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Ana Teresita Mazzochi' ®, Martin Dennis® and Ho-Yan Yvonne Chun?

Abstract

Background Enrolment is one of the most challenging aspects of conducting clinical trials, preceded by the process
of informed consent (IC). Different strategies to improve recruitment in clinical trials have been used, including
electronic IC. During COVID-19 pandemic, barriers to enrolment have been evident. Although digital technologies
were acknowledged as the future of clinical research and potential advantages were shown for recruitment, electronic
informed consent (e-IC) has not yet been globally adopted. The purpose of this review is to investigate the effect of
using e-IC on enrolment, practical and economic benefits, challenges, and drawbacks when compared to traditional
informed consent, through a systematic review.

Methods Embase, Global Health Library, Medline, and The Cochrane Library databases were searched. No limit
was set for publication date, age, sex, or study design. We included all studies within a randomized controlled trial
(RCT), published in English, Chinese or Spanish, evaluating the electronic consent process used in the parent RCT.
Studies were included if any of the three components ((i) information provision, (i) participant’s comprehension, (i)
signature) of the IC process was designed as electronic, whether administered remotely or face-to-face. The primary
outcome was the rate of enrolment to the parent trial. Secondary outcomes were summarized according to the

various findings reported on the use of electronic consent.

Results From a total of 9069 titles, 12 studies were included in the final analysis with a total of 8864 participants.

Five studies of high heterogeneity and risk of bias showed mixed results on the efficacy of e-IC on enrolment. Data of
included studies suggested e-IC could improve comprehension and recall of study-related information. Meta-analysis
could not be conducted due to different study designs and outcome measures and the predominantly qualitative
findings.

Conclusion Few published studies have investigated the impact of e-IC on enrolment and findings were mixed. e-IC
may improve participant’s comprehension and recall of information. High-quality studies are needed to evaluate the
potential benefit of e-IC to increase clinical trial enrolment.
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Trial registration PROSPERO CRD42021231035. Registration date: 19-Feb-2021.
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Introduction

Enrolment is known to be one of the most challenging
aspects of conducting clinical trials [1-3]. Enrolment is
preceded by the process of informed consent (IC), during
which an effective communication of trial information is
crucial before obtaining a participant’s IC on trial partici-
pation [4].

IC is the first trial process to ensure that potential
participants are duly informed of the trial involvement
and that their decision to participate is voluntary and
should be free of undue influence, incentive or coer-
cion [5]. Large-scale societal lockdowns as a response
to the severe acute respiratory syndrome corona virus 2
(SARS-CoV-2) pandemic in 2020 directly impacted on
the execution of clinical trials due to restrictions imposed
on in-person visits. The halt in trial activities in turn led
to an increased uptake in the use of digital health tech-
nologies as a viable solution for consenting and recruit-
ing trial participants. While some aspects of electronic
informed consent (e-IC) have been researched and tested
in fully remote trials pre-pandemic [6], there could be
a stronger demand for further evaluation of e-IC as the
global health emergency has brought attention to decen-
tralized or remote clinical trial methods (e.g. web-based
trials) as potential approaches for conducting clinical
research.

Enrolment

Enrolment can be defined as a person’s agreement to
participate in a clinical trial. The person’s decision on
whether to take part in a clinical trial or not has under-
lying implications on the validity of a trial. Sample size
recruited should provide sufficient statistical power in
the trial data to enable precise measurement of study
endpoints. Under-recruitment jeopardizes the internal
validity of the trial with imprecise results. Evidence has
shown that less than one-third of trials achieve their orig-
inal planned sample size in time [7]. Sample recruited
to a trial needs to be representative of the target popu-
lation for its results to be externally valid. Enrolment
methods need to minimize the degree of selection bias.
Geographical location, disability of potential participants
and complexity of the IC process are example barriers to
accessing clinical research opportunities.

Electronic informed consent
E-IC is defined as “the use of any electronic media (such
as text, graphics, audio, video, podcasts or websites) to

convey information related to the study and to seek and/
or document IC via an electronic device such as a smart-
phone, tablet or computer” ([8], pp. 4). Potential benefits
in using e-IC when compared to using paper consent
include improved information provision with multime-
dia content and improved access to research, removing
the need for travel for potential participants or research
staff, which could ultimately enhance trial recruitment
[9]. Potential drawbacks include the difficulty in deter-
mining a person’s capacity or if the consent was informed
or voluntary, the risk of identity theft and issues around
data confidentiality ([10], pp. 218) [11, 12]. IC is a com-
plex process that can be divided into three components:
(i) information provision, (ii) a participant’s comprehen-
sion assessment and (iii) obtaining a valid signature [13].

Information provision

Fully disclosing all the elements contemplated in ICH-
GCP ([14] pp. 24) can be cumbersome and it is linked
to the training, knowledge and ability of the clinical
researcher to express difficult concepts in understandable
words in order to ensure that the person is fully informed
to take a free and voluntary decision. Too much informa-
tion may be detrimental to the person’s understanding
while others may consider it a breach of person’s rights
when too little information is provided [15, 16].

Participant comprehension assessment

Comprehension can be affected by a number of differ-
ent factors such as the following: the capacity of the
researcher to effectively communicate with the potential
participant, the amount of time dedicated to the process
of providing information and assessing comprehension,
the level of literacy of the potential participant and/or
legal representative, the health condition of the poten-
tial participant that may reduce their capacity to under-
stand and the readability and/or layout of their document
[17]. The assessment of information comprehension may
become a challenge when the IC process is carried out
remotely. Methods should be in place to ensure potential
participant has adequate understanding of the informa-
tion given before consenting to the trial.

Obtaining a valid signature

ICH-GCP guidelines state that both the potential par-
ticipant/legally acceptable representative (LAR) and the
person who conducted the IC discussion should sign and
personally date the written IC form ([14], Sect. 4.8.8). The
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introduction of web technologies in clinical research has
brought about the possibility of replacing wet-ink signa-
ture with electronic signature. The U.S. Food and Drug
Administration (FDA) [18] guidance considers electronic
signature equivalent to full handwritten signature when it
complies with the Code of Federal Regulations ([18] pp.
7). In the UK, the Joint Statement on Seeking Consent by
Electronic Methods distinguishes between different types
of electronic signature and considers different scenarios
when deciding which type of signature is best to adopt
[8]. Privacy and data protection concerns have limited
the use of electronic signature for IC in other countries
[19].

Rationale for this review

Evidence before this review

The PRioRiTy trial, a study which identified research pri-
orities for how to improve the process of recruitment and
retention in RCT [20], has acknowledged IC optimiza-
tion as an area that requires further research to improve
enrolment. While systematic reviews on strategies to
improve recruitment to randomized trials have been con-
ducted, they did not focus on e-IC as the intervention
[21, 22]. Other reviews that analysed the impact of digital
tools on recruitment were not related to the process of
IC [23, 24] or were solely aimed at the first component
(information provision) of the IC process being adminis-
tered electronically [25, 26].

Potential impact

Regulatory agencies and various private—public partner-
ships [27-29] have acknowledged the vital role played by
digital technologies in the future of clinical research, rec-
ognizing the potential advantages they bring to recruit-
ment and process quality. In spite of this, e-IC has not yet
been globally adopted [30]. A systematic review is nec-
essary to summarize the latest evidence on the process
of e-IC as a key step in improving the process of IC and
enrolment to clinical research.

Aim

The overarching aim is to investigate the effect of e-IC on
enrolment, practical and economic benefits, challenges
and drawbacks of using e-IC when compared to tradi-
tional IC, through a systematic review.

Research questions

(1) Does the use e-IC (any of the three components)
improve enrolment rate: proportion of invited
potential participants enrolled and/or number
of participants recruited in a given period (e.g.
month)?
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+ The three components of the consent process are as
follows: (i) information provision, (ii) assessment of
participant’s comprehension and (iii) the signature
process.

(2) To summarize available research findings, including
qualitative information on the use of e-IC (any of
the three components): the practical and economic
benefits and challenges, drawbacks, acceptability by
patients, feasibility, e.g. failure to complete consent
process thus needing to switch over to paper con-
sent, and other findings that the author may find
relevant during this review.

Methods

Ethical considerations

This project was not submitted for considerations by
research ethics committee.

Protocol

This systematic review was reported according to the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement [31]. The study protocol
is registered in the International Prospective Register of
Systematic Reviews (PROSPERO CRD42021231035).
PRISMA Checklist was completed and is available with
the Protocol in Additional file 2—Appendix 1.

Information sources and search strategy

We searched the electronic databases Embase, Global
Health Library, Medline and The Cochrane Library for
potential studies. The search strategy was built upon
prior systematic reviews to identify key search struc-
tures and terms such as “informed consent’, “clinical
trials” and “electronic informed consent’, and a search
string was developed for Embase database consisting of
Medical Subject Heading (MeSH) and text words. Search
string was adapted to the rest of the databases to account
for search syntax, metadata and platform functionality.
All search strategies were reviewed by a health science
librarian with expertise in systematic review searching.
We searched all published and recently completed, and
yet to be published studies, and reference lists of rel-
evant systematic reviews from inception to 11 January
2021 in English, Chinese and Spanish. The full search
strategy for all databases can be found in Additional
file 3—Appendix 2.

Inclusion criteria

We included studies of all ages and sex that evaluated a
consent method within a randomized controlled trial
setting (Study Within a Trial — SWAT) [32]. SWATs are
defined as “a self-contained research study that has been
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embedded within a host trial with the aim of evaluating
or exploring alternative ways of delivering or organizing
a particular trial process” ([32] pp. 1). SWATs are consid-
ered the most suitable study design to increase the evi-
dence base for e-IC processes [32].

Type of participants
Male and female with no age limit.

Type of interventions

One of the three components of IC process (i) infor-
mation provision, (ii) assessment of participants’ com-
prehension, (iii) signature must be electronic, whether
conducted remotely or face-to-face.

Type of comparator
Traditional IC—paper information and consent form.

Type of outcome measures
Primary outcome

B Rate of enrolment (defined as the proportion of
invited potential participants enrolled and/or the
number of participants recruited in a given period
(e.g. month).
Secondary  outcomes A  narrative summary of
information on the use of e-IC including:

B Effects on the economic cost of using e-IC com-
pared to traditional IC

B Practical benefits and challenges of implement-
ing e-IC, acceptability to potential participants, fea-
sibility, e.g. failure to complete consent process thus
needing to switch over to paper consent and other
findings on user experience reported on the use of
e-1C.

Exclusion criteria

Book reviews, conference notes, editorials, letters to the
editor and abstracts not accompanied by a full text were
excluded (Additional file 4 — Appendix 3).

Study selection

All titles and abstracts were imported to ENDNOTE X9
reference manager and duplicates were removed. The
resulting references were uploaded to Covidence Sys-
tematic Review manager [33], and further duplicates
detected by the system were automatically removed.
Titles and abstracts were screened by one reviewer to
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select studies that fulfilled the eligibility criteria. Full
texts were obtained for the short-listed studies and
were assessed for final inclusion by two reviewers.
For those cases where full text was not available, one
attempt was made to contact the authors. Disagree-
ments on whether to include a study were discussed
between reviewers and resolved by consensus. Reasons
for study exclusion at the full-text stage were recorded
and information was summarized using the PRISMA
Flow diagram [34]. Additional studies were hand
searched by reviewing the reference lists of included
studies.

Risk of bias of included studies

Cochrane risk of bias assessment [35] was performed for
each included clinical trial. Risk of bias was assessed on
sequence generation, allocation concealment, blinding of
participants and personnel, blinding of outcome assess-
ment, incomplete outcome data and selective reporting.
Studies were rated as “high risk’, “low risk” or “unclear
risk’; and a graphic representation and summary was pro-
vided for all included studies. Risk of bias assessment for
all Cohort and Case Controlled studies was performed
using the Critical Appraisal Skills Programme (CASP)
[36] checklist. Risk of bias assessment was performed by
one reviewer and verified by a second reviewer. In case of
disagreements, consensus was reached by discussion. The
potential influence of any risk of bias on the review find-
ings was described.

Data extraction

Data extraction of selected studies was supported by
Covidence Systematic Review Manager, independently
performed by one reviewer and verified by a second
reviewer. Disagreements were resolved by discussion
between the two reviewers. For each included study, data
were extracted on the lead author, country in which the
study was conducted, study characteristics including
design of the SWAT, health topic, health care setting,
publication year, sample characteristics including age,
sex, inclusion and exclusion criteria, recruitment method
into the parent trial—face to face, telephone or online,
total number of participants, type of intervention (which
component of the IC process was electronic), type of
comparator, outcomes, method of outcome assessment
and reported findings. Further narrative information was
summarized if it was felt to be relevant to the secondary
objective of this review. Data extracted were exported to
Excel and Review Manager 5.3 for analysing. For studies
that had missing data, authors were contacted. A maxi-
mum of three email attempts were performed.
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Data analysis and synthesis

A meta-analysis of the quantitative data could not be
conducted due to the variety of study designs, compara-
tors and outcome measures. For the primary outcome,
quantitative data were summarized descriptively. For
the secondary outcomes, as these were not consistently
reported by all studies, reviewers categorized study find-
ings and summarized any relevant results descriptively
and narratively. SWiM guidelines stated in the protocol
could not be used as they are not intended for use in
reviews that synthesize qualitative data [37]. Data anal-
ysis was performed by one reviewer and verified by the
second reviewer using a narrative synthesis approach
with thematic summary [38].

Risk of bias across studies

We planned to assess the overall certainty of evidence of
each outcome with the GRADE system, but this could
not be done as data could not be pooled. In addition, the
main purpose of this systematic review was to summarize
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the available findings. It was not under the authors’ scope
to make recommendations.

Results

Study selection

The search strategy conducted in all four databases
retrieved 9069 records which were imported to
Covidence for title and abstract screening. Duplicates
were automatically removed by the system. From the
resulting 8355 records, a total of 286 references were
included in full-text review. Two reviewers assessed the
articles independently. Both reviewers planned to assess
full text for all studies for final inclusion in the registered
protocol. Due to time constraints, the first reviewer
assessed 286 articles, and the second reviewer assessed
192 articles (94 remaining articles at full-text stage were
assessed only by one reviewer). Twelve studies were
included in the final analysis. Study selection and reasons
for exclusion are shown in the study flow diagram in

Identification of studies via databases and registers

‘o
Id
e Records identified from:
nt Databases (n = 9069)
ifi (Medline, Embase, Global >
c Health Library, The
at Cochrane Library)
io
!
Records screened
—>
(n = 8355)
Reports sought for retrieval
= (n =286)
T
o
: }
o
(7]
Reports assessed for
eligibility _
(n = 286)
In
cl Studies included in review
u (n=12)
d

Fig. 1 PRISMA flow diagram for this systematic review

Records removed before
screening:
Duplicate records removed
(n=714)
Records marked as ineligible
by automation tools (n = 0)
Records removed for other
reasons (n =0)

Records excluded
(n = 8069)

Reports not retrieved
(n=0)

Reports excluded: (n = 274)
Wrong study design (n = 175)
Wrong intervention - not looking at the
process of Informed Consent (n = 62)
Without full text (n = 15)
Duplicates manually removed (n = 14)
Wrong intervention — informed consent
without electronic component (n = 7)
No results available (n = 1)
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Fig. 1. Expanded table of all included studies is shown in
Additional file 5 — Appendix 4.

Study characteristics
A summary of the main characteristics of included stud-
ies is shown in Table 1.

Study design and country

From a total of 12 included studies, six were conducted
in the USA [42, 44-46, 48, 49], two in the UK [43, 47],
one each in Gambia [39], Uganda [41], Canada [50], and
one, conducted globally, reporting results from 23 differ-
ent countries [40].

Study design of all included studies were SWAT, i.e.
studies within parent RCTs. Six studies within trials were
RCTs [39, 43-45, 47, 50], and six were observational
studies [40-42, 46, 48, 49].

Health topic and setting

Parent studies of included trials addressed different
health topics such as depression (2 studies), infectious
diseases (3 studies), stroke (1 study), prenatal education
(1 study), chronic obstructive pulmonary disease (COPD)
(1 study), spine surgery (1 study), breast cancer (1 study),
prelabour rupture of membranes (1 study) and preven-
tion of behavioural problems in young children (1 study).
Health care settings varied from hospitals, remote com-
munity, outpatient clinics, community-based clinics, gen-
eral practices, physician’s offices and patient’s homes. All
studies were published between 2005 and 2020, except
one that was published in 1997 [50].

Study participants

Studies varied in their participants’ characteristics as
they targeted selected groups (Table 1). Mean age was
reported in 10 studies, ranging from 27 to 73 years [40,
42-50]. Two studies did not provide mean age of partici-
pants [39, 41]. Six studies included men and women [39,
42, 45-48]. Four studies included only women [40, 41, 44,
50]. One study did not exclude men in its criteria but rep-
resented only female perspective [49] and another study
included parents aged > 18 years with child aged between
approximately 12 and 36 months [43].

Level of education was reported in nine studies, with
three reporting no formal education in the majority
of their sample [39, 41, 47]. The remaining six studies
reported educational level ranging from university to col-
lege education [40, 43, 44, 48—50].

Recruitment method
Eight of the 12 studies reported their method of recruit-
ment of participation as face-to-face. Other studies
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reported methods of recruitment were by phone [42, 46],
online [40] and by phone and letter [47].

Sample size

In total, 8864 people participated in the 12 included stud-
ies. Number of participants analysed per individual study
ranged from 4 to 4214.

Type of intervention and comparator

Intervention type by IC component

Nine out of the 12 included studies only evaluated the
first component of the IC process, i.e. electronic infor-
mation given to trial participants. In these studies, elec-
tronic information was provided in different ways, for
example, as an aid to the paper IC form [43-45, 47, 48,
50] and as standalone electronic information [39, 41, 49].
Formats for providing information varied from multime-
dia tool, slide show, video and telemedicine (computer-
enabled audio-visual communication). Three studies [40,
42, 46] had all three components of the IC form carried
out electronically. No studies evaluated an intervention
pertaining to only the second component of IC: partici-
pant comprehension. When electronic components of IC
were provided, they were done both remotely [42, 43, 46,
47] and on-site/face-to-face [39, 41, 44, 45, 48-50].

Comparator
Traditional IC (face-to-face information and paper writ-
ten consent) was the pre-defined comparator in this
systematic review. Eight studies had traditional IC [39,
42-47, 50] as the comparator. Other comparators were
used in two studies: standard information read out by
researcher [41] and pre- and post-intervention compari-
son in patient’s preference [48]. Two studies [40, 49] did
not include a comparator.

Most studies with a comparator included two arms.
One trial [41] included three arms. All comparisons are
listed as follows:

First component of IC (electronic information giving)

(1) Video information vs written versions in local lan-
guages or verbal presentation of the written IC
given by trained study staft who were native speaker
of the local language [39]

(2) Slideshow using illustrated text on a flip chart vs
video vs standard researcher-read information [41]

(3) Video as an aid to paper IC vs written IC [43, 44]

(4) Telemedicine (computer-enabled audio-visual com-
munication) as an aid to paper consent vs written
IC [45]

(5) Written IC with access to a multimedia information
resource vs written IC [47]
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(6) Video decision aid as part of their IC process (before
and after comparison in treatment preference) [48]

(7) Video vs written IC [50]

(8) Educational video vs no comparator [49]

All three components of IC were electronic

(1) Automated online IC vs no comparator [40]
(2) Videoconferencing vs written IC in person [46]
(3) Online IC vs written IC [42]

Study outcomes

Five studies [43, 47, 49] provided data on the primary
pre-defined outcome—rate of enrolment. For the sec-
ondary pre-defined outcomes, one study described the
economic cost of using e-IC but none reported quanti-
tative outcomes on the practical benefits or challenges
of implementing e-IC. There was narrative information
reported on the acceptability to potential participants.
There were outcomes reported by studies that were not
anticipated in the protocol: participant’s comprehension
of information, effect on changes in treatment prefer-
ences by participants, experience of e-IC by users, par-
ticipant and researcher attitudes towards method of
recruitment, number of participants responding to the
trial invitation, intention to participate in a clinical trial
and retention rates. Outcomes were varied and were
measured in different ways. Some studies utilized ques-
tionnaires administered through computers, surveys sent
by emails, electronic multiple-choice options and in-per-
son or telephone interviews.

Summary of outcomes is shown in Table 2.

Quality assessment
The quality of included studies varied. All six RCTs
included in this review [39, 43—45, 47, 50] were assessed
using the Cochrane Risk of Bias tool, and overall, they
were judged to be at moderate-to-high risk of bias.
Graphical summary of the risk of bias of included RCTs
are shown in Fig. 2 and Fig. 3. Complete assessment
of risk of bias using the Cochrane risk of bias table is
detailed in Additional files 6 and 9—Appendix 5 and 8.
The assessment of risk of bias for non-randomized
studies was performed using the CASP checklist [36].
Templates for the Case Control and Cohort risk of bias
are available in Additional files 7 and 8—Appendix 6
and 7. Overall, studies were judged as high risk of bias as
there was not sufficient information to perform a detailed
assessment. There were a mixture of secondary analyses,
case—control studies, cohort studies and studies that
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lacked objective outcome measures (Additional file 1 and
9—Table S3 and Appendix 8).

Primary outcome

Five studies provided data on the predefined primary
outcome—rate of enrolment, defined as the proportion of
invited potential participants enrolled and/or the number
of participants recruited in a given period (e.g. month).

Effect on recruitment rate

Two studies showed no statistically significant improve-
ment in recruitment rate following an intervention when
compared to written IC as controls. These interventions
were written IC with access to a multimedia resource
[OR 0.84, 95% CI 0.58 to 1.22] [47] and computer-ena-
bled audio-visual communication as an aid to paper con-
sent [56% vs. 69%, p=0.142] [45].

One study showed that an intervention group using
a video aid to paper ICF was less likely to take part in
the main clinical trial when compared to written IC
(OR=0.25, CI=0.10-0.62, p=0.003) [43].

Weston et al. showed a significantly larger proportion
of participants expressing willingness to participate in a
future trial when they have received the video interven-
tion compared to those that received written IC (61.9%
vs. 354%, x*=6.3; df=1; P=0.01) [50]. Swain et al.
showed that a video intervention resulted in a statisti-
cally significant increase of participant enrolment to a
clinical trial by 7% post-intervention when compared to
the enrolment rate pre-intervention in a previous year
(13.5% of 200 participants enrolled post-intervention, 6%
enrolled pre-intervention, p <0.001) [49].

Secondary outcomes

Economic costs

Jolly et al. [47] estimated an additional six people would
be recruited per 1000 approached at a cost of £100 per
additional patient with the use of an online multimedia
intervention which consisted of study-specific infor-
mation, generic information on, e.g. confidentiality,
informed consent, randomization and videos of partici-
pants’ experiences. The cost of the online multimedia
intervention was estimated £2500 ([47] pp. 4). We con-
tacted the authors for the paper by Afolabi et al. [39],
which stated the economic summary of their multimedia
intervention was available by correspondence. No reply
has been received at the time of writing this report.

Other secondary outcomes

The predefined secondary outcomes relating to the
practical benefits, challenges of implementing e-IC, and
acceptability of e-IC to potential participants were not
universally reported by all of the studies. Some studies
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Fig. 2 Risk of bias graph: Review authors'judgements about each risk
of bias item presented as percentages across all included studies. Red

= high risk, Yellow = unclear risk, Green = low risk
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reported findings relevant to these outcomes, so we have
provided a descriptive and narrative summary of what we
felt were relevant to these outcomes.

Patient comprehension and understanding

Five studies [39-41, 44, 45] measured patient’s compre-
hension and understanding of the information as their
primary outcome.

Afolabi et al. [39] reported better comprehension of
study information, measured using an IC comprehen-
sion questionnaire, at baseline, day 7 and day 14 in the
group that received video information when compared
to the group that received written versions in local lan-
guages or verbal presentation of the written IC by trained
native language-speaking staff (score at day 14: 64% vs
40%, p=0.035). Barrera et al. [40] reported that, with
the use of an automated IC process for an online trial, a
high proportion of participants (#=1,179) showed a cor-
rect understanding of the study’s purpose (86.1%) and
correctly identified two of three of the study’s benefits
(74.6%). Fifty-six percent correctly identified some or all
of the potential risks of participation ([40] pp. 5). Roth-
well et al. [44] found that using a video presentation on an
iPad, followed by a paper copy of the consent form may
improve understanding of some aspects of a trial: “the
alternatives to participation in this study” (4.88 +0.42 vs.
4.37 £1.10, p=0.047); “who to contact if you are upset
because of participation in this study” (4.4140.80 vs.
4.03 £1.40, p=0.002); “Whom you should contact if you
have questions or concerns about this study” (4.34£0.97
vs. 4.13£1.33, p=0.009); and “Overall, how well did
you understand this study when you signed the consent
form” (4.72+0.58 vs. 4.63+0.67, p=0.019) ([44] pp. 5).
Qualitative interviews in this study supported that the

0% 258 50% 75%  100%

B Low risk of bias

[ Junclear risk of bias

Bl High risk of bias

Fig. 3 Risk of bias graph: review authors’ judgements about each risk of bias item presented as percentages across all included studies. Red = high

risk, Yellow = unclear risk, Green = low risk
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video was easy to understand and improved participants’
attention.

Bobb et al. [45] found that comprehension of consent
using telemedicine (computer-enabled audio-visual com-
munication as an aid to paper consent) was not infe-
rior to standard face-to-face written consent, measured
using a modified quality of informed consent instrument
(QulIC) (QuIC scores 74.4+8.1 vs. 74.4+6.9 on a 100-
point scale, p=0.999).

Ditai et al. [41] reported no statistically significant
difference on the QulC tool at 48 h after consenting to
any of the three models of IC: (i) slideshow using illus-
trated text on a flip chart, (ii) an approved study video,
(iii) standard researcher-read information. Most partici-
pants in this study preferred the slideshow message (63%,
19/30), compared with 20% (6/30) for the video message
and 17% (5/30) for the standard model.

Weston et al. [50] found no differences in knowledge
about the perinatal trial after receiving a video interven-
tion when compared to written IC but they did find an
increase in the retention of knowledge 2—4 weeks later by
women in the video intervention group.

Acceptability to participants and user experiences

Mattock et al. [43] reported positive feedback on the use-
fulness of a video aid in addition to paper IC in all partici-
pants. All 17 participants interviewed found information
easy to understand and informative but also commented
on additional questions that needed discussing over the
phone. Participants in the video group described material
as introductory whilst those in standard consent group
described the standard information as comprehensive.
Participants and researchers found that an initial email
contact increased participant’s receptivity to the study
and engagement in the trial. Researchers also reported
a better understanding of randomization by participants
who watched the video.

Haussen et al. [42] reported acceptability of the use
of an entirely electronic IC process to remotely obtain
IC from the legally authorized representative (LAR) of
stroke patients being enrolled into a clinical trial of neu-
rointervention—the DAWN trial ([42] pp.1). The LARs
surveyed in this study reported no reservation in using
this e-IC process via Research Electronic Data Capture
(REDCap) platform, a secure/Health Insurance Port-
ability and Accountability Act-compliant data manage-
ment platform, developed by the Vanderbilt University.
This was used to create an online IC form, which could
be accessed on a webpage. The investigator held discus-
sion with the LAR of the potential participant over the
telephone. Once agreed to be enrolled, LAR was sent a
text message with a link to the webpage to complete the
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online IC form, which had the capability of capturing the
LAR’s electronic signature.

Bobb et al. [45] identified no significant barriers in
the use of telemedicine (computer-enabled audio-visual
communication) as an aid to paper consent from its qual-
itative survey. It reported that video was easy to under-
stand and was better at holding patient’s attention than a
paper-based approach would have.

Other outcomes

Changes in treatment preferences

Lurie et al. [48] found that watching video information
prior to enrolment to a clinical trial comparing surgi-
cal and non-surgical treatments for spinal diseases led
to a shift in treatment preference compared to non-
watchers (37.9% vs 20.8%, p <0.0001). These shifts were
balanced and did not demonstrate any overall shift
towards or away from surgery.

Invitation response and retention rates

Jolly et al. [47] found no effect on the proportion of
people responding to study invitation (OR=1.02, 95%
CI 0.79 to 1.33) or retention in the trial at 6 (ORs 0.84,
95% CI 0.57 to 1.22) and 12 months after randomiza-
tion with the use of a multimedia information resources
as an addition to written IC when compared with writ-
ten IC only (ORs 0.80, 95% CI 0.54 to 1.18).

Study by Swain et al. [49] showed an increase of 14%
(p<0.001) in the proportion of patients expressing like-
lihood to enroll in a trial for breast cancer after the use
of an educational video in a survey of attitudes and
intention to enroll in therapeutic clinical trials.

Assessing intervention fidelity

Jolly et al. [47] did not report the number of par-
ticipants who used the link to access the multime-
dia resource which was part of the intervention, so it
was unclear how many participants actually used the
resource.

Study by Mattock et al. [43] utilized an entirely
remote e-IC process to obtain IC from LAR. However,
it was not possible to ascertain whether the LAR actu-
ally read the online IC. It was unclear how much time
the LARs or patients were given to decide about trial
participation.

Discussion

The objective of this systematic review was to inves-
tigate the effect of e-IC on enrolment and summarize
available research findings on its use. This review has
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demonstrated that evidence is heterogeneous with var-
ying intervention designs and target populations and
disease groups. Narrative synthesis reported incon-
clusive findings on the impact of the use of electronic
consent on enrolment with two of five trials reporting
a benefit. We were unable to pool data on the primary
outcome as studies had different study designs and
comparators and were aimed at different population.
Studies were of small sample size, had unclear alloca-
tion concealment and had blinding with high risk of
bias. The findings from these studies might have limited
generalizability as studies that measured the primary
outcome were conducted in high-income countries,
where access to computers, cell phones and internet is
more feasible. Most of the included studies investigated
the first component of the IC process, i.e. information
given to trial participants. Only three studies evaluated
all three components of the IC process.

Secondary outcomes

Patient comprehension and understanding

Many studies reported on participant’s comprehen-
sion and recall of information. Though sample sizes,
design, population and interventions varied (some
interventions were entirely electronic, and others
were done as an aid to traditional paper consent, and
some of them were administered in person and others
remotely), studies described improvement on the use
of electronic information on participant’s compre-
hension and recalling of information. These findings
are consistent with findings from another systematic
review [25]. Apart from the five studies measuring
comprehension and understanding, two additional
studies [43, 47] commented on the benefits regard-
ing accurate recalling of study-specific details (what
the study was about, benefits and participant’s assign-
ment to different study groups) and a better under-
standing for all participants in the electronic consent
group. Effect on comprehension was of particular
interest to studies that included participants from a
population that had little or no formal education.
These studies showed that for people who were una-
ble to read or write, audio-visual interventions had
major positive effects on understanding and recalling.
Given the positive findings reported, more studies
testing the effect of electronic information without
additional aids could be of great interest for the con-
duct of fully virtual trials.

Other outcomes
Acceptability of intervention, practical challenges and
patient experiences were reported in a variety of ways
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by these studies, mainly narratively. Promising feed-
back on e-IC has been obtained, but overall, there was
insufficient evidence to enable conclusions to be drawn
on patient and/or research staff’s satisfaction on the
entire process of e-IC. None of the interventions spe-
cifically aimed to assess the second component of the
IC process (participant comprehension) and third
component of the e-IC process (IC signature). Assess-
ing these specific components could provide further
valuable information, especially as there were concerns
reported by some participants on the need to interact
with research staff to clarify doubts or raise more ques-
tions on the information that was provided to them by
electronic means.

Strengths and limitations of the systematic review

and narrative synthesis

This review was a comprehensive and systematic review
of the literature, conducted according to the current
PRISMA guidelines for the development of its protocol.
This protocol of this review was registered in the PROS-
PERO database. The search strategy was based on prior
reviews addressing electronic consent and included
broad search terms with no limitation on the year of pub-
lication. Authors were contacted for additional informa-
tion on summary data where applicable, but no responses
were received at the time of writing this review.

Limitations Onlyoneauthor performed title and abstract
screening, and due to time constraints, two reviewers
independently assessed the full text for only some of the
articles, resulting in 94 articles being assessed by only one
reviewer. Data extraction and quality assessment was also
performed by one reviewer and verified by the second
one, but this process was not carried out independently.
The CASP checklist for assessing the risk of bias for
observational studies in this review was modified by the
author to include a scoring method so as to give an idea of
the quality of studies. This scoring method has not been
validated.

Strengths and limitations of included studies
Studies were selected through a robust process following
the PRISMA guidelines. All selected trials were embed-
ded within a host trial. Although not all studies had a
formal protocol as recommended in the guidelines for
SWAT ([32], pp. 2), they all provided valuable data and
lessons that could be used for designing future trials to
evaluate e-IC, potentially enhancing the processes of
conducting more efficient clinical trials.

Some of the included studies were limited by small sam-
ple sizes which could potentially lead to chance findings
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and unreliable conclusions. Not all included SWATs were
randomized controlled trials. Some studies were obser-
vational, and others were secondary analysis. The lack of
comparators or controls increased the risk of bias from
confounders. There was a high heterogeneity noted in
study design, the target population, type of intervention
and comparator among the included studies. While all
studies used some form of electronic consent, not all stud-
ies tested it remotely. Many trials reported non-objective
outcome measures and mainly qualitative data, making it
impossible to perform any meta-analysis. The findings of
this review were synthesized narratively, which itself car-
ried the risk of bias in reporting due to variation in how
researchers summarize narrative findings.

Implications and future studies

This review highlights some evidence for improved par-
ticipant’s understanding and recalling of study informa-
tion with the use of e-IC.

Information provision and participant understand-
ing are vital components for a valid informed consent.
In studies where there is a high risk of potential adverse
events associated with an intervention, or if patients
have a serious condition, or if the study participants
are recruited as inpatients, it is often more practical for
investigators and participants to carry out a traditional
face-to-face IC process.

In these situations where face-to-face discussion is
more practical, e-IC could be used to facilitate the IC
process in a number of ways: (i) by presenting acces-
sible study information in digital format, including
graphics and multimedia content to aid understanding;
(ii) study information can be emailed to participants/
legally appointed representatives for further reading if
more time is required to make an informed decision on
whether to participate.

The feasibility of IC procedures would vary with differ-
ent study populations. Electronic processes offer options
that may or may not be suitable for the particular study
population. It is feasible to replace individual compo-
nents of the IC process with electronic format, e.g. infor-
mation provision, electronic informed consent form
while retaining some elements of the traditional IC pro-
cess, e.g. face-to-face discussion prior to signing the elec-
tronic consent form.

Hausen et al. [42] demonstrated the feasibility of using
an entirely electronic process for all 3 components of IC
to recruit acute stroke patients to time-dependent hyper-
acute stroke treatments.

A few studies have demonstrated the feasibility of con-
ducting all three components of the e-IC remotely in
clinical trials. With the development of technologies and
the need to conduct clinical trials more efficiently, e-IC
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could potentially offer a solution to tackle barriers to
enrolment, which have been particularly evident during
the COVID-19 pandemic.

Different types of e-IC have been developed, described
and applied (electronic information given to participants
in video, multimedia, assessment of comprehension
through questionnaires or surveys, electronic signa-
ture, electronic consent face to face, electronic consent
through telemedicine) and though many of them show
advantages over paper consent with regard to compre-
hension and recalling, the advantages may be specific to
the country where it was tested and its associated socio-
economic characteristics, e.g. lack of access to technol-
ogy such as internet, computers and mobile phones,
lower level of literacy. Findings from these studies thus
have limited generalizability for global application. Given
the heterogeneity of the included studies, this review
highlights the need for future high-quality research stud-
ies that will evaluate the entire process of e-IC, with
detailed description of the three components of the IC
process, clearly stated and relevant outcomes such as rate
of enrolment, economic benefits, and time taken for e-IC
administration. Feasibility of intervention should take
into account the characteristics of the target population
and the generalizability for the wider population. Quali-
tative feedback from the investigators and participants
could help improve the design for an e-IC process, e.g.
user interface, logistical challenges.

Future research of the efficacy of e-IC on recruitment
to clinical trials should be built upon robust methodo-
logical design, ideally a SWAT that is a clinical trial with
suitable comparators to minimize systematic bias. Larger
sample sizes are needed to provide sufficient power for
precise and reliable conclusions to be drawn on the effi-
cacy of e-IC.

Conclusion

To our knowledge, this is the first systematic review that con-
siders the definition of electronic consent provided by the
FDA and MHRA/HRA guidelines, which is inclusive of all
three components of the consent process that are conducted
electronically. This review aimed to focus on assessing the
relationship between electronic consent and enrolment.

We found few published studies have investigated the
impact of e-IC on enrolment and findings were mixed.
e-IC may improve participant’s comprehension and
recall of information. The heterogeneity of the studies
and their high risk of bias meant that it was not pos-
sible to provide definitive conclusions on the efficacy
of e-IC on enrolment. This review lays the foundation
for future research to focus on high-quality studies to
evaluate the potential benefit of using e-IC to increase
clinical trial enrolment.
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