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and income, have been recognized as having a significant 
role in shaping general acceptance of genetic testing.7 
However, these findings predominantly focus on genetic 
diseases overall, with limited exploration of specific condi-
tions such as CVD.

In Japan, integrating genetic testing for CVD into clini-
cal practice has unique challenges. First, limited insurance 
coverage significantly hampers its adoption; for example, 
hypertrophic cardiomyopathy was only added to insurance 
coverage in 2022. Furthermore, availability of such testing 
is confined to university hospitals, and it is still predomi-
nantly in the research phase. In fact, only about 10 univer-
sity hospital facilities across the country currently conduct 
genetic analyses for primary cardiomyopathy.7 This situa-
tion is likely exacerbated not only by a general lack of 
interest in genetic testing among the broader population 
but also among patients with CVD, indicating widespread 
ambivalence towards this diagnostic tool even among 
those directly affected by these conditions.

Recognizing these complexities, our study focused on 

G enetic testing, a rapidly evolving area of research 
within the broader medical field, has markedly 
advanced the management of inherited cardiovas-

cular diseases (CVD) by improving diagnostic capabilities 
and facilitating risk stratification and provision of tailored, 
individualized treatments.1 Although expanded availability 
of genetic testing has been instrumental in identifying 
genetic variants in 20–35% of patients previously diag-
nosed with idiopathic dilated cardiomyopathy, it remains 
notably underutilized, as only 1–2% of patients with inher-
ited CVD undergo such testing.2–4

This underutilization can be attributed to various barri-
ers affecting both recipients and providers. Recipients 
grapple with issues such as anxiety, fear, and disinterest, 
including concerns about test outcomes and the implica-
tions of low-risk results.5 Providers face challenges from 
inadequate knowledge, lack of testing experience, skepti-
cism regarding test utility, and concerns about triggering 
unnecessary subsequent tests.6 Moreover, fundamental 
demographic factors, including age, sex, education level, 
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Methods and Results:  We compared the CVD history and baseline demographics of Japanese adults who underwent genetic 
testing with those who did not, using an Internet survey. The regression model indicated that men, the young, married individuals, 
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Conclusions:  Targeting strategies for CVD genetic testing could focus on these demographics.
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Company, Tokyo, Japan). The questionnaire was dissemi-
nated via Freeasy’s online platform. An invitation email 
containing the survey link was sent to all applicable regis-
trants in the original database simultaneously. We applied 
filters based on the demographic distribution of prefectures 
and the sex ratio to ensure a representative sample of the 
population. Before participation, the respondents familiar-
ized themselves with the privacy policies of the study. They 
were informed that they would be considered willing to 
participate if they chose to complete and submit the sur-
vey.8 We initiated the online survey on October 23, 2023, 
and upon receiving 15,000 responses, we closed the survey 
on October 24, 2023.

Questionnaire
Our survey was designed to compare background factors 

identifying basic patient-side factors affecting the decision 
to undergo genetic testing for CVD in Japan. This founda-
tional pilot research is essential for addressing the signifi-
cant knowledge gap, particularly regarding demographic 
determinants and their role in the acceptance and imple-
mentation of genetic testing.

Methods
Study Design and Population
A cross-sectional, anonymous, self-administered online 
survey was conducted targeting Japanese citizens aged ≥20 
years in October 2023. Following the recruitment protocol 
detailed below, a total of 15,000 individuals were recruited 
from among 13 million voluntarily registered participants 
at a web-based Internet survey company (Freeasy; iBRIDGE 

Table 1.  Questionnaire on Demographic Factors, Cardiovascular Disease History, and Genetic Testing

1. Do you have any of the following cardiovascular diseases? Please select all that apply.

    •  Heart failure

    •  Cardiomyopathy

    •  Angina

    •  Myocardial infarction

    •  Arrhythmia

    •  Valvular heart disease

    •  Congenital heart disease

    •  Ischemic stroke (cerebral infarction)

    •  Hemorrhagic stroke (cerebral hemorrhage, subarachnoid hemorrhage)

    •  Transient ischemic attack

    •  Peripheral vascular disease (e.g., obstructive arteriosclerosis, chronic limb ischemia)

    •  Pulmonary thromboembolism

    •  Aortic disease (e.g., aortic dissection, aortic aneurysm)

    •  Pulmonary hypertension

    •  Hypertension (not a cardiovascular disease itself, but please indicate if you have hypertension)

    •  Cancer (not directly related to cardiovascular disease, but please check if you have been diagnosed with any type of cancer)

    •  Other

    •  None of the above

2. Have you ever undergone genetic testing related to cardiovascular disease?

    •  I have undergone genetic testing for cardiovascular disease at a medical facility.

    •  I have undergone direct-to-consumer genetic testing for cardiovascular disease, or testing that I could do myself.

    •  I have undergone genetic testing but am unsure if it was related to cardiovascular disease (or it was for something else like cancer).

    •  No, I have not undergone any genetic testing.

3. �Questions about Rationality and Intuition. For each item, please choose from the following scale: 1: Completely false, 2: Mostly 
false, 3: Neither true nor false, 4: Mostly true, 5: Completely true.

    •  I do not like to have to do a lot of thinking.

    •  I try to avoid situations that require thinking in depth about something.

    •  I prefer to do something that challenges my thinking abilities rather than something that requires little thought.

    •  I prefer complex to simple problem.

    •  Thinking hard and for a long time about something gives me little satisfaction.

    •  I trust my initial feelings about people.

    •  I believe in trusting my hunches.

    •  My initial impressions of people are almost always right.

    •  When it comes to trusting people, I can usually rely on my “gut feelings.”

    •  I can usually feel when a person is right or wrong even if I cannot explain how I know.

4. �Taking everything in your life into account, please rate your overall Quality of Life (QOL) on the following 7-point scale. One (1) 
means life is very distressing; it is hard to imagine how it could get much worse. Seven (7) means life is great; it is hard to 
imagine how it could get much better. Four (4) means life is so-so; neither good nor bad.

    Now, where are you? Choose a number on the figure below that best describes your current overall QOL.

    •  1    •  2    •  3    •  4    •  5    •  6    •  7
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nificance. We evaluated the model’s performance by calcu-
lating sensitivity, specificity, and accuracy. In addition, to 
address class imbalance between groups in the logistic 
regression model, we used the Synthetic Minority Over-
sampling Technique (SMOTE) for data resampling as the 
robustness check. In the SMOTE algorithm, the default 
values in the R function ‘SMOTE()’ in the package ‘DMwR’ 
were used, except that the number of oversamplings was 
set to 100. All analyses were conducted using R software 
(version 4.2.3, R Foundation for Statistical Computing, 
Vienna, Austria).

Results
Our study encompassed a cohort of 15,000 individuals, of 
which 510 participants (3.4%) reported having undergone 
genetic testing for CVD, either at a medical facility or 
through direct-to-consumer services. Of the remaining par-
ticipants, 13,998 (93.3%) had not received any genetic test-
ing, and 492 participants (3.3%) underwent genetic testing 
for conditions other than CVD.

The characteristics of these groups are detailed in Table 2. 
Among those who underwent CVD genetic testing, a 
greater proportion were male (64.5% vs. 47.9%), and the 
median age was lower (42.9 years vs. 50.3 years). A history 
of CVD was more prevalent in the tested group, including 
higher rates of congestive heart failure (11.4% vs. 0.3%), 
cardiomyopathy (8.6% vs. 0.1%), arrhythmia (14.1% vs. 
2.5%), and other CVDs (24.7% vs. 2.3%), along with a his-
tory of hypertension (22.2% vs. 11.9%) and cancer (7.8% 
vs. 3.4%). Additionally, this group reported higher ratio-
nality scores (15.3 vs. 14.6) and lower QOL scores (3.7 vs. 4.0).

Based on the logistic regression model, we identified 
being male (OR=1.35 [95% CI, 1.09–1.66], P=0.005), being 
younger (OR=0.95 [95% CI, 0.94–0.96], P<0.001), being 
married (OR=1.37 [95% CI, 1.02–1.83], P=0.04), and hav-
ing a child (OR=1.53 [95% CI, 1.14–2.07], P=0.005), along 
with having existing congestive heart failure (OR=25.10 
[95% CI, 14.99–42.10], P<0.001), cardiomyopathy (OR=42.6 
[95% CI, 21.50–86.14], P<0.001), arrhythmia (OR=5.30 

between individuals who had undergone genetic testing for 
CVD and those who had not. It included queries on car-
diovascular history, CVD genetic testing experience at a 
medical facility or through direct-to-consumer survices, 
Kemp Quality of Life Scale;9 1 question designed to assess 
the overall quality of life (QOL) of the individual, taking 
into consideration various aspects of life on a 1–7 scale, the 
Rational-Experiential Inventory-10 (REI-10);10 a set of 10 
questions that comprised a psychological assessment tool 
used to measure 2 different styles of cognition: rational 
(analytical, logical reasoning) and experiential (intuitive, 
emotion-based decision-making); as well as demographic 
details (age, sex, marital status, parental status, and occu-
pation). The specific content of the questionnaire compris-
ing 4 questions is shown in Table 1. For the purposes of 
our survey, CVD was defined as heart failure, cardiomy-
opathy, angina pectoris, myocardial infarction, arrhyth-
mia, valvular heart disease, congenital heart disease, 
transient cerebral ischemic attacks, cerebral infarction, 
cerebral hemorrhage, subarachnoid hemorrhage, periph-
eral vascular disease, and pulmonary thromboembolism. 
In this study, CVD was categorized as congestive heart 
failure, cardiomyopathy, arrhythmia, and other CVDs.

Statistical Analysis
The participants were divided into 2 groups: those who 
had undergone genetic testing for cardiovascular condi-
tions and those who had not. We used descriptive statistics 
to outline respondent demographic and clinical character-
istics and their survey responses, and compared the base-
line demographics of the 2 groups. For categorical 
variables, including sex, marital status, parental status, and 
presence of CVD, frequencies and percentages were used. 
Continuous variables, such as age, rationality score, and 
QOL score, were summarized using median values and the 
25th and 75th percentiles (interquartile range). To identify 
the factors associated with undergoing genetic testing for 
CVD, we used a logistic regression model and estimated 
the odds ratios (ORs) with 95% confidence intervals (CIs), 
considering P values <0.05 as indicative of statistical sig-

Table 2.  Demographic Distribution of Those Who Had Undergone Genetic Testing for Cardiovascular 
Diseases

Characteristic
Undergone genetic testing

P value
Yes No

No. of participants, n 510 13,998

Male, n (%) 329 (64.5) 6,702 (47.9) <0.001

Age, years 42.9 [28.3, 57.0] 50.3 [38.0, 63.0] <0.001

Marriage, n (%) 296 (58.0) 8,089 (57.8)   0.910

Child, n (%) 273 (53.5) 7,306 (52.2)   0.553

Healthcare provider, n (%)   7 (1.4)  273 (2.0)   0.352

Coexisting conditions, n (%)

    Congestive heart failure   58 (11.4)    40 (0.3) <0.001

    Cardiomyopathy 44 (8.6)    18 (0.1) <0.001

    Arrhythmia   72 (14.1)  350 (2.5) <0.001

    Other cardiovascular disease 126 (24.7)  324 (2.3) <0.001

    Hypertension 113 (22.2) 1,661 (11.9) <0.001

    Cancer 40 (7.8)  473 (3.4) <0.001

Rationality score 15.3 [14.0, 17.0] 14.6 [13.0, 16.0] <0.001

Quality of life score 3.7 [3.0, 4.0]　　 4.0 [4.0, 5.0]　　 <0.001

Data are n (%) or median [interquartile range].
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in the benefits of genetic testing,13 and parents typically 
show a keener interest in genetic information.14 Our study 
also highlighted the influence of personal health history in 
motivating genetic testing. Individuals with a history of 
CVD or related conditions were found to be more inclined 
towards undergoing genetic testing, echoing past findings 
that a family history of CVD motivates both providers and 
recipients to consider such testing.15,16

We observed that individuals who had undergone 
genetic testing for CVD significantly exhibited lower QOL 
and higher rationality scores, suggesting a potential cor-
relation between a patient’s health-related state and the 
propensity to seek genetic testing. Although Di Mattei et 
al explain that the effect on QOL may be associated with 
the perception of disease-related risk,17 others report that 
genetic testing results for CVD do not negatively affect 
QOL.18,19 It could be that individuals with lower QOL are 
more motivated to improve their health status, leading 
them to undergo genetic testing, as supported by reports 
suggesting that disease severity correlates with interest in 
genetic testing.20 Beyond health conditions, personal attri-
butes, such as the individual’s belief systems, health liter-
acy, and overall approach to health, may also influence the 
decision to undergo genetic testing. Although no previous 
studies have directly linked rationality to CVD genetic test-
ing, factors such as health numeracy6 and motivation20 
could be promising drivers, implying a significant role for 
rationality. Notably, even after adjusting for baseline 
background information, the correlation between QOL, 
rationality score, and the decision to undergo genetic test-
ing remained significant, indicating that these factors con-
tinue to be relevant and highlighting the need for further 
research in this area. The robustness check using the 

[95% CI, 3.65–7.55], P<0.001), other CVDs (OR=20.90 
[95% CI, 16.07–27.24], P<0.001), hypertension (OR=2.25 
[95% CI, 1.69–2.98], P<0.001), cancer (OR=2.30 [95% CI, 
1.45–3.53], P<0.001), higher rationality score (OR=1.07 
[95% CI, 1.03–1.11], P<0.001), and lower QOL (1/OR=0.90 
[95% CI, 0.83-0.97], P=0.005) as independent factors asso-
ciated with the likelihood of undergoing genetic testing 
(Figure). Regarding the model’s performance, the sensitiv-
ity, specificity, and accuracy were 19.8%, 99.7%, and 
96.9%, respectively. The low sensitivity is attributable to 
the class imbalance in the model, and thus we report the 
results from using SMOTE as the robustness check: the 
sensitivity, specificity and accuracy were 74.2% 92.4%, and 
83.3%, respectively.

Discussion
This study uncovered significant demographic differences 
in attitudes towards genetic testing, indicating a higher 
propensity for genetic testing among males, younger indi-
viduals, married people, parents, and those with a personal 
history of CVD. The group that underwent genetic testing 
for CVD was characterized by higher rationality and lower 
QOL. Our findings provide valuable insights for developing 
targeted strategies for promoting genetic testing for CVD.

Our analysis indicated that several baseline demographic 
differences might be linked to the experience of CVD 
patients with genetic testing. This aligns with previous 
research in non-CVD populations that demonstrated a sex 
disparity in interest towards genetic testing,11 greater 
uptake among younger populations,12 and the influences 
of marital status and parenthood. Prior studies have sug-
gested that married individuals often have a stronger belief 

Figure.    Forest plot of multivariable logistic regression analysis of factors associated with undergoing genetic testing for cardio-
vascular diseases (CVDs). Size of squares represents the inverse of the standard error. Horizontal lines indicate the 95% confi-
dence interval (CI) of the odds ratio (OR). QOL, quality of life.



Circulation Reports  Vol.6,  May  2024

182 ISA K et al.

Data Availability
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SMOTE algorithm showed a significant improvement in 
sensitivity while maintaining specificity, and a slight degra-
dation in accuracy compared with the original regression 
results. This finding suggests that if a researcher tries to 
“predict” the decision on genetic testing, the results of 
models using the SMOTE algorithm should be considered. 
However, we emphasize that given the aim of this study 
was not prediction but identification of some key factors 
contributing to the decision to undergo genetic testing, the 
results of the original model still play a key role despite the 
imbalanced sample sizes.

Study Limitations
This study, while providing valuable insights into the 
demographic determinants influencing the decision to 
undergo genetic testing for CVD in Japan, has limitations. 
First, the reliance on an online survey format may intro-
duce a selection bias, as it inherently limits participation to 
those with Internet access and willingness to engage in such 
surveys. This can potentially twist the results towards a 
more technologically adept and younger demographic. 
Second, the data were based on self-reported responses, 
which can be subject to recall bias or subjective interpreta-
tions by the participants. Such data may not accurately 
represent their true health status or attitudes towards genetic 
testing. Additionally, the cross-sectional study design pre-
cludes establishing causal relationships or tracking changes 
over time, limiting our understanding of the dynamic deci-
sion-making processes regarding genetic testing. Despite 
these limitations, our study offers crucial insights into the 
current landscape of genetic testing for CVD in Japan and 
underscores the need for targeted strategies to enhance its 
adoption by specific demographic groups.

Conclusions
This study identified key factors influencing the decision to 
undergo genetic testing for CVD in a large cohort. Signifi-
cant determinants included being male, younger, married, 
parent, and having CVD. These findings suggest targeted 
approaches for promoting genetic testing could focus on 
younger parents with specific health conditions to poten-
tially improve cardiovascular health outcomes. Further 
research is needed to explore the impact of rationality and 
QOL on testing decisions.
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