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Abstract

Singapore has advanced in precision medicine, which is largely based on genetic testing and
sequencing, yet its safeguard against genetic discrimination (GD) is limited to a non-binding
insurance moratorium, with no protections in employment. This study examined the prevalence of
self-reported GD and factors influencing willingness to undergo genetic testing in Singapore. A cross-
sectional survey assessed experiences of GD, awareness of protections, and testing willingness.
Twenty percent reported GD in insurance and 9% in employment. The majority identified existing
safeguards incorrectly. Sixty-four percent expressed willingness to undergo medically indicated
genetic testing. Willingness was positively associated with education, trust in healthcare, and
perceived fair treatment, and negatively associated with age, parental status, deterministic thinking,
and cultural-religious beliefs. The results highlight that, though policymakers aim to mitigate GD in
Singapore, enhanced legal protections and public education are needed to support equitable access to
genetic testing.

1. Introduction

The concept of genetic discrimination (GD) has received increasing social and academic attention since
its emergence in the 1970s'. UNESCO’s Declaration on the Human Genome and Human Rights (1997)
posits that people shall be free from discrimination based on genetic characteristics that infringes
“human rights, fundamental freedoms and human dignity>. GD may arise in different aspects of life,
including insurance, employment, healthcare, romantic relationships, marriage and family, and its
salience may differ across societies>*. Importantly, not all differential treatment constitutes
discrimination in the ethical sense. According to one reasonable ethical standpoint, discrimination
occurs when individuals are treated differently despite having no meaningful moral distinctions that
would justify such different treatment. A classic case would be not hiring someone for a job purely
based on their sex or race. It is important to prevent discrimination like this because it is an injustice.

Despite Asia leading in the development of genetic technologies, its adoption of policies to address GD
has progressed slowly. To date, only two countries in East Asia — South Korea and Japan — have enacted
specific laws targeting GD. The first was the South Korean Bioethics and Safety Act of 2005. It has a
clause that prohibits the use of genetic information in insurance underwriting and imposes criminal
sanctions for violations, which can deter some instances of GD in insurance. While this law marked a
significant step forward, it lacks a detailed implementation framework or explicit rules on which types
of insurance are covered or excluded. Moreover, it does not prohibit insurers from merely “requesting”
for clients’ genetic information. Given that the law allows Direct-to-Consumer (DTC) testing, insurers
can still treat clients differently based on such results®. The second GD law in Asia was Japan’s Genomic
Medicine Promotion Act, which was enacted much later in 2023. It provides extensive protections for
genomic information obtained through research and medical services®. In addition to this law, the Life
Insurance Association of Japan has also maintained self-imposed restrictions on collection and
voluntary submission of all genetic information including family medical history for underwriting
purposes'!. Genetic testing uptake has risen significantly in Japan since 2019 when national insurance
coverage for the Cancer Gene Panel Test was introduced'. Nevertheless, concerns about discrimination
by insurance companies persist, prompting Japan’s Ministry of Finance in Japan to warn insurers
against requesting genetic tests or requiring genetic testing from clients'*!4,

Research on GD has so far been conducted mostly in Europe and Northern America, with limited studies
in Asia (as well as other regions of the world). Countries like Japan have a history of draconian eugenic
programmes*, which may make people reluctant to reveal their genetic information and, in turn,
negatively affect the accuracy of statistics for genetic conditions like Huntington’s disease or variations
in the BRCA gene®’. With existing genetic research being predominantly based on Eurocentric data®,
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people in Asia may be disadvantaged. There is an urgent need for studies focusing on genetically diverse
populations to improve global health predictions. A potential barrier to genetic testing in Asia is the
social stigma associated with genetic conditions and the accompanying GD, which is a pattern observed
in countries such as China, Japan, South Korea, and Singapore*%°,

Given this context, research on GD and people’s willingness to undergo genetic testing among the Asian
population is much needed. This study focuses on Singapore, a country known for its ethnic and cultural
diversity and often seen as a bridge between the “East” and the “West”!%!, It aims to address the
knowledge gap in Asian perspectives in GD research and offer insights into how GD may be shaped by
Singapore’s distinct social context.

The next section describes the Singaporean legal landscape surrounding GD, the research questions,
and the study methods. In the following two sections we present the empirical results of this study and
discuss the practical and policy significance of the results.

2. Results

2.1. Participant Demographics

Descriptive statistics of participant demographics are summarized in Table 1. While the HOPS panel is
designed to broadly reflect the general population in Singapore, the 1,000 participants of this survey
generally had higher education qualifications and were less ethnically diverse than the national average.
Fifty-three percent of the surveyed participants held a bachelor’s degree or higher, while the national
average (among those above 25 years old) is 37%. Eighty-seven percent of participants self-identified
as Chinese, 7% Indian, 4% Malay, and 2% other ethnic groups, whereas the national average is 74%,
9%, 14%, and 3% respectively*2.

2.2. Prevalence and Lived Experience of GD

As shown in Table 2, the most common forms of reported GD in the insurance setting were higher
premium charges and rejection of insurance applications. A total of 726 (72.6% of the total) participants
indicated that insurance companies never learnt about their genetic information. Furthermore, 206
(20.6% of the total) indicated experiencing at least one form of reported GD by insurance companies.
For example, a participant reported being charged a higher insurance premium and expressed reluctance
to undergo genetic tests despite potential benefits. This participant also indicated in the free text
response “l am just a carrier, so it won’t affect my work”. Though we do not know what condition this
participant is a carrier of, the response still suggests that differential treatment based on one’s genetic
information in insurance exists, and the mere knowledge of a client’s carrier status suffices to prompt
the insurer to charge a higher premium.

As shown in Table 3, when it comes to employment, the most common form of reported GD was denied
job applications. In total, 57 (5.7% of the total) participants indicated at least one form of reported GD
by employers. 836 (83.6% of the total) participants reported that employers never learnt about their
genetic information.

Table 4 presents results on the prevalence of perceived GD within family and romantic relationships.
Over half (55-58%) did not disclose their genetic information. Among those who disclosed their genetic
information, approximately 12-14% of participants experienced perceived GD that negatively impacted
their romantic relationships, while 8-9% experienced perceived GD within their family relationships or
acquaintances. For example, one participant (female, age 65) revealed that she was a Down syndrome
translocation carrier and only her family knew about it. She indicated that that her family relationships
worsened after revealing her genetic information to her family.
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Table 5 illustrates perceived GD by healthcare professionals, courts, landlords, banks, and schools.
Compared to perceived GD in employment, insurance, or personal relationships, perceived GD in these
sectors was less prevalent, with only 3-8% of participants reporting negative experiences from
disclosing their genetic information. Notably, 66 participants indicated receiving better treatment from
healthcare professionals after disclosing their genetic information. Upon cross-referencing with free-
text responses, we inferred that such reports most plausibly reflect cases where healthcare professionals
accommodated patients’ medical needs rather than providing preferential treatment. For instance, one
participant stated, “as a [patient with a genetic condition] ... [ would tell them [healthcare professionals]
my tendency to faint at blood loss and they have always made accommodations for me (male, age 32).”
While not all participants provided free-text responses, it is reasonable to interpret these findings as
healthcare professionals responding to medical conditions rather than conferring advantages based on
genetic status.

2.3. Knowledge of Existing Protections and Misconceptions

Our findings suggest substantial misconceptions about GD protection in Singapore. Across all questions
measuring participants’ awareness of the existing GD protections (and the lack thereof) in Singapore
shown in Table 6, fewer than half of the participants answered correctly.

When it comes to insurance, only 49% of the participants correctly answered that medical and life
insurers cannot require applicants to take a genetic test. Misunderstanding was also high regarding
genetic test results from research, with only 46% answering correctly and the majority (54%) either
providing incorrect answers or being unsure. Only 20% and 18% correctly answered that health and life
insurers, respectively, are allowed to ask for diagnostic genetic test results, indicating a widespread lack
of awareness about the nuances of insurance regulations regarding genetic data.

Additionally, participants may have been confused about the conditions under which they are required
to disclose genetic information for insurance. Specifically, they may not clearly understand the double-
key model in the moratorium (which permits the use of predictive genetic test results only when specific
financial and test-related conditions are met as shown in Figure 1), leading to incorrect responses. The
complexity of these conditions may not be well understood by the public, contributing to the uncertainty
and misconceptions observed in our findings.

Regarding employment, participants’ misconception about protection against GD was even more
prevalent (as shown in Table 6). Only 15-18% correctly answered that treating workers differently based
on their genetic information in employment currently does not violate either the fair employment
practices or the workplace fairness law. This suggests that most participants had a false sense of security
that they are protected against GD in the workplace when they are, in fact, not protected.

2.4. Demographic Variables and Willingness to Undergo Genetic Testing

When participants were asked about willingness to undergo genetic testing ordered by a physician for
medical reasons with cost fully covered by Medisave, 64% expressed willingness to undergo testing,
20% remained neutral, and 16% were unwilling.

To examine the correlation between willingness to undergo testing and demographic variables, as well
as the four potential correlating factors explained at the end of section 1, we conducted ordinal
regressions. A total of ten ordinal regressions were performed, with willingness to undergo testing as
the dependent variable. Six of these regressions included demographic variables (age, education, race,
religion, housing type, and marital status) as independent variables, while the remaining four included
four potential correlating factors. Two demographic variables, gender and parental status (having
children) were binary; therefore, we used the Mann-Whitney U test to assess differences in willingness
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to undergo testing between these groups. The analysis was performed using the package MASS in R
(version 4.3.3)3334,

As shown in Table 7 and Table 8, age, education level, and parental status were the only demographic
factors that showed statistically significant correlation with willingness to undergo genetic testing.
Specifically, older individuals exhibited lower willingness to undergo testing, while individuals without
children and those with higher levels of education exhibited greater willingness.

Given that both age and parental status showed statistically significant correlations with willingness to
undergo genetic testing, there is a need to check whether the greater willingness to undergo testing by
those without children could be due to their younger age. We did another ordinal regression 7esting
Willingness ~ Having Child(ren) + Age, the result of which is shown in Table 9. Both parental status
and age are statistically significant predictors of testing willingness, suggesting that each has an
independent association with willingness.

As shown in Table 10, all four potential correlating factors measured in this study showed statistically
significant correlations with willingness to undergo genetic testing. Specifically, trust in Singapore’s
healthcare system and perception of fair treatment were positively correlated with willingness to
undergo genetic testing. In contrast, deterministic thinking about genetics and cultural-religious beliefs
against genetic testing were negatively correlated with willingness to test.

3. Discussion

Our results indicate that approximately 20% of participants encountered at least one form of reported
GD from insurance companies, while around 6% experienced at least one form of reported GD in
employment. In Japan, a national survey by Muto et al. found only a 3% prevalence of (reported) GD
in 2017 and 2022*. Due to the limited academic attention on GD in Asia, we found no other comparable
population-based data from the region in English, Chinese, or Japanese.

Notably, previous studies on individuals at risk of Huntington’s disease—arguably a group more
vulnerable to GD—showed a similar level of prevalence of reported and perceived GD as our study.
For example, Erwin et al.** found that 25.9% of individuals at risk of Huntington’s experienced GD in
insurance, 6.5% in employment, and 32.9% in personal relationships. Since those studies were
conducted on a sample of people more vulnerable to GD and our study was conducted on a general
population sample, the similarity in the prevalence again indicates that the prevalence found in this
study may be higher than usual.

We believe that it is not plausible to attribute the high prevalence of reported and perceived GD in our
study to survey design. Our questions were modelled after Muto et al. whose instrument also used
multiple-choice formats to assess specific discriminatory experiences?*3®. Both studies also defined
genetic information broadly to include family medical history. The similarity in survey structure lends
confidence that our results are not an artifact of design but reflective of the prevalence of reported and
perceived GD among the general population.

Indeed, the lack of robust protections against GD in Singapore as well as the lack of transparency in
and public scrutiny over the insurance sector are conducive to GD, particularly in the insurance sector.
As previously mentioned, the exceptions within the moratorium on using genetic information for
insurance underwriting unwittingly create opportunities for discrimination. In comparison, there has
been strong public advocacy for statutory safeguards against GD in Japan over the past decade®’. This
period of heightened public and political engagement may have served as a deterrent against
discriminatory practices in Japan, encouraging greater compliance even in the absence of strict legal
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enforcement. Moreover, the persistence of reported GD in insurance despite the moratorium found in
this study mirrors the findings of another Australian study, where participants with adverse genetic test
results also reported being denied insurance even though there is an insurance moratorium similar to
that in Singapore®. After that study, Australia declared that it will ban the use of adverse genetic test
results in life insurance, suggesting its governmental recognition of the inadequacy of only relying on
a moratorium to prevent GD.

One risk of measuring reported and perceived GD through a survey is the possibility of underreporting.
Cultural norms may influence the disclosure of the experience of GD. Singapore is influenced by
Confucian values that prioritise social harmony, which may cause some to avoid expressing their
grievances*® . The Japanese may also have a lower willingness to confront opposing views and to
express their feelings*’, which may also have led to underreporting in Muto et al.’s survey. Some forms
of GD may have been deemed normal and are therefore unrecognised. For example, in our study, one
participant noted, “I am just a carrier, so it won't affect my work. Got my children to be tested and
advised them accordingly.” This individual also reported being charged a higher insurance premium
and expressed reluctance to undergo further genetic testing. This participant did not frame the
experience as undesirable. This raises the suspicion that some people may rationalise or downplay the
GD they experience, which can lead to underreporting.

This study is, to our knowledge, the first to assess the prevalence of perceived GD in settings such as
education, housing, the judiciary, and banking using a general population sample. Existing studies in
these areas focused primarily on individuals with known or suspected genetic conditions*>*+, while
our study focused on the general population. Our findings offer a baseline for understanding (perceived)
GD beyond insurance and employment in Singapore, paving the road for subsequent research and policy
in this area. We found that the prevalence of perceived GD in this area was relatively low. When
interacting with schools and medical professionals, people reported being treated better after disclosure
of genetic information, which may suggest that their needs were accommodated.

Beyond institutional settings, 3—-6% of participants perceived GD in their families or romantic
relationships after disclosing genetic information—much higher than the 0.1-0.3% found by Uchiyama
et al. in Japan®. This discrepancy points to potential differences in how disclosure of genetic
information affects personal relationships in Singapore compared to other societies. Future research
could explore how cultural expectations around health, heredity, and marriage shape these outcomes.

As genetic information becomes increasingly important for various aspects of medical decisions, there
has also been increasing research interest in public willingness to undergo genetic testing. 64% of
participants in this study indicated a willingness to undergo genetic testing when ordered by a physician
for medical reasons and assuming the cost was covered by Medisave. This is lower than the results of
a Qatari (71%) and an international (82%) study®*-?®. However, these figures are not strictly comparable
due to differences in how questions were framed. For instance, the Qatari study framed the testing as
part of a nation-wide initiative, while the international study explicitly highlighted the potential benefits
of the test. Our study, in contrast, referred to testing “for medical reasons” and made the cost
implications explicit. These differences may partly explain the comparatively lower willingness in our
findings. Future studies could standardise question phrasing or develop validated instruments to
improve comparability across studies.

Our analysis revealed that willingness to undergo genetic testing is negatively associated with age and
positively associated with education level. Additionally, individuals without children showed higher
willingness to undergo testing. These findings are in line with previous studies finding that younger
individuals demonstrated greater interest in cancer genetic testing, possibly due to lower fatalism*’.



241
242
243
244
245

246
247
248
249
250
251
252
253
254
255

256
257
258
259
260
261
262
263
264
265
266

267
268
269
270
271
272
273

274
275
276
277
278
279
280
281
282
283
284
285

Willingness to undergo genetic testing for hypertension has also been found to correlate with a higher
level of education*®. However, a literature review of genetic testing decisions found inconsistent
associations between willingness and demographic variables across different studies with various
genetic conditions®. This suggests that socio-cultural and historical contexts may influence such
correlations, and a universal pattern may not be evident globally.

As noted in Table 10, four psychosocial factors were statistically significantly correlated with
willingness to undergo genetic testing: trust in Singapore’s healthcare system, perceived fair treatment,
cultural-religious beliefs against testing, and deterministic views of genetics. The first two were
positively associated with willingness, while the latter two showed negative correlations. Previous
reports by clinicians in Singapore mention cultural, religious or personal beliefs as factors against
genetic testing uptake®. These findings suggest that enhancing public trust, addressing misconceptions,
and engaging with cultural or spiritual concerns may increase willingness to test. Future research should
investigate the causal direction of these relationships. If any of these factors are shown to directly
influence willingness, targeted policies and outreach efforts could be developed to support informed
and equitable access to genetic testing.

Since this study found a high prevalence of reported GD, particularly in insurance and possibly
employment, the first practical implication of our findings is that the current moratorium has not
eliminated GD in Singapore. To the extent policymakers are interested in reducing instances of GD,
stronger legal protections are required.?>°. Indeed, similar legislations are already present in other
countries. For example, GINA prohibits GD in employment and health insurance. Canada’s Genetic
Non-Discrimination Act (GNDA, 2017) prohibits the compelled use of genetic test results — including
in life insurance — except in cases of voluntary disclosure with written consent®'. These laws take a
pragmatic approach, aiming to reduce public fears and promote broader participation in genetic testing*.
In contrast, Japan’s legal framework, which includes life insurance industry self-regulation, adopts a
more justice-based approach, prohibiting the use of all genetic information — including family history
— in underwriting decisions>.

A spectrum of types of potential policy offering varying levels of protection against GD is shown in
Table 11 and Table 12. The tables categorise policies into weak, moderate, and strong protections in
life insurance and employment contexts. They also outline the advantages and disadvantages of
protection at each level. Note that we discuss these types of policy very broadly. In actual policies, what
genetic information can be protected is contingent on the details of the policy (e.g., treating family
medical history as genetic information is more feasible if the policy only applies to insurance than if it
also applies to areas like social services). We do not consider such nuanced details here.

It is worth noting that there is limited evidence that pragmatic approaches have succeeded in promoting
testing uptake, since public understanding of legal protections in some jurisdictions with anti-GD laws
such as the US remains limited. Nevertheless, such laws may be effective in preventing some cases of
unjust or unethical discrimination even with low public awareness. For example, a decade after the
passing of GINA, respondents reported “relatively low subjective knowledge” of GINA (M=3.10 out
of 7)3*. Among those who claimed high knowledge, most misunderstood what types of insurance are
covered under GINA*, When it comes to GNDA, an analysis of contents of life-insurance application
forms reveals that the law only had a modest effect on insurers’ practice. This is because most
companies use vague language that may inadvertently prompt applicants to disclose their genetic
information’>. To address this issue, public education on the potential advantages of taking insurance
prior to genetic or other medical testing may be helpful. Governmental monitoring of insurance
companies’ risk-loading practices may be needed to ensure that any increased premium is
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commensurate with the level of risk. Employers may be scrutinised to ensure that their use of genetic
information in employment is relevant to public safety.

A more stringent regulatory approach, such as a total ban on the use of genetic information in insurance
and employment, though entailing substantial bureaucratic burden, has its advantages. It may alleviate
public reluctance to undergo genetic testing. From a distributive justice perspective, treating people
differently based on genetic information may compound existing social inequalities and affect
vulnerable individuals disproportionately. In a diverse society like Singapore, protections against the
above consequences are important for ensuring that no one is unfairly disadvantaged by their genetic
makeup and maintaining social harmony. Moreover, regardless of the actual prevalence of GD, a strict
anti-GD law combined with adequate public education provides a strong assurance that undergoing
genetic tests will not disadvantage people in their insurance application or work, which may increase
the public willingness to undergo such tests. It may also enhance public trust in the government and, in
turn, willingness to undergo testing in public healthcare institutions. This discussion does not suggest
that such a total ban is definitively the best policy choice, but only serves to point out its advantages
over strategies such as a partial ban explained above.

The second implication concerns efforts to promote equitable access to genetic testing. While 64% of
participants were willing to undergo testing when cost was covered, a significant 36% were either
unsure or unwilling. This suggests that cost is not the only barrier to genetic testing — concerns over
privacy, psychological distress, or distrust in how genetic data may be used could be contributing factors.
Our data further show that older and less well-educated individuals, as well as parents, were less likely
to express willingness to test. Addressing this gap will require targeted outreach that not only educates
but also reassures these populations. Public awareness campaigns and professional training could be
strengthened to clarify how genetic data are protected and how testing may benefit individuals. Future
gualitative research could explore in greater depth the motivations and concerns behind these attitudes,
enabling more informed policy and program design.

A few limitations of this study are worth noting. First, the survey was only available in English, which
may have excluded non-English speakers. Second, as explained earlier, there is an under-representation
of non-Chinese participants. Both may limit the generalisability of our findings in Singapore. Third, the
survey did not specifically ask participants the type of genetic tests they had undergone or the type of
insurance they had applied for. This means we are unable to verify whether the GD they reported comply
with the current moratorium. Despite these limitations, this study still provides an important foundation
for understanding genetic discrimination in Singapore and highlights key areas for policy intervention
and further research.

In conclusion, this study addresses critical gaps in understanding and addressing genetic discrimination
(GD) in Singapore. We found that the prevalence of reported GD in insurance and employment in
Singapore was notably higher than documented in a comparable study in Asia. We also found a lack of
public awareness of existing safeguards against GD. Enhanced statutory protections, combined with
transparent insurance practices and public education, may be needed to further reduce prevalence of
GD. Furthermore, initiatives to address deterministic thinking about genetics and cultural-religious
beliefs against testing may increase public willingness to undergo genetic testing. As Singapore
advances its precision medicine strategy, ensuring ethical and equitable practices through
comprehensive regulation and informed public engagement is paramount for integrating genomic
medicine into healthcare and society effectively.
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4. Methods

4.1. Legal Landscape and Research Questions

Like many other Asian countries, Singapore has not introduced legislation prohibiting GD. In 2005, the
Bioethics Advisory Committee published non-legally binding guidelines on genetic testing and research,
and recommended against unfair discrimination, particularly in insurance!?. Subsequent regulations
have acknowledged the confidentiality of genetic data but not explicitly prohibited GD. For example,
the Code of Practice on the Provision of Clinical Genetic Testing was introduced in 2018 to establish
standards for genetic testing in healthcare institutions, but it lacks specific protections against GD .
Similarly, the Personal Data Protection Act (PDPA) recognises genetic data as personal information.
Data protection laws, however, often permit the sharing or disclosure of personal data with individual
consent, which could be provided via contract'. So, laws like the PDPA could still permit mandatory
disclosure of genetic information as a condition of signing an insurance or employment contract, which
means using privacy protections to pre-empt discrimination'> may not work under the current legal
framework. It is then unsurprising that countries like Singapore, Australia and elsewhere have proposed
statutory prohibitions against genetic discrimination in addition to existing data protection laws.

Meanwhile, Singapore has made significant advancements in precision medicine. The country’s 10-
year National Precision Medicine Strategy was launched in 2017, aiming to build the world’s largest
genetic databank for multi-ethnic Asian populations'®. With this growing focus on genetic research,
there is a pressing need for legislation prohibiting GD. Without such protections, people may be
reluctant to take genetic tests or disclose their genetic history, fearing it may negatively impact their
employment prospects, insurance claims and other aspects of their lives. Recognising these concerns,
the Ministry of Health of Singapore announced its intention to develop new laws to regulate the use of
genetic and genomic data, in 2024, particularly in areas such as insurance and employment!’. It is within
this evolving landscape that we conducted our study on GD as the country advances in genetic research
and precision medicine.

Currently, the Moratorium on Genetic Testing and Insurance'® offers some protection against GD in
Singapore. The moratorium was implemented by the Ministry of Health and Life Insurance Association
in 2021. It prohibits the use of genetic test results for both biomedical research and direct-to-consumer
genetic tests in insurance underwriting. It also prohibits the use of predictive genetic test results for
medical insurance underwriting. However, for life insurance and other types of insurance, the insurer
can ask for, and use results of predictive tests, if two specific financial and test-related conditions are
met. This “double-key model” is shown in Figure 1. The moratorium allows the use of diagnostic
genetic tests conducted for clinical care for both medical and life insurance. A visual summary of the
protections offered by the moratorium is shown in Error! Reference source not found..

By allowing the use of voluntarily disclosed genetic information in insurance underwriting, GD could
occur even with the moratorium. This is because insurers are not required to be transparent on how they
set premiums or determine whether to insure any individual based on their genetic information !, which
means they can adopt unfair pricing models that could disadvantage individuals with certain genetic
profiles.

There are no specific laws in Singapore that protect individuals from GD in employment. The latest
Workplace Fairness Act (WFA), passed in November of 2024, prohibits discrimination in employment
based on five personal characteristics: (a) age; (b) nationality; (c) sex, marital status, pregnancy status,
and caregiving responsibilities; (d) race, religion, and language; and (e) disability and mental health
conditions?. It does not mention genetic information or family disease history. This means employers
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in Singapore may potentially use genetic information in hiring or employment decisions, a concern that
has been raised by Bylstra et al*.

There is a lack of research on willingness to undergo genetic testing in the Singaporean context. Cheung
et al. investigated the level of genetic literacy among the Singapore public and found it to be average,
similar to that of Qatar?*. Given there is a possible link between genetic literacy and willingness to
undergo genetic testing?, Cheung et al.’s findings may be used indirectly to evaluate the level of
willingness to undergo genetic testing in Singapore. However, there is no direct empirical data for this
in Singapore. Given the rapid development of genomic initiatives and the risks of GD, more targeted
research is needed to assess Singaporeans’ attitudes toward genetic testing.

This study focuses on GD and factors influencing willingness to undergo genetic testing in Singapore.
For GD, we aim to measure the prevalence of perceived and reported GD across multiple aspects of life,
including insurance, employment, family and romantic relationships, education, the legal system,
healthcare, housing, and banking. We understand that in insurance and employment, the impact of GD
can be reflected in concrete, observable outcomes such as increased premiums or being fired. In contrast,
in other aspects of life, the impact of GD may manifest in more subjective outcomes such as receiving
poorer treatment from other people. Thus, subsequently we refer to GD in insurance and employment
contexts as measured in this study as reported GD, and refer to GD in non-insurance, non-employment
contexts as perceived GD. However, we suspend judgement about whether and how GD measured in
this study fits the philosophical definition of “discrimination”, as we are using the term in a broad,
practical sense rather than adhering to the precise distinctions made in literature on moral philosophy.
Importantly, we were not able to verify whether these reports or perceptions reflected genuine genetic
discrimination.

For willingness to undergo genetic testing, we aim to investigate the key factors that correlate with such
willingness. Understanding these factors could help to shape policies and genetic testing promotion
programs to address public concerns. Specifically, we aim to examine the following potential correlates
of willingness to test: trust in the local healthcare system (“T trust the healthcare system in Singapore™),
perception of fair treatment (“Tam treated fairly in Singapore”), cultural-religious beliefs against genetic
testing (‘“Planning my future based on genetic test results interferes with nature’s plan”), and
deterministic thinking about genetics (“If I carry a cancer gene, that means I will definitely get cancer”).
While Cheung et al. measured some of these factors, they did not analyse the relationship between those
factors and the willingness to undergo testing. Studies from the U.S. and Italy?*?7 suggest that trust in
the healthcare system and religious beliefs may influence testing attitudes, and it is worthwhile to
examine if this holds in Singapore. Additionally, previous research linked perceived unfair treatment
and deterministic beliefs about genetics with willingness to undergo testing in other countries®. We
thus included this factor into the potential correlates of willingness to undergo testing to be investigated
in this study. We seek to answer the following research questions:

o What is the prevalence of reported and perceived GD in Singapore across insurance, employment,
family and romantic relationships, education, courts, healthcare, housing, and banking?

o What is the level of public awareness of existing legal protections against GD in insurance and
employment?

o Which demographic groups exhibit greater willingness to undergo genetic testing?

¢ How does willingness to undergo genetic testing correlate with trust in the local healthcare system,
perception of fair treatment, cultural-religious beliefs, and deterministic thinking about genetics?
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4.2. Participant Recruitment and Ethics Approval

Between December 6 and 11, 2024, an anonymous, cross-sectional online survey was conducted using
the Health Opinion Panel Singapore (HOPS). The panel was primarily recruited from existing databases
maintained at the Saw Swee Hock School of Public Health, National University of Singapore and
through postal invitations mailed to households selected from a sampling frame of deidentified
household addresses provided by the Singapore Department of Statistics. The eligibility criteria for
enrolling in this panel include being a Singapore citizen or permanent resident; age 21 years and above;
ability to read and understand English; having an internet-connected device (phone/computer) and
personal email account; and having capacity to consent to taking the surveys distributed on this panel.
The survey was administered via the Qualtrics TX platform, with email invitations sent to all panel
members. At the point of the survey, there were 2527 panel members. Those who completed the survey
received a S$30 supermarket voucher as a token for their participation. The survey closed upon reaching
1,000 responses, six days after distribution. Informed consent was obtained through participant
completion of the questionnaire, and the study received approval from the Institutional Review Board
of the authors’ university (LH-18-011). The research complies with all relevant ethical regulations in
Singapore, and the Declaration of Helsinki.

4.3. Survey Development and Validation

To develop a survey appropriate for the Singaporean context, a literature review was conducted to
identify existing research on public, patient, and physician attitudes toward genetic testing and genetic
discrimination in the Asia-Pacific region. Articles published between 2005 and 2024 were retrieved
from PubMed and Google Scholar, using search terms including “attitudes,” “awareness,” “genetic
testing,” “genetic information,” and “genetic discrimination.” A total of 15 articles met the inclusion
criteria and were reviewed to inform the survey question design. Those studies assessed genetic literacy,
public awareness of legislation, and lived experiences of GD in various domains, including insurance,
employment, and healthcare. Findings from those studies revealed common concerns about GD and

misconceptions regarding genetic testing, which were used to guide the formulation of survey questions.

Among the studies that we reviewed when formulating the questionnaire, two studies served as key
reference points: one by Cheung et al.?* on public perceptions of genetic testing in Singapore, and the
other by Uchiyama et al.** on experiences of GD in Japan**. To further refine the questionnaire,
consultations were conducted with clinicians managing hereditary genetic conditions. Informal
interviews were held with three endocrine physicians from Khoo Teck Puat Hospital Singapore, who
provided clinical insights into patient hesitancy regarding genetic testing due to concerns about genetic
discrimination. They also explained their impression that public and professional awareness of existing
protections against GD is limited, and that ethnic minorities in Singapore may have greater reservations
about genetic testing, citing concerns over potential misuse of genetic data in employment and insurance.
The questionnaire was also reviewed by bioethicists, genetic counsellors, and patient support groups to
ensure clarity, feasibility, and cultural appropriateness for the Singaporean population. The full list of
questions is provided in Supplementary Material. Below we provide further details on the questionnaire.

We provided the definitions of “genetic information” at the start of the questionnaire after questions on
whether the participants have heard of the terms “genetic testing” and “genetic information” and what
kinds of testing they have heard of. Shadowing the definition provided by the U.S. Genetic Information
Nondiscrimination Act (GINA), we defined genetic information as individual or family genetic test
results, family medical history, past requests for genetic services and foetal or embryonic genetic details
in assisted reproduction. This is also consistent with the definition of genetic information in
Uchiyama et al.’s study®’. To suit the local context, the question eliciting participants’ willingness to
undergo genetic testing, measured on a 7-point Likert scale, was phrased as “how willing are you to
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undergo a clinical genetic test that is offered by your doctor for medical reasons, where the cost is fully
covered by Medisave”. Medisave is a national medical savings scheme in Singapore. By law, all working
Singaporeans and permanent residents must contribute a portion of their income to their MediSave
accounts, and their employers contribute a similar amount (i.e., it is co-funded by individuals and their
employers)*®3!. Four more 7-point Likert scale questions were also developed to measure the four
potential correlating factors, as shown in Table 10. Open-ended responses were also collected to provide
additional insights into individual experiences of reported or perceived GD, or the lack thereof, though
the question was optional.

4.4. Statistical Analysis

Ordinal regression models were used to examine associations between willingness to test and
demographic and the four psychosocial variables in Table 10. Binary demographic predictors (e.g.,
gender, parental status) were analysed using Mann-Whitney U tests. Analyses were conducted using R
version 4.3.3 and the MASS package. Significance was determined at the 95% confidence level.

Data Availability
The data supporting the findings of this study are provided within the manuscript. Additional data are
available from the corresponding author upon reasonable request.
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Figures

Figure 1 The double-key model for using predictive genetic test results in insurance underwriting
in Singapore* (adapted from Life Insurance Association of Singapore'®, generated using
Sketchbook and PowerPoint)

The DoubleKey Model
When can insurers ask for and use
predictive test results?
FINANCIAL THRESHOLD

Life /Total Permanent
Disability
SGD 2M (1.46M USD) SPECIFIC APPROVED
ASKINGFORAND

PREDICTIVE GENETIC TESTS
LongTerm Care USING PREDICTIVE
(Two or More ADLs) F i s Disease (HTT) TESTRESULSIS
SGD 3K(2.2K USD, Breast Cancer (BRCA1, BRCA2) PERMISSIBLE
—— Coverage Amount

Disability Income Exceeds Threshold?
SGD10K(7.3K USD)/month

Key 1 g}i \Q Key 2

If either key is not satisfied, genetic test
disclosure is not required.

* At the time of revising this manuscript, the Moratorium was updated. The revised moratorium protects
results of any genetic tests (predictive or diagnostic) conducted under the national Familial
Hypercholesterolaemia (FH) genetic testing programme from being used in insurance underwriting?,

Figure 2 Protection under the Moratorium on Genetic Testing and Insurance for life and medical
insurance. (Symbols created with ChatGPT and generated using PowerPoint.)
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664  Tables
665 Table 1 Descriptive statistics of participant demographics

Characteristic | No. (%)
Age group

21-30 years 76 (8%)
31-40 years 218 (22%)
41-50 years 211 (21%)
51-60 years 200 (20%)
61-70 years 221 (22%)
71-80 years 71 (7%)
81+ years 3 (0%)
Marital Status

Married 671 (67%)
Unmarried 253 (25%)
Divorced 56 (6%)
Widowed 20 (2%)
Do you have children?

Yes 611 (61%)
No 389 (39%)
Highest education qualification

Bachelor’s or Equivalent 394 (39%)
Secondary School 146 (15%)
Master’s or Postgraduate Diploma/Certificate 143 (14%)
Polytechnic Diploma 118 (12%)
Professional Qualification and/or Other Diploma 94 (9%)
Post-secondary 87 (9%)
Primary School 11 (1%)
Doctorate 7 (1%)
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Ethnicity

Chinese 875 (87%)
Indian 67 (7%)
Malay 40 (4%)
Others 18 (2%)
Religion

Nil 280 (28%)
Christianity 275 (27%)
Buddhism 250 (25%)
Catholicism 63 (6%)
Islam 53 (5%)
Hinduism 39 (4%)
Taoism 30 (3%)
Other 12 (2%)
Housing

4 or 5 room flat 591 (59%)
2 or 3room flat 203 (20%)
Private condominium 102 (10%)
Executive/HUDC flat 76 (8%)
Landed property 19 (2%)

1 room flat 9 (1%)

Table 2 Response to the question: After insurance companies learnt about my genetic information...,

the following happened (multiple choices allowed). *The denominators for these percentages were

those who disclosed their genetic information (n=274).

Options No. of participants
They never learnt about my genetic information 726 (73%)
I disclosed my genetic information. 274 (27%)

® Charged a higher insurance premium

145 (53%) *

® Denied insurance application

125 (46%) *

® No change in how | was treated

68 (25%) *

® Denied insurance claim

28 (10%) *

Table 3 Response to the question: After an employer learnt about my genetic information..., the
following happened (multiple choices allowed). *The denominators for these percentages were

those who disclosed their genetic information (n=164).

Options No. of participants
They never learnt about my genetic information 836 (84%)
I disclosed my genetic information 164 (16%)

® No change in how [ was treated

107 (65%) *




® Job application was denied 36 (22%) *

® Denied promotion/pay raise 28 (17%) *

® Placed under surveillance at work 24 (15%) *

®  Treated unfairly in other ways by my employer 24 (15%) *

® Fired from work 12 (7%) *

672  Table 4 Response to the question: After my family member or romantic partner learnt about my
673  genetic information, the following happened (single choice, n=1000). *The denominator was those
674  who disclosed their genetic information.

Relationship | Worsened | Worsened Improved | Improved )
) No change . Disclosed
type by a lot by a little by a little by a lot
M ital 1 9
ymartal g oy s 33wy x [ 210U Tog ey e |23 %) x| 417 (42%)
prospects

My romantic
relationships

307 (72%)

%

20 (5%) * | 38 (9%) * 35(8%) * | 24 (6%) * | 424 (42%)

My

relationships 341 (76%)

12 0, * 24 0, * 41 0, % 0, E
with family (3%) (5%) * ©%) S0(74) 448 (45%)
members

My

relationships
with 8 (2%) * 29 (7%) *
acquaintance

349 (82%)

%

21 (5%) * | 19 (4%) * | 426 (43%)

S

675  Table 5 Responses to the question: After the following groups learnt about my genetic information...,
676  the following happened (single choice, n=1000). *The denominators for the percentages were
677  numbers of those who disclosed their genetic information.

They treafed me There vs:as no They treated . Didn’t
Group (or my children) change in how I Disclosed | .
me better disclose
poorly was treated
Healthcare 631
professional | 9 (3%) * 244 (76%) * 66 (21%) * 319(32%) (68%)
)
s
Courts 10 (5%) * 153 (83%) * 21 (12%) * 184(18%) 816
(82%)
822
Landlords 15 (8%) * 149 (84%) * 14 (8%) * 178(18%) (82%)
0o




829
0/ % 04) * %) * 9
Banks 11 (6%) 151 (88%) 9 (6%) TTIA7%) | 9304)
817
Schools 13 (7%) * 147 (80%) * 23 (13%) * 183(18%) | 204
0

678  Table 6 Responses to questions measuring awareness of existing protections against GD in
679  Singapore

Percentage of Percentage of
) Correct participants who participants who chose
Question .
Answer chose the correct the incorrect answer or
answer were unsure
Can medical insurers
. . No 49% 51%
require a genetic test?
Can life insurers require a
. a No 49% 51%
genetic test?
Can medical insurers ask
No 46% 54%
for research test results?
Can life insurers ask for
No 46% 54%
research test results?
Can medical insurers ask
.. No 40% 60%
for predictive test results?
Can life insurers ask for .
_ Yes 39% 61%
predictive test results?
Can medical insurers ask
. . Yes 20% 80%
for diagnostic test results?
Can life insurers ask for
. . Yes 18% 82%
diagnostic test results?
Does it violate fair
employment practices for
employers to treat workers | No 18% 82%
differently due to their
genetic information?
Does the workplace
fairness law protect against | No 15% 85%
GD?
*As explained in Figure 1, life insurers can ask for predictive test results with constraints set by the
double-key model.

680



681 Table 7 Correlation between Demographic variables affecting willingness to undergo genetic
682  testing. Asterisk (*) on confidence intervals indicates statistical significance.

Potential Correlates Coefficient 95% Confidence Interval t-value
Age -0.02039 -0.0283, -0.0125%* -5.084
Religion (Buddhism) (Ref) (Ref) (Ref)
Religion (Catholicism) -0.25267 -0.727, 0.224 -1.04283
Religion (Christianity™) -0.05581 -0.362, 0.250 -0.35718
Religion (Hinduism) 0.01760 -0.583, 0.625 0.05723
Religion (Islam) 0.04083 -0.499, 0.584 0.14804
Religion (Jainism) -0.78740 -2.54, 0.966 -0.91762
Religion (Nil) 0.15427 -0.146, 0.455 1.00582
Religion (Sikhism) 0.24858 -2.05, 2.57 0.21807
Religion (Taoism) 0.47233 -0.176, 1.13 1.42434
Race (Chinese) (Ref) (Ref) (Ref)
Race (Indian) -0.21768 -0.657, 0.224 -0.97042
Race (Malay) 0.01931 -0.555, 0.601 0.06565
Race (Others) 0.35629 -0.447,1.18 0.86557
Housing type 0.07205 -0.0282, 0.173 1.408
Marital status (Single) (Ref) (Ref) (Ref)
Marital status (Married) -0.02310 -0.532, 0.485 -0.08917
Marital status (Unmarried) | 0.10342 -0.433, 0.640 0.37846
Marital status (Widowed) -0.02382 -0.935, 0.899 -0.05107
Education (Bachelor) (Ref) (Ref) (Ref)
Education (Doctorate) 0.7029 -0.618, 2.13 1.026
Education (Master) 0.1869 -0.160, 0.535 1.055
Education (Polytechnic) -0.4604 -0.817, -0.104* -2.533
Education (Professional) -0.5770 -0.982, -0.172* -2.798
Education (Post-secondary) | -0.6221 -1.04, -0.206* -2.931
Education (Secondary) -0.7624 -1.10, -0.422* -4.395
Education (Primary) -0.7669 -1.86, 0.341 -1.373
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Table 8 Binary demographic variables affecting willingness to undergo genetic testing (Mann-
Whitney U test). Asterisk (*) suggests statistical significance.

Variable Group Mez.m rating of willingness to undergo pvalue
testing

Female 5.107

Gender 0.796
Male 5.020

Whether one has Yes 4.910

i 0.000256%*
child(ren) No 529

Table 9 Result of regression Testing Willingness ~ Have Child + Age. Asterisk (*) on confidence

interval suggests statistical significance.

1)
Variable Coefficient 95% Confidence t-value
Interval
Age -0.0175 -0.0258, -0.00927* -4.154
Whether one has child(ren) -0.266 -0.506, -0.0269* -2.178

Table 10 Results of regressing the four potential correlating factors against level of willingness to
undergo genetic testing. Asterisk (*) on confidence interval suggests statistical significance.

Potential Correlating Factors Coefficient ?j:fr‘(;(;nﬁdence t-value
Trust in local healthcare 0.2716 0.367,0.177* 5.581
Perceived fair treatment 0.2466 0.340, 0.154* 5.175
Cultural-religious beliefs against genetic testing | -0.06766 -0.00358, -0.132* -2.068
Deterministic perception of genetics -0.1756 -0.0955, -0.256* -4.286

Table 11 Types of protection against GD in the insurance sector and their strengths and limitations

Use of genetic information (@) Always /\ Only voluntary Q Always
(including family medical permissible disclosure is prohibited
history) in insurance permissible
underwriting
Strength of protection against Moderate Strong
GD
Advantages v Lower v Balances v' Simple to
regulatory protection against understand for
burden GD with consumers
minimising v' Makes people
industry pushback more willing to
and adverse undergo
selection genetic testing
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Disadvantages

Makes people
less willing to
undergo genetic
testing
Penalizes those
who know
more

x  Creates loopholes
and
inconsistancies

x  Implicit pressures
on consumers to
submit their
genetic
information

x  Creates
information
asymmetry that
disadvantages
consumers

x  High regulatory
burden

Stronger
adverse
selection
Undermines
insurance
industry’s
profit
Worsening
genetic
exceptionalism
, the belief that
genetic
information
must be treated
differently
from other
types of
personally
identifiable
information

Table 12 Types of protection against GD in employment and their strengths

and limitations

employer risk

security risk and
protecting
employer interest

Use of genetic information (@) Always /\ Permissible only Q Always
(including family medical permissible in job positions prohibited
history) in employment with high stakes
in public security
(e.g., army
officer, bus
driver)
Strength of protection against Moderate Strong
GD
Advantages v' Lower v' Balances v Encourages
regulatory protection against inclusive work
burden GD with environment
v" Reduces minimising public Makes people

more willing to
undergo
genetic testing
Avoids
legitimising
the social
stigma around
genetic
diseases
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Disadvantages

Makes people
less willing to
undergo genetic
testing

Fear and
distrust in the
workplace
Unfair
disadvantage
on vulnerable
groups and pre-
symptomatic
and
asymptomatic
people

Makes people less
willing to undergo
genetic testing
Creates loopholes
and
inconsistancies
Unfair
disadvantage on
vulnerable groups
and pre-
symptomatic and
asymptomatic
people

High regulatory
burden

Some public
security risk
High
regulatory
burden
Worsening
genetic
exceptionalism
, the belief that
genetic
information
must be treated
differently
from other
types of
personally
identifiable
information




