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0.9% in the intervention group and 3.4%, 1.8% and 1.1% in the
control group at the 1* examination, respectively. There was no
significant difference between the two groups. At the 4% exami-
nation, the prevalence was 4.6%, 2.5%, 0.9% in the intervention
group, and 4.5%, 2.0% and 1.6% in the control group, respec-
tively. There was a significant difference only in the prevalence
of anti-diabetic users, which was lower in the intervention
group than in the control group (data not shown in the table).

Table 2 indicates the number of participants at the 4th
examination who had participated in the baseline survey. The
return participation rate was 72,2% for the intervention group
and 74.9% for the control group (¥=5.43, P=0.02). The return
participation rate of the two non-factory populations (Compa-
nies A and L) was much lower than that in the other companies,

The trends of the participants at the baseline survey for
SBP and DBP, non-HDL cholesterol, HDL cholesterol, BMI
and urinary salt excretion between the 1* and 4 examinations
(3 years) are shown in Table 3. The trends were similar to those
of the population trends shown in Table 1. The 3-year increase
in SBP or DBP, HDL cholesterol and BMI was greater in the
intervention group than in the control group, whilst the 3-year
increase in non-HDL cholesterol was lower in the intervention
group than that in the control group. There was no difference in
the urinary salt excretion trend between the two groups.

The trends of the participants at the baseline survey for
the prevalence of hypertriglycemia, high plasma glucose and
current smokers are shown in Table 4. For both groups, the
prevalence of current smokers was significantly decreased, and
the prevalence of fasting high plasma glucose was significantly
increased. There was no significant change in the prevalence of
hypertriglycemia either in the intervention or the control group.
The significant difference between the two groups observed
in the prevalence of hypertriglycemia detected with fasting
blood samples from the baseling survey disappeared at the 4th
examination. The 3-year decrease in the prevalence of current
smokers was significantly greater in the intervention group
compared to that in the control group.

Discussion

In the interim assessment of the HIPOP-OHP study, we
showed a population improvement in the serum level of HDL
cholesterol, urinary salt excretion, and the prevalence of current
smokers and hypertriglycemia. Furthermore, the serum levels
of non-HDL cholesterol and the prevalence of hypertriglycemia
and high plasma glucose detected with fasting blood samples in
the intervention group did not increase, whilst they significantly
increased in the control group. These changes were mainly
due to serial examinations of returning participants during the
3 years. However, the average DBP increased in the interven-
tion group, whilst it did not change in the control group, The 3-
year increases in SBP and DBP in the returning participants
were also higher in the intervention group than those in the
control group.

We have already reported that the intervention group had a
significantly higher risk of cardiovascular disease, especially
due to dyslipidemia and high plasma glucose, than the control
group at the baseline survey because of a non-randomized
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design (18). Furthermore, aithough there were no differences
between the two groups in SBP and DBP averages at the base-
line survey, the urinary salt excretion for the intervention group
was significantly higher than that of the control group (18).

Accordingly, we have been focused on the improvement
of dyslipidemia, high plasma glucose and urinary salt excretion
in the first half of our intervention. Generally speaking, cardio-
vascular risk factors deteriorated year by year due to aging.
However, concerning the lipid factors, the average level of
HDL cholesterol in the intervention group was significantly
increased and the average level of non-HDL cholesterol
remained nearly stable, whilst both of these factors in the
control group deteriorated. Furthermore, the prevalence of
hypertriglycemia detected with fasting blood samples in the
intervention group was decreased in the returning participants,
although the statistical analysis did not reach a significant level,
whilst it was increased in the control group. Thus, we seemed to
achieve some success in improvement, or at least lack of deteri-
oration, for the above-mentioned risk factors.

The INTERSALT study suggested that urinary sodium
excretion would be associated with increased blood pressure in
the future (22). Therefore, the difference in the change in blood
pressure between the two groups might be partially affected by
the initial difference in urinary salt excretion, which was nearly
equivalent to that of dietary salt intake. We are going to devote
additional and continuous effort to reducing salt intake in the
intervention period until the end of this study. Furthermore,
effective strategies to decrease or at least maintain the mean
blood pressure level are necessary in the intervention group.

There have been some health promotion trials employing
a population strategy, especially in Western populations (9-15).
Several of these have shown the difficulty of inducing individu-
als to change their behaviour by only providing information
about a healthy lifestyle (11-13). In the British population of a
European collaborative trial for the multifactorjal prevention of
coronary heart disease that included both high-risk and poputa-
tion strategies, Rose et al. reported a disappointingly low
response to mass advice using posters, evening meetings, film
showings and question—and-answer sessions (23). Because we
have also been facing this same problem in the present study,
in addition to mass advice, we have also attempted to make
specific environmental changes such as decreasing sodium
content in the food of the company dining rooms and construct-
ing pathways or making maps for walking in the workplaces.
However, the effects of environmental change in the interven-
tion group were considered limited, for example, because one
company had no dining room in the workplace (Company F),
another had only a few customers at their dining room in the
workplace (Company E), and we were able to construct a
walking pathway in the factory only for Company B. Therefore,
the main effects of our intervention study are being influenced
strongly by the personal response to the information presented
by mass advice, Thus, this study remains important in that
effective methods are being developed for presenting informa-
tion to induce individuals to change their behaviour.

The main limitation of the presenat study is the influence of
periodic or non-periodic personnel changes in the participating
companies, The population at the end of this study will not be
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the same as that at the baseline examination. During the 3 years,
about 30% of the participants were moved from their worksites.
This rate will increase at the endpoint of this study. These
personnel changes were not due only to retirement. A few years
ago, most Japanese employees were hired for a permanent job
and retired at the age of 60. However, due to the recent long
recession in the Japanese economy, lay-offs of employees
before retirement age or company mergers have frequently
occurred in Japanese companies. In our study population,
Company C was merged with another company during the 3
years, and there were unexpected rates of lay-offs in the other
companies. When we excluded participants at the baseline
survey who were aged 57 years or older and would have
reached the retirement age of 60 at the 4" examination, the
return participation rate at the 4™ examination was not substan-
tially affected (75.3% for the intervention group and 77.0% for
the control group). These return participation rates were much
lower than those expected before the commencement of this
trial,

However, the HIPOP-OHP study involved many research-
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Abstract

Objective: To examine the effectiveness of newly developed materials for providing health-retated

information to the worksite population, we compared the amount of attention that employees paid to
the materials.

Methods: Study subjects were 2,361 employees in six companies participating in an intervention

program between 2002 and 2003. Three kinds of media were used as tools for providing health infor-
mation: [1] Point Of Purchase advertising menus (POP menus) were placed on zll tables in company
restaurants, [2] posters were put on walls and [3] leaflets were distributed at health-related events, One
year or more after the introduction of these media, we compared the amount of attention paid to each
type of medium,

Results: Amongst the three types of media, the POP menu drew the most attention, although

results were not consistent in all gender and company groups. Every piece of information provided by
the POP menus was “always” or “almost always” read by 41% of the men and 51% of the women
surveyed. The corresponding rate for posters was 30% in men and 32% in women. For leaflets, only
16% of men and 22% of women read almost all of the leaflets, More attention was paid to the POP
menu when the sample was women, older, and ate at the company restaurant at least three times a

week,
Conclusion: The POP menu may provide health-related information to a broader range of people

than posters and leaflets, therefore, it is an effective material for population strategy.

Key words: worksite, health and nutrition education, materials for health and nutrition education, attention

Introduction

paid to the medium, characteristics of the medium

the entire group include the High-risk Strategy and the Popula-
tion Strategy (1). The former tries to identify a high-risk group

Methods for decreasing the risk for developing disecases in  that is more likely to develop diseases, and provides intensive
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health-related guidance and treatment to that group. However,
because the number of high-risk individuals within the target
population is generally small, using the high-risk strategy alone
is not very effective in decreasing the occurrence of diseases.

Nutrition, 1-23-1 Toyama, Shinjuku-ku, Tokyo 162-8636, Japan On the other hand, the Population Strategy assumes that all

TEL: +81(3)3203-5724, FAX: +81(3)3202-3278 members of a group are affected by background factors that

E-mail: yoshita@nih.go.jp might cause disease, and modifies environmental factors regu-
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lating the behavior of the group. The Population Strategy
affects many people who might be excluded from the target of
the High-risk Strategy, enabling more effective reduction of the
risk of the entire group. Providing appropriate health informa-
tion to all group members is one of the methods of the Popula-
tion Strategy, but there have been few reports about the appro-
priate media for providing such information.

Working people spend most of their day and evening at
their worksite. Therefore, providing them with health informa-
tion at their worksite should be more effective than offering
community-based information. Eating and dietary habits play
an important role as a primary disease-prevention measure, The
*People’s Health Promotion Campaign for the 21st Century
{Health Japan 21)” led by the Japanese Ministry of Health,
Labor and Welfare, has a goal at the environmental level: to
provide working people with more opportunities to learn about
health and nutrition at their worksites (2). There have been few
studies that objectively measured the effectiveness of the health
education and health information provided to all staff at a
worksite (3), and even fewer studies that have tried to determine
effective tools for providing such information (4).

The objective of this study is to provide information on the
primary prevention of cardiovascular diseases to all employees
in six companies through several media, and to identify charac-
teristics of each medium as a tool for offering information at a
worksite.

Target and methods

Target

The High-risk and Population Strategy for Occupational
Health Promotion (HIPOP-OHP) Study is a non-randomized
control trial targeting working people. The study includes indi-
vidual health guidance as a High-risk Strategy, as well as inter-
vention in physical activities, nutrition, smoking, separation of
designated smoking areas, and other related environmental
factors as a Population Strategy. Both strategies were intro-
duced in 1999-2000 in the intervention companies, and the
control companies remained without interventions (5-7). We
had 3,355 and 3,991 employees in the intervention and contro!
groups, respectively, at the baseline survey. After the baseline
survey, approximately 7,500 (3,391, 3,269 and 3,234 in the
intervention group and 4,970, 4,643 and 4,570 in the control
group, in the following 3 years, respectively) employees partic-
ipated in this study every year. Measures to improve the envi-
ronment included direct methods such as changes in the com-
pany restaurant menus and provision of exercise facilities (e.g.,
suggestion of a walking route), as well as indirect methods such
as providing health information to all employees to urge them
to change their habits. The design and procedures of this study
were examined and approved by the Institutional Review Board
of Shiga University of Medical Science for Ethical Issues (No.
10-16). '

This study examined the methods for providing health
information to the intervention group. The samples were 2,459
people in six companies (Companies A to F) of the intervention
group, who participated in the baseline survey between 1999
and 2000 and responded to a self-administered questionnaire

Tools and their evaluation for a population strategy

between 2002 and 2003. Company A was the head office of a
life insurance company, Company D was a factory of a chemical
company, and the other four companies were factories of elec-
trical appliance manufacturers. The numbers of employees in
Companies A to F at the baseline survey were 468 (66), 960
(338), 533 (52), 570 (76), 385 (152) and 439 (156}, respectively
(number of women in parentheses). The mean age of each
company at the baseline survey was 38.5, 37.7, 39.2, 40.6, 39.2
and 39.2, respectively.

Methods

Because this study was conducted at worksites, we chose
the following three materials to convey information to working
people during their break time and travel time, without disrupting
their work pattems.

(1) Point of Purchase advertising menus (POP menus)
We placed menu stands on all the tables in the company

restaurants and displayed ‘Point of Purchase advertising menus

145

(POP menus)’ (6). The POP menus were horizontally oriented,
A$ size, multicolor, and contained a title or eye-catching copy
in the top 15% of the area, an explanation below this (45%}, and
illustrations relevant to the explanation in the remaining 40% of
the area. The content of the menu was changed every week in
all worksites, but the same or a similar topic was addressed for
410 8 weeks.

(2) Posters

Posters were displayed in several designated locations in
the worksites, They were vertically oriented, A3 size, multicolor,
with text over 40 to 50% of the whole area, and illustrations and
figures in the remaining area. The posters were changed once
every 4 to 8 weeks.

{3) Leaflets

The leaflets were vertically oriented, AS size, and unicolor,
but used a colored background to draw attention. The ratio of
text, illustrations, figures and charts varied with the content.
They were distributed at health-related events or exhibitions
held several times a year {typically every 2 to 3 months).

The specific themes addressed by these three media were
as follows: desirable nutrition and food balance, reducing salt
intake, prevention and treatment of obesity, moderate drinking,
physical activities and health, disease prevention and diet, and
mental health, The company personnel whe wete coordinating
the study at each worksite and researchers discussed topics to
be included as necessary. Researchers in the HIPOP-OHP group
worked together to create these media, and had them checked
by non-specialists such as clerical staff to ensure that the media
were easily understood by typical working people.

We conducted a self-administered questionnaire survey on
the amount of attention paid to each medium and the level of
understanding of the information provided when at least one year
had passed since these media were first introduced (Supplement
1). The questionnaire asked about the amount of attention the
respondents paid to each medium and their level of under-
standing of the information presented, as well as how frequently
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they used their company restaurant. The return rate of the ques-
tionnaire was 96% (2,361 of 2,459). The chi-square test or
Wilcoxon signed-rank test was used to determine the statistical
significance, and the level of significance was set at 5%. The
Wilcoxon signed-rank test was used after we combined the
five categories into two categories: “Every time the content is
changed” or “Almost every time”=}, others=0, when we com-
pared the amount of attention between POP menus and posters.

Results

Table 1 shows the amount of attention paid to the POP
menus placed on the tables in the company restavrants, summa-
rized by worksite and by gender. As for male respondents,
41.1% answered that they read the POP menu “every time the
content is changed” or “almost every time”. This rate varied
from more than 50% in Companies D and F, to less than 25%
in Company E. More than 45% of the male respondents in
Company E answered that they “did not notice that a POP
menu was on the table”. Regarding female respondents, 52.6%

‘Tools and their evaluation for a population strategy

answered that they read the POP menu “every time the content
is changed” or “almost every time”, but the percentage in
Companies E and A was low, at 16.1% and 26.7%, respectively.
In other companies, the rate was between 57.1% and 75.4%,
which indicated that in companies other than Companies A and
E, women were more likely to read the POP menus than men.

Table 2 shows the amount of attention paid to the posters
displayed in the designated spaces at the worksites, summarized
by company and by gender. Of the male respondents, 30.6%
answered that they read the posiers “every time the content is
changed” or “almost every time”, but the rate for Company E
was below 25%; 46.0% “sometimes” read the posters. Of the
female respondents, 32.0% read the posters “every time the
content is changed” or “almost every time”, but the rate was
16% or below in Companies E and A; fewer than 30% “some-
times” read the posters in Companies E and 4, but 40.5% did in
the other companics. More than 55% of the female respondents
in Companies E and A answered “rarely or not at ali”, or “did
not notice”.

Table 3 shows the amount of attention drawn by the

Table 1 Amount of attention paid to the POP menu placed on all the tables in the company restaurant

Gender Company 1. Every lime the content is changed 2. Almost every time 3. Sometimes 4. Rarely, ornotatall 5. Did not notice p vahe!
A 22 5.2) 69 (28.9) 85 (35.6) 27 (11.3) 36 (150
B 41 .0 103 {22.6) 216 (47.5) 70 (i5.4) 25 (5.5)
C 51 (15.9) 99 (30.8) 125 (38.%) 26 {8.1) 20 (6.2)
D 55 (18.0) g9 (32.5) 108 (35.4) 28 (5.2) 15 49 p<0.001
E 17 .0 26 (13.3) 34 (18.1) 26 {13.8) 85 (452)
F 55 (21.8) 87 (34.5} g1 (32.) 25 9.9} 4 (1.6)
(13.7) 483 (27.4) 649 (36.9) 202 (11.5) 185  (10.5)
A 7 (15.6) 5 (1.1 12 (26.7) 9 (20.0) 12 (26.7)
B 45 (18.8) 2 {38.3) 38 (36.7) 12 (5.0) 3 1.3)
c 16 (42.1) 15 (39.5) 5 (13.2) 2 {5.3) 0 (0.0)
Women D 14 (36.8) 11 (28.6) 2 (53) 4 (10.5) 7 (184 <0000
E 6 (5.1) 13 (11.0) 8 (68 13 (1.0) 78 {66.1)
F 52 (42.6) 40 (32.8) 25 (20.5) 5 4.n 0 (0.0)
Total 140 (23.3) 176 (29.3) 140 (23.3) 45 1.5 100 (16.6)
Actual number (%), ! chi-square test
Table 2 Amount of attention paid to the posters affixed in the designated spaces in the worksite
Gender Company 1. Every time the content is changed 2. Almost every lime 3, Sometimes 4. Rarely, ornotatall 5. Did not notice  p value*
A 5 (2.1) 55 23.1) 104 (437 37 (15.5) 37 (15.5)
B 33 (1.3) 123 (27.1) 226 (49.8) 64 (14.1) 8 (1.%)
Cc 19 (6.0) 72 (22.6) 177 (555 - 34 (10.7) 17 {5.3)
3] 13 4.3 a1 (26.7) 120 (39.6) 66 (21.8) 23 (7.6) p<0.001
E 12 (6.3) 32 (16.9) 68 (36.0) 42 (22.2) 35 (185
F 14 (5.6) 78 GLy 112 (44.6) 39 (15.5) 8 (3.2)
44) (25.1) 807 (46.0) 282 (16.1) 128 {7.3)
A 4 (9.1} 2 (4.5} 12 (2.3 14 (31.8) 12 (213
B 17 (7.1) 68 {28.3} 116 (4.3) 30 (12.5) 9 (3.8)
c 4 (10.5) 5 (39.5) 18 (4 4 [ (2.6} 0 (0.0)
Women D 3 (1.7) 12 (30.8) 15 (3 5 (12.8) 4  (10.3) p<0.001
E 0 {0.0) i9 (16.0) 34 (2 15 (12.6) 51 (42.9)
F ] {8.9) 38 30.9) 9 3 22 (17.9) 3 2.4
Total 39 54 (25.5) (14.4) 79 (13D
Actual number (%), t chi-square test
146
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Table 3 Amount of attention paid te the leaflets distributed at health-related events and exhibitions

1. Almostall of 2. Only when the 3. Read part of the 6. Did not know there

Gender  Company every leaflet  content interests me leaflet only, e.g., the title 4. Rarely 5. Never were such events or exhibitions p value!
A 27 (11.3) 82 (34.5) 66 27.7) 35 (14.7) 9 (3.8) 19 (8.0)
8 69 (154 231 (51.4) 92 (20.5) 49 (10.9) 8 (1.8)
c 43 (134 146 (45.3) 84 (26.1) 36 (11.2) 13 (4.0)
D 51 (168) 128  (42.1) 69 (227 41 (13.5) 15 (4.9 p<0.001
E 38 (20.4) 78 {41.9) 36 (19.4) 21 (1L3) 13 (7.0
F 42 (1D 16 (462) 63 (25.1) 26 (104) 3 (1.2)
Total 271 (155 781 (44.6) 410 (23.4) 208 (11.9) 61
A 5 (1L 19 (42.2) 10 (22.2) 4 (8.9 2 (44) 5
B 54 (22.6) 135 (56.5) 42 {17.6) 3 33 0 (0.0) —
C 5 (13.2) 25 (65.8) 6 (15.8) 2 (53 0 (0.0) —
Women D 14 (350) 18 (45.0) 5 (12.5) 2 50 1 25 — p<0.001
E 27 (23.0) 59 {50.4) 16 (13.7) 12 (10.3) 3 (26) —
F 24 (2000 65 (54.2} 23 (19.2) 6 (500 2 (0 —
Total 129 (21.5) 321 (53.6) 102 (17.0) 34 (5.7 8 (1.3 5 (0.8)

Actual number (%), ! chi-square test '
* Only the questionnaire for Company A offered the choice of answer: “Did not know that there were such events or exhibitions.” This was not used in
the statistical analysis.

Table 4 Difference in smount of attention paid by participants between POP menu and poster

Medium (or (1) *Every time the content is
providing information changed’ or ‘ Almost every time’

POP menu 89 (46.6) 102 (53.4) 191 (100.0)
Poster 60 (31.4) 131 (63.6) 191 (100.0)

POP menu 141 (33.2) 284 (66.83) 425 (100.0)
Poster 151 {35.5) 274 (64.5) 425 (100.0)

POP menu 146 (50.3) 144 (497) 290 (100.0)
Poster 88 (30.3) 202 (69.7) 290 (100.0)

POP menu 150 (55.4)
Poster 04 (34.7)

Gender Company (2) others Total (%) p value!

A p<0.00]

0.345

p<0.001

Men D

POP menu
Poster

POP menu
Poster

POP menu
Poster

POP menu
Poster

POP menu
Poster

POP menu
Posler

POP menu

Women D
Poster

POP menu
Poster

POP menu
Poster

POP menu
Poster

Actual number (%), t Wilcoxon signed-rank test
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Table 5 Relationship between the age group and the amount of attention paid to the POP menu

(1) “Every time the content is

H 0y
Gender  Age group changed” or *Almost every time" (2) Sometimes {3) Rarely, or not at all Total (%)
29 or less 51 156 (43.7) 50 (14.0) 357 {100.0)
Men 30-39 247 288 (46.2) 88 (4.1 623 (100.0) <0.001
400rmore 326 205 (34.5) 64 (10.8) 595 (100.0}
29 or less 85 45 {30.2) 19 (12.8) 149 (100.0)
Women 30-39 103 59 (33.3) 15 (3.5) 177 (100.0} <0.01
40 or more 128 36 (20.6) 11 {6.3) t75 (100.0)
Actual number (%), * chi-square test
Table 6 Relationship between the frequency of using the company restanrant and the amount of attention paid to POP menu
Frequency of using the (1) ‘Every time the content is : o +
Gender company restaurant changed” ot *Almost every time’ {2) Sometimes (3) Rarely, or not at all Total (%6)  p value
Almost every day 578 438 {39.8) 84 (7.6) 1100 (100.0)
Men 34 times/week 96 99 {46.9) i6 (7.6) 21 (100.0)  <0.001
Less than 2 times/week 48 mn (42.7) 101 (38.8) 260 (100.0)
Almost every day 270 88 {24.2) 5 (.4 363 (100.0)
Women 34 times/week 29 21 (30.4) 2 (3.8) 52 (100.0) <0.001
Less than 2 times/week 16 30 (351 38 (45.2) 84 (100.0)

Actual number (%), * chi-square test

leaflets distributed at health-related events and exhibitions,
summarized by company and by gender. Only 15.5% of men
and 21.5% of women answered that they read “almost all of
every leaflet”. About 70% of both men and women read “only
when the content interests them™ or “read part of the leaflet
only, e.g., the title™.

There were significant differences between companies in
the results of Tables 1 to 3 because of the large sample size,
although the trend of the amount of attention paid to each media
was similar,

Table 4 compares the difference in the amount of attention
paid to the POP menus and the posters, by comparing the
answers to the same questions asked for both items. We catego-
rized the five answer choices into two groups, as shown in
Table 5. The result demonstrated that the POP menus attracted
more attention from both men and women than the posters,
except for the men in Company B and both the men and women
in Company E.

Table 5 indicates the relationship between the age group
and the amount of attention paid to the POP menus. For this
analysis, we categorized the respondents into three age groups:
29 years old or younger, 30 to 39 years old, and 40 years old
and older. We regrouped the four answer choices into three
gioups by combining the No. | choice: “every time the content
is changed™ and the No. 2 choice; “almost every time”, to make
one group giving considerable attention to the medium. The
result indicated that the older people paid more attention to the
POP menus. At least 95% of respondents in all of the age
groups answered that the POP menu was “easy to understand”
or “understandable for the most part” (not shown in tables).

Table 6 shows the relationship between the frequency of
using the company restaurant and the amount of attention paid
to the POP menus. Here, we combined answers No. 3: “] to
2 times a week”, No. 4: “2 to 3 times a month”, and No. 5;
“rarely”, to make one category of less frequent restaurant users.

148

The attention analysis was based on the three categories, as
shown in Table 4. The result indicated that the more frequently
people used their company’s restaurant, the more attention they
paid to the POP menus, This was true of both men and women.
More than 95% of the respondents answered, regardless of how
often they used the restaurant, that the POP menus were “easy
to understand” or “understandable for the most part™ (not shown
in the table).

Discussion

It is important for individuals to establish an appropriate
lifestyle for health promotion and disease prevention and treat-
ment (8). However, unless an “unhealthy” lifestyle continues for
a long period of time, symptoms serious enough to affect
quality of life are not likely to develop. In addition, much of
health-related guidance and education is focused on high-risk
individuals, or those who have risk factors, This leaves many
low-risk individuals without any special measures taken. It is
therefore important to establish an appropriste Population
Strategy in Japan, and the first thing we need for this approach
is an appropriate method for providing information.

All of the three media used in this study are established
tools that have been used at numerous worksites (9, 10),
However, the effectiveness of these tools is unclear, and they
often presented information that was too difficult, or irrelevant,
especially in the presentation order, or outdated. Therefore, we
conducted this study to compare the effectiveness of these
materials as media for providing information for the purpose
of primary prevention. We had the companies introduce the
materials we provided in the same manner without informing
the general employees, except the members of the Safety and
Health Committee, which examined the intervention plan and
ethical problems.

Of the three media, the POP menus attracted the most
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attention. This result may be atiributed to several factors. First,
a large number of POP menus were displayed, so that workers
eating at the company restaurants could always see them.
Second, the content of the POP menus was updated every week,
which helped retain attention. Third, the POP menus carried
information with a series of related themes for 4 to 8 weeks.
Although the POP menus could provide only a limited amount
of information, presenting related themes for a certain period of
time had the effect of linking every bit of information, probably
producing a synergistic effect. By contrast, the posters and
leaflets did not prove as effective as we had expected. The
reasons for this are as follows. Only a limited number of posters
were shown due to space restrictions. To understand the content
of a poster, readers had to approach the poster to clearly see
what was written on it. Posters may possibly be useful in places
where individuals have enough time to pay attention, such as in
trains, buses, or waiting rooms of stations. As Table 6 indicates,
posters might be a more effective medium for providing health-
related information than POP menus, for workers who do not
use or rarely use company restaurants.

Leaflets were provided only at health-related events, which
were held several times a year. They might not have reached all
the respondents, and some may have resented the leaflet being
handed out (whether they liked it or not) during their break
time, while some enthusiastic participants thought that it was
very useful and read it repeatedly even after the event. We
consider that such factors conspired to make the leaflets less
appealing.

The findings of this study indicate that conditions drawing
more attention to media for health promotion are as follows: [1]
The health education materials should be viewed and easily
read by targeted people without requiring their special attention.
[2] The information should be placed where it can be seen by
the targeted people 3 or more times a week. Placing POP menus
on the tables of the company restaurants is one way of achiev-
ing the above-mentioned conditions. We can also expect media
fulfilling these conditions such as the use of e-mail or wallpaper
on a computer screen to prove similar by effective. At some
worksites of our present study, none of the media used suffi-
ciently attracted attention, such as at Company E (no full-time
nurse or health professional existed at this company). This indi-
cates the need to develop new media for effective presentation
of information.
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The effective use of such media plays an important role in
helping the targeted people to change their lifestyle, by provid-
ing promotional information (11, 12). However, apart from our
preliminary study (4), few studies have examined the appropriate
types of media in accordance with the characteristics of the
target population (9, 10, 13), The findings of this study indicate
that we must choose appropriate media depending upon the
sitwation of each population, se that more people can actually
view and read the materials. '

There are some limitations in the present study, First, we
examined only three kinds of media that were presented in our
intervention protocol, and the results of the present study may
not be generalized for other settings. It remains to be further
examined whether the result of this study can be applied to
other worksites or to local communities. It has been clarified
that we have to choose appropriate media after evalvating the
characteristics of the target population.

As Rose pointed out (1), one of the obstacles in promoting
the Population Strategy is getting the target group members to
understand the significance of the strategy. When the target
group consists of young and heafthy working people, potential
causes of diseases in the distant firture are unlikely to draw their
attention. We have to make a considerable effort to devise an
effective way to provide information in order to motivate such
people to change their lifestyle.

In conclusion, the present study clarified that POP menus
provide health-related information to a broader range of workers
than posters and leaflets in worksites,
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National Institute of Health and Nutrition), Toru Takebayashi,
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(Department of Health and Nutrition, Yonezawa Women’s
College of Yamagata Prefecture), Kazunori Kodama, Fumiyoshi
Kasagi (Department of Epidemiology, Radiation Effects Research
Foundation), Yukinori Kusaka (Department of Environmental
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Science and Promotion), Masakazu Nakamura, Yoshihiko Naito

{Osaka Medical Center for Health Science and Promotion),
Yasuyuki Nakamura (Division of Cardiology, Department of
Medicine, Shiga University of Medical Science), Makoto
Watanabe, Yoshikazu Nakamura (Department of Public Health,
Jichi Medical School), Akira Babazono (Institute of Health
Science, Kyushu University), Unai Tamura, Junko Minai, Zentaro
Yamagata (Department of Health Sciences, School of Medicine,
University of Yamanashi), Sumio Urano (Matsushita Health Care
Center), Fujihisa Kinoshita (Wakayama Wellness Foundation),
Isao Saitoh (Department of Public Health, Nara Medical Uni-
versity), Shinichi Tanihara (Department of Public Health, Shimane
University School of Medicine), Junko Tamaki (Department of
Public Health, Kinki University School of Medicine), Osamu
Tochikubo (Department of Public Health, Yokohama City
University School of Medicine), Takeo Nakayama, Mariko
Naito (Department of Medical System Informatics, Graduate
School of Medicine and Faculty of Medicine Kyoto University),
Shunichi Fukuhara (Department of Epidemiology and Health-
care Research, Graduate School of Medicine and Facuity of
Medicine Kyoto University), Yoshiharu Fujieda (Departrent of
Health and Sport Sciences, Tokyo Gakugei University), Shunsaku
Mizushima (International Research Center for Medical Educa-
tion, The University of Tokyo), Yuji Miyoshi (Tokyo Central
Clinic, Health Insurance Society of Meiji Yasuda Life Insur-
ance Company), Takayo Tada (Department of Food Science,
Faculty of Human Life Science, Mimasaka University), Taichiro
Tanaka, Takashi Kadowaki, Toshimi Yoshida, Mami Ide and
Tomonori Okamura (Department of Health Science, Shiga
University of Medical Science, Otsu, Shiga),

{Supplement 1)

Questions in the self-administered questionnaire on the
amount of attention paid to each material and the respon-
dent’s level of understanding of the information presented
1. How often do you use your company’s restaurant? {include
when you eat a lunch that you brought to the restaurant)
I. Almost every day 2. 3—4 times a week
3. 1-2 times a week 4. 2-3 times a month 5. Rarely
2. How often do you read the POP menus placed on each table
in the company restaurant?
1, Every time the content is changed 2. Almost every time
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3. Sometimes 4, Rarely, or not at all
5. Did not notice that a POP menu was on the table.

3. Is the content presented on the POP menu easy to under-
stand?
1. Easy to understand (Too easy) 2. Easy to understand
(Appropriate level: not too difficult, not too easy)
3. Understandable for the most part
4. Not really understandable (Too difficult)

4. How often do you read the posters on such topics as nutri-
tion, exercise and smoking, which are posted in the company
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restaurant, on bulletin boards, and in smoking areas? 1. Almost all of every leaflet

L. Every time the content is changed 2. Almost every time 2. Only when the content interests me

3. Sometimes 4. Rarely, or not at all 3. Read part of the leafiet only, e.g., the title 4. Rarely
5. How often do you read the leaflets handed out at health 5. Never

promotion-refated events and exhibitions?
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What factors are associated with high
plasma B-type natriuretic peptide levels
in a general Japanese population?
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There are few community-based epidemiologic studies
that have dealt with risk factors for heart failure in non-
Western populations. it has been reported that the
measurement of plasma B-type natriuretic peptide
(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 community 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 ¢holesterol), plasma glu-
cose, electrocardiographic (ECG) findings, urinary salt
excretion, and lifestyle facters {smoking and alcohol

consumption) were cross-sectionally analysed. The
plasma BNP geometric mean was 13.7 pg/ml. Both linear
and logistic regression analyses indicated that the
plasma BNP ilevels were positively associated with
age, urinary salt excretion, higher blood pressure, high
R-wave voitage 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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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 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.®1°
.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.s?”

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 Sl';iga 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 I, 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 minHg; high
normal—SBP 130-139mmHg and/or DBP 83~
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 10 min 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),*?-1¢1819.20 Eor BNP, the intra- and
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inter-assay coefficients of varjation 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}."s

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).?%? 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 V8
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 sslf-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-
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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
cholestercl, plasma glucose, and current smoking.

Factors associated with plasma BNP fevels
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Table 2 shows the geometric means of BNP accord-
ing to the quartiles or categories (blood pressure
category, high R-wave voltage, and current aleohol
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>
100 mmHg), 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}

Systalic blood pressure {(mmkHg)

Diastolic blood pressure {mmHg)

Total cholesterol (mmol/i)

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

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?
Optirmal+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 BNF (18 pg/ml or greater)

Males (n= 209}

Prevalence (%)

Females (n=477) Combined m=6686)

mean+s.d. mean+s.d. meants.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

130.14-18.0 124.01+18.3 125.8+18.4
82.4411.1 758.5+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 1.5640.40
5.314+0.77 5.07 +0.50 5.15+£0.60
14.7+1.0 12.94+1.1 13.5+1.4
12.6+3.4 12.14+3.3 12.34+3.3
107 15.3 13.7

Prevalence (%} Prevalence (%)

13.4 5.9 8.0
0.0 1.9 1.3
1.4 2.1 1.9
47.4 62.5 57.9
18.3 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 £0.2
1.0 0.4 0.6
76.6 22.9 39.2
— 69.0 —

24.4 43.2 375

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

bST-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 Codse 5-1 or 5-3.

4Blood pressure category: Optimal+normal: SBP <130 mmHg and DBP <85 mmHg, high-normal: SBP 130-139mmHg and/or DBP 85-89 mmHg,
grade 1:SBP 140-159 mmHg and/or DBP 90-99 mmHg, grade 2+3: SBF 160 mmHg and/or DBP 100 mmHg.
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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 |
subjects mean (pg/ml} geometic mean {pg/ml)
Systolic blood pressure (mmHg)
Quartile 1 -111.3 171 12.7 0.004 13.6 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
Haemoaglobin (g/d)
Quartile 1 ~12.5 159 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 13.8 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 1686 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: SBF <130 mmHg end DBP < 85 mmHg, high-normal: SBP 130-139 mmHg and/or DBP 85-89 mmHg,

Frade 1: SBP 140159 mmHg and/or DBP 80-99 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=30.0, 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.. 3.4g/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?) .

"Standard error,

Partial regression coefficients s.8° t p
0.210 0.029 7.295 0.000
-0.186 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

*High R-wave voltage was definad 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 3.5mV or greater.

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

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

Variables

Age (years)
Haemaglobin (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 —_ 2.17
0.98 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 V&

is 3.5 mV or greater.

*Blood pressure category: Optimal+normal: SBP <130 mmHg and DBP <85 mmHg, high-normal: SBF 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.

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 lgvels 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

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 im 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 bhe
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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