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Abstract The aim of this study is to investigate the effect of
diabetes genetic counseling on attitudes toward diabetes and
its heredity in relatives of type 2 diabetes patients. This study
was an unmasked, randomized controlled trial at a medical
check-up center in Japan. Subjects in this study are healthy
adults between 30 and 60 years of age who have a family
history of type 2 diabetes in their first degree relatives.
Participants in the intervention group received a brief genetic
counseling session for approximately 10 min. Genetic
counseling was structured based on the Health Belief Model.
Both intervention and control groups received a booklet for
general diabetes prevention. Risk perception and recognition
of diabetes, and attitude towards its prevention were measured
at baseline, 1 week and 1 year after genetic counseling.
Participants who received genetic counseling showed signifi-
cantly higher recognition about their sense of control over
diabetes onset than control group both at 1 week and 1 year
after the session. On the other hand, anxiety about diabetes did
not change significantly. The findings show that genetic
counseling for diabetes at a medical check center helped
adults with diabetes family history understand they are able
to exert control over the onset of their disease through lifestyle
modification.
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As the number of patients with diabetes continues to grow
(Whiting et al. 2011), creating a global burden, the develop-
ment of an effective preventive strategy is urgently needed. In
most of the research done in this area, obesity has been used as
a marker for high risk of diabetes. However, a recent interna-
tional risk prediction study also suggests that Asian popula-
tions show a high-risk of diabetes even with a nearly normal
Body Mass Index (BMI) (Chiu et al. 2011). Obesity is there-
fore a less specific indicator to detect risk in some populations,
especially in Asian countries. In order to screen high-risk
individuals, therefore, other risk factors must be discovered.

Type 2 diabetes occurs because of a complicated combina-
tion of genetic and environmental factors. Considerable pro-
gression in the genomic approach has led to a vast amount of
literature identifying disease susceptible variants for type 2
diabetes (Grant et al. 2009). However, it is difficult to use
genotype as a predictor of diabetes risk (Anand et al. 2013;
Bao et al. 2013; Dagogo-Jack 2012; Muhlenbruch et al. 2013;
Vassy and Meigs 2012; Vorderstrasse et al. 2013). In addition,
even if people obtain genomic profiling and interventions
based on their genotype, their lifestyle or attitude towards
prevention is unlikely to be modified unless they also perceive
themselves to be at risk for the disease (Arkadianos et al.
2007; Bloss et al. 2011). Therefore, it would be premature to
use individual genotype alone as a public health tool without
also incorporating patient education targeted at realistic risk
perception.

Furthermore, genotype is not the only indicator of genetic
predisposition. Family history is a well-known risk indicator
from both the genetic and environmental perspective, because
individuals with a family history of diabetes can be regarded
as having similar genetic predispositions as well as similar
lifestyle habits as do their relatives (Kuzuya and Matsuda
1982; Vassy et al. 2011). Individuals with an affected first-
degree relative display a 2.3- to 5.5-fold higher risk of type 2
diabetes, independent of sex, age, race/ethnicity, BMI, and
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other demographic characteristics(Valdez et al. 2007).
Therefore, family history can still be used even in this post-
genomic era, as a simple and effective screening tool for a
high risk population (Hariri et al. 2006a, b; Harrison et al.
2003; Khoury et al. 2008; Stolerman and Florez 2009).

For those who have known risk factors including family
history, perception of disease susceptibility is one of the most
crucial issues in terms of motivation for preventive behavior
(Leventhal et al. 2008; Rosenstock 1966). Perceived suscep-
tibility is an element of the Health Belief Model (Rosenstock
1966), which is a common theoretical model that attempts to
provide a comprehensive view of health behavior engage-
ment. The Health Belief Model consists of 6 elements: per-
ceived susceptibility, perceived severity, perceived benefits,
perceived barriers, cues to action, and self-efficacy
(Rosenstock et al. 1988). A previous study investigating pre-
ventive behavior using this model in adult offspring of type 2
diabetic patients in Japan showed that they usually accurately
perceived their high-risk status of diabetes onset (Nishigaki
et al. 2007). However, they tended to make light of environ-
mental factors and blame disease onset on heredity to avoid
personal responsibility for changing their lifestyle. The nature
of their perceived susceptibility seemed to cause poor per-
ceived controllability of diabetes (Nishigaki et al. 2007),
which is a primary component of self-efficacy. Thus adequate
r isk educat ion is benef ic ia l to individuals who
misconceptualize diabetes susceptibility and have a poor
sense of control over diabetes.

This potential benefit, however, must be balanced by the
risk that information regarding disease heredity could pose a
stigmatizing burden. Thus risk-increased information should
be provided with information about adequate coping strategy
against that risk (Baum et al. 1997). Additionally, a recent
study showed that genetic information about diabetes would
not have a favorable effect if the individual already had low-
motivation or inappropriate risk perception (Markowitz et al.
2011). Therefore, genetic risk education should be combined
with genetic counseling to enable subjects to understand their
diabetes risk appropriately and use it as a motivating factor for
positive behavior, without provoking unnecessary psycholog-
ical burden. The present study aimed to investigate the effect
of diabetes genetic counseling on attitudes toward diabetes
and its heredity among healthy adults with a family history of
type 2 diabetes in their first degree relatives.

Methods

This study is part of a three-armed, unmasked, randomized
longitudinal trial in a single medical check-up center in the
Tokyo metropolitan area. In this article, we report the effect of
genetic counseling on subjects’ attitudes towards diabetes
prevention. Details of the protocol and the participants’

baseline characteristics have been described previously
(Nishigaki et al. 2012).

Subjects

All subjects were recruited at a medical check-up institution
for employees in the Tokyo metropolitan area. Subjects were
included if they had more than one first-degree relative (parent
or sibling) with type 2 diabetes and were aged 30–60 years.
Those who were already diagnosed with type 2 diabetes or
metabolic syndrome were excluded. Subjects who were al-
ready receiving lifestyle intervention in the Specific
Counseling Guidance (SCG) program were also excluded.
The SCG is a Japanese national diabetes prevention program
for adults at high risk for diabetes. Subjects with an increased
waist size (male: over 33.5 inch, female: over 35.4 inch) or
BMI (over 25 kg/m2) and with more than one of following
factors will receive lifestyle education and follow up from a
public health nurse: lipidemia, hypertension, hyperglycemia,
and smoking. The eligibility of subjects was assessed from a
medical questionnaire which all the examinees routinely
would submit when they visit the institution for their annual
medical check-up. Subjects were invited to participate in this
study after they completed their medical check-up. If eligibil-
ity criteria were met, subjects were given information about
the entire design of study and written consent was obtained
from those who agreed to participate in this study. Given the
three-armed design of the study, subjects were randomly
allocated to one of three groups: genetic counseling and
lifestyle intervention group (GC + LI), lifestyle intervention
alone group (LI), and no-intervention group. The no-
intervention group, which received only general information
about healthy lifestyle, was intended to investigate the effect
of the lifestyle intervention alone. This study aimed to show
the effect of genetic counseling on outcomes by comparing
the genetic counseling and lifestyle intervention group with
the lifestyle intervention alone group. We calculated the nec-
essary sample size to be 64 per study group to detect a
moderate effect size (0.5 SD) in the primary outcome of entire
study (energy intake), with 80% power at the 5% significance
level. Assuming a dropout rate of 10 %, 72 participants are
needed for each group (Nishigaki et al. 2012).

Intervention

Participants in the GC + LI group received 10 min of a brief
genetic counseling session by a single genetic counselor cer-
tified by Japanese Society of Human Genetics and Japanese
Society for Genetic Counseling. The genetic counseling ses-
sion was semi-structured according to a booklet that had been
developed by the authors. The details of the booklet have been
described elsewhere (Nishigaki et al. 2011). Briefly, the book-
let consists of four components that each reflects a core
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element of the Health Belief Model. The session aims to let
subjects adequately perceive the following four elements:
seriousness of diabetes, their genetic and environmental sus-
ceptibility to diabetes, benefits of lifestyle change in geneti-
cally predisposed people for modifying total diabetes risk, and
concrete guidance on favorable lifestyle change. After the
second data collection, both groups received general informa-
tion on diabetes prevention about a favorable dietary and
exercise lifestyle. Simultaneously, both groups started receiv-
ing 6-months of indirect, computer-based lifestyle interven-
tion which analyzes the dietary and physical activity behavior
of the subject and generates recommendations about lifestyle
modification tailored to each individual (Nishigaki et al. 2012)
.

Outcome Measures

For the purposes of this study, we developed a brief question-
naire assessing attitudes toward and recognition of diabetes
and its prevention. The principle framework of the question-
naire was based on the Health Belief Model in accordance
with the intervention design. The questionnaire contained five
questions. The first four questions were based on the core
elements of the Health Belief Model: perceived susceptibility,
perceived severity, perceived controllability as measure of
self-efficacy, and perceived barriers. The fifth question was
added to assess level of anxiety. The question “How do you
estimate your likelihood of developing diabetes?”was used to
assessed perceived susceptibility and was rated on a scale
from “Very unlikely” (converted to a score of 1) to “Very
likely” (score of 5). Wording of the other four item was as
follows: for perceived severity of diabetes—“Diabetes isn’t a
severe disease”; for perceived controllability about diabetes
onset—“I cannot avoid diabetes onset because I am genetical-
ly predisposed to diabetes”; perceived barriers towards diabe-
tes prevention—“I don’t know what type of lifestyle is useful
for diabetes prevention”; and for anxiety about diabetes on-
set—“I feel anxiety for getting diabetes.” Participants were
asked to indicate their agreement/disagreement with each of
these four items [Scale: “Strongly disagree” (score of 1) to
“Strongly agree” (score of 5)]. After confirming the validity of
the questionnaire in a pilot study with a small sample (n =8),
the questionnaire was launched.

Outcome measures were assessed three times: immediately
after recruitment (baseline), 1 week after the intervention and
1 year after the intervention. The first (baseline) questionnaire
was delivered and collected face-to-face, and the second
(1 week) and third (1 year) questionnaire were delivered and
collected via mail.

Background characteristics data were collected at the time
of recruitment by another questionnaire. Information gathered
included whether they are living together with someone;
occupational status; educational status; dietary habits;

physical activity. Biomedical data were collected at recruit-
ment and included information about tri-glycerides, low den-
sity lipoprotein fasting blood glucose, and HbA1C. Subjects
were also asked by questionnaire whether they had any of the
following: impaired glucose tolerance, abnormalities of lipid
metabolism, hypertension or hyperuricemia.

Statistical Analysis

Comparisons of outcome between groups were conducted
using theWilcoxon rank sum test. All statistical analyses were
conducted using SAS version 9.2 software (SAS Institute,
Cary, N.C., USA), and the significance level was set at 0.05.
The institutional review board of the hospital approved all
protocols for this study.

Results

Five hundred thirty eight examinees were eligible to partici-
pate in this study. Two hundred sixteen consented to partici-
pate for an acceptance rate of 40.1 %. Seventy five of those
participants were allocated to the GC + LI group, and 70 were
allocated to the LI group. Figure 1 shows the participant flow
during the 1-year study period. Finally, 51 (68 %) subjects in
the GC + LI group and 53 (76 %) in the LI group completed
the 1-year survey. There were no significant differences in
background characteristics at baseline between the two
groups. Average BMI level and biomedical data were in the
normal range for both groups (Table 1). There were also no
significant differences in background characteristics between
completers and non-completers.

Baseline outcome distributions are shown in Table 2. Both
groups showed a similar distribution of outcomes, and no
differences were found between the groups. Across both

Fig. 1 Participants flow diagram
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groups, approximately 40 % of participants perceived that
their diabetes risk was higher than normal (“Likely” or
“Very likely”: 34.6 % in the GC + LI group and 40.6 % in
the LI group). Sixty to 70 % of participants disagreed that
diabetes is a trivial disease (“Strongly disagree” or
“Disagree”: 69.3 % in the GC + LI group and 57.9 % in the
LI group). Across both groups, less than half of the partici-
pants disagreed that diabetes onset is uncontrollable
(“Strongly disagree” or “Disagree”: 38.7 % in the GC + LI
group and 36.2 % in the LI group). More than half of the
participants indicated feeling anxiety about their potential for
developing diabetes onset (“Strongly agree” or “Agree”:

53.3 % in the GC + LI group and 59.4 % in the LI Control
group). Approximately 40 % of participants indicated they do
not know what type of lifestyle is useful for diabetes preven-
tion (42.7% in the GC+ LI group and 42.0% in the LI group).

Table 3 shows the outcome distributions in both groups at
1 week and 1 year after the genetic counseling session. At
1 week after intervention, significantly more subjects in the
GC + LI group perceived that diabetes onset is controllable
(62.3 % in the GC + LI and 35.0% in the LI group, p =0.0014,
Wilcoxon rank sum test). This effect of genetic counseling
was maintained at 1 year after the intervention (58.8 % in the
GC + LI and 34.0 % in the LI group, p =0.038,Wilcoxon rank

Table 1 Patients Characteristics
at baseline

GC genetic counseling, LI Life-
style intervention

GC + LI n=75 LI n =70

Mean ± SD or n(%) Mean ± SD or n(%)

Gender (male) 40 (53.3) 47 (67.1)

Age 46.9 ±7.9 44.9 ±7.6

weight (kg) 60 ±10.6 62.2 ±9.9

Body mass index (kg/m2) 22.1 ±3.1 22.5 ±2.7

Tri-glyceride (mg/dL) 98 ±56.4 106.3 ±73.2

Low density lipoprotein (mg/dL) 118.2 ±30.6 117.9 ±28.0

Fasting blood glucose(mg/dL) 94.6 ±7.5 94.7 ±9.3

HbA1C (%, NGSP) 5.6 ±0.3 5.6 ±0.3

Energy intake(kcal/day) 1782.8 ±415.3 1689.9 ±335.5

Fat/Energy ratio 29.2 ±6.5 29.2 ±5.4

Physical activity (kcal/day) 228.6 ±279.1 243 ±296.6

Medical history

Impaired glucose tolerance 0 (0.0) 1 (1.4)

Hyperlipidemia 10 (13.3) 8 (11.4)

Hypertension 6 (8.0) 2 (2.9)

Hyperuricemia 4 (5.3) 3 (4.3)

Family history of diabetes

Father 50 (66.7) 50 (71.4)

Mother 22 (29.3) 17 (24.3)

Siblings 8 (10.7) 9 (12.9)

Living with:

Spouse 51 (68.0) 48 (68.6)

Offspring 43 (57.3) 45 (64.3)

Father 14 (18.7) 9 (12.9)

Mother 18 (24.0) 19 (27.1)

Occupational status

Full-time 63 (84.0) 60 (85.7)

Part-time 10 (13.3) 8 (11.4)

Homemaker 2 (2.7) 2 (2.9)

Educational status

Less than high school 0 (0.0) 1 (1.4)

High school 16 (21.3) 19 (27.1)

Junior College/technical school 12 (16.0) 12 (17.1)

University 45 (60.0) 37 (52.9)

Graduate school 2 (2.7) 1 (1.4)
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sum test). There were no significant differences between the
groups in outcome measures other than perceived controlla-
bility while .

Discussion

Results of this study indicates that diabetes genetic counseling
for first-degree relatives of type 2 diabetic patients can suc-
cessfully modify perceived controllability. Genetic counseling
in this study emphasized adequate recognition about a diabe-
tes risk factor: people can modify their total risk for diabetes
onset by lifestyle change, even though they are genetically
predisposed to diabetes. Participants in the GC + LI group did
not show increased anxiety compared to LI group even though
they received information about their diabetes predisposition.
These results support findings that risk education regarding
disease heredity is not harmful if it is given in an adequate
setting (Pierce et al. 2000; Pijl et al. 2009). Knowledge from
the existing literature and results of the current study provide
evidence about the importance of communication with pro-
fessionals regarding adequate understanding of hereditary risk
related to type 2 diabetes.

No significant differences were found in HBM core ele-
ments other than perceived controllability. Perceived severity
might be addressed by general diabetes information, which

was given to both groups. Similarly, perceived barriers would
have been addressed by lifestyle intervention teaching in both
groups. Perceived susceptibility was expected to be modified
by risk counseling as part of genetic counseling. However,
there was no difference between the two groups. It is unclear
why risk perception remains unchanged. It may be that raising
participants’ feeling of controllability had the effect of lessen-
ing their total perceived susceptibility even while genetic
counseling increased their awareness of genetically
predisposed risk. The overall perception of susceptibility
might therefore remain stable. These results showing stable
risk perception and improved controllability are similar to
those of an earlier study in a Western country investigating
illness perceptions among people with family history and
symptomatic high risk people (Pijl et al. 2009).

Practice Implications

The results of this study suggest the usefulness of genetic
counseling in public health. We developed 10-min interven-
tion based on HBM with other elements than controllability.
However, we found intergroup difference just in the control-
lability. Information about severity, general risk factor of
diabetes, and barriers towards preventive behavior are usually
covered in general education about prevention for diabetes.
Therefore, in the clinical setting, it may be sufficient if medical

Table 2 Outcomes distribution at baseline

Very unlikely Unlikely Normal Likely Very likely

n (%) n (%) n (%) n (%) n (%) p

Perceived diabetes risk

Genetic counseling & lifestyle (n =75) 2 (2.7) 12 (16.0) 35 (46.7) 25 (33.3) 1 (1.3) 0.33

Lifestyle only (n =70) 2 (2.9) 7 (10.1) 32 (46.4) 26 (37.7) 2 (2.9)

Strongly disagree Disagree Neutral Agree Strongly agree

n (%) n (%) n (%) n (%) n (%)

Perceived severity of diabetesa

Genetic counseling & lifestyle (n =75) 33 (44.0) 19 (25.3) 8 (10.7) 10 (13.3) 5 (6.7) 0.16

Lifestyle only (n =70) 25 (36.2) 15 (21.7) 9 (13.0) 11 (15.9) 9 (13.0)

Perceived controllabilityb

Genetic counseling & lifestyle (n =75) 9 (12.0) 20 (26.7) 35 (46.7) 9 (12.0) 2 (2.7) 0.67

Lifestyle only (n =70) 6 (8.7) 19 (27.5) 33 (47.8) 9 (13.0) 2 (2.9)

Anxiety about diabetes onsetc

Genetic counseling & lifestyle (n =75) 2 (2.7) 10 (13.3) 23 (30.7) 27 (36.0) 13 (17.3) 0.7

Lifestyle only (n =70) 2 (2.9) 11 (15.9) 15 (21.7) 28 (40.6) 13 (18.8)

Perceived barriersd

Genetic counseling & lifestyle (n =75) 4 (5.3) 16 (21.3) 23 (30.7) 17 (22.7) 15 (20.0) 0.4

Lifestyle only (n =70) 4 (5.8) 21 (30.4) 15 (21.7) 19 (27.5) 10 (14.5)

a The greater the disagreement, the more feelings of severity
b The greater the disagreement, the more feelings of controllability
c The greater the agreement, the more feelings of anxiety
d The greater the agreement, the more feelings of barriers
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professionals discuss the controllability in addition to general
diabetes education. If subjects believe that they cannot change
their diabetes risk because of their heredity, it can be explained
to them that they can impact their “total” risk by modifying
their environmental risk. Of course, genetic counseling, such
as was provided in this study should not be applied to subjects

without any family history of diabetes. If subjects without
family history received the genetic counseling in this
study, their risk perception might be underestimated,
since the intervention was intended to modify risk per-
ception by emphasizing the importance of family history
as a risk factor of diabetes onset.

Table 3 Outcomes distribution at 1 week and 1 year after intervention

Very unlikely Unlikely Normal Likely Very likely

n (%) n (%) n (%) n (%) n (%) p

Perceived diabetes risk

1 week after intervention

Genetic counseling & lifestyle(n=69) 0 (0.0) 12 (17.4) 30 (43.5) 23 (33.3) 4 (5.8) 0.74

Lifestyle only (n =63) 1 (1.6) 9 (14.3) 30 (47.6) 22 (34.9) 1 (1.6)

1 year after intervention

Genetic counseling & lifestyle (n =51) 1 (2.0) 4 (7.8) 20 (39.2) 23 (45.1) 3 (5.9) 0.35

Lifestyle only (n =53) 1 (1.9) 5 (9.4) 25 (47.2) 20 (37.7) 2 (3.8)

Strongly disagree Disagree Neutral Agree Strongly agree

n (%) n (%) n (%) n (%) n (%) p

Perceived severity of diabetesa

1 week after intervention

Genetic counseling & lifestyle (n =69) 37 (53.6) 13 (18.8) 8 (11.6) 6 (8.7) 5 (7.2) 0.38

Lifestyle only (n =63) 30 (47.6) 12 (19.0) 7 (11.1) 6 (9.5) 8 (12.7)

1 year after intervention

Genetic counseling & lifestyle (n =51) 25 (49.0) 9 (17.6) 8 (15.7) 3 (5.9) 6 (11.8) 0.47

Lifestyle only (n =53) 23 (43.4) 10 (18.9) 5 (9.4) 8 (15.1) 7 (13.2)

Perceived controllabilityb

1 week after intervention

Genetic counseling & lifestyle (n =69) 16 (23.2) 27 (39.1) 23 (33.3) 3 (4.3) 0 (0.0) 0.0014

Lifestyle only (n =63) 11 (17.5) 11 (17.5) 26 (41.3) 13 (20.6) 2 (3.2)

1 year after intervention

Genetic counseling & lifestyle (n =51) 13 (25.5) 17 (33.3) 13 (25.5) 8 (15.7) 0 (0.0) 0.04

Lifestyle only (n =53) 8 (15.1) 10 (18.9) 25 (47.2) 8 (15.1) 2 (3.8)

Anxiety about diabetes onsetc

1 week after intervention

Genetic counseling & lifestyle (n =69) 4 (5.8) 9 (13.0) 24 (34.8) 21 (30.4) 11 (15.9) 0.79

Lifestyle only (n =63) 3 (4.8) 10 (15.9) 19 (30.2) 19 (30.2) 12 (19.0)

1 year after intervention

Genetic counseling (n=51) 5 (9.8) 5 (9.8) 17 (33.3) 17 (33.3) 7 (13.7) 0.89

Lifestyle only (n =53) 2 (3.8) 7 (13.2) 24 (45.3) 10 (18.9) 10 (18.9)

Perceived barriersd

1 week after intervention

Genetic counseling & lifestyle (n =69) 8 (11.6) 22 (31.9) 17 (24.6) 17 (24.6) 5 (7.2) 0.9

Lifestyle only (n =63) 7 (11.3) 18 (29.0) 19 (30.6) 12 (19.4) 6 (9.7)

1 year after intervention

Genetic counseling & lifestyle (n =51) 5 (9.8) 18 (35.3) 24 (47.1) 3 (5.9) 1 (2.0) 0.23

Lifestyle only (n =53) 2 (3.8) 29 (54.7) 15 (28.3) 6 (11.3) 1 (1.9)

a The more disagree means the more feelings of severity
b The more disagree means the more feelings of controllability
c The more agree means the more feelings of anxiety
d The more agree means the more feelings of barriers
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Research Recommendations

It is unclear whether the changes in attitude towards heredity
in diabetes actually lead to behavioral changes such as dietary
improvements and physical activity. While improvement in
perceived controllability theoretically leads subjects to behav-
ioral change, direct investigation of relationship between atti-
tudinal changes and health outcomes would be useful to
strengthen the results of this study.

Study Limitations

Some limitations of this study should be mentioned. First, the
overall acceptance rate in this trial was 40.1 % (216 of 538
eligible examinees). This low acceptance rate involves a sam-
pling bias. For example, the sample in this study might consist
of subjects who were more worried diabetes or more motivat-
ed about preventive behavior. However, it is unclear whether
the bias led to under- or over-estimation for the outcome
measures of HBM elements. Second, this study was conduct-
ed at a single outpatient clinic center in an urban area of
Tokyo, and most of the examinees were employed as a full-
time office worker. This might also have caused some sam-
pling bias, such as a higher educational status or higher
availability of information. Thirdly, the genetic counseling in
this study might be too specific because a single genetic
counselor provided it. However, it can be replicated by other
genetic counselors because it was highly constructed by book-
let. Finally, psychometric properties of the questionnaire, oth-
er than face validity, have not been confirmed. We used single
item questions to measure each element of the HBM. A recent
study has shown that a single item question about diabetes
controllability had known-group validity (Gutierrez and Long
2011). However, it is unclear whether single item questions
can measure other elements of the HBM in this population.
Our conclusions may also be limited by the self-reportnature
of the questionnaire. Participants answered all of the questions
based on their subjective perception. For example, the “nor-
mal” level of risk or “understanding” of how to prevent
diabetes is different from participant to participant.
Development of more robust measures for health belief re-
garding genetic aspects in type 2 diabetes with sufficient
psychometric properties is needed to clarify the results of this
study.

Conclusion

Brief genetic counseling about diabetes for healthy adults with
family history of type 2 diabetes showed a positive effect on
modifying negative perceived controllability for diabetes
without provoking unnecessary psychological burden (de-
fined as anxiety). Genetic counseling can be utilized as a

motivation enhancement approach in the field of diabetes
prevention.
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