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Recently, the consumption of fruit has decreased
or remained at the same level in Japan. It is possible
that this may be due to a general mistaken connection
between fruit consumption and the risks for diabetes,
hyperlipemia, and obesity. This study is an evaluation
of the hypothesis that a high-volume consumption of
fruit might contribute to the same diseases. A cross-
sectional analysis was used to investigate the relation-
ship between the frequency of Satsuma mandarin
(Citrus unshiu Marc.) consumption and health status
based on data from 6049 participants aged 20–79 years
old on a self-administered questionnaire. After adjust-
ments for age, sex, and body mass index, the odds ra-
tios of risk for diabetes for participants consuming one
to three pieces daily (middle consumption group) or
more than four pieces daily (high consumption group)
compared with those consuming fewer than three
pieces a week (low consumption group) were 0.70 [95%
confidence interval (CI), 0.59–0.83] and 0.48 (95% CI,
0.41–0.58), respectively. On the other hand, the odds
ratios of risk for hyperlipemia and obesity in the middle
and high consumption groups compared with the low
consumption group were not statistically significant.
These results indicate the possibility that the consump-
tion of Satsuma mandarin may act as a deterrent to
diabetes and not be a risk factor for diabetes, hyper-
lipemia, and obesity.
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INTRODUCTION

The value of fruit is considered to be equivalent
to that of vegetables by health-conscious American
and European consumers concerned with prevent-
ing such diseases as cancer, hypertension, and heart
disease.1–5) In the U.S.A., health authorities recom-
mend a diet of five servings of fruit and vegetables
each day. However, in Japan, fruit is given less at-
tention than vegetables by the average consumer
concerned with nutrition and disease prevention.
Recently, the consumption of fruit has decreased or
remained at the same level in Japan.6) It is possible
that this may be due to a general mistaken connec-
tion between fruit consumption and the risks for dia-
betes, hyperlipemia, and obesity. Youthful consum-
ers are especially susceptible to this misunderstand-
ing, and their consumption of fruit has recently been
decreasing annually.

This study is an examination of the relationship
between fruit consumption and the prevalence of
diabetes, hyperlipemia, and obesity and an evalua-
tion of the hypothesis that a high-volume consump-
tion of fruit might contribute to those diseases. Spe-
cific attention was given to the consumption of
Satsuma mandarin, which is the most frequently con-
sumed domestic fruit in Japan.6) This survey was
conducted in an area where Satsuma mandarin is
considerably more popular than in the rest of Japan.

MATERIALS AND METHODS

The survey was undertaken in Shimizu, Mikkabi,
and Gamagori, where Satsuma mandarin is popular.
These cities are in the Tokai district, which is im-
portant for the production of Satsuma mandarin. The
survey was administered to consumers who visited
the Farmers Cooperative Society Festivals, which
were held in Shimizu on November 24, 2000,
Mikkabi on January 14, 2001, and Gamagori on
February 25, 2001. All participants were residents.
The self-administered survey sought information on
sex, age, height, weight, and health status from all
participants. Participants who indicated that they had
health problems were asked to name any disease that
had been diagnosed by physicians or recognized as
a result of medical examinations. Specific attention
was given to diabetes and hyperlipemia. Both of
hypercholesteremia and hypertriglycemia were de-
fined as hyperlipemia. There were no definite crite-
ria for each disease, and this survey was based on
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the self-reporting of participants. Four levels were
used to ascertain the level of consumption of
Satsuma mandarin during the peak of the season
from October to February: level 1, “I rarely eat
Satsuma mandarin”; level 2, “Although I sometimes
eat Satsuma mandarin, I eat fewer than three a week”;
level 3, “I eat one to three Satsuma mandarins daily”;
and level 4, “I eat more than four Satsuma manda-
rins daily”

All survey participants were at least 20 years old.
Individual body mass index (BMI: kg/m2) was cal-
culated from height and weight. A BMI of 26.4 and
above is considered to be an indicator of obesity.
The odds ratios of diabetes and hyperlipemia preva-
lence were statistically analyzed according to the
level of Satsuma mandarin consumption after ad-
justments for age, sex, and BMI using multiple lo-
gistic regression analysis and 95% confidence in-
tervals were determined. In the case of obesity, the
odds ratios were analyzed after adjustments for age
and sex.

RESULTS

A total of 6049 survey responses were obtained
(2118 men and 3931 women) (Table 1). The collec-
tion rate was 69.6%. Among all respondents, 71.4%

were over 50 years of age. The average age for each
consumption level of Satsuma mandarin shows in
Table 1. In levels 2, 3, and 4, the mean age of men
were statistically significantly higher than that of
women. Among the male participants, 50% or more
of those less than 50 years old ate fewer than three
Satsuma mandarins weekly. On the other hand, 50%
or more of women over 40 years old ate Satsuma
mandarins daily.

The prevalence rates of diabetes, hyperlipemia,
and obesity were especially high in participants of
either sex who were more than 50 years of age. The
exceptions were hyperlipemia and obesity among
men (Table 2). Because the group that rarely ate
Satsuma mandarin was limited to 165 participants,
it was combined with the level 2 group, who ate
fewer than three weekly, to form a low consumption
group. The odds ratios for the prevalence of diabe-
tes were significantly lower in the middle and high
consumption groups (Table 3). On the other hand,
the odds ratios of hyperlipemia and obesity did not
differ in middle and high consumption groups
(Table 3). Furthermore, participants who indicated
they had diabetes were also asked if they restricted
their fruit intake. Although the reply rate to the ques-
tion was only 30.2%, 91.1% of those who replied
ate one or two pieces of fruit every day even if they
had diabetes. The number of participants who indi-

Table 1. Frequency of Satsuma Mandarin Consumption in Each Age Group

Level of consumption of Satsuma mandarin (No. of cases, %)

Age group Sex 1 2 3 4 Total

20–29 male 11 (14.8) 42 (56.8) 18 (24.3) 3 (4.1) 74

30–39 male 18 (8.2) 125 (57.1) 64 (29.2) 12 (5.5) 219

40–49 male 19 (6.5) 153 (52.0) 99 (33.7) 23 (7.8) 294

50–59 male 17 (3.0) 252 (44.4) 247 (43.6) 51 (9.0) 567

60–69 male 10 (1.5) 204 (30.9) 357 (54.1) 89 (13.5) 660

70–79 male 9 (3.0) 76 (25.0) 179 (58.9) 40 (13.2) 304

20–29 female 15 (8.9) 98 (58.3) 47 (28.0) 8 (4.8) 168

30–39 female 20 (4.2) 232 (48.9) 190 (40.1) 32 (6.8) 474

40–49 female 16 (3.2) 175 (34.9) 253 (50.4) 58 (11.6) 502

50–59 female 11 (0.8) 261 (19.2) 823 (60.4) 267 (19.6) 1362

60–69 female 15 (1.4) 137 (12.8) 708 (66.0) 214 (19.8) 1074

70–79 female 4 (1.1) 43 (12.3) 237 (67.5) 67 (19.1) 351

Total male 84 (4.0) 852 (40.2) 964 (45.5) 218 (10.3) 2118

female 81 (2.1) 946 (24.1) 2258 (57.4) 646 (16.4) 3931

Average age male 47.17 (15.10) 52.24 (13.03)a 58.73 (11.80)a 59.28 (11.09)a 55.72 (12.89)a

(S.D.) female 43.74 (15.16) 46.66 (13.34) 55.80 (11.30) 57.03 (9.87) 53.55 (12.46)

Level 1, rarely eat; level 2, less than three a week; level 3, one to three daily; level 4, more than four daily. a; p < 0.01 vs female unpaired
t-test
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cated that they did not eat Satsuma mandarin be-
cause they had diabetes was extremely small (8.9%
of those who replied).

DISCUSSION

In this study, we examined the hypothesis that a
high-volume consumption of fruit might contribute
to diabetes, hyperlipemia, and obesity. Consumption
of fruit is most likely flagging in Japan because con-
sumers do not understand its preventive effects
against cancer, hypertension, and heart disease. Fur-
thermore, it is also conceivable that consumers be-
lieve that fruit is generally high in calories and is

therefore a risk factor for diabetes, hyperlipemia, and
obesity. However, one Satsuma mandarin (about
100 g) has 10 g of carbohydrates and a total of 35–
40 kcal. In addition to the carbohydrates, the fruit
contains numerous vitamins, carotenoids, and min-
erals. Based on the calorie count and nutrients of
Satsuma mandarin, it would be difficult to think that
a sensible level of consumption could contribute to
diabetes, hyperlipemia, or obesity; however, it would
be unfavorable to consume too much of the fruit. In
this cross-sectional study, the results showed that the
odds ratios of hyperlipemia and obesity were not high
in the middle and high consumption groups
(Table 3). Furthermore, the odds ratios of diabetes
were significantly low in the middle and high con-
sumption groups (Table 3). These results indicate the
possibility that the consumption of Satsuma manda-
rin may act as a deterrent to the development of dia-
betes, rather than as a risk factor for diabetes, hy-
perlipemia, and obesity. Recent epidemiologic stud-
ies have shown that the blood concentrations of vi-
tamin E and carotenoids in diabetes patients were
significantly lower than in healthy individuals.7,8)

These results suggest that fruit is effective in the pre-
vention of diabetes because it is including vitamins
and carotenoids abundantly.

In our survey, most participants were probably
interested in farm products such as fruit and veg-
etables and were generally healthy. We are not able
to overcome the problem of selection bias in our
survey because certain demographics, such as job
or place of residence area, were not clear. Further-
more, we used the data from self-administered ques-
tionnaires. To our knowledge, there have been no
reports on whether the data from self-administered

Table 3. Odds Ratios for Satsuma Mandarin Consumption and Diseases Prevalence Among 6049 Participants Aged 20–79 Years Old

Frequency of Satsuma Odds ratio (95% confidence interval)

mandarin consumptiona Diabetesb Hyperlipemiab Obesityc

Male Low 1.00 1.00 1.00

Middle 0.70 (0.56–0.87) 1.00 (0.77–1.29) 1.06 (0.85–1.31)

High 0.49 (0.39–0.61) 0.99 (0.77–1.29) 1.12 (0.90–1.38)

Female Low 1.00 1.00 1.00

Middle 0.70 (0.53–0.91) 1.00 (0.93–1.07) 0.94 (0.76–1.16)

High 0.48 (0.37–0.63) 1.00 (0.93–1.07) 0.88 (0.71–1.09)

Male and Female Low 1.00 1.00 1.00

Middle 0.70 (0.59–0.83) 1.00 (0.92–1.08) 0.99 (0.94–1.06)

High 0.48 (0.41–0.58) 0.99 (0.92–1.08) 0.99 (0.93–1.05)

a; Low, less than three a week; middle, one to three daily; high, more than four daily. b; Adjusted for age and sex (except sex–specific
model), and body mass index. c; Adjusted for age and sex (except sex–specific model).

Table 2. Prevalence Rate of Each Disease Among All Partici-
pants in Each Age Group

Prevalence rate (%)

Age group Sex Diabetes Hyperlipemia Obesity

20–29 male 1.35 1.35 9.46

30–39 male 1.83 12.79 11.87

40–49 male 5.78 19.39 14.29

50–59 male 11.46 22.93 8.64

60–69 male 11.51 18.03 7.42

70–79 male 10.53 16.78 6.91

20–29 female 0.60 1.79 2.38

30–39 female 0.42 3.81 1.91

40–49 female 1.20 9.16 3.98

50–59 female 3.89 23.94 5.65

60–69 female 5.21 26.07 8.19

70–79 female 6.27 22.22 7.98

Total male 9.21 18.22 9.16

female 3.56 19.10 5.75
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questionnaire are effective in the measurement of
disease prevalence. It is conceivable that many par-
ticipants did not realize that they had diabetes or
hyperlipemia because they had not undergone medi-
cal examination. In addition, BMI may not be re-
flect true values because we calculated BMI using
high and weight given on the self-administered ques-
tionnaires. We are planning to further investigations
to clarify whether our results in this study correlate
with an actual disease prevalence.

Many epidemiologic studies investigating the
causes of diabetes have focused on risk factors such
as BMI, hyperlipemia, hypertension, exercise, calo-
rie and fat consumption, family history, and alcohol
consumption.9–14) However, our study was limited
to age, sex, BMI, and the frequency of Satsuma man-
darin consumption. It is conceivable people who
consume Satsuma mandarins frequently are healthy
or have healthy eating habits. Follow-up studies are
necessary for a more detailed analysis of the rela-
tionships among another confounding factors and
diabetes. Furthermore, there are limits in estimating
causality between Satsuma mandarin consumption
and disease prevalence in a cross-sectional study.
We need to clarify the relationship between Satsuma
mandarin consumption and disease incidence in fur-
ther prospective cohort or intervention studies.
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