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Abstract
Background Patient-facing digital technologies may reduce barriers to and alleviate the burden on genetics services. How-
ever, no work has synthesised the evidence for patient-facing digital interventions for genomics/genetics education and 
empowerment, or to facilitate service engagement more broadly. It is also unclear which groups have been engaged by 
digital interventions.
Aim This systematic review explores which existing patient-facing digital technologies have been used for genomics/genetics 
education and empowerment, or to facilitate service engagement, and for whom and for which purposes the interventions 
have been developed.
Methods The review adhered to the Preferred Reporting Items for Systematic reviews and Meta-Analyses guidelines. Eight 
databases were searched for literature. Information was extracted into an Excel sheet and analysed in a narrative manner. 
Quality assessments were conducted using the Mixed Methods Appraisal Tool.
Results Twenty-four studies were included, of which 21 were moderate or high quality. The majority (88%) were conducted 
in the United States of America or within a clinical setting (79%). More than half (63%) of the interventions were web-based 
tools, and almost all focussed on educating users (92%). There were promising results regarding educating patients and their 
families and facilitating engagement with genetics services. Few of the studies focussed on empowering patients or were 
community-based.
Conclusion Digital interventions may be used to deliver information about genetics concepts and conditions, and positively 
impact service engagement. However, there is insufficient evidence related to empowering patients and engaging under-
served communities or consanguineous couples. Future work should focus on co-developing content with end users and 
incorporating interactive features.

Keywords Genetic counselling · Genetics education · Genetic services · Human genetics · Digital technology · Digital 
health

Introduction

It has been estimated that 5.3% of new-borns will have 
genetic disorders (Verma & Puri 2015), with 30,000 chil-
dren in the United Kingdom (UK) alone receiving a diagno-
sis every year (Gene People 2020; Genetic Alliance 2021). 
These can occur through genetic variants, which are herit-
able changes to the DNA sequence and may involve one 
or multiple genes (Richards et al. 2015). However, genetic 
disorders do not affect all populations equally. Research 
has shown a greater prevalence of genetic disorders in 
developing countries and non-Western populations due to 
higher numbers of consanguineous marriages (Posch et al. 
2012; Verma & Puri 2015). This pattern is also observed 
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in developed countries. For example, in the UK, the Born 
in Bradford cohort study with 12,453 women found that 
rates of consanguinity were significantly higher in Paki-
stani women, compared to their white British counterparts 
(37.5% vs. 0.0% for first-cousin marriage) (Bhopal et al. 
2014). Genetic counselling with screening for genetic vari-
ants is essential to help identify possible genetic conditions, 
especially after marriage and before conception (Verma & 
Puri 2015). Additionally, given that some metabolic disor-
ders require treatment with medication or lifestyle changes, 
newborn screening is essential. Improving understanding 
about genetic inheritance can empower affected families 
and reduce unexpected, affected births. However, significant 
unmet need for culturally sensitive genetic information and 
services leaves many families poorly supported.

General barriers to genetic counselling and related screen-
ing services have been reported in the literature. The stig-
matisation of genetic disorders might deter individuals from 
accessing services due to potential discrimination, issues with 
seeking insurance, and blaming individuals and population 
groups (de Vries et al. 2020; Williams et al. 2010). Addi-
tionally, perceived religious and cultural barriers might affect 
engagement in communities where consanguineous marriages 
are practised (Alkuraya 2013). Genetic service-related barri-
ers are also evident and were explored in a scoping review by 
Raspa et al. (2021). The scoping review identified key issues 
from the United States of America (USA) and abroad, includ-
ing the limited number of genetic specialists, appointment 
waiting times, delivery by non-genetic providers, and reim-
bursements and obtaining a licence, concluding that health 
information technologies may help to overcome these barriers.

Digital technologies may help to educate, empower, and 
engage populations in genetic services, overcoming barriers 
related to stigmatisation and reducing the burden on genetic 
counselling services. Engagement can be patient-driven, 
whereby people may seek information online (Shepherd 
2010) or on specific apps (Gasteiger et al. 2022; Talwar 
et al. 2019). Patients already send emails to genetics ser-
vices, requesting information on things like access to testing 
and specialist advice regarding treatment (Shepherd 2010). 
Additionally, services may use technologies to distribute 
accurate and reliable information or to facilitate engagement 
with their services. For example, our systematic review of 
22 patient-facing genetics/genomics apps uncovered that 
some apps allowed genetic testing kits to be purchased, with 
results and further information provided directly through the 
app (Gasteiger et al. 2022). There is also the possibility to 
provide genetic counselling via video teleconferencing (Gor-
rie et al. 2021) or over the phone (Tutty et al. 2019), and 
results could be provided through a patient portal linked to 
the electronic health record (Korngiebel et al. 2018).

While there is an abundance of literature exploring the 
use of technologies for genetics/genomics education and 

counselling, no work to date has synthesised the evidence 
for patient-facing digital interventions for genomics/genet-
ics education and empowerment, or to facilitate service 
engagement more broadly. Related work has included a 
rapid systematic review to explore the benefits and dis-
advantages of telegenetics (genetic counselling via vide-
oconferencing) (Gorrie et al. 2021) and a commentary 
on how digital tools can advance quality and equity in 
genomic medicine (Bombard & Hayeems 2020). We also 
conducted a systematic review of 22 UK patient-facing 
genetics/genomics apps, finding that there is a need for 
an accessible, culturally sensitive, and evidence-based app 
to improve genetic literacy within specific communities 
(Gasteiger et al. 2022). It is also unclear which groups and 
communities have been engaged by digital interventions 
and for which purposes.

Research questions

Two research questions guided the review: 1) What exist-
ing patient-facing digital technologies have been used for 
genomics/genetics education and empowerment or to facili-
tate service engagement? 2) For whom (patient groups, pop-
ulations, or communities) and for which purposes have the 
interventions been developed?

Methods

We conducted a systematic review, which is reported in 
accordance with the updated Preferred Reporting Items for 
Systematic reviews and Meta-Analyses (PRISMA) 2020 
guidelines (Page et al. 2021). The protocol was registered in 
the international prospective register of systematic reviews 
in August 2022 (PROSPERO: CRD42022348127).

Search and screening process

Databases and keywords

Peer-reviewed literature was retrieved from PubMed, SCO-
PUS, Embase, Web of Science, CINAHL, PsycINFO, IEEE 
Xplore and the ACM Digital Library in June 2022. The supple-
mentary file presents the specific search keywords and syntax 
for three database searches. Each keyword was separated by 
Boolean operators ‘AND’ and ‘OR.’ No limits were placed on 
the date of publication. However, where possible, limits were 
placed on the language (English) and species (human).

Inclusion and exclusion criteria

Qualitative, quantitative, and mixed-methods empirical stud-
ies published in English were included. The research had 
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to report on a digital intervention for patients, families, the 
public, or communities used for genetics/genomics empow-
erment, education, or to facilitate service engagement.

Technical papers, non-empirical studies, theses, disser-
tations, conference proceedings, and grey literature were 
excluded. Research studies focussing on healthcare profes-
sionals (e.g., genetics counsellors, nurses, or doctors) were 
excluded unless information on patients or the public could 
be separated. Papers focussing on the development of inter-
ventions were also excluded, unless there was an evaluation 
component.

Screening and literature management

The Rayyan software (https:// www. rayyan. ai/) was used to 
manage the literature. A two-step screening process was con-
ducted, whereby two authors (NG and AV) first independently 
reviewed the abstract and titles of the literature for eligibil-
ity. The two authors then independently read the full-texts 
to determine eligibility. Disagreements on eligibility were 
resolved through discussion until a consensus was met. Dupli-
cates were automatically detected and removed by Rayyan.

Analysis

A data extraction sheet was developed in Microsoft Excel, 
into which relevant data were extracted (see Box 1). Descrip-
tive statistics were generated where applicable, such as on 
the research design, participant sample (e.g., number of par-
ticipants and countries), focus areas, and technologies used. 
We then conducted a formal narrative synthesis by broadly 
grouping and describing the studies by the following charac-
teristics: 1) Target population characteristics; 2) intervention 
type, focus, and content; 3) Type of outcome (e.g., educa-
tion, empowerment, service engagement).

Box  1. Information extracted from eligible research 
studies.

• First author
• Year of publication
• Title of study
• Research design and methods
• Study objective
• Focus (genomics/genetics)
• Technology description
• Technology setting (e.g., part of service or independent)
• Setting; country
• Sample (type/population, size, age, gender, ethnicity)
• Outcome (education, knowledge, awareness, service engagement, 

understanding)
• Barriers/facilitators to use, adoption, uptake

Quality appraisals

The evidence was appraised using the Mixed Methods 
Appraisal Tool (MMAT) (Hong et al. 2018). The MMAT 
can be used for qualitative, quantitative, and mixed-meth-
ods research. It consists of two screening questions and five 
study design-related questions, each of which is scored 1 
(yes) or 0 (no). Similar to other reviews (Mogharbel et al. 
2021; Pluye et al. 2009), we categorised each study as low 
quality (≤ 40%, i.e., met 1–2 criteria), moderate quality 
(60%-80%, i.e., met 3–4 criteria), or high quality (100%, i.e., 
met all 5 criteria). Each study was independently assessed 
by two authors (NG and AV). Interrater reliability was cal-
culated using Cohen's kappa (κ) on IBM SPSS (version 27).

Results

The database search yielded 1407 records, of which 54 
duplicates were removed. Of the 1353 titles and abstracts 
screened, 1309 were excluded as they did not meet the 
inclusion criteria. Three of the 44 full-texts could not be 
retrieved, leaving 41 studies for full-text screening. Of these, 
16 were not eligible due to the following reasons: not pri-
mary research (n = 7), not an intervention (n = 6), not a peer-
reviewed journal article (n = 2), did not focus on genetics 
education, empowerment, or service engagement (n = 1), and 
does not focus on patients or the public (n = 1). Ultimately, 
24 studies were included in the review. Figure 1 outlines the 
literature search and screening process.

Characteristics and quality of the included studies

The 24 included research papers were published from 2008 
(O'Neill et al. 2008) to 2022 (Bangash et al. 2022; Brad-
bury et al. 2022; Christian et al. 2022). Fifteen of the stud-
ies were experimental, and nine were observational. Spe-
cifically, 11 were randomised controlled trials (Adam et al. 
2018; Biesecker et al. 2018; Bowen et al. 2011; Bradbury 
et al. 2022; Cragun et al. 2020; Gornick et al. 2018; Hernan 
et al. 2020; Prado et al. 2018; Vogel et al. 2019; Wang et al. 
2021; Wierstra et al. 2018), six were mixed methods studies 
(Bangash et al. 2022; Boudreault et al. 2017; Brown-Johnson 
et al. 2021; Schmidlen et al. 2019; Solomon et al. 2020; Wil-
liams et al. 2018), four were non-randomised quantitative 
studies (Christian et al. 2022; Conijn et al. 2020; Hardy et al. 
2018; O'Neill et al. 2008), two were descriptive quantitative 
studies (Beaudoin et al. 2011; Nazareth et al. 2021) and one 
was qualitative (Suckiel et al. 2021). Table 1 and the supple-
mentary file provide more information on the study designs, 
including the sample and data collection methods.

https://www.rayyan.ai/
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Quality appraisals

The MMAT (Hong et al. 2018) was used to assess the qual-
ity of the included studies. The MMAT considers five dif-
ferent study designs, with two pre-screening questions and 
five questions per study design used to assess quality. For 
example, this may consider whether randomisation was per-
formed and whether groups are comparable at baseline for 
RCTs or whether components of mixed methods studies are 
effectively integrated to answer the research question.

There was almost perfect agreement between the two 
raters using the MMAT (95%; κ = 0.870 (95% CI, 0.768 to 
0.972; p < 0.001). Of the 11 randomised controlled trials, 
seven were rated as moderate quality, three as high quality 
and one as low quality. Six did not blind outcome asses-
sors to the intervention, and three did not have complete 

outcome data (≥ 80%). Five mixed methods studies were 
deemed as moderate in quality, and one of low quality. 
None of the mixed methods studies met all the criteria for 
qualitative and quantitative research, mostly due to lack-
ing information on the analysis method for the quantita-
tive data. Half of the non-randomised quantitative studies 
were considered moderate quality; one was considered low 
quality and one was considered high quality. Half did not 
have complete outcome data and did not appear to account 
for confounding variables (e.g., previous technology use, 
level of education and pre-existing knowledge of genet-
ics). Both descriptive quantitative studies were considered 
of moderate quality as they were at-risk for nonresponse 
bias due to low response rates and significant differences 
between users and non-users of the digital intervention. 
The qualitative study was considered high quality.

Fig. 1  PRISMA flowchart 
showing the literature search 
and screening process

Identification of studies via databases 
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Target population characteristics

Of the 24 studies included, 21 (88%) were conducted in the 
USA, two (8%) were conducted in Canada, and one (4%) 
took place in the Netherlands (see Table 1). The sample 
sizes ranged from 9 to 61,070 participants (mean 2892, 
median 128). The recruitment settings were predominantly 
from within a clinical environment (n = 19, 79%), with one 
(4%) accessed either online or via a clinical setting (Ban-
gash et al. 2022), three (13%) were available freely online 
(Conijn et al. 2020; Schmidlen et al. 2019; Wierstra et al. 
2018) and one study recruited participants from within a 
university setting (4%) (Hardy et al. 2018).

The population focus for the studies varied. Those 
recruited from within a clinical setting tended to focus 
on a specific condition. Eight (33%) focussed on can-
cer (Bowen et al. 2011; Bradbury et al. 2022; Cragun 
et al. 2020; Gornick et al. 2018; Nazareth et al. 2021; 
O'Neill et  al. 2008; Solomon et al. 2020; Vogel et  al. 
2019). Less than 10% focussed on exome sequencing 
(n = 2, 8%) (Biesecker et al. 2018; Hernan et al. 2020), 
metabolic conditions (n = 1, 4%) (Beaudoin et al. 2011), 
hypertrophic cardiomyopathy (n = 1, 4%) (Christian et al. 
2022), rheumatoid arthritis (n = 1, 4%) (Prado et al. 2018), 
epilepsy (n = 1, 4%) (Adam et al. 2018), paediatric neu-
rologic, immunologic, or cardiac disorders (n = 1, 4%) 
(Suckiel et al. 2021), autism (n = 1, 4%) (Williams et al. 
2018), or irritable bowel disease (n = 1, 4%) (Wierstra 
et al. 2018).

One study (4%) had a broad focus on all health condi-
tions (Brown-Johnson et al. 2021) and another (Wang et al. 
2021) focused on underserved communities, looking at vul-
nerable patient populations, including racial/ethnic minori-
ties. Studies which recruited the public online focussed on 
breast health (n = 1, 4%) (Bowen et al. 2011), expanded car-
rier screening and mucopolysaccharidosis type III (n = 1, 
4%) (Conijn et al. 2020), American Sign Language (ASL) 
speakers in the deaf community (n = 1, 4%) (Boudreault 
et al. 2017), familial hypercholesterolemia (n = 1, 4%) (Ban-
gash et al. 2022), and general genetic health and literacy 
(n = 1, 4%) (Schmidlen et al. 2019). One (4%) study focused 
on university students specifically focused upon the Jewish 
community (Hardy et al. 2018).

Demographic information was reported in some studies. 
Five (21%) of the studies were for women only, and for 
those that specified the gender of participants, male par-
ticipation ranged from 2% (1242/61,070) to 67% (29/43). 
Age was not recorded in three of the studies. Ethnicity 
and race were not reported in six studies. In the studies 
that reported ethnicity or race, participation by white/Cau-
casian individuals ranged from 14.3% (39/273) to 100% 
(9/9). Only three studies had 50% or more of participants 
identifying as non-white (e.g., Hispanic/Latinx, African 

American or Asian). Characteristics of the included stud-
ies are further detailed in Table S3 in the supplementary 
file.

Summary of the interventions

Of the 24 included papers, 15 (63%) interventions used 
a web-based tool. One also had a video component that 
included an animated educational video (Hardy et al. 2018). 
One was a multi-model precision health platform that used 
data-driven medicine to predict and prevent disease, with 
four associated components: health coaching, remote moni-
toring, pharmacogenomics, and genetic screening (Brown-
Johnson et al. 2021). Three (13%) other interventions con-
sisted of videos (Boudreault et al. 2017; Conijn et al. 2020; 
Hernan et al. 2020), three (13%) were mobile applications 
(apps) (Suckiel et al. 2021; Vogel et al. 2019; Williams 
et al. 2018), two (8%) were chatbots (Nazareth et al. 2021; 
Schmidlen et al. 2019), and one (4%) was a webinar (Chris-
tian et al. 2022). Most (n = 20, 83%) were used as part of a 
clinical service, which involved being recruited when attend-
ing for a planned consultation with a clinical team. This 
meant a patient may need to be referred by a clinician to 
access the platform, and/or the platform is used to enhance 
the clinical service, the goal being to assess the level of 
genetic literacy and the impact of the digital intervention 
compared to standard care. For the four (17%) platforms 
that are used independently from a clinical setting, these 
focussed on educating users on genetic health. Table S4 in 
the supplementary file provides a summary of the digital 
interventions.

Almost all the studies focussed on educating users 
through the digital interventions (n = 22, 92%) (Adam et al. 
2018; Bangash et al. 2022; Beaudoin et al. 2011; Biesecker 
et al. 2018; Boudreault et al. 2017; Bowen et al. 2011; Brad-
bury et al. 2022; Christian et al. 2022; Conijn et al. 2020; 
Cragun et al. 2020; Gornick et al. 2018; Hardy et al. 2018; 
Hernan et al. 2020; Nazareth et al. 2021; O'Neill et al. 2008; 
Prado et al. 2018; Schmidlen et al. 2019; Solomon et al. 
2020; Suckiel et al. 2021; Vogel et al. 2019; Wierstra et al. 
2018; Williams et al. 2018). The majority (n = 17, 71%) also 
explored facilitating service engagement (Bangash et al. 
2022; Beaudoin et al. 2011; Biesecker et al. 2018; Bowen 
et al. 2011; Brown-Johnson et al. 2021; Christian et al. 2022; 
Conijn et al. 2020; Cragun et al. 2020; Hardy et al. 2018; 
Nazareth et al. 2021; O'Neill et al. 2008; Schmidlen et al. 
2019; Solomon et al. 2020; Suckiel et al. 2021; Vogel et al. 
2019; Wang et al. 2021; Williams et al. 2018). Only two 
(8%) intended to empower users (Adam et al. 2018; Cragun 
et al. 2020). The specific impacts on outcomes are reported 
later in the paper. Table 2 summarises the characteristics of 
the interventions.
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Barriers and facilitators to uptake

Some authors acknowledged potential barriers to uptake 
and explored differences in demographics between users 
and non-users. Users tended to be younger (O'Neill et al. 
2008), more motivated to change health behaviours (O'Neill 
et al. 2008) and have a higher level of health literacy (Wang 
et al. 2021). Barriers included not being able to use a com-
puter (Wang et al. 2021), having a lower grade reading age 
than grade 12 (Wierstra et al. 2018) and being confused as 
to how to use the tool (Brown-Johnson et al. 2021; Wang 
et al. 2021; Williams et al. 2018). Strategies to increase 
participation included providing equipment (e.g., devices, 
genetic tests, associated counselling) at no cost to partici-
pants (Brown-Johnson et al. 2021) or providing a free meal 
(Hardy et al. 2018).

Outcomes of the interventions

Education, knowledge and understanding

A majority (n = 19, 79%) of the studies reported on changes 
to knowledge or understanding of genetic concepts (Adam 
et al. 2018; Beaudoin et al. 2011; Biesecker et al. 2018; 
Boudreault et al. 2017; Bowen et al. 2011; Bradbury et al. 
2022; Christian et al. 2022; Conijn et al. 2020; Cragun et al. 
2020; Gornick et al. 2018; Hardy et al. 2018; Hernan et al. 
2020; O'Neill et al. 2008; Prado et al. 2018; Schmidlen et al. 
2019; Solomon et al. 2020; Vogel et al. 2019; Wierstra et al. 
2018; Williams et al. 2018). Three other studies did not 
directly report on changes to knowledge or understanding 
but instead focussed on experiences with the educational 
content (Bangash et al. 2022; Nazareth et al. 2021; Suckiel 
et al. 2021). For example, one stated that 71.4% of 61,070 

users completed the genetic testing education section of the 
clinical chatbot and reported high acceptability with the con-
tent (Nazareth et al. 2021). In the study by Bangash et al. 
(2022) 56% (5/9) of the participants found the information 
easy to find and 78% (7/9) found it very easy to understand. 
Responses to the intervention in Suckiel et al. (2021) were 
also positive, with Spanish-speaking participants valuing the 
opportunity to read the content in their preferred language.

Sixteen studies reported positive effects on knowledge, 
whereby the understanding of genetics information (e.g., 
genetic testing, genetic health conditions, recessive inher-
itance) improved due to the digital intervention (Adam 
et al. 2018; Beaudoin et al. 2011; Biesecker et al. 2018; 
Bowen et al. 2011; Bradbury et al. 2022; Christian et al. 
2022; Conijn et al. 2020; Cragun et al. 2020; Gornick et al. 
2018; Hardy et al. 2018; Prado et al. 2018; Schmidlen et al. 
2019; Solomon et al. 2020; Vogel et al. 2019; Wierstra et al. 
2018; Williams et al. 2018). This was measured through 
knowledge quizzes or self-reported changes by partici-
pants. For example, in one qualitative study, participants 
remarked that they could take their time with the chatbot, 
which helped them understand the information. Many par-
ticipants also stated that they learned more using the chatbot 
than when speaking to a person in the clinic. Some studies 
also found the digital interventions equivalent to, or nonin-
ferior to genetic counsellors regarding knowledge outcomes. 
Biesecker et al. (2018) reported their web-based platform as 
noninferior immediately after the intervention, one month 
later and six months later. Adam et al. (2018) also noted that 
participants in the DECIDE intervention group and genetic 
counselling control groups had increased knowledge, with 
DECIDE appearing equivalent at conveying information.

Three studies specifically mentioned that knowledge 
could be shared with others, including family and friends. 
Boudreault et al. (2017) reported that participants were 
motivated to tell their family and friends about the educa-
tional video, while participants in the study by Solomon 
et al. (2020) wanted to share information with their family, 
friends and other patients with cancer. Lastly, participants 
thought the cascade chatbot in the study by Schmidlen et al. 
(2019) could help share genomic test results and answer 
their relative's questions as it knows “all of the relevant 
clinical details regarding the results.” This could be achieved 
through the Family Sharing Tool which deploys a link to 
share genetic test results with others via text, email or Face-
book Messenger.

A few studies reported unexpected negative findings, 
whereby there were no significant differences in knowledge 
outcomes between those who did and those who did not use 
the digital intervention (Hernan et al. 2020; O'Neill et al. 
2008). In one study, knowledge scores were significantly 
lower in parents in the intervention group who watched an 
educational video before a genetic counselling appointment, 

Table 2  Characteristics of the interventions from the reviewed litera-
ture (N = 24)

Characteristic Number (%)

Intervention type
  Web-based tool 15 (63)
  Video 3 (13)
  Mobile application 3 (13)
  Chatbot 2 (8)
  Webinar 1 (4)

Integration with service
  Part of clinical service 20 (83)
  Not part of clinical service 4 (17)

Intervention focus
  Educational 22 (92)
  Facilitate service engagement 17 (71)
  Empowerment 2 (8)
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compared to the control group who did not watch the video 
(Hernan et al. 2020). Boudreault et al. (2017) also found 
that participants in their study did not fully comprehend the 
material conveyed, with participants highlighting the need 
for the messaging to be improved by reducing the amount 
of content and using simpler language.

Participants across other studies also suggested improv-
ing the content within the digital interventions. Recom-
mendations included adding more information about how 
to respond to health problems experienced by children with 
specific disorders, genetic screening for children, treatment 
options, risk of disease, testing options for family, the fre-
quency and prevalence of the variant, and an explanation 
for why testing negative would not remove all future disease 
risk (Bangash et al. 2022; Beaudoin et al. 2011; Biesecker 
et al. 2018; Schmidlen et al. 2019). Participants in one study 
also disagreed on the framing of the content, whereby some 
believed prognostic information should convey a sense of 
hope, while others desired more factual information (Solo-
mon et al. 2020).

Service engagement

Seventeen studies (71%) reported on direct or expected 
impacts to service engagement or the delivery of clinical 
genetics healthcare (e.g., testing, diagnosis, and counsel-
ling) (Bangash et al. 2022; Beaudoin et al. 2011; Biesecker 
et al. 2018; Bowen et al. 2011; Brown-Johnson et al. 2021; 
Christian et al. 2022; Conijn et al. 2020; Cragun et al. 2020; 
Hardy et al. 2018; Nazareth et al. 2021; O'Neill et al. 2008; 
Schmidlen et al. 2019; Solomon et al. 2020; Suckiel et al. 
2021; Vogel et al. 2019; Wang et al. 2021; Williams et al. 
2018). Studies reported on direct impacts, evidenced by 
uptake of screening attendance and healthy behaviours 
(Bowen et al. 2011; Conijn et al. 2020; Hardy et al. 2018; 
Vogel et al. 2019), positive experiences of genetics ser-
vices (Brown-Johnson et al. 2021; Christian et al. 2022; 
Suckiel et al. 2021; Williams et al. 2018) and positive atti-
tudes toward genetics services (Conijn et al. 2020). For 
example, utilisation of cancer genetic counselling services 
(Vogel et al. 2019) and mammography screening (Bowen 
et al. 2011) improved, along with a 22% increase in breast 
self-exam behaviours (40% before the intervention and 62% 
after) (Bowen et al. 2011). Positive experiences of genet-
ics services were reported by Brown-Johnson et al. (2021) 
whereby patients reported an enhanced sense of partnership 
and accountability with the healthcare team due to digital 
health. In another study, 88% of 82 participants agreed that 
the live and interactive webinar would be an acceptable 
replacement for a one-to-one appointment with a genetics 
counsellor (Christian et al. 2022). Conijn et al. (2020) also 
reported on positive attitudes, finding that participants who 
watched the educational video on expanded carrier screening 

had a more positive attitude toward preconception screening 
than those who read only the text description.

Across the literature, expected changes to service engage-
ment could be characterised by attitudes toward or planning 
to engage (or not engage) with services (Beaudoin et al. 
2011; Biesecker et al. 2018; Cragun et al. 2020; O'Neill et al. 
2008) or expected changes to the delivery of care (Bangash 
et al. 2022; Schmidlen et al. 2019; Solomon et al. 2020). 
For example, in a study with 53 participants, 30.2% had 
discussed or were planning to discuss the health informa-
tion from the Genetics Home Reference online resource with 
physicians (Beaudoin et al. 2011). 28.3% also reported that 
the information influenced or might influence their future 
health decisions, and 11.3% either contacted or planned to 
contact a local support group.

Some negative findings were also reported, whereby 
participants in the study by Solomon et al. (2020) wanted 
to be reassured that the interactive features within the 
digital health tool meant that they would be responded to 
by the healthcare team and not “lost in cyberspace some-
place.” Additionally, parents in the study by Biesecker et al. 
(2018) who were educated with the web-based platform had 
stronger decisional conflict (uncertainty) about genetics test-
ing compared to non-parents. Lastly, participants had no sig-
nificant change in attitudes toward hereditary cancer genetic 
testing after using a web-based educational tool (Cragun 
et al. 2020).

Empowerment

Only two studies (8%) reported on empowerment (Adam 
et al. 2018; Cragun et al. 2020), defined by the extent to 
which an individual believes they have decisional control, 
cognitive control, behavioural control, hope and emotional 
regulation (McAllister et al. 2011). The interventions in 
both studies were for pre-test genetics counselling and used 
self-reported and subjective empowerment measures. Adam 
et al. (2018) used the validated and sensitive 24-item Genetic 
Counselling Outcome Scale (GCOS-24) scale, which meas-
ures patient-reported empowerment in clinical genetics 
services (McAllister et al. 2011). In contrast, Cragun et al. 
(2020) measured empowerment by asking participants about 
the extent to which they feel they can make an informed/
empowered choice about genetic testing. Both studies 
reported improvements in empowerment. However, Adam 
et al. (2018) reported that the DECIDE online decision 
and educational tool only increased empowerment by less 
than 2%. Cragun et al. (2020) reported on greater impacts, 
whereby 74% (227 of 305) of participants felt empowered 
to make a decision after viewing the web-based educational 
tool, compared to only 29% before. This finding was statisti-
cally significant.
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Discussion

This systematic review synthesised evidence from 24 stud-
ies on patient-facing digital interventions for genomics/
genetics education, empowerment, and service facilitation. 
There were promising results regarding educating patients 
and their families and facilitating engagement with genet-
ics services. However, little literature explored empow-
erment, with only one study using a validated measure 
(Adam et al. 2018).

The review also explored for whom and for which pur-
poses the interventions had been developed, finding that 
the majority of the interventions were delivered in the 
USA and within clinical environments, while few engaged 
underserved populations. In fact, only one study focussed 
on racial/ethnic minorities (Wang et al. 2021), ASL speak-
ers in the deaf community (Boudreault et al. 2017) and 
students within a Jewish community (Hardy et al. 2018), 
respectively. This gap in research highlights a need for fur-
ther engagement with underserved communities that may 
be at higher risk of genetic disorders or consanguinity. 
Although rates of consanguinity are decreasing, an esti-
mated 8.5% of children worldwide have consanguineous 
parents (Shawky et al. 2013) and the practice is still preva-
lent in parts of the Middle-East, North Africa, and West 
Asia (Acharya & Sahoo 2021; Bittles 2001; Heidari et al. 
2014). In the UK, it was estimated that 59.3% of Pakistani 
women were married to first or second cousins (Bhopal 
et al. 2014). However, none of the studies were conducted 
in these countries or specifically targeted genetic screening 
or counselling in consanguineous couples.

Additionally, patients often needed to be referred to the 
intervention by a clinician (e.g., genetics counsellor). This 
may result in inequitable access, given that there are many 
barriers to engagement with genetic healthcare services, 
including a lack of knowledge of genetic services or per-
sonal risk (Delikurt et al. 2015; Geer et al. 2001; Willis 
et al. 2017); education levels (Willis et al. 2017); cost and 
logistics (Geer et al. 2001; Willis et al. 2017); lack of deci-
sion support (Willis et al. 2017) and language and a lack 
of bilingual providers (Augusto et al. 2019; Kinney et al. 
2010). Some groups may also experience stigmatisation 
or discrimination due to their genetic disorders (Williams 
et al. 2010). A combination of these factors and potential 
stigmatisation might create barriers to engagement with 
genetics services, resulting in groups of individuals who 
remain underserved and could have been overlooked in 
the research. This highlights an opportunity for more com-
munity-based work and targeted engagement to support 
equitable access by underserved communities.

Many considerations for technology development were 
also highlighted within the review. For example, there 

were only three apps, and more than half of the interven-
tions were web-based, with few having interactive features. 
It was unsurprising that not many apps had been evaluated, 
given that our review of 22 patient-facing genetics apps 
available in the UK identified that none had been formally 
trialled or tested (Gasteiger et al. 2022). However, it was 
interesting to note that there was a trend toward more 
interactive emerging technologies in recent years, with 
literature published in the last three years reporting on 
chatbots accessible via smartphones and computers. A key 
benefit of digital technology is the possibility for interac-
tivity, defined by an element of responsiveness, exchange 
of information and varying user control (Walther et al. 
2005). Interactive features may include personalisation 
and tailoring, feedback and monitoring, prompts and cues 
and goal-setting, which are also commonly used behaviour 
change techniques in digital interventions (Dugas et al. 
2020; Taj et al. 2019). Emerging technologies like virtual 
reality, augmented reality and video games can also foster 
interactivity through immersion, presence and customisa-
tion, while helping make messaging around healthy behav-
iours more relatable (Hudgens et al.).

Clearly, the literature was dominated by quantitative 
research (71% of the studies), and although there were 
six mixed methods studies, there was only one qualitative 
study. The qualitative work in these studies was important 
in reporting potential improvements to the content and use 
of the interventions. For example, some studies reported on 
language preferences, whereby some participants did not 
understand the content conveyed (Boudreault et al. 2017), 
and other users may prefer factual information while some 
prefer hopeful language (Solomon et al. 2020). The qualita-
tive data also uncovered that some people might want to 
share the information with family, friends or other patients 
(Boudreault et al. 2017; Schmidlen et al. 2019; Solomon 
et al. 2020). This highlights a need for user-friendly lan-
guage and technical features that enable content to be shared. 
Further, it supports the need for more qualitative research 
and co-developed content with participation from future end 
users to ensure that it meets their expectations and needs, 
and is inclusive for more under-served communities.

Recommendations for future research 
and technology development

This review has highlighted a need for further research that 
specifically engages underserved groups and communities 
at-risk of genetic disorders or consanguinity. It is crucial 
to understand whether and how digital interventions may 
reach groups who already experience barriers to engag-
ing with genetic services. Additionally, more exploration 
of patients' experiences with and perceptions of the digital 
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interventions is needed, to understand whether the content is 
acceptable. Lastly, underlying these research opportunities 
is a focus on individual and community-based empower-
ment, which puts patients at the centre of healthcare, and, by 
definition, means that patients will have increased autonomy 
over health-related decision-making and actions (Health pro-
motion glossary 1998). Validated patient-reported outcome 
measures like the GCOS-24 scale which assesses empower-
ment in genetics counselling and testing services (McAllister 
et al. 2011) should be employed.

The main implication for the design of future genetics/
genomics digital interventions is the inclusion of qualitative 
co-design or participatory design methods with future end 
users. Including qualitative methods such as interviews, focus 
groups, or talk-aloud protocols is vital to understanding user 
needs, experiences and any usability or acceptability issues 
early in the design of an intervention. This can allow for an 
iterative design process during each phase of development and 
evaluation. Additionally, as explained previously, the incorpo-
ration of interactive features is recommended in future inter-
ventions through established behaviour change techniques 
(e.g., tailoring and personalisation, feedback and monitoring, 
goal setting and prompts/cues). Lastly, content should be sim-
ple and not too detailed, addressing a group's average reading 
age. For example, the average reading age level in the UK 
is nine years, with 16.4% of adults in England having very 
poor literacy skills (National Literacy Trust 2023). Producing 
content at lower reading ages is imperative to ensure it is easy 
to understand.

Being able to share information with others would also 
be beneficial. For example, this may include being able to 
download some of the content (e.g., videos) for private shar-
ing. Other technologies may also link in with email or social 
media sites, whereby users can directly share content (or the 
app) with friends and family through their email or sites like 
Facebook Messenger and Whatsapp.

Strengths and limitations

A key strength was the inclusion of different study designs, 
with the results from the mixed methods and qualitative 
studies providing a richer understanding of patient expe-
riences and perceptions of the digital interventions. The 
review also builds on previous work, which has typically 
focussed on one technology (e.g., videoconference in Gor-
rie et al. (2021)). By taking a broader approach to digital 
interventions, the review has highlighted how different tech-
nologies have been employed and simultaneously identified 
potential applications for new emerging technologies (e.g., 
chatbots and precision health) in genetics healthcare. Lastly, 
the quality appraisals were conducted in a rigorous manner, 
with almost perfect agreement between the two researchers.

Limitations include that the reviewed papers were lim-
ited to the English language. This means that research with 
underserved ethnic communities might have been missed 
if it had been published in another language. Additionally, 
the studies may have been prone to selection and response 
bias, given that the samples were limited to people who 
had access to technology and the digital literacy skills 
to use it. Lastly, digital interventions emerge quickly, so 
newer interventions may not be represented by the pub-
lished papers.

Conclusions

Evidence suggests that digital interventions may be used 
to deliver information about genetics concepts and condi-
tions, and positively impact service engagement. There is 
less evidence for empowering patients and engaging under-
served communities or consanguineous couples. Future 
work should focus on co-developing appropriate content 
with future end users and continue to incorporate interac-
tive features.
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