
PRIMARY RESEARCH Open Access

Public attitudes in Japan toward
participation in whole genome sequencing
studies
Taketoshi Okita1*† , Noriko Ohashi2†, Daijiro Kabata3, Ayumi Shintani3 and Kazuto Kato2

Abstract

Background: Recent innovations in gene analysis technology have allowed for rapid and inexpensive sequencing
of entire genomes. Thus, both conducting a study using whole genome sequencing (WGS) in a large population
and the clinical application of research findings from such studies are currently feasible. However, to promote WGS
studies, understanding and voluntary participation by the general public is needed. Therefore, it is essential to
investigate the general public’s attitude toward and understanding of WGS studies. The primary goal of our
research is to investigate these issues and to discover how they relate to research participation in WGS studies.

Methods: A survey of awareness regarding WGS and studies using WGS was conducted with a sample of 2000 or
more participants using a self-administered questionnaire posted on the Internet between February 20 and 21,
2015. Prior to the survey, we briefly explained WGS and WGS study-related issues to the respondents in order to
provide them with the minimum knowledge required to answer the questionnaire. We then conducted an analysis,
including cross-classification.

Results: For the question regarding interest in WGS, 46.6% of participants responded “Yes.” 70.7% of all
respondents said that they were interested in some kinds of findings that could be obtained from WGS studies.
Regarding participation in WGS studies, 29.0% were interested in participating. The demographic factors
significantly related to attitudes toward research participation were age, level of education, and employment status.
The results also suggest that concerns about WGS have a positive effect on people’s willingness to participate.
Furthermore, it was shown that for people who were not interested in their gene-related information, concerns
about WGS negatively impacted their willingness to participate. However, for people who were interested in their
gene-related information, their concerns might not have impacted their willingness to participate.

Discussion and conclusions: This research has shown several key factors that affect the willingness of the general
public for the participation to the WGS studies. One of the unexpected findings is that concerns toward WGS
studies generally have positive effect on the peoples’ attitude. It will be interesting to further investigate into the
various types of concerns that people in different groups have about WGS.
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Background
Significant advances in genome analysis have led to in-
creased understanding of diseases related to genome
mutation [1]. Such advances have also allowed re-
searchers to obtain a variety of gene-related information,
including information associated with drug responsive-
ness, physical constitution, and blood relationships [2,
3]. In particular, recent innovations in gene analysis
technology have allowed for rapid and inexpensive se-
quencing of entire genomes [4]. Thanks to these devel-
opments, conducting studies using whole genome
sequencing (WGS) in a large population and applying
these research findings in clinical settings have become
possible. However, to promote WGS studies and use
their findings more widely in clinical settings, increased
participation from the general public in WGS studies is
needed. In addition, the need for domestic and inter-
national research collaboration and data sharing across
projects and institutions has been rapidly growing [5].
In response to this trend, new issues associated with

WGS studies have emerged, including the sharing of
genome information obtained through WGS (data shar-
ing) and returning personal genetic information to sub-
jects (return of results).
In order to conduct future investigations using WGS

in a large study population in Japan, and to make effect-
ive regulatory policies, we believe that knowledge re-
garding attitudes toward and understanding of WGS and
studies using WGS needs to be obtained. Several reports
on WGS awareness surveys conducted in Japan and in
other countries have been published [6, 7], and public
attitudes on WGS data sharing [8–15] and return of
such results [16–19] have been investigated. However,
public attitudes toward participation in WGS studies
have never been reported in Japan.
In this study, after the respondents had received a

summary explanation of WGS, we conducted a survey
of people’s interest and concerns regarding WGS, their
willingness to participate in WGS studies, and back-
ground factors correlated with their attitudes, in order
to aid in the design of future WGS studies.

Methods
Study design
A survey of awareness around WGS and studies using
WGS was conducted using a self-administered question-
naire posted on the Internet. Prior to each section where
respondents choose their answers, we briefly explained
WGS and WGS study-related issues, including an out-
line of WGS studies, data sharing, and return of results,
to the respondents to provide them with the minimum
knowledge required to answer the questionnaire.
The survey was conducted with a target number of

2000 or more participants, in accordance with the

demographic distribution shown in the Japanese national
census between February 20 and 21, 2015. Video Re-
search Ltd. was in charge of the visual layout of the
questionnaire and the implementation of the survey.

Recruitment participants
Participants were recruited from the general public who
were registered as part-time survey assistants with Video
Research Ltd., to which we outsourced part of the
survey.
The subjects comprised males and females aged

16 years or older with a wide variety of attributes, but
who matched with the age distribution of the Japanese
population based on the Japanese government’s national
population census in 2010. Only the responses from the
subjects who completed the entire questionnaire were
included, and enrollment was considered to have been
completed when the target number of the respondents
was reached.
We received all the results of the survey from Video

Research Ltd. and conducted an analysis, including
cross-classification.

Statistical analysis
All data were summarized using medians and interquar-
tile ranges for continuous variables whereas counts and
percentages for categorical variables.
To identify factors associated with the willingness to

participate in WGS studies, a proportional-odds logistic
regression model was used with inclusion of age, sex, in-
come, family number, education, employment, and mar-
riage as explanatory variables. Non-linear restricted
cubic splines were used to assess non-linearity of all
continuous variables. Missing data were imputed using
the multiple imputation methods using areg.impute
function in rms package of R software [20].
In order to examine the effect of each variable indicating

subjects with or without interest in and concerns regard-
ing WGS, as well as those who did or did not wish to get
the gene-related information on willingness to participate
in WGS studies, similar analyses were performed.
To discover whether the effect of concerns about

WGS was influenced by whether or not a subject wanted
to get gene-related information, the interaction between
these two variables was assessed with inclusion of their
cross-product terms in the multivariable regression
along with the main effect variables.
All statistical inferences were made two-sided at the

5% significance level. All statistical analyses were per-
formed with the R software (version 3.2.2, R Foundation
for Statistical Computing, Vienna, Austria) using the
rms package.
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IRB approval
Institutional review board (IRB) approval was obtained
at the Osaka University and Tohoku University prior to
implementation of this study.

Results
Demographic characteristics (socio-demographic)
The demographic characteristics of the participants are
presented in Table 1. A total of 2399 participants were
included in the analysis.
The population comprises 1196 males (49.9%) and

1203 females (50.1%), with a mean age of 44.91 years.
While it is difficult to make direct comparisons with the
national census data and the results from our study,
concerning educational background, we note the follow-
ing differences: while those who studied until high
school make up for 46.5% of people in the 2010 national
census [21], in our study, only 29.6% of respondents
ended their education with high school. Furthermore,
while university and graduate school graduates only
make up 19.9% of people in the census data, 44.5% of
our respondents had graduated from either university or
graduate school. It is clear from the above that the re-
spondents in our survey had comparatively higher edu-
cational backgrounds than the general population.
Concerning employment, the 2015 national census
showed that approximately 16.7% (20 million) of people
had part-time or temporary employment, while approxi-
mately 27.5% (33 million) had permanent employment
[22]. In our survey, 17.3% of respondents were non-
regularly employed and 36.0% had regular employment.
Compared to the general population, more of the re-
spondents had permanent employment. However, un-
employment rates were higher among respondents in
our survey (10.5%) than in the general population (3.4%),
according to the 2015 national census.

Interest in and concerns about WGS
After we provided a brief explanation of WGS, the par-
ticipants answered the questions, including questions re-
garding their interest in and concerns about WGS, and
what type of information they would have interest in if
their own sample was to be analyzed using WGS (see
Tables 2 and 3). However, these questions were not lim-
ited to participants’ interest or concern about studies
specifically (such as returning incidental findings), but
rather attempted to clarify their attitude toward or opin-
ion of WGS in general.
For the question about interest in WGS, the participants

responded as follows: 46.6% (n = 1118) “Yes (Very much
or Moderate),” 26.1% (n = 625) “Neutral,” and 27.4%
(n = 656) “No (A little or Not at all).” For the question
of whether they have concerns regarding the establishment
of WGS technology: 28.9% (n = 692) chose “Yes (Very

much or Moderate),” 39.5% (n = 947) chose “Neutral,” and
31.7% (n = 760) chose “No (A little or Not at all).”
For the question, “what type of information would you

wish to know if your own sample was analyzed using

Table 1 Participant characteristics

Characteristic All participants (N = 2399)

Age 45.00 (33.00, 57.00)

Gender

Male 1196 (49.9%)

Female 1203 (50.1%)

Education

Junior high school 71 (3.0%)

High school 711 (29.6%)

Professional school 267 (11.1%)

Technical college 24 (1.0%)

Junior college 250 (10.4%)

University 952 (39.7%)

Graduate school 114 (4.8%)

Other 10 (0.4%)

Employment status

Permanent employment 864 (36.0%)

Part-time or temporary employment 416 (17.3%)

Student 165 (6.9%)

Full-time homeworker 454 (18.9%)

Retired 80 (3.3%)

Unemployed 251 (10.5%)

Other 169 (7.0%)

Annual income, JPY

< 2,000,000 277 (14.0%)

2,000,000–3,000,000 252 (12.8%)

3,000,000–4,000,000 278 (14.1%)

4,000,000–5,000,000 278 (14.1%)

5,000,000–6,000,000 213 (10.8%)

6,000,000–7,000,000 193 (9.8%)

7,000,000–8,000,000 127 (6.4%)

8,000,000–10,000,000 165 (8.4%)

≧ 10,000,000 192 (9.7%)

Number of people in household 3.00 (2.00, 4.00)

Marital status

Unmarried 926 (38.6%)

Married 1309 (54.6%)

Divorced or widowed 164 (6.8%)
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WGS” (multiple answers), the most frequent answer was
“disease-related information (55.9%, n = 1342),” the sec-
ond was “information on physical constitution, such as
types prone to obesity and inebriety (43.6%, n = 1047),”
the third most frequent was “information on gene-
related drug effectiveness and side effects (29.1%, n =
698),” the fourth was “information on aptitudes and abil-
ities (26.3%, n = 631),” and the fifth was “information on
family relations (7.1%, n = 171).” Overall, the top 3 were
information related to physical conditions. Notably, the
answer “there is no gene-related information I wish to
know” accounted for a relatively high percentage of an-
swers (29.3%, n = 702).

Willingness to participate in WGS studies
The participants were asked to answer questions regard-
ing their willingness to participate in WGS studies after
they were provided with a brief introduction to WGS-
related issues, including data sharing and return of re-
sults. This survey revealed that 29.0% of the participants
(n = 696) were willing (“Yes—Very much or Moderate),”
33.6% (n = 806) were “Neutral,” and 37.4% (n = 897) were

unwilling (“No—A little or Not at all)” (see Table 4). Re-
garding willingness to participate in WGS studies, more
respondents were unwilling to participate than those
willing to participate.

Background factors correlated with willingness to
participate in WGS studies: demographic factors
The demographic factors of age, level of education, and
employment status were found to be significantly corre-
lated with willingness to participate in WGS studies.
However, we were unable to find any significant correl-
ation with sex, income, number of family members, or
marriage.
For age (see Fig. 1), willingness to participate in WGS

studies decreased with increasing age (p < 0.05). How-
ever, as shown in Fig. 1, although the p value was mar-
ginal (p = 0.062), the curve based on logistic analysis
revealed that the people around 40 years of age showed
the most positive attitude toward participation in WGS
studies, but this attitude became increasingly negative
with age after this point.
Higher levels of education were associated with posi-

tive attitudes toward participation in WGS studies for
some comparisons. More specifically, compared with
university graduates, significant differences were ob-
served for graduates from junior high schools (p < 0.001)
, high schools (p < 0.001), and professional schools (p < 0.
05), but no difference was found for the graduates from

Table 2 Interest in and concerns about whole genome
sequencing

All participants (N = 2399)

Interest

Very much 277 (11.5%)

Moderately 841 (35.1%)

Neutral 625 (26.1%)

A little 275 (11.5%)

Not at all 381 (15.9%)

Concern

Very much 119 (5.0%)

Moderately 573 (23.9%)

Neutral 947 (39.5%)

A little 403 (16.8%)

Not at all 357 (14.9%)

Table 3 Information participants wish to know

All participants (N = 2399)

Disease-related information 1342 (55.9%)

Information on gene-related
drug effectiveness and side effects

698 (29.1%)

Information on physical
constitution, such as types prone
to obesity or inebriety

1047 (43.6%)

Information on aptitudes and abilities 631 (26.3%)

Information on family relations 171 (7.1%)

There is no gene-related
information I wish to know

702 (29.3%)

Table 4 Willingness to participate in the whole genome
sequencing study

All participants (N = 2399)

Very much/Moderately 696 (29.0%)

Neutral 806 (33.6%)

A little/Not at all 897 (37.4%)

Fig. 1 The effects of age on willingness
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technical colleges, junior colleges (which, in Japan, are
considered as comparable to universities), and graduate
schools. These results suggested that education levels,
especially university graduate level or higher, could affect
attitudes toward participation in WGS studies.
For employment status, compared with permanent

employment as a reference, only the student group sig-
nificantly showed a positive attitude (p < 0.05).

Background factors correlated with willingness to
participate in WGS studies: attitudes toward WGS
For the relationship between the general interest in
WGS and attitudes toward participation in WGS studies,
the p value was significant (p < 0.001). The people who
had concerns about WGS were also more willing to par-
ticipate in WGS studies (p < 0.001).
For the relationship between interest in the information

available from WGS and attitudes toward participation in
WGS studies, distinct differences were observed between
the people who wished to know gene-related information
and the people who did not wish to know any gene-
related information. The respondents who answered that
they were interested in knowing their gene-related infor-
mation (70.7%, n = 1697) showed more positive attitudes
toward participation in WGS studies than those who did
not have interest in such information (29.3%, n = 702)
(odds rate = 10.3, p < 0.001).
Furthermore, analysis of the effect of concerns about

WGS on the attitudes toward participation in WGS
studies revealed that in the group of people who were
interested in their gene-related information, any such
concerns were unlikely to significantly influence willing-
ness to participate in WGS studies (p = 0.943). In con-
trast, in the group of people not interested in any
information from WGS, willingness to participate in
WGS studies was significantly lower in the people with
concerns about WGS than in those with no such con-
cerns (p = 0.021).

Discussion
In this awareness survey conducted among members of
the Japanese general public, almost half of the partici-
pants answered that they had an interest in WGS. The
level of their interest was not necessarily low. However,
many also showed negative attitudes toward participa-
tion in WGS studies. Our survey has showed that in
Japan, there might exist a wide gap between people’s
interest in WGS and their willingness to participate in
WGS studies.
However, since we can observe significantly positive

attitude toward participation in WGS studies among stu-
dents and younger people, if their attitudes toward WGS
continue as they are, it is possible that the number of

active participants in WGS research will increase in the
future. Incidentally, the willingness to participate in
WGS research was the strongest among people in their
40s. However, this trend showed a decrease past this
point. One possible explanation for this is that people
are getting married later and later in Japan, and thus,
many people in their 40s are most concerned about the
responsibility for their families and society. This fact
may have some positive impact on their willingness to
participate in WGS studies.
Another study performed in Japan (Ishiyama et al.)

showed that men had significantly more positive atti-
tudes toward genomic studies than women [6]. However,
in our research, we were unable to observe this trend.
Since both our method and subject differ from those of
Ishiyama et al., it is difficult to make a simple compari-
son of our results. One possibility is that sex is becom-
ing a weaker factor in terms of attitudes toward genomic
and other kinds of scientific research.
The main factor correlated to a respondent’s willing-

ness to participate in WGS studies was whether or not
they had interest in gene-related information. The group
which expressed interest in gene-related information—
compared to the group which did not—was much more
likely to have a positive attitude toward participation in
WGS research.
Additionally, the results suggest that for the group of

people who are not interested in their gene-related infor-
mation, concerns about WGS negatively impact their
willingness to participate in WGS studies. However, if
people are interested in knowing their gene-related in-
formation, their concerns might not impact their willing-
ness to participate in WGS studies, or these concerns
might even positively impact their interest in the infor-
mation to be gained from WGS and their willingness to
participate in WGS studies. Therefore, we can safely say
that having an interest in gene-related information func-
tions as a very strong and stable factor in whether or not
a person is willing to participate in WGS research.
Our findings regarding the effect of people’s concerns

toward WGS were also of interest. Generally speaking,
concerns about WGS would be expected to have a nega-
tive effect overall on people’s willingness to participate.
However, in our study, these concerns exert different effects
depending on whether the person is interested in gene-
related information or not. For those who are interested in
gene-related information, these concerns do not affect their
willingness to participate—in fact, they may positively influ-
ence the person’s willingness. For those who are not inter-
ested in gene-related information, concerns about WGS
seem to exert a negative influence on their willingness to
participate. Considering the complexity of these results, it is
necessary to understand and analyze the specific kinds of
concerns that people have about WGS and whether these
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concerns are the same among those interested in gene-
related information and those who are not.

Limitations
The level of education of the respondents in this study
was higher than that shown in the national population
census. This might be because the survey was conducted
using a self-administered questionnaire posted on the
web and because a scientific research topic, WGS, was
the subject of the survey. In addition, the unemployment
rate referenced in this survey (10.5%) seems much
higher than Japan’s actual rate of unemployment (3.4%
at the time of writing). We suspect that this number
may include some part-time workers. However, we are
unable to investigate this statistic further within the
scope of this paper.

Conclusion
The results suggest, based on the correlation analysis be-
tween the background factors and willingness to partici-
pate in WGS studies, that if a person has interest in
knowing their gene-related information, this could be a
major factor in improving their willingness to participate
in WGS studies. Additionally, concerns about WGS did
not always negatively impact the willingness to partici-
pate in WGS studies and thus could be a potential factor
in increasing willingness. For these reasons, it is essential
that we continue our investigation into the kinds of con-
cerns that people have about WGS, as well as whether
these concerns are shared between people who are inter-
ested in gene-related information and those who are not.
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