classified as citizen, permanent
resident, or non-resident/foreigner. Work status was
defined as full-time, part-time, or casual work, retired
and working, retired, or unemployed. Educational
attainment was categorised into six levels: postgradu-
ate degree, undergraduate degree, diploma or certifi-
cate, secondary school or equivalent, primary school
or equivalent, and no formal education. Religion was
categorised as Buddhism, Christianity, Islam, Hindu-
ism, Taoism, no religion, or other religions. Marital
status was defined as married, single (never married),
divorced, widowed, or separated. Family structure
included two variables: whether participants had chil-
dren (yes or no) and whether they had grandchildren
(yes or no). Monthly household income was grouped
into seven ranges, from “$500 or below” to “$10,001
or more”’, with an additional category for “refused to
answer”. Monthly individual income was classified
into the same categories with the inclusion of a “no
income” category. Housing type was categorised as
Housing Development Board (HDB) 5-room or exec-
utive, HDB 4-room, HDB 3-room, HDB 1-room or
2-room, condominium or other apartment, and landed
property or others. The Housing and Development
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Board (HDB) is Singapore’s public housing author-
ity, responsible for planning and developing estates.
With over 80% of residents living in public housing
under a tiered subsidy scheme, HDB flat size serves
as a proxy for socioeconomic status (SES), as smaller
(1-2 room) flats have income eligibility caps [20].

Health and lifestyle

Body mass index (BMI) was calculated using height
in metres (m) and weight (kg). Chronic disease status
was defined as the absence or presence of any chronic
medical conditions. Medication use and supplement
use were each classified as yes or no. Alcohol con-
sumption was categorised as no alcohol consumption,
1 to 7 drinks per week, 8 to 14 drinks per week, or
15 or more drinks per week. Smoking status was clas-
sified as never smoked, used to smoke regularly, or
currently smoking. Exercise frequency was measured
in number of days per week, from O to 7. Enrolment
in HealthierSG, a 2023 national initiative encourag-
ing Singapore citizens to register with a family doctor
for primary and preventive care, was also assessed,
with responses categorised as “yes”, “no”, or “not
qualified to enrol” [21, 22]. Completion of any annual
health screening was recorded as “yes” or “no”.

Data analysis
Quality check

A minimum completion threshold was established,
requiring respondents to answer all questions in Sec-
tion A and at least the first five questions of Section
B. As these items constitute the essential knowledge-
based metrics for lifespan and healthspan necessary
for a clinically meaningful analysis, any responses
failing to meet this threshold were excluded from the
study to ensure the research objectives were accu-
rately addressed.

Analyses

Three separate analyses were performed to determine
the association between socio-demographic charac-
teristics and: [1] knowledge of lifespan, [2] knowl-
edge of healthspan, and [3] interest in engaging HLM
clinics services. Crude and age-adjusted logistic
regressions were employed to assess determinants of
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knowledge regarding lifespan and healthspan, as well
as interest in HLM clinics, which are presented as
odds ratios (OR) with 95% confidence intervals (CI).
Reference categories for categorical variables in the
regression models were selected based on a combina-
tion of theoretical reasoning and sample size consid-
erations, using the most common or standard group
as the baseline for interpretation. The statistical sig-
nificance level was set at a=0.05. All analyses were
conducted using SPSS version 27.

Results
Sample characteristics

The HELO cohort consists of 3034 participants, of
which 2003 were enrolled via door-to-door data col-
lection and 1031 via online collection. The final
sample size n=3034 was determined after exclud-
ing n=289 participants who failed to meet the
established completion threshold, specifically by not
answering the mandatory items in Section A and the
first five questions of Section B.

Table 1 outlines the demographic and health pro-
files of the participants. The median age of the total
cohort was 46 years [IQR, 34-59], while the median
perceived age was 41 years [IQR, 32-56]. The major-
ity were female (54.1%), Chinese (71.0%), and Singa-
pore citizens (83.4%). Nearly half of the participants
were highly educated (proportion with postgradu-
ate degrees, 14.6%; and undergraduate degrees,
31.1%). The largest groups earned between SGD
5001-10,000 (26.9%) or above (26.6%) monthly,
while 13.3% declined to disclose their income. Most
participants were Singapore citizens (83.4%), with
permanent residents comprising 10.1% and non-res-
idents or foreigners comprising 6.4% of the sample.
A majority were married (63.9%), followed by those
who were single and never married (28.2%), divorced
(4.0%), widowed (3.2%), and separated (0.7%). Addi-
tionally, 60.9% of participants reported having chil-
dren. Most participants (77.6%) also reported no
chronic diseases and not taking medications (67.6%),
while 50.1% reported using supplements. Approxi-
mately half of the participants (47.3%) were enrolled
in the HealthierSG initiative, while 53.9% had under-
gone annual health screenings. Lifestyle behaviours
indicated that 69.1% reported they did not consume

alcohol and that 80.5% had never smoked. A total of
19.1% of respondents reported no physical exercise.
Among those who exercised, 13.7% did so once per
week, 16.5% exercised twice per week, and 18.8%
exercised three times per week. Characteristics of the
cohort stratified according to the sampling methodol-
ogy are given in Supplementary Table S1.

Knowledge about lifespan and healthspan and interest
in attending Healthy Longevity Medicine clinics

Figure 1 illustrates the distribution of participants’
understanding of the definitions for lifespan and
healthspan, as well as their interest in the services
offered at a HLM clinic. Most participants accurately
identified the correct definition of lifespan (82.3%),
while about half as many were able to identify the
correct definition of healthspan (41.3%). Overall,
55.5% of the participants indicated interest in HLM
clinics.

Demographic associations with knowledge regarding
lifespan, healthspan, and interest in attending Healthy
Longevity Medicine clinics

Table 2 presents unadjusted associations providing an
overview of the crude relationships between demo-
graphic characteristics and participants’ knowledge
of lifespan and healthspan, and interest in HLM clin-
ics. Lower chronological age (Fig. 2) and male gender
were statistically significantly associated with better
knowledge of lifespan and higher interest in attending
a HLM clinic. Chinese participants had better knowl-
edge of lifespan compared to other ethnicities. Chris-
tianity was consistently associated with better knowl-
edge and more interest in HLM clinics compared to
other religions.

Age-adjusted demographic associations with
knowledge regarding lifespan, healthspan, and
interest in attending Healthy Longevity Medicine
clinics

To account for the potential confounding effect of age,
Table 3 presents age-adjusted demographic character-
istics and their association with knowledge of lifespan
and healthspan and interest in HLM clinics. Having no
grandchildren was statistically significantly associated
with better knowledge of lifespan and stronger interest
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Table 1 Characteristics of

. n Total (N =3034)
participants
Age, year, median, IQR 3029 46, [34-59]
Perceived age, year, median, IQR 2999 41, [32-56]
Perceived age—Chronological age, year, IQR 2996 =1, [-5to—1]
Gender
Female 3031 1641 (54.1)
Male 1372 (45.2)
Other 18 (0.6)
Ethnicity
Chinese 3032 2155 (71.0)
Indian 358 (11.8)
Malay 353 (11.6)
Others 166 (5.5)
Residency
Citizen 3033 2531 (83.4)
Permanent Resident 307 (10.1)
Non-resident/Foreigner 195 (6.4)
Work
Full-time 3033 1915 (63.1)
Part-time/Casual Worker 319 (10.5)
Retired and working 53 (1.7)
Retired 393 (13.0)
Unemployed 353 (11.6)
Education
Postgraduate Degree 3033 443 (14.6)
Undergraduate Degree 945 (31.1)
Diploma/Certificate/ 864 (28.5)
Professional Certificate
Secondary School or equivalent 596 (19.6)
Primary School or equivalent 153 (5.0)
No formal education 32(1.1)
Religion
Buddhism 3032 839 (27.7)
Christianity 719 (23.7)
Islam 457 (15.1)
Hinduism 230 (7.6)
Taoism 157 (5.2)
No religion 559 (18.4)
Other religion 71 (2.3)
Marital status
Married 3034 1940 (63.9)
Single (never married) 857 (28.2)
Divorced 120 (4.0)
Widowed 97 (3.2)
Separated 20 (0.7)
Children, yes 3034 1847 (60.9)
Grandchildren, yes 3029 419 (13.8)
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Table 1 (continued) n Total (N =3034)

Family members past 90 years

No 2773 1826 (60.2)
Yes 873 (28.8)
Don’t know 74 (2.4)
Monthly household income
$500 or below 3025 103 (3.4)
$501-$1000 117 (3.9)
$1001-$2500 249 (8.2)
$2501-$5000 527 (17.4)
$5001-$10,000 817 (26.9)
$10,001 or more 807 (26.6)
Refuse to answer 405 (13.3)
Monthly individual income
No income 518 (17.1)
$500 or below 3032 86 (2.8)
$501-$1000 179 (5.9)
$1001-$2500 381 (12.6)
$2501-$5000 782 (25.8)
$5001-$10,000 620 (20.4)
$10,001 or more 229 (7.5)
Refuse to answer 237 (7.8)
Housing
HDB 1-room or 2-room 3029 121 (4.0)
HDB 3-room 612 (20.2)
HDB 4-room 1058 (34.9)
HDB 5-room or Executive 813 (26.8)
Condominium or other apartment 335 (11.0)
Landed/Others 90 (2.9)
Height, cm, median, IQR 3024 164 [158-171]
Weight, kg, median, IQR 3029 63 [55-74]
BMI, kg/m?, median, IQR 3023 23.4 [20.9-26.6]
Chronic disease, no 3030 2355 (77.6)
Medications taken, no 3033 2052 (67.6)
Supplements use, yes 3031 1519 (50.1)
Alcohol consumption per week
0 3033 2098 (69.1)
1-7 drinks 796 (26.2)
8-14 drinks 54 (1.8)
15 +drinks 37(1.2)
Refuse to answer 48 (1.6)
Smoking
Never smoked 3030 2442 (80.5)
Used to smoke regularly 312 (10.3)
Currently smoke 276 (9.1)
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Table 1 (continued)

n Total (N =3034)

Exercise

0 days 3028 579 (19.1)

1 day 416 (13.7)

2 days 501 (16.5)

3 days 571 (18.8)

4 days 280 (9.2)

5 days 297 (9.8)

6 days 88 (2.9)

7 days 296 (9.8)
Health Insurance

Government 3034 2051 (67.6)

Private 835 (27.52)

None 148 (4.88)
Enrolled in HealthierSG

No 3033 1478 (48.7)

Yes 1435 (47.3)

Not qualified to enrol 120 (4.0)
Done annual health screening, yes 3032 1634 (53.9)

Notes: Data are presented as n (%) unless otherwise indicated

Abbreviations: IQR interquartile range, HDB Housing Development Board, BMIbody mass index

in attending a HLM clinic, while those having fam-
ily members aged 90 years or older had better knowl-
edge of healthspan. Higher education was consistently
associated with better knowledge of lifespan, health-
span, and interest in HLM clinics. Those with full-time
employment had better knowledge of lifespan than those
unemployed, as well as better knowledge of healthspan
and interest in HLM clinics than those who were retired
or unemployed. When compared to those earning less
than $500 per month, a household income of $2501 and
more was associated with better knowledge of lifespan
and interest in HLM clinics, while those with income
of more than $5001 had better knowledge of healthspan
and interest in HLM clinics. Additionally, those resid-
ing in a condominium demonstrated better knowledge
of lifespan and expressed more interest in HLM clinics.

Age-adjusted health associations with knowledge
regarding lifespan, healthspan, and interest in
attending Healthy Longevity Medicine clinics

Table 4 shows the associations between health charac-

teristics with knowledge and interest in HLM clinics,
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adjusting for chronological age. A lower body mass index
(BMI) was associated with better knowledge of lifespan
and interest in HLM clinics. Additionally, taking supple-
ments was associated with knowledge of lifespan, health-
span, and interest in HLM clinics. Those consuming 1-7
drinks of alcohol per week, compared to nil drinks, had
better knowledge of lifespan and healthspan and interest
in HLM clinics. Regular exercise was associated with bet-
ter outcomes, with those exercising for 2 days or more per
week reporting better scores in knowledge of healthspan
and interest in HLM clinics. Having government health
insurance and being enrolled in HealthierSG were both
associated with better knowledge of lifespan and health-
span and interest in HLM clinics. Participants who under-
went annual health screening and who paid out-of-pocket
had higher odds of knowing the definition of healthspan
and being interested in attending HLM clinics.

Discussion

The HELO survey revealed strong public knowledge
of lifespan and less widespread understanding of
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Know Lifespan Know Healthspan Interested in HLMC

Legend

. Yes

No
n=3034

536
[17.7] : [44.5]

Fig. 1 Knowledge of lifespan and healthspan and interest in a Healthy Longevity Medicine clinic

Table 2 Association between demographic characteristics and knowledge of lifespan and healthspan and interest in attending
Healthy Longevity Medicine clinics

Knowledge of lifespan Knowledge of healthspan Interested in HLM clinics
Crude OR [95% CI] P Crude OR [95% CI] P Crude OR [95% CI] P
Chronological age, year  0.98 [0.97-0.98] <0.001  1.00[0.99-1.00] 0.230  0.99[0.98-0.99] <0.001
Gender, female, reference
Male 1.28 [1.06-1.55] 0.010 1.13[0.98-1.31] 0.090  1.20[1.04-1.39] 0.010
Other 0.62 [0.22-1-75] 0.370 1.20 [0.47-3.07] 0.700  0.43[0.16-1.16] 0.100
Indian 0.46 [0.36-0.60] <0.001  1.00[0.80-1-25] 0.990  0.82[0.65-1.02] 0.080
Malay 0.58 [0.44-0.76] <0.001  0.83[0.66-1.04] 0.110  0.80[0.64-1.01] 0.060
Others 0.63 [0.43-0.93] 0.020 0.91 [0.66-1-26] 0.580  1.30[0.94-1.79] 0.120
Residency, citizen, reference
Permanent resident 0.75[0.56-1.01] 0.060 1.44 [1.13-1.82] 0.003  1.21[0.95-1.54] 0.120
Non-resident 0.55[0.39-0.76] <0.001 1.10[0.82-1.48] 0.530  0.73 [0.54-0.98] 0.030
Religion, Buddhism, reference
Christianity 1.41 [1.06-1.86] 0.020 1.23[1.01-1.51] 0.040  1.74 [1.42-2.14] <0.001
Islam 0.68 [0.52-0.90] 0.007 0.96 [0.76-1.21] 0.750  1.03[0.82-1.29] 0.830
Hinduism 0.57 [0.40-0.80] 0.001 1.03 [0.77-1.39] 0.830  0.81[0.60-1.08] 0.150
Taoism 0.84 [0.55-1.28] 0.410 0.91 [0.64-1.29] 0.590  0.90 [0.64-1.27] 0.540
No religion 1.5[1.10-2.03] 0.010 0.97 [0.78-1.20] 0.760  1.12[0.90-1.39] 0.310
Other religion 0.63 [0.36-1.11] 0.110 0.85[0.51-1.40] 0.520  0.99 [0.61-1.61] 0.970

*p-value refers to the comparison with the reference group
Abbreviations: OR odds ratio, CI confidence interval
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n=514 n=689 n=582 n=540 n=475 n=234
Age group
Legend

Knowledge of lifespan

1 Knowledge of healthspan

B Interest in HLMC

Fig. 2 Proportion of accurate answers regarding lifespan and healthspan definitions and interest in attending Healthy Longevity

Medicine clinics, stratified by age groups

healthspan in the general population of Singapore.
More than half of the population expressed interest
in HLM clinics. Younger chronological age, male
gender, Chinese ethnicity, Christianity, higher educa-
tion, full-time employment, and higher income were
positively associated with knowledge and interest in
HLM clinics. Having no grandchildren was linked
to better knowledge of lifespan and interest in HLM
clinics, while family members living past 90 years
were associated with better healthspan knowledge.
Health determinants included lower BMI, taking sup-
plements, moderate (vs. no) alcoholic intake, regu-
lar exercise, having government health insurance,
enrolment in HealthierSG, and completing annual
(self-paid) health screenings, all of which were asso-
ciated with better knowledge and interest in HLM
clinics. The factors with the largest effect sizes for
both knowledge of lifespan and healthspan, as well as
interest in HLM clinics, included having government
health insurance and basic education. Additionally, an
income above SGD 2,501 and paying out-of-pocket

@ Springer

for health screenings were associated with greater
interest in visiting HLM clinics.

The observed disparity between public knowl-
edge of lifespan and healthspan highlights a weaker
understanding of the concept of healthy longev-
ity. The United Nations Decade of Healthy Ageing
seeks to address the needs of an ageing population
by integrating social, biological, economic, and envi-
ronmental determinants of healthy ageing across the
lifespan, and by promoting interventions to extend
healthspan [23]. The limited understanding of healthy
longevity is echoed by the Hevolution Founda-
tion survey, which found only 30% of 4000 citizens
self-reported their familiarity with the concept [24].
Defining lifespan and healthspan requires consensus
and standardisation to effectively disseminate these
concepts to the public and develop targeted strategies
for healthy ageing policies within global healthcare
systems [12]. Despite this, more than half of the par-
ticipants expressed interest in HLM clinics, suggest-
ing a recognised need and willingness to improve
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their healthspan. This enthusiasm reflects a growing
demand for personalised and preventative health-
care solutions, particularly in Singapore, with the
rising prevalence of ageing-related diseases and an
increasing older-age population which have prompted
national initiatives such as HealthierSG [22, 25]. The
present finding aligns with insights from a previ-
ous focus group study, where Singaporean residents
expressed optimism for HLM’s potential in extending
healthspan, raised concerns about the challenges of
adopting necessary lifestyle changes, and discussed
the importance of perceived autonomy over their way
of living [16].

Interestingly, this study also observed that male
participants and those with moderate alcohol con-
sumption exhibited higher knowledge of lifespan and
healthspan, as well as greater interest in HLM clin-
ics. While this contrasts with prior literature in Singa-
pore [26, 27] suggesting higher health literacy among
women, several contextual factors may explain these
findings. In Singapore, men consume alcohol more
regularly than women but are twice as likely to meet
the minimum exercise recommendations and show
higher rates of help-seeking behaviour which are
attributed to different intrinsic motivations [14, 28].
Men may have greater exposure to workplace health
programmes or social networks promoting health-
seeking behaviours, and moderate alcohol consump-
tion may reflect higher socioeconomic status [29].
Nonetheless, current evidence from large-scale sys-
tematic reviews and meta-analyses suggests that low-
volume alcohol consumption offers no consistent
mortality benefit over lifetime abstention, warranting
cautious interpretation [30]. These observations high-
light the importance of considering cultural, behav-
ioural, and social factors when designing public edu-
cation campaigns for HLM.

Education

The findings carry several implications for public
health and policy. The disparity between knowledge
of lifespan and healthspan underscores the need for
targeted educational campaigns to enhance awareness
and promote evidence-based preventive health, facili-
tating the clinical translation of geroscience into Pre-
cision Geromedicine through HLM clinics. Enhanc-
ing health literacy on healthspan, including awareness
of the healthspan-lifespan gap and misconceptions, is
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crucial for shifting the focus from lifespan extension
to the number of healthy years in life. Effective health
interventions should be designed and communicated
with a clear understanding of population needs, par-
ticularly among disengaged groups at higher risk for
chronic diseases while paying attention to structural
factors such as access, affordability, and health sys-
tem constraints, along with cultural beliefs, gender
norms, and family influences.

Establishing Healthy Longevity Medicine

The high levels of knowledge and interest in HLM
clinics observed in this study may be attributed to Sin-
gapore’s proactive approach to geroscience and preven-
tive health, including the establishment of a healthy
longevity research clinic [31]. The HealthierSG ini-
tiative, launched in 2023, is a key driver in promot-
ing preventive health by integrating general practi-
tioners, community partners, and public hospitals to
encourage early screening and lifestyle interventions
[6, 22]. Complementing this, the NUS Academy for
Healthy Longevity plays a pivotal role in education and
capacity building, offering standardised training pro-
grammes to equip healthcare professionals with exper-
tise in Precision Geromedicine [32]. Through targeted
education and public health initiatives, Singapore is
actively bridging the gap between geroscience research
and clinical application, fostering a healthcare ecosys-
tem that prioritises healthspan extension and evidence-
based preventive care.

Study strength and limitations

To the authors’ knowledge, the HELO survey is the
first large-scale initiative to investigate public knowl-
edge and interest in HLM, addressing a critical gap in
the literature. While several predictors of knowledge
and interest in Healthy Longevity Medicine showed
statistically significant associations, some effect
sizes were modest. Although these effect sizes may
appear small at the individual level, slight increases
in knowledge or engagement, when applied across
large segments of the population, can translate into
substantial public health benefits. Nevertheless, cau-
tion is warranted when interpreting these findings
and practical implementation of interventions should
balance effect size with feasibility, cost, and potential
scalability.
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A key limitation of this study is its reliance on
self-reported data, which may be subject to recall
bias and social desirability bias, as participants
may not remember certain health-related informa-
tion well or could have overestimated their interest
in attending HLM clinics to align with perceived
societal expectations. This could lead to inflated
estimates of interest, potentially overestimating the
population’s openness to HLM clinics. Secondly,
the study assessed public knowledge of lifespan
and healthspan, but variations in individual inter-
pretations of these terms could have influenced
responses. As the correct definition needed to be
selected between four options, we cannot exclude
that some participants responded accurately by
chance or by deducing which one was the most
probable answer without having prior knowledge
about the term itself. Given the possibility of guess-
ing correct answers in multiple-choice knowledge
items, uncertainty in the estimates may be under-
estimated. Further, without a universally accepted
and standardised definition of healthspan [12],
participants may have conceptualised the term dif-
ferently, leading to inconsistencies in self-reported
knowledge. Standardising definitions across various
cultural contexts can help assess conceptual under-
standing and accuracy of future research on public
awareness of lifespan and healthspan. Furthermore,
the findings may not be fully generalisable to other
populations with different healthcare systems, cul-
tural attitudes, and levels of exposure to gerosci-
ence, necessitating initiatives such as the ongoing
global rollout of the HELO survey involving a con-
sortium of over multiple countries [13]. The HELO
global consortium aims to understand population-
level knowledge gaps, which in turn helps promote
equitable access to healthy longevity services and
supports cross-cultural adaptation of interventions,
in alignment with the National Academy of Medi-
cine’s Global Roadmap for Healthy Longevity [33].

As the study’s cross-sectional design captures
associations at a single point in time, it did not
make it possible to capture longitudinal or causal
relationships. Longitudinal studies are needed to
assess changes in awareness and engagement over
time and to evaluate whether targeted interventions
lead to sustained improvements in knowledge and
interest in HLM clinics.

In conclusion, the HELO survey in Singapore
highlights the urgent need for improved public edu-
cation about key concepts of healthy longevity, such
as healthspan, and equitable access to HLM as a
proactive response to the challenges of ageing pop-
ulations. HLM offers a key opportunity to optimise
healthspan through education, health literacy, and
the establishment of HLM clinics. This approach
could alleviate the strain on healthcare systems,
advancing more sustainable and proactive care
models worldwide. Further efforts are needed to
refine strategies, build consensus on concepts such
as healthspan, and ensure the effective implementa-
tion of this field of medicine to meet the complex
needs of an ageing population.
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