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Healthcare consumer priorities and consensus for precision medicine
approaches to detect and treat non-communicable disease in early life

Abstract

Objectives: Worldwide non-communicable diseases (NCD) accounted for 7 out of the
top 10 leading causes of death in 2019 and up to 85% of deaths in some high income
countries’. The importance of genetic and environmental factors in the first 1000 days
of life from conception on the development of adult-onset disease presents health
researchers a unique opportunity to develop interventions focussed on those at a
higher risk. Individualised interventions are made possible through genomics and
precision medicine approaches. It is essential that genomics research is conducted to
facilitate meaningful ongoing partnerships with consumers from conceptualisation and
throughout all stages of the clinical research and health technology assessment
processes?. While new health technologies present incredible opportunities to improve
health and well-being, they also present potential risks that must be weighed against
expected benefits.

Design: A modified Delphi Study design was used to evaluate consumer consensus
for research to develop precision medicine tools for early detection and intervention of
NCDs in the first thousand days of life, the acceptability of research design and
conduct and future implications for the implementation of newly developed tools into
routine healthcare. Consensus on the most important health conditions for researchers
to investigate within this body of work formed part of the study.

Setting and participants: We engaged 76 healthcare consumers in 2020, in the
Hunter New England Region, NSW. We sought consensus on consumer priorities,
perceived benefits and risks and ultimately the acceptability of the development,
implementation and use of precision medicine (genomics) to predict adult chronic
health issues in early life.

Results and Conclusions: Our findings indicate the majority (98%) of participants in
our study believe precision medicine approaches to early screening for risk of NCD in
their children was acceptable, provided it was equitable, and clear pathways for

referral and support were available.

Strengths and Limitations
e Purposeful recruitment strategy and involvement of Aboriginal, culturally and

linguistically diverse, first time parents, both mothers and fathers, and parents
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with previous pregnancy complications allowed a consensus to be reached
that involved a wide range of relevant healthcare consumers.

e Worshop format did not allow complete anonymity, as recommended for
Delphi studies, however this was mitigated as much as possible by the
facilitators use of purposeful language to invite open ended answers to

questions

Main Article

Introduction

Worldwide, non-communicable diseases (NCDs) accounted for 7 out of the top 10
leading causes of death in 2019 (73.6%), and up to 85% of deaths in some high
income countries’. NCDs are one of the largest challenges we face in healthcare on a
global and national level. The impact of chronic conditions on health-related quality of
life and productivity is significant, placing an ongoing burden on individuals and the
healthcare system3. There has been a dramatic paradigm shift in how we
conceptualise NCD due to research in animal and human models across the last thirty
years demonstrating that antenatal and early life environments modify life course
health and the development of adult disease*’. Cardiovascular disease®, stroke?,
asthma?, allergies’, neurodevelopmental disorders'!, mental health conditions'2, and
cancer'® have their roots in the early developmental phases of human life. Originally
focussed on birthweight as a rudimentary proxy for intrauterine health and exposures,
the Developmental Origins of Health and Disease (DOHaD) field of research has
rapidly developed to encompass complex gene-environment interactions that impact
life course health outcomes'15. For example, recent research reports the increased
benefit of breastfeeding and early nutrition on BMI and cardiometabolic outcomes in

adolescents'® and adults'?, who had higher genetic propensity for obesity.

The importance of both genetic and environmental factors in the first 1000 days of life
from conception on the development of adult-onset disease presents health
researchers a unique opportunity to develop targeted, preventative interventions
focussed on those at a higher risk of developing NCDs. This is possible due to
developmental plasticity, which is at its greatest in the first 1000 days of life from
conception, and precision medicine. Developmental plasticity refers to the ability of
people with similar genetics (genotype) to develop different traits (phenotype) due to
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environmental influences (for example nutrition). Precision medicine involves the use
of a person’s genes, environment, lifestyle factors, clinical information and biomarkers
to enable healthcare providers to obtain information beyond observable ‘signs and

symptoms’'8 to provide individualised treatments and targeted preventative measures.

As evidence for the clinical effectiveness of early interventions, based on precision
medicine approaches targeting genetically higher risk individuals increases, it
becomes more likely that these interventions will be offered as part of routine
healthcare at some stage in the future. To ensure acceptability and feasibility of new
screening tools and interventions researchers must work in partnership with
healthcare consumers, as per current Australian policy which highlight the importance
of meaningful engagement throughout all stages of research (design, conduct and
translation)'®. As precision medicine is a rapidly growing field, there is a need to
undertake ongoing consumer engagement to gain an understanding of the current
Australian healthcare consumer understanding and acceptance of precision medicine
approaches to early intervention for the prevention of NCDs. Therefore, the aim of this
study was to engage with healthcare consumers to develop a consensus, using a
modified Delphi study design, for the acceptability of precision medicine approaches
to develop targeted early intervention to reduce adult NCDs. The acceptability of
research design and conduct, as well as the future implications for implementation into
routine healthcare were discussed. In addition participants were asked to rank the non-
communicable diseases they believed were of most importance for precision medicine
research focus, in line with recent calls for better involvement of healthcare consumers

in setting research questions and defining priority areas?°.

Methods

Study Design

A two-stage modified Delphi Study design was used for this study. Delphi studies are
designed to formally achieve consensus within a group who have a range of expertise
or experience in a particular topic. This technique has been used widely in areas of
emerging technologies, interventions or knowledge in order to anticipate issues,
facilitate appropriate governance, and set priorities?'. In order to avoid the potential
pitfalls of the Delphi technique, the most commonly cited being a debate on what levels

of agreement constitute a ‘consensus’ we analysed data according to Dupras et al’s?’
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determined cut offs for ‘perfect consensus (100%), ‘consensus’ (90%), ‘wide
agreement’ (70.0-89.9%), ‘majority’ (50.1-69.9%), and ‘large minority’ (25.0-50.0%).
The first stage of this study involved seven in-person workshops with participants

(N=76), followed by an online survey based on the results of the workshop (n=51).

Workshops involved a short, informative presentation about precision medicine
including current applications, technologies and the use of genetics in determining risk
of disease. Previous research has indicated healthcare consumer involvement in
research would be improved if the research was understood more through clear
explanation?® and improved health literacy?2. In addition Australian research into
meaningful engagement with healthcare consumers reported training for researchers
as a key factor?2. Workshops were therefore co-facilitated by researchers with formal
training in consumer engagement (TG, trained by GM) and experience engaging with
healthcare consumer organisations (CP). Participants were asked open-ended
questions, following established guidelines?3, to generate discussion and allow
respondents freedom to give their opinions, and ask questions if needing further
clarification. Participants were asked if they would approve of research to develop
genomic screening in pregnancy to screen for risk of NCDs later in life using maternal,
paternal and fetal cell-free DNA. Participants were then asked to think of as many
potential advantages or disadvantages of such research. Further questions related to
the participants views on early life interventions, based on tools developed from such
research, and whether they would agree or disagree with this type of technology
becoming available as part of routine healthcare. Consumers were also asked what
they thought were the most important NCDs for researchers to be focusing on for
prevention and treatment in the general population. Two scribes recorded workshop

participants’ answers during each workshop.

Participants

Guided by previous Delphi studies and recent Australian research regarding consumer
engagement??, recruitment of participants was through purposeful selection, with a
focus on participants having a broad range of experiences and backgrounds to ensure
adequate representativeness, rather than a focus on samples size?*. Six workshops
were held in Newcastle, NSW, with one workshop run with women enrolled in an

existing Aboriginal pregnancy study in a regional area. Workshops were held with
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healthcare consumers (N=76) including Aboriginal women from the regional town of
Tamworth NSW (n=5) and the Awabakal Mums and Bubs Program, a Newcastle
Aboriginal antenatal health service (n=14), culturally and linguistically diverse (CALD)
women (n=10), first time parents (n=12), women who had experienced pregnancy loss
(n=13), women who had experienced preterm birth (n=9) and fathers from diverse
cultural backgrounds who had experienced a range of pregnancy outcomes (n=13).
Participants were approached through appropriate consumer networks. The Steering
Committee of the Gomeroi Gaaynggal Aboriginal cohort study?® which includes Elders
from the Tamworth community were approached by the study manager. An Aboriginal
research officer facilitated recruitment and co-facilitated the workshop. An Aboriginal
obstetrician from Awabakal Mums and Bubs Program approached Aboriginal mothers
and fathers and co-facilitated workshops for these participants in Newcastle.
Consumer advocacy organisations Red Nose and Miracle Babies Foundation
facilitated recruitment of women and their partners, with representatives from the
organisations co-facilitating the workshops. CALD women were approached to be part
of the study by the Multicultural Health Liaison Officer (MHLO) within the Mothers,
Obstetrics and Multicultural Support (MOMS) program at the John Hunter Hospital in
Newcastle, who also co-facilitated the workshop. Translation of information and
consent forms and in-person health care interpreters (Arabic, Viethamese, Farsi,
Russian) were provided for the workshops by the Hunter New England Health Care
Interpreter Service (HCIS). Fifty-seven (75%) females (M = 36.00 years, SD = 6.69
years) and 19 (25%) males (M = 37.07 years, SD = 3.12 years) participated in the
study. Over half (66.6%) had private health insurance, 88.9% were married or in a de
facto relationship while 7.4% were single, 1.85% were divorced or separated and
1.85% reported a relationship status of ‘other’. Second round online surveys to
determine the top priorities for NCD research were completed by 68% of participants
(n=51).

Remuneration

Health Consumers NSW remuneration guidelines for healthcare consumers engaged
in focus groups were adhered to, with each participant receiving a gift voucher
equivalent to $42/hour for their participation in the half day workshop and online

survey(26). Parking and lunch were provided to all workshop participants.
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Data analysis

Recorded results were collated and entered into NVivo (QSR International).
Participant answers to each question were grouped into positive, negative and neutral
responses (including those considered contingent on certain elements being met) prior
to thematic analyses. The generated list of priority NCDs from the workshops formed
the basis of the second-round online survey to determine consensus on research
priorities and acceptability of precision medicine approaches for early detection and
interventions. Non-communicable diseases were included in the second-round survey
if they were mentioned by three out of the seven groups. Survey results were
anonymous and sent via a link using the Research Data Capture (REDCap) platform.
The results of the survey were analysed to determine healthcare consumers ranking
of the top five research priorities for non-communicable diseases and consensus
regarding the acceptability of precision medicine approaches to early screening and

intervention for NCDs.

Ethics
This study was approved by the Hunter New England Local Health District Human
Research Ethics Committee (2020/ETH01175).

Funding
This project was supported through philanthropic donations to the Hunter Medical

Research Institute.

Results

Benefits

Analyses of the responses indicated the key benefits identified by workshop
participants for the use of precision medicine approaches to early screening for NCDs
were ‘planning and preparation’, ‘knowledge and education’, and ‘better allocation of
health resources’. Planning and preparation were particularly important for workshop
participants who were living in country or rural areas to enable them to plan for things
like specialist appointments if these were needed. Participants discussed the
opportunity parents would have to seek education and information about health

conditions to make informed decisions regarding actions they could take, such as
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dietary changes or physical activity, to improve their child’s health outcomes. The
potential for targeted intervention to prevent or reduce risk of disease was seen as the
greatest benefit, particularly if the result was a reduction in NCDs in the population
through early detection. Potential savings to the healthcare system were also identified
as a benefit of earlier detection of risk, particularly if this led to a shift from treating

disease to preventing progression or manifestation of disease.

“At the moment you go to the Dr when you're sick. If you start earlier it becomes routine

to be preventative in healthcare” (female, 35yrs).

In addition to implementing interventions and improving their own knowledge of health
conditions, participants highlighted the potential for precision medicine approaches to
be valuable if they resulted in better allocation of healthcare resources to those who

were most likely to benefit from them.

Disadvantages

Proposed disadvantages of early screening for NCD in healthcare settings included
the potential for ‘increased stress’, and the development of a system of ‘health
inequality’. When discussing genomics and precision medicine in research settings
participants expressed their main concern to be ‘inadequate community engagement’.
It was important to healthcare consumers that research involving genetic material
(DNA, RNA, cfDNA) involved clear and upfront engagement with participants
regarding how samples and information were collected, stored and kept secure. This
was particularly important within Aboriginal and Torres Strait Islander participants.
Ongoing engagement with researchers including the communication of results was
also important to consumers.

The possibility for increased stress on parents was cited as the most common potential
drawback to early screening and detection of NCDs if these tools became available as
part of routine healthcare. Workshop participants noted screening could be
particularly stressful if there was a lack of support from healthcare professionals or if
parents were unfamiliar with a particular condition. Within a healthcare setting parents
wanted assurance that they would not be ‘left on their own’ after being given the results
of their child’s early risk screening. The costs of new technology or tools to parents

was also of concern and was discussed in several workshops with participants noting
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it would be important to ensure all families were able to access and benefit from new
screening tools. Current access to non-invasive prenatal testing at a cost was
discussed as an example of how new technologies could become available only to
those who could afford them, resulting in a two-tiered health system and ‘health

inequality’.

Acceptability of precision medicine screening for non-communicable diseases in
clinical care

When discussing the application of genomics and precision medicine into routine
healthcare for early screening and intervention for non-communicable diseases
participants stated their acceptance of any new tool would be contingent on how the
screening was implemented and what (if anything) could be done if an increased risk
was identified. Information about the time between screening and emergence of the
disease, support from healthcare professionals to intervene and the allocation of
resources and funding were discussed as factors likely to impact their final decision.
Participants raised several questions that they would like answered before making a
decision in a clinical setting. These included what specifically was being screened for,
what interventions would be available, what support would be available and what was
the risk-reward ratio (i.e. what percentage of those identified as higher risk would the
proposed intervention likely improve the outcome for). Participants were more likely to
view early screening for NCD risk positively if there were proven interventions that
worked to significantly reduce risk and if the process included clear pathways and
referrals for support including specialists (e.g. a lactation consultant or dietician for
early dietary interventions). In addition workshop participants noted the importance of
any new technology or screening being available to all families, not only those who
could afford additional screening or testing for a fee. Equity and availability of new
healthcare technology was important to healthcare consumers. Potential increase cost
of screening to the healthcare system was discussed, with several participants voicing
the importance of balancing the cost of the new early screening and intervention with

the existing cost of trying to treat NCDs in the community.

Healthcare Consumer Periorities for Non-Communicable Disease Research
The workshops yielded a list of 22 non-communicable health conditions of importance
to healthcare consumers. Those that were mentioned by at least three of the seven

8
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groups were included in the online survey, with a list of ten health conditions presented
in the second round. A total of 51 online surveys were completed (68%). Participants
were asked to rank their top five health conditions in order of priority (Figure 1). Mental
health conditions and cancer were ranked as a top priority by 80% and 78% of
participants, both constituting a ‘wide agreement’(21), high blood pressure and
reproductive health was ranked as a top five priority by a ‘majority’(21) of participants
(62% and 60% respectively). Allergies and immune conditions also received a
‘majority’ consensus, with 58% of participants ranking it as a top five priority. Obesity
(48%), lung health (38%), diabetes (40%) and high cholesterol (26%) reached a ‘large
minority’ consensus. A final question in the online survey asked if participants would
agree to the use of precision medicine approaches to provide early-life screening and
interventions for NCD risk within the first 1000 days of life. A majority agreement (98%)

was reached in affirmation, with 2% answering they were ‘unsure’.

Discussion

Current population health approaches have had limited success in reducing the rates
of non-communicable diseases. The emergence of new technologies enabling earlier
screening and detection for risk for NCD has the potential to change the way we deliver
healthcare. A paradigm shift from disease treatment to early screening and the
application of precision medicine interventions to prevent or reduce disease may be
key to tackling this global health problem. Our findings indicate the majority of
participants in our study believe precision medicine approaches to early screening for
risk of non-communicable diseases in their children was acceptable, provided it was
equitable, and that clear pathways for referral and professional support were available.
A key component for success in this area of precision medicine research and
development will therefore be the parallel development of technologies for early
screening and detection alongside the development of evidence-based interventions
and the ability for long term follow up to determine effectiveness. Importantly ongoing
consumer engagement is needed to guide research protocol development and ensure
acceptability of newly developed screening tools, and adherence and effectiveness of

intervention protocols.

Results from this study indicate that research utilising genomics to develop early

predictive and screening tools for NCD risk is acceptable to the Australian healthcare
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consumers we engaged with. Ongoing meaningful consumer engagement in the
design and develop these new technologies and tools will play a vital role in the
success of this research. Implementation of these tools into clinical care would
necessitate further meaningful engagement with larger numbers of healthcare
consumers to ensure concerns regarding intervention and support pathways are
adequately addressed during translation. Health conditions of most concern to
healthcare consumers for future research focus were mental health, cancers,
hypertension, reproductive health, allergies and immune disorders, obesity,

respiratory health, diabetes, dyslipidaemia, and kidney health.

Strengths and Limitations

While we acknowledge that not every potential family structure was engaged in this
study, the purposeful recruitment strategy and involvement of Aboriginal, culturally and
linguistically diverse, first time parents, both mothers and fathers, and parents with
previous pregnancy complications allowed a consensus to be reached that involved a

wide range of relevant healthcare consumers.

A potential limitation of the study was the structure of the workshops not allowing
complete anonymity, which is recommended for Delphi studies to ensure participants
do not feel under external pressure to answer a certain way. This was mitigated as
much as possible by the facilitators use of purposeful language to invite open ended
answers to questions, and assurances of there being no ‘right or wrong’ answer. We
recognise that there are increasingly complex family structures in society and while
every effort was made to include a broad range of healthcare consumers it is
acknowledged that there were small numbers of some groups, such as LGBTIQ+
families. Due to the nature of precision medicine having a strong genetic component,
families who rely on egg or sperm donation in order to conceive may have differing
views on the use of genetic screening, and the availability of such tools in the future

for these families may need to be addressed in more detail.

Conclusion
Healthcare consumers in this study were supportive of research to develop new

technologies and tools to detect risk of NCDs in early life. Ongoing consumer
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engagement during the research and development of these tool was a priority for
consumers, as was equitable access of newly implemented tools into clinical care.
Consumers were more likely to view screening tools positively if there were clear

referral pathways and support.
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Engaging Australian healthcare consumers to determine priorities and
consensus for precision medicine approaches to detect non-communicable
disease in early life; a modified Delphi Study

Abstract

Objectives: Research to develop early screening tools to determine an individual's
risk of developing adult-onset disease is a growing field. Expectant parents may find
themselves with an option in the future to undergo screening to determine not only
genetic abnormalities in their child but also their risk of developing adult-onset non-
communicable diseases (NCD) such as hypertension, obesity or
hypercholesterolaemia. To ensure acceptability and feasibility of new screening tools
researchers must work in partnership with healthcare consumers to discern
consumers current understanding and acceptance of these technologies in research
and the potential for clinical applications. We sought to engage with healthcare
consumers to develop a consensus, using a modified Delphi study design, for the
acceptability of a) screening tools for use within pregnancy that would indicate a child’s
risk for developing NCD, and b) targeted early interventions for those which a higher
risk of developing NCD using precision medicine approaches. The acceptability of
future research design and conduct, as well as the implications for implementation into
routine healthcare were discussed. In addition participants were asked to rank the non-
communicable diseases they believed were of most importance for precision medicine
research focus, in line with recent calls for better involvement of healthcare consumers
in setting research questions and defining priority areas.

Design: A modified two-stage Delphi Study design including an in-person consumer
workshop (stage one) and online follow up survey (stage two), was used to evaluate
consumer consensus for research to develop precision medicine tools for early
detection and potential intervention to reduce onset of NCDs. The acceptability of
research design and conduct and future implications for the implementation of newly
developed tools into routine healthcare were also addressed.

Setting and participants: We engaged 76 healthcare consumers in 2020, in the
Hunter New England Region, NSW, Australia. Participants were recruited from
existing healthcare consumer organisations, research programs and healthcare
networks through purposeful selection, with a focus on participants having a broad

range of experiences and backgrounds to ensure adequate representativeness.
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Results and Conclusions: Our findings indicate the majority (98%) of participants in
our study believe early screening for risk of NCD in their children was acceptable,

provided it was equitable, and clear pathways for referral and support were available.

Strengths and Limitations

e Purposeful recruitment strategy and involvement of Aboriginal, culturally and
linguistically diverse, first-time parents, both mothers and fathers, and parents
with previous pregnancy complications allowed a consensus to be reached
that involved a wide range of relevant healthcare consumers.

e Worshop format did not allow complete anonymity, as recommended for
Delphi studies, however this was mitigated as much as possible by the
facilitators use of purposeful language to invite open ended answers to
questions.

e Due to the nature of precision medicine having a strong genetic component,
families who rely on egg or sperm donation in order to conceive may have

differing views than the families involved.

Main Article

Introduction

Worldwide, non-communicable diseases (NCDs) accounted for 7 out of the top 10
leading causes of death in 2019 (73.6%), and up to 85% of deaths in some high
income countries’. NCDs are one of the largest challenges we face in healthcare on a
global and national level. The impact of chronic conditions on health-related quality of
life and productivity is significant, placing an ongoing burden on individuals and the
healthcare system2. There has been a dramatic paradigm shift in how we
conceptualise NCD due to research in animal and human models across the last thirty
years demonstrating that antenatal and early life environments modify life course
health and the development of adult disease3. Cardiovascular disease®, stroke®?,
asthmas®, allergies®, neurodevelopmental disorders’?, mental health conditions'!, and
cancer'? have their roots in the early developmental phases of human life. Originally
focussed on birthweight as a rudimentary proxy for intrauterine health and exposures,
the Developmental Origins of Health and Disease (DOHaD) field of research has

rapidly developed to encompass complex gene-environment interactions that impact
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life course health outcomes’®14. For example, recent research reports the increased
benefit of breastfeeding and early nutrition on BMI and cardiometabolic outcomes in

adolescents'® and adults'®, who had higher genetic propensity for obesity.

The importance of both genetic and environmental factors in the first 1000 days of life
from conception on the development of adult-onset disease presents health
researchers a unique opportunity to develop screening tools that may be utilised as
early as the antenatal period to identify those at a higher risk of developing NCDs. By
identifying higher risk individuals very early in life it may be possible to develop
interventions aimed at reducing or preventing disease onset in those most vulnerable.
This is possible due to developmental plasticity, which is at its greatest in the first 1000
days of life from conception, and precision medicine. Developmental plasticity refers
to the ability of people with similar genetics (genotype) to develop different traits
(phenotype) due to environmental influences (for example nutrition). Precision
medicine involves the use of a person’s genes, environment, lifestyle factors, clinical
information and biomarkers to enable healthcare providers to obtain information
beyond observable ‘signs and symptoms’” to provide individualised and targeted
preventative measures. Of particular relevance to this research is the potential for
early life interventions, targeted at individuals with a genetic propensity for adult onset
NCD.

To ensure acceptability and feasibility of new screening tools, capable of detecting the
risk of a child developing adult-onset NCD researchers must work in partnership with
healthcare consumers, as per current Australian policy which highlight the importance
of meaningful engagement throughout all stages of research (design, conduct and
translation)'®. As precision medicine is a rapidly growing field, there is a need to
undertake ongoing consumer engagement to gain an understanding of the current
Australian healthcare consumer understanding and acceptance of precision medicine.
The aim of this study was to engage with healthcare consumers to develop consensus,
using a modified Delphi study design, for a) screening tools for use within pregnancy
that would indicate a child’s risk for developing NCD, and b) targeted early
interventions for those which a higher risk of developing NCD. The acceptability of
research design and conduct, as well as the future implications for implementation of

screening tools into routine healthcare, as well as the development in interventions,

3
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were discussed. In addition participants were asked to rank the non-communicable
diseases they believed were of most importance for precision medicine research
focus, in line with recent calls for better involvement of healthcare consumers in setting

research questions and defining priority areas’®.

Methods

Study Design

As the aim of this study was to develop consumer consensus a two-stage modified
Delphi study design was used (Figure 1). Delphi studies are designed to formally
achieve consensus within a group who have a range of expertise or experience in a
particular topic. This technique has been used widely in areas of emerging
technologies, interventions or knowledge in order to anticipate issues, facilitate
appropriate governance, and set priorities??. As this was a consumer engagement
study we modified the Delphi design to include a workshop in stage one. While this
did not allow for anonymity as per the traditional Delphi study design this format was
considered appropriate to allow healthcare consumers to openly engage in
discussions, share ideas and knowledge, and voice questions and concerns.
Participants were asked open-ended questions, following established guidelines??, to
generate discussion and allow respondents freedom to give their opinions, and ask
questions if needing further clarification (Appendix 1). Australian research into
meaningful engagement with healthcare consumers reported training for researchers
as a key factor to success?2. Workshops were therefore co-facilitated by researchers
with formal training in consumer engagement (TG, trained by GM) and experience

engaging with healthcare consumer organisations (CP).

Previous research has also indicated healthcare consumer involvement in research
would be improved if the research was understood more through clear explanation?°
and improved health literacy?2. Workshops therefore began with a short informative
presentation about precision medicine. The content of the presentation included
current applications, technologies, the use of genetics in determining risk of disease
and how precision medicine approaches could be used to develop targeted
interventions. Participants were asked if they would approve of research to develop
genomic screening in pregnancy to screen for risk of NCDs later in life using maternal,

paternal and fetal cell-free DNA. Participants were then asked to think of as many

4
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potential advantages or disadvantages of such research. Further questions related to
the participants views on early life interventions, based on tools developed from such
research, and whether they would agree or disagree with this type of technology
becoming available as part of routine healthcare. Consumers were also asked what
they thought were the most important NCDs for researchers to be focusing on for

prevention and treatment in the general population.

Two scribes recorded workshop participants’ answers during each workshop. Data
were entered into NQivo and thematically analysed. In order to avoid the potential
pitfalls of the Delphi technique, the most commonly cited being a debate on what levels
of agreement constitute a ‘consensus’ we analysed data according to Dupras et al’'s?°
predetermined cut offs for ‘perfect consensus (100%), ‘consensus’ (90%), ‘wide
agreement’ (70.0-89.9%), ‘majority’ (50.1-69.9%), and ‘large minority’ (25.0-50.0%).
The first stage of this study involved seven in-person workshops with participants
(N=76), followed by an online survey based on the results of the workshop (n=51). The
second stage on this study was an online survey, which enabled individual and

anonymous input from participants.

Participants

Guided by previous Delphi studies and recent Australian research regarding consumer
engagement??, recruitment of participants was through purposeful selection, with a
focus on participants having a broad range of experiences and backgrounds to ensure
adequate representativeness, rather than a focus on samples size?3. Six workshops
were held in Newcastle, NSW, with one workshop run with women enrolled in an
existing Aboriginal pregnancy study in a regional area. Workshops were held with
healthcare consumers (N=76) including Aboriginal women from the regional town of
Tamworth NSW (n=5) and the Awabakal Mums and Bubs Program, a Newcastle
Aboriginal antenatal health service (n=14), culturally and linguistically diverse (CALD)
women (n=10), first time parents (n=12), women who had experienced pregnancy loss
(n=13), women who had experienced preterm birth (n=9) and fathers from diverse
cultural backgrounds who had experienced a range of pregnancy outcomes (n=13).
Participants were approached through appropriate consumer networks. The Steering
Committee of the Gomeroi Gaaynggal Aboriginal cohort study?* which includes Elders

from the Tamworth community were approached by the study manager. An Aboriginal

5
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research officer facilitated recruitment and co-facilitated the workshop. An Aboriginal
obstetrician from Awabakal Mums and Bubs Program approached Aboriginal mothers
and fathers and co-facilitated workshops for these participants in Newcastle.
Consumer advocacy organisations Red Nose and Miracle Babies Foundation
facilitated recruitment of women and their partners, with representatives from the
organisations co-facilitating the workshops. CALD women were approached to be part
of the study by the Multicultural Health Liaison Officer (MHLO) within the Mothers,
Obstetrics and Multicultural Support (MOMS) program at the John Hunter Hospital in
Newcastle, who also co-facilitated the workshop. Translation of information and
consent forms and in-person health care interpreters (Arabic, Viethamese, Farsi,
Russian) were provided for the workshops by the Hunter New England Health Care

Interpreter Service (HCIS).

Remuneration

Health Consumers NSW remuneration guidelines?® for healthcare consumers
engaged in focus groups were adhered to, with each participant receiving a gift
voucher equivalent to $42/hour for their participation in the half day workshop and

online survey. Parking and lunch were provided to all workshop participants.

Data analysis

Recorded results from the workshops were collated and entered into NVivo (QSR
International). Participant answers to each question were grouped into positive,
negative and neutral responses (including those considered contingent on certain
elements being met) prior to thematic analyses. The generated list of priority NCDs
from the workshops formed the basis of the second-round online survey to determine
consensus on research priorities and acceptability of precision medicine approaches
for early detection and interventions. Non-communicable diseases were included in
the second-round survey if they were mentioned by three out of the seven groups.
Survey results were anonymous and sent via a link using the Research Data Capture
(REDCap) platform. The results of the survey were analysed to determine healthcare
consumers ranking of the top five research priorities for non-communicable diseases
and consensus regarding the acceptability of precision medicine approaches to early
screening and intervention for NCDs. This survey consisted of ranking questions

(1=highest priority) to ascertain the participants top five NCDs for future research
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focus. The final question asked the participants if they would approve of precision

medicine approaches to early screening and development of interventions for NCD.

Funding
This project was supported through philanthropic donations to the Hunter Medical

Research Institute.

Patient and Public Involvement

This research was a healthcare consumer engagement study. Consumer research
priorities, experiences and preferences reported in this research will form the basis of
future research projects. Consumers involved in this study were recruited from
healthcare consumer organisations and appropriate networks and the results of this

study will be disseminated through those networks.

Results

Participants

Fifty-seven (75%) females (M = 36.00 years, SD = 6.69 years) and 19 (25%) males
(M = 37.07 years, SD = 3.12 years) participated in the half-day workshops. Over half
(66.6%) had private health insurance, 88.9% were married or in a de facto relationship
while 7.4% were single, 1.85% were divorced or separated and 1.85% reported a
relationship status of ‘other’. Second round online surveys were completed by 68% of

participants (n=51).

Benefits

Qualitative analyses of workshop data indicated the key benefits identified by
participants for the use of precision medicine approaches to early screening for NCDs
were ‘planning and preparation’, ‘knowledge and education’, and ‘better allocation of
health resources’. Planning and preparation were particularly important for workshop
participants who were living in country or rural areas to enable them to plan for things
like specialist appointments if these were needed. Participants discussed the
opportunity parents would have to seek education and information about health
conditions to make informed decisions regarding actions they could take, such as

dietary changes or physical activity, to improve their child’s health outcomes. The
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potential for targeted intervention to prevent or reduce risk of disease was seen as the
greatest benefit, particularly if the result was a reduction in NCDs in the population
through early detection. Potential savings to the healthcare system were also identified
as a benefit of earlier detection of risk, particularly if this led to a shift from treating

disease to preventing progression or manifestation of disease.

“At the moment you go to the Dr when you’re sick. If you start earlier it becomes routine

to be preventative in healthcare” (female, 35yrs).

In addition to implementing interventions and improving their own knowledge of health
conditions, participants highlighted the potential for precision medicine approaches to
be valuable if they resulted in better allocation of healthcare resources to those who

were most likely to benefit from them.

Disadvantages

Proposed disadvantages of early screening for NCD in healthcare settings included
the potential for ‘increased stress’, and the development of a system of ‘health
inequality’. When discussing genomics and precision medicine in research settings
participants expressed their main concern to be ‘inadequate community engagement’.
It was important to healthcare consumers that research involving genetic material
(DNA, RNA, cell free DNA) involved clear and upfront engagement with participants
regarding how samples and information were collected, stored and kept secure. This
was particularly important within Aboriginal and Torres Strait Islander participants.
Ongoing engagement with researchers including the communication of results was

also important to consumers.

The possibility for increased stress on parents was cited as the most common potential
drawback to early screening and detection of NCDs if these tools became available as
part of routine healthcare. Workshop participants noted screening could be
particularly stressful if there was a lack of support from healthcare professionals or if
parents were unfamiliar with a particular condition. Within a healthcare setting parents
wanted assurance that they would not be ‘left on their own’ after being given the results
of their child’s early risk screening. The costs of new technology or tools to parents

was also of concern and was discussed in several workshops with participants noting
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it would be important to ensure all families were able to access and benefit from new
screening tools. Current access to non-invasive prenatal testing at a cost was
discussed as an example of how new technologies could become available only to
those who could afford them, resulting in a two-tiered health system and ‘health

inequality’.

Acceptability of precision medicine screening for non-communicable diseases in
clinical care

When discussing the application of genomics and precision medicine into routine
healthcare for early screening and intervention for non-communicable diseases
participants stated their acceptance of any new tool would be contingent on how the
screening was implemented and what (if anything) could be done if an increased risk
was identified. Information about the time between screening and emergence of the
disease, support from healthcare professionals to intervene and the allocation of
resources and funding were discussed as factors likely to impact their final decision.
Participants raised several questions that they would like answered before making a
decision in a clinical setting. These included what specifically was being screened for,
what interventions would be available, what support would be available and what was
the risk-reward ratio (i.e. what percentage of those identified as higher risk would the
proposed intervention likely improve the outcome for). Participants were more likely to
view early screening for NCD risk positively if there were proven interventions that
worked to significantly reduce risk and if the process included clear pathways and
referrals for support including specialists (e.g. a lactation consultant or dietician for
early dietary interventions). In addition workshop participants noted the importance of
any new technology or screening being available to all families, not only those who
could afford additional screening or testing for a fee. Equity and availability of new
healthcare technology was important to healthcare consumers. Potential increase cost
of screening to the healthcare system was discussed, with several participants voicing
the importance of balancing the cost of the new early screening and intervention with

the existing cost of trying to treat NCDs in the community.

Healthcare Consumer Periorities for Non-Communicable Disease Research
The workshops yielded a list of 22 NCD of importance to healthcare consumers. Those
that were mentioned by at least three of the seven groups were included in the online
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survey, with a list of ten health conditions presented in the second round. A total of 51
online surveys were completed (68%). Participants were asked to rank their top five
health conditions in order of priority (Figure 2). Mental health conditions and cancer
were ranked as a top priority by 80% and 78% of participants, both constituting a ‘wide
agreement’, high blood pressure and reproductive health was ranked as a top five
priority by a ‘majority’ of participants (62% and 60% respectively). Allergies and
immune conditions also received a ‘majority’ consensus, with 58% of participants
ranking it as a top five priority. Obesity (48%), lung health (38%), diabetes (40%) and
high cholesterol (26%) reached a ‘large minority’ consensus. A final question in the
online survey asked if participants would agree to the use of precision medicine
approaches to provide early-life screening and interventions for NCD risk within the
first 1000 days of life. A majority agreement (98%) was reached in affirmation, with 2%

answering they were ‘unsure’.

Discussion

Current population health approaches have had limited success in reducing the rates
of NCD. The emergence of new technologies enabling earlier screening and detection
for risk for NCD has the potential to change the way we deliver healthcare. A paradigm
shift from disease treatment to early screening and the application of precision
medicine interventions to prevent or reduce disease may be key to tackling this global
health problem. Our findings indicate the maijority of participants in our study believe
precision medicine approaches to early screening and intervention for NCD in their
children was acceptable, provided it was equitable, and that clear pathways for referral
and professional support were available. A key component for success in this area of
precision medicine research and development will therefore be the parallel
development of technologies for early screening and detection alongside the
development of evidence-based interventions and the ability for long term follow up to
determine effectiveness. Importantly ongoing consumer engagement is needed to
guide research protocol development and ensure acceptability of newly developed

screening tools, and adherence and effectiveness of intervention protocols.

Results from this study indicate that research to develop early predictive and screening
tools for NCD risk is acceptable to the Australian healthcare consumers we engaged
with. Ongoing meaningful consumer engagement in the design and develop these new
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technologies and tools will play a vital role in the success of this research.
Implementation of these tools into clinical care would necessitate further meaningful
engagement with larger numbers of healthcare consumers to ensure concerns
regarding intervention and support pathways are adequately addressed during
translation. Health conditions of most concern to healthcare consumers for future
research focus were mental health, cancers, hypertension, reproductive health,
allergies and immune disorders, obesity, respiratory health, diabetes, dyslipidaemia,

and kidney health.

Strengths and Limitations

While we acknowledge that not every potential family structure was engaged in this
study, the purposeful recruitment strategy and involvement of Aboriginal, culturally and
linguistically diverse, first time parents, both mothers and fathers, and parents with
previous pregnancy complications allowed a consensus to be reached that involved a

wide range of relevant healthcare consumers.

A potential limitation of the study was the structure of the workshops not allowing
complete anonymity, which is recommended for Delphi studies to ensure participants
do not feel under external pressure to answer a certain way. This was mitigated as
much as possible by the facilitators use of purposeful language to invite open ended
answers to questions, and assurances of there being no ‘right or wrong’ answer. We
recognise that there are increasingly complex family structures in society and while
every effort was made to include a broad range of healthcare consumers it is
acknowledged that there were small numbers of some groups, such as LGBTIQ+
families. Due to the nature of precision medicine having a strong genetic component,
families who rely on egg or sperm donation in order to conceive may have differing
views on the use of genetic screening, and the availability of such tools in the future

for these families may need to be addressed in more detail.

Conclusion
Healthcare consumers in this study were supportive of research to develop new
technologies and tools to detect risk of NCDs in early life. Ongoing consumer

engagement during the research and development of these tool was a priority for
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consumers, as was equitable access of newly implemented tools into clinical care.
Consumers were more likely to view screening tools positively if there were clear

referral pathways and support.

Author Contributions

TG, KL, MCT, CP, LU, NG, KP contributed to the study design and were directly
involved in facilitating the workshops, SH attended as a consumer. TG analysed the
qualitative and quantitative data. TG, CP, KL, MCT, LU, NG, SH and KP contributed

to the final manuscript.

Competing interests

None declared

Data Availability Statement

Data available upon reasonable request to the corresponding author

Ethics Approval
This project was approved by the Hunter New England Human Research Ethics
Committee (2020/ETHO01175).

Acknowledgement

We would like to acknowledge the Awabakal and Kamilaroi peoples, on whose land
we held our workshops, and acknowledge their Elders past, present and emerging.
We would like to thank the organisations and programs Red Nose, Miracle Babies,
Awabakal, the MOMS Program at John Hunter Hospital, and the Gomeroi Gaaynggal
Advisory Committee members, particularly Aunty Pearl. Thank you to Oyepeju
Onifade, Saije Morosin and Alyssa Lochrin for their assistance with scribing during the
workshops. And thank you to our study participants, for their generous approach to

sharing their valued experience.

Figure 1. Study design

Figure 2. Healthcare consumer research priority ranking

12

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* (s3gv) Inaladns juswaublasug


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

Consumer engagement for early screening of NCD

References

1. World Health Organisation. World Health Statistics 2021: Monitoring health for the SDGs
sustainable development goals. Geneva; 2021.

2. GBD 2015 DALYs and HALE Collaborators. Global, regional, and national disability-adjusted
life-years (DALYs) for 315 diseases and injuries and healthy life expectancy (HALE), 1990-2015: a
systematic analysis for the Global Burden of Disease Study 2015. Lancet. 2016;388(10053):1603-58.

3. Barker DJP, Osmond C. Infant mortality, chilhood nutrition and ischaemic heart disease in
England and Wales. The Lancet. 1986;1(8489):1077-81.

4, Hanson MA, Gluckman PD. Early developmental conditioning of later health and disease:
physiology or pathophysiology? Physiol Rev. 2014;94(4):1027-76.

5. Hoffman DJ, Powell TL, Barrett ES, Hardy DB. Developmental origins of metabolic disease.
Physiological Reviews. 2021;101:739-95.

6. Fleming TP, Watkins AJ, Velazquez MA, Mathers JC, Prentice AM, Stephenson J, et al. Origins

of lifetime health around the time of conception: causes and consequences. Lancet.
2018;391(10132):1842-52.

7. Lawlor DA, Ronalds G, Clark H, Smith GD, Leon DA. Birth weight is inversely associated with
incident coronary heart disease and stroke among individuals born in the 1950s: findings from the
Aberdeen Children of the 1950s prospective cohort study. Circulation. 2005;112(10):1414-8.

8. Guerra S, Lombardi E, Stern DA, Sherrill DL, Gilbertson-Dahdal D, Wheatley-Guy CM, et al.
Fetal Origins of Asthma: A Longitudinal Study from Birth to Age 36 Years. Am J Respir Crit Care Med.
2020;202(12):1646-55.

9. Grieger JA, Clifton VL, Tuck AR, Wooldridge AL, Robertson SA, Gatford KL. In utero
programming of allergic susceptibility. International Archives of Allergy and Immunology.
2016;169:80-92.

10. Johnson MH, Gliga T, Jones E, Charman T. Annual research review: Infant development,
autism, and ADHD--early pathways to emerging disorders. J Child Psychol Psychiatry.
2015;56(3):228-47.

11. O’Donnell K, Meaney M. Fetal origins of mental health: The developmental o rigins of health
and disease hypothesis American Journal of Psychiatry. 2017;174:319-28.
12. Filbin M, Monje M. Developmental origins and emerging therapeutic opportunities for

childhood cancer. Nat Med. 2019;25(3):367-76.

13. Horikoshi M, Beaumont RN, Day FR, Warrington NM, Kooijman MN, Fernandez-Tajes J, et al.
Genome-wide associations for birth weight and correlations with adult disease. Nature.
2016;538(7624):248-52.

14. Warrington NM, Beaumont RN, Horikoshi M, Day FR, Helgeland O, Laurin C, et al. Maternal
and fetal genetic effects on birth weight and their relevance to cardio-metabolic risk factors. Nat
Genet. 2019;51(5):804-14.

15. Wu'Y, Lye S, Dennis CL, Briollais L. Exclusive breastfeeding can attenuate body-mass-index
increase among genetically susceptible children: A longitudinal study from the ALSPAC cohort. PLoS
Genet. 2020;16(6):e1008790.

16. Wang CA, Attia JR, Lye SJ, Oddy WH, Beilin L, Mori TA, et al. The interactions between
genetics and early childhood nutrition influence adult cardiometabolic risk factors. Scientific Reports.
2021;11:14826(1).

13

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 14 of 18

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* (s3gv) Inaladns juswaublasug

e


http://bmjopen.bmj.com/

Page 15 of 18

oNOYTULT D WN =

BMJ Open

Consumer engagement for early screening of NCD

17. Konig IR, Fuchs O, Hansen G, von Mutius E, Kopp MV. What is precision medicine? European
Respiratory Journal. 2017;50: 1700391.

18. National Health and Medical Research Council. Statement on consumer and community
involvement in health and medical research, Consumer Health Forum of Australia. 2016.

19. Todd AL, Nutbeam D. Involving consumers in health research: what do consumers say?
Public Health Res Pract. 2018;28(2).

20. Dupras C, Birko S, Affdal AO, Haidar H, Lemoine ME, Ravitsky V. Governing the futures of
non-invasive prenatal testing: An exploration of social acceptability using the Delphi method Social
Science and Medicine. 2022;304(112930).

21. Hasson F, Keeney S, McKenna H. Research guidelines for the Delphi survey technique.
Journal of Advanced Nursing. 2000;32(4):1008-15.
22. Ayton D, Braaf S, Jones A, Teede H, Gardam M, Bergmeier H, et al. Barriers and enablers to

consumer and community involvement in research and healthcare improvement: Perspectives from
consumer organisations, health services and researchers in Melbourne, Australia. Health and Social
Care in the Community. 2021;30(4).

23. Junger S, Payne SA, Brine J, Radbruch L, Brearley SG. Guidance on Conducting and
REporting DElphi Studies (CREDES) in palliative care: Recommendations based on a methodological
systematic review. Palliative Medicine. 2017;31(8):684-706.

24. Ashman AM, Collins CE, Weatherall L, Brown LJ, Rollo ME, Clausen D, et al. A cohort of
Indigenous Australian women and their children through pregnancy and beyond: the Gomeroi
gaaynggal study. Journal of Developmental Origins of Health and Disease. 2016;7(4):357-68.

25. Health Consumers NSW. Remuneration and reimbursement of health consumers 2020-2021
2020 [Available from: https://www.hcnsw.org.au/.

14

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* (s3gv) Inaladns juswaublasug

e


http://bmjopen.bmj.com/

oNOYTULT D WN =

Development

Data Analysis

Identifying
Priorities

BMJ Open

Step 1. Workshop content
development

Step 2. Seven workshops held in
person between Oct — Dec 2020
Number of participants (n=76)

Step 3. Responses analysed:
Thematic analyses using Nvivo
Survey questions classified by

identified themes

Step 4. Online Survey distributed
Completed online surveys (n=51)
Incomplete online surveys (n=4)

Step 5. Priorities identified from

online survey response.

Figure 1. Study design

216x423mm (130 x 130 DPI)

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 16 of 18

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

* (s39gV) Jnaiiadns 1uswaublasug
| @p anbiydeibollqig soushy re Gzoz ‘vT sunr uo /wod fwg uadolway/:dny wolj papeojumod 20z 18quwadad ¥ Uo 806980-720zZ-uadolwag/9eTT 0T Se paysiignd isiiy :uado (NG


http://bmjopen.bmj.com/

Page 17 of 18

oNOYTULT D WN =

ocouuuuuuuuuuud,DdDDDBDDAMDMDMNDAEDANEDNWWWWWWWWWWNNNNNNNNNDN=S =2 @2 a@Qaaa0
VWO NOOCULLhAWN-_rOCVONOOCTULDWN—_,rOCVOONOOCULDDWN=—_,rOUOVUONOOCULPMNWN—_ODOVUONOUVPSD WN =0

Kidney Health
Cholesterol

Diabetes

Lung Health

Obesity

Allergies & Immunity
Reproductive Health
High BP

Cancer

Mental Health

BMJ Open
|
T |
- I
[ — I
I P e .
[ B . I
L |
[ B I
[ — I
L |

o
[6,]

10 15 20 25 30 35 40 45

H1lst m2nd ®m3rd m4th m5th

Figure 2. Healthcare consumer research priority ranking

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘salfojouyoal Jejiwis pue ‘Buiurel) |y ‘Buiuiw erep pue 1xal 01 palelal sasn Joj Buipnjoul ‘ybluAdoo Aq paloslold

* (s3gv) Jnauadns juswaublasug

e


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

Appendix 1. Predicting adult chronic health issues in early pregnancy Workshop
Questions

e What do you think are the top priorities for health research into chronic health
issues? These are health problems that you can not catch from someone and
are often ongoing (lasting for a long time).

* think about conditions that are in the media and people you know

We have talked about how a person’s genetics and early life experiences can effect long
term health outcomes. We are trying to develop tests to identify high genetic risks for
some health problems very early on, so we can target health resources and support to
those who need it most. We are trying to work out, for example, if a newborn baby might
be at risk for high blood pressure or obesity in later life and try to get the mum and family
extra support with healthy nutrition early on.

* Do youthink this type of test should be an option?
* why orwhy not?

* Listas many pros and cons of this type of early screening as you can think
of

If you were asked to be part of a research project how would you like to be approached?

*  Would there be something that would make you say yes or no? what are some
examples of these?

*  Would you be happy to give blood (why/why not)?
* What about asking your partner or the baby’s biological father (why/why not)?

* What about researchers using your baby’s cord blood or placenta? (why/why
not?

*  What about other samples (urine, stool, swabs)? Are there some samples you
would prefer to not give and what would they be (examples, why/why not)?

Think about the presentation at the start of today’s workshop.

* Were there specific things that helped you understand genetics and precision
medicine?

*  How would you like information presented on these topics? Examples given
verbally

* Pictures
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