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Obijective: Disclosing genetic testing results may contribute to the prevention and management
of many common diseases. However, whether the presence of a disease influences these effects
is unclear. This study aimed to clarify the difference in the effects of disclosing genetic testing
results of the risk for developing salt-sensitive hypertension on the behavioral modifications
with respect to salt intake in hypertensive and nonhypertensive patients.

Methods: A cross-sectional study using a self-administered questionnaire was conducted for
outpatients aged >20 years (N=2,237) at six primary care clinics and hospitals in Japan. The main
factors assessed were medical histories of hypertension, salt preferences, reduced salt intakes,
and behavior modifications for reducing salt intake. Behavioral modifications of participants
were assessed using their behavior stages before and after disclosure of the hypothetical genetic
testing results.

Results: Of the 2,237 participants, 1,644 (73.5%) responded to the survey. Of these respondents,
558 (33.9%) patients were hypertensive and 1,086 (66.1%) were nonhypertensive. After being
notified of the result “If with genetic risk”, the nonhypertensive participants were more likely to
make positive behavioral modifications compared to the hypertensive patients among all partici-
pants and in those aged <65 years (adjusted relative ratio [ad-RR], 1.76; 95% confidence interval,
1.12-2.76 and ad-RR, 1.99; 1.11-3.57, respectively). In contrast, no difference in negative behav-
ioral modifications between hypertensive and nonhypertensive patients was detected after being
notified of the result “If without genetic risk” (ad-RR, 1.05; 95% confidence interval, 0.70—1.57).
Conclusion: The behavior of modifying salt intake after disclosure of the genetic testing
results differed between hypertensive and nonhypertensive patients. Disclosing a genetic risk
for salt-sensitive hypertension was likely to cause nonhypertensive patients, especially those
aged <65 years, to improve their behavior regarding salt intake. We conclude that disclosing
genetic testing results could help prevent hypertension, and that the doctor should communicate
the genetic testing results to those patients with a medical history of hypertension, or those who
are at risk of developing hypertension.
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Introduction

A variety of factors affect the development of essential hypertension, and although the
mechanism of onset is generally poorly understood, genetic factors have been implicated
in the pathogenesis of this disorder.!? A study using ambulatory blood pressure moni-
toring suggested that genetic factors account for 30%—60% of the variation in blood
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pressure,’ whereas a variety of other risk factors, including
excess sodium intake, excess alcohol intake, obesity, weight
gain, and physical inactivity, have also been associated
with essential hypertension,” suggesting that an interaction
between genetic and environmental factors is responsible for
the development of hypertension.>

During the past few years, rapid advances in genetic
research, especially genome-wide association analyses, have
been responsible for detecting hundreds of single nucleotide
polymorphisms (SNPs) significantly associated with common
diseases such as hypertension, diabetes mellitus, and hyper-
lipidemia.** These findings form the basis of personalized
medicine, which has the potential to enhance human health
through more effective prevention, diagnosis, and treatment.®
However, the vast majority of these SNPs are associated with
very low odds ratios for common diseases.”®

There is a real need for a breakthrough concerning the
utility of the results of genetic research in clinical practice.
Several studies have explored the psychological, behavioral,
and clinical effects of disclosing the genetic risk for common
diseases, although the findings have been mixed.>"!” Patients
expect genetic testing to precisely predict whether they are at
risk of developing a specific disease and thereby to improve
their ability to manage this disease, but for patients already
affected by common diseases, the notification of the genetic
risk for these diseases may provide little or no effect on their
behavior toward preventing the disease.”!* However, these
previous studies have not given in-depth consideration to
the influence of the patients’ medical histories on the effect
of disclosing a genetic risk. This oversight may be the cause
of the inconsistent findings among the previous studies, and
thus, solving this issue is essential to accurately determine
the effects of genetic risk notification.

Reducing salt intake is an essential behavioral interven-
tion for the prevention and treatment of hypertension.!*
Furthermore, several gene polymorphisms associated
with salt-sensitive hypertension have been identified,*
and the issue of whether disclosure of a genetic risk for
salt-sensitive hypertension modifies the patient behavior
regarding salt intake must be established in order to develop
effective personalized medicine. Therefore, it is necessary
to examine the influence of the patients’ medical histories
of hypertension on the effect of disclosing the genetic risk.
The purpose of this study was to clarify the difference in the
effects of disclosing genetic testing results of developing
salt-sensitive hypertension on the behavioral modifications
with respect to salt intake in hypertensive and nonhyper-
tensive patients.

Materials and methods

Study design

This cross-sectional study used a self-administered
questionnaire.

Participants and measurements

Anonymous questionnaires were distributed to outpatients
aged >20 years who visited primary care departments in
four clinics and two small hospitals in rural and suburban
areas in Japan. Data were collected during a 2-week period
at each clinic or hospital from September 2009 to February
2010. Patients were handed questionnaires at the reception
desks, and were told that they would not be remunerated for
participation and could decline to participate without penalty.
The patients filled out the questionnaire in the waiting room.
Primary care physicians were not informed as to whether or
not the patients answered the questionnaires.

The questionnaire included questions about the age,
sex, education level, occupation (“Are you a health care
worker?” [yes/no]), family, personal medical history (with
regard to hypertension, diabetes mellitus, stroke, and myo-
cardial infarction), body mass index (BMI), worries about
hypertension and diabetes mellitus (“Do you worry about
hypertension?” and “Do you worry about diabetes mellitus?”
[ves/relatively yes/relatively no/no]), salt preference (“Do
you prefer salty foods?”” [yes/no]), current lifestyle behaviors
(cigarette smoking, alcohol consumption, regular exercise,
and salt intake), behavior stage of reducing salt intake, will-
ingness to undergo genetic testing for salt-sensitive hyperten-
sion, and the behavioral intention of reducing salt intake after
notification of the genetic testing results. The behavior stage
was selected from five questions: 1) “I am not concerned
about reducing my salt intake at all” (no intention of salt
restriction); 2) “I must reduce my salt intake, but I cannot do
it” (have the intention but not prepared for salt restriction); 3)
“I am ready to start reducing my salt intake” (prepared for salt
restriction in the near future); 4) “I have already reduced my
salt intake within the past 6 months” (successfully altering a
behavior for 1 day to 6 months); and 5) “I have been reducing
my salt intake for more than 6 months” (successfully altering
a behavior for more than 6 months). These questions were
adapted from a questionnaire based on the transtheoretical
model of behavioral change authorized by the Ministry of
Health, Labor and Welfare in Japan.?*

A description of genetic testing for salt-sensitive hyper-
tension was provided using the following sentence: “The
genetic testing detects whether or not you have a genetic risk
predisposing you to hypertension by excessive salt intake”,
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but no additional information was given. The willingness of
the patients to be tested was determined by asking: “Would
you want to undergo genetic testing for salt-sensitive hyper-
tension?” (yes/no/do not know). The behavior intentions
were measured as, the behavior stages of reducing salt intake
examined after the patients had been notified of hypothetical
positive or negative results of genetic testing for salt-sensitive
hypertension (“If you are notified that you have a genetic risk
for salt-sensitive hypertension” [If with genetic risk] and
“If you are notified that you do not have a genetic risk for
salt-sensitive hypertension” [If without genetic risk]). The
behavior stage after notification was classified as one of the
six stages, using the five questions mentioned earlier and
one additional statement: “I will quit reducing salt intake”
(quit salt restriction) (yes/no).

Statistical analysis

Statistical analyses were performed using the STATA/MP
version 13.1 software (Stata Corp LP, College Station, TX,
USA). A P-value <0.05 was considered significant. Before
performing the descriptive analysis, participant age was divided
into three categories (<50, 50-64, and =65 years old). Obesity
was defined as having a BMI >25 kg/m2.>® On the basis of the
transtheoretical model,?® behavior stages were classified into
six stages: precontemplation (no intention of salt restriction);
contemplation (have the intention but not prepared for salt
restriction); preparation (prepared for salt restriction in the near
future); action (successfully altering the behavior for 1 day to
6 months); maintenance (successfully altering the behavior
for more than 6 months); and relapse (quit salt restriction). We
defined participants with a personal medical history of hyper-
tension as hypertensive patients and those without hypertension
as nonhypertensive patients. Descriptive statistics were reported
as mean = standard deviation (SD) for age and as a proportion
for all other variables and categories. The Student’s #-test and
chi-square test were used to compare the age and the proportion
of participants between the hypertensive and nonhypertensive
groups, respectively.

Behavioral modifications of participants were assessed
using their behavior stages before and after being notified
of hypothetical genetic testing results. The assessments of
the behavioral modifications were performed by dividing the
participants into two groups based on their current behavior
regarding salt intake. Among participants who had not begun
to reduce their salt intake, their behavioral modifications
were divided into three categories: progress, no change,
and regress, with an increase in >1 stage after notification
of the genetic testing results being defined as progress. For
example, participants originally at the precontemplation

stage, defined as being in the contemplation, preparation,
or action stage following the notification, were classified
as belonging to the “progress” category. On the other
hand, participants showing a reduction in >1 stage after the
notification of the genetic testing results were classified as
belonging to “regress” category, and participants without any
change in behavior stages before and after the notification
were classified as a “no change” group. Participants who
had already reduced salt intake before the notification were
divided into no change and relapse groups based on their
current behavior stage.

To clarify the influences of medical history of hyperten-
sion on the behavioral changes after disclosing genetic test
results, logistic regression analyses were conducted among
all participants and subgroups to examine differences in
proportions of behavioral modification following notification
of hypothetical genetic test results between the hypertensive
and nonhypertensive patient groups (those <65 years old
and those >65 years old). The progress in the participants’
behavior stages, as a result of the notification, was classified
as positive behavioral modifications and the regress or relapse
as negative behavioral modifications.

Univariate logistic regression analysis was used to cal-
culate the crude relative ratios (RRs) and 95% confidence
intervals (CIs). Adjusted RRs (95% Cls), adjusted for age,
sex, education status, salty food preferences, behavior stages
before being notified of the genetic results, and willingness
to be tested, were analyzed using multivariate logistic regres-
sion analysis based on the findings in our previous study.'
However, variables that predicted failure perfectly were not
adopted in the statistical analyses, that is, the behavior stages
of'the patients before genetic information was disclosed were
not considered for the analyses of the negative effect.

Ethical statement

Approval for the study and questionnaire was obtained from
the Institutional Review Board of Jichi Medical University.
Informed consent was obtained from each participant
by responding to the questionnaire.

Results

Of the 2,237 outpatients who visited the study sites during
the study period, 1,644 (73.5% response rate) completed the
survey (581 males, 35.3%; 1,063 females, 64.7%). The mean
age of the respondents was 57.3117.6 years, and the numbers
of hypertensive patients and nonhypertensive patients were
558 (33.9%) and 1,086 (66.1%), respectively. The mean
age of participants significantly differed between the hyper-
tensive (69.5+12.4 years) and the nonhypertensive groups
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(50.9£16.5 years; P<0.001, ¢-test). Similarly, the proportion
of all other items, except sex, family medical history of
diabetes mellitus, and salt preference, differed significantly
between the groups (P<0.05; Table 1).

For participants who had not begun to reduce their
salt intake prior to the notification, both the proportion of
behavior stages and behavioral modifications after being

Table | Demographic characteristics of study participants

notified of the result “If with genetic risk” differed between
the hypertensive and nonhypertensive patient groups
(Table 2). In contrast, if participants were notified of the
result “If without genetic risk”, there were no significant
differences between the two groups. For participants who
had already been reducing salt intake, no difference in the
proportions of behavior stages or behavioral modifications

Characteristics Total Hypertension Nonhypertension P-value*
n=1,644, n (%) n=558, n (%) n=1,086, n (%)

Age (years) <0.001

<50 579 (35.2) 40 (7.2) 539 (49.6)

50-64 426 (25.9) 140 (25.1) 286 (26.3)

>65 639 (38.9) 378 (67.7) 261 (24.0)

Sex 0.107

Male 581 (35.3) 212 (38.0) 369 (34.0)

Female 1063 (64.7) 346 (62.0) 717 (66.0)

Occupation <0.001

Health care worker 118 (7.2) 16 (2.9) 102 (9.4)

Not a health care worker 1526 (92.8) 542 (97.1) 984 (90.6)

Education level <0.001

Elementary school 101 (6.1) 67 (12.0) 34 (3.1)

Junior high school 394 (24.0) 195 (34.9) 199 (18.3)

High school 620 (37.7) 197 (35.3) 423 (39.0)

College 362 (22.0) 64 (11.5) 298 (27.4)

University 167 (10.2) 35 (6.3) 132 (12.2)

Family medical history

Hypertension 639 (38.9) 284 (50.9) 355 (32.7) <0.001

Diabetes mellitus 234 (14.2) 68 (12.2) 166 (15.3) 0.089

Stroke 286 (17.4) 140 (25.1) 146 (13.4) <0.001

Myocardial infarction 142 (8.6) 54 (9.7) 88 (8.1) 0.282

Personal medical history

Diabetes 179 (10.9) 107 (19.2) 72 (6.6) <0.001

Stroke 33 (2.0) 22 (3.9) 11 (1.0) <0.001

Myocardial infarction 34 (2.1) 20 (3.6) 14 (1.3) 0.002

Obesity (BMI >25 kg/m?) 328 (20.0) 156 (28.0) 172 (15.8) <0.001

Worries about

Hypertension 887 (54.0) 471 (84.4) 416 (38.3) <0.001

Diabetes 775 (47.1) 292 (52.3) 483 (44.5) 0.003

Salt preference 0.109

Prefers salty foods 957 (58.2) 340 (60.9) 617 (56.8)

Does not prefer salty foods 687 (41.8) 218 (39.1) 469 (43.2)

Current lifestyle behaviors

Smoking 258 (15.7) 61 (10.9) 197 (18.1) <0.001

Drinking 663 (40.3) 201 (36.0) 462 (42.5) 0.011

Exercise regularly 640 (38.9) 279 (50.0) 361 (33.2) <0.001

Reducing salt intake 884 (53.8) 406 (72.8) 478 (44.0) <0.001

Behavior stages of reducing salt intake <0.001

Precontemplation 218 (13.3) 43 (7.7) 175 (16.1)

Contemplation 478 (29.1) 95 (17.0) 383 (35.3)

Preparation 64 (3.9) 14 (2.5) 50 (4.6)

Action 104 (6.3) 52 (9.3) 52 (4.8)

Maintain 780 (47.4) 354 (63.4) 426 (39.2)

Willing to be tested 809 (49.2) 313 (56.1) 496 (45.7) <0.001

Note: *Chi-square test.
Abbreviation: BMI, body mass index.
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Table 2 Behavioral changes after notification of test results among participants who had not reduced salt intake

Behavioral changes Total, n=760, n (%) Hypertension, n=152, n (%) Nonhypertension, n=608, n (%) P-value*
If with genetic risk
Behavior stage 0.001
Precontemplation 75 (9.9) 15 (9.9) 60 (9.9)
Contemplation 214 (28.2) 62 (40.8) 152 (25.0)
Preparation 351 (46.2) 56 (36.8) 295 (48.5)
Action 120 (15.8) 19 (12.5) 101 (16.6)
Behavioral modification <0.001
Progress 476 (62.6) 74 (48.7) 402 (66.1)
No change 271 (35.7) 75 (49.3) 196 (32.2)
Regress 13 (1.7) 3(2.0) 10 (1.6)
If without genetic risk
Behavior stage 0.692
Precontemplation 165 (21.7) 33 (21.7) 132 (21.7)
Contemplation 396 (52.1) 83 (54.6) 313 (51.5)
Preparation 170 (22.4) 29 (19.1) 141 (23.2)
Action 29 (3.8) 7 (4.6) 22 (3.6)
Behavioral modification 0.126
Progress 236 (31.1) 44 (29.0) 192 (31.6)
No change 460 (60.5) 89 (58.6) 371 (61.0)
Regress 64 (8.4) 19 (12.5) 45 (7.4)
Note: *Chi-square test.
Table 3 Behavioral changes after notification of test results among participants who had already reduced salt intake
Behavioral changes Total, n=884, n (%) Hypertension, n=406, n (%) Nonhypertension, n=478, n (%) P-value*
If with genetic risk
Behavior stage 0.190
Action 102 (11.5) 52 (12.8) 50 (10.5)
Maintain 767 (86.8) 350 (86.2) 417 (87.2)
Relapse 15 (1.7) 4(1.0) 11 (2.3)
Behavioral modification 0.131
No change 69 (98.3) 402 (99.0) 467 (97.7)
Relapse 15 (1.7) 4(1.0) 11 (2.3)
If without genetic risk
Behavior stage 0.267
Action 97 (11.0) 48 (11.8) 49 (10.3)
Maintain 708 (80.1) 316 (77.8) 392 (82.0)
Relapse 79 (8.9) 42 (10.3) 37(7.7)
Behavioral modification 0.176
No change 805 (91.1) 364 (89.7) 441 (92.3)
Relapse 79 (8.9) 42 (10.3) 37 (7.7)

Note: *Chi-square test.

between the two groups was detected after being notified
of the result “If with genetic risk” or “If without genetic
risk” (Table 3).

Compared to hypertensive patients, nonhypertensive
patients were more likely to make positive behavioral modifi-
cations after being notified of the result “If with genetic risk”
(hypertensive patients vs nonhypertensive patients, 48.7% vs
66.1%; P<0.001, chi-square test, Figure 1). On the other hand,
compared to nonhypertensive patients, hypertensive patients
were more likely to make negative behavioral modifications
after being notified of the result “If without genetic risk”
(10.9% vs 7.6%; P=0.021).

Univariate logistic regression analysis (Table 4) revealed
that in all participants and those aged <65 years, compared
to hypertensive patients, nonhypertensive patients were
more likely to make positive behavioral modifications after
being notified of the result “If with genetic risk” ([crude RR
{c-RR},2.06; 95% CI, 1.44-2.95] and [c-RR, 2.24; 95% CI,
1.37-3.67], respectively). In contrast, in all patients, com-
pared to the hypertensive patients, nonhypertensive patients
were unlikely to make negative behavioral modifications after
being notified of the result “If without genetic risk” (c-RR,
0.67;95% CI, 0.47—0.94). Furthermore, multivariate logistic
regression analysis identified that in all participants and those
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Proportion (%) of behavioral modifications after the notification of hypothetical result

I
P=0.021
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m Hypertension m Nonhypertension

Figure | Behavioral modifications following notification of hypothetical genetic test results of salt sensitivity.

Notes: The proportions of positive and negative behavioral modifications as a result of notification of hypothetical results in the hypertensive patients (black) and
nonhypertensive patient (light gray) groups are presented. The proportion of positive behavioral modifications in the hypertensive patients (n=152) and nonhypertensive
patients (n=608) were 48.7% (n=74) and 66.1% (n=402), respectively, after being notified of the result “If with genetic risk” (P<0.001, chi-square test); and 29.0% (n=44)
and 31.6% (n=192), respectively, after being notified of the result “If without genetic risk” (P=0.531, chi-square test). The proportion of negative behavioral modifications in
hypertensive patients (n=558) and nonhypertensive patients (n=1,086) were 1.3% (n=7) and 1.9% (n=21), respectively, after being notified of the result “If with genetic risk”
(P=0.314, chi-square test) and 10.9% (n=61) and 7.6% (n=82), respectively, after being notified of the result “If without genetic risk” (P=0.021, chi-square test).

Table 4 Relative ratios of behavioral modifications after notifications of genetic risk between hypertensive and nonhypertensive
patients

Behavioral <65 years 265 years Total
modification n c-RR,* ad-RR,** n  cRR* ad-RR,** n c-RR,* ad-RR,**
95% ClI 95% CI 95% CI 95% CI 95% ClI 95% ClI
If with genetic risk
Positive effect 601 2.24, 1.37-3.67 199, 1.11-3.57 159 1.08,0.58-2.01 1.60,0.76-3.39 760 2.06, 1.44-2.95 1.76, 1.12-2.76
Negative effect 1,005 1.99,0.46-8.63 2.60,0.54-12.4 639 0.87,021-3.66 0.70,0.16-3.15 1,644 155 0.66-3.67 1.40,0.52-3.75
If without genetic risk
Positive effect 601 1.31,0.76-2.27 1.27,0.69-2.35 159 0.62,0.30-1.27 0.62,0.27-1.42 760 1.13,0.77-1.67 0.97,0.61-1.55
Negative effect 1,005 0.63,0.35-1.14 0.68,0.35-1.32 639 I.11,0.69-1.78 1.26,0.76-2.08 1,644 0.67,0.47-0.94 1.05, 0.70-1.57

Notes: *RR of the nonhypertension group with reference to the hypertension group; *adjusted for age (<65 vs 265 years), sex (male vs female), education level (high school
or lower vs college and university), preferring salty foods (yes vs no), behavior stages before being notified of the genetic results (contemplation, preparation, action, and
maintain vs precontemplation), and willingness to be tested (yes vs no).

Abbreviations: c-RR, crude relative ratio; Cl, confidence interval; ad-RR, adjusted relative ratio.
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aged <65 years, compared to the hypertensive patients, non-
hypertensive patients were significantly more likely to make
positive behavioral modification after being notified of the
result “If with genetic risk” ([adjusted RR {ad-RR}, 1.76;
95% CI, 1.12-2.76] and [ad-RR, 1.99; 95% CI, 1.11-3.57],
respectively). No significant difference was detected in nega-
tive behavioral modification after being notified of the result
“If without genetic risk” between hypertensive and nonhyper-
tensive patients (ad-RR, 1.05; 95% CI, 0.70—1.57; Table 4).

Discussion

Previous studies have found that, in comparison with healthy
controls, patients with breast cancer were significantly more
interested in undergoing genetic testing?’ and that the major-
ity of ovarian cancer patients were willing to be tested, if
the genetic testing would benefit their family in terms of
prediction of disease.?® Similarly, the findings of our study
indicated that a medical history of hypertension could influ-
ence the effect of disclosing the genetic risk on patients’
behavioral intention and that the behavioral modification
after being notified of hypothetical genetic testing results
for salt-sensitive hypertension differed between hypertensive
and nonhypertensive patients. The lack of assessment of
patients’ medical histories in previous studies on the topic
could help explain the mixed findings of these reports, and
hence, we propose that assessing the medical history of study
participants is necessary to design trials exploring the effects
of disclosing the genetic risk.

We found that about twice as many nonhypertensive
patients as hypertensive patients made progress in their
behavior of reducing salt intake after being notified of the
result “If with the genetic risk”. In the process of the behav-
ioral change, feelings concerning importance, such as per-
sonal values and expectations of the importance of change,
and confidence have been shown to contribute to the general
state of readiness to change.? The role of outcome expectancy
is essential in designing effective behavioral interventions,*
with the outcome expectancy of nonhypertensive patients for
reducing salt intake generally being the prevention of hyper-
tension. The findings of this study indicate that disclosing the
genetic risk for salt sensitivity could bring positive behavioral
modifications with regard to salt intake.

Nutrigenetics aims to understand how the genetic makeup
of an individual coordinates the response to diet’' and is a
promising tool for improving our knowledge about the nutri-
tion required for optimal personal health.*? High salt intake
is associated with high blood pressure, and salt-sensitive
normotensive individuals have a higher rate of incident

hypertension.**** A modest reduction in salt intake for 4 or
more weeks has been demonstrated to result in decreased
blood pressure in both hypertensive and normotensive
individuals.*® Behavioral modification is more efficient for
the prevention of hypertension in young adults and adults
aged <65 years, compared to adults aged =65 years. In
this study, after being notified of the result “If with genetic
risk”, nonhypertensive patients aged <65 years were more
likely to make positive behavioral modifications compared
to hypertensive patients. As a result of positive behavioral
modifications with regard to salt intake, the disclosure of the
genetic risk for salt-sensitive hypertension could help prevent
the development of hypertension.

Furthermore, no difference in negative behavioral modi-
fications between hypertensive and nonhypertensive patients
was detected in this study after being notified of the result “If
without genetic risk” , indicating that a medical history of
hypertension would not influence the effect of the notifica-
tion of “no genetic risk for salt sensitivity” on the behavioral
changes of these patients. However, in our previous study,
after disclosing negative test results, the patients who had
already reduced salt intake, especially those with a salt prefer-
ence, were likely to quit the salt restriction.'

High salt intake is associated with increased rates of
cardiovascular disease,** and lower sodium intake is associ-
ated with a reduced risk of strokes and fatal coronary heart
disease in adults.*® Hence, although the limits of salt intake
in terms of safety are unclear, recommendations for reducing
the current levels of salt consumption seem justifiable.** All
hypertensive patients have salt-sensitive traits, and among
hypertensive patients, 51% are thought to have salt-sensitive
blood pressure.’” The present study showed that 10.9% of
hypertensive patients showed negative behavioral changes
with regard to reducing salt intake. Hence, the disclosure of
negative results may lead hypertensive patients to reduce the
preventative measures taken to control their blood pressure.
Counseling may be important after genetic testing, particu-
larly when a negative result is provided.

This study has several limitations. First, the findings
in this study are based on the hypothetical genetic testing:
“a genetic testing that detects whether or not you have a
genetic risk predisposing you to hypertension by excessive
salt intake”. The impact of the hypothetical genetic testing
results probably did not differ from the impact produced
by actual salt-sensitivity genetic test results, but further
trials are required to measure behavioral modifications in
response to actual salt-sensitivity genetic test results. In
addition, more genetic information concerning salt-sensitive
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genetic testing would typically be presented in real life than
in this study. The influence of genetic information on the
behavior of salt intake might be different in each setting,
but further trials are required to examine this issue. Second,
we compared the difference in behavioral modifications
between hypertensive and nonhypertensive patients after
being notified of the genetic risk. In each hypertensive and
nonhypertensive group, comparison between patients who
were informed of their genetic status and those who were
not and between those who were informed of salt-sensitivity
hypertension-related genetic tests and those who were not
would be more valid. Third, low salt campaigns by local
governments, nonprofit organizations, and mass media
can be seen all over Japan,*® and although the education
statuses of the patients were measured in this study, their
knowledge concerning the relationship between salt intake
and hypertension was not questioned, and this might further
influence the degree of behavioral modification. Fourth,
we did not measure the grade of the participants’ worries
about hypertension. This might have an influence on behav-
ioral modification; however, the degree of influence was
unknown. Fifth, we did not measure the actual daily salt
intake; it is reported that some single polymorphisms may
modify salt taste perception,® although patient preference
for salty foods does not always correlate with salt intake.*’
Future studies should explore the relationship between
actual daily salt intake and these SNPs, while disclosing
the genetic risk for salt-sensitive hypertension. Sixth, the
definition of hypertensive patients was not based on their
blood pressure. The anonymous questionnaires were distrib-
uted among the participants in the waiting room and they
filled out the questionnaire at the same place; the clinical
data were not obtained in this study. Therefore, the decision
regarding whether the participants were hypertensives or
nonhypertensives was made on the basis of their personal
medical record in this study. Seventh, the ratio of male to
female patients visiting the six primary care clinics and
hospitals was not obtained in this study. It is unclear how
representative the sample is of the practice populations.
Eighth, all the participants in this study were Japanese in
origin. Cultural, dietary, and genetic differences might have
diminished or reinforced the applicability of the findings
in this study, especially, differences in the daily salt intake
might influence the interpretation of the findings in this
study. Finally, we did not evaluate the effects of disclosure
of a hypothetical genetic test result in terms of quality of
life, control of hypertension, and prevention of an adverse
cardiovascular outcome. In addition, we did not perform a

qualitative approach concerning the mechanism of motiva-
tion for the lower salt intake. Future studies are required to
clarify these issues.

Conclusion

The behavior of modifying salt intake after disclosure of
genetic testing results differed between hypertensive and
nonhypertensive patients, and we conclude that assessment
of patients’ medical histories would be necessary to design
studies exploring the effects of disclosing the genetic risk.
In our study, we found that disclosing a genetic risk for salt-
sensitive hypertension was likely to cause nonhypertensive
patients, especially those aged <65 years, to improve their
behavior regarding salt intake and general health. Hence,
we hypothesize that the disclosure of genetic testing results
could help prevent hypertension by bringing a change in
the behavioral modification with respect to salt intake.
In contrast, after being notified of the negative results
for salt-sensitivity, hypertensive patients did not differ in
making negative behavioral changes from nonhypertensive
patients. However, because of the possibility of negative
behavioral changes of reducing salt intake, disclosing the
negative results may lead to reduced control of the blood
pressure in hypertensive patients. Although further studies
are needed to determine the effects of disclosing genetic
testing results, we conclude that different genetic counsel-
ing strategies should be provided based on the patients’
medical histories.
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