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Abstract Mortality in the Goto archipelago region of the
Nagasaki prefecture in Japan is higher than the Japanese
average. In this study, we investigated dietary intake,
habitual physical activities, systolic and diastolic blood
pressure, serum total cholesterol and high-density
lipoprotein cholesterol of middle-aged women in the
Narao community in the Goto archipelago. We compared
these parameters with a Japanese sample, and analyzed
the results according to body mass index (BMI) and age.
The mean BMI of Narao women was higher than that of
the Japanese sample. Serum cholesterol and blood
pressure of Narao women correlated with BMI. However,
dietary intake and physical activities did not differ
between normal- and over-weight Narao women. The
higher serum total cholesterol and diastolic blood
pressure of Narao women, relative to the Japanese
sample, could be explained by the presence of over-
weight women in the Narao community. However,
dietary and behavioral factors associated with higher
BMIs could not be clarified in this cross-sectional study.
J Physiol Anthropol 21 (1): 21-28, 2002 http://
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Introduction

Life expectancy of Japanese females is among the

highest in the world, and approaching 84 years in 1998
(Ministry of Health and Welfare, 1999). There is,
however, a regional variation of death rates in Japan. The
mortality rate in the Goto archipelago in the Nagasaki
Prefecture (Fig. 1) is higher than the Japanese average.
In 1998, the age-adjusted death rate among females in the
Narao township of the northern Goto archipelago was
1,127.8 per 100,000, which was 1.4 times higher than the
784.4 per 100,000 rate for the overall Nagasaki Prefecture
(Nagasaki Prefectural Government, 1998). Life
expectancy of females on the northern Goto archipelago
was 79.84 years, which is 0.83 years shorter than the
Japanese average (80.67) (data between 1983 and 1987,
Hushimi and Kamata, 1993). Although the main cause of
high mortality in the Goto archipelago is cancer,
mortality due to cardiovascular diseases is also higher
than the Japanese average.

In order to elucidate the relationship between
cardiovascular risk factors, food and nutrient intake,
physical activity, and body mass of middle-aged women in
the Goto archipelago, we analyzed a cross-sectional data
set from the Narao community. The study was conducted
as part of a nation-wide epidemiological survey by the
Japanese Lifestyle Monitoring Study Group (the JLM
study) (Yoshiike, 1997). The JLM study focused on 13
areas throughout Japan (Tanihara et al., 1999). We
compared cardiovascular risk factors with a Japanese
sample, which is drawn from the JLM Study, and analyzed
the results according to body mass index (BMI) and age.
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Goto archipelago

4

Nagasaki City

Fig. 1 Geographic location of the survey site, Narao in Goto archipelago, Nagasaki, Japan

Subjects and Methods

The study was conducted in the Narao area on
Nakadoori Island in the Goto archipelago. Dietary
pattern and food intake, daily habitual activity, body
mass, blood pressure, and serum cholesterol of 189
women between 40 and 69 years of age were surveyed.
Subjects were selected from the resident registration
records of the Narao area. In 1992 there were 895 women
aged between 40 and 69 years in this community. About
30% of women in their 50s and 60s were randomly
selected from the registry and were sent an invitation
letter to participate in the study. An invitation letter was
sent to all female residents in their 40s because a lower
participation rate was expected for this age group. A total
of 189 (21%) of Narao women between 40 and 69 years of
age participated in the study. They comprised 55 women
aged 40-49, 71 women aged 50-59, and 63 women aged
60-69 years.

The Narao area is famous for round haul-net fishing and
in 1983 there were eleven companies operating round
haul-net fishing, and more than 1,800 fishermen and
sailors employed in the industry (Yoshiki, 1983; Tsuda,
1981). Fishing remains the main industry and source of
income in this area. Because round haul-net fishing is
practiced exclusively by men, housewives in the Narao

area tend to mostly stay at home. Although farming land
is limited as the island is mountainous, many housewives
also practice subsistence dry land farming for self-
consumption, made necessary by poor transportation and
relatively expensive market prices. The main crops are
vegetables and beans. Round haul-net fishing became
economically less attractive in the 1980s and 1990s, and
many young people migrated away from the region.
Transportation of people and goods has improved and the
Narao area has subsequently changed considerably. A
cash economy has penetrated into the area, and some
women have part-time jobs. The tradition of small
farming nonetheless continues.

Arterial blood pressure

Arterial blood pressure was measured by physicians
using sphygmomanometers. The physicians were trained
by watching training videotapes designed for the
Hypertension Detection and Follow-up Program. The
protocol of blood pressure measurement of the JLM study
(Tanaka, 1992) was followed.

Serum cholesterol

Blood samples were collected in the Narao hospital in
the early morning in the over-night fasted state. Serum
samples were sent to the laboratory of the Osaka Medical
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Center for Cancer and Cardiovascular Diseases for
measurement of total cholesterol and high-density
lipoprotein (HDL) cholesterol. The methods have been
described elsewhere (Tanaka, 1992). This laboratory has
participated in the CDC-NHLBI lipid standardization
program.

Daily activities and required physical strength

Daily activities over the previous 12 months and the
required physical strength were recorded by the recall
method (Iwai et al., 2000). Daily activities were classified
into; 1) habitual leisure-time physical activity (LTPA), 2)
work, including housekeeping activities and commuting,
3) sleeping, and 4) residual time. A multiple of the
resting metabolic rate (MET) was used as the unit to
measure the intensity of physical activity.

Frequency, intensity, and average actual duration of
LTPA were recorded for six two-month periods prior to
the survey using a questionnaire similar to the Minnesota
LTPA questionnaire (Taylor et al., 1978). Since the study
was done mainly in June, activities of July and August of
the previous year were asked first, then followed by the
activities of the following two months. This procedure
was repeated continuously up to May and June of the
survey year. Validity of this method has been discussed
elsewhere (Iwai et al., 2000).

Intensity of LTPA was classified as light (2.5 METs),
moderate (4.5 METs), hard (6.5 METSs), or very hard (8.5
METSs). The LTPA score (METs*min/day) of each subject
was calculated by the following procedure: 1) For each
activity in the LTPA category (for example, jogging), the
LTPA score during a two-month interval was first
calculated by multiplying intensity, duration and
frequency of the activity, 2) The annual LTPA score
(METs*min/year) of that activity was calculated by
adding all six two-month figures, 3) The total annual
LTPA score for all activities in the LTPA category was
calculated by summing up all the activities undertaken by
each subject (for example, jogging, walking, playing
volleyball), 4) The daily LTPA score was calculated by
dividing this figure by 365.

Frequency, intensity, and duration of work for each
subject were then recorded in a manner similar to that
used for LTPA. Intensity of work was classified into
sedentary (1.6 METs), standing or walking (2.5 METSs),
moderately strenuous (4.5 METSs), or strenuous (7.5
METs). On-the-job physical activity (JPA) scores were
accordingly calculated. The total daily physical activity
(TDPA) score for each subject was calculated by summing
physical activity scores during leisure time, on-the-job,
sleep (0.75 METSs), and residual time (1.5 METs).

Food and nutrient intake
The 24-hour recall method of food intake was

conducted by trained dieticians using a variety of food
models and photographs. The food intake survey also
followed the protocol of the JLM study (Tanaka, 1992)
and that of the NHANES protocol (Centers for Disease
Control and Prevention, 1994). Nutrient and energy
intakes were calculated using the Standard Food
Composition Tables (Science and Technology Agency,
Japan, 1986). Energy and nutrient intakes were
compared between Narao women and the Japanese
sample and between normal-weight and over-weight
Narao women. Since no data were available on daily
consumption of food groups for the Japanese sample in
the JLM study, we compared the results for Narao women
with those of the National Nutritional Survey (NNS),
Japan (Lifestyle-Related Diseases Control Health Service
Bureau, 2000).

Statistical analysis

Differences in blood pressure, serum cholesterol, body
mass index (BMI), food intake, and physical activity
between Narao women and the Japanese sample (the JLM
Study) and between normal-weight and over-weight
Narao women were tested using the t-test or the ANCOVA
using age as a covariate. Multiple regression analyses
were performed to determine relationships of age, BMI
and physical activity (LTPA or TDPA) to blood pressure
and serum cholesterol, using SPSS version 10.0 software
(SPSS Inc., Chicago, IL).

Results

Body mass, arterial blood pressure, and serum
cholesterol

The mean age, height, weight, and BMI of the 189
women were 55 years, 153 cm, 56 kg, and 24.1 kg/m?,
respectively (Table 1). The mean BMI of Narao women
was significantly higher than that of the Japanese sample.
The mean total cholesterol and diastolic blood pressure
were higher in Narao women than in the Japanese
sample. There was no significant difference in HDL
cholesterol and systolic blood pressure between the two
groups. These differences were also significant by
ANCOVA using age as a covariate.

The mean age, height, weight, and BMI of 117 normal-
weight Narao women (BMI < 25 kg/m?) were 53 years,
152 cm, 51 kg, and 21.7 kg/m?, respectively. The
corresponding values for 72 over-weight Narao women
(BMI 225 kg/m?) were 57 years, 153 cm, 65 kg, and 27.9
kg/m?, respectively. The BMI of Narao women was
related to age (r=0.248, p<0.01) and over-weight women
were significantly older than normal-weight women.
Over-weight women had higher systolic and diastolic
blood pressures, higher total cholesterol and lower HDL
cholesterol than normal-weight women.
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Table 1 Physical characteristics, blood pressure and serum lipid profile of normal- and over-weight Narao women and Japanese

sample

Over-weight'  Normal-weight? Narao® Japan* 1vs.2 3vs. 4
Variable unit (n=72) (n=117) (n=189) (n=1006) ttest ttest

Mean S.D. Mean S.D. Mean  S.D. Mean  S.D. P p
Age years 57.2 6.6 53.4 8.8 54.9 8.2 *x
Height cm 152.8 5.0 1524 48 1526 4.9 ns
Weight kg 65.3 7.4 50.5 5.3 56.2 9.5 x
BMI kg/m? 27.9 2.3 21.7 2.0 24.1 3.7 23.2 3.1 ook o
Systolic blood pressure mmHg 1384 20.2 1237 19.6 1293 211 126.9 185 ek ns
Diastolic blood pressure mmHg 836 112 76.0 12.1 78.9 123 76.9  10.6 rEH *
Total-cholesterol mmol/1 584 093 557  1.10 570  1.05 552  0.99 * *
HDL~cholesterol mmol/1 1.39  0.30 1.63 041 1.53  0.39 150 0.36 o ns

BMI: body mass index; HDL: high-density lipoprotein. *: p<0.05, **: p<0.01, ***: p<0.001, ns: not significant.
Table 2 Nutrient intake of normal- and over-weight Narao women and the Japanese sample

Over-weight'!  Normal-weight? Narao® Japan* 1vs.2 3vs. 4
Nutrient unit (n=72) (n=117) (n=189) (n=942) t-test ttest

Mean S.D. Mean S.D. Mean S.D. Mean S.D. p D
Energy keal 1689 395 1700 452 1700 430 1780 488 ns ns
Total-protein g 66.6  20.1 659 228 66.2  21.7 69.3 204 ns ns
Animal-protein g 36.7 173 363  19.7 36.4 187 355 167 ns ns
Total-fat g 424 172 47.1 232 453 212 491 213 ns ns
Animal-fat g 149 109 177 132 166 124 232 133 ns Hx
Calcium mg 481 228 478 232 479 230 576 262 ns i
Iron mg 8.4 3.9 8.5 3.0 8.4 3.4 10.3 4.4 ns Hrx
Vitamin A U 1991 1581 2437 3240 2267 2733 2870 3965 ns *
Vitamin B, mg 0.87 030 0.90 042 089 0.15 096 04 ns ns
Vitamin B, mg 1.15 047 123 0.74 1.30  0.65 1.34 051 ns ns
Vitamin C mg 110 66 109 70 109 68 140 86 ns i
Salt g 9.9 3.3 10.1 3.6 10.0 3.5 11.9 4.6 ns i
Cholesterol mg 3074 190.6 3316 195.3 322.3 1934 351.0 206.0 ns ns
PUFA/SFA 1.09 051 1.05 046 1.06 048 1.03  0.43 ns ns
Protein/Energy % 15.8 3.0 1565 3.3 15.6 3.2 15.7 3.1 ns ns
Fat/Energy % 22.3 6.3 24.1 7.8 234 7.3 24.6 7.3 ns ns
Carbohydrate/Energy % 62.0 6.9 60.4 9.0 61.0 8.3 59.7 8.6 ns ns
Number of Food 25.2 6.8 26.0 6.5 25.7 6.6 27.5 6.6 ns o

PUFA: polyunsaturated fatty acids, SFA: saturated fatty acids, *: P<0.05, ***: P<0.001, ns: not significant.

Intake of energy, nutrients, and food groups

Table 2 shows daily energy and nutrient intake for
Narao women, both over-weight and normal-weight, and
the Japanese sample. Narao women had lower intakes of
iron, calcium, salt, vitamin A, vitamin C, and animal fat
than the Japanese sample. The mean number of food
items consumed per day was 25.7 for Narao women,
which was less than the Japanese sample (27.5). There
was no significant difference in energy and nutrient
intake between over-weight and normal-weight Narao
women. Energy intake and nutrient intake did not
correlate significantly with BMI.

Table 3 shows daily consumption of food groups by
Narao women and results from the NNS, Japan. Narao
women consumed significantly less potatoes, seeds, oils/

fats, soybean products, fruits, mushrooms, seaweed and
meats than the NNS sample. The daily consumption of
meats was only 43 g for Narao women compared to 64 g
for the NNS sample. Narao women consumed more dairy
products than individuals in the NNS sample (140 g vs.
118 g).

There was no significant difference in consumption of
any food groups between the over-weight and normal-
weight Narao women. Only the intake of fruit correlated
with BMI (r=0.157, p<0.05).

Physical activity

Table 4 shows physical activity scores of over-weight
and normal-weight Narao women and the Japanese
sample. Results of time allocation and average intensity
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Table 3 Comparison of food groups intakes between normal- and over-weight Narao women and National Nutrition Survey

(NNS), Japan

Over-weight'  Normal-weight? Narao® NNS* 1vs.2 3vs. 4
Food groups unit (n=72) (n=117) (n=189) (n=3134) t-test t-test
Mean S.D. Mean S.D. Mean S.D. Mean S.D. P P
Cereals g 2366 77.1 235.3 101.3 2354 926 2371 2.0 ns ns
Potatoes g 51.8  63.7 455 684 479  66.6 73.3 3.6 ns rx
Seeds g 0.8 3.8 0.8 2.6 0.8 3.1 2.7 0.8 ns Frx
Sugar g 11.0 111 115 9.7 11.3 102 104 0.4 ns ns
Confectionery g 25.0 bl1.1 285 411 272 451 25.6 3.2 ns ns
Oils and Fats g 9.1 7.8 10.7  10.2 10.1 9.3 14.6 2.3 ns Rk
Soybean products g 64.3 99.1 614 604 625 772 79.2 7.8 ns *x
Fruits g 153.8 160.3 11836 137.6 1289 1476 1564.1 243 ns *
Vegetables g 2685 1684 2815 1816 2765 1763 2858 147 ns ns
Mushrooms g 5.3 18.9 44 11.0 4.7 14.5 16.0 1.3 ns ek
Seaweeds g 2.5 4.4 2.5 34 2.5 3.8 7.2 1.0 ns FrE
Fishes g 111.3  74.4 1045 929 107.1 86.1 1014 82 ns ns
Meats g 36.6 41.8 466 b4.5 428 50.1 63.6 9.2 ns ok
Eggs g 302 314 335 34.0 322 330 36.6 4.0 ns ns
Dairy products g 140.5 154.6 140.0 1452 140.2 1484 1175 3.6 ns *
*: P<0.05, ***: P<0.001, ns: not significant.
Table 4 Comparison of time allocation and physical activity scores
Over-weight'!  Normal-weight? Narao® Japan® 1vs.2 - 3vs. 4
Activity and physical activity score (n=72) (n=117) (n=189) (n=988) ttest t-test
Mean S.D. Mean S.D. Mean S.D. Mean S.D. p p
Time allocated(hours/day)
Work (including home making) 5.9 3.0 6.4 3.0 6.2 3.0 7.2 2.8 ns ok
Leisure time activities (sports, etc) 0.4 0.5 0.3 0.5 0.3 0.5 0.2 0.4 ns *
sleeping 7.0 1.0 7.0 1.0 7.0 1.0 7.1 1.0 ns ns
Other activities (residual time) 10.8 3.0 10.3 3.0 10.5 3.0 9.5 2.8 ns wxE
Average intensity of activities (METS)
Work (including home making) 269 061 2563 053 2.566  0.66 (2.54) - ns -
Leisure time activities (sports, etc)  3.14  1.10 364 132 343 195 (3.00) - ns -
sleeping (0.75) - (0.75) - (0.75) - (0.75) - - -
Other activities (residual time) (1.50) - (1.50) - (1.50) - (1.50) - - -
Whole day 158 0.27 158  0.20 158 0.23 (1.60) - ns -
Physical activity score (MET*min/day)
JPA score 9188 5885  957.1 4582 9425 5105 1096.1 491.6 ns rrk
LTPA score 643 84.8 58.1 93.6 604  90.2 3656 719 ns sk
Sleeping PA score 311.6 517 313.1 488 3126 498 319.6 45.1 ns ns
Residual time PA score 9735 2835 9478 2775 9576 279.3 856.1 2535 ns ok
TDPA score 2268.1 390.7 2276.0 287.6 2273.0 329.7 23084 326.9 ns ns

JPA: job physical activity; LTPA: leisure-time physical activity; PA: physical activity; TDPA: total daily physical activity *: p<0.05, ***:
p<0.001, ns: not significant. Figures in parentheses are fixed figure or pseudo-mean calculated from other means. Hyphens indicate

not applicable.

of activities (METs) are also shown. The LTPA and JPA
scores of the Japanese sample were 36.5 (standard
deviation [SD] 71.9) and 1096.1 (SD 491.6), respectively
(n=988). Narao women had significantly lower JPA
scores (942.5; SD 510.5) and higher LTPA (60.4; SD 90.2)
and residual time physical activity scores (957.6; SD
279.3). The TDPA score and daily average METs (TDPA

scores divided by 1440 min) were 2308.4 and 1.60 for the
Japanese sample and 2273.0 and 1.58 for the Narao
women, respectively. There was no significant difference
between the two groups.

The JPA, LTPA and TDPA scores did not differ between
the normal- and over-weight Narao women. Daily average
METs were 1.58 both for normal-weight and for over-
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Table 5 Correlations between age, BMI and physical activity (LTPA or TDPA) with blood pressure
and serum cholesterol using multiple regression model

Outcome variable Age BMI LTPA score TDPA score
Systolic blood pressure 0.77 (0.18)* 1.54 (0.39)* 0.016 (0.015) -
Diastolic blood pressure 0.20 (0.11) 0.89 (0.24)* 0.018 (0.010) -
Total cholesterol 0.69 (0.38) 1.72 (0.83)* 0.012 (0.033) -
HDL-cholesterol 0.04 (0.14) -1.27 (0.30)* 0.021(0.012) -
Systolic blood pressure 0.82 (0.17)* 1.55 (0.39)* - 0.005 (0.004)
Diastolic blood pressure 0.25 (0.11)* 0.88 (0.24)* - 0.003 (0.003)
Total cholesterol 0.69 (0.37) 1.66 (0.83)* - 0.008 (0.009)
HDL-cholesterol 0.02(0.13) -1.25 (0.30)* - 0.005 (0.003)

Data are regression coefficients (standard error). BMI: body mass index; LTPA: leisure-time physi-
cal activity; TDPA: total daily physical activity; HDL: high-density lipoprotein. *: p<0.05.

weight women. BMI did not correlate with any of the
physical activity scores. The LTPA and JPA scores
changed with age with correlation coefficients of 0.162
(p<0.05) and -0.257 (p<0.001), respectively. The JPA
score decreased from 1147 in women aged 40-49 years,
to 945 in wormen aged 50-59, and 761 women in their 60s.
The LTPA score increased from 42 at 40-49 years, to 53 at
50-59, and 85 in women aged 60-69 years. The TDPA
score did not change significantly with age.

Correlation of age, BMI, and physical activity with
blood pressure and serum cholesterol

Multiple regression analyses were performed to check
effects of age, BMI and physical activity on blood pressure
and serum cholesterol (Table 5). Engagement in leisure-
time physical activity is reported to be associated with
various healthy lifestyle factors (for example, individuals
characterize themselves as being psychologically healthy
and non-smoking) (Iwai, 2000). Thus, we analyzed LDPA
and TDPA in two models, separately. In model 1, the
LTPA score was used as physical activity, and in model 2,
the TDPA score was used. However, similar results were
obtained in models 1 and 2. Age correlated significantly
with systolic blood pressure. BMI correlated significantly
with systolic blood pressure, diastolic blood pressure and
total cholesterol, and negatively with HDL cholesterol.
Neither LTPA nor TDPA correlated with systolic or
diastolic blood pressure, total cholesterol or HDL
cholesterol.

Discussion

Our study compared serum cholesterol, blood pressure,
diet and physical activity between Narao women and a
Japanese sample. These parameters were also compared
between normal- and over-weight Narao women. Narao
women had higher total cholesterol, higher diastolic
blood pressure and higher BMIs than the Japanese
sample. The BMI of Narao women positively correlated
with systolic and diastolic blood pressure and total

cholesterol, and negatively correlated with HDL
cholesterol. Because normal-weight Narao women had
similar total cholesterol levels and diastolic blood
pressures to-the Japanese sample, higher total cholesterol
and higher diastolic blood pressure in Narao women
could largely be explained by the presence of over-weight
women among the Narao community. Consistent with
many previous studies (Erlinger et al., 2000; Iwao et al.,
2000; Salomaa et al., 1991; Denke et al., 1993; He et al.,
1994; McCarron and Reusser, 1996), we found that BMI
was an important risk factor for hypertension and high
serum total cholesterol. Furthermore, Angelo et al.
(1999) and Pietrobelli et al. (1999) reported an inverse
correlation between serum HDL cholesterol and BMI in
women, which was also consistent with our results.

Several studies have demonstrated that physical
activity reduces hypertension, and inhibits high total
cholesterol and low HDL cholesterol (Fonong et al., 1996;
Wilcox et al., 2001; Marrugat et al., 1996). However, in
multiple regression analyses, the LTPA or TDPA scores of
Narao women did not correlate with systolic or diastolic
blood pressure, or with total or HDL cholesterol. On the
contrary, the LTPA score correlated with HDL cholesterol
in the Japanese sample of the JLM study (Iwai, 2000).
Ashton et al. (2000) found a strong relationship between
frequency of leisure-time physical activity in middle-aged
women and blood pressure and serum cholesterol,
whereas in contrast, Salomaa et al. (1991) reported no
significant correlation between HDL cholesterol and
leisure-time physical activity. In Narao, 83% of
households had farmland and most Narao women in the
present study were cultivating food for self-consumption.
Although this activity is in general very heavy, the
working time and on-the-job physical activity scores of
Narao women were lower than for the Japanese sample.
The relationship between physical activity and blood
pressure and serum cholesterol may differ between
populations, between communities, or between urban
and rural settings because of differences in components
of physical activity from place to place.
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Angelo et al. (1999) and Dorn et al. (1997) reported
that a high BMI was associated with cardiovascular risk.
Hypertension, high total cholesterol and low HDL
cholesterol are more closely correlated with
cardiovascular disease (Jacobs et al., 1990; Kromhout,
2001). Higher blood pressure, higher total cholesterol
and lower HDL cholesterol in over-weight Narao women
may, at least in part, account for the high mortality from
cardiovascular disease in the Goto archipelago.

Diets low in saturated fatty acids and rich in plant foods
are reported to be associated with a decreased risk of
cardiovascular disease (Pietinen et al., 2001; Kromhout,
2001). Although the polyunsaturated/saturated fatty
acid ratio did not differ between Narao women and the
Japanese sample, Narao women consumed significantly
less plant foods, such as potatoes, seeds, soybean
products, fruits, mushrooms and seaweed than the NNS
sample. This finding may also partly explain the higher
mortality rates from cardiovascular disease in the Goto
archipelago.

We found no significant difference in physical activity
or diet between normal- and over-weight Narao women,
and dietary and behavioral factors associated with higher
BMIs could not be clarified in this cross-sectional setting.
Longitudinal studies are necessary to elucidate the
natural history and relationships among changes of
physical activity and diet, increase of BMI and changes of
blood pressure and serum cholesterol in this community.
Dietary and behavioral factors as well as genetic factors
might have contributed to the increase in BMI over time.
Food intake and work patterns have changed
dramatically in the Goto archipelago over the past 50
years. However, many Narao women have not
satisfactorily adapted to these rapid changes in terms of
maintaining a healthy body mass. New health promotion
strategies are necessary to lower the BMI and risk of
cardiovascular disease in such women.
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