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Abstract

Background: As human genetics knowledge develops, public genetic literacy needs to be increased, though the
educational capacity for this purpose has not yet been fully developed. Under this circumstance, the daily work of
public health nurses can be viewed as an opportunity to enhance public genetic literacy. However, in Japan, there
is not only a lack of public knowledge of human genomics but also a lack of public health nurses’ recognition
about genomic literacy. A short-term education program was implemented as a pilot study. This study aimed to
examine the effectiveness of the program to support public health nurses’ activity aimed at promoting health
services-related genetic literacy.

Methods: The genetics education program was implemented in December 2019, in Kagoshima, Japan. Twenty-
three public health nurses cooperated with the research. The program was composed of a case study on
consultation, a lecture on hereditary diseases, and a discussion on the role of public health nurses. Familial
hypercholesterolemia was used as the topic of the case study. We evaluated scores for cognition, affect, and
psychomotor characteristics related to their learning goals before and after the program using Wilcoxon signed-
rank tests. Answers in the consultation were qualitatively analyzed.

Results: The mean cognitive score, capturing provision of explanations of hereditary disease, was 6.3 before the
program but increased significantly to 9.3 after the program (p < 0.001). For the affective score, the goal of which
was deepening interest in human genetics, the mean score increased significantly from 8.5 before to 11.0 after (p <
0.001). For the psychomotor score, addressing the need for genetic consultation, the mean score increased
significantly from 4.4 before to 8.1 after (p < 0.001). Prominent themes extracted from descriptions on the worksheet
post training included, “providing advice and accurate information on genetic disorders” and “referral to a
specialized organization.”

Conclusions: Our findings indicated that this education program helps public health nurses be positively involved
in human genetic disorders. Thus, they may connect to their local community to provide accurate genetics
knowledge and advice for health management and promoting genetic literacy.
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Background
Genetic information is currently used for diagnosis of
diseases and identification of infection routes [1, 2].
However, people use genetic information and technol-
ogy without acknowledging the fact that the charac-
teristics of genetic information also include
information on risks to humans (i.e., immutability, in-
heritance, and predictability) [3]. Genetic information
can be a disadvantage for people and requires the de-
velopment of an ethical code and generating public
awareness of ethics to utilize genetic information [4,
5]. To help the progress of the ethical code on gen-
etic information, the World Health Organization
(WHO) proposed an ethical standard for developing
medical ethics [6]. Despite the growth of the utility of
genetic information for disease prevention, proper un-
derstanding [7] and use of such information is still
considered insufficient. Literacy on the use of genetic
information is needed.
To resolve the problem of understanding ethics and

use of genetic information, it is first necessary to dissem-
inate genetic literacy. Genetic literacy is a part of scien-
tific literacy, and relates to the ability to use scientific
thinking for personal and social purposes regarding gen-
etics and genetic diseases [8]. Considering that preven-
tion of health problems requires a partnership between
healthcare providers and patients, both medical profes-
sionals and the general public need to have good know-
ledge of genetics [7]. However, this ideal state is far from
the real-world situation; discrimination regarding per-
sonal genetic traits is increasingly seen (e.g., restrictions
on insurance [9, 10]), and the buds of prejudice are
widespread. To address problems that may result from
genetic information, “genetic literacy” will be extremely
important for the development of an ethical code. Even
though personal genetic information was shared only
by/with close relatives [11], now the general public en-
counters increasingly more genomic information on a
daily basis [8]. They often must make decisions about
whether and how to integrate new genetic technology
into their lives.
To help resolve the problem of people’s inadequate

understanding and ethical use of genetic information, it
is necessary to disseminate educational material about
genetics to the general public [8, 12]. Under conditions
of low genetic literacy, the development of genetic tests
and accessibility to genetic information can lead to in-
creased discrimination and prejudice among the public.
Experience of discrimination and prejudice can have a
negative effect on people’s health [13]. Hence, the public
must promote their understanding of genomics, the gen-
etic diversity of humans, genetic disorders, and the rap-
idly developing genetic medicines based on scientific
perspectives. Public education concerning genetics issues

(i.e., genetic education) is now necessary to help resolve
ethical issues associated with genetic technologies [14].
Genetic education for the enhancement of health

literacy may be provided most effectively through
school education [15]. However, genetic education
was only recently introduced into the school curricu-
lum in limited cases [16, 17]. Furthermore, by the
time these children become adults, their knowledge
may already be outdated. Indeed, the speed at which
people improve their genetic literacy is not compar-
able to the speed of the development in genetic medi-
cine and its technology. This means that the full use
of genetics for disease prevention requires rapid
improvements in the genetic literacy of healthcare
providers, patients, and the public.
One possible way to effectively share genetic informa-

tion related to their own health with the general public,
is to have local health care providers (LHPs) provide the
information to them [18]. Using direct contact with local
people through a health care program, LHPs can play a
vital role in addressing gaps in the public’s knowledge
on genetics [14]. In particular, LHP public health nurses
(PHNs), who usually contribute to health maintenance
activities for local people through face-to-face consulta-
tions, will be best placed to provide genetics knowledge.
In previous research, interviews were conducted with
PHNs to assess their activities and duties related to hu-
man genetics and genetic medicine [19]. For example,
some PHNs consider knowledge of genetics helps im-
prove the health of targeted populations, and that makes
them support genetics education and related healthcare
services [19]. This indicates the possibility that PHNs
could effectively provide genetic knowledge to a target
population (i.e., contribute to “public health genetics”).
However, at the same time, results of the investigation
revealed an issue: PHNs rarely have opportunities to
consider genetics in their daily operations. This situation
means that while PHNs in principle have the potential
to help others gain scientific knowledge about genetics,
in practice, they do not often do it.
Additionally, there is a lack of knowledge of human

genetics among many PHNs [20]. They do not have
enough knowledge about genetics, nor do they have the
time to prepare for genetics-related services that are in
potential demand in the community [21]. The sharing of
genetic information will facilitate the development of
more appropriate family nursing care in genetic aspects
[22]. However, in the previous example of genetic educa-
tion, the link between the genetic information and nurs-
ing care was not established [23]. Even nurses caring for
the symptoms of hereditary disorders find it difficult to
correlate care with genetic information [22]. It is not
surprising that there is a gap between genetic informa-
tion and duties of PHNs, which are non-direct care
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duties that they had been educated on before the rapid
development of genetics [24, 25].
Furthermore, in Japan, the occupational responsibil-

ities of PHNs are legally defined by the local govern-
ment. Notably, PHNs working in local municipalities are
not responsible for providing social and welfare support
related to genetic disorders [26]. Instead, PHNs in pre-
fectural government, who do not usually do a face-to-
face consultation with local community members unless
they are diagnosed patients or highly suspected of her-
editary diseases, are assigned the responsibility for gen-
etic disorders. This may result in a situation where local
PHNs overlook the potential needs of genetic knowledge
and are discouraged from pursuing further studies on
human genomics and associated genetic disorders. How-
ever, as noted, genetic knowledge is gradually becoming
necessary for PHN work for the promotion of commu-
nity health.
Training programs for genetics knowledge in human

health [27] have been increasingly incorporated into
basic education for nursing students, especially for PHN
candidates to cope with these circumstances. However,
this improvement has the same structure as medical
genetics with the education of genetics for the public;
this will take a long time to be effective in PHN services
and contain the possibility of being outdated. Therefore,
genetic training should be designed to train currently
working PHNs and to help them acquire necessary skills
for information and prevention vis-à-vis genetic disor-
ders and human genetics.
In December 2019, we held a short-term pilot gen-

etics education program for local municipal PHNs.
This program aimed to share knowledge on genetics
and help PHNs acquire essential skills for residents’
genetics education. To achieve this purpose, goals
were set according to the three domains of learning
defined by Benjamin Bloom—cognitive, affective, and
psychomotor domains [28]. PHNs have fewer oppor-
tunities to provide care for genetic diseases than do
staff nurses, thus their role in genetic healthcare is
unclear [23]. However, PHNs have the opportunity to
improve the genetic knowledge of the public. The
program sought to help PHNs learn about the oppor-
tunities for disseminating genetic knowledge to the
public and to facilitate genetic learning in a way that
is strongly related to the duties of a PHN.
Our target population in this study were PHNs

working in local municipalities, who might require
basic competencies in providing genetics-related ser-
vices and education to the community. The purpose
of this study is to investigate the effectiveness of pro-
grams that support the activities of public health
nurses to promote genetic literacy associated with
health promotion.

Methods
Study design
The present study was designed as a semi-pilot study in-
volving a single target group, held in Kagoshima Prefec-
ture, Japan. Although this study was associated with a
training program in facilitation skills for local municipal
PHNs, where they were provided a lecture and discussed
a given public health topic related to their work [29], we
will not discuss the effectiveness of this event on their
(general) facilitation skills. Rather, our study focused on
the effectiveness of the training (the lecture and discus-
sion regarding genetics) on the participants’ learning as
it relates to human genetics.
The structure of the training course is described in

Fig. 1. The training was conducted so that municipal
PHNs could learn the knowledge and skills needed to
promote genetic literacy. The criteria for inclusion and
exclusion were as follows: we included PHNs who work
at the municipality office in Kagoshima Prefecture; how-
ever, we excluded the person who was in charge of pro-
viding genetic related healthcare services. Though we set
the criteria above, the PHNs working at the municipality
office are not usually responsible for providing the pub-
lic with support for genetic diseases in the current Japa-
nese healthcare system [19]. In fact, the participants did
not include any PHNs who were involved in genetic dis-
eases. The training was designed based on a similar trial,
which aimed to support the decision-making process of
local people through consultation on their genetics-
related issues [29]. The main results were obtained by
the measurement of the participants’ cognition, affect,
and psychomotor characteristics, (described later) before
the training (pre-test) and again after the training (post-
test). In addition, participant’s thoughts on the role of
PHNs in genetics consultation, based on the description
in the summary sheets provided in their discussions,
were analyzed. Details of the intervention are given in
“Training for PHN participants.”

Training for PHN participants
The motivation for professionals to learn is increased
when learning is associated with their work [30]. To mo-
tivate learning about genomics for PHNs, who are not
responsible for providing support to people diagnosed
with genomics disorders in their daily work, we used
lifestyle-related disease case studies as skills training for
the participants to learn about genomics. Residents who
have not been diagnosed with a genetic disease may still
have a genetic disease. Through learning basic counsel-
ing skills, we provided the minimum genomic knowledge
necessary for the case. The training was limited in that it
only addressed genetic knowledge relevant for counsel-
ing one genetic case study.
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First, a workshop with a case study was held to meas-
ure whether the knowledge of human genetics and re-
lated disorders was linked to the daily consultation of
PHNs. In this workshop, familial hypercholesterolemia
(FH) was selected as a topic of consultation from a sim-
ulated client (i.e., the PHN was asked whether hyper-
cholesterolemia is hereditary, see “Details of Case
Study”). FH is an inherited autosomal disorder of lipid
metabolisms. When the gene encoding the low-density
lipoprotein (LDL) receptor in chromosome 19 has
double abnormal copies (homozygote), the rate of ath-
erosclerosis accelerates from childhood. Although the
prevalence of homozygous FH is not very high (about

one in a million), it is a “designated intractable disease”
in Japan [31]. Although the proportion of patients with
FH is small, such patients are entitled to various forms
of public support, and the disease is important for PHNs
because support is typically provided by prefectural
PHNs through consultation with patients and confirm-
ation of diagnostic evidence such as a genetic test. It is
the role of the PHN of the municipality to support the
residents until they are connected to the PHN of the
prefecture. In addition, in cases where the gene related
to FH has only one abnormal copy (heterozygote), it still
presents a genetic risk for the onset of atherosclerosis
[32]. Though the incidence of the atherosclerosis in

Fig. 1 Flow of the training program and data collection
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heterozygous FH patients is similar to those of dietary or
age-related dyslipidemia, knowing the genetic informa-
tion of the patient and his/her family will be important
for PHNs. Specifically, it provides an opportunity for
PHNs to help guide the patient to improve his/her life at
an early stage.
After introducing this simulation example, participants

were asked to write a scenario on a worksheet (the first
worksheet) describing how they would respond to local
people on this topic. These responses were used as a re-
source for discussions about the role of PHNs for
informing community members about human genetic
disorders.
Second, a lecture was delivered for 15 min. Our educa-

tion materials gave (i) information on basic health pro-
motion topics selected from materials related to genetics
education; genetic factors and environmental relations;
(ii) general information needed to understand human
genetics and genetic disorders; human genome as the
blueprint for life; characteristics of genetic information:
immutability, predictability, and commonality; and (iii)
detailed information about multifactorial genetic disor-
ders that have been believed to be caused by patients’
personal body constitution and not by their genetic
background; diabetes, dyslipidemia, hyperlipidemia, and
FH were used as examples. All of those diseases are
common disorders related to PHNs’ daily operations
that admit possible causation by genetic factors. After
the lecture, to encourage participants to review their re-
sponses to the consultation in the case study, a second
worksheet was distributed, and the participants were
asked again to describe how they would respond to the
consultation.
Following the lectures and review of the case study

with the PHNs, time was provided to participants to
consider the role of PHNs regarding genetic disorders.
In this process, we anonymized the worksheets collected
in the case studies and randomly distributed them to the
participants as materials for consideration; participants
critically reviewed the descriptions by comparing the
first and second worksheets that other participants had
completed. This randomization was meant to prevent
the participants from experiencing any shyness about
their lack of knowledge and/or indifference to genetic
disorders written on their own first worksheet. Through
this process, participants summarized their personal
opinions to the target of interest, then prepared for the
subsequent discussion.
In the discussion, participants were divided into four

groups and debated the role of PHNs in consultation re-
garding genetic disorders. Through this process, the per-
ceived role of PHNs was extracted and written on the
summary sheet (Fig. 1). This summarization task was
also aimed at helping participants learn how to facilitate

relevant genetic discussion during a consultation. Finally,
each of the four groups provided a presentation of their
summary.

Details of case study
The case study used in the training included a simula-
tion scenario in which a member of the community had
raised concerns about FH during a health check-up. This
person was a 40-year-old man who lived with his wife
and 18-month-old son. He was taking medications for
hyperlipidemia, and his wife was aware of this. He re-
ported, “My father passed away from myocardial infarc-
tion at the age of 55. I also know my grandfather died
from heart disease. I am worried that I may have inher-
ited the same condition.”

Data collection
The attainment goals of the training were set according
to each of the three domains of learning defined by Ben-
jamin Bloom—the cognitive domain, the affective do-
main, and the psychomotor domain [28]. In our genetics
education program, the target for the cognitive domain
was set as the participants become able to explain gen-
omic diseases; for the affective domain, the participants
become interested in human genetics; and for the psy-
chomotor domain, the participants become able to ad-
dress the needs of community members by using their
knowledge of genetics. To quantify the degree of
achievement, we extracted the data from the worksheet
and the survey forms through the following processes.
An ID was assigned to each participant and used
throughout the training session, written on the survey
forms. Survey results from before and after the training
were linked at the individual level and then compared
using the assigned IDs. By extracting personal responses
from the worksheets and corresponding post-discussion
feedback, we were able to examine the degree to which
participants achieved their goals in genetics literacy.

Evaluation of training
Data analysis
The effect of training was evaluated by comparing survey
scores from before and after the training session. The
items were rated using a 5-point Likert-type scale. A
Wilcoxon signed-rank test was performed to compare
the significance in differences of scores between the pre-
test (before the lecture and the workshop) and post-test
(after the lecture and the workshop). To evaluate the dif-
ference in attitudes toward human genetics by PHNs in
the current situation (i.e., under the absence of genetics
education), associations between age groups and scores
in pre-test and post-test, and between years of experi-
ence and scores in pre-test and post-test, results were
quantified by Spearman’s ρ. The statistical analyses were
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carried out using SPSS (v. 25) and R (ver. 3.6.2) [33],
with a significance level consistently set as 0.05. The
PHNs’ responses and reactions to the simulation were
extracted from the descriptions given in the worksheets
during the workshop. Descriptive and qualitative
analyses were performed. Specifically. we adopted the
thematic analysis method recommended in the literature
[34]. For all analyses, we extracted specific phrases cor-
responding to each learning domain. Hereafter, the ex-
tracted phrases are indicated in square brackets (i.e., []),
and the original texts and codes are shown in single
quotation marks (i.e., “). The specific phrases were clas-
sified into categories based on their semantic content.
The achievement of the goal was verified for each
category.

Indices for evaluation
Subordinate questions were created for each domain
(i.e., cognitive, affective, and psychomotor) to evaluate
the degree of achievement for each attainment goal.
These items were created based on a previous study [29]
using a 5-point Likert-type scale. All questions were
positively orientated: ‘Not at all applicable’ was 1,
‘Slightly applicable’ was 2, ‘Somewhat applicable’ was 3,
‘Applicable’ was 4, and ‘Very applicable’ was 5. Since
each domain had three subordinate questions, the max-
imum score for each domain was set as 15 (and the
maximum total score provided by the three domains
was 45).
Subordinate questions for the ‘Cognitive domain:

Ability to explain genomic disease’ are as follows:

� I am familiar with the term “human genomics.”
� I can explain diabetes by referring to hereditary and

environmental factors.
� I have had the opportunity to get accurate

information about hereditary diseases. (†Note that
we used an example of diabetes as genetic related
diseases as well as FH in the lecture of the training
course.)

Subordinate questions for the ‘Affective domain: An
interest in people’s genetics’ are shown below.

� I am interested in studying human genetics.
� I have wanted to obtain accurate information on

genetic disorders.
� I am interested in news and articles related to

human genetics.

Subordinate questions for the ‘Psychomotor domain:
Ability to address the needs of local people by using
knowledge about genetics’ are shown below.

� I can fully explain human diversity using genomic
information.

� I can proactively study and consider human genetics
by myself.

� I can respond to concerns raised by a member of
the community by using knowledge of genetics.

Ethical considerations
Our study was approved by the research ethics review
committee of the Hiroshima University (approval num-
ber: E-1776-1). Our scope of analysis was limited to par-
ticipants who had completed the training, that is, the
PHNs who attended the training course, which was or-
ganized by a PHN group consisting of nurses working in
local municipalities. Both the organizer and the partici-
pants of the session provided written consent to partici-
pate in this study. No reward was offered to participants.

Results
Overview of participants
There were 36 PHNs working in this area. Training for
the duties of PHNs is provided by municipalities within
the same jurisdiction. Twenty-six people were able to
participate in the training program without having their
other duties affected.
Our participants included 23 PHNs who answered sur-

veys and provided their written informed consent to par-
ticipate. All participants were women, and the average
years of working experience as a PHN were 11.9, ranging
from one to 35 years. Of all the PHNs, only three had
experience in genetics-related consultations (Table 1).
Two were in their 20s, and one was in their 30s.

Evaluation of associations between scores, age groups,
and years of experience
In the pre-test, we found a significant negative correl-
ation (ρ = − 0.461, p = 0.027) between participants’ age
group and the first cognitive question, ‘I am familiar
with the term “human genomics”.’ Answers to all the
remaining questions were correlated with years of ex-
perience. For the relationships between age group and
the score on each domain (cognitive, affective, psycho-
motor), and the sum of scores of the three domains
(total score), the results of the correlation analyses are
shown in Table 2. All the coefficients show significantly
negative associations except for the psychomotor score.
These results show that younger PHNs have more fre-
quently heard the word “genome” and have higher cog-
nition, psychomotor, and total scores than older PHNs.
On the other hand, there was no significant association
found between the age group and questions, scores, and
sum of scores on the three domains in the post-test.
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Although the coefficients were not significant for
affective and total scores, similar correlations were ob-
served between the scores and age (Table 2). In the
post-test, there was no significant association found be-
tween the years of experience and questions, scores, and
sum of scores of the three domains.

Difference in sum of the scores observed in the three
domains
The mean score of the sum of the three domains was
19.3 (SD = 5.57) before training and 28.5 (SD = 6.40)
after training. The Wilcoxon signed-rank test showed
that the distribution of total scores was significantly dif-
ferent before vs. after training (p < 0.001; See Fig. 2).

Difference in scores on the cognitive domain
As shown in Fig. 3, the mean score on the cognitive domain
significantly increased from 6.3 (SD= 2.34) before to 9.3 (SD=
2.32) after training. Wilcoxon signed-rank test demonstrated
a significant difference between those distributions (p< 0.001).

Difference in scores on the affective domain
As shown in Fig. 4, the mean score for the affective do-
main also significantly increased, from 8.5 (SD = 2.71) to
11.0 (SD = 2.64; Wilcoxon signed-rank test, p < 0.001).

Difference in scores on the psychomotor domain
As in the cases of the two previous topics, the mean
score for the psychomotor domain also significantly in-
creased from 4.4 (SD = 1.12) to 8.1 (SD = 2.39; Wilcoxon
signed-rank test, p < 0.001) (Fig. 5). On the third ques-
tion, ‘Can you respond to concerns raised by a member
of the community by using your knowledge of genetics?’

10 of 23 participants reported they could after training
and none before the training.

Descriptions of responses during consultation
Participants wrote their thoughts on genetics, which
were then extracted from the worksheets. Regarding
their roles in genetics education to the community,
[providing advice thought to be potentially required for
individual life] and [providing people with accurate in-
formation about genetics] were found often (Table 3).
In our qualitative interpretation of extracted phrases,

we found that a phrase ‘testing is needed to determine if
your disease is inherited, let me introduce you to an ex-
pert on human genetics’ was reflected on the PHN’s role
of [introducing the person to an appropriate special
organization]. Moreover, the phrase ‘although the body
constitution is inherited, you will not necessarily become
ill’ indicated that the participants recognized that the on-
set of the disease is related not only to physical constitu-
tion as a manifestation of personal genetic traits, but
also to their lifestyle; therefore, an ‘explanation of envir-
onmental factors is needed’; that is, [providing people
with accurate information about genetics]. This ex-
tracted phrase includes ‘tell the possibility of inheritance’
and ‘explain the risk of development of diseases.’

Table 1 Summary of participants

Variable Category Number of Participants %

Age group 20s 7 30.4

30s 7 30.4

40s 7 30.4

50s 2 8.8

Experience of a consultation on genetic disorders Yes 3 13.0

No 20 87.0

Table 2 Correlation between age group and scores before
learning about human genetics

Domains Age group

coefficients p-values

Cognition −0.397* 0.021

Affective −0.225 0.193

Psychomotor −0.384* 0.035

Total −0.342* 0.042

*p< 0.05

Fig. 2 Changes in all scores from before to after training. FH: familial
hypercholesterolemia; PHNs: public health nurses, LHPs: local health
care providers
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Participants had a deeper understanding of their role of
providing care for genetic disorders as PHNs.

Discussion
We implemented a short-term pilot education program
with an aim of helping PHNs working for local munici-
palities enhance their knowledge of human genetic dis-
orders and provide better genetics-related advice and
services to community members, as this is an important
role bestowed upon them. Bearing in mind that the ef-
fectiveness of our genetics education was measured in a
self-report style by the participants, their cognitive,
affective, and psychomotor domains related to the learn-
ing of public health genetics were significantly improved
by the training program; that is, the program was at least
effective in the short term for learning about public

health genetics by PHNs. In the pre-test, a trend was
seen where young, relatively less experienced PHNs
scored higher on the cognitive and psychomotor do-
mains, and the sum of all three domains was higher, in-
dicating that the scores may also depend on the content
of the educational curriculum. However, this trend dis-
appeared in the post-test. In addition, from a descriptive
analysis perspective, the training clarified that the partic-
ipants’ understanding of the importance of their role in
genetics education for local communities has deepened,
as seen in the extracted phrases relating to informing
about genetic risk provided by inherited bodily constitu-
tions, the existence of genetic testing, and expert
persons.
Previous studies have indicated that PHNs working for

local municipalities do not perceive hereditary diseases
as genetic disorders caused by defective genes, but as a
phenomenon caused by environmental and social factors
shared among members of the community and family
[19]. In fact, many previous studies have found that risk
of cardiometabolic diseases (e.g., obesity, hypertension)
varies depending on the geographical area [24, 35], so-
cioeconomic status [36], and environment [37]; in other
words, members from the same community may be ex-
posed to the same environmental and/or socioeconomic
factors due to living in the same area and abiding by the
same culture and lifestyle, and may even develop the
same diseases. Consequently, even if concerns are poten-
tially related to genetics (i.e., heredity and family his-
tory), PHNs might not perceive consulted symptoms as
genetic disorders per se, but rather as products of com-
plex environmental and socioeconomic conditions. Re-
gardless, through the present study, the need for genetic
knowledge and subsequent genetic consultation by
PHNs was clarified; some young PHNs stated they had

Fig. 3 Changes in the cognitive domain score from before to
after training

Fig. 4 Changes in affective domain score from before to
after training

Fig. 5 Changes in the psychomotor domain score from before to
after training
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Table 3 Participants’ responses during the consultation

Categories Code of responses during consultation

Extract problems with genetic disorders Summarize the anxiety

Check the facts about genetic disorders

Organize by listening to the necessary narratives of the person

Share your concerns about heredity disorders

Ask why they thought they inherited the disorder

Gather information for identifying the genetic disorder

Determine if the person’s troubles are hidden

Confirm the fact that you thought it was inherited

Confirm knowledge about illness

Listen to their understanding of the disease

Pay attention to their family background and life

Accept anxiety about getting the same disease

Ask about their lifestyle

Ask about their life

Pay attention to and manage previous living conditions

Indicate the problem

Make sure that you express you are very worrieda

Identify problems from statements and appearances

Determine issues based on information and prioritize

Ask what the person wants to do in the future

Promote awareness of other causes of health deterioration

Pay attention to medical condition/treatment

Check the process until the start of treatment

Paying attention to the treatment status and changes toward problem solving

Collect information about their health

Providing advice and thoughts potentially required for
individual life

Suggest a countermeasure

Thinking together while advising the person on what they think is necessary

Do not get preoccupied with hereditary conditions

Lead a safe life

Check what can be advised

Health guidance for life improvement

Health guidance closely related to daily life

Provide information about what you can do

Promote health behaviors such as undergoing regular medical checkups

Create an opportunity to appraise your lifestyle

Appraise lifestyle habits other than heredity-related aspects

Create an opportunity to appraise patient’s lifestyle

Thinking together about ways to improve the situation

Encourage the patient to notice the problem

Notice the problemb

Suggest a solution based on what you can do

Suggest what could be improved

Providing people with accurate information about
genetics

Assess the risk of onset

Thinking about ways to reduce the risk of onset
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experienced consultations regarding genetic concerns
from members of their target population. As seen in the
responses after the discussion, not only among younger
PHNs, participants have noticed that the genetic aspects
of healthcare advice need to be covered in addition to
environmental and socioeconomic factors; furthermore,
that this will provide a clearer and more reasonable ex-
planation of disease risks than that provided at current
consultations. This was similar to an expected
phenomenon described by Tonkin et al. (2011) [38]:
deepening knowledge of genetic disorders will help in
understanding why certain people are more likely to de-
velop certain diseases [38]. Their awareness shows that,
as we expected, the training was effective. This educa-
tional program was considered, to some extent, effective
in PHNs for the understanding of genetic disorders as
causes of diseases and also for increasing motivation to
learn about them.
While there are many online resources for learning

about human genomics and genetic disorders [38],
PHNs seem to be facing difficulty allocating the time to
study the subject [39]. This was seen in their comparably
low scores on cognitions and affect domains in the pre-
test, and possibly resulted in the current situation where
they have had limited opportunities to learn about hu-
man genetics in their daily occupational life. It is well
known that adults’ motivation to learn new skills or at-
tain new knowledge generally needs to be strongly re-
lated to their interests or profession [30]. To address
this problem, we propose that introductory learning in
genomics must be incorporated into work-related

training. It means that cases of genetic disorders are
used as teaching materials to develop the PHN’s stand-
ard “career ladder” for local governments [40, 41]. We
suggest conducting routine training courses of
introductory-level genetics, such as the pilot programs
used in the present study, and continuously providing
follow-up education programs utilizing accessible
sources, such as web-based material [41]. If it is orga-
nized by professional decision-making bodies (e.g., local,
prefectural, and national government, or associations
and/or organizations related to PHN) and widely recog-
nized as a required professional skill, we think it will as-
sist PHNs in trying to develop essential technical skills.
The scores of all three domains increased in the post-

test. In particular, there was an increase in the number
of PHNs who indicated that they could handle a consult-
ation with a member of the community (as seen in the
third question of the psychomotor domain). Participants’
responses during consultation indicated that the consult-
ation on genetics has also changed to activities based on
the duties of a PHN. There is a need to apply counseling
techniques to identify problems related to genetic disor-
ders, conduct health assessments, and provide appropri-
ate advice to manage identified problems. The goals of
the psychomotor domain can be achieved by incorporat-
ing them into PHNs’ regular duties. For some genetic
disorders, the risk of onset can be assessed by genetic
testing. Further, onset of symptoms can be delayed and
managed by lifestyle changes. The utilization of know-
ledge relating to human genetics is desired in public
health services for disease prevention and health

Table 3 Participants’ responses during the consultation (Continued)

Categories Code of responses during consultation

Providing the correct information

Providing expert knowledge to reduce anxiety

Explain the relationship between lifestyle and heredity

Tell the possibility of inheritance

Respect the will of the other person

Explain potential genetic effects

Explain environmental factors

Suggest preventive lifestyle behaviors

Explain precautions in daily life and help prevent onset

Informing the person of potential genetic risks

Suggest what can be improved to delay the onset

Give an explanation that can be understood by the other person

Introducing the person to an appropriate specialized
organization

Introduce them to a specialized institution

Introduce the person to doctors and other necessary healthcare institutions and
healthcare professionals

Introduce the person to a professional consultation agency
a The consultant was asked to express that they are very worried
b The consultant was asked to identify the problem
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management, and may enable reduction of healthcare
costs [42, 43]; good effects have already been seen as a
result of screening of some genetic disorders [44] and
genetic testing for Alzheimer’s disease [45]. The results
of our short-term education program suggested that it
may also indirectly contribute to those ethical aspects.
Certainly, these conclusions may be inflated because we
only assessed short-term enhancement of the responses
of PHN for public health genetics.
The study has a few limitations: (i) we could not meas-

ure the long-term effect of our education program, (ii) the
number of participants was limited to 23, and (iii) the ef-
fect of education was measured only by self-reported
questionnaires. For (i) and (ii), in future research, we
should design a program that will give us the capability to
assess long-term effects. Considering the effect of training
for radiation education, Japanese PHNs who were not in
charge of the consultation regarding radiation hazards
maintained the education effect 1 month after the training
[29]. It was suggested that PHNs who recognize the rela-
tionship between their duties and the problems (i.e., here,
the radiation hazard) are easily motivated to learn about
the problems [46–48]. Moreover, PHNs in multiple loca-
tions and with different cultural backgrounds should be
recruited. For (iii), the development of methodologies that
objectively measure knowledge level, the capability of con-
sultation, and the motivation of participants relating to
public health genetics are required. Perhaps, knowledge
tests, role-play, and evaluation from third party members
will be helpful tools.
By implementing a simple case study, we provided an

opportunity for PHNs to consider their role relating the
informing and education of genetic disorders to local
communities. PHNs who participated in our study de-
scribed their role in public health genetics as “providing
advice and accurate information to targeted individuals,
and referral to a specialized organization.” The target
population of this study was only a limited number of
PHNs from a limited number of local municipalities.
However, as mentioned above, we think this program
should be tried by many on-site PHNs working within
different cultural backgrounds. Depending on local char-
acteristics, the familiar cases of genetic disorders used in
the teaching material may change. Nevertheless, we be-
lieve this type of training will motivate PHNs to learn
more about human genomics and genetic disorders, in-
crease their genetic literacy, and thereby also improve
public literacy. This will contribute to the effective im-
plementation of genetic testing for the early detection of
disease risk.

Conclusions
A short-term pilot education program regarding human
genetics was conducted for PHNs at a local municipality

in Japan. The results of our program demonstrated the
achievement of the following goals: first, helping PHNs
gain basic knowledge and develop a deeper interest in
human genomics and associated genetic disorders; and
second, helping PHNs understand their role and the
possible opportunities for providing local people with
accurate knowledge of human genetics. Bearing in mind
that this is a short-term program with a limited sample
size, future research should consider implementing this
program over the long-term, among PHNs working with
people of different cultural backgrounds. Certainly, polit-
ical amendments by lobbying healthcare and political
leaders are needed to change the current situation of
nursing practice. This training could potentially motivate
more PHNs to learn more about genetics, which may
enhance their knowledge and thought process related to
genetics, and thereby prepare them to provide care for
target residents. Thus, we believe this program can con-
tribute to the enhancement of the use of genetic testing
and subsequent early detection of disease risk by im-
proving the genetic literacy of local communities
through the services provided by local PHNs.
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