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A B S T R A C T

Purpose: Current practice recommendations support the widespread implementation of repro-
ductive genetic carrier screening (RGCS). These consensus-based recommendations highlight a
research gap, with findings from current studies being insufficient to meet the standard required
for more rigorous evidence-based recommendations. This systematic review assessed
methodological aspects of studies on RGCS to inform the need for a core outcome set.
Methods:We conducted a systematic search to identify peer-reviewed published studies offering
population-based RGCS. Study designs, outcomes, and measurement methods were extracted. A
narrative synthesis was conducting using an existing outcome taxonomy and criteria used in the
evaluation of genetic screening programs as frameworks.
Results: Sixty-five publications were included. We extracted 120 outcomes representing 24
outcome domains. Heterogeneity in outcome selection, measurement methods and time points of
assessment was extensive. Quality appraisal raised concerns for bias. We found that reported
outcomes had limited applicability to criteria used to evaluate genetic screening programs.
Conclusion: Despite a large body of literature, diverse approaches to research have limited the
conclusions that can be cumulatively drawn from this body of evidence. Consensus regarding
meaningful outcomes for evaluation of RGCS would be a valuable first step in working towards
evidence-based practice recommendations, supporting the development of a core outcome set.
© 2021 The Authors. Published by Elsevier Inc. on behalf of American College of Medical

Genetics and Genomics. This is an open access article under the CC BY
license (http://creativecommons.org/licenses/by/4.0/).
Introduction

Population-based reproductive genetic carrier screening
(RGCS) identifies individuals and couples with an increased
risk of having a child affected by a recessive or X-linked
condition.1 Practice recommendations support the
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widespread offer of RGCS to the general population,
endorsing the discussion of RGCS with all women planning
a pregnancy or during their first trimester and promoting
informed choice to accept or decline the offer.2-4 Such
practice recommendations are guided by evidence from
published research and expert consultation, with a grading
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system used to indicate the type and quality of evidence
available to support each recommendation.5,6 In the case of
RGCS, practice recommendations have utilised expert
consensus as the primary source of evidence, indicating that
the published literature has been insufficient to inform more
rigorous evidence-based recommendations. Considering
evidence-based practice as a key goal of medicine, there is a
need for integration of clinical expertise with the best
available evidence from systematic research.7 As consensus-
based recommendations drive the widespread implementa-
tion of RGCS in the general population it is crucial to assess
the impacts, benefits and potential harms using rigorous
methods. It is timely to consider the issues that exist in the
current body of evidence and how these can be addressed to
ensure that future studies can reliably inform evidence-based
implementation of RGCS.

Previous systematic reviews have examined RGCS pro-
grams for specific conditions or focused on areas of
particular interest, including reasons for uptake, informed
choice, and reproductive decisions.8-13 These systematic
reviews all mentioned difficulty in synthesising data due to
heterogeneity in study design, selection of outcomes, or
measurement methods. Of particular note, two Cochrane
systematic reviews identified no eligible studies due to
stringent inclusion criteria requiring randomised or quasi-
randomised study design, which were absent at the time
of these reviews.14,15 We hypothesised that diverse ap-
proaches to research as noted in previous reviews may ac-
count for the reliance on consensus-based recommendations
for RGCS. If this is the case, the development of a core
outcome set (COS) may be appropriate.

A COS is a minimum set of outcomes that should be
measured and reported in all studies on a particular topic.16

The development of a COS involves a multi-step consensus
process incorporating key stakeholder groups. This sys-
tematic review is the first of these steps, and will be fol-
lowed by a systematic review of qualitative literature, focus
groups and interviews with patients, and a consensus pro-
cess consisting of a Delphi survey and consensus meeting,
details of which are outlined in full in the Core Outcome
Development for Carrier Screening (CODECS) Study pro-
tocol.17 When implemented into research, a COS ensures
that a small number of outcomes are consistently available
for comparison across studies, minimises outcome-reporting
bias by ensuring that core outcomes are always reported
regardless of significance, and maximises the relevance of
outcomes due to the input of key stakeholders, including
patients. This systematic review aims to assess the meth-
odology used in studies that have implemented RGCS to
inform the need for a core outcome set.
Material and Methods

This systematic review was registered with PROSPERO
(CRD42019140793) and conducted per the Preferred
Reporting Items for Systematic reviews and Meta-Analyses
(PRISMA) statement and guidance from the Core Outcome
Measurement in Effectiveness Trials (COMET) Initia-
tive.16,18 We searched the Cochrane Database of Systematic
Reviews, the Joanna Briggs Institute Systematic Reviews
database, MEDLINE, and PROSPERO to ensure that no
similar systematic reviews were underway.

Search strategy

MEDLINE, EMBASE, CINAHL, and PsycINFO were
searched on 1 December 2020 (illustrative search available
in Supplemental File 1). We performed forward and back-
ward searching using reference lists of included publications
and forward citation through Google Scholar.

Study selection

All peer-reviewed published studies available in English
that offered RGCS for recessive or X-linked conditions to
participants through a population screening program were
eligible for inclusion. Title and abstract screening, then full-
text screening was performed in 10% increments by two
independent reviewers (ER and AC) until >85% interrater
reliability was achieved, with the remainder reviewed by the
primary reviewer (ER) only. Any disagreements were
resolved through discussion, and where required, by input
from a third reviewer (CJ).
Quality assessment and risk of bias

The primary reviewer (ER) scored the quality of the included
studies using the QualSyst tool.19 “Quality” was defined in
terms of the studies' internal validity or the extent to which the
design, conduct, and analysesminimised errors and biases. As
our aim was to determine all previously published outcomes
regardless of study quality, the assessment of bias was not
used as grounds for exclusion but rather to give an overall
evaluation of study quality within the literature.

We assessed outcome reporting bias according to the
Outcome Reporting Bias In Trials (ORBIT) study classifi-
cation system for missing or incomplete outcome report-
ing.20,21 Where available, we obtained published protocols
for included studies and compared the outcomes to those
reported in subsequent publications. We used discrepancies
in outcomes between the protocol and subsequent publica-
tions to define a low or high risk of outcome reporting bias.

Data extraction

Due to the large number of studies identified through our
search, data extraction was conducted in 5-year increments
until outcome saturation was reached. This methodology is
suitable for situations where the size of the review would be
unmanageable if conducted in full.16 Outcome saturation
was defined as the point at which no new unique outcomes
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were identified, and this occurred within two 5-year cycles
(2010-2015, 2016-2020). This approach ensures that data
extraction will continue until all relevant outcomes have
been identified and prevents missing relevant outcomes
from earlier research. For the purpose of this review, only
quantitative data was extracted and analysed.

We extracted all outcomes that have been reported in
studies of RGCS. Outcomes, and where supplied, their
definition, measurement methods and time point were
extracted verbatim using NVivo software.22 The primary
outcome was noted when specified, and basic study char-
acteristics extracted. A coding guide was developed and
piloted by ER and AC for 20% of studies to ensure con-
sistency in data extraction for the remainder extracted by ER
only. We defined study types within overarching categories
of observational or experimental design, with further gran-
ularity defined by descriptive or analytic (inferential) sta-
tistics, single (cross-sectional) or multiple timepoints
(cohort), and prospective or retrospective nature.23
Data analysis

We performed two approaches to narrative synthesis.24

Firstly, a narrative synthesis was conducted to categorise
study designs, outcomes and measurement methods. The
COMET taxonomy was used as a high-level framework.25

We elected not to define outcomes as adverse events/ef-
fects as there is currently no consensus definition for adverse
outcomes in the context of genetic testing. Outcomes were
grouped into more granular domains by ER, hereafter
referred to as CODECS domains, and mapped to the
COMET taxonomy. Definition of the domain and grouping
of outcomes were developed iteratively with AC and taken
to the study management group (CJ, AM, TNJ) for final
review and consensus. Twenty-four CODECS study do-
mains were defined (Supplemental Material 2). The number
of outcomes with similar definitions or themes within each
CODECS domain was used to indicate outcome heteroge-
neity. We analysed the frequency of outcome reporting at
the level of individual outcomes, CODECS domains and
COMET taxonomy domains. Measurement methods within
each CODECS domain were captured and assessed for
validation and piloting as an indication of quality. Meta-
analysis was not appropriate for the goals of this review.

Secondly, a narrative synthesis was conducted using
criteria defined in a review of RGCS for cystic fibrosis.26

These criteria were used as a framework to determine
whether outcomes reported in eligible studies would be
applicable to criteria commonly used to evaluate genetic
screening programs and inform evidence-based practice
recommendations. Four criteria were defined; participation
is voluntary with time allowed for consideration and based
on consent, the target group is provided with good quality,
comprehensible, and balanced information, there is enough
evidence that psychological harm caused by the offer and/or
participation is negligible, and there is enough evidence that
social harm caused by the offer and/or participation is
negligible. This approach was chosen as there are currently
no consensus criteria for the assessment of genetic screening
programs, and existing criteria used in other screening
contexts have been recognised to have limited applicability
for genetic screening programs.26-28
Results

Search strategy

Our literature search identified 2,923 records. After de-
duplication and title and abstract screening, 430 publica-
tions remained. The remaining publications were separated
into 5-year periods, and 230 full-texts published between
2010-2020 were screened. Sixty-five publications from 48
related studies were eligible for inclusion (Figure 1).29-93
Study characteristics

Study characteristics are summarised in Table 1. Eligible
studies were from 15 countries, with the highest output from
the USA (n = 14, 29%), Australia (n = 6, 13%) and Italy
(n = 6, 13%). The most frequently reported RGCS programs
were for haemoglobinopathies (n = 14, 31%), targeted
panels in founder populations (n = 11, 21%), and expanded
carrier screening panels (n = 11, 21%).

Quality assessment and risk of bias

Quality scores correlated to more rigorous study designs,
with randomised controlled trials (RCTs) scoring highest
(mean = 0.96, range = 0.92-1.0), followed by analytic
studies (mean = 0.87, range = 0.61-1.0), and descriptive
studies (mean = 0.79, range = 0.43-1.0). These results
reflect the expected increase in potential bias that is intro-
duced by less rigorous study designs. Scoring per study is
available in Supplemental Material 3.

Outcome reporting bias could not be assessed for most
studies (n = 45, 94%). Three protocols were available: two
RCTs44,94 and an analytic cross-sectional study.95 The first
protocol demonstrated consistency in the measurement,
analysis and reporting of all outcomes that were defined in
their published protocol.37,44,45 No missing data were
identified, and therefore the ORBIT classification was not
applied. The second protocol defined ten outcomes, nine of
which were published.72,95 ORBIT Classification F was
applied, indicating a low risk of outcome reporting bias for
this study. The third protocol defined 16 outcomes; three of
these were represented in publications included in this re-
view, one was reported for a subset of patients only, and one
was reported in a publication not included in this review but
known to the authors.41,50,62,94 Six published outcomes did
not correspond to a defined protocol outcome. Eleven
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outcomes defined in the protocol were not identified in
publications to date and constitute missing data from this
review. Due to inconsistencies between the protocol and
publications, ORBIT classification E was applied, indicating
a high risk of outcome reporting bias for this study.
Study designs

Most studies were observational in design (n = 46, 96%),
with only two RCTs identified. A protocol for a third RCT
was identified; however, no publications were available.
Most studies provided descriptive statistics (n = 35, 73%),
collected cross-sectional data (n = 42, 88%), and were
retrospective in nature (n = 30, 63%). The most common
study type was descriptive cross-sectional studies, repre-
senting audit-style summaries of a screening offer (n = 33,
69%). A detailed summary of included studies can be found
in Supplemental Material 4.

Frequency of study outcomes

One hundred and twenty outcomes were extracted. The
average number of outcomes reported per publication was
Figure 1 PRISMA Diagram.18
seven (range 1-23). Only 8% (n = 5) of publications
defined the primary outcome(s). The most frequently re-
ported outcomes across studies were detection rate based
on either DNA analysis or biochemical assays (n = 39,
81%), identification of increased risk couples (n = 26,
54%), uptake of prenatal diagnosis (n = 22, 46%), and
results of prenatal diagnosis (n = 20, 42%). Outside of
clinical outcomes directly related to test results or preg-
nancy outcomes, the most frequently reported outcomes
were uptake of RGCS (n = 17, 35%), knowledge per-
taining to the test offer (n = 10, 21%), and anxiety
(n = 8, 17%).

Outcome domains and heterogeneity

Outcomes were grouped into 24 CODECS domains, with a
range of 1-11 outcomes per domain, with higher numbers
being indicative of outcome heterogeneity. CODECS do-
mains were mapped to the COMET taxonomy (Figure 2),
with the highest proportion of outcomes in the domain of
‘delivery of care’ (n = 48, 40%).

The frequency of reporting per CODECS domain is
shown in Figure 3. The most frequently reported CODECS
outcome domains were ‘primary outcomes of RGCS’



Table 1 Summary of included studies

Study Design (N = 50)a,b
Number of
Studies

Observational (n = 48)
Analytic Cohort, Prospective 1
Analytic Cohort, Retrospective 3
Analytic Cross-Sectional, Retrospective 9
Descriptive Cohort, Prospective 2
Descriptive Cross-Sectional, Prospective 14
Descriptive Cross-Sectional, Retrospective 19

Experimental (n = 2)
Randomised Controlled Trial 2

Year of Publication (N = 65)
2020-2016 33
2010-2015 32

Country of Study (N = 48)a

Australia 6
China 2
Greece 2
India 2
Israel 3
Italy 6
Korea 1
Lebanon 1
Taiwan 2
Thailand 2
The Netherlands 3
Turkey 2
UAE 1
UK 1
USA 14

Populationb

Individuals undertaking RGCS
during prenatal or preconception period
Prenatal only 11
Preconception only (includes compulsory
pre-marital screening)

6

Either 31
Increased risk couples identified
through RGCS

2

Interventionb

Haemoglobinopathies 16
Targeted panel in founder population 11
Expanded carrier screening (ECS) 11
Cystic fibrosis (CF) 4
Fragile X (FXS) 3
Spinal Muscular Atrophy (SMA) 4
3-gene panel (CF, FXS, SMA) 3
a65 publications from 48 studies.
bSome related studies included multiple study designs, populations, or

interventions depending on sub-analyses published independently.
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(n = 39, 81%), ‘intention and uptake’ (n = 34, 71%), ‘need
for further testing’ (n = 29, 60%), and ‘pregnancy out-
comes’ (n = 21, 44%). Of the domains that included patient-
reported outcomes, ‘knowledge’ was the most frequently
reported. Most outcome domains demonstrated outcome
heterogeneity. Two were most notable due to the degree of
heterogeneity and the fact that they were frequently reported
in studies on RGCS; psychological wellbeing and
timeliness.

The outcome domain of ‘psychological wellbeing’ was
reported in 20% of studies.43,44,54,56,62,71,72,76,89,92 Ten
different outcomes were used to measure psychological
wellbeing; anxiety, concern, depression, feelings about re-
sults, perceived ability to cope, predicted negative feelings,
reassurance, stress, subjective distress, and worry. Of these,
the most frequently reported was anxiety. Most
studies measured more than one psychological outcome
(range: 1-3). Use of validated measures and timepoints of
assessment were highly variable.

The outcome domain of ‘timeliness’ was reported in
20% of studies.33,44,45,49,60,68,71,73,86,93 We defined time-
liness as the provision of RGCS and follow-up testing,
typically in the prenatal setting, in a manner that allowed
sufficient time for deliberation and decision-making.
Eleven different outcomes were reported pertaining to
timeliness; gestational age when offered RGCS, gesta-
tional age at uptake, the time between pregnancy confir-
mation and RGCS, turnaround time for results, time
between maternal results and partner testing, gestational
age at the time of partner results, gestational age at the
time of prenatal diagnosis, proportion screened by 10-,
12-, 16- and 26-weeks' gestation. There was a lack of
consistency in defining gestations by which services were
considered to have been delivered in a timely manner.
Reporting was variable, with mean, median and range
being used interchangeably.
Measurement methods

Various measurement methods were extracted from
eligible studies, with most outcomes measured using an
investigator-derived scale (n = 66, 55%) or extracted
from clinical or laboratory databases (n = 52, 43%). Only
a minority of outcomes (n = 14, 12%) were measured
using a previously reported or validated patient-reported
outcome measure, all of which were in the domains of
psychological wellbeing, knowledge, decision satisfaction/
regret and deliberation/informed choice (Supplemental
Material 5).

Twelve publications from 10 studies assessed knowl-
edge, each using a different measurement method. One used
a validated knowledge scale that was designed specifically
for their study,72 four adapted a previously published scale
that had been validated for use in a different
context,37,44,54,55,80 three adapted a previously published
scale that had not undergone formal validation,53,71,89 one
developed a new scale and piloted it before use,39 and one
provided insufficient information regarding the measure-
ment method.48 Where a previously published scale was
adapted, the integrity of the validation or piloting of the
original scale was often compromised by the addition or
removal of questions, changes in wording, or merging of



Figure 2 Summary of outcomes per domain, mapped to applicable core area and domains from the COMET taxonomy.
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multiple previous scales into a new scale. Only one study
performed formal validation of the adapted scale,37,44 one
study piloted the adapted scale,71 and five studies
did not report any piloting or validation of the adapted
scale.53-56,80,89
Time points of measurement were also variable. A single
time point was assessed by most studies (n = 41, 85%) and
included audit data from databases between 1-30 years since
screening (n = 34, 83%),29,30,32-36,38,40,42,47-49,52,57,60,61,63-
65,67-69,73,74,78,81,83-88,90,91,93 patient-reported outcomes at



Figure 3 Domain Frequency and Outcome Heterogeneity. Visualising outcome heterogeneity in conjunction with frequency of domain
reporting highlights domains that are most problematic when considering consistency and comparability in the research literature.
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pre-test counselling after the decision to accept or decline
was made (n = 3, 7%),75,76,82 after maternal results but
before partner results (n = 1, 2%),39 and after results be-
tween 1-2 years since screening (n = 3,
7%).46,51,53,55,56,58,59,66,92 Seven studies (15%) measured
outcomes at multiple time points including before attending
pre-test counselling (n = 2, 4%),79,80 before and after edu-
cation (n = 1, 2%),89 at pre-test counselling when decision
to accept or decline was made (n = 5, 12%),37,41,43-
45,50,54,62,70-72 and after results ranging from 2 weeks to
>10 years after screening (n = 6, 15%).37,41,43-45,50,54,62,70-
72,77,79,80

Criteria for assessment of genetic screening
programs26

Participation is voluntary with time allowed for consid-
eration and based on consent
CODECS outcome domains of ‘intention and uptake’, ‘atti-
tudes and perception’, ‘decision satisfaction and regret’, and
‘deliberation and informed choice’, weremapped to the above
criterion. Intended or actual uptake was reported in 71%
(n = 34) of studies.30,32-38,40-42,44,48-53,55-57,60,61,63,65,69-
72,74,75,77-80,84-87,89,93 The outcome domain of ‘attitudes and
perceptions’, which includes outcomes that assess how atti-
tudes or perceptions influence test uptake, was reported in
23% (n = 11) of studies.37,44,54,55,62,71,72,76,80,82,89,90,92

Outcome domains of ‘decisional satisfaction and regret’ and
‘deliberation and informed choice’ were reported by 15%
(n = 7)43,44,54,55,62,71,75,92 and 6% (n = 3)37,44,72,79,80 of
studies respectively.
The target group is provided with good quality,
comprehensible, and balanced information
CODECS outcome domains of ‘knowledge’ and ‘patient
satisfaction’ were mapped to this criterion. Knowledge was
the most frequently reported of these outcome domains, with
25% (n = 12)37,39,42-44,48,53-56,71,72,75,80,89 of studies assess-
ing outcomes such as knowledge of the screening offer, recall,
and understanding. Patient satisfaction was reported in 15%
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(n = 7) of studies, assessing outcomes such as helpfulness of
educational materials, feeling information needs were met,
and satisfaction with pre-test genetic counselling.

There is enough evidence that psychological harm caused
by the offer and/or participation is negligible
CODECS outcome domains of 'psychological wellbeing'
and 'perception of personal health status after RGCS' were
mapped to this criterion. Psychological wellbeing was re-
ported in 20% (n = 9) of studies,43,44,54,56,62,71,72,76,89,92

and perceptions of personal health status was reported in a
single study.71
There is enough evidence that social harm caused by the
offer and/or participation is negligible
CODECS outcome domains of ‘affected births’, ‘repro-
ductive decision-making’, ‘non-reproductive decision-
making’, ‘familial implications’, and ‘privacy concerns
and stigmatisation’ were mapped to this criterion. The
outcome domain of ‘affected births’ was reported in 31%
(n = 15) of studies.29,30,32,35,38,40,48,58,60,64,67,69,73,84,86 The
outcome domain of ‘reproductive decision-making’ was
reported in 10% (n = 5) studies.46,58,59,62,70,71,76,92

Assessment of social impact or harms outside of repro-
ductive decisions and birth rates was limited to a handful
of studies and included assessing the impact of results on
the couple's relationship, dissemination of results to
family members, concerns regarding discrimination by
insurance companies, and fear of stigmatisation within the
community.52,54,62,71,89 See Box 1 for a quick summary
of the findings.
Discussion

A lack of consensus for 'what to measure' in research
evaluating health interventions is a major challenge across
the medical field and has been recognised to limit reliability
of the conclusions that can be drawn from research evi-
dence.96 Significant inconsistency in the choice of out-
comes, measurement methods, and a lack of outcomes
informed by patients as end-users have been noted across
medical specialities, including in reviews on clinical genetic
service outcomes.97,98 Increasingly, discussions within the
genetics community focus on how we can best define
healthcare outcomes to capture the value of genetic services,
genetic counselling, and genetic testing.99,100 This review is
the first step in a structured approach to addressing this
question.

Across studies of population-based RGCS, we identified
potential biases introduced by study design, heterogeneity in
outcome selection, and variability in measurement methods.
We found that outcomes had limited applicability to criteria
used to evaluate genetic screening programs. While
consensus-based practice recommendations have led to
increasing support for the widespread offer of RGCS to the
general population, in order to achieve the goal of evidence-
based medicine, it is imperative to address the issues high-
lighted in this review to generate research that can inform
evidence-based practice recommendations as we move
forward.7

We found that study designs compromised the quality of
evidence from the current literature. Firstly, there were a
large number of observational studies that have the potential
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to introduce biases at the stage of design and conduct, with
selection and measurement biases principle amongst these.
We also found a high risk of outcome reporting bias in one
of only two randomised controlled trials on this topic.
Secondly, previous reviews have recognised the prevalence
of cross-sectional studies as a methodological limitation of
research on genetic testing and counselling.100 Our findings
are consistent with these reviews, with a predominance of
cross-sectional studies and limited follow-up of outcomes
over time, reiterating the necessity for longitudinal ap-
proaches to future research. Thirdly, a previous review has
highlighted that a lack of analytic statistics impeded efforts
to infer factors influencing decision-making and their rela-
tive contributions.10 Our findings similarly revealed
favouring of descriptive, as opposed to analytic, statistics
that may limit the conclusions that can be drawn from data.
Finally, we observed an oversaturation of audit-style studies
drawing from clinical and laboratory databases. Whilst
representing widespread international efforts to implement
RGCS, these studies failed to contribute new findings and
lacked patient-reported outcomes. As patient-centeredness is
a core tenant of genetic counselling and medical practice,
and it is well recognised that patient-reported data enriches
information about relevant outcomes that reflect their ex-
periences, we found the lack of patient voice in data
collection concerning.101-103 We identified a small number
of well-designed studies that addressed biases, measured
outcomes longitudinally, performed analytic statistics, and
incorporated patient-reported outcomes; however, further
work is needed to expand on the body of evidence they have
created. Whilst randomised controlled trials are considered
the gold-standard for generating unbiased research evidence,
they are resource-intensive and may not be suitable for this
context. Instead, efforts must be taken to ensure that future
research on RGCS has clearly defined research questions
that inform the study design, and that potential biases are
addressed and minimised.

Capturing all reported outcomes from studies on RGCS
provided insights into research priorities over the past
decade. We identified an emphasis on delivery of care;
focusing largely on barriers and facilitators to uptake, pa-
tient preferences, and satisfaction. This focus is not sur-
prising considering that the context of RGCS has largely
been in either increased risk populations with a public health
imperative to reduce disease incidence, or broadly through
commercial initiatives with a financial interest in uptake.
Therefore, measuring uptake has been widely used to
illustrate the acceptability of RGCS and provide a rationale
for its continued offer. The skewing towards operational
outcomes such as uptake however, results in a lack of
insight into the patient experience and limits understanding
of the benefits and harms of testing. It is evident that the
relevance of outcomes being assessed needs further
consideration and could benefit from the inclusion of pa-
tients at the inception of research design. Funding bodies are
increasingly placing emphasis on consumer and community
engagement, and systematic reviews have highlighted the
positive impact that patient and public involvement can have
on research quality, appropriateness and relevance.104,105

Previous core outcome sets involving patients in the
design and conduct of research led to the identification of
outcomes that were not defined by health professionals or
researchers alone.16 We did not find any evidence of patient
involvement in the design of research or selection of out-
comes in this review. The absence of patient involvement at
the outset of study design and under-representation of
patient-reported outcomes in the RGCS literature empha-
sises the need for a clearer patient voice in future research.

Demonstrating the clinical utility of a health intervention
is a central aim of research, however this review found that
clinical utility has not been clearly illustrated for RGCS.
When considering the goals of RGCS, two perspectives on
clinical utility are apparent; a reduction in disease incidence,
or the provision of information to allow reproductive au-
tonomy and informed decision-making. Whilst most studies
in this review did not define a primary outcome, reduction in
disease incidence was frequently inferred as a primary
outcome. This is problematic from an ethical perspective, as
a focus on reducing incidence may be perceived as under-
valuing the lives of those currently living with genetic
conditions.106 It is increasingly evident that the clinical
utility of RGCS is more appropriately reflected by the latter
perspective. Furthermore, an important element of clinical
utility is timing, as the usefulness of information provided
by RGCS is contingent upon whether patients have suffi-
cient time to consider their options, are not precluded from
options due to advanced gestation, and are not being put at
risk for regret or poor psychological outcomes insofar as is
possible in a prenatal setting. Most studies did not report any
aspect of timeliness, and in those that did, we found a lack
of consensus for how to do so. Previous systematic reviews
have highlighted that despite RGCS being ideally conducted
preconceptionally, testing during pregnancy remains prev-
alent.11,12 Even as awareness of RGCS increases, many
people may not appreciate its importance or be motivated to
pursue it until they are pregnant, may have unexpected
pregnancies, or be subject to health disparities that limit
access. As long as RGCS continues to be offered in a pre-
natal setting, providing clarity around outcomes that account
for timing will be crucial to evaluate screening programs
and appropriately capture clinical utility for patients.

Evidence-based practice recommendations provide
crucial guidance to practitioners regarding the safe and
effective implementation of health interventions. We iden-
tified significant gaps in the body of evidence used to inform
practice recommendations, which likely accounts for the
reliance on consensus-based recommendations to date. The
informed and voluntary nature of decision-making was
compromised by a focus on uptake, which is an insufficient
proxy for informed choice. A previous systematic review
highlighted that many people accept screening simply
because it is offered and not due to perceived benefits.26

More informative measures of deliberation, informed
choice, and decisional satisfaction/regret were identified in
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this review, albeit less frequently, and should be a focus of
future research to ensure that data representative of informed
and voluntary screening is available for evaluation. Studies
rarely assessed the quality of pre-test information and
counselling. Some studies assessed patient satisfaction,
which can be a valuable indicator of the quality of genetic
counselling and information provision. Notably, despite
validated satisfaction scales for genetic counselling being
available, these were not utilised in any studies.107 Ensuring
that patients receive appropriate pre-test counselling will
become more important as a diverse range of health pro-
fessionals become involved in offering RGCS and as testing
is scaled to encompass the general population. It is imper-
ative to ensure that appropriate standards of knowledge are
being fostered to meet evaluation criteria that strive towards
informed decision-making.

Evaluation criteria also aim to understand the potential
adverse outcomes of a health intervention in order to
minimise harm to patients. In the context of RGCS,
perceived risks include impacts on psychological wellbeing
and possible social consequences, such as discrimination or
stigmatisation. Previous reviews have indicated that psy-
chological distress may occur at various stages of the
screening process but is often not sustained.12,108 However,
the heterogeneity observed in the outcomes used to assess
psychological wellbeing in this review, coupled with the
variability in measurement methods and time points, de-
tracts from how confidently we can draw conclusions about
potential psychological harms. The impact of potential
biases that we found in this review may also have flow-on
implications for measuring psychological outcomes,
including selective reporting biases which may skew pub-
lished evidence towards favourable outcomes and selection
bias which may limit generalisability of findings to the
wider population. Many RGCS programs incur an out-of-
pocket cost to participants and favour higher socioeco-
nomic groups; as RGCS becomes accessible to the general
population, it is crucial to establish the external validity of
existing findings by evaluating psychological outcomes in
more diverse populations.100 Deciding on which outcome(s)
best capture psychological wellbeing, minimising selection
bias, and ensuring transparent reporting of all outcomes
regardless of the results, will be necessary to provide greater
certainty that RGCS results in negligible psychological
harms. In regards to social consequences, little has been
done to address these. We identified a small number of
studies that considered impact of results on relationships and
potential for stigmatisation or discrimination, however
further work is needed to more fully understand the social
consequences of RGCS.

At an overarching level, heterogeneity in a research dataset
limits direct comparisons between studies on the same topic
and indicates a lack of agreement for which outcomes can
meaningfully represent the impact of an intervention. Where
heterogeneity occurs, the ability to capture benefits and harms
is compromised.16,96 Future directions for research will
involve clarifying what outcomes are valued by all key
stakeholders in RGCS, including consumers, health pro-
fessionals, researchers and policy-makers. Such research will
need to address numerous issues highlighted in this review,
startingwith what outcomes should bemeasured, followed by
how and when. Further exploration of outcomes related to
limitations of RGCS, including patient understanding of re-
sidual risks, practical aspects of RGCS, such as ensuring
appropriate storage and accessibility of results over time, and
methodological aspects of research, including development
of validated measurement tools, are areas of interest for future
research. Researchers should strive to minimise bias in the
design, conduct and reporting of their findings and consider
making available a transparent protocol for their research that
allows the methods to be clear and reproducible. Evaluation
criteria used to assess genetic screening programs should be
considered when designing research questions for future
studies to ensure that findings are informative and work to-
wards the goal of evidence-based practice recommendations.

Limitations

Publications not available in English were excluded due
to a lack of resources for translation; nevertheless, we
achieved representation from 15 countries. The iterative,
inductive process used to extract outcomes and group
them into domains may introduce biases from the
reviewer; however, we minimised this by applying two
independent reviewers and evaluating final domains and
outcome groupings with the study management group.
This review includes only quantitative data from the
RGCS literature. More patient-centred outcomes will
likely be evident in the qualitative literature, planned as a
subsequent review by these authors.

Conclusion

Lack of consensus regarding outcomes to measure in the
evaluation of RGCS perpetuates our inability to definitively
demonstrate the impact, benefits and harms of RGCS at the
standards required for evidence-based practice recommen-
dations. Consensus on how to approach future research on
this topic, including consideration of appropriate study de-
signs that reduce bias, enrich understanding through the
capture of longitudinal outcomes, and incorporate relevant
outcomes informed by patients and other stakeholders, is
needed. This review provides a strong rationale for the
development of a core outcome set for RGCS.17
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