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Dietary changes resulting from the post-World War II occupation of Okinawa by the US military have been 
largely deleterious, resulting in a marked increase of obesity among Okinawan residents.  In this study, we 
examined the association between BMI and the risk of developing breast cancer according to the 
menstruation status and age, and the correlation between BMI and expression of estrogen receptor (ER).  
Breast cancer cases were 3,431 females without any personal or family history of breast cancer.  Control 
subjects were 5,575 women drawn from the clinical files of Nahanishi Clinic.  We found that women, who 
were overweight or obese, regardless of menopausal stage, had a higher risk of breast cancer compared to 
women with normal weight and this difference was statistically significant (p < 0.001, respectively).  This 
risk was especially apparent in older (> 40 years) overweight or obese women.  The women who were 
overweight or obese during postmenopausal ages were at higher risk of ER-positive breast cancer 
compared to women with normal weight.  Results of our present study clearly indicate that increased BMI 
was associated with increased risk of developing breast cancer in Okinawan women, regardless of 
menopausal status.  In addition, there was statistically significant correlation between BMI and ER 
expression in the postmenopausal period.  Given the obesity epidemic associated with the extreme 
sociological and dietary changes brought about by the post-war occupation of Okinawa, the present study 
provides essential guidelines on the management, treatment and future breast cancer risk in Okinawa.
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Introduction
Breast cancer is the most common cancer in women 

worldwide (Tamaki et al. 2011, 2012; Youl et al. 2011).  In 
Japan, the most predominant cancer in women at this junc-
ture is that of the breast with incident rates increasing 
(Matsuda et al. 2012).  This continuous increase of breast 
cancer incidence in Japan has resulted in widespread public 
health concern, with much attention being devoted to the 
importance of body mass index (BMI) and more specifi-
cally obesity as one of the most important risk factors 
(Harris et al. 2011a).

Obesity is a growing health problem globally (Berg et 
al. 2005) and its prevalence among the younger generations 
has increased continuously in Japan (Matsushita et al. 
2008).  Of note, this trend has been especially marked 

among individuals living in Okinawa compared to individu-
als living in mainland Japan (Matsushita et al. 2008).  In 
Okinawa, the longevity advantage has been well docu-
mented (Matsushita et al. 2008) in older generations.  This 
advantage is attributed to lifestyle, in particular, diet rather 
than ethnicity.  The traditional diet of Okinawa consists of 
foods low in calories but rich in nutritional value, particu-
larly in terms of vitamins, minerals, and phytonutrients in 
the form of antioxidants and flavonoids (Suzuki et al. 2001; 
Willcox et al. 2007) and importantly delicious in flavor.  
However, the post-World-War-II US military occupation of 
Okinawa had largely deleterious health effects, with 
Okinawan people developing higher rates of obesity corre-
sponding to these post-war years (Todoriki et al. 2004; 
Willcox 2005; Tamaki et al. 2013) and a loss of the previ-
ous longevity advantage associated with the Okinawan life-
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style (Todoriki et al. 2004; Willcox 2005; Tamaki et al. 
2013).  The main change in this period, and simplest and 
most plausible explanation for this change was the intro-
duction of an US lifestyle and diet to the Okinawan people.  
The US diet of the 1950s characterized by historically 
unprecedented amounts of readily available junk foods 
characteristically high in sugars and fats with minimal 
nutrition, combined with a low physical activity of US life-
style might have contributed to the current high prevalence 
of overweight and/or obese individuals in Okinawa 
(Matsushita et al. 2008).

Importantly BMI is known to have a multifaceted 
mechanistic connection with breast cancer risk, although 
limited evidence suggests the risks associated with an 
increased BMI may be dependent upon menopausal status 
(Harris et al. 2011b).  The majority of studies report an 
increased risk of higher BMI in both pre and post-meno-
pausal breast cancers (Cauley et al. 1989; Sonnenschein et 
al. 1999; Key et al. 2003; Barlow et al. 2006; Tian et al. 
2007), while one study suggests an inverse association 
between BMI in early adulthood and breast cancer inci-
dence (Harris et al. 2011b).  Despite the studies above, to 
the best of our knowledge, no studies have reported on the 
correlation between BMI and breast cancer risk for 
Okinawan people and in particular increased risks associ-
ated with the marked increases in BMI since US military 
occupation.  Therefore, we examined the correlation 
between BMI and breast cancer of both premenopausal and 
postmenopausal women.  To try and develop some mecha-
nistic insight, we examined interactions between BMI and 
expression of estrogen receptor (ER), as these have been 
previously suggested to be associated in breast cancer 
patients (Feigelson et al. 2006; Millikan et al. 2008; Kwan 
et al. 2009; Suzuki et al. 2011; Sueta et al. 2012).

Methods
Study population

This study was conducted based upon Nahanishi Clinic Data 
Base System, Nahanishi Clinic, Okinawa, Japan.  Table 1 summarizes 

the relevant information of the patients enrolled in our present study.  
This was a single institution study drawn from patients who visited 
the Nahanishi Clinic between May 1996 and March 2013.  Case sub-
jects were 3,431 female breast cancer patients without any personal 
or family breast cancer history.  Control subjects were 5,575 women 
who visited the clinic but did not have detectable breast cancer; 
namely, the control subjects were defined as those who visited the 
clinic for breast cancer screening or non-malignant breast cancer 
growths.  The median ages were 53 years old (20-99) of breast cancer 
group and 44 years old (20-90) of control group.  The study protocol 
was approved by the Ethics Committee at Nahanishi Clinic Okinawa, 
Naha, Japan (NNCEC2013005).  Results of their weights and heights 
were self-reported.  As a relative indicator of body weight, BMI was 
calculated as weight in kilograms divided by the square of the height 
in meters (kg/m2).  Based on the criteria of World Health Organization 
classification, 18.5 < BMI was defined as underweight, 25 ≤ BMI  
< 30 as overweight and 30 ≤ BMI as obese.  The presence of ER was 
determined by distinctive nuclear immunoreactivity and the scores 
were graded from 0 to 8 using the Allred score, with positive case 
defined as the score of more than 3 (Allred et al. 1998).  We had 
incomplete information regarding menstruation status (8,163 out of 
9,006 subjects) and ER status (3,049 out of 3,431 breast cancer 
patients) leaving us with variable numbers when examining these fac-
tors in relation to breast cancer risk.  We also examined the correla-
tion between BMI and ER expression during premenopausal and 
postmenopausal status in 3,049 patients.  Statistical analyses were 
performed using StatMate IV for Windows (ATMS, Tokyo, Japan).  
Breast cancer risk and ER expression were estimated by computation 
of the odds ratios and their 95% confidence intervals (CIs).  Odds 
ratios were considered significant when 1.0 was not included in the 
95% CI.  Results were considered significant at P < 0.05.  In all odds 
ratios calculations women falling in the normal BMI range of 18.5-25 
were used as the reference grouping.

Results
The correlation between BMI and breast cancer risk 
according to menstruation in Okinawan Women

The effects of BMI on breast cancer development risk 
during premenopausal and postmenopausal periods were 
assessed using odds ratios.  Table 2 summarized the results 
of the correlation between BMI and breast cancer risk 

Table 1.  Patients’ characteristics.

Cancer Control

Total number 3,431 5,575
Age 53 (20-99) 44 (20-90)

BMI
BMI < 18.5 (underweight) 152 500
18.5 ≤ BMI < 25 (normal weight) 1,969 3,803
25 ≤ BMI < 30 (overweight) 1,022 1,023
30 ≤ BMI (obesity) 288 249

Premenopause 996 3,711
Postmenopause 1,604 1,852
Uncertain menstruation 831 12
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according to the status of menstruation.  In premenopausal 
women being underweight was associated with a statisti-
cally significant reduction in odds ratio while being over-
weight or obese was associated with a statistically signifi-
cant increase in odds ratio and hence risk of breast cancer.  
Similar statistically significant patterns were seen in the 
group of postmenopausal women.

The correlation between BMI and breast cancer risk 
according to the age of women

Table 3 summarizes the results of the correlation 
between BMI and breast cancer risk stratified by the age of 
the patients.  The women who were greater than 40 years in 
age and were either overweight or obese had a significantly 
higher risk of breast cancer development compared to the 
women in a normal weight range.  The same tendency was 
also detected in 30-40-year-old women i.e., the women who 
were either overweight or obese tended to have higher inci-
dence of breast cancer than those not.  There were no statis-
tically significant differences between underweight and 
non-underweight in any of the age groups.

The correlation between BMI and ER expression according 
to menstruation 

Table 4 summarizes the results of the correlation 
between BMI and ER status divided into premenopausal 
and postmenopausal groups.  There were no statistically 
significant differences between BMI and ER status in the 
premenopausal period.  However, women who were over-
weight or obese during postmenopausal ages were at higher 
rates of ER-positive breast cancer when compared to nor-
mal weight women (p = 0.002 and p < 0.001, respectively).  
There was no statistically significant correlation between 
BMI and ER status in underweight women in premeno-
pausal or postmenopausal women.

Discussion
We examined the correlation between BMI and breast 

cancer of both premenopausal and postmenopausal women 
born, brought up and living in Okinawa.  Results of our 
present study of Okinawan women are quite unique in 

terms of recent drastic and enormous changes of diet and 
lifestyle in one single community.  To the best of our 
knowledge, this is the first study to examine whether BMI 
is associated with risk of breast cancer development or not 
in this population.

Results of previous meta-analysis studies suggested 
that high BMI during premenopausal period may protect 
against breast cancer development in later life, although the 
association did not reach statistical significance (Cheraghi 
et al. 2012).  This trend has been also reported in several 
other studies showing a significant inverse association 
between body weight and breast cancer incidence in pre-
menopausal women (Harris et al. 2011a, b).  In contrast, the 
same meta-analysis demonstrated that increased BMI dur-
ing postmenopausal period could significantly increase the 
risk of breast cancer development (Cheraghi et al. 2012).  
The increased risk in postmenopausal women associated 
with being overweight and/or obese is due to the fact that 
adipose tissue is the major source of estrogen following 
menopause (Cauley et al. 1989; Key et al. 2003).  While the 
mechanism of protection by obesity in premenopausal 
women is unknown, the observation that young overweight 
women are more likely to have anovulatory cycles with less 
cumulative exposure to endogenous estrogen (Stoll 1994) 
or the greater clearance of estrogen by the liver in young 
overweight women (Potischman et al. 1996) resulting in a 
reduction in circulating hormones have been proposed as 
potential mechanisms.

Results of our present study demonstrated that the 
Okinawan women who were overweight and/or obese dur-
ing premenopausal and postmenopausal ages had a statisti-
cally significant higher risk of breast cancer development 
compared to normal weigh women (BMI 18.5-25).  This 
was particularly true in women who fell into age group 
greater than 40 years.  These results clearly indicate that 
increased BMI was associated with increased risk of breast 
cancer in Okinawan women regardless of menopausal sta-
tus.

This trend was inverted in underweight women who 
exhibited lower breast cancer risk.  Though previous meta-
analyses and international evaluation showed that being 

Table 2.  The correlation between BMI and breast cancer risk according to menstruation.

Cancer Control Reference Cancer Reference Control P Value Odds Ratio 95% CI

Total: 8,163
Premenopausal 996 3,711
Underweight 81 432 915 3,279 0.002 0.67 0.52-0.86
Obesity 59 140 937 3,571 0.004 1.61 1.17-2.20
Overweight + Obesity 238 634 758 3,077 < 0.001 1.52 1.29-1.80

Postmenopausal 1,604 1,852
Underweight 38 68 1,566 1,784 0.034 0.63 0.43-0.95
Obesity 181 109 1,423 1,743 < 0.001 2.03 1.59-2.61
Overweight + Obesity 800 635 804 1,217 < 0.001 1.91 1.66-2.19
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underweight is a risk factor among premenopausal women 
(Renehan et al.  2008), in our study being underweight was 
associated with lower breast cancer risk.  However this 
requires further study to fully understand underlying mech-
anistic factors.

Many previous studies demonstrated that the associa-

tion between BMI and risk of postmenopausal breast cancer 
is stronger for ER-positive breast cancer than ER-negative 
breast cancer (Feigelson et al. 2006; Suzuki et al. 2011; 
Sueta et al. 2012).  However some previous studies demon-
strated that premenopausal ER-negative breast cancer 
patients were more likely to be overweight and/or obese at 

Table 3.  The correlation between BMI and breast cancer risk according to age.

Cancer Control Reference Cancer Reference Control P Value Odds Ratio 95% CI

Total: 9,006
20 ≤ age < 30 32 688
Underweight 7 155 25 533 0.897 0.96 0.41-2.27
Obesity 0 17 32 671 0.718
Overweight + Obesity 3 60 29 628 0.884 1.08 0.32-3.65

30 ≤ age < 40 335 1,414
Underweight 31 184 304 1,230 0.073 0.68 0.46-1.02
Obesity 22 53 313 1,361 0.032 1.80 1.08-3.01
Overweight + Obesity 63 204 272 1,210 0.055 1.37 1.01-1.88

40 ≤ age < 50 1,031 1,442
Underweight 64 98 967 1,344 0.616 0.91 0.66-1.26
Obesity 52 56 979 1,386 0.196 1.31 0.89-1.93
Overweight + Obesity 276 298 755 1,144 < 0.001 1.40 1.16-1.69

50 ≤ age < 60 892 1,112
Underweight 24 38 868 1,074 0.421 0.78 0.47-1.31
Obesity 79 53 813 1,059 < 0.001 1.96 1.37-2.81
Overweight + Obesity 368 323 524 789 < 0.001 1.72 1.42-2.07

60 ≤ age < 70 665 620
Underweight 12 18 653 602 0.263 0.61 0.29-1.29
Obesity 70 50 595 570 0.156 1.34 0.92-1.96
Overweight + Obesity 345 250 320 370 < 0.001 1.60 1.28-1.99

70 ≤ age 476 299
Underweight 14 7 462 292 0.784 1.20 0.50-3.17
Obesity 65 20 411 279 0.004 2.21 1.31-3.72
Overweight + Obesity 255 137 221 162 0.043 1.36 1.02-1.82

Table 4.  The correlation between BMI and ER expression.

ER+ ER− Reference ER+ Reference ER− P Value Odds 95% CI

Total: 3,049
Premnopause 954 269
Underweight 19 8 935 261 0.463 0.66 0.29-1.53
Obesity 43 17 911 252 0.232 0.67 0.37-1.20
Overweight + Obesity 213 73 741 196 0.118 0.77 0.57-1.05

Postmenopause 1,256 325
Underweight 38 8 1,218 317 0.723 1.24 0.57-2.68
Obesity 160 25 1,096 300 0.002 2.05 1.30-3.22
Overweight + Obesity 671 138 585 187 < 0.001 1.55 1.21-1.99
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diagnosis compared with ER-positive breast cancer patients 
(Millikan et al. 2008; Kwan et al. 2009).  The results of this 
study demonstrated that there was statistically significant 
correlation between BMI and ER expression in the post-
menopausal, but not premenopausal period.

Residents of the Okinawa archipelago historically 
have had one of the highest longevity rates in the world, 
attributable at least in part to a traditional diet that is low in 
calories but delicious and nutritionally balanced as 
described above (Suzuki et al. 2001; Todoriki et al. 2004; 
Willcox 2005; Willcox et al. 2007).  However, coincident 
with the huge socio-cultural changes of the last 70 years, 
many of which are associated with the post-World-War-II 
American occupation, Okinawa now has the dubious privi-
lege of having the highest rates of obesity within Japan 
(Takasu et al. 2007; Matsushita et al. 2008), with obesity 
currently the most serious public health problem in 
Okinawan women.  It is therefore imperative to have more 
evidence on whether obesity is associated with increased 
risks of breast cancer development in these populations 
(Lee and Yee 1995; Pollack 1998; Yee 1998), and to pro-
vide clear information as to the other health hazards of 
overweight/obesity to women living in Okinawa islands.  
While the present study aimed to address this issue, it has 
several limitations.  One is the selection bias because this 
study was conducted in a single institution.  Therefore, 
results obtained in our present study may not represent the 
features of Okinawa residents as a whole.  In addition, the 
data of environmental factors such as physical status and 
diabetes history were not necessarily available in this study.  
Therefore, we could not evaluate the environmental factors, 
BMI and others and this awaits further investigations for 
clarification.

In conclusion, this study provides the first evidence to 
suggest the association between increased breast cancer risk 
and BMI in an Okinawan population.  Given the obesity 
epidemic associated with the extreme sociological and 
dietary changes brought about by the post-war occupation 
of Okinawa, this information provides essential guidelines 
on the management, treatment and future breast cancer risk 
in the Okinawan islands.
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