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ABSTRACT
This study systematically reviewed the literature on the 
impact of digital genetics tools on patient care and 
system efficiencies. MEDLINE and Embase were searched 
for articles published between January 2010 and March 
2021. Studies evaluating the use of patient- facing 
digital tools in the context of genetic service delivery 
were included. Two reviewers screened and extracted 
patient- reported and system- focused outcomes from 
each study. Data were synthesised using a descriptive 
approach. Of 3226 unique studies identified, 87 
were included. A total of 70 unique digital tools were 
identified. As a result of using digital tools, 84% of 
studies reported a positive outcome in at least one of 
the following patient outcomes: knowledge, psychosocial 
well- being, behavioural/management changes, family 
communication, decision- making or level of engagement. 
Digital tools improved workflow and efficiency for 
providers and reduced the amount of time they needed 
to spend with patients. However, we identified a 
misalignment between study purpose and patient- 
reported outcomes measured and a lack of tools that 
encompass the entire genetic counselling and testing 
trajectory. Given increased demand for genetic services 
and the shift towards virtual care, this review provides 
evidence that digital tools can be used to efficiently 
deliver patient- centred care. Future research should 
prioritise development, evaluation and implementation of 
digital tools that can support the entire patient trajectory 
across a range of clinical settings. PROSPERO registration 
numberCRD42020202862.

INTRODUCTION
Increased demand for genetic counselling and 
testing services has placed unsustainable pressure on 
traditional models of care.1 2 The emergence of the 
COVID- 19 pandemic in early 2020 further exacer-
bated the situation and forced genetics services to 
explore and expand the use of digital tools in patient 
care.3–9 To increase access to and efficiency of 
genetic services, a variety of digital health technolo-
gies have been developed and implemented.1 3–5 To 
date, digital tools have been integrated into various 
points in the genetic testing pathway, including clin-
ical assessment, family history- taking, education, 
post- test counselling and follow- up.10 11 Examples 
of digital tools in genetics include pedigree soft-
ware,12 hereditary cancer risk assessment tools,13 
online decision aids,14 15 and computer- based facial 
dysmorphology analysis tools.16

To date, most studies evaluating the impact of 
digital technologies in genetic services have focused 
on the use of digital tools in the context of tele-
medicine and telegenetics.17–21 These studies show 
that telegenetics is non- inferior to inperson consults 
in achieving similar patient outcomes, including 
patient knowledge, psychosocial and counsel-
ling measures.17–21 Studies show that digital tools 
are well received by patients, with high levels of 
acceptability and satisfaction.15 22 Tools have gener-
ally had a positive impact on patient outcomes, 
including increasing knowledge, reducing deci-
sional conflict, initiating active decision- making 
for patients and overall enabling patient- centred 
care.11 23 For clinicians and the healthcare system, 
digital tools have improved provider capacity and 
efficiency.7 8 However, digital tools carry potential 
risks, including data security breaches, access chal-
lenges in remote locations and patient anxiety asso-
ciated with accessing medical information outside 
of a face- to- face encounter.24 25

To inform efforts to scale the use of digital tools 
outside the context of telemedicine and telege-
netics, we conducted a systematic review to synthe-
sise existing evidence on the use of digital tools 
throughout the genetic counselling and testing 
trajectory.

METHODS
Study registration
The protocol for this review was submitted to 
PROSPERO in October 2020 (registration number 
CRD42020202862). Preparation of this paper 
was guided by the Preferred Reporting Items for 
Systematic Reviews and Meta- Analyses reporting 
checklist.26

Study selection criteria
Population
Studies evaluating the use of patient- facing digital 
tools in the context of genetic service delivery were 
included. For the purposes of this study, a patient- 
facing digital tool was defined as any digital tool 
that was intended for use by patients. Studies were 
excluded if the users of the tool were limited to 
healthcare professionals (HCPs).

Intervention
The intervention of interest was any patient- facing 
tool that was used in genetic service delivery 
through electronic technology. This included, but 
was not limited to, web- based portals, chatbots, 
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software, videos and eBooks. Genetic service delivery included 
the following steps: clinical assessment, education, pretest 
genetic counselling, result reporting, post- test counselling and 
reanalysis. Studies were excluded if the tool was only used in 
somatic genetic testing or if its focus was on lifestyle- related 
education tools for polygenic conditions that did not incorpo-
rate genetic testing.

Comparator
Comparator groups were patients who did not use a digital tool 
or received usual care. Studies without comparator groups were 
included.

Outcomes
Outcomes were determined based on review of the relevant 
literature and discussion among the research team. Studies were 
included if they reported data on patient- reported usability or 
patient- reported outcomes. Specifically, data on users’ accept-
ability, satisfaction or intention to recommend the digital tool to 
others were collected.27 For patient- reported outcomes, data on 
the following were collected: knowledge/understanding, psycho-
social well- being (eg, anxiety, distress), behavioural or manage-
ment changes, family- related communication, facilitation of 
decision- making, patient engagement (eg, self- reported level of 
patients’ involvement in their care) and quality of life.28 29

In addition, system- focused outcomes (eg, effect on wait times 
and time with HCP, workflow efficiency) and provider- reported 
outcomes (eg, satisfaction with the tool, efficiency in providers’ 
daily practice) were included if reported.

Study design
Experimental studies, observational studies and case series were 
eligible for inclusion. Protocols, systematic reviews, commen-
taries, animal studies, conference abstracts and non- English arti-
cles were excluded.

Search strategy
The search strategy was developed in consultation with a medical 
librarian. Search terms included the following: eHealth OR 
virtual OR digital AND genetic testing OR genome sequencing 
OR genetic counseling. The complete list of search terms is 
provided in online supplemental file S1. The reference lists of 
included studies were hand- searched to identify additional arti-
cles. Grey literature and trial registries were not searched.

Information sources
A systematic, comprehensive search of Ovid MEDLINE, Ovid 
MEDLINE- in- Process, MEDLINE Epub Ahead of Print and 
Embase Classic+Embase databases (OvidSP) was initially run on 
16 July 2020, with an updated search on 29 March 2021, to 
identify relevant articles published between January 2010 and 
March 2021. The year 2010 was selected as the starting point 
because multiple professional guidelines were published at this 
time on the use of more comprehensive genetic tests (eg, chro-
mosomal microarray and genome- wide sequencing) for various 
indications, including developmental disorders and hereditary 
cancers, leading to an increased demand for genetic services.30–34

Selection of studies
Search results were imported to Covidence software (http:// 
covidence.org). All abstracts and full texts were reviewed by at 
least two independent reviewers (DA+WL or DA+SS). Conflicts 
were resolved by discussion and a third reviewer not involved 

in the initial screening was consulted where necessary (SL). The 
per cent agreement between reviewers for article inclusion at the 
abstract and full- text screening stages was calculated.

Data extraction
To ensure data extraction from each publication was conducted 
by at least two independent reviewers, six team members (DA, 
WL, SL, SS, AT and CS) were divided evenly into reviewer pairs. 
Data extracted were bibliographic information, study character-
istics (eg, methodology, country, year), participant characteristics 
(eg, clinical population), tool characteristics (eg, purpose, target 
audience, components) and data relevant to the aforementioned 
patient- reported and system- focused outcomes of interest. Any 
discrepancies in the extracted data were resolved by discussion 
among the six team members.

For study characteristics, the following items were extracted: 
publication year, country of data collection, study methodology 
(eg, quantitative, qualitative, multimethod and mixed method) 
and purpose of study. Studies that used a mixture of quantitative 
and qualitative methods without mixing of the quantitative and 
qualitative data were categorised as multimethod, while studies 
that involved mixing of methodologies were categorised as 
mixed method. Study purposes included acceptability, develop-
ment, evaluation, feasibility, implementation, usability and vali-
dation. The primary purpose of the study was determined based 
on the study aims or objectives as described by the study authors. 
Secondary and tertiary purposes were extracted if described.

The following items were extracted for participant character-
istics: type, size, clinical setting, and diversity, equity and inclu-
sion (DEI) related outcomes (ie, ethnicity, socioeconomic level, 
education level, general literacy, health literacy, digital literacy, 
reading level of the content and whether fluency in English was 
required to participate in the study).

For studies that recruited two or more participant popula-
tions, we considered the digital tool’s target population as the 
primary population of the study. Other populations that were 
included in the study were categorised as secondary (eg, health-
care providers). For example, in a study in which the main objec-
tive was to evaluate change in patient knowledge after using the 
digital tool and its secondary aim was to measure provider satis-
faction with the tool, patients were considered the primary popu-
lation and providers were considered the secondary population.

The data extraction form was built in Covidence and was 
piloted prior to data extraction (online supplemental file S2).

Data synthesis
To synthesise the data, we described the general characteris-
tics of the studies and primary outcomes (eg, patient- reported 
outcomes), as well as any secondary outcomes and the character-
istics of the digital tools identified in the studies.

We summarised the six primary patient- reported outcomes 
and whether the tool resulted in an outcome that was favourable, 
unfavourable or had no effect based on the results as reported by 
the included studies. We also conducted additional analyses to 
understand the relationship between the purpose of a given tool 
and the patient- reported outcomes measured.

Quality assessment
A quality appraisal was conducted for all included studies. Two 
independent reviewers scored the studies using the QualSyst 
quality assessment tool.35 Disagreements were resolved through 
discussion or by input from a third team member. The QualSyst 
quality assessment criteria were used for qualitative, quantitative, 
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mixed and multimethod studies (online supplemental file S3). 
Studies that used a mixture of quantitative and qualitative 
methods without mixing of the quantitative and qualitative data 
were categorised as multimethod. For the quantitative studies, 
14 items (eg, assessing study objective, methodology, analysis, 
conclusions) were scored depending on the degree to which 
specific quality criteria were met (‘criteria met’=2, ‘criteria 
partially met’=1, ‘criteria not met’=0). Items not applicable 
to a particular study methodology were marked ‘n/a’ and were 
excluded from the calculation of the summary score. A score was 
calculated for each article by summing the scores obtained across 
applicable items and dividing by the total possible score. Scores 
for the qualitative studies were calculated in a similar fashion 
based on the scoring of 10 items. Since assigning ‘n/a’ was not 
permitted for qualitative studies,36 the total possible score for 
each qualitative study was 20. For multimethod studies, both 
the quantitative and qualitative criteria were completed, and the 
total possible score was calculated based on the number of items 
marked. For mixed methods studies, both the quantitative and 
qualitative criteria were completed and an additional five criteria 
from the Mixed Methods Appraisal Tool (MMAT) were used,36 
assessing the integration of the qualitative and quantitative 
methods and conclusions. The five MMAT criteria items were 
rated on the same 0–2 scale. Final scores for mixed methods 
studies were determined by adding the scores from the qualita-
tive, quantitative and mixed methods appraisal tools divided by 
the total possible score, as done in previous reviews.37

Patient and public involvement
A patient advisory board consisting of individuals with expe-
rience receiving genetic services was established. Specifically, 
the advisory board consisted of four adult patients with genetic 

conditions and two parents of children with genetic conditions. 
The members of the advisory board were identified and recruited 
through the research team’s professional networks and prior 
genetics research projects. The advisory board was consulted on 
the scope of the systematic review and its main outcomes based 
on their experience with receiving genetic services. The advisory 
board subsequently provided feedback on the relevance of the 
review’s findings on patients and the public.

RESULTS
The literature search identified 4800 records from data-
bases plus an additional 952 articles from hand- searching of 
reference lists. Of these, 2006 were duplicates, leaving 3746 
studies to be screened. Following title and abstract screening, 
226 full- text articles were assessed for eligibility. Of these, 87 
studies met the inclusion criteria and were included in this 
review (figure 1; online supplemental files 4 and 5).

Characteristics of included studies
The characteristics of the included studies are summarised 
in tables 1 and 2. About half of the included studies were 
published between 2018 and March 2021 (n=44, 50.6%), 
with the remaining published between 2014 and 2017 (n=26, 
29.9%) and between 2010 and 2013 (n=17, 19.5%). The 
majority of the 87 studies were conducted in the USA (n=58, 
66.7%). Sixteen studies were conducted in Europe (18.4%), 
six in Canada (6.9%), four in the UK (4.6%), one in Australia 

Figure 1 PRISMA flow diagram. PRISMA, Preferred Reporting Items for 
Systematic Reviews and Meta- Analyses.

Table 1 Study characteristics

N=87 n %

Years

  2018–2021 44 50.6

  2014–2017 26 29.9

  2010–2013 17 19.5

Country of data collection

  USA 58 66.7

  Europe (excluding UK) 16 18.4

  Canada 6 6.9

  UK 4 4.6

  Australia 1 1.1

  Other 2 2.3

Study type

  Quantitative 63 72.4

   Randomised controlled trials 34 54.0

   Observational 29 46.0

  Qualitative 9 10.3

  Mixed method 9 10.3

  Multimethod* 6 6.9

Study aim n=144† % out of 87 studies

  Evaluation 71 81.6

  Usability 24 27.6

  Development 16 18.4

  Feasibility 11 12.6

  Implementation 11 12.6

  Acceptability 4 4.6

  Validation 2 2.3

  Other 5 5.7

*Studies that used a mixture of quantitative and qualitative methods without 
mixing of the quantitative and qualitative data were categorised as multimethod.
†41 of 87 studies reported two or more aims.
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(1.1%), one in Singapore (1.1%) and one study across the 
USA and Canada (1.1%).

Of the 87 studies, 63 (72.4%) were quantitative, 9 were qual-
itative, 9 were mixed methods and 6 were multimethod. Of the 
63 quantitative studies, 34 (54.0%) were randomised controlled 
trials.

The primary aim of over half of the included studies was eval-
uation (n=52, 59.8%), while the remaining studies focused on 
development (n=12, 13.8%), usability (n=12, 13.8%), feasi-
bility (n=8, 9.2%) and implementation (n=3, 3.4%) of digital 
tools.

Characteristics of included digital tools
A total of 70 unique digital tools were identified across 87 
studies reviewed (table 2). The intended users of the tools were 
adult patients (n=46), general population (n=22), prospec-
tive parents (n=16), caregivers of a minor patient (n=5) and 
HCPs (n=2). The tools were intended for the following clinical 
settings: oncology (n=34), adult (non- oncology) (n=15), repro-
ductive (n=17), paediatric (n=6), primary care (n=3), direct- 
to- consumer testing (n=1), pharmacogenomics (n=2) and all 
settings (n=2). Of note, some tools had multiple intended users 
and clinical settings.

The tools were targeted for use at various points in the patient 
trajectory, including clinical assessment and family history collec-
tion (n=17), education (n=59), psychosocial/needs or values 
assessment (n=20), decision- making about pursuing genetic 
testing and/or types of results to receive (n=32), consent (n=1), 
sequencing, analysis and interpretation (n=1), return of results 
(n=12), and post- test counselling and management (n=11) 
(table 3).

In 68 studies, the digital tool provided information on one or 
more of the following genetic tests: gene panels (n=28), prenatal 
screening and diagnosis (n=11), genome- wide sequencing 
(n=14), chromosomal microarray (n=3), single gene test/
targeted variant analysis (n=5), paired germline/tumour testing 
(n=3), direct- to- consumer testing (n=2), newborn screening 
(n=1), and preimplantation genetic diagnosis (n=1).

Most tools were administered through a web- based appli-
cation (n=67). The remainder were a combination of mobile 
applications (n=7), non- web- based modalities (ie, computer-
ised/CD) (n=8), a kiosk (n=1), film (n=1) or a direct link to a 
PowerPoint recording sent via email (n=1). The mode of tool 
administration was unreported or unclear in two studies. Most 
tools did not require the involvement of an HCP (n=65) and 
over two- thirds of the tools were tailored to the user, meaning 
that the information provided to the user changed based on the 
user’s input (n=47). An example of such tools is a breast cancer 
risk assessment tool that generates cancer risk calculation based 
on the user’s medical and family history.

In 28 studies, tools were available in other languages, including 
Dutch (n=10), Spanish (n=7), French (n=2), Swedish (n=2), 
Danish (n=1), Italian (n=1), American Sign Language (n=1) 
and multiple languages (n=4). The reading level of the tool was 
reported by 14 studies. The levels were sixth grade level (n=2), 
seventh grade (n=2), eighth grade (n=6), ninth grade (n=2) and 
tenth grade (n=2).

Characteristics of study participants
Over half of the 87 studies included adult patient participants 
(n=46), followed by general population (n=22) and prospec-
tive parents (n=14). Six studies included caregivers of minor 
patients. Thirty studies included a secondary population, with 
HCPs as the secondary population in 60% of these studies.

Of the 87 studies, 83 reported at least one of ethnicity/ancestry, 
income or education level. However, only 30 studies reported all 
three variables. Forty- five studies reported more than two ethnic 
backgrounds for their study participants. Most studies (n=55) 
also reported more than two education levels. Only 25 studies 
reported more than two income levels of study participants. 
Of 87 studies, 71 did not report the general, health or digital 
literacy levels of the study participants. Of the 16 studies that 
reported literacy levels, the most common forms were digital 
(n=9) and health (n=9) literacy levels.

Primary outcomes
Patient-reported outcomes
Of the studies included in this review (N=87), 60 measured 
participant acceptability, 46 measured participant satisfaction 
and 23 measured participants’ intention to recommend the tool 
to others, with all these studies reporting favourable outcomes.

Table 4 summarises the number of studies that measured each 
type of patient- reported outcome and whether the outcome 
was favourable, unfavourable or had no effect. The patient- 
reported outcomes that were most frequently measured by the 
included studies were participant knowledge/understanding, 

Table 2 Tool characteristics

Total (n) % out of 87 studies

Tool administration N=87

  Web- based 67 77.0

  Mobile application 7 8.0

  Non- web- based: computerised/CD 8 9.2

  Other 3 3.4

  Unreported/unclear 2 2.3

Intended user n=91*

  Adult patient 46 52.9

  General population 22 25.3

  Prospective parent 16 18.4

  Caregiver of a minor patient 5 5.7

  Healthcare professional 2 2.3

Intended clinical setting n=79† % out of 70 tools

  Oncology 34 48.6

  Adult (non- oncology) 15 21.4

  Reproductive 17 24.3

  Paediatric 6 8.6

  Primary care 3 4.3

  All settings 2 2.9

  Direct- to- consumer testing 1 1.4

  Pharmacogenomics 1 1.4

Purpose of tool n=153‡

  Education 59 84.3

  Decision- making 32 45.7

  Psychosocial/needs or value assessment 20 28.6

  Clinical assessment 17 24.3

  Return of results 12 17.1

  Post- test counselling and management 11 15.7

  Consent 1 1.4

  Sequencing, analysis and interpretation 1 1.4

*Four of 87 studies reported two types of intended users.
†Nine of 70 tools reported two or more intended clinical settings.
‡Fifty- one of 70 tools had two or more purposes.

S
erials S

ection. P
rotected by copyright.

 on S
eptem

ber 23, 2022 at G
erstein S

cience Inform
ation C

entre
http://jm

g.bm
j.com

/
J M

ed G
enet: first published as 10.1136/jm

g-2022-108653 on 22 S
eptem

ber 2022. D
ow

nloaded from
 

http://jmg.bmj.com/


5Lee W, et al. J Med Genet 2022;0:1–10. doi:10.1136/jmedgenet-2022-108653

Review

Ta
bl

e 
3 

Di
gi

ta
l t

oo
ls

 a
nd

 th
ei

r i
nt

en
de

d 
us

e 
in

 th
e 

pa
tie

nt
 tr

aj
ec

to
ry

A
ut

ho
r 

na
m

e 
an

d 
ye

ar
Cl

in
ic

al
 s

et
ti

ng
To

ol
 n

am
e

Cl
in

ic
al

 
as

se
ss

m
en

t
Ed

uc
at

io
n

Ps
yc

ho
so

ci
al

/n
ee

ds
 

as
se

ss
m

en
t

D
ec

is
io

n-
 m

ak
in

g
Co

ns
en

t

Se
qu

en
ci

ng
, 

an
al

ys
is

 a
nd

 
in

te
rp

re
ta

ti
on

Re
tu

rn
 o

f 
re

su
lt

s
Po

st
- t

es
t 

co
un

se
lli

ng
/

m
an

ag
em

en
t

Ka
pl

an
 (2

01
4)

Pr
im

ar
y 

ca
re

Br
ea

st
CA

RE
 (B

re
as

t C
an

ce
r A

ss
es

sm
en

t o
f R

is
k 

an
d 

Ed
uc

at
io

n)
✓

Ru
pe

rt
 (2

01
3)

O
nc

ol
og

y
Ca

nc
er

 in
 th

e 
Fa

m
ily

✓
✓

✓

W
u 

(2
01

3)
, B

uc
ha

na
n 

(2
01

5)
, W

u 
(2

01
9)

, F
un

g 
(2

02
1)

M
eT

re
e

✓
✓

✓

Bo
w

en
 (2

01
7)

N
ot

 re
po

rt
ed

✓
✓

✓

W
ol

fe
 (2

01
5)

BR
CA

 G
is

t (
BR

ea
st

 C
An

ce
r G

en
et

ic
s 

In
te

lli
ge

nt
 

Se
m

an
tic

 Tu
to

rin
g)

✓
✓

G
rim

m
et

t e
t a

l (
20

19
)22

Br
ea

st
 C

an
ce

r C
ho

ic
es

✓
✓

Sh
er

m
an

 (2
01

7)
Br

ea
st

 R
EC

O
N

st
ru

ct
io

n 
De

ci
si

on
 A

id
 

(B
RE

CO
N

DA
)

✓
✓

✓

Bo
ud

re
au

lt 
(2

01
8)

Ca
nc

er
 G

en
et

ic
s 

Ed
uc

at
io

n 
M

od
ul

e 
(C

G
EM

)
✓

Jo
se

ph
 (2

01
0)

Ca
nc

er
 R

is
k 

Ed
uc

at
io

n 
In

te
rv

en
tio

n 
To

ol
 

(C
RE

dI
T)

✓

Pr
itz

la
ff 

(2
01

4)
Ca

nc
er

G
en

e 
Co

nn
ec

t (
CG

C)
✓

✓
✓

✓

Cr
ag

un
 (2

02
0)

N
ot

 re
po

rt
ed

✓

Cu
lv

er
 (2

01
1)

N
ot

 re
po

rt
ed

✓
✓

Sc
ha

ck
m

an
n 

(2
01

3)
N

ot
 re

po
rt

ed
✓

✓
✓

Si
e 

(2
01

6)
DN

A 
Di

re
ct

✓

Al
ba

da
 (2

01
1,

 2
01

2a
, 2

01
2b

, 
20

15
)

E-
 in

fo
 g

en
e

✓
✓

M
ak

hn
oo

n 
(2

02
1)

Fa
m

ily
Ta

lk
✓

✓
✓

G
ab

a 
(2

02
0)

N
ot

 re
po

rt
ed

✓
✓

✓

So
lo

m
on

 (2
01

9)
He

lp
in

g 
O

nc
ol

og
y 

Pa
tie

nt
s 

Ex
pl

or
e 

G
en

om
ic

s 
(H

O
PE

-  G
en

om
ic

s)
✓

✓

Ho
ok

er
 (2

01
1)

N
ot

 re
po

rt
ed

✓
✓

✓

G
or

ni
ck

 (2
01

8)
iC

an
De

ci
de

✓
✓

Ed
en

 (2
02

0)
M

am
m

oS
cr

ee
n

✓
✓

✓

M
an

ch
an

da
 (2

01
6)

N
ot

 re
po

rt
ed

✓

M
an

ne
 (2

01
0)

N
ot

 re
po

rt
ed

✓
✓

✓

M
cC

ua
ig

 (2
01

9)
N

ot
 re

po
rt

ed
✓

Vo
ge

l (
20

19
)

m
ob

ile
 A

pp
lic

at
io

n 
fo

r G
en

et
ic

 In
fo

rm
at

io
n 

on
 

Ca
nc

er
 (m

AG
IC

)
✓

✓
✓

Ha
ll 

(2
01

4)
M

yF
ox

Ch
as

e 
eP

HR
✓

va
n 

Er
ke

le
ns

 (2
01

7,
 2

01
8)

O
nl

in
e 

se
lf-

 te
st

✓

Lu
ba

 (2
01

8)
PR

EM
M

1,
2,

6 
m

od
el

✓
✓

✓

Ku
ka

fk
a 

(2
01

5)
Re

al
Ri

sk
s

✓
✓

✓

Su
ss

ne
r (

20
10

)
N

ot
 re

po
rt

ed
✓

St
ef

an
sd

ot
tir

 (2
02

0)
w

w
w

.a
rfg

er
d.

is
✓

✓
✓

Co
nt

in
ue

d

S
erials S

ection. P
rotected by copyright.

 on S
eptem

ber 23, 2022 at G
erstein S

cience Inform
ation C

entre
http://jm

g.bm
j.com

/
J M

ed G
enet: first published as 10.1136/jm

g-2022-108653 on 22 S
eptem

ber 2022. D
ow

nloaded from
 

www.arfgerd.is
http://jmg.bmj.com/


6 Lee W, et al. J Med Genet 2022;0:1–10. doi:10.1136/jmedgenet-2022-108653

Review

A
ut

ho
r 

na
m

e 
an

d 
ye

ar
Cl

in
ic

al
 s

et
ti

ng
To

ol
 n

am
e

Cl
in

ic
al

 
as

se
ss

m
en

t
Ed

uc
at

io
n

Ps
yc

ho
so

ci
al

/n
ee

ds
 

as
se

ss
m

en
t

D
ec

is
io

n-
 m

ak
in

g
Co

ns
en

t

Se
qu

en
ci

ng
, 

an
al

ys
is

 a
nd

 
in

te
rp

re
ta

ti
on

Re
tu

rn
 o

f 
re

su
lt

s
Po

st
- t

es
t 

co
un

se
lli

ng
/

m
an

ag
em

en
t

St
ur

m
 (2

01
8)

Ad
ul

t 
(n

on
- 

on
co

lo
gy

)

N
ot

 re
po

rt
ed

*
✓

✓
✓

Bo
m

ba
rd

 (2
01

8)
,15

 S
hi

ck
h 

(2
02

0)
, S

hi
ck

h 
et

 a
l (

20
21

)8
G

en
om

ic
s A

Dv
IS

ER
✓

✓
✓

Ju
jja

va
ra

pu
 (2

02
1)

Sh
ar

eD
N

A
✓

✓

Co
hn

 (2
01

0)
He

al
th

 H
er

ita
ge

✓

Bi
es

ec
ke

r (
20

18
)

N
ot

 re
po

rt
ed

✓
✓

✓

Ek
st

ra
ct

 (2
01

7)
N

ot
 re

po
rt

ed
✓

✓
✓

Sc
hm

id
le

n 
(2

01
9)

G
en

et
ic

 In
fo

rm
at

io
n 

As
si

st
an

t (
G

ia
)

✓
✓

Ha
rr

is
 (2

01
9)

N
ot

 re
po

rt
ed

✓
✓

He
nd

er
sh

ot
 (2

01
0)

N
ot

 re
po

rt
ed

✓
✓

✓

M
ill

s 
(2

01
5)

N
ot

 re
po

rt
ed

✓
✓

Ka
ph

in
gs

t (
20

10
)

M
ul

tip
le

x 
In

iti
at

iv
e 

W
eb

 m
od

ul
e

✓
✓

Ar
ar

 (2
01

1)
Su

rg
eo

n 
G

en
er

al
’s 

fa
m

ily
 h

ea
lth

 h
is

to
ry

 to
ol

 
(S

G
-  F

HH
)

✓

Po
na

th
il 

(2
02

0)
Vi

rt
ua

l C
on

ve
rs

at
io

na
l A

ge
nt

 (V
CA

)
✓

Tr
uo

ng
 (2

02
0)

Yo
ur

PG
x 

Po
rt

al
✓

✓

G
al

lo
 (2

01
4,

 2
01

6)
, 

He
rs

hb
er

ge
r (

20
16

)
Re

pr
od

uc
tiv

e
CH

O
IC

ES
✓

✓

Fa
n 

(2
01

8)
N

ot
 re

po
rt

ed
✓

✓
✓

W
oo

da
rd

 (2
01

8)
Pa

th
w

ay
s

✓
✓

✓

Du
gg

er
 (2

02
0)

An
 In

tr
od

uc
tio

n 
to

 C
ar

rie
r S

cr
ee

ni
ng

✓
✓

Ye
e 

(2
01

4)
Ar

ch
ie

M
D 

In
te

ra
ct

iv
e 

In
fo

rm
ed

 C
on

se
nt

 a
nd

 
Ed

uc
at

io
n 

Pr
og

ra
m

 fo
r P

re
gn

an
t W

om
en

✓

Be
ul

en
 (2

01
6)

N
ot

 re
po

rt
ed

✓
✓

✓

Bj
ör

kl
un

d 
(2

01
2)

N
ot

 re
po

rt
ed

✓
✓

Ca
rls

on
 (2

01
9)

N
ot

 re
po

rt
ed

✓
✓

Ca
st

el
la

ni
 (2

01
1)

N
ot

 re
po

rt
ed

✓

Ar
ju

na
n 

(2
02

0)
Co

un
sy

l C
om

pl
et

e
✓

✓
✓

Ka
le

jta
 (2

01
9)

G
en

et
ic

s 
M

av
en

✓
✓

Ah
m

an
 (2

01
6)

N
ot

 re
po

rt
ed

✓
✓

✓

Ha
rd

y 
(2

01
8)

JS
cr

ee
n

✓

Ku
pp

er
m

an
n 

(2
01

4)
Pr

en
at

al
 Te

st
in

g:
 E

xp
lo

rin
g 

Yo
ur

 O
pt

io
ns

✓
✓

Sk
jø

th
 (2

01
5)

N
ot

 re
po

rt
ed

✓
✓

Ta
bl

e 
3 

Co
nt

in
ue

d

Co
nt

in
ue

d

S
erials S

ection. P
rotected by copyright.

 on S
eptem

ber 23, 2022 at G
erstein S

cience Inform
ation C

entre
http://jm

g.bm
j.com

/
J M

ed G
enet: first published as 10.1136/jm

g-2022-108653 on 22 S
eptem

ber 2022. D
ow

nloaded from
 

http://jmg.bmj.com/


7Lee W, et al. J Med Genet 2022;0:1–10. doi:10.1136/jmedgenet-2022-108653

Review

patient engagement, psychosocial well- being and facilitation of 
decision- making. The majority of the studies reported that the 
use of the digital tool was associated with favourable outcomes.

While behavioural/management changes and family- related 
communication were assessed in a smaller set of studies, most 
reported that the tool was associated with favourable outcomes 
for these domains. The impact of the tool on quality of life was 
assessed in only three studies, with one study reporting a favour-
able impact on quality of life and two studies reporting no effect.

Misalignment between purpose of the tool and measured outcomes
The stated purpose of the tool did not always align with the 
patient- reported outcomes measured. For example, of the 75 
studies indicating education as a purpose of the tool, only 56 
studies measured change in patient knowledge/understanding. 
Furthermore, two additional studies evaluated knowledge and 
understanding but did not state education as a purpose of the 
tool. Similarly, of the 44 studies indicating decision- making as 
a purpose, only 27 measured facilitation of decision- making as 
an outcome. Additionally, there were six studies that assessed 
whether their tool facilitated patients’ decision- making, without 
indicating decision- making as a purpose of the tool.

Secondary outcomes
Provider-reported outcomes
Eleven studies measured providers’ satisfaction, all of which 
reported that providers were satisfied with the digital tool. 
Eleven studies assessed providers’ willingness to integrate the 
digital tool in their workflow. All studies reported favourable 
responses on digital tool integration into practice by providers 
after using the tool.

System-focused outcomes
Ten studies evaluated the effect of the digital tool on time spent 
with the HCP, with the majority (n=7, 70%) indicating a reduc-
tion in time spent with their provider and three (30%) indicating 
no effect. Seven studies measured the impact of the tool on work-
flow efficiency (eg, chart preparation time is reduced), with the 
majority (n=6, 86%) reporting improvements in efficiency and 
only one study reporting no effect. None of the studies included 
in this review reported on the impact of the tool on wait times.

Quality appraisal
Most studies (n=75) had a quality score of above 75%, which 
is a threshold often used for assessing quality in systematic 
reviews.35 37 The highest average quality scores were in quali-
tative studies (88.9%, range=65.0–100), followed closely by 
quantitative studies (86.6%, range=28.6–100). Mixed and 
multimethod studies scored lower, with mixed methods studies 
having an average score of 78.3% (range=64.0–94.0) and multi-
method studies scoring an average of 72.6% (range=60.5–82.5). 
See online supplemental file S3 for a breakdown of the average 
quality scores by study type.

DISCUSSION
To our knowledge, this is the most up- to- date and comprehen-
sive systematic review on digital tools used in genetic service 
delivery and their impact on patient care and system efficiencies. 
This review found 70 unique digital tools reported in 87 studies. 
Most of these tools were intended for use by adult patients 
or the general population, half were in oncology settings and 
most were intended to facilitate education and decision- making 
in the pretest phase. Most studies found that digital tools lead A
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to favourable patient outcomes, including improved knowl-
edge, engagement, psychosocial well- being and facilitation of 
decision- making. In addition, most studies provided evidence 
that digital tools can be used to support the pretest components 
of the counselling and testing trajectory. Studies also found that 
digital tools improved workflow and efficiency for providers, in 
addition to reducing the amount of time they needed to spend 
with patients. These findings are consistent with the results of 
other recent studies that suggest widespread interest in virtual 
care across various specialties and patient populations, with 
positive outcomes reported for patients and providers.38–45 
Given the increased demand for genetic services and the shift 
towards virtual care as the new norm during the COVID- 19 
pandemic and beyond, this review provides timely evidence 
that digital tools can be used to efficiently deliver tailored and 
patient- centred virtual care.

Despite the improved care and workflow efficiencies offered 
by digital tools, this systematic review found three major gaps in 
the development, evaluation and implementation of digital tools 
for genetic service delivery. First, none of the tools included in 
this review was developed to encompass the entire genetic coun-
selling and testing trajectory. Furthermore, most of the tools were 
developed for use in the pretest counselling phase (eg, education, 
decision- making), with a limited number of tools designed to 
support the post- test phase of patient care (eg, return of results, 
family communication). These gaps limit the understanding of 
the utility of these tools in the post- test phase, a time point when 
many patients require extensive counselling and support. As 
such, future studies should focus on the development, evaluation 
and implementation of digital tools that encompass not only the 
pretest phase but also the post- test phase of the patient’s coun-
selling and testing trajectory.

Second, this review found that while many tools had more 
than one intended clinical setting, half of these studies took 
place in the oncology setting. Genetic testing is becoming main-
stream outside of oncology across various specialties, including 
neurology, cardiology and nephrology, where there is often a 
lack of genetic counselling support.46 47 Patients and their care-
givers in these specialties and those being tested outside of the 
traditional clinical genetics settings may have distinct needs from 
patients in oncology but their needs have been inadequately 
addressed by existing digital tools. Digital tools have the poten-
tial to play a critical role in streamlining the delivery of genetic 
testing outside of oncology and traditional clinical genetics 
settings. The development and implementation of digital tools 
for genetic service delivery in resource- constrained clinical 
settings may warrant prioritisation.

Finally, a lack of alignment was identified between the 
purposes of the tool and its measured outcomes. This was espe-
cially apparent in studies where the tools were designed for 
education or decision- making, such that some of these studies 
did not assess the impact of the tool on the outcomes they 
intended to achieve. Furthermore, there were studies that eval-
uated outcomes that did not match with their tool’s intended 

purpose. Therefore, although digital tools generally improved 
knowledge and facilitated decision- making, the misalignment of 
the tool’s purposes and the study outcomes among this subset 
of studies makes it challenging to determine whether these 
tools achieved their intended aims and whether the improved 
outcomes can be attributed to the tool. This is especially critical 
to highlight given that 71 of the 87 studies reported that evalu-
ation of the digital tool was one of the purposes of their study. 
Future research should ensure alignment between the tool’s 
purpose and the study outcomes to enable assessment of whether 
observed outcomes can be attributed to the intervention studied.

This review also revealed a significant lack of consideration 
for general, health and digital literacy in the included studies, 
with 82% of studies not providing any information on partic-
ipants’ literacy levels. This has important implications for the 
validity of the outcomes reported in the included studies. It is 
difficult to conclude that digital tools used within the genetic 
service pathway result in positive outcomes for patients of 
varying levels of literacy or if their effectiveness is limited to 
users with high literacy levels. A systematic review of health 
literacy in the context of eHealth services found that poor read-
ability of content and poor usability of eHealth services can 
lead to limited access to and use of online health information 
by users.48 As such, target users’ health and digital literacy levels 
should be taken into account in the design and development of 
digital tools. Also, future studies evaluating the effectiveness 
of digital tools in genetic services should measure participants’ 
literacy levels and examine their association with digital tool 
effectiveness.

Limitations
This study has several limitations. First, given the variability in 
the measures of the primary outcomes, we did not conduct a 
meta- analysis. For both primary and secondary outcomes, the 
results were categorised (eg, decreased, increased, no effect) but 
not quantified, and as such effect sizes of these outcomes are not 
captured. Furthermore, the secondary outcomes (system and 
provider level) of this review were not reported across all the 
included studies; therefore, conclusions around these outcomes 
are less robust. Future studies should examine the impact of 
digital tools on system- level and provider- level outcomes. Addi-
tionally, this review only included English- language articles 
and articles published in and after January 2010, limiting the 
evidence available for the review. While the number of levels of 
DEI variables reported was extracted, the frequency of patient 
characteristics related to DEI variables (eg, the percentage of 
non- white participants) was not. As such, the study cannot 
further elaborate on the diversity of the participants included in 
the studies on digital tools within genomics. Lastly, the measure-
ment tools used to assess the outcomes were not extracted, 
limiting the study in defining what measures represented each 
outcome.

Table 4 Summary of patient- reported outcomes

Knowledge/
understanding

Decision- 
making

Patient 
engagement

Psychosocial 
well- being

Behaviour and 
management changes

Family 
communication

Number of studies that measured the outcome 58 33 42 35 24 19

Favourable 55 28 40 23 18 17

No effect 3 5 2 11 6 2

Unfavourable 0 0 0 1 0 0
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CONCLUSION
This systematic review provides a comprehensive overview of 
digital tools used in genetic service delivery and their impact 
on patient care and system efficiencies. Digital tools generally 
improved patient- reported outcomes related to knowledge and 
decision- making. However, most tools were focused on the 
pretest phase and none covered the complete genetic testing 
trajectory. Also, most studies were focused on the use of digital 
tools in oncology settings. Finally, within a subset of studies, 
there was misalignment between the tool’s intended purposes 
and the outcomes measured. The findings of this study suggest 
that future research should prioritise development, implementa-
tion and robust evaluation of digital tools that can support the 
entire patient trajectory across diverse patient populations in a 
range of clinical settings.
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