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Abstract: This study aimed to translate and validate the Genomic Nursing Concept Inventory (GNCI) in Greek,
analyze the genomic knowledge of nurses in Crete, Greece, and explore potential factors that could affect it.
This cross-sectional study included 324 nurses from public hospitals and primary care units between July and
December 2022. The GNCI is a 31-item questionnaire that evaluates genomic nursing concepts, but it has not
been translated and validated in Greek. The translation process included independent forward translations,
reconciliation, and back-translation. To evaluate internal consistency, Cronbach’s alpha was used, and
Confirmatory Factor Analysis (CFA) was conducted to determine the fit of the model. Multiple linear
regression analysis was performed to examine the associations between the demographic variables and GNCI
scores. The internal consistency of the GNCI was acceptable (Cronbach’s alpha= 0.622). The CFA indicated that
the one-factor model had an adequate fit (SRMR = 0.076, CD = 0.677, CFI = 0.744). The mean GNCI score was
moderate (0.35+0.14). Regression analysis suggested that only gender could affect GNCI scores, with female
nurses scoring higher than male nurses (p>0.001). In conclusion, the Greek version of the GNCI is a reliable
tool for assessing genomic knowledge among Greek nurses.
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1. Introduction

According to the World Health Organization (2020), genetics is defined as the study of heredity
[1]. On the other hand, genomics is a scientific field that examines the relationships between all genes
in an individual’s genome, their functions, and their combined effects on growth and development
[1]. Through the use of genomics, healthcare professionals have improved diagnostic times,
identification of at-risk individuals, and informed precision therapies that could improve health
outcomes [2]. Therefore, genomics is an essential component of healthcare, contributing to diagnosis,
risk assessment, prevention, treatment, management, and thus overall prognosis [3]. However, and
despite the value of genomics in healthcare practice, studies have suggested that not all healthcare
professionals are adequately prepared to integrate genomics into their practice [4-8].

As healthcare professionals, nurses are responsible for continually educating themselves and
thus have adequate knowledge of genomics. This will enable them to better inform patients, family
members, and caregivers regarding the risks of being diagnosed with various genetic disorders and
the available treatments [9-11]. Moreover, it is crucial for nurses to possess genomic literacy to
effectively communicate with other healthcare professionals and enhance the quality of care
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provided to their communities [12]. However, findings from studies across multiple countries
consistently demonstrate that nurses have insufficient knowledge of genomics, underscoring the
necessity for improving genetic/genomic literacy [2,4,5,13-15]. Hence, one possible approach to
enhance nurses’ understanding of genomics could involve healthcare managers and nurse educators
using reliable tools like the Genomic Nursing Concept Inventory (GNCI) [16] to evaluate and
improve nurses” knowledge of genomics.

The GNCI is the first English inventory in nursing designed to measure the understanding of
fundamental genomic concepts that are crucial to nursing practice [16,17]. It offers an accessible and
evidence-based way to assess genomic knowledge, since it can be administered in 30-minutes either
on paper or online forms [18]. GNCI allows for a holistic evaluation of nurses’ genomic knowledge
since it examines their understanding of genomics and in cases of misconceptions, where the gap in
their knowledge exists [16-18]. Consequently, the results provide valuable information that enables
educators to focus on poorly understood concepts and address misconceptions directly [16-18]. This
underlines the value of GNCI in educational settings because it could enable educators and managers
to more efficiently and effectively assess and improve nurses' genomic knowledge [16-19].
Nevertheless, despite the growing importance of genomics in nursing and the value of GNC], it has
not been translated and validated in multiple languages, including Greek. Therefore, this study
aimed to translate and validate the GNCI in Greek, evaluate the genomic knowledge of nurses in
Crete, Greece, and explore potential variables that might influence it.

2. Materials and Methods
2.1. Participants

This cross-sectional study was conducted in public hospitals and health units in Crete (Greece).
For the collection of the data, the sampling method of convenience was used. Data collection for the
questionnaire took place between July and December 2022, and 324 clinical nurses were recruited in
total. Participants were handed a self-reported questionnaire that assessed their demographic
characteristics (gender, age, educational level, and workplace), and the Genomic Nursing Concept
Inventory.

2.2. The Genomic Nursing Concept Inventory

The tool used in this study was the Genomic Nursing Concept Inventory (GNCI) developed and
weighted by Ward, Haberman, & Barbosa-Leiker [16]. The GNCI is made up of 31 multiple-choice
items (each with one right answer) that correspond to 18 concepts divided into four thematic groups
(genome basics, mutations, inheritance patterns, and genomic healthcare applications). The mean
score takes values from 0 to 1. The results back up the 1-factor model, demonstrating scale one-
dimensionality. The GNCI takes 30 minutes to administer and has been tested with nursing students,
nursing professors, and a limited number of working nurses, yielding good psychometric results.

2.3. Translation

The process included the independent translation of the original English Forward Translation
by two different people. After this phase, the two translations were compared by a third person who
was able to decide between any different translation versions in order to obtain an agreed translation
(1st reconciliation version). The agreed version was then translated into the language of the original
questionnaire (back-ward translation) by a bilingual person (whose mother tongue was English) who
was a professional translator, but did not know the standard form of the questionnaire. The version
of the questionnaire that resulted from the translation process was completed by 10 clinical nurses
from the target population to assess the apparent validity (Face Validity), confirming that the scale
consists of questions that are consistent with the attribute to be measured and does not result in an
incomplete response to the questions or misleading answers [20].
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2.4. Data Analysis

Internal consistency was assessed by the Cronbach’s alpha. A Cronbach a coefficient >0.6
indicates acceptable reliability for research purposes and suggests that items are interdependent and
homogeneous in terms of the construct they measure. The McNemar test is used to analyze pretest-
posttest study designs. The sample size for McNemar's test is calculated using the asymptotic
approximation due to Miettinnen [21]. For 80% power and error type I equal 5%, the minimum
sample size is 74. Confirmatory Factor Analysis (CFA) was conducted to determine the model’s fit
with a population of 324 clinical nurses. Adequate or good fit was indicated by a Standardized Root
Mean Squared Residual (SRMR) less than or equal to 0.08, Coefficient of determination (CD) greater
than or equal to 0.90, Comparative Fit Index (CFI) greater than or equal to 0.90. Continuous variables
were expressed as mean = standard deviation (SD) and categorical variables as numbers
(percentages). Multiple linear regression analysis was used to examine the adjusted associations
between demographic variables and the GNCI total score. Assumptions for linear regression were
checked and fulfilled. The statistical analyses were conducted using STATA (version 12) for the CFA
and IBM SPSS (version 26) for the remainder. The threshold for statistical significance was set at an
alpha level of 0.05.

3. Results

The sample was comprised of 324 participants, 262 (80.9 %) females and 62 (19.1 %) males, aged
between 23 and 59 years (Table 1). The participants were recruited from five public hospitals and
eleven healthcare units in Crete, Greece.

Table 1. Demographic characteristics of the participants.

Age Mean 41.0
Standard Deviation 8.2

Minimum 23.0

Maximum 59.0

Percentile 25 35.0

Median 42.0

Percentile 75 46.0

Biological sex Female N 262
N% 80.9%

Male N 62

N% 19.1%

Educational level BSc N 261
N% 80.6%

MSc/ PhD N 63

N% 19.4%

Workplace Hospital N 265
N% 81.8%

Community N 59

N% 18.2%

CVR results showed that 100% of items (n = 31) were acceptable. Cronbach's alphas for the 31
items were 0.622. The contribution of each item to the scale can be examined in Table 2. A McNemar's
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test determined that the difference in the proportion of correct answers pre- and post-test wasn’t
statistically significant, for all 31 items (p > 0.05).

Table 2. Contribution of each item to the GNCI scale.

Cronbach's Alpha if Item Deleted

Q1 0.611
Q2 0.611
Q3 0.610
Q4 0.615
Q5 0.615
Q6 0.619
Q7 0.609
Q8 0.616
Q9 0.623
Q10 0.611
Qi1 0.618
Q12 0.608
Q13 0.610
Ql4 0.613
Q15 0.612
Q16 0.620
Q17 0.612
Q18 0.613
Q19 0.612
Q20 0.605
Q21 0.610
Q22 0.613
Q23 0.613
Q24 0.621
Q25 0.616
Q26 0.612
Q27 0.619
Q28 0.609
Q29 0.613
Q30 0.619
Q31 0.617

A one-factor model was conducted by CFA (Figure 1), giving acceptable global fit indices. The
resulting global fit indices (SRMR = 0.076, CD = 0.677, CFI = 0.744) showed that the 31 items in the
one-factor solution proposed by the primary researchers should be accepted for the Greek GNCL
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Figure 1. Confirmatory factor analysis of the Greek Genomic Nursing Concept Inventory (GNCI).
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The mean GNCI score was 0.35£0.14 indicating that the participants had moderate genomic
knowledge (Table 3). Furthermore, all subscales of GNCI had moderate scores. More specifically, the
mean Genome Basic subscale was 0.36+0.17, the mean Mutation subscale score was 0.35+0.30, the
mean Inheritance subscale score was 0.33+0.19, and the mean Genomic healthcare score was 0.34+0.21
(Table 3).
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Table 3. Mean scores of GNCI and its subscales.

Mean Standard Deviation
GNCI total score 0.35 0.14
Genome Basic 0.36 0.17
Mutations 0.35 0.30
Inheritance 0.33 0.19
Genomic healthcare 0.34 0.21

Moreover, the result of the Multiple Linear Regression analysis (Table 4) showed that of the
studied variables (age, biological sex, educational level, workplace) only biological sex statistically
significantly affects the average score of the GNCI scale, with female nurses having a higher score
than male nurses (p <0.001).

Table 4. Coefficients of Multiple Linear Regression Analysis.

Unstandardized  Standardized 95.0% Confidence
Coefficients Coefficients Interval for B
Model t Sig. Lower  Upper
B Std. Error Beta Bound  Bound
(Constant) 0.354 0.046 7.671 0.000 0.263 0.445
Gender -0.129 0.018 -0.376 -7.131  0.000 -0.165 -0.094
1 Age 0.000 0.001 0.019 0.380 0.704 -0.001 0.002
Educational level -0.026 0.018 -0.075 -1.453 0.147  -0.060 0.009
Workplace 0.028 0.018 0.081 1.527 0.128 -0.008 0.064

Dependent Variable: GNCI score

4. Discussion

The main objective of this study was to translate and validate the Genomic Nursing Concept
Inventory (GNCI) in Greek. Additionally, the study aimed to evaluate the genomic knowledge of
Greek nurses and identify potential factors that could influence their genomic knowledge. The
internal consistency of the Greek version of the GNCI was found to be acceptable, with a Cronbach'’s
alpha of 0.622. Moreover, our findings suggest that Greek nurses have a moderate level of genomic
knowledge, and gender is the only demographic factor that could influence their understanding of
genomics.

As aforementioned, a major outcome of this study was that the Greek version of the GNCI was
successfully translated and validated, thus establishing a valuable tool for assessing and improving
the genomic knowledge of Greek nurses. Although the internal consistency was acceptable
(Cronbach’s alpha = 0.622), this value is slightly below the commonly accepted threshold of 0.70 [22].
For example, the developer of GNCI reported a Cronbach's alpha of 0.77 [16]. In addition, another
study found that the Cronbach's alpha of GNCI was 0.78 [18]. Nevertheless, a Cronbach’s alpha
higher than 0.6 is considered adequate for exploratory research and initial validation studies [23].
Especially for the Greek GNCI, since CFA (SRMR = 0.076, CD = 0.677, CFI = 0.744) further supported
its reliability and validity. Previous research has also yielded comparable CFA results [19,24-28],
which suggests that the items on the Greek GNCI are interconnected, and collectively represent a
unified construct for genomic knowledge in nurses [19,29,30]. Furthermore, the CFA results indicate
that the Greek translation of the GNCI preserves the structural integrity of the original instrument,
thereby confirming its suitability for use in the Greek context [19,29,30]. Consequently, our study
provides a means for improving genomic knowledge among nurses in Greece. Since, GNCI could
help educators and healthcare managers in pinpointing areas of deficiency and designing tailored
educational initiatives to improve genomic knowledge among nurses and nursing students.

d0i:10.20944/preprints202406.0940.v1
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Another major finding of the present study was that the nurses who participated in the study
had a moderate level of genomic knowledge. Unfortunately, other studies in various contexts also
confirm this finding [5,14,25,31-33], with some studies even indicating that nurses have low levels of
genomic knowledge [12,26,34]. These moderate to low scores suggest that nurses may not yet possess
the holistic and comprehensive genomic knowledge necessary to effectively integrate genomics into
their practice. Therefore, these findings highlight the urgent need to increase nurses’ genomic
knowledge, and thus improve healthcare outcomes of their patients. A possible solution to this could
be the incorporation of genomics into both undergraduate nursing curricula and continuing
professional development programs for nurses and nurse educators [35-37]. This could enable nurses
to better apply genomic information in clinical settings, ultimately improving patient care and
outcomes [3,6,38—40].

We also found that only gender was associated with GNCI scores, with female nurses attaining
higher GNCI scores than male nurses. This finding is interesting since other studies also suggested
that female nurses score higher on the GNCI than their male counterparts [3,37]. However, different
studies have indicated that male nurses have higher scores than female nurses [12,41]. This
underscores the need for further research to understand the underlying factors contributing to this
disparity. For example, a potential explanation could be the different attitudes toward genomics
between male and female nurses in various contexts [3,12,37,41]. Additionally, the gender disparity
in genomic knowledge among nurses may reflect differences in nursing education and practice,
globally [13,24,42].

Other demographic variables such as age, educational level, and workplace did not show any
significant associations with GNCI scores. However, another study suggested that both age and
experience were positively associated with genomic knowledge [12]. Moreover, it has been suggested
that nurses' knowledge of genomics increases with experience [43]. Consequently, these findings
underscore the importance of developing educational strategies that target all nurses, regardless of
age, educational level, and workplace settings.

Limitations

The present study, despite its merits, has a few limitations worth mentioning. First, the cross-
sectional design used in the research limits our ability to make causal inferences. Additionally, the
sample size was limited to nurses in Crete, which may not accurately represent nurses from all
regions of Greece. Therefore, future research could include a more diverse sample and utilize
longitudinal designs to track changes in genomic knowledge over time. Another limitation is the
moderate internal consistency of the GNCI, as shown by Cronbach’s alpha. Although, as stated, it is
acceptable for research purposes, future studies should aim to improve the instrument’s reliability
by refining individual items or considering additional items that better capture the construct of
genomic nursing knowledge.

5. Conclusions

In conclusion, the present study has successfully translated and validated the GNCI in Greek.
The results indicated that nurses had a moderate level of genomic knowledge, with gender
influencing this knowledge. Specifically, female nurses tend to have higher genomic knowledge
levels. These findings highlight the importance of implementing targeted educational strategies to
enhance genomic competencies, especially in addressing the gender disparity in knowledge levels.
Moreover, using the GNCI can help nurse educators and healthcare managers better prepare nurses
to integrate genomics into their practice, ultimately improving patient care outcomes.
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