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hat factors are associated with high
B-type natriuretic peptide levels

in a general Japanese population?

H Kanda?, Y Kita?, T Okamura®’, T Kadowaki®, Y Yoshida®, Y Nakamura* and H Ueshima®
'Department of Health Science, Shiga University of Medical Science, Shiga, Japan; *Department of Living
and Welfare, Faculty of Home Economics, Kyoto Women’s University, Kyoto, Japan

There are few community-based epidemiclogic studies
that have dealt with rigsk factors for heart failure in non-
Western populations. it has been reporied that the
measurement of plasma B-itype natriuretic peptlide
(BNP) is useful for detecting patients with asymptomatic
heart failure. To clarify the determinants of high plasma
BNP level, the association of BNP with cardiovascular
risk factors in communilty dwelling residents was
examined. The plasma BNP levels were measured in
686 residents aged 35-69 years who received annual
health check-up. The relationship of BNP to blood
pressure, blood haemoglobin, serum cholesterol (total
and high-density lipoprotein cholesterol), plasma glu-
cose, electrocardiographic (ECG) findings, urinary salt
excretion, and lifestyle factors (smoking and alcohol

consumption) were cross-sectionally analysed. The
plasma BNP geometrlc mean was 13.7 pg/ml. Both linear
and logistic regression analyses indicated that the
plasma BNP levels were positively associated with
age, urinary salt excretion, higher blood pressure, high
R-wave voltage in the 12-lead ECG (Minnesota Code 3-1
or 3-3), and female gender. Plasma BNP levels were
inversely associated with blood haemoglobin levels.
Gender-specific analysis showed similar results. How-
ever, plasma BNP did not correlate with other cardio-
vascular risk factors such as serum lipids.
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doi:10.1038/sj.jhh.1001792
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general population

Introduction

Approximately 15% of deaths in Japan are due to
heart diseases, of which about one-third are due to
heart failure.? In 2001, mortality due to heart failure
was 36.9 per 100000 person-years, which is
approximately two-thirds of that due to coronary
heart disease (56.4 per 100000 person-years).” The
risk factors for coronary heart disease have been
well described in several epidemiologic studies in
Japan.?® However, there are few available epide-
miologic studies that deal with the risk factors for
heart failure, even though it is a major problem in
the Japanese population.”? Accordingly, it is very
important to clarify the risk factors for heart failure
in Japan.

Congestive heart failure is usually regarded as
the end-stage of the progressive deterioration of left
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Shiga University of Medical Science, Seta Tsukinowa-cho, Otsu,
Shiga 520-2192, Japan.

E-mail: hkanda@belle.shiga-med.ac.jp
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ventricular function, which cannot be compensated
for by cardiovascular homeostatic mechanisms.®*°

.Although heart failure is usually progressive, it can

remain asymptomatic for many years. Thus, it
would be of benefit to identify latent patients who
have asymptomatic left ventricular dysfunction.
However, in the general population, it is difficult
and expensive in the primary care setting to screen
the general population using Doppler echocardio-
graphy or exercise tolerance tests to diagnose left
ventricular dysfunction.

B-type natriuretic peptide (BNP) is synthesized
and released from the myocardium in response to an
increase in ventricular filling pressure.!* Recently, it
was reported that the measurement of plasma BNP
has a high sensitivity and a high specificity for
detecting patients with asymptomatic heart failure
or left ventricular dysfunction.**** However, there
are only a few studies that have examined the factors
that are associated with high plasma BNP levels in
the non-Western population.*®’

The purpose of this study is to clarify the risk
factors for high plasma BNP levels, which is an
important marker of asymptomatic heart failure, in a
Japanese general population.
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Population and methods
Study population

The participants were 957 residents aged 35-69
years, who received regular annual health check-ups
for the residents except for employees under the
Health and Medical Service Law for the Aged, in SA
town, Shiga Prefecture, a rural community in
Western Japan. Well-trained nurses interviewed
each participant to obtain a medical history and
lifestyle information such as smoking and alcohol
consumption. Of the 827 participants who gave
informed consent, 13 participants did not have the
complete data needed for the analysis. Of a total
of 814 eligible participants, 128 were excluded for
the following reasons: past or present history of
coronary heart disease (n=18), diabetes mellitus
(n =48}, atrial fibrillation {n= 2), and having symp-
toms suspected of heart failure, such as some
clinical conditions that preclude physical exercise
(n=60). No participants had a past or present
history of renal disease. Thus, 686 residents aged
35-69 years participated in the study (209 men and
477 women; mean age+s.d., 56.1+9.7 years).

All the procedures of this study were reviewed
and approved by the Institutional Review Board
of Shiga University of Medical Science (No.14-10,
2002).

Clinical examination

The body mass index (BMI) was calculated as
weight (kg) divided by the square of height (m).
The blood pressure was measured twice after 5 min
of rest using an automatic sphygmomanometer
(COLIN CORPORATION, BP-103i II, Aichi, Japan)
placed on the right arm of participants in the sitting
position. The mean of the two measurements was
used for this analysis. The blood pressure was
classified into the following four categories using
WHO criteria of 1999:*® optimal and normal—
systolic blood pressure (SBP) under 130 mmHg and
diastolic blood pressure (DBP) under 85 mmHg; high
normal—SBP 130-139mmHg and/or DBP 85—
89mmHg; grade 1—SBP 140-159mmHg and/or
DBP 90-99mmHg; and grades 2 and 3—SBP
160mmHg or greater and/or DBP 100mmHg or
greater.

Blood samples were drawn from an antecubital
vein of nonfasting participants, and then analysed in
one laboratory (KINKIYOKEN, Shiga). Plasma sam-
ples for the BNP measurements were transferred
immediately to tubes with 1.0mg/ml of EDTA-2Na
and 500 kallikrein inhibitory units (KIU)/ml of
aprotinin. Plasma was obtained by centrifugation
at 3000rpm for 10min at 4°C and stored at —80°C
until analysis. Plasma BNP concentration was
measured with specific immunoradiometric assays
for human BNP (ShionoRIA BNP kit, Shionogi & Co.,
Ltd, Osaka, Japan).?#-1418:19.20 For BNP, the intra- and
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inter-assay coefficients of variation for this assay
were 1.3 and 3.2%, respectively. Plasma BNP level
of 18 pg/ml or greater were considered indicative of
potential left ventricular dysfunction. This was
based on a previous study conducted in the UK that
showed this BNP cutoff value had a sensitivity of
77% and a specificity of 87% in 1252 participants
aged 25-74 years for diagnosing left ventricular
systolic dysfunction (left ventricular ejection frac-
tion 30% or less).'®

Total cholesterol and high-density lipoprotein
(HDL) cholesterol in serum were measured enzyma-
tically. Lipid measurement at the reporting labora-
tory has been standardized at the Osaka Medical
Center for Health Science and Promotion, by a
member of the Cholesterol Reference Method La-
boratory Network (CRMLN).2*:?2 Plasma glucose was
measured by the hexokinase method. Blood haemo-
globin was determined by the latex coagulation
method.

Electrocardiography (ECG) was performed by
standard 12-lead ECG after the patient had rested
sufficiently. Findings of high R-wave voltage, ST-T
depression, and an inverse- or flat-T-wave in the
ECG were defined according to the Minnesota Code
(MC).?® High R-wave voltage in the 12-lead ECG was
defined by the following: an R-wave in V5 or V6
of 2.6 mV or greater (MC 3-1) and/or the height of the
R-wave in V1 plus V5 or V6 of 3.5 mV or greater (MC
3-3). Other findings that were documented if present
included ST-T depression (MC 4-1 or 4-3), and
inverse or flat T-waves (MC 5-1 or 5-3).

Daily salt excretion was estimated by Tanaka’s
formulas,** which estimate populational daily ur-
inary salt excretion from the sodium and creatinine
levels in casual urine samples. Using a self-reported
questionnaire administered by well-trained nurses,
the participants were asked about daily alcohol
intake and smoking habits.

Statistical analyses

The possible determinants of BNP were divided into
quartiles or categories. Geometric means of BNP
were used for the analysis of each determinant
because the distribution of BNP was positively
skewed. To compare these with the crude geometric
means of BNP in each quartile or category, analysis
of variance was used. Comparisons with age- and
gender-adjusted geometric means of BNP were
performed using analysis of covariance. Gender-
specific analysis was also performed.

Linear regression analysis was used to clarify the
contribution of each independent variable to BNP.
Multiple logistic regression analysis was used to
assess the contribution of each independent variable
to a high plasma BNP level (18 pg/ml or greater). The
significance of the interaction of sex with risk
factors related to BNP was tested using an inter-



action term in multivariate models in the gender-
combined analysis.

The Statistical Package for the Social Sciences
(SPSS Japan Inc., version 11.0], Tokyo, Japan) was
used for the analyses. All probability values were
two-tailed and all confidence intervals were esti-
mated at the 95% level.

Results

Table 1 shows the means and the prevalence of risk
factors. The mean plasma BNP was 13.7 pg/ml in the
entire population, 10.7 pg/ml in men and 15.3 pg/ml
in women.

There was no relationship between BNP level and
each quartile for BMI, DBP, total cholesterol, HDL
cholesterol, plasma glucose, and current smoking.

Factors associated with plasma BNP levels
H Kanda et a/

Table 2 shows the geometric means of BNP accord-
ing to the quartiles or categories (blood pressure
category, high R-wave voltage, and current alcohol
consumption) for each risk factor that was stati-
stically significant in the analysis of variance
or covariance. SBP, Grade 2 or severe hyper-
tension category (SBP>160mmHg and/or DBP>
100mmHg), high R-wave voltage in the ECG, and
daily salt excretion were positively associated with
BNP, and their values were higher in the higher BNP
quartiles. There was a statistically significant rela-
tionship between the BNP levels and haemoglobin
quartiles, with higher BNP levels in patients with
haemoglobin values in the lower quartiles.

Since the interaction term between sex and
risk factors related to BNP was not statistically
significant in the multivariate regression analyses,

Table 1 Levels and prevalence of risk characteristics for males, females, combined among 686 subjects aged 35-69 years old in

SA-Town, Shiga, Japan, 2002

Variables

Age (years)

Body mass index (kg/m}

Systolic blood pressure (mmHg)

Diastolic blood pressure (mmHg)

Total cholesterol (mmol/1)

High density lipoprotein (HDL) cholesterol (mmol/l)
Plasma glucose (mmol/1)

Haemoglobin (g/dl)

Salt excretion (g/day, estimated)

B type natriuretic peptide (BNP) (pg/ml, geometric mean)

ECG findings
High R-wave voltage®
ST-depression®
Inverse or flat T-wave®

Blood pressure category?
Optimal+normal
High~normal
Grade 1
Grade 2+3

Subject using antihypertensive agents

Smoking habit
Nonsmoker
Ex smoker
Current smoker

Alcohol consumption
Nondrinker
Ex drinker
Current drinker

Menopause
High plasma BNP (18 pg/ml or greater)

Males (n = 209)

Females (n=477) Combined (n = 686)

mean+s.d. mean-+s.d. mean+s.d.
57.1+9.1 55.6+9.9 56.1+9.7
23.8+2.9 23.0+3.0 23.3+3.0
130.1+18.0 124.04+18.3 125.8+18.4
82.44-11.1 75.5+11.1 77.6+11.5
5.294+0.79 5.594-0.91 5.50+0.89
1.394+0.38 1.63+0.39 1.56+0.40
5.31+0.77 5.0740.50 5.15+0.60
14.74+1.0 12.9+1.1 13.5+1.4
12.64+3.4 12.14+3.3 12.3+3.3
10.7 15.3 13.7
Prevalence (%) Prevalence (%) Prevalence (%)
134 5.9 8.0
0.0 1.9 1.3
1.4 2.1 1.9
47.4 62.5 57.9
16.3 14.5 15.0
27.8 17.6 20.7
8.6 5.5 6.4
14.4 14.7 14.6
24,4 91.8 71.3
23.4 1.9 8.5
52.2 6.3 20.3
22.5 76.7 60.2
1.0 0.4 0.6
76.6 22.9 39.2
— 69.0 —_
24.4 43.2 37.5

“High R-wave voltage:high R criteria:V5 or V6> 2.6 mV, and/or V1 and V5 or V6> 3.5mV.

®ST-depression: the criteria for ST depression was the Minnesota Code 4-1 or 4-3.

“Inverse- or flat-T-wave: the criteria for inverse- or flat-T was the Minnesota Code 5-1 or 5-3.

“Blood pressure category: Optimal+normal: SBP <130 mmHg and DBP <85 mmHg, high-normal: SBP 130-139 mmHg and/or DBP 85-89 mmHg,
grade 1:SBP 140-159 mmHg and/or DBP 90-99 mmHg, grade 2+3: SBP > 160 mmHg and/or DBP > 100 mmHg.

— 111 —

167

Journal of Human Hypertension



168

Factors associated with plasma BNP levels
H Kanda et a/

Table 2 Plasma BNP levels and quintiles for proportional variables among 686 males and females aged 35-69 years old in SA-Town,

Shiga, Japan, 2002

Variables

Number of Crude geometric p* Age- and gender-adjusted px*
subjects mean (pg/mi} geometric mean (pg/ml)
Systolic blood pressure (mmHg)
Quartile 1 -111.3 171 12.7 0.004 13.8 0.041
Quartile 2 111.4~123.4 170 13.0 13.3
Quartile 3 123.5-138.9 169 12.9 12.5
Quartile 4 139.0— 176 16.5 15.5
Blood pressure category®
Optimal+normal 397 12.7 0.001 13.2 0.047
High-normal 103 14.1 13.2
Grade 1 142 15.0 14.6
Grade 2+3 44 19.5 17.8
Haemoglobin (g/dl)
Quartile 1 —-12.5 158 17.5 0.000 17.0 0.000
Quartile 2 12.6-13.3 168 15.6 15.2
Quartile 3 13.4-14.2 175 13.6 13.2
Quartile 4 14.3- 184 10.0 10.8
High R-wave voltage in the ECG®
- 631 13.3 0.000 13.3 0.000
+ 55 20.3 19.7
Salt excretion (g/day, estimated)
Quartile 1 -9.9 166 11.0 0.000 1.7 0.000
Quartile 2 10.0-11.8 171 12.3 12.3
Quartile 3 11.9-13.9 171 15.7 15.1
Quartile 4 14.0— 178 16.5 16.2
Alcohol consumption
Non-/ex drinker 417 14.4 0.037 13.1 0.053
Current drinker 269 12.7 14.8

"Blood pressure category: Optimal+normal: SBP <130 mmHg and DBP <85 mmHg, high-normal: SBP 130-139 mmHg and/or DBP 85-89 mmHg,
grade 1: SBP 140-159 mmHg and/or DBP 90-99 mmHg, grade 2+3: SBP > 160 mmHg and/or DBP > 100 mmHg.
"High R-wave voltage+high R criteria: V5 or V6>2.6 mV, and/or V1 and V5 or V6>3.5mV.

*P: analysis of variance, **P: analysis of covariance.

the following analyses were carried out to combined
men and women with adjustment for gender.

Table 3 shows the partial regression coefficients
from the linear regression analysis. In this model,
age, daily salt excretion, high R-wave voltage,
female gender, and SBP were positively associated
with plasma BNP levels. Blood haemoglobin was
negatively associated with BNP levels. The multiple
correlation coefficient {R) of this model was 0.49
and the degrees of freedom (df)-adjusted coefficient
of determination (R?) was 0.23 (F=230.0, P<0.001).
Alcohol consumption was positively associated
with BNP levels, although it did not reach statistical
significance (P=0.051). BMI showed no association
with BNP levels.

Table 4 shows the odds ratios of each risk factor
with a high plasma BNP level (18 pg/ml or greater)
determined using multiple logistic regression ana-
lysis. Age, daily salt excretion, high R-wave voltage,
female gender, and grade 2 or greater hypertension
were positively associated with high plasma BNP
levels, and blood haemoglobin concentration was
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negatively associated. The significant relationship
between BNP and salt excretion was also observed
even after we excluded participants with high
R-wave voltage or participants taking antihyperten-
sive agents, although the relationship between BNP
and SBP or hypertension disappeared when these
patients were excluded.

Gender-specific analysis showed that plasma BNP
levels were significantly correlated with age, urinary
salt excretion, and low haemoglobin for each gender.
We also observed positive relations of plasma BNP
levels with SBP and high R-wave voltage for
each gender, which indicated similar magnitude
of regression coefficients or odds ratio, although
the relation with SBP for women and high
R-wave voltage for men did not reach statistical
significance.

Further analysis adjusting for administration of
antihypertensive agents, smoking, serum lipids, and
plasma glucose did not substantially affect the
results shown in Tables 3 (data not shown in the
table).
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Table 3 Determinants of plasma BNP levels: linear regression analysis; 686 males and females aged 35-69 years old in SA-Town, Shiga,

Japan, 2002

Variables

Age (10 years)

Haemoglobin (1 s.d., 1.36g/dl)

Salt excretion (1s.d., 3.4 g/day)

High R-wave voltage in the ECG (0=no, 1=yes)’

Gender (0 =male, 1=female)

Systolic blood pressure (1s.d., 18.4 mmHg)

Alcohol consumption (0=non- or ex drinker, 1= current drinker)
Body mass index (1s.d., 3.0kg/m?)

aStandard error.

Fartial regression coefficients s.e® t P
0.210 0.029 7.296 0.000
-0.196 0.034 -5.681 0.000
0.133 0.027 4.892 0.000
0.325 0.098 3.326 0.001
0.251 0.080 3.140 0.000
0.070 0.029 2.454 0.014
0.123 0.062 1.987 0.051
-0.021 0.028 -0.759 0.448

YHigh R-wave voltage was defined by height of R-wave in the ECG ;V5 or V6 is 2.6 mV or greater, and/or height of R-wave for V1 plus V5 or V6

is 3.5 mV or greater.

Table 4 Multivariate odds ratio and 95% confidence intervals for having high plasma BNP (>18.0 pg/ml), 686 males and females aged

35-69 years old in SA-Town, Shiga, Japan, 2002

Variables

Age {years)
Haemoglobin (g/dl)
Salt excretion (g/day)
High R-wave voltage in the ECG (0 =no, 1=yes)*
Gender {(0=male, 1={female)
Blood pressure category®
Optimal+normal
High-normal
Grade 1
Grade 2+3
Alcohol consumption (0 =non- or ex drinker, 1 =current drinker)
Body mass index (kg/m?)

Odds ratio 95% confidence interval

1.05 1.03 1.07
0.69 0.58 0.81
1.09 1.03 —_ 1.15
2.05 1.10 3.81
2.01 1.18 —_— 3.41
1.00 _—

0.92 0.56 — 1.51
1.28 0.82 — 2.01
2.09 1.04 — 4,22
1.45 0.97 e 2.17
0.99 0.93 — 1.06

°*High R-wave voltage was defined by height of R-wave in the ECG; V5 or V6 is 2.6 mV or greater, and/or height of R-wave for V1 plus V5 or V6

is 3.5 mV or greater.

"Blood pressure category: Optimal+normal: SBP <130 mmHg and DBP < 85 mmHg, high-normal: SBP 130~138 mmHg and/or DBP 85-89 mmHg,
grade 1: SBP 140-158 mmHg and/or DBP 90-99 mmHg, grade 2+3: SBP> 160 mmHg and/or DBP > 100 mmHg.

Discussion

The present study suggests that higher blood
pressure, urinary salt excretion (a surrogate measure
of dietary salt intake), high R-wave voltage in the
ECG, and low blood haemoglobin as well as age and
female gender are important determinants of plasma
BNP levels in a general Japanese population.
Previous studies have reported a positive relation-
ship between heart failure and hypertension.®?"
The present study has also shown a positive
relationship between grade 2 or greater hypertension
and high levels of plasma BNP. Similar to previous
reports dealing with Western populations, hyperten-
sion of moderate or greater degree may be one of the
risk factors for asymptomatic heart failure or left
ventricular dysfunction in the Japanese population.
Hypertension, which is derived mainly from in-
creased systemic vascular resistance and/or ex-
panded intravascular volume, causes a sustained
increase in left ventricular afterload that decreases
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cardiac output or ejection fraction, ultimately
resulting in congestive heart failure.?®

In general, urinary salt excretion is nearly equal to
the dietary salt intake. High salt intake is an
important factor that can expand intravascular
volume, and it is a major causal risk factor for
hypertension.?®#° A recent study suggested that
high salt intake per se, independent of hyperten-
sion, can have a harmful effect on the general
population owing to the high risk of total mortality
and mortality due to coronary heart disease and
stroke.?®** A previous study reported that chronic
high dietary salt intake increases the plasma
concentration of BNP, even in the absence of
hypertension.®® It has also been reported that high
dietary salt intake is related to the incidence of
congestive heart failure in overweight men and
women in the United States.?® Furthermore, it has
been emphasized that high salt intake is a risk factor
for left ventricular hypertrophy.***> High salt intake
may be directly correlated to plasma BNP concen-
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tration due to an increase in the circulating blood
volume, which may indirectly lead to an increase in
myocardial mass due to hypertension. The relation-
ship between BNP and daily salt excretion was
present after exclusion of subjects taking antihyper-
tensive agents or those who had high R-wave
voltage.

BNP, as a cardioprotective factor, has a diuretic
effect that promotes the excretion of water and
sodium by the kidneys.*®%” As a result of the high
sodium excretion promoted by BNP, the amount of
urinary salt excretion may overestimate the actual
dietary salt intake in participants with high plasma
BNP levels. However, participants with high urinary
salt excretion are continually exposed to high salt
intake, which results in a situation that high BNP
secretion is needed in order to protect their
circulatory system. Consequently, we believe that a
high salt intake may be a causal risk factor for heart
failure or left ventricular dysfunction.

Left ventricular hypertrophy, which is usually
accompanied by hypertension, is an example of
target organ damage caused by an increase in
circulating blood volume and/or vascular resistance
occurring over many years. In the Framingham
study, cardiac mass was assessed using echocardio-
graphy.'? In the present study, we used the presence
of high R-wave voltage in the 12-lead ECG as an
index of left ventricular hypertrophy. An ECG is a
more convenient and inexpensive method than an
echocardiogram, and it is suitable for mass screen-
ing in the community. Moreover, people aged 40
years or greater in Japan are able to have an annual
ECG under the Health and Medical Service Law for
the Aged or the Industrial Safety and Health Law. In
a previous study, significantly higher BNP levels
were noted in patients with heart disease or
hypertension who had abnormal -electrocardio-
graphic findings, such as high R-wave voltage.®®
Our finding seems to be consistent with this
previous study, although our participants were
healthy community dwelling residents.

Hypertension, high salt excretion, and high
R-wave voltage in the ECG, which are associated
with high BNP levels, are also the classical risk
factors for stroke reported in previous Japanese
cohort studies.®*? However, serum total cholester-
ol, which is a risk factor for ischaemic heart disease
and not for stroke in Japan,*® was not associated
with plasma BNP levels. Since mortality due to
ischaemic heart disease in Japan is lower than that
in Western populations,’®#® it may be reasonable to
assume that the risk factors for latent heart failure
are similar to those for stroke in the Japanese
population.

Another interesting finding in the present study
was the negative correlation between blood haemo-
globin and BNP. It has been reported that anaemia is
an independent prognostic factor for mortality in
congestive heart failure patients living in the
community.** Our result suggests that a low blood
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- haemoglobin concentration, even within the clini-

cally normal range, is associated with high plasma
BNP. A reduced haemoglobin concentration might
be a maker for advanced heart failure that may occur
as a result of haemodilution due to volume overload
and renal insufficiency.®® Other factors in heart
failure that are associated with anaemia include iron
deficiency, chronic inflammation, and impaired
erythropoietin production.*®

Several limitations of this study should be
acknowledged. First, we dealt with high R-wave
voltage in the ECG as a marker for left ventricle
hypertrophy, which may not always reflect true
cardiac mass. Although body mass may affect
R-wave amplitude, we statistically adjusted for the
effect of body mass index. Unfortunately, due to the
low prevalence of other abnormal findings in the
ECG such as ST-T depression (1.3%) and inverse or
flat T-waves (1.9%), we were not able to use these
findings in our analysis. Second, our study used a
cross-sectional design, which does not prove causal
relations between plasma BNP levels and the above-
mentioned risk factors.

In conclusion, we clarified the relationship
between the elevated plasma BNP and hypertension,
urinary salt excretion, high R-wave voltage in the
ECG, age, and low haemoglobin concentration in a
Japanese general population. We found some possi-
ble determinants for the elevation of plasma BNP in
the Japanese general population. These factors —
age, urinary salt excretion, hypertension — are
similar to the classical risk factors for stroke in
Japan.
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Objective: Population based cohort studies involving genetic research have been initiated in several
countries. However, research published fo date provides little information on the willingness of the general

population to participate in such studies. Furthermore, there is a need to discover the optimal methods for

acquiring fully informed consent from the general population. We therefore examined the results of a
population based genetic cohort study to identify the factors affecting the participation rate by members of
the general public and also specifically to examine the impact of different consent procedures on the rate
of participation by prospective candidates and their subsequent withdrawal rate from the study.

Design: Descriptive analyses.

Setting and participants: The study evaluated two non-genelic subcohorts comprising 3166 people
attending for a health checkup during 2002, and two genefic subcohorts comprising 2195 people who
underwent a checkup during 2003. '

Main outcome measurements: Analysis endpoints were differences in participation rates between the non-
genetic and genefic subcohorts, differences between providing non-extensive and extensive preliminary
information, and changes in participation siatus between baseline and at 6 months.

Resulis: Participation rates in the genetic subcohorls were 4:7-9-3% lower than those in the non-genetic
subcohorts. The odds rafios {OR) of participation in genetic research were between 0-60 and 0-77, and
the OR for withdrawal from the research was over 7-70; providing preliminary extensive information
about genetic research reduced the withdrawal risks {OR 0-15 for all dependent variables) but worsened
participation rates (OR 0-63-0-74}.

Conclusions: The general population responded scepfically towards genetic research. It is crucial that

connection with family based genetic testing and clinical

genetic research.'” However, because of the nature of
the research, the participants in these studies primarily
comprised patients, which could limit the applicability of the
results to the general population. In particular, restricting
recruitment for clinical genetic research studies to patients
introduces a potential selection bias because their health
status could cause them to be more motivated to participate
in a research study compared with members of the general
population.® Consequently, the clinical results and perspec-
tives on informed consent of patient based genetic research
studies are not necessarily representative of the opinions and
attitudes of the general population regarding participation in
population based genetic research.

Medical researchers have initiated large scale population
based genetic cohort studies such as the Icelandic Health
Sector Database. and the UK Biobank®™® to obtain genetic
information from large populations. Resistance or outright
opposition to these studies’® has arisen for the following
reasons: concerns about misuse of genetic information or
invasion of privacy; baseless fears ol prospective participants
concerning genetic studies; or simply an unwillingness
among people Lo become involved with genetic research.

However, it remains poorly understood what the general
population thinks of genetic research and how peopie are
likely to respond when faced with a decision whether or nat
Lo participate in a genetic cohort study. Researchers have had
great difficulty in reducing selection bias when they have
tried to encourage members of the general population
voluntarily to participate in surveys of public opinion about
informed consent for population based genetic research.

Several studies have examined informed consent in

genefic researchers utilise an informative and educational consent process worthy of public trust.

Furthermore, such surveys have had to rely on hypothetical
or virtual questionnaires emploving “if then” questions” '
such as: {1) If you were o imagine yoursel{ as a prospective
genetic research participant, would you then take part in
such a study? or (2) Uf you were to imagine yoursell as a
patient suffering from a serious genetic disease with no
eslablished treatment, would vou then be willing to
participate in genetic research if you were asked to do so by
vour physician? The responses of people 1o such questions
regatrding participation in genetic research would thus be
theoretical in nature. Actual responses regarding informed
consent lo genetic research obtained from the general
pepulation in real-life situations remain unknown.

To our knowledge, the present study represents the first
investigation in a real-life setting of informed choice/consent
by the general population regarding participation in a cohort
study involving genetic research. We performed statistical
analyses of data from the Takashima study, the first Japanese
population based genetic cohort study, to determine differ-
ences in participation rates between members of its non-
genetic and genetic subcohorts. The cohorts differed from
each other by the former donating only non-genetic samples
while the latier donated non-genetic samples plus geneltic
material. Qur statistical analyses also identilied which
methods of obtaining informed consen! were more successful
and in harmony with scientific and ethical values in
persuading members of the general population to participate
in this genetic cohort study.

PARTICIPANTS AND METHODS

This present study analyses data from the parent population
based cohiort study involving genelic research, the Takashima
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study, part of the Japan arterioscierosis longitudinal study."
Participants were drawn from two non-genetic subcohort
areas, Adogawa and Shin-asahi, and two genetic subcohort
areas, Takashima and Makino, in Takashima County, Shiga,
Japan.

Demographic characteristics of the subcohorts

Table 1 shows the characteristics of the four subcohort areas
in the Takashima study; all data are based on the 2000
population census of Japan." All are mountainous rural areas
in central Japan with ageing homogeneous populations,
classified culturally into the same subgroup, and with similar
standards of living.

Participants

Participants in the Takashima study were recruited from
residents aged 18 years and over who took part in the annual
health checkup programme provided under the Health and
Medical Service Law for the Aged" during 2002 in Adogawa
and Shin-asahi, and during 2003 in Takashima and Makino.
A total of 2232 people took part in the health check
programmme in  Adogawa, 957 in Shin-asahi, 1117 in
Takashima, and 1162 in Makipo (table 2).

The Takashima study, which began in 2002, is investigat-
ing onset factors of lifestyle related diseases, including stroke,
myocardial infarction, heart failure, cancer, and dementia. It
comprises a 3-year baseline survey plus a 20-year [ollow-up
period. '

During informed consent procedures for the Takashima
study, those who appeared to be incompetent and who
intentionally avoided the negotiations were excluded from
further study. Consequently, of all participants in the health
checkup programme, 2213 (99-1%) people in Adogawa, 953
{99-6%) in Shin-asahi, 1065 (95-3%) in Takashima, and 1130
(97-2%) in Makino gave informed consent (table 2). All
interviews concerning informed consent were performed in
accordance with a predefined protocol by researchers,

Matsui, Kita, Ueshima

This descriptive study and the Takashima study were
reviewed and approved by the institutional review board of
Shiga University of Medical Science as well as by the four
municipalities in which the study participants resided.

Preliminary information provided in the cohort study
and consent

Two designs were used for the Takashima study, which were
based on research year. These had different methods of giving
participants preliminary information about the study. Design
1 used method 1; design 2 used method 2-1 or method 2-2,
between which there were differences with respect to the
amount of information given.

Design 1

The 2002 study in Adogawa and Shin-asahi was a ‘““basic
survey”. In addition to the full blood count, standard blood
chemistry tests, and urinalysis designated by the health
checkup programme, participants in the cohort study
received additional blood chemistry tests, additional urina-
lysis, and answered a questionnaire about nutrition and
physical activities. No genetic research was conducted.

Design 2

The 2003 study carried out in Takashima and Makino
consisted of a “genetic analysis” involving extraction and
further analyses of DNA, plus the basic survey and the health
checkup programme.

Method 1: standard information methods applied in
non-genetic subcohorts

Methods used to inform the participants in Adogawa and
Shin-asahi about the Takashima study included the follow-
ing: {1) sending out notices about the study; (2) distributing
explanatory documents about the study in advance; and (3)
providing oral explanations at each checkup site before
consent was given. {These methods of providing preliminary

physicians, nurses, and public health nurses. information are commonly used together in Japanese
Table 1 Characteristics of the fotal popuk:hons from which: the siudy subcohort samples were obtamed (clcxta From the 2000
kPopU[ohon Census of Jopan 3 | By i)
An‘ogowc +‘Shin-asohi. . < ~Takashima: . Mukiné' Lo
Jotal i s 14 489 2 AT068 Sr7138 . 6:210.
Men (%], 5397 4B 3377 (479 - oopa g0} - :
Women (%) 5671 (512 3761 (527) 3285200
" Papulation. densify (per hedcre) R R L T 8 L
No. people -4 S OB : 337 079 112
“No." people per dweﬂable diréai” 523 LRl RgE 4117 LR 181 o
‘Households Sl s ; G B S s
- Total number : : 4413 52032 il 1 873 o
“Mean'fio. famdy members par ; 3:28 00 . 1351 el e 3l
hnutphnH AL A T R e . RIS
Age {years}" BTk g i T : s
14 (%} 1897 (17-1} 10764157 916 (14-8): D
B4 (%) - $8.945461-9) h 69791831 4353 (610 3737 (600
CosgB Ry 3180 (21-9) 2192 (19:8] 1 709123:9] S 864 (251]
“Industriol populdtion: SR S W e ey
- Brimaryt (%), - LUBSS (A A s Ty 253 (8:1) ,
*Sacondaryt 151 U 2876[a95) T 270044741y 1214 (35:2) 17380 (#did) e
Tertiony %) 3857 (52:9) 2775 (48-4) 1 472 {47-4)
1ol 7285 5799 o
NHL. membershlp§ ) e LA .
- % toidl population’ '38-6?‘ 36:37. 5
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§NHI, Japanese Nafional Heahh sirarice progrc: Thrs heahh iristrance syslem is compulsary foreveryone hvmg in Jopan arid divided mfo two cafegones‘ o
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epidemiological surveys.) After the consent session, partici-
pants gave writlen consent if they understood the purposes
and methods of the study, and if they agreed voluntarily to
participate. The consent items were:

e Item 1: Do you agree or disagree to participate in the basic
survey?

e Item 2: Do you agree or disagree (o let your blood samples
be preserved for future use?

© Item 3: Do you agree or disagree to allow this study’s
researchers (o examine your medical records and your
death certificate?

Participants then ticked “I agree” or I disagree” for ecach
item, and signed the consent form. They were also given a
form they could use later if they wished to withdraw from
any of their agreements to the study.

Method 2-1: standard information methods applied in
the Takashima genetic subcohort

Method 1 was used in Takashima, with the addition to the
written and oral explanations of details about genetic
analysis. Thus, two additional consent items for genelic
analysis were added:

e Item 4: Do you agree or disagree to participate in genetic
analysis?

® ltem 5: Do you agree or disagree to let your DNA samples
be preserved for future analysis?

ho gave informed consent during 2002-2003

Method 2-2: extensive information methods applied
in the Makino genetic subcohort

In addition to Method 2-1, we conducted, in advance,
lectures at Makino town hall on clinical aspects related to
genes and lifestvle related diseases, and we explained the
nature of our genetic research. Furthermore, we held
many explanatory meetings in all administrative districts to
enable prospective participants to understand the study
better.

Statistical methods

Comparisons of the rates of participation in and withdrawal
from each consent item were performed between the four
subcohort areas according to the differences in the respective
designs and methods used. A 2-tailed ¥ test and multiple
logistic regression analyses were used. For the regression
analyses. Adogawa (control group) and Shin-asahi, Adogawa
(control) and Takashima, and Takashima {control} and
Makino were compared respectively to calculate the odds
ratios for the following:" (1) the demographic characteristics
of the swtady areas; (2) the implementation of genetic
analysis; and (3) the implementation of methods of giving
extensive preliminary information about the study. For these
analyses, participation rate and withdrawal rate were the
dependent variables; and age, gender and items 1-3 above
were the independent variables. We used SPSS (version
11-0J) for the statistical analysis. The investigators had full
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B access to all the data and performed the analyses without
gg i restriction or limitation from the sponsors.
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6 months after the baseline survey, excluding withdrawals,
with respect to each consent item in the four subcohorts.
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