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ABSTRACT

Objective To map the available evidence on genomic
literacy among clinical nurses, nursing students and
nursing faculty.

Design Systematic scoping review.

Data sources A comprehensive search was conducted
in PubMed, CINAHL, Scopus, Web of Science, Academic
Search Premier and OpenGrey. The review included studies
published in English from 1 January 2001 to 28 May 2025.
Eligibility criteria for selecting studies Studies

that referenced ‘genomic literacy’ in health-related or
educational contexts and focused on nurses, nursing
students or nursing faculty were included. Articles had

to provide data on study design, population, setting, data
collection tools and outcomes related to genomic literacy.
Data extraction and synthesis Two independent
reviewers extracted and summarised data on study
characteristics, including publication year, country, setting,
aims, methods, population, assessment tools, outcomes
and educational interventions. Findings were synthesised
descriptively.

Results Of 1534 studies identified, 63 met the inclusion
criteria. Most were observational (69.8%) and conducted
in the USA (41.3%), focusing on clinical nurses (50.8%) in
educational (47.6%) or clinical (46.0%) settings. Genomic
literacy was predominantly assessed using ad hoc tools
(46.0%) or the Genomic Nursing Concept Inventory,
revealing low literacy levels. Mean scores ranged from
5.66 to 16.21 out of 31 (18.3%—52.3% correct answers).
Educational interventions demonstrated effectiveness in
improving genomic knowledge.

Conclusions Genomic literacy among nurses, students
and faculty remains low, with notable heterogeneity
across countries. Many studies used non-standardised
assessment tools with uncertain reliability and genomic
literacy among nursing faculty remains underexplored.
Educational interventions show promise in enhancing
genomic literacy

BACKGROUND

Genetic research has long been the corner-
stone in understanding the hereditary compo-
nents of diseases." The advent of genomics
marked a paradigm shift, encompassing the
study of complex interactions among human
genes, environmental influences and social

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This review adheres to the Joanna Briggs Institute
scoping review methodology and follows the
Preferred Reporting Items for Systematic Reviews
and Meta-Analyses Extension for Scoping Reviews
guidelines, ensuring rigour, reproducibility and
transparency.

= A comprehensive search strategy was employed,
incorporating multiple databases (PubMed, CINAHL,
Scopus, Web of Science, Academic Search Premier
and OpenGrey) and bidirectional citation searching
to maximise the identification of relevant studies.

= By including clinical nurses, nursing students and
faculty, as well as both primary studies and sys-
tematic reviews, this study provides a broad and
inclusive perspective on genomic literacy in nursing.

= In accordance with scoping review methodology,
this study did not assess the risk of bias or meth-
odological rigour of the included studies, which may
have influenced the strength of the conclusions.

= The heterogeneity of study designs, assessment
tools and populations poses challenges for direct
comparability and the synthesis of findings across
different contexts.

and cultural factors.” The mapping and

sequencing of the human genome in 2003, as
part of the ‘Human Genome Project’, revo-
lutionised healthcare services worldwide.
It provided insights into the genetic basis
of diseases, facilitated their early detection,
enabled personalised medicine and drove
advancements in research and drug develop-
ment.” In this context, integrating genomic
knowledge into clinical practice enhances
treatment quality and safety, reduces costs and
improves healthcare outcomes. It empowers
non-specialised healthcare providers to
create personalised treatment plans across
all phases of care.* Consequently, the role
of nurses is increasingly pivotal, as they are
actively involved in genomics-based activities
such as obtaining family history, assisting
patients in making informed decisions about
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tests and treatments, making referrals to appropriate
healthcare professionals and services, and using genomic
information to identify patients at increased risk for
certain clinical conditions.”

The increasing availability of direct genetic testing,
combined with the growing impact of genomics on
clinical practice, underscores the need for nurses
at all levels to possess specific knowledge and skills
for collecting, interpreting and using genomic data
to guide patient care pathways.'®” In this context,
genomic literacy is defined as the capacity to obtain,
process, understand and apply genomic information
for health-related decision-making.® Figure 1 illus-
trates the conceptual framework on genomic literacy
as a broad construct that encompasses knowledge,
competence, confidence and application into prac-
tice. The development of genomic literacy begins
with knowledge, which enables the acquisition of
competence. Competence then fosters confidence,
which supports the application of genomics in clinical
practice. Importantly, this practical application feeds
back into knowledge acquisition through experiential
learning and reflection. This framework aligns with
Kolb’s Experiential Learning Theory, which describes
learning as a cyclical process in which concrete expe-
rience and reflection lead to the development of new
knowledge and competence that can be applied and
tested in practice.” This continuous cycle reflects the
iterative and evolving nature of genomic literacy and
its essential role in supporting evidence-informed,
genomics-based patient care.

An expanding body of literature highlights stan-
dards and strategies for fostering genomic literacy
among nurses.” ¥ Within this research, education
emerges as a priority area of action, recognising
nurses as valuable contributors to clinical practice
with the potential to facilitate the seamless integra-
tion of genomics.” '” Despite efforts to bridge this

Competence

Transforming knowledge

into operational skills,
allowing it to be applied
concretely

Genomic Literacy

Knowledge Confidence

The theoretical foundation

The capacity to obtain,
process, understand, Trust in one’s genomic
and apply genomic

information for

necessary to access and
understand genomic
information

knowledge and skills,
enabling assured action in
clinical practice

health-related
decision-making

Application Into Practice
The effective use of
competencies in the clinical
context, integrating

genomic information into
daily activities

Figure 1 Cyclical framework of genomic literacy.

gap, the inclusion of genetic and genomic content in
formal nursing education remains inconsistent.* > !
Furthermore, nursing faculty often possess limited
knowledge of genomics, which hinders their ability to
introduce specialised courses and effectively educate
nursing students.!? ¥ Additionally, there is evidence
that most nurses have not received genomic educa-
tion since licensure."' Nurses’ genomic knowledge
has been reported as low, with many expressing a
lack of confidence in applying this knowledge in clin-
ical practice.'" The majority of available studies tend
to focus exclusively on either educational setting®
or clinical contexts,"* ' resulting in a fragmented
understanding of genomic literacy within the nursing
profession as a whole. These gaps prevent nurses from
assuming key roles in promoting the integration of
genomics into healthcare, as insufficient knowledge
and confidence hinder their ability to advocate for
genomic applications, educate patients, interpret
test results and collaborate effectively with interdis-
ciplinary teams. To address these shortcomings and
enable nurses to contribute effectively to genomics-
based care, it is essential to implement targeted
educational initiatives that accommodate the specific
learning needs and literacy levels of different nursing
groups.6 However, in line with the principles outlined
in the Global Genomics Nursing Alliance (G2NA)
Roadmap for accelerating the global integration of
genomics into nursing, designing and implementing
such educational interventions require a clear under-
standing of the current baseline of genomic literacy.* '’
While a recent scoping review'® charted the progress
of genomics in nursing and midwifery over the past
decade, focusing on provider-oriented outcomes
associated with the integration of omics principles
into clinical practice, it did not specifically examine
genomic literacy outcomes across diverse nursing
populations, nor did it systematically evaluate the
effectiveness of educational interventions. Our review
aims to fill this important gap by offering a broader,
outcome-oriented synthesis focused on literacy levels,
competencies and educational strategies. Mapping
the literature by considering concepts, time frames,
locations and sources remains essential to inform
current nursing practice and education, while simul-
taneously guiding future research efforts.

Aims and review questions

This study aims to systematically map the existing
literature on genomic literacy among nursing faculty,
professionals and students, as well as to identify
evidence gaps related to this topic.

Based on the available literature, this systematic
scoping review addresses the following research ques-
tions: (1) What is the extent of the evidence regarding
genomic literacy among nursing students and profes-
sionals in educational and clinical care settings? (2)
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What are the evidence gaps regarding genomic literacy
in the context of nursing education and practice?

METHODS

Study design

A systematic scoping review was conducted following the
Joanna Briggs Institute (JBI) methodology for scoping
reviews. ' Given the extensive nature of the topic, a
scoping review methodological approach was considered
the most suitable, particularly for its ability to provide
an overview of the literature on a specific subject.18 The
research reportadhered to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses extension for
Scoping Reviews (PRISMA-ScR) Checklist."

Eligibility criteria

The PCC (Population/Concept/Context) mnemonic was
used to delineate the eligibility criteria.'’ Primary studies
and systematic reviews were included if they met the
following criteria: (a) the target population consisted of
nurses, nursing students and/or nursing faculty (P); (b)
the studies addressed the concept of ‘genomic literacy’,
defined as ‘the capacity to obtain, process, understand
and use genomic information for health-related decision-
making’8 (C), and (c) the studies were conducted in
any healthcare sector or nursing professional education
setting, regardless of the country (C). Studies including
mixed samples (eg, nurses and other professionals)
and providing only aggregated data were excluded.
To minimise the potential loss of relevant manuscripts,
studies addressing genomic knowledge and/or genomic
competence were also considered for inclusion, as these
concepts are closely related to genomic literacy. Articles
written in languages other than English were excluded,
as were those that did not include a qualitative or quan-
titative assessment of genomic literacy. While systematic
reviews were eligible for inclusion, all other forms of liter-
ature reviews were excluded.

Search strategy

The electronic search strategy aimed to identify both
published and unpublished studies. An initial PubMed
search was conducted to retrieve relevant articles and
related keywords and MeSH terms related to the topic.
These were employed to develop a comprehensive search
strategy for electronic databases, including PubMed,
CINAHL, Scopus, Web of Science (WOS), Academic
Search Premiere and OpenGrey. The search strategy
was tailored for each individual database, combining
the selected key words with Boolean operators (AND,
OR). The complete search strings are reported in online
supplemental file S1. No date range was applied as a limit;
however, articles in languages other than English were
excluded. The initial search was conducted on 22 July
2022, followed by an updated search on 15 November
2023. A second update was performed on 28 May 2025,
during the manuscript revision process. To increase the

number of potentially relevant studies, a bidirectional
citation search of the included papers was conducted on
Scopus.*’

Study selection and data extraction

The screening of titles and abstracts, along with the
examination of full texts and data extraction, was inde-
pendently conducted by two researchers. Any discrepan-
cies were resolved through discussion with an additional
reviewer. Potentially relevant sources were retrieved in full
text through the University Library System, with support
from university librarians, and by directly contacting the
authors.

References were collected and managed using EndNote
21.5 software.

Data were extracted using a Microsoft Excel data
extraction worksheet previously developed and tested by
researchers. Extracted information included first author,
publication year, country, setting, aims, study design,
population, number of participants, data collection
tools, outcomes and main findings. If included, details
on educational interventions were also extracted and
organised within the framework provided by the Guide-
line for Reporting Evidence-based practice Educational
interventions and Teaching (GREET) specifically written
to provide a consistent and transparent reporting for
evidence-based educational interventions.

In this context, the following data were extracted:
aim/s, description, underlying theory, learning objective,
evidence-based practice content, materials, educational
strategies, incentives, instructors, delivery method, envi-
ronment, schedule, planned/unplanned changes, atten-
dance facilitation, participation rate, compliance with
planned material and educational strategies, and compli-
ance with schedule.

Data synthesis and quality appraisal

Data were presented in tabular form or graphically
through bubble plots, pie charts and bar charts. Addition-
ally, a narrative summary was provided.

With regard to outcomes, only those strictly related to
the concept of genomic literacy were considered. In this
context, outcomes were organised into five main dimen-
sions: (1) genomic literacy, (2) knowledge (either directly
measured or self-reported), (3) competency (using knowl-
edge in practice, being able to perform tasks), (4) appli-
cation in practice (performing genetic/genomic-related
activities) and (5) confidence (self-reported confidence
in knowledge or in performing actions, clinical comfort).
According to the JBI methodology, no quantitative anal-
ysis of results was performed in this scoping review.'”
While such an analysis was not required, it was also not
feasible due to the heterogeneity of outcome measures.
To provide a meaningful comparison and summary of the
retrieved evidence, comparable elements were extracted
from the included studies, relying on the original authors’
assessments of their outcomes (eg, high, low, moderate
or gain/loss) to ensure consistency across studies. The
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sources of evidence included in this scoping review were
not assessed for the risk of bias or methodological quality,
following current recommendations.'” '®

Ethical consideration and protocol
As this study does not involve participant enrolment,

ethical approval was not required. The review protocol
has been published.*

RESULTS

The database searches identified 920 papers. Supple-
mentary research strategies allowed to retrieve an addi-
tional 614 studies, bringing the total to 1534 articles.
After removing duplicates (n=434) and screening of
titles and abstracts, 92 articles were deemed eligible and
obtained in full. Following a full-text review, 29 papers
were excluded based on predefined inclusion and exclu-
sion criteria. In total, 63 papers met the inclusion criteria
and were included in this scoping review.’ '*7° % The
initial search and the first update are presented in the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) flow diagram (figure 2), while
the results of the most recent update, conducted on 28
May 2025, are reported in the online supplemental files
(S2 - PRISMA flow diagram).

Characteristics of the included studies
The main characteristics of the included studies are
summarised in online supplemental file S3. The papers

were published between 2001 and 2025. Remarkably, half
of these studies were conducted after 2018, indicating a
notable increase in publicationsin recentyears (figure 3a).
Geographically, most of the studies originated from the
USA (n=26, 41.3%),1213 26-28 31-35 38 44 51 5256 57 62 64-68 75 76 75 79
though contributions from various other countries are
also represented, as shown in figure 3b.

Of the included studies, 29 (46.0%) explored multi};le
objectives,? 12 15 23-25 2728 50 5135 36 30 40 42 45 50 56 56 59 61 65 67 73
77T typically focusing on assessing genomic literacy in
relation to other outcomes, such as educational needs or
the integration of genomics into practice, education and
research. A notable proportion of studies (n=14; 22.2%)
exclusively explored genomic literacy, genetic knowledge
or genomic competency,'? 1433 3748 49 5355 63 7012 74 gy;.
larly, another 20.6% (n=13) focused exclusively on investi-
gating the effectiveness of teaching strategies to enhance
genomic literacy,?0 29 338 #-A751526268 76 e ajled informa-
tion about study aims is provided in online supplemental
file S4.

In terms of  study  populations, 50.8%
of the articles (n=32) focused on clinical
nurses,’ 1415 24 25 27-20 3136 38 40-42 45 46 49 54 56 55-61 63 69-74 77 78
encompassing a total of 18157 participants (range=6—
8150). Another 31.7% of the studies (n=20) examined
students,® 2332 3439 43 4748 50 51 5355 62 64-68 7579 (o o otal of

5499 participants (range=27-1002). Additionally, 4.7% of
thearticles (n=3) targeted facultymembers,'* 1976 involving

538 participants (range=13-495). The remaining 12.7%

Literature search update performed in November 2023
Time frame: from July 224 2022 to November 15 2023

Records removed before screening:

Duplicate records removed (n = 13)

H Records excluded (n = 67)

< Full text not retrieved (n = 0)

} .| Records excluded (n = 4):

Study design (n = 1)

Did not assess genomic literacy (n =
2)

Aggregated results for mixed sample

(=1

Literature search conducted in July 2022
Time frame: since database inception to July 227 2022
( Records identified from: Records identified from:
H Scopus (n = 237) Scopus (n = 70)
lé CINHA.L (n =1y _ Records removed before screening: CINHA_L (=5 .
| Academic Search Premier (n = 116) Academic Search Premier (n = 7)
£ OpenGrey (n = 0) Duplicate records removed (n = 304) OpenGrey (n = 0)
ﬁ PubMed (n = 39) PubMed (n = 5)
Web of Science (n = 39) Web of Science (n = 4)
Additional Search Strategies (n = 614)
_J
—
Records screened for eligibility (n = 856) }—‘{Rccords excluded (n = 791) Records screened for eligibility (n = 78)
Records sought for retrieval (n = 65) HFull text not retrieved (n = 3) Records sought for retrieval (n = 11) }
4
g - Records excluded (n = 17): . X
g Records assessed for eligibility (n = 62) . Records assessed for inclusion (n = 11)
5 Did not assess genomic literacy (n =
@\
14)
Language (n = 1)
Study design (n = 1)
Aggregated results for mixed sample
@=1
-
g
2
"_:‘i Studies included in review (n = 45) Studies included in review (n = 7)
E
J

Figure 2 Preferred Reporting ltems for Systematic Reviews and Meta-Analyses flow diagram.

4

Dante A, et al. BMJ Open 2025;15:6100054. doi:10.1136/bmjopen-2025-100054


https://dx.doi.org/10.1136/bmjopen-2025-100054
https://dx.doi.org/10.1136/bmjopen-2025-100054
https://dx.doi.org/10.1136/bmjopen-2025-100054
https://dx.doi.org/10.1136/bmjopen-2025-100054
https://dx.doi.org/10.1136/bmjopen-2025-100054

-
=5

9
28
S
27
S
Z6
£
“_‘5 AN
S4 -
i o —
53 R2 =0.5744 -

P

e 9% 6 o

R B

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026

Australia
n=2;3,7% .
Canada
Egypt ) Car
Albania Greece . n=1; | Brazil n=2;3.2%
n=1;1.6% n=116% \16% n=151.6% /

b NewZeland
n=1;1.6%

China  Croatia )
»_  n=3;48% n=1;16% Finland
a n=1;1.6%

Ad-hoc instruments
n = 29;46.0%

GNCI+Ad-hoc

Oman

Multiple

n=1;1.6% ™\ \\ Tstael instrument instruments¥*
y F
y .\ - n=1; 1.6% N v More than 1 n=3;4.8% n=232%
\ / ) n=4106%. instrument
A aly Interview; n=8;12.7%
\ n=1;1.6% n=2;32%
Jordan PKCGHR ¢ n S (;)11;‘3%
\ n=1;1.6% n=116% , GN;:I § 5 12.
\ =13
| - Malaysia GLAL/ TeRkl GGNPS+GNCI
A =1;1.6% .
\ | Turkey ™ \Nigeria & n=116% GGNPS+GNCI+Ad- n=232%
N | \n=8;12.7% n=1;1.6% hoc instrument
\ “ \ _ Taiwan n=116%
. L n=1;1.6%

UK
n=3;4.8%

* Data included up to May 28, 2025.

** Multiple instruments of studies included in systematic reviews

Figure 3 Bubble plot and pie charts about publication timing, geographical distribution of studies, and data collection tools.
(a) Time distribution of the included study. (b) Geographical distribution of included studies. (c) Data collection tools used in

included studies.

of the studies (n=8) included diverse participant groups,
such as combinations of faculty and students™ * 875257 ooy
studentsand clinical nurses,30 80 and one on nurse leaders.**

Participants were predominantly

enrolled in educational settings (n=30;
121 —35 37 39 43 47 48 50-53 55 A
47.6%)5 12 323 27 32-35 37 30 43 47 48 50-53 55 57 62 6468 75 76 79. 80

clinical settings (n=29; 46.0%),14 15 24-26 20 31 36 38 40-42 44-46
49,5456 58 50 61 6369 70 7274 77 78 yiohy most studies employing
an observational design (n=44; 69.8%)6 12-15 23 25 27 30-55
8540 42-4447-50 53-56 58 61 63 65-67 7074 77-80 o p e g b
study design (n=9; 14.3%).2029 344551526268 7 Comprehen-
sive details on population characteristics, study settings
and design methodologies are provided in online supple-
mental file S5.

design to assess the effectiveness of these interventions
was the before-and-after design (n=9),%0 2941551526268 7
Intervention delivery was predominantly online
(n=9)20 29 34 38 44 17526876 either fully or with an online
component, with case studies and lectures being the
most used educational strategies. The educational
content varied across studies; however, some interven-
tions (n=6)3* 4515268 7 incorporated content based on
recognised core competencies.” *' ** Notably, only four
articles provided details about the instructors, °! % 7
and only one reported information about the physical or
virtual spaces where the interventions were conducted.*
Furthermore, no studies included steps related to
evidence-based practice in the design or implementa-

Most data  collection tools used in the tion of the interventions. Finally, there was no indica-
included studies were ad hoc instruments (n=29; tion of how authors evaluated whether the interventions
46.0%) "2 5725 31 34 36 42 43 45-51 56 58 59 61 62 68 7277 80 specifi-  adhered to the original plans regarding materials, educa-

cally developed to meet the unique objectives of each
study. Additional data collection methods included
interviews”* ® and focus groups.! Among the vali-
dated quantitative tools, the most frequently used was
the ‘Genomics in Nursing Concept Inventory’ (n=19;
30.29),0 13 14 30 33 3740 52 5355 57 65-67 10 78 79, v i

figure 3c.

Educational interventions

14 studies (22.2%) investigated the effectiveness of educa-
tional interventions® 2 # 38 H=4751 5262687680 (1 oy exhibited
considerable heterogeneity in their reporting according
to the GREET guidelines (online supplemental file
S6a, b). The target populations included clinical nurses
(n=5),26 2938 4546 nursing students (n=>5) JSAATOL6268 1 rse
leaders (n=1)," faculty members (n=1)"® and mixed popu-
lations (n=2)."** The most frequently employed study

tional strategies and schedules.

Investigated outcomes and findings

Majority of the studies (n=33; 52.4%)°'*1° % 2729 315436 38
41 43 45-48 50 52 54 58 60 63 68 71 73-77 80 investigated two or more
categories of outcomes, while others (n=30; 47.6%)° 131
2425 30 35 37 39 40 42 44 49 51 53 55-57 59 61 62 64-67 69 70 727879 ¢ 1\ 4
exclusively on a single category of outcomes, such as
genomic literacy, knowledge, competency, application
in practice, or confidence. Knowledge was the most
frequently investigated outcome category, followed by
confidence. Competency was addressed in only a minority
of the studies (online supplemental file S3).

Genomic literacy
Genomic literacy levels were consistently assessed using
the Genomic Nursing Concept Inventory (GNCI) across
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613 14 30 33 37 39 40 53 55 65-67 70 78 79 .
° These included
14 40 70 78

16 studies.
four studies focusing on clinical nurses, only one
on a mixed sample of clinical nurses and students,”
two on a mixed sample of students and faculty,” *” one
on faculty alone" and eight on students.® * % 55 656779
Reported mean scores ranged from 5.66 (SD=3.22; 18.3%
correct answers)'? to 16.21 (SD=3.58; 52.3% correct
answers)” out of a possible 31. In one study,” students
achieved a median of 54.8% correct answers, while faculty
reported a median of 48.4%.

Knowledge in genetics and genomics

Seven studies on clinical nurses reported knowledge levels
ranging frommoderate togood (11.1%}),3#249596371 while
two studies revealed low to moderate levels instea
Additionally, a cohort of students and faculty assessed
with the Genetic Literacy Assessment Instrument (GLAI)
achieved mean percentages of correct responses of 73%
and 76%, respectively.”” A comparable result (73.3%)
was observed in a sample of nurses using an ad hoc
survey on congenital anomalies.”” In two additional
studies, clinical nurses scored a mean of 6.47 out of 11
(SD=2.02) using an ad hoc instrument,”® while students
achieved a mean score of 19.28 out of 37 (SD=4.35) on
the Perceived Knowledge and Competency of Family
History Risk Assessment Questionnaire (PKCGHR).*?
Conversely, 17 studies (27.0%) reported low levels of
knowledge. 2 1523 27 28 31 36 38 4143 44 5156 5761 64 77 3 e
11 focused on clinical nurses,15 2728 31 36 38 41 54 56 61 77 g
on students,” *** 1 on a mixed sample of students and
faculty,57 1 on faculty alone'® and 1 on nurse leaders.**
Additionally, two studies identified knowledge gaps
among students.*® ™ In three studies, clinical nurses self-
reported low levels of knowledge; however, their scores
were moderate when evaluated using the knowledge
dimension of the Genetics and Genomics in Nursing
Practice Survey (GGNPS), with mean scores of 8.30 out of
12, 8.99 out of 12% and 8.59 out of 12.°* Similarly, other
researchers reported that 58% of students perceived their
knowledge as inadequate.”’ However, when assessed,
their identification of basic knowledge concepts ranged
from 31.5% to 93.2%, while knowledge of diseases ranged
from 8.1% to 60.8%.”" In another study involving a mixed
sample of clinical nurses and nursing students, knowl-
edge levels were found to vary significantly.”” The system-
atic review found insufficient evidence to assess the level
of clinical nurses’ knowledge.”

d.23 74

Competency

Low levels of competency among clinical nurses were
reported in four studies.”” * ™! ™ Fair and poor levels
of competency were also observed in a study involving
students and faculty.”> When self-perceived competency
was assessed in students using the PKCGHR, the mean
score was 3.62 out of 5 (SD=0.63).** In other studies, 58.1%
of students reported feeling competent in collecting
family histories; however, 69.4% indicated they did not
feel competent in constructing a pedigree.”’ Regarding

the systematic review, authors did not find sufficient
evidence to evaluate the competency of clinical nurses.”

Application of genomic knowledge into practice

Three studies quantified the percentage of clinical nurses
collecting patient family histories, reporting rates of
43.2%,% 62%7" and 72%.%' However, one study found that
62.9% of nurses rarely or never collected family history.”*
Overall, 8 out of 12 studies examining this outcome
highlighted low levels of actual application of genomic
knowledge in practice. Of these, seven focused on clin-
ical nurses'>?”*# * #1717 and one on students.”® Addition-
ally, in another study, both students and faculty reported
feeling unprepared to apply genomic knowledge in
practice.”® Regarding clinical nurses, a study conducted
in Australia revealed that nurses were applying genomic
knowledge into practice at a reduced capacity.”

Confidence in knowledge or in performing actions, clinical comfort
Most studies (n=6) reported low levels of confidence
among participants regarding their genomic knowledge
or ability to perform genomic-based activities.'?*” 0% 7080
Among these, two focused on clinical nurses,27 6
students,” ™ one on faculty'? and one on a mixed sample
of clinical nurses and students.®’ Instead, two other
studies reported variable levels of confidence.” ** Simi-
larly, another study on students reported variable levels
of confidence.* Conversely, two studies on clinical nurses
documented high levels of confidence.” "' Additionally,
one study found that 60.6%—74.4% of clinical nurses felt
confidentin adopting and integrating genomics into prac-
tice,"”” while another study reported that clinical nurses
expressed confidence in their genomic knowledge.” The
systematic review on clinical nurses concluded that there
was not enough evidence on this outcome.”

Educational interventions

When reported, all educational interventions demon-
strated improvements in at least one of the investigated
outcomes. Specifically, knowledge improved in every study
assessed (n=9).%% 293 B-AT6268 70 Of these, four targeted
students,34 476268 four focused on clinical nurses? 2+ 46
and one involved faculty.76 Regarding other outcomes,
increases in confidence were observed in six of the eight
studies that examined this aspect. Among these, two
included students,”” ®® one focused on faculty”® and three
focused on clinical nurses.* * ** The two studies that did
not report gains in confidence involved students® and
clinical nurses.*

Three studies investigated practice-related outcomes:
two reported minimal improvement among clin-
ical nurses,”® * while the other showed no gains for
students.” Competency was examined in four studies,
with three reporting improvements among nursing
students, doctoral nurses and doctoral nursing students,
and clinical nurses.” °' ** Clinical nurses from another
study showed no improvement in this outcome.*® Finally,
two studies that assessed genetic literacy as an outcome
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reported improved literacy among clinical nurses and a
mixed sample of doctoral nurses and doctoral nursing
students following the intervention.”

DISCUSSION

Characteristics of included studies

The time distribution of the included studies highlights a
growing interest in genomic literacy in recent years. This
reflects how new knowledge about the human genome,
driven by significant technological advancements,
has been gradually integrated into clinical practice,'
thereby necessitating specific knowledge and skills from
nurses.” * Consequently, nursing researchers are increas-
ingly focusing their attention on this topic, supported by
the efforts of international associations like the G2NA,
which aim to facilitate the integration of these advance-
ments into nursing practice."

At the forefront of this research field is the USA (just
over 40.0%). This geographic concentration should
be taken into account when considering the generalis-
ability of findings across diverse healthcare systems and
educational contexts. While some European countries
have contributed to the literature, they remain under-
represented® ** ¥ 40 429960 554 studies from low- and
middle-income countries are particularly scarce. Notably,
recent research has highlighted substantial regional
disparities in genomic literacy. For example, Parviainen
et al’® reported significantly lower literacy scores among
Finnish nursing students compared with their Filipino
counterparts, and Alloubani et al'* documented alarm-
ingly low levels among nurses in Jordan. These findings
underscore the influence of local context, access to
genomic education, and national healthcare infrastruc-
tures in shaping literacy outcomes. To promote equitable
progress in genomic nursing education and practice,
further regionally tailored studies and interventions are
urgently needed.

Regarding the investigated population, merely three
studies focused on faculty®™*” *® and only one aimed at
enhancing the ability of nursing faculty to teach genetics
and genomics.”® However, given the low level of genomic
literacy among faculty and their crucial role in transmit-
ting knowledge, it is imperative to prioritise investment
in their education. This would facilitate the creation of a
virtuous cycle wherein the learning trajectory of students
enhances its consistency, as advancements in practice
generated by genomics would already be integrated into
theoretical teachings. Most of the educational interven-
tions documented in this review were conducted in online
environments, not directly related to clinical practice. To
bridge the gap between theory and practice and facilitate
the anticipated integration of genomics into nursing clin-
ical practice, these educational models should be comple-
mented with activities specifically tied to clinical practice.

Concerning the research designs employed in the
included studies, the results highlight the need for study
designs that provide higher levels of evidence, such as

randomised controlled trials, especially for those aimed at
investigating the effectiveness of educational interventions
in promoting genomic literacy. In fact, most of the studies
were observational in design, and those encompassing an
educational intervention were designed with a before-
and-after approach,?® 34 #-4751526268 gy rthermore, when
investigating genomic literacy, the use of validated evalu-
ation tools should be prioritised over ad hoc instruments.
Indeed, nearly half of authors used ad hoc instruments
in their studies, 2 23-25 31 34 36 42 43 45-51 56 58 59 61 62 68 72-77 80
Although this could be expected, given the recent and
rapid development of genomic nursing, this poses chal-
lenges for comparing results, obtaining a clear picture
of available evidence and establishing valid, reliable
and generalisable measures of the phenomenon. In
this context, using ad hoc instruments could entail the
risk of not accurately or comprehensively measuring
the phenomenon of interest, whereas validated tools
are designed to mitigate this risk. Furthermore, ad hoc
tools may exacerbate the risk of fragmenting the broad
concept of genomic literacy into its various dimensions.

Outcomes and educational interventions

The findings from the included studies reveal a wide-
spread low level of genomic literacy among clinical
nurses, students and faculty. This result was also observed
in other outcomes encompassed within the definition
of genomic literacy, including knowledge, competency,
application in practice and confidence. To address these
gaps, educational interventions have been implemented
to enhance knowledge.”* ** 1647626876 While these inter-
ventions have demonstrated effectiveness in improving
knowledge, their impact on fostering professional prac-
tice and competencies has been limited, with minimal
or no observable improvements.*® * **°! It is crucial to
interpret these results in the context of the heterogeneity
observed among educational interventions, which vary in
aims, content, materials and methodologies. To establish
a robust baseline of knowledge necessary for sustaining
nursing activities, it would be beneficial to prioritise the
standardisation of educational interventions with clear
objectives and consistent contents. Additionally, strength-
ening the reporting of these interventions using tools
such as the GREET guidelines would enhance reproduc-
ibility and comparability.?' Simultaneously, interventions
should aim to support the development of genomic-based
competencies and encourage their practical application.
This approach would empower clinical nurses in their
roles and enable students to enter work environments
that foster professional growth and competency devel-
opment. It is also important to interpret these findings
in light of the relative novelty of genomic literacy as a
formal component of nursing education and practice.
As an emerging discipline, most educational efforts have
understandably focused on foundational knowledge
rather than advanced competencies or clinical applica-
tion. This pattern aligns with established educational eval-
uation models, such as Kirkpatrick’s framework,sg which
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emphasises that early educational research often concen-
trates on learner satisfaction and knowledge acquisition
before advancing to behavioural and outcome-level eval-
uations. Furthermore, the current clinical and academic
context may not yet be mature enough to support fully
integrated genomic practice, as even faculty and clinical
nurses often demonstrate limited genomic literacy them-
selves.” %057 These contextual factors help explain why
few studies have addressed the translation of genomic
knowledge into practice, suggesting that the observed
limitations may stem not only from study design but also
from the broader developmental stage of the field itself.

In this evolving context, the limited effects observed on
competency and practice may also be attributed to struc-
tural weaknesses in the interventions themselves, many of
which are short-term, not embedded into clinical work-
flows, or lack follow-up strategies to support sustained skill
development and practical integration. This is consistent
with findings by Alloubani et al,'* who emphasised the
importance of implementing longitudinal educational
strategies, incorporating genomic literacy into nursing
curricula and adopting evidence-based formats such as
workshops, case studies and simulations to ensure long-
term retention and application of genomic knowledge in
clinical practice.

Strengths and limitations

To the authors’ knowledge, this is the first literature
review to systematically map evidence on genomic literacy
in the nursing field, comprehensively encompassing clin-
ical nurses, nursing faculty and students. A key strength
of this work is its adherence to established methodolo-
gies, such as the JBI framework and PRISMA-ScR guide-
lines, ensuring a systematic and transparent approach to
conducting and reporting the review."” ' Additionally,
the identification of critical evidence gaps, such as the
under-representation of nursing faculty and the limited
number of studies from regions outside the USA, provides
valuable insights to guide future research and practice.
Another strength is the detailed analysis of educational
interventions using the GREET framework.”'

This evaluation underscores the need for stan-
dardised educational models that integrate genomic
literacy into clinical practice, a crucial step in bridging
the gap between theory and application. The inclusion
of studies addressing diverse outcomes, such as knowl-
edge, competency and confidence, offers a nuanced
understanding of the current state of genomic literacy
in nursing. However, the review also has limitations. The
predominance of US-based studies limits the generalis-
ability of findings to regions with different healthcare
systems and educational structures. Furthermore, the
heterogeneity in study designs, outcomes and method-
ologies complicates the synthesis and comparison of
results. As observed in several of the included studies, a
notable issue is the frequent use of ad hoc instruments to
measure genomic literacy, which raises concerns about
the reliability and comparability of findings. These tools,

often developed for specific research purposes, may fail
to adequately capture the multidimensional nature of
the concept and may introduce variability in outcome
measurement. This makes cross-study comparisons
difficult and reduces overall confidence in the conclu-
sions. For this reason, future research should prioritise
the use or development of validated and psychometri-
cally sound instruments that can be consistently applied
across settings and populations. However, given the
rapid advancements in the genomic field, even vali-
dated tools require continuous monitoring and periodic
updating to ensure they reflect current knowledge and
clinical relevance. Without such attention, there is a risk
of premature obsolescence of assessment instruments,
which could compromise their utility in both research
and educational evaluation.

As the review did not evaluate the methodological
quality of the included studies, the results should be
interpreted cautiously, considering the potential inclu-
sion of studies with varying levels of rigour and reliability.
By addressing these challenges, the nursing profession
can better integrate genomics into practice, ensuring
genomic literacy becomes a foundational element of
nursing education and clinical care.

In line with JBI guidance, a formal risk of bias assessment
was not conducted. However, some potential sources of
bias across the included studies should be acknowledged.
These include the widespread reliance on self-reported
data, the absence of control groups in some intervention
studies and variability in measurement strategies. Collec-
tively, these limitations may affect the robustness of the
conclusions and should be considered when interpreting
the results. Recognising these issues is essential to guide
the design of more rigorous and comparable studies
moving forward. To strengthen future research, greater
emphasis should be placed on the use of validated and
psychometrically robust instruments. Moreover, given
the rapid and ongoing evolution of the genomic field,
validated tools require continuous monitoring and peri-
odic updating to ensure they reflect current knowledge,
competencies and clinical practices. Without such revi-
sions, assessment instruments risk becoming outdated,
thus compromising their relevance for both research
and educational evaluation. By addressing these meth-
odological challenges, the nursing profession can better
integrate genomics into practice, ensuring that genomic
literacy becomes a foundational element of nursing
education and care across diverse contexts.

This review included only studies published in English,
which may have led to the exclusion of relevant research
published in other languages. Although this choice was
based on practical constraints, it may have limited the
completeness of the evidence base by overlooking contri-
butions from certain countries. However, as English is
widely used for scholarly communication worldwide,
including in non-English-speaking countries, the findings
remain broadly applicable and informative for interna-
tional nursing education and practice.
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Clinical relevance

Although evidence is limited and heterogeneous, nurses,
students and faculty reported alarmingly low levels of
genomic literacy and its associated outcomes such as
knowledge, competency, practical application and confi-
dence. Educational interventions have demonstrated
their effectiveness in improving knowledge across all
populations, but gains in confidence and competency
have been less consistent, particularly among clinical
nurses. Furthermore, despite some improvements, the
practical application of genomic knowledge in clinical
settings remains notably limited, revealing a critical gap
in translating genomic literacy into actionable practice.
These findings underscore the need for robust, tailored
educational strategies to address these deficits and ensure
that genomic advancements are effectively integrated
into nursing practice.

To move the field forward, several concrete actions are
needed. These recommendations are grounded in the
GenoNurse Educational Model and RoadMap, a recently
published framework designed to support genomic
education in nursing.** First, genomic content should
be systematically embedded within undergraduate and
postgraduate nursing curricula, ensuring that all nurses
acquire essential genomic knowledge and competencies
early in their professional development.

Second, continuing education programmes should
be promoted within clinical settings, ideally through
mandatory training modules that are practice-oriented
and aligned with institutional priorities. Third, education
should be coupled with organisational support to enable
nurses to apply genomic knowledge in daily care through
clinical decision tools, interdisciplinary collaboration and
access to genetics experts.

Finally, the use of structured models such as the
GenoNurse Educational Model and RoadMap can guide
the design, delivery and evaluation of genomic educa-
tion across academic and healthcare settings, fostering a
more consistent and integrated approach to competency
development. These efforts are in line with international
calls to action, such as those outlined by the G2NA, which
advocates for the systematic integration of genomics into
nursing education, practice and policy to ensure global
workforce readiness.” '’

CONCLUSION

This review underscores a growing interest in genomic
literacy, driven by technological advancements and an
evolving understanding of the human genome. However,
the analysis of included studies revealed several gaps.
Notably, many countries have yet to engage in research
on this topic. Additionally, genomic literacy among
nursing faculty remains significantly underexplored.
Another limitation is the low level of evidence available,
particularly regarding the effectiveness of educational
interventions designed to promote genomic literacy. The

overreliance on ad hoc measurement tools further exac-
erbates this issue.

The findings from the included studies indicate low
levels of genomic literacy among clinical nurses, students
and faculty. This deficiency extends to key aspects of
genomic literacy, including knowledge, competency,
application in practice and confidence. Despite the
observed heterogeneity, educational interventions have
proven effective in enhancing knowledge; however, their
impact on competency and professional practice remains
limited.

Future research should address these gaps to develop a
comprehensive global understanding of genomic literacy
and its implementation in nursing practice. Efforts
should prioritise engaging under-represented countries
in genomic literacy research to foster broader participa-
tion. Furthermore, as faculty play a crucial role in dissemi-
nating genomic knowledge, additional studies are needed
to investigate their literacy levels. Investing in faculty
education is essential to align students’ learning trajecto-
ries with genomic advancements and better prepare them
for future nursing practice.

To enhance the quality of evidence, future research
should employ more rigorous study designs, such as exper-
imental approaches where appropriate, and prioritise
the use of validated assessment tools to ensure reliability
and comparability of findings. Additionally, standard-
ising the content of educational interventions will help
establish a baseline of genomic knowledge necessary for
nursing education. Finally, efforts should focus on devel-
oping strategies to enhance nurses’ capacity to deliver
genomic-based care, ensuring genomic literacy becomes
an integral component of nursing education and clinical
practice.
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