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Effect of genomics-related literacy on
non-communicable diseases

Sho Nakamura1,2, Hiroto Narimatsu2,3, Kayoko Katayama2, Ri Sho4, Takashi Yoshioka1, Akira Fukao4

and Takamasa Kayama5

Recent progress in genomic research has raised expectations for the development of personalized preventive medicine, although

genomics-related literacy of patients will be essential. Thus, enhancing genomics-related literacy is crucial, particularly for

individuals with low genomics-related literacy because they might otherwise miss the opportunity to receive personalized

preventive care. This should be especially emphasized when a lack of genomics-related literacy is associated with elevated

disease risk, because patients could therefore be deprived of the added benefits of preventive interventions; however, whether

such an association exists is unclear. Association between genomics-related literacy, calculated as the genomics literacy score

(GLS), and the prevalence of non-communicable diseases was assessed using propensity score matching on 4646 participants

(males: 1891; 40.7%). Notably, the low-GLS group (score below median) presented a higher risk of hypertension (relative risk

(RR) 1.09, 95% confidence interval (CI) 1.03–1.16) and obesity (RR 1.11, 95% CI 1.01–1.22) than the high-GLS group. Our

results suggest that a low level of genomics-related literacy could represent a risk factor for hypertension and obesity. Evaluating

genomics-related literacy could be used to identify a more appropriate population for health and educational interventions.
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INTRODUCTION

In developed countries, aging population and low fertility levels have
been causing a shortage of medical resources and an inflation of the
cost of medical care.1 Thus, optimizing the quality and expense of
medical care is one of the biggest challenges faced today. In this regard,
personalized medicine is an attractive option: medical care is
optimized for each patient according to the patient-specific informa-
tion on genetics and genomics, which is more efficient and effective
than the ‘mass production method’ currently used to provide medical
care. Rapid progress in human genomics research has allowed the
clinical validity of genomic information. For example, genomic factors
alter the risk of diseases such as cardiovascular diseases and cancers,
alter the sensitivity or resistance to medications, and molecular-
targeted therapy against malignant tumors has been developed based
on genomic factors.2–5 In the near future, genomic information is
expected to lead to personalized preventive medicine.6,7

Although rapid progress has been made in genomics research,
knowledge on how to deliver genomics benefits to the public remains
limited.8,9 Understanding and interpretation of genomic information
are critical for appropriate delivery of genomics-based medicine:
insufficient knowledge or misconceptions could lead to exaggeration
of the potential of the genomic information and dissatisfaction with
the information provided.10 Therefore, the public should be provided

enough knowledge on genomics, have access to genomic information
and be capable of critically interpreting that information,11–14 as well
as have the ability to regularly update this knowledge;14,15 we refer to
this as literacy related to genomics (genomic literacy). We propose that
genomic literacy is a part of health literacy, which features a similar
concept. Previous research has indicated that an individual genomic
literacy could be predicted from their health literacy.16,17 Health
literacy can be evaluated based on the ability to read and write, collect
and critically interpret information related to health, and use health or
social services, and on the availability of an assistance when the
individual faces health problems.18,19 In the era of personalized
medicine, education to enhance genomic literacy will be required
before providing genomics-applied health care; however, educating the
public and improving their genomic literacy is a daunting task. This
will require a substantial amount of knowledge on genetics and
genomics in addition to the knowledge necessary for health literacy
(that is, basic knowledge of genes, genomes and general genomic
science, as well as knowledge of science in general).
Research conducted over the past few decades has revealed that

health literacy is associated with health status: a poor health status
correlates with a limited knowledge of health.20–23 This is used as
evidence for current intervention that provides health education or
counseling to individuals who, for example, present an elevated risk of
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developing non-communicable diseases that are screened during
health checkups, and this intervention has been documented to
improve lifestyles or health prognosis.24,25 By contrast, to the best of
our knowledge, such an association has not been described specifically
for genomic literacy.11,26 Thus, we aimed to evaluate our hypothesis
that individuals whose genomic literacy is low face the risk of a worse
health status than those whose genomic literacy is comparatively
higher. We further hypothesized that if such an association were
revealed by the results of this study, it would indicate that increased
attention would have to be devoted to individuals who exhibit low
genomic literacy or are at risk of non-communicable diseases;
individuals who could benefit the most from genomics-applied
preventive interventions might require added effort to improve their
genomic literacy. For example, if an individual was at risk of a certain
disease associated with high genetic risk, the disease risk could be
reduced by utilizing genomic information. If this individual had only
limited genomic literacy, the genomic information might not be
understood, or not be used by the individual—extra effort will be
required to help him to take advantage of the recognized genetic risk.
Identifying the association between genomic literacy and health status
would enable us to apply genomics into clinical practice, particularly
in the field of preventive medicine, for the appropriate population.
Here, we evaluated the association between genomic literacy and

health status by using the baseline data from the Yamagata Study.27

The findings that are presented herein provide suggestions for the
development of efficient personalized preventive care.

MATERIALS AND METHODS

Design of the Yamagata study
We used data from the Yamagata study, a population-based cohort study of the
general Japanese population over 40 years old. The study design has been
described elsewhere.27 Briefly, the basis of this cohort study was a health
checkup, and the results obtained were anthropometric traits and data from
blood chemical tests. Medical history of non-communicable diseases was
obtained using a self-administered questionnaire. Socioeconomic status
other than income was obtained from the questionnaire at baseline survey.
This cohort study was approved by the Ethics Committee of the Yamagata
University Faculty of Medicine, and a written informed consent was obtained
from all participants.

Questionnaire survey
We evaluated genomic literacy by using the questionnaire developed by
Professor Zentaro Yamagata (Yamanashi University) and colleagues,26 which
was based on previous reports detailing how to determine scientific and genetic
literacy.28–33 We omitted questions regarding participants’ knowledge and
contextual understanding of genomic terminology because the Yamagata Study
was a genomic cohort study; we explained genomic terminology and research
in detail to the participants and ensured every participant understanding based
on their consent to join the study. Besides conducting the baseline survey, we
mailed the questionnaire to 13 284 participants, all of whom were enrolled
before the mailing period, between 14 December and 21 December 2012.
A total of 5924 (44.6%) participants returned the questionnaire by mail, and
from this group, we excluded the participants who did not answer any
questions (n= 10) or did not answer all questions required to evaluate genomic
literacy (n= 1268). Finally, data from 4646 participants recruited from 2010 to
2012 were available for the analysis. This survey was also approved by the Ethics
Committee of the Yamagata University Faculty of Medicine.

Assessment of genomic literacy
The questionnaire used in the study by Ishiyama et al.26 included the
following factors: (1) knowledge of genomic terminology (subjective under-
standing), (2) contextual understanding of genomic terminology (objective
understanding), (3) awareness of the benefits and risks of genomic studies,

(4) subjective understanding of genomic research, and (5) subjective under-
standing of the aims and applicability of genomic research. Ishiyama et al.26

used factors 1–3 to evaluate genomic literacy. As noted above, we omitted
factors 1 and 2, and thus used factors 3–5. For factor 3, we asked six questions
that were related to whether the participants were aware of the benefits and
risks of genomic studies. For factor 4, we asked whether ‘they knew’ or ‘did not
know’ the answers to each seven questions that were related to the subjective
understanding of genomic research (for example, ‘Did you know that genomic
studies are trying to investigate the types and mechanisms of proteins that are
produced by the function of genes?’). For factor 5, we asked whether ‘they
knew’ or ‘did not know’ the answers to seven questions that were related to
subjective understanding of the aims and applicability of genomic research
(for example, ‘Did you know that genomic research is aiming to clarify the
mechanisms of disease onset?’).

Calculation of genomic literacy score
We calculated the participants’ genomic literacy score (GLS) according to the
study conducted by Ishiyama et al.:26 the questions related to whether the
participants were aware of the benefits and risks of genomic studies were scored
as 1 for the participants who showed awareness and as 0 for the other
participants, and the total score ranged from 0 to 6; subjective contextual
understanding of genomic research and its aims and applicability were scored as
1 when the participants answered that ‘they knew’ about the context in the
questions and as 0 when they ‘did not know,’ and the total score ranged from
0 to 7 for each factor. Each domain of the score was converted to 10 points to
equalize the weights of all domains, and the final score ranged from 0 to 30. We
checked the consistency of the GLS by performing the same analysis as in the
original study:26 we compared the mean of the GLS among each of the
demographic factors and the 10 questions ‘related to experience, sources
of information, knowledge, and attitudes toward science in general and
genetic testing in particular that might have an effect on decision-making
and the level of genomic literacy.’26

Collection of data on non-communicable diseases
We obtained data on the prevalence of diabetes, dyslipidemia, heart
disease (heart failure, angina pectoris and myocardial infarction), hypertension,
obesity and stroke (intracranial hemorrhage, subarachnoid hemorrhage and
cerebral infarction) based on a known diagnosis. Moreover, undiagnosed
participants were included as having the aforementioned health conditions
according to the following criteria: patients with diabetes were defined as
patients with fasting plasma glucose ⩾ 6.99 mmol l− 1 (126 mg dl− 1), post-
prandial glucose ⩾ 11.10 mmol l− 1 (200 mg dl− 1), or glycosylated hemoglobin
(HbA1c) ⩾ 0.065 (6.5%), or as patients on diabetes treatment; patients with
dyslipidemia were defined as patients with triglyceride ⩾ 1.69 mmol l− 1

(150 mg dl− 1), low-density lipoprotein cholesterol ⩾ 3.63 mmol l− 1

(140 mg dl− 1), or high-density lipoprotein cholesterol o1.04 mmol l− 1

(40 mg dl− 1), or as patients on a treatment for dyslipidemia; hypertension
patients were defined as patients with systolic blood pressure ⩾ 18.67 kPa
(140 mm Hg) or diastolic blood pressure ⩾ 12.00 kPa (90 mm Hg), or as
patients on a treatment for hypertension; and obesity was defined as body mass
index ⩾ 25 kg m−2.34–36 HbA1c values were determined as Japan Diabetic
Society (JDS) values and thus converted to National Glycohemoglobin
Standardization Program values by adding 0.004 (0.4%) to the Japan Diabetic
Society values.36

Statistical analysis
Welch’s t-test and Welch’s analysis of variance were used to compare the mean
GLS values. Participants were stratified by gender, according to the previous
study.26 We calculated the odds ratio for the approval of promoting genomic
research and for the prevalence of non-communicable diseases per increase of
0.5 times the s.d. in GLS. We also adjusted the analysis based on factors used to
calculate the propensity score: to elucidate the association between the GLS and
the prevalence of non-communicable diseases, we used propensity score
matching to minimize bias. We stratified the participants into high- and
low-GLS groups based on their GLS being above and below the median GLS,
respectively. Propensity scores were calculated for these GLS groups, using
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logistic regression models, and adjusted for factors based on previous studies;
among those presented in Table 2, factors that could be considered pretreat-
ment variables were used for adjustment—age, sex, educational background,
parenthood, annual household income, whether or not the participants learned
genetics in school, whether they enjoyed the study of science while in
elementary or junior high school, whether they had ever heard about genomic
research, and whether they were interested in general science and technology.37

These factors also included indicators of socioeconomic status to separate out
the resultant confounding bias. We matched participants with the propensity
score by using 1:1 nearest-neighbor matching without replacement, and within
a caliper width of 0.05 times the s.d. of the logit.38 Matching was performed
using matchit function from the MatchIt package, and balance of the covariates
after matching was checked based on standardized difference by
using CreateTableOne function from the tableone package in R software.39

Within the matched pairs, we used Agresti and Min’s40 method to compare
the prevalence of non-communicable diseases between the GLS groups.
We used an indicator variable for answer refusal, and a blank answer for
categorical variables. All data were present for the factor ‘age’, which was the
only continuous variable. Po0.05 was considered statistically significant.
All statistical analyses were performed using R software version 3.2.5.39

RESULTS

For this analysis, 4646 participants (1891 males; 40.7%) were available,
whose mean age was 61.9 years (s.d. 8.4 years) and mean GLS was
14.2 (s.d. 7.2) (Table 1). We also performed a complete case analysis,
which was conducted without the use of the indicator variable, and the
age and GLS of these participants are also shown in Table 1.
Demographic factors and other characteristics are shown in Table 2
and Supplementary Table S1.
When checking the consistency of the GLS, we grouped participants

according to their demographic factors and responses to the questions,
and we compared the mean GLS among these groups. The findings
obtained were comparable between the analysis of total participants
and that of complete cases in all variables except housing; results
of the analysis of total participants are shown in Table 2. Mean GLS
differed significantly among the groups by marital status, occupation,
annual household income, and the 10 questions related to genomics
(Table 2, Supplementary Table S1). However, the GLS did not differ
among the groups that were stratified according to participant age
or parenthood status, or based on whether the participants lived
with their family.
In the adjusted logistic regression analysis, which was performed for

approval of promoting genomic research and for the prevalence of
non-communicable diseases, an elevated GLS was associated with the
participants’ approval of promoting genomic research (odds ratio 2.11,
95% confidence interval (CI) 1.95–2.28) and a diminished risk of
hypertension (odds ratio 0.91, 95% CI 0.86–0.97) (Table 3).

Table 4 shows the results of the propensity score matching. The
standardized difference after matching was o10% for all matching
variables in all outcomes, which showed that no imbalance existed
between the groups (Supplementary Table S2). Disease risk in the
lower-GLS group was increased relative to that in the higher-GLS
group for hypertension (relative risk 1.09, 95% CI 1.03–1.16) and
obesity (relative risk 1.11, 95% CI 1.01–1.22). The risk of diabetes,
heart disease, dyslipidemia and stroke did not differ between the
GLS groups (Table 4).

DISCUSSION

The results of this study suggest that individuals possessing a low
level of genomic literacy could be at risk of hypertension and obesity.
This supports our hypothesis that a low level of genomic literacy is
related to a poor health status. Low health literacy, which encompasses
genomic literacy, has been reported to be associated with a poor health
status resulting from unhealthy behavior.16,17,41–43 Thus, the increased
risk of non-communicable diseases associated with low genomic
literacy could be explained by the unfavorable health behaviors of
the patients. For example, a person with low genomic literacy might
exhibit an elevated intake of energy, salt or sugar, which would cause
an increase in body mass index or blood pressure. However, our
findings notably indicated that genomic literacy could be an individual
factor related to poor health status, which was revealed by reducing
confounding bias of variables such as socioeconomic status by
using propensity score matching. Nevertheless, there may still be
a confounding bias related to unobserved health literacy. We must also
consider reverse causation, where the development of a disease might
affect the level of genomic literacy and likely raise genomic literacy by
increasing interest in health and disease, and this might be especially
true in the case of our study population, which was composed of
healthy individuals who voluntarily submitted to a health checkup.
Thus, the level of genomic literacy of the participants who were
diagnosed with non-communicable diseases might have been lower
before the development of diseases. A follow-up study that we will
conduct on this cohort will enable a more accurate interpretation.
In addition, because our genomic cohort study was based on health
checkups and participants were those who gave consent to the cohort
study,27 genomic literacy of our study population could have been
relatively higher than others. To generalize our results, we should
evaluate the association between genomic literacy and health status in
a more diverse population, especially of participants whose genomic
literacy is lower.
Our results indicate that a person whose genomic literacy is

inadequate should receive educational intervention when offered
genomics-applied health care; effective and efficient intervention must
be provided by using genomic information to evaluate their intrinsic
risk.9,44 This study showed that individuals of higher priority for
genomics-applied health care, that is, individuals at risk of developing
diseases, were likely to exhibit a lower than average level of genomic
literacy, at least in the case of hypertension and obesity. Therapeutic
intervention for overweight patients and diabetic patients is recognized
to be more effective for patients whose health literacy is low than for
patients whose health literacy is high.45,46 This could be explained
by the larger available room for improvement in health behavior
and lifestyle in individuals with lower rather than higher levels of
health literacy. The association between the effect of a therapeutic
intervention and genomic literacy remains to be elucidated, but we
speculate that genomics-applied health care could be efficiently and
effectively delivered by providing intervention to individuals with
a low level of genomic literacy. However, a caveat here is that these

Table 1 Age and genomic literacy score of study participants

All participantsa Complete casesb

Mean (s.d.) Mean (s.d.)

Age 61.9 (8.4) 62.0 (8.4)

Males 64.0 (7.7) 64.5 (7.5)

Females 60.4 (8.5) 60.3 (8.6)

GLS 14.2 (7.2) 14.5 (7.2)

Males 14.9 (7.8) 15.3 (7.7)

Females 13.8 (6.8) 13.9 (6.8)

Abbreviation: GLS, genomic literacy score.
aParticipants: total, 4646; males, 1891; females, 2755.
bParticipants: total, 2945; males, 1198; females, 1747.

Genomic literacy and non-communicable diseases
S Nakamura et al

841

Journal of Human Genetics



Table 2 Baseline characteristics and genomic literacy score according to each characteristic

GLS

Number of participants All participants Males Females

Males (n=1891) Females (n=2755) Mean s.d. Mean s.d. Mean s.d.

Age
o50 139 357 14.1 6.8 15.5 7.9 13.5 6.2

50–59 239 683 14.1 6.6 15.2 7.3 13.7 6.3

60–69 1032 1335 14.4 7.4 15.0 7.8 13.9 7.1

⩾70 481 380 14.1 7.6 14.5 7.8 13.6 7.2

P-value 0.54 0.45 0.66

Marital status
Married 1630 2509 14.2 7.2 14.8 7.7 13.7 6.7

Unmarried 119 71 16.8 7.6 17.4 7.9 15.7 7.2

IVa 142 175 13.8 7.7 14.0 8.1 13.6 7.4

P-value o0.001 0.002 0.07

Child(ren)
Yes 1524 2386 14.2 7.2 14.9 7.8 13.7 6.7

No 68 72 14.8 7.5 15.8 7.4 13.9 7.5

IVa 299 297 14.6 7.5 15.1 7.9 14.1 7.1

P-value 0.32 0.58 0.71

Live with family
Yes 1668 2439 14.2 7.2 15.0 7.8 13.7 6.8

No 132 202 14.5 7.4 15.2 7.9 14.1 7.0

IVa 91 114 14.3 7.6 14.0 7.9 14.6 7.3

P-value 0.76 0.49 0.38

Housing
Own house 1661 2455 14.3 7.2 15.0 7.7 13.8 6.8

Others 100 164 14.1 7.1 14.6 7.7 13.9 6.8

IVa 130 136 13.9 7.7 14.7 8.2 13.2 7.2

P-value 0.76 0.82 0.67

Occupation
Blue-collar worker 678 690 13.7 7.1 14.3 7.6 13.2 6.5

White-collar worker 41 102 14.6 6.4 17.7 7.4 13.4 5.6

Professional 117 120 16.7 8.1 16.7 8.7 16.7 7.5

Unemployed 878 1633 14.3 7.1 15.0 7.7 13.9 6.8

IVa 177 210 14.2 7.8 15.2 8.3 13.4 7.4

P-value o0.001 0.003 o0.001

Annual household income (×106 yen)
0.00–2.99 797 1003 13.7 7.2 14.2 7.7 13.3 6.7

3.00–4.99 592 800 15.2 7.1 16.2 7.5 14.6 6.8

5.00–10.00 228 420 14.9 7.1 15.9 7.6 14.4 6.8

410.00 35 79 14.9 7.8 16.1 8.8 14.3 7.2

IVa 239 453 13.0 7.2 13.2 7.8 12.9 6.9

P-value o0.001 o0.001 o0.001

Education
Junior high school 227 192 11.8 6.6 11.9 6.7 11.7 6.4

High school 1023 1504 13.8 6.9 14.3 7.4 13.4 6.5

Occupational school or junior college 183 764 14.5 7.3 15.8 8.1 14.2 7.0

University or graduate school 392 213 17.7 7.7 18.2 7.9 16.7 7.3

IVa 66 82 13.5 7.5 13.8 8.1 13.2 7.0

P-value o0.001 o0.001 o0.001
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Table 2 (Continued )

GLS

Number of participants All participants Males Females

Males (n=1891) Females (n=2755) Mean s.d. Mean s.d. Mean s.d.

Learned about genetics in school
Yes 1063 1622 15.5 7.3 16.5 7.7 14.8 7.0

Others 741 1018 12.5 6.7 13.0 7.4 12.2 6.2

IVa 87 115 12.5 6.9 13.2 7.2 12.0 6.7

P-value o0.001 o0.001 o0.001

Enjoyed the study of science in elementary and junior high school
Yes 987 668 16.8 7.6 16.9 7.9 16.5 7.2

Others 824 1995 12.9 6.6 12.7 7.1 12.9 6.4

IVa 80 92 12.4 6.9 13.0 7.0 11.9 6.7

P-value o0.001 o0.001 0.001

Prior awareness of genomic research
No 1038 1763 10.9 5.3 10.7 5.6 11.1 5.1

Others 827 956 19.5 6.8 20.3 6.7 18.8 6.7

IVa 26 36 13.6 6.1 13.2 7.1 13.9 5.4

P-value o0.001 o0.001 o0.001

Interested in science and technology in general
Yes 1574 2052 15.2 7.1 15.7 7.5 14.8 6.7

Others 186 580 9.8 6.0 8.6 6.6 10.1 5.7

IVa 131 123 14.2 7.5 14.9 7.9 13.5 7.0

P-value o0.001 o0.001 o0.001

Think that scientific development offers more advantages than disadvantages
Yes 1321 1373 15.1 7.2 15.5 7.6 14.8 6.7

Others 437 1254 12.8 7.0 13.3 8.0 12.7 6.7

IVa 133 128 14.4 7.6 15.0 7.9 13.7 7.2

P-value o0.001 o0.001 o0.001

Would like to use new products developed through technological innovation
Yes 1218 1254 15.5 7.2 15.9 7.6 15.0 6.7

Others 538 1373 12.7 7.0 12.7 7.7 12.6 6.7

IVa 135 128 14.2 7.5 14.9 7.9 13.5 6.9

P-value o0.001 o0.001 o0.001

Interested in genomic studies related to medicine
Yes 1143 1657 16.3 7.0 17.3 7.3 15.6 6.7

Others 734 1077 11.1 6.4 11.4 7.0 11.0 6.0

IVa 14 21 12.1 8.0 9.7 7.9 13.7 7.8

P-value o0.001 o0.001 o0.001

Have heard of ‘genomic testing’
Yes 1716 2569 14.7 7.2 15.6 7.6 14.1 6.8

Others 163 165 8.6 5.5 8.2 5.9 8.9 5.1

IVa 12 21 13.7 7.8 12.2 8.4 14.5 7.6

P-value o0.001 o0.001 o0.001

Would like to undergo genetic testing for disease susceptibility if it is established that it could control targeted diseases
Yes 895 1266 15.5 7.0 16.5 7.5 14.8 6.6

Others 992 1483 13.1 7.2 13.5 7.8 12.9 6.9

IVa 4 6 13.9 7.6 17.7 8.7 11.3 6.3

P-value o0.001 o0.001 o0.001
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individuals might refuse genomics-applied health care due to prejudice
or misconception resulting from their low level of genomic literacy.
Thus, primarily targeting individuals with low genomic literacy would
be crucial for efficiently and effectively providing genomics-applied
health care to those who will likely benefit the most from the
treatment. Genomic literacy is improved through genomic education,
including genomic counseling.47–49 If genomic education is to be
applied to daily health care or primary preventive intervention,
primary education on terms such as gene, genome and chromosome
will be required for individuals with a low level of genomic literacy. In
the era of genomics-applied health care, the importance of evaluating

genomic literacy and providing adequate education before interven-
tions must be widely recognized by health-care practitioners.
The association between the GLS calculated in this study and the

background factors of genomic literacy—socioeconomic status and
attitudes toward genomic studies—was comparable to that in the
study by Ishiyama et al.;26 for example, the GLS was higher for
participants with a high socioeconomic status than for participants
of a low socioeconomic status. Moreover, although the GLS did not
differ among the different age groups, younger individuals were
previously found to present a higher level of genomic literacy than
older individuals;26 in the study by Ishiyama et al., 37% of the

Table 2 (Continued )

GLS

Number of participants All participants Males Females

Males (n=1891) Females (n=2755) Mean s.d. Mean s.d. Mean s.d.

Know that people have an opinion on the pros and cons of genomic studies related to medicine
Yes 523 705 16.0 6.7 17.1 7.0 15.3 6.4

Others 1361 2035 13.6 7.3 14.1 7.9 13.3 6.9

IVa 7 5 10.4 4.0 8.3 4.1 11.4 3.7

P-value o0.001 o0.001 o0.001

Abbreviations: GLS, genomic literacy score; IV, indicator variables.
aMissing value owing to answer refusal, and blank answers were transformed to an indicator variable.

Table 3 Odds ratios for the approval of promoting genomic research and for the prevalence of non-communicable diseases per 0.5 s.d.

increase in GLS

Univariate analysis Adjusted analysisa

Outcomesb Odds ratio 95% CI Odds ratio 95% CI

Approval of promoting genomic studies 2.12 (1.96–2.30) 2.11 (1.95–2.28)

Diabetes 1.03 (0.94–1.13) 0.99 (0.91–1.09)

Heart diseases 1.10 (0.99–1.23) 1.08 (0.97–1.21)

Dyslipidemia 1.05 (1.00–1.12) 1.04 (0.98–1.11)

Hypertension 0.94 (0.89–0.996) 0.91 (0.86–0.97)

Obesity 0.99 (0.93–1.07) 0.96 (0.90–1.03)

Stroke 1.02 (0.86–1.22) 0.98 (0.82–1.16)

Abbreviations: CI, confidence interval; GLS, genomic literacy score.
aAdjusted by age, sex, parenthood, household income, educational background, and answers to four questions (learned genetics in school, enjoyed the study of science while in elementary or junior
high school, prior awareness of genomic research, and interested in general science and technology).
bNumber of participants: 4637 (approve=3370) for approval of promoting genomic studies; 4645 (cases=2011) for hypertension; 4645 (cases=496) for diabetes; 4637 (cases=2370) for
dyslipidemia; 4643 (cases=1003) for obesity; 4396 (cases=131) for stroke; and 4406 (cases=345) for heart diseases.

Table 4 Relative risk of non-communicable diseases

Numbers of pairs for the prevalent cases

Outcomesa High-GLS (control) group only Low-GLS (treatment) group only Consistent in both groups Relative risk 95% CI

Diabetes 237 212 32 0.89 (0.77–1.03)

Heart disease 163 155 21 0.95 (0.80–1.13)

Dyslipidemia 1096 1074 571 0.98 (0.93–1.03)

Hypertension 878 959 431 1.09 (1.03–1.16)

Obesity 438 486 97 1.11 (1.01–1.22)

Stroke 55 66 4 1.20 (0.90–1.60)

Abbreviations: CI, confidence interval; GLS, genomic literacy score.
aParticipants: 2310 and 2336 for control and treatment groups, respectively. Matched pairs for each outcome: 2134, diabetes; 2029, heart diseases; 2131, dyslipidemia; 2134, hypertension;
2133, obesity; and 2021, stroke.

Genomic literacy and non-communicable diseases
S Nakamura et al

844

Journal of Human Genetics



participants were under 40 years old, whereas all of our study
participants were over 40 years old. This was also why most of the
participants were married and had children. We must also take
into account the difference in factors that were used to evaluate
GLS. However, in terms of age composition, our study could
be relatively more valuable for preventive medicine targeting
non-communicable diseases: individuals over 40 years old, whose
population is increasing in aging societies, face a higher risk of
non-communicable diseases than younger individuals. Thus, at least
for individuals over 40 years of age, we suggest that assessing genomic
literacy will be useful for stratifying individuals who require
educational and therapeutic interventions.
There were limitations to this study. First, the prevalence

of diabetes, heart disease and stroke was low, which could have
affected the statistical power of the analysis. Hypertension and obesity,
the diseases for which statistically significant results were obtained,
showed relatively higher prevalence. We can potentially further
clarify the association between genomic literacy and the risk of
non-communicable diseases by conducting either a follow-up
survey for this prospective cohort study or a nested case–control
study. Second, we performed a propensity score matching to reduce
the effects of confounding to the maximal extent possible; we
considered factors related to health literacy, such as socioeconomic
status (including educational background).37 However, we could
not estimate the effects of unobserved and/or unrecognized confoun-
ders. This is important because, genomic literacy could be considered
to consist of multifactorial components and needs to be evaluated
comprehensively. Propensity score matched analysis using scores of
factors 3–5, which was used to calculate GLS alone, did not show
any significant association with health status (data not shown).
Thus, taking into account more related factors while removing
bias of other confounders would improve the quality of the analysis.
Unobserved confounders include subjective and objective understand-
ing of genomic terminology, which was assessed in the study by
Ishiyama et al.26 (factors 1 and 2). As described in the ‘Materials and
Methods’, we ensured that all participants understood genomic
terminology at least once when giving their consent to the
study, and thus we determined that including these factors would
cause a bias. Third, although the questionnaire response rate was
relatively high (44.6%), a selection bias must be considered; genomic
literacy of non responders might be lower than that of our population.
Fourth, the period between consent to the study and questionnaire
survey varied among participants. This difference might have affected
both their literacy and health status.
In conclusion, we showed that a low level of genomic literacy

could be a risk factor for hypertension and obesity. Genomic literacy
could be used as an indicator to identify a more appropriate
target population for genomics-applied preventive medicine, that is,
personalized preventive medicine. Because evaluating genomic literacy
will be necessary for personalized preventive medicine, future
interventional studies conducted using genomics, particularly studies
aiming to prevent non-communicable diseases, should consider
stratifying patients according to genomic literacy.
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