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Abstract

Background Genetics play an important role in risk for cardiometabolic diseases—including type 2 diabetes, cardio-
vascular disease and obesity. Existing research has explored the clinical utility of genetic risk tools such as polygenic
risk scores—and whether interventions communicating genetic risk information using these tools can impact on indi-
viduals' cognitive appraisals of disease risk and/or preventative health behaviours. Previous systematic reviews suggest
mixed results. To expand current understanding and address knowledge gaps, we undertook an interpretive, reflexive
method of evidence synthesis—questioning the theoretical basis behind current interventions that communicate
genetic risk information and exploring how the effects of genetic risk tools can be fully harnessed for cardiometabolic
diseases.

Methods We obtained 189 records from a combination of database, website and grey literature searches—sup-
plemented with reference chaining and expert subject knowledge within the review team. Using pre-defined critical
interpretive synthesis methods, quantitative and qualitative evidence was synthesised and critiqued alongside theo-
retical understanding from surrounding fields of behavioural and social sciences.

Findings Existing interventions communicating genetic risk information focus predominantly on the “self’, target-
ing individual-level cognitive appraisals, such as perceived risk and perceived behavioural control. This approach risks
neglecting the role of contextual factors and upstream determinants that can reinforce individuals'interpretations

of risk. It also assumes target populations to embody an “ascetic subject of compliance”—the idea of a patient who
strives to comply diligently with professional medical advice, logically and rationally adopting any recommended
lifestyle changes. We developed a synthesising argument—"beyond the ascetic subject of compliance”—grounded
in three major limitations of this perspective: (1) difficulty applying existing theories/models to diverse populations,
(2) the role of familial variables and (3) the need for a life course perspective.

Conclusions Interventions communicating genetic risk information should account for wider influences that can
affect individuals'responses to risk at different levels—including through interactions with their family systems, socio-
cultural environments and wider health provision.
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Background

For most common cardiometabolic diseases such as type
2 diabetes (T2D) and cardiovascular disease (CVD),
multiple factors such as genes and lifestyle interact to
play a causal role in an individual’s risk [1, 2]. Genomic
advances over the past decade—particularly with
genome-wide association studies (GWASs)—have identi-
fied the contribution of inherited variants to disease risk,
leading to the development of genetic risk tools such as
polygenic risk scores (PRSs) [3, 4]. PRSs are formed by
combining multiple independent genetic risk variants
associated with a certain health condition in an individ-
ual [3]. This is in turn used to generate a score estimat-
ing their genetic risk for that particular disease [3]. PRSs
have been shown to be useful for the prediction of dis-
ease risk—and recent efforts have shown their potential
utility in clinical contexts [3-7]. For example, PRSs can
help enhance the stratification and management of indi-
viduals at high risk of chronic diseases, facilitating refer-
rals onto screening programmes, lifestyle interventions
and/or preventative treatment [3, 4, 8—11].

Current evidence supports the integration of PRSs
with existing clinical risk tools widely used for the pre-
diction of cardiometabolic diseases [5—9]. PRSs are able
to capture a component of risk that is fixed lifelong and,
as such, offer benefits in identifying high-risk individuals
at younger ages. This provides health services a means
to identify and act on individuals’ risk more efficiently,
through the allocation of preventative care based on ear-
lier indications of risk. There are, however, major ques-
tions to ask regarding how individuals would receive
and respond to genetic risk information—especially
at younger ages than is typical for risk factor screening
and management—and how this would be managed in
routine clinical care systems. The effective implementa-
tion of PRSs thus relies on understanding the relevant
behavioural science to identify how genetic risk tools can
exert the most direct impact on individuals receiving risk
information.

Many interventions have explored the effect of com-
municating genetic risk information for health conditions
on shifting individuals’ cognitive appraisals of disease
risk (e.g. perceived risk, perceived behavioural control)
and/or encouraging the adoption of preventative health
behaviours [4, 12—14]. Earlier studies on breast and colon
cancers have shown that providing genetic risk informa-
tion can help promote patients’ screening attendance
and medication adherence [13, 15]. Existing systematic
reviews indicate, however, that the evidence is less clear
for lifestyle behaviours such as physical activity and diet,
which need to be adopted and sustained across time to
reduce cardiometabolic risk [13, 15]. This raises impor-
tant questions over the value of wide-scale integration
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of PRSs into healthcare systems for common diseases—
as their use must be determined on clear clinical util-
ity. Establishing and understanding the evidence base
on individual-level perceptions and behaviours towards
genetic risk information is crucial to clarify the role of
genetic risk tools in clinical care and fully leverage their
application for common diseases on a population-wide
basis.

We conducted a critical interpretive synthesis (CIS) to
advance current understanding on the communication
of genetic risk for cardiometabolic diseases. A CIS is a
method of evidence synthesis known for its critical and
reflexive nature—where the central feature is in adopting
an investigative lens to the literature [16]. We applied this
approach to explore the premise behind interventions
that have been proposed to modify cognitive appraisals
and/or health behaviours via the provision of genetic risk
information. In doing so, we questioned how interven-
tions have traditionally framed the uses and purposes
of genetic risk communication, the assumptions that
they have drawn from, as well as why current evidence
seems to generate mixed results. This critical approach
has strength in highlighting unique perspectives within a
research area. It allows us to expand beyond the findings
of conventional systematic reviews that are already avail-
able on the topic [1, 2, 13, 15].

The broad aims set for this CIS were threefold. Firstly,
we aimed to summarise existing evidence on cognitive
appraisals that may be particularly important or salient
for individuals receiving genetic risk information—how
these cognitive appraisals been studied in relation to
cardiometabolic diseases and whether they can, in turn,
impact on individuals’ adoption of preventative health
behaviours. Secondly, we aimed to investigate knowledge
gaps in this research area—particularly exploring why
existing interventions that target individuals’ cognitive
appraisals (and/or health behaviours) via the provision
of genetic risk information suggest mixed results. Finally,
we aimed to consolidate these findings to consider how
the effects of genetic risk tools can be fully harnessed to
mitigate cardiometabolic disease risk.

Methods

Search strategy

We followed principles and methods first defined by
Dixon-Woods et al.,, in their CIS conceptualising how
vulnerable groups in the UK access and utilise healthcare
services [16]. Our literature search combined a broad
number of strategies and included searching electronic
databases, websites, NHS reports and reference chain-
ing. Expertise within the multidisciplinary review team
was further utilised to identify relevant work from adja-
cent fields not immediately or obviously relevant to the
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communication of genetic risk. This team comprised
researchers working in the fields of psychology and
behavioural sciences (JHL), anthropology and social sci-
ences (NF)—as well as healthcare professionals in pri-
mary care (SF, NS).

An initial search strategy was piloted on Ovid MED-
LINE in September 2021 by JHL, based on search terms
used in previous systematic reviews [1, 2, 13, 15] and
then refined for the purposes of this CIS. Our search ini-
tially focused on evidence solely related to the commu-
nication of genetic risk—but this retrieved a considerable
number of records on the communication of familial
risk. Upon inspection, the review team agreed that there
was substantial overlap. Many cognitive appraisals impli-
cated in the communication of genetic risk were similarly
raised in research on the communication of familial risk.
We thus updated our search strategy to explicitly include
this body of work.

JHL applied the finalised search strategy (Additional
file 1) to the following databases in November 2021—
Ovid MEDLINE (1946 to November 2021), EMBASE
(1980 to November 2021), PsycINFO (1967 to Novem-
ber 2021), Scopus (1960 to November 2021), Web of Sci-
ence (1950 to November 2021) and the Cochrane Central
Register of Controlled Trials (CENTRAL). We consulted
with an academic librarian for the validation of the final
search terms across these databases.

Inclusion/exclusion criteria

A hallmark of the CIS method is to avoid appraising stud-
ies based solely on the type of design—thus allowing for a
diverse and interdisciplinary body of evidence to be syn-
thesised. We included a range of quantitative, qualitative
and mixed-methods studies examining various cognitive
appraisals that have been implicated in genetic/familial
risk for cardiometabolic diseases (including T2D, CVD
and obesity). As described in our protocol, we expected
these cognitive appraisals to encompass factors such as
perceived risk, perceived behavioural control and inten-
tion to engage in preventative health behaviours. Study
designs ranged from interventions that combine (real
or hypothetical) genetic/familial risk information with
lifestyle advice to examine participants’ behavioural
outcomes to interview studies exploring participants’
thoughts about their family history of disease. Popula-
tions of interest included members of the general popu-
lation, clinically at-risk individuals or unaffected relatives
of patients with cardiometabolic diseases who may be
at risk themselves. We also included systematic reviews
relevant to our topic, along with relevant grey literature:
reports and policy documents, commentaries and opin-
ion pieces, theses and dissertations, conference papers
and proceedings. We excluded published study protocols
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and studies that were incomplete and/or reported no
outcomes.

Given the broad inclusion criteria usually adopted in
a CIS, we anticipated the number of eligible records to
be very high from the start. Here, an exhaustive sum-
mary of all the data retrieved is not expected—since the
main goal of a CIS is to generate a theoretical structure
or a conceptual framework that Dixon-Woods et al.
have termed “synthesising argument” [16]. Synthesis-
ing arguments are produced through detailed and itera-
tive analysis—a process comparable to analysis processes
conducted in primary qualitative research [16]. It rep-
resents an overarching idea that encompasses the body
of evidence described in a CIS—functioning to provide
a more “insightful, formalised and generalisable” way
to understand the literature [16]. The flowchart of our
record selection process is described in Fig. 1.

At the initial screening stage, all four members of the
review team screened the 378 records obtained from
our database searches, based on titles and abstracts.
There were 286 records deemed eligible for inclusion.
We then developed and applied the following purposive
sampling criteria—following the methods outlined by
Dixon-Woods et al. [16], alongside a three-step purposive
sampling framework adapted from the vaccination com-
munication literature [17]—as a starting point to help us
reach a manageable sampling frame for data extraction:

1. Maximum variation—Research that addressed the
topic of interest in diverse settings and/or popula-
tions (e.g. in underrepresented geographic areas and/
or populations);

2. Data richness—Mixed-methods and/or qualitative
work that provide in-depth and conceptually rich
insights into the phenomenon of interest; and

3. Match of scope—Records with the most direct rel-
evance to our research questions.

Using these criteria, JHL, NF and NS filtered through
different subsets of the records that passed initial screen-
ing. A citation management tool was used to keep track
of all records screened. We also set up a shared document
to facilitate the communication of reflections and notes
on the records selected for inclusion (Additional file 2).
Any conflicts in decisions at this stage were resolved via
further notes and discussions. This process helped us
refine our initial focus onto a smaller subset of records
that were deemed key to the CIS (i.e. records that fit all
three of the purposive sampling criteria above).

Quality appraisal
As a method, a CIS prioritises relevance to research
questions over particular study methodologies. Whereas
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abstracts
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Papers identified from database
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purposive sampling framework;
n = 178 remaining)
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Quality appraisal
(n =10 excluded based on limitations

in study design;

n = 168 remaining)
Total number of papers included in CISJ

(n=189)

Fig. 1 Flowchart of record selection process

traditional methods of quality assessment for system-
atic reviews would often adopt a “hierarchy of evidence”
approach, this risks discounting important studies
that may still be conceptually rich and relevant, despite
their supposed methodological “inferiority” [16]. Thus,
to maximise the inclusion and contribution of a wider
variety of work, we used the original appraisal prompts
described by Dixon-Woods et al. to guide our decisions
on data quality and relevance (Table 1) [16]. A small
number of records retrieved from our searches that did
not involve primary data collection were not assessed
using these appraisal prompts (e.g. reports and policy
documents, commentaries and opinion pieces). Of the
remaining records containing quantitative, qualitative

-
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Papers identified from other
sources; e.g. reference chaining,
subject knowledge in review team
(n=21)

and mixed-methods studies, we applied these prompts
alongside our purposive sampling strategy to assess their
overall quality. The majority met all the criteria outlined
by Dixon-Woods et al.—only a small number (n=10)
were excluded on the basis of limitations related to
research design and/or procedures (Fig. 1; see also Addi-
tional file 2).

Data extraction

Data extraction was conducted using NVivo. Relevant
paragraphs and notes from the records were used to
create different nodes to represent themes identified
(example in Additional file 3). The NVivo node hierar-
chies function was then used to organise the coding of
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Table 1 Appraisal prompts to determine paper quality for a CIS, adapted from [16]

Appraisal prompts for informing judgements about quality of papers

Are the aims and objectives of the research clearly stated?

Is the research design clearly specified and appropriate for the aims and objectives of the research?

Do the researchers provide a clear account of the process by which their findings were reproduced?

Do the researchers display enough data to support their interpretations and conclusions?

Is the method of analysis appropriate and adequately explicated?

recurring themes and constructs across the different
records. When we began to see an emerging conceptual
framework, we worked to identify records from other
sources to test the emerging analysis and to address
any conceptual gaps (Fig. 1). We treated these records
and the themes derived as the central point of our CIS,
expanding our scope and working outwards to identify
more records, as the CIS evolved. Ideas for generating
a synthesising argument were continuously discussed
throughout these processes between all four members
of the review team. This allowed an iterative, inductive
process of analysis, synthesis and refining of the research
questions to achieve theoretical saturation and generate
our synthesising argument.

Findings

This CIS involved a final total of 189 records (Additional
file 4). These contained original quantitative (n=115),
qualitative (n=30) and mixed-methods studies (n=11),
systematic reviews (n=13), reports and policy docu-
ments (n=4), commentaries and opinion pieces (n=5),
theses and dissertations (n=7) and conference papers
and proceedings (n=3), as well as a book chapter
(n=1). Original studies covered various geographical
ranges—with the majority of them based in Northern
America (n=91) and Europe (n=55). Further details of
the included studies can be found in the supplementary
material (Additional file 4).

Understanding the communication of genetic risk

in the literature

The original focus of this CIS was on exploring the
various cognitive appraisals that have been studied in
relation to genetic/familial risk communication for car-
diometabolic diseases—including perceived risk, per-
ceived behavioural control and behavioural intention.
Many prominent theories in health psychology have been
applied in the research landscape [18-22]. Examples
include Leventhal's Common Sense Model of Self-Reg-
ulation (CSM-SR), the Health Belief Model (HBM) and
the Theory of Planned Behaviour (TPB). For example,
researchers have used CSM-SR to describe how threat
representations that include genetic causes may lead

individuals to perceive less behavioural control, thereby
activating beliefs that behavioural responses may be inef-
fective in preventing that threat [1, 12, 13, 20, 23]. This
is an idea often termed by researchers as genetic fatal-
ism—and it provides a framework to understand why
individuals sometimes adopt maladaptive responses
towards health threats [24]. Other theories have similarly
been used by researchers as guiding frameworks—with
attempts to chart a prediction of health behaviours based
on networks of constructs such as perceived risk and
behavioural intention [12, 25-30].

The evidence generated from this body of work is, how-
ever, mixed—and sometimes contrary to the predictions
of the underlying theoretical frameworks [12, 13, 19, 20,
30, 31]. Associations between genetic causal beliefs and
perceived behavioural control are not always replicated—
and higher levels of perceived behavioural control do not
necessarily translate into preventative health behaviours
[1, 20, 23]. In such cases, it is common for any lack of
observable changes in participants’ psychological and/
or behavioural responses following exposure to genetic
risk information to be attributed as a maladaptive reac-
tion, brought about by perceptions of uncontrollability or
unpreventability [1, 13]. The premise here is that changes
in individuals’ cognitive appraisals should logically fol-
low from risk information—and strategies to cope with
the information subsequently adopted. Conversely, if
participants’ scores on a measure such as perceived risk
are not significantly changed post-intervention, the ten-
dency is to conclude that these interventions simply do
not “work”.

To untangle these gaps in understanding, we drew
upon the concept of “auxiliary assumptions” from theo-
retical psychology [32, 33]. For interventions to “work”—
whether in altering cognitive appraisals or influencing
behaviour change—the conditions for them to be suc-
cessful first need to be satisfied [32, 33]. For example,
if a behaviour change technique has only been tested
in older populations, applying it to children may not
bring about the same effect. In the latter scenario, it
may not mean that the intervention is ineffective per se;
rather, the conditions for it to be effective—its auxiliary
assumptions—have simply not been met. Similarly, an
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intervention communicating genetic risk information
that does not appear to “change” individuals’ perceived
risk does not necessarily mean that it is not effective. If
factors that are salient or important to an individual’s risk
perceptions were never targeted, it is unlikely that they
will be informed or shaped by interventions aiming to
address this construct—making them unlikely to “work”
as preventative strategies. Individuals may be drawing
from their own pre-established notions about personal
risk—which in turn can be informed by other cognitive,
emotional, social and/or environmental resources that
are insufficiently accounted for by theoretical models.
These may then further interact with individuals’ cogni-
tive appraisals to determine behavioural responses. In
such cases, attempting to elicit and/or alter reactions
solely at the level of the individual may be insufficient.
Instead, there is first a need to consider what the idea
of risk means to an individual—and how it is relevant to
them—to ensure that interventions can be designed to
tap into participants’ understandings and interpretations
of risk in the first place. Such an approach can help trans-
late the idea of risk into a more personalised form that
is meaningful to individuals and fits with their current
views and/or lifestyles.

Synthesising argument—*“beyond the ascetic subject
of compliance”
Our analysis indicated a crucial need to focus beyond
self-/individual-oriented  perspectives of cognitive
appraisals. With the principal narrative placing focus
on individual responsibility and personal control, the
tendency is for interventions communicating genetic
risk information to presuppose their target populations
embodying the “ascetic subject of compliance” [34].
This concept was first introduced by anthropologist Ian
Whitmarsh, who discussed it within the context of global
health interventions for chronic diseases. He offered a
critique of the biomedical discourse in this field—which
necessitates and expects patients to be “disciplined” and
“compliant’, taking lifelong responsibility over their long-
term treatments [34]. In this CIS, we argue that similar
assumptions are held in the field of genetic risk commu-
nication. It presupposes the idea of an individual who
strives to comply diligently with professional medical
advice; who can self-monitor and adopt recommended
lifestyle changes that logically follow on from interven-
tions [34]. Such a view neglects the crucial role of various
upstream determinants and contextual factors that can
influence decision-making processes—and that are them-
selves risk factors of disease.

We developed a critique, followed by the generation
of a synthesising argument, constructed around a set of
knowledge gaps that we have observed in the field: (1)
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difficulty applying existing theories/models to diverse
populations; (2) the role of familial variables and (3) the
need for a life course perspective (Fig. 2, Table 2). As we
illustrate these knowledge gaps over the following sec-
tions, we highlight the importance of considering beyond
the ascetic subject of compliance. Genetic risk should be
seen as “inherited” alongside wider cultural, social and
psychological variables that shape an individual—and
interactions can exist between individuals, their micro-
contexts (family dynamics; e.g. experience with the con-
dition, social support) and macro-contexts (upstream
determinants; e.g. local socio-cultural context, living in a
disadvantaged area). These are aspects that require more
mainstream attention, as they can reinforce individuals’
interpretations of health threats and/or the meanings
assigned to risk.

Difficulty applying existing theories/models to diverse
populations

Individualistic perspectives of threat and coping repre-
sentations are largely built on Western ideas of “selfhood”
and individuality [34]. Accordingly, the first major limita-
tion we identified in the literature was that many theoret-
ical domains or concepts borne out of these perspectives
may not hold true for diverse communities. For instance,
a mixed-methods study attempting to apply CSM-SR to
explore beliefs surrounding T2D self-management in
British South Asians found that elements of the model
failed to allow a full understanding of illness beliefs in the
study sample [35, 36] (Table 2). For many people, how a
health condition is understood and experienced is reli-
ant on their immediate network of support, frequently
consisting of their family. This is perhaps a consequence
of—and reinforced by—the central importance of family
in many populations within collectivist cultures and/or
the salience of the condition due to its high prevalence in
certain communities [35-37]. A qualitative study explor-
ing diabetes illness representations in a predominantly
Black sample similarly found that participants frequently
related their own concerns to family members’ disease-
related complications [40]. Participants would often lev-
erage their family experience into a form of motivation
to avoid similar health complications (Table 2). This form
of experiential knowledge—drawing from familial expe-
riences and existing beyond traditionally conceptualised
clinical risk factors—are aspects that empirical studies
taking positivist approaches may not be able to capture
or quantify. Such differences in understanding can then
inform threat representations in unique ways, translating
into variations in coping mechanisms between diverse
groups. The emphasis on the role of the family in these
processes—particularly in non-White populations—illus-
trates the limits of current understanding.
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Fig. 2 Synthesising argument—"beyond the ascetic subject of compliance”

The role of familial variables

The second major limitation included various descrip-
tions about the emotional impact that family experiences
can have in underpinning and heightening the sense of
risk [41-44, 50]. One’s perceived closeness with affected
family members—the strength of their emotional bond
and relationship, at times even their perceived likeness
with the family member—can inform the salience and
vulnerability associated with a health condition (Table 2).
Affective pathways to cognitive appraisals have not been
explored extensively, but it is likely that close experi-
ences with a condition, along with the associated emo-
tional impact, can resonate beyond any advice given
by healthcare professionals (Table 2). This can further
inform individuals’ willingness and readiness to engage in
preventative health behaviours—representing a valuable
point of intervention (Table 2). Empirical studies have
explored how having a family history of diseases such
as T2D can interact with health behaviours to affect an
individual’s cardiometabolic risk—highlighting the com-
plex relationships between shared genotypes, environ-
ments and/or behaviours in informing disease risk [51].

Qualitative research also shows that participants often
discuss risk as being “inherited” via lifestyle and hab-
its from home, cultural or social environments [41-44].
Genes are not the only aspect viewed as being transmit-
ted across generations—rather, familial variables such as
lifestyle and levels of physical activity (and even dietary
habits embedded in broader cultural contexts) are seen
as passing down generationally and affecting health [43]
(Table 2). This illustrates the complex mental strategies
surrounding nature and nurture that can be implicated
in individuals making sense of their own risk. Family his-
tory and modifiable risk factors such as diet and physi-
cal activity as well as wider environmental factors such
as familial, social and cultural contexts are all nested
and interact with one another. It is this interaction that
can change the course of an individual’s (actual and per-
ceived) risk.

The need for a life course perspective

Most existing research on genetic/familial risk communi-
cation for cardiometabolic diseases has focused on mid-
dle- or older-aged populations [1, 2]. It is often assumed
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Theme Sub-theme

Exemplars/excerpts

Difficulty applying existing theories/  Selfhood versus collectivity
models to diverse populations

Clinical versus experiential knowledge

The role of familial variables The emotional component of family experiences

“Inheriting” lifestyle and habits from home, cultural
or social environments

- Individuals can be highly dependent on their social
networks (especially family members) for emotional
support in coping with a condition, as well as for assis-
tance in making adjustments to dietary and lifestyle
habits [35-37]

+ CSM-SR unable to capture ways of “dealing with T2D
as a family affair”in South Asian samples—failing

to account for the central role that patients’familial
and social networks had in mediating health beliefs
and supporting behaviour change [35, 36]

- Empirical studies measuring self-reported levels

of knowledge in regards to cardiometabolic risk factors
have described that minoritised ethnic groups tend

to demonstrate lower awareness of clinical risk factors,
compared to White populations [38, 39]. For example,
South Asian participants in a sample recruited in Can-
ada demonstrated lower levels of awareness about cor-
onary heart disease as a leading cause of death [39]

- Yet existing frameworks of "knowledge” may not fully
reflect the different ways of “understanding”in diverse
groups. Measures of "knowledge”are often presented
as check-list formats of clinical risk factors—but in many
cases, it may be that observing family members
affected by a health condition plays a more significant
role in shaping up an individual’s risk perceptions,
above and beyond clinical knowledge

«"By the time my niece came back with [my mother’s]
insulin and her medicine, she was in a coma and she
never responded, never woke up [...] that's always

in the back of your mind [...] It runs in your family. You
don't want to go out like your mother did!" [40]

+“As I'm getting older I'm really starting to look like [my
mum] now, and feel like her [...] it makes me think | am
like her, and maybe I'm going to get the same as her”
[41]

- “I've talked to my nurse [...] my doctors and [...] my
dietician and none of them really had a real deep [....]
impact on me [...] it was not until | started seeing my
mother — | don't think that she understood that she
was taking it serious but because someone else

was taking care of her [...] that’s when | started think-
ing serious. My doctor told me how serious it was but |
just didn't listen." [40]

+“l want to stop that from happening to my kids too. |
want them to have a better example of the [healthy]
lifestyles. | want them to have an example, what |

mean is my dad is diabetic, and then | will be diabetic,
and then my kids will say oh god, we will have diabetes
too! So, I want to stop it here! [42]

« Individuals often hold multifactorial causal explana-
tions for risk—the emphasis is placed not only family
history and/or genetic risk, but also nongenetic risk fac-
tors such as the shared environment and behavioural
influences [41-44]

-"Well, being from a Latino background, we tend to eat
food that's high sodium, high fat. We also don't really
exercise that often because we don't have time! [43]
«“Well there are certain traits you know, familial traits,
and | think they're probably causing illnesses, but |
certainly don't think it's the whole picture, | think

that environment and nurture play a part as well"[41]
«“Right now | think my risk would be low because |
work out, avoid coffee and the sugary good things. So, |
think it's low, but it's me who's keeping it that way! [42]
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Table 2 (continued)
Theme Sub-theme Exemplars/excerpts

The need for a life course perspective  Complexity between age and readiness for behaviour

change

Clinically important life stages

+ Most work on genetic/familial risk communication
for cardiometabolic diseases has focused on older
populations [1, 2], but some studies hint at possible
intergenerational differences that exist in understand-
ing—and dealing with—health risks [45, 46]

« Age is indeed a major risk factor for many health
conditions—and perceptions of health threats may
be particularly salient at older ages [43]. However,
older individuals may be less inclined to act on disease
risk, due to age-related reductions in the perceived
value or benefits of doing so—or they may simply be
less able to change or adopt new lifestyle behaviours,
due toissues such as lack of mobility [43]

+“[My mother] had diabetes. She found out when she
was 30. She's 68, about to be 69. But when | look

at her, she’s deteriorating. She had a heart and kidney
transplant. Her sight is gone. Her legs, she can barely
walk. But she—it’s like the older generation, they don't
care!'[40]

+ One study examining the predictors of interest

in genetic testing for T2D found that, among par-
ticipants who perceived themselves to be at risk

for the condition, younger age was associated

with greater interest [45]

- Pregnancy in women may represent a key point

for individuals to make important behavioural and life-
style choices [47]

- Women who have experienced gestational diabetes
in a previous pregnancy may be a specific target group
holding different perceptions about T2D risk—and
might react differently to risk information, compared
to the population most commonly under study [48, 49]

that older populations will have higher levels of inter-
est in disease risk information via genetic testing, given
their life stage. This dominant narrative, however, does
not explain why most interventions still fail to yield sig-
nificant behavioural outcomes [12, 13, 19, 30, 31]. Some
survey evidence indicates that the utility and relevance of
genetic testing might actually be stronger in younger age
groups [45, 46], suggesting that it may be inadequate to
apply a single perspective to interpret the views of indi-
viduals at different life stages (Table 2). Clinically rele-
vant life stages—such as pregnancy in women—are also
worth further consideration, as they represent key points
for individuals to make important behavioural choices
[47]. Correspondingly, specific clinical populations such
as women who have a history of gestational diabetes
may hold different perceptions about T2D risk and/or
react differently to genetic risk information, compared
to the population most commonly under study [48, 49]
(Table 2). As such, the perceived value and potential of
genetic testing may differ across these diverse groups. It
is even plausible to consider that communicating genetic
risk information for health conditions to older adults
later in the life course might be less productive than

communicating similar information to younger people,
a relationship which might explain the lack of observed
effect in the literature. It may be worth considering
whether there are particular benefits in the application of
genetic risk tools for specific age groups and/or clinical
populations—especially in light of the proposed utility
of genetic risk tools in being able to provide the earliest
indication of risk in the first place [3, 8, 9]—to target and
promote healthy lifestyle practices from younger ages to
delay or prevent disease onset [52].

Advancing the communication of genetic risk

Clarifying clinical outcomes from patients’ perspectives

Our synthesising argument suggests that future efforts
surrounding the effective provision of genetic/familial
risk information should overlap at various levels—the
individual, families and communities as well as health-
care professionals and/or health systems. Even at the
level of the individual, qualitative studies often suggest
discrepancies between patient and clinical models of
risk—specifically that patients’ understanding of health
conditions are often far more complex than researchers
expect [41, 53, 54]. When contextualising familial risk,
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for example, healthcare professionals may rely on count-
ing the number of affected relatives patients have—and
understanding the age at which these relatives devel-
oped the condition—but patients tended to have a more
nuanced view [41, 54]. The consequences of these dis-
crepancies play out noticeably in a study comparing how
family history of coronary heart disease is understood
and communicated between patients and clinicians in
primary care [54]. Clinicians attributed patients’ risk
associated with family history to a “genetic element”
that patients would not be able to change, treated this as
a numerical adjustment to patients’ clinical risk scores
and/or regarded it as a “non-modifiable” factor—some-
times leading to the effect of family history being over-
stated [54]. Patients, however, seemed keen to explore
the multifactorial nature of risk. They expressed interest
in discussing this with clinicians, weighing up multiple
risk factors and making comparisons between those that
are “inherited” and what they think they are able to con-
trol or modify over time [54].

Such misalignments in understanding can create
uncertainties that carry clinical and social implications
over the course of a consultation—affecting clinicians’
ability to support patients in making informed decisions
about their long-term management of disease risk [54].
Researchers note that these uncertainties can partly be
explained by a lack of knowledge around gene-environ-
ment interactions [54]. Healthcare professionals in pri-
mary care hold limited knowledge about genetics—and
their approaches are often contingent on existing guide-
lines for clinical practice [54]. As such, an additive model
is often referenced, treating family history as a genetic,
independent risk factor—or leaving it unexplained—
whilst focusing on primary prevention approaches that
prioritise immediate, modifiable risk factors. Yet, the
idea of risk is often more subjective for patients—who
may benefit from more personalised approaches to risk
assessment, as opposed to one that prioritises percent-
ages and numbers. Whilst discussions over the multifac-
torial and non-deterministic nature of risk will no doubt
come with their own complexities, the lack thereof often
leads patients to express uncertainty over what can really
be done in terms of improving their long-term outcomes,
despite initial interest in reducing risk [54].

Thus, there can be benefits to equipping healthcare
professionals with knowledge that can help clarify some
of these uncertainties. Specifically, emphasising envi-
ronmental and behavioural factors, alongside the pos-
sibility of prevention, may provide pathways for positive
long-term health outcomes [53]. Empirical studies sup-
port this notion as well. One study looked at the clinical
utility of a composite risk score for atherosclerotic CVD
by combining the effects of clinical risk factors and PRSs
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to estimate patients’ 10-year risk [7]. This information
was returned to participants via a web-based interactive
tool in a clinical setting. The tool allowed participants
to explore how altering certain modifiable risk factors
within the system (e.g. changing smoking status, lower-
ing cholesterol) can impact on their overall disease risk
[7]. Follow-up results at 18 months indicated that 15.4%
of the participants at high risk signed up for online health
coaching, 20.8% consulted a doctor about their disease
risk, 12.4% reported weight loss, and 14.2% of smokers
reported quitting smoking [7]. Objective measurements
also showed that participants who reported weight loss
and/or consulted doctors had significant reductions in
systolic blood pressure and cholesterol [7]. The research-
ers attributed these encouraging results largely to the
interactive tool. It allowed the presentation of risk infor-
mation in a personalised and comprehensive way, provid-
ing participants the opportunity to consider how their
risk status might change depending on certain modifiable
lifestyle and behavioural factors.

Using familial variables to leverage genetic risk information
The move beyond “selfhood” may also need to account
for the impact that family systems can have in mediat-
ing individuals’ health-related beliefs. One avenue may
be to combine family history assessments with genetic
risk information to leverage the communication of dis-
ease risk. Lay understandings of illnesses are often first
based on family history [55]. Thus, combining a person-
alised familial risk assessment approach with genetic risk
information can help provide a baseline and social con-
text to help individuals make sense of what is typically
an objective figure, such as a genetic risk score [56, 57].
Research has also suggested opportunities in using fam-
ily history information to selectively identify patients
who can benefit from genetic testing (or vice versa) [57].
This is especially interesting to consider in light of recent
work comparing the interplay of family history informa-
tion and genome-wide PRSs across 24 common diseases
[58]. Family history and PRSs have independent and
complementary effects in capturing individuals’ risk,
highlighting the potential for more comprehensive ways
to assess inherited disease risk [58]. How these findings
can be translated to risk communication in practice will
be important to consider—including whether combining
family history with genetic risk information can corre-
spond to specific motivators for health behaviours.
Nevertheless, the challenge of bringing about sus-
tained behaviour change remains. A range of multi-level
influences are at play in familial contexts—including
food choices, household food insecurity and support
for healthy lifestyles [59, 60]. Some issues necessitate
broader, more integrative approaches—but there is also
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potential for family units to present unique pathways to
prevention and intervention. Familial systems and envi-
ronments can be crucial to understand how individuals
engage with health behaviours, as their structures and
mechanisms allow for family members’ beliefs and behav-
iours to be shaped by one another [61-63]. For example,
similar eating and/or lifestyle habits tend to be present in
shared environments—alongside mutual understandings
of any cultural meanings attached to such habits. This
presents an environment in which collective practices
and goals can be uniquely navigated—facilitating the def-
inition of steps to meaningful health behaviour change.

Here, the unique cultural contexts of different ethnic
groups—some of which place distinctive emphasis on
responsibilities towards families and/or communities—
may present different opportunities and challenges [35,
36, 64—67]. For example, a study conducted in the Neth-
erlands found that, compared to Dutch patients, Suri-
namese South Asian patients tended to report higher
levels of concern over their relatives’ T2D risk [66]. Addi-
tionally, more Surinamese participants were motivated
to convey risk messages with their families—expressing
willingness to educate family members about T2D risk
and steps that can be taken for primary prevention [66].
The concept of family often means different things for
different populations. In South Asian communities, fami-
lies may be transgenerational and inclusive of extended
family members and close family friends—which can
contrast to studies considering only family experiences in
White European populations [35, 36, 66]. As such, there
may be valuable opportunities here for interventions
to try and tap into family systems as a whole—leverag-
ing reciprocal influences within home environments as
a resource to encourage the adoption of healthful behav-
iours that can be integrated into overall family lifestyles
[61, 68].

Addressing the readiness of the health system

In the UK, clinical risk assessment and management
procedures for cardiometabolic diseases occur largely
in primary care—a process usually triggered by clini-
cal findings that might indicate undiagnosed health
conditions [9]. The logistical impact of incorporating
genomic information into these settings will require
careful planning across services [8, 9]. For example,
existing clinical genetic laboratories are organised and
coordinated in ways that mainly carry out testing for
rare diseases. The position of PRS-based tests for cardi-
ometabolic diseases—which might be used at-scale due
to their higher prevalence—remains to be determined
[8]. At present, there are pilot trials exploring the inte-
gration of PRSs for CVD into NHS Health Checks—the
national programme offering free health checks every
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5 years to adults between the ages of 40 to 74 [69, 70].
A further idea has been proposed to bring forward the
age at which patients can receive polygenic risk assess-
ments, but this remains a highly debated issue [9].
When considering the “appropriate” age at which indi-
viduals can undergo genetic assessments, some would
argue for “the earlier the better”—since genetic risk can
be quantified at birth and remain relatively stable over
time [9]. Evidence suggests benefits to starting as early
as at 18 years, or even at pre-teen stages, to identify
high-risk, pre-symptomatic young adults [8, 9]. This
will allow preventative action to be taken much earlier,
instead of waiting until 40 for their first NHS Health
Checks, by which time clinical risk factors might
already be established [9]. PRSs can then be retained in
patients’ electronic health records—used iteratively as
an ongoing resource to inform future, longitudinal risk
assessments [9]. However, work is still needed to gener-
ate insight into how younger individuals might respond
or react to genetic risk information—as well as how
interventions aiming to target lifestyle and/or behav-
iour changes can be effectively implemented for these
groups, possibly in coordination with other social and
environmental resources.

Perhaps most importantly, healthcare profession-
als in primary care will require further resources and
training to better communicate and answer questions
about PRSs for different groups of patients. There are
practical questions, such as how test results should
be returned to clinicians and in what format (e.g. as
data and scores requiring further interpretation, or
more detailed reports) [9]. The growth of remote con-
sultations post-COVID-19 may require further con-
sideration of the most appropriate medium used and
the benefits and limitations that digital or online plat-
forms can offer—and how this might impact on the
effectiveness of communication. We have previously
discussed a study showing the successful use of a web-
based interactive tool in a clinical setting [7]. Whether
such a tool can achieve the same effect when modified
to be delivered entirely remotely, for example, will be
important to consider. Ongoing conversations will be
required to bring about co-design opportunities and
determine clinician preferences [71, 72]. Furthermore,
whether and how the integration of genetic risk infor-
mation will impact on clinical decision-making needs
to be explored. A study exploring weight-related clini-
cal interactions found that presenting genetic infor-
mation about obesity to medical students resulted in
lower health behaviour screening recommendations
and referrals for patients in consultations [73]. The
possibility of genetic fatalism in clinicians may have
unintended consequences. Further work is required to
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explore their perceptions and attitudes, alongside the
shifts in responsibilities that they may be expected to
take over and/or deliver.

As such, a range of developments—and crucially, fund-
ing—are required to ensure that the necessary expertise,
resources and infrastructures are in place to support
the integration of PRSs into existing health systems in
this newly-proposed landscape. There is also a need for
further research in several areas that have not been dis-
cussed in detail in this CIS. Combined monogenic and
polygenic risk assessment methods have been receiving
much attention in the field, as these can help improve the
scope and precision of risk prediction for various diseases
[74]. However, the utility of this approach still depends,
partly, on better understanding of some of the challenges
and limitations surrounding PRSs. Additionally, at pre-
sent, PRSs have mostly been developed in populations of
exclusively or majority White European ancestry. Whilst
some assessments have demonstrated that they are still
able to discriminate between high and low risk groups
in other ethnic populations, they do not perform equally
well for all traits [5, 8, 9, 75]. There is ongoing work aim-
ing to address these limitations to diverse and represent-
ative data in GWASs—but time is needed to accumulate
evidence. The integration of PRSs and conventional risk
calculators also necessitates continuous updates to exist-
ing risk prediction models—ensuring that the addi-
tional genetic data is accurately embedded and taking
into account any updated epidemiological information
in diverse populations [9]. Furthermore, to reiterate the
need for a life course perspective, ongoing developments
should aim to determine the age at which tools such as
PRSs will likely add the most value. This may require
novel research designs to account for the absence of con-
ventional signs of disease in high-risk young patients.
Additional endpoints, such as age of onset in premature
incidence rates, may need to be considered [9].

Discussion

Principal findings

This CIS has discussed the complex evidence available
on the communication of genetic/familial risk for car-
diometabolic diseases. It includes a total of 189 records.
Firstly, we explored how cognitive appraisals have been
studied in relation to cardiometabolic disease risk in
the literature—highlighting how the tendency to focus
on “selfhood” can be a limiting perspective for the field.
Delving deeper into these limitations, we argued that
assumptions around the ascetic subject of compliance
appear widely held in the research landscape. This may
explain the apparent lack of convincing evidence sur-
rounding current interventions that target individu-
als’ cognitive appraisals and health behaviours via the
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provision of genetic risk information. We generated a
synthesising argument—“beyond the ascetic subject of
compliance”—from a set of knowledge gaps that we have
identified in the literature: (1) difficulty applying existing
theories/models to diverse populations, (2) the role of
familial variables and (3) the need for a life course per-
spective. Finally, we discussed how these contextual fac-
tors and upstream determinants should be leveraged in
future efforts to improve risk communication. Strategies
will need to overlap at multiple levels—the individual,
families, communities and health systems—to fully har-
ness the effects of genetic risk tools and aid in efforts to
mitigate cardiometabolic disease risk.

Implications for research and clinical care

Some researchers have suggested the adoption of broader
behavioural science frameworks, such as the Capability,
Opportunity, Motivation, Behaviour (COM-B) model,
to support the design of interventions communicat-
ing genetic/familial risk [8]. The COM-B model pro-
poses that individuals will need the capability (physical
and psychological), opportunity (social and physical)
and motivation (reflective and automatic) to engage in
risk-reducing behaviours, in the face of health threats.
This takes a more comprehensive perspective, com-
pared to most models discussed earlier in this CIS. Yet
even so, interventions addressing solely these compo-
nents may only be sufficient to motivate specific subsets
of the population to engage in preventative behaviours
under specific conditions—i.e. individuals who have the
capabilities, opportunities and motivation to act on risk
information (people with adequate financial, social and
other resources) [8]. The provision of risk information
will still need to be combined with other forms of sup-
port to achieve the goals of motivating behaviour change
more widely. At the macro-level, these may include sys-
tem-level approaches to help address the social deter-
minants of health—incorporating elements such as
training, restructuring or environmental enablement to
engage COM-B traits and facilitate constructive behav-
iour change at significant levels across the population [8].
At the micro-level, exploring opportunities to leverage
familial factors in risk assessment contexts may help sup-
port this avenue of research.

Ultimately, the translation of genetic risk prediction
for cardiometabolic diseases from discovery research
settings to clinical implementation still requires much
work. Ongoing efforts to develop, test and validate
the performance of genetic risk tools such as PRSs in
diverse populations can help ensure that they are imple-
mentation-ready on a population-wide basis. There are
also important considerations surrounding the logisti-
cal and infrastructural impact of integrating these tools
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into health systems—alongside potential challenges to
build the necessary expertise and workforce to handle
the anticipated influx of patients undergoing genetic
risk assessments. Establishing whether there may be
additional benefit or value for patients from diverse
backgrounds and/or age groups to receive genetic risk
information—both from a risk assessment and a behav-
ioural perspective—may be key to bring forward these
efforts. There is also potential to target specific groups of
clinical interest—e.g. women with a history of gestational
diabetes, couples interested in family planning, etc. How-
ever, further evidence on how different subsets of popu-
lations might respond or react to genetic risk information
is still needed—as well as more work exemplifying how
genetic risk information can be effectively presented in
ways that can motivate preventative health behaviours.

Strengths and limitations

In applying a critical perspective to the literature, this
CIS was able to build on the findings of conventional sys-
tematic reviews to generate further interpretations. The
common strategy employed in systematic reviews—by
clearly pre-specifying the study types and methods to
be included—is useful for the methodical pooling and
aggregation of data. However, this approach sometimes
restricts the amount and/or type of work that can be
synthesised. Valuable information from the surround-
ing literature may be lost, limiting the ability to offer a
full critique of the research landscape [16]. In taking a
more comprehensive approach of a CIS, we were able to
expand on previous findings illustrating the lack of con-
vincing evidence surrounding interventions that com-
municate genetic risk—drawing from notions of auxiliary
assumptions, the ascetic subject of compliance and a rich
body of quantitative and qualitative work. This allowed
us to consider beyond the empirical data, gain insight
into specific gaps in the literature and, ultimately, pro-
pose strategies that can be expanded upon in the field.
There are, of course, also limitations to this method. Due
to the breadth of the literature identified, the process of
developing a synthesising argument has been a subjec-
tive process, prone to various biases. However, we main-
tain that our analysis is demonstrably grounded in—and
consistent with—the evidence base. Our findings have
also been corroborated between different members of
the multidisciplinary review team, allowing for a range of
perspectives to be addressed. We acknowledge that a dif-
ferent review team may generate different interpretations
of the literature—and thus make no claims to reproduc-
ibility and generalisability—however, we believe this to be
in line with the purpose of the CIS as a method, to facili-
tate the production of fresh insights in a research area.

Page 13 of 16

Conclusions

To our knowledge, this CIS is the first of its kind to be
applied to research on the communication of genetic
risk for cardiometabolic diseases. It integrates the rich
quantitative and qualitative evidence available in the
literature, bringing together insights from surround-
ing fields of behavioural and social sciences to gener-
ate a broad conceptualisation of current evidence and
gaps. We identified a need for the literature to focus
beyond individual-level cognitive appraisals that have
been investigated in relation to genetic/familial risk
communication. A critique was developed, building on
the limitations of assuming an ascetic subject of com-
pliance—a view we found to be predominantly held
in this research landscape. This was followed by the
generation of a synthesising argument—“beyond the
ascetic subject of compliance”—constructed around
three major gaps that we have observed from the lit-
erature: (1) difficulty applying existing theories/models
to diverse populations, (2) the role of familial variables
and (3) the need for a life course perspective. We high-
lighted the importance of addressing various contextual
factors and upstream determinants that can influence
individuals’ responses at different levels, e.g. through
interactions with their family systems and socio-cul-
tural environments, as well as wider health provision.
To begin addressing some of these gaps, efforts to
improve the communication of genetic risk should con-
sider clarifying clinical outcomes from patients’ per-
spectives, using familial variables to leverage genetic
risk information—and crucially, address the readiness
of the health system to accommodate these shifts.
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