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A B S T R A C T

Background: Much less is known about diabetes than obesity as a predictor of breast cancer incidence and most
previous studies have been conducted in white populations. Therefore, this project within the Radiation Effects
Research Foundation’s cohort of Japanese atomic bomb survivors aimed to determine the independent con-
tributions of obesity and diabetes to develop breast cancer.
Methods: After excluding women with unknown A-bomb radiation dose, a radiation dose of ≥100mGy, a pre-
existing history of breast cancer, and missing body mass index (BMI), the analysis included 29,818 women.
Breast cancer status and deaths until 2009 were identified from cancer registries and vital records. Cox re-
gression with age as the time metric was applied to estimate hazard ratios (HR) and 95% confidence intervals
(CI) for BMI and diabetes status as time-varying exposures alone and in combination while adjusting for known
confounders.
Results: Diabetes prevalence increased from 2.6% to 5.3% and 7.5% from the first to the second and third data
collection. During 27.6 ± 12.2 years of follow-up, 703 women had developed breast cancer (mean age of
66.0 ± 12.9 years) and 31 (4.4%) had been diagnosed with diabetes. A diagnosis of diabetes was not sig-
nificantly associated with breast cancer incidence without (HR 1.12, 95% CI 0.77–1.64) and with BMI (HR 1.01,
95% CI 0.69–1.49) as a covariate. The respective HRs for overweight and obesity were 1.61 (95% CI 1.34–1.93)
and 2.04 (95% CI 1.40–2.97).
Conclusions: Among a long-time Japanese cohort, excess body weight but not a diabetes diagnosis was sig-
nificantly associated with breast cancer risk.

1. Introduction

Obesity is considered the most important modifiable risk factor for
postmenopausal breast cancer and type 2 diabetes [1–3] and its pre-
valence is increasing rapidly in all parts of the world [4,5]. Thus, the
burden of type 2 diabetes has soared not only in Western but also Asian
countries [6,7]. Despite the traditionally lower breast cancer incidence
in Asia than in Europe, North America, and Australia, breast cancer
rates in Japan have also been increasing [8], possibly due to changes in
lifestyle. The association between diabetes and breast cancer has been
examined primarily in white populations indicating a 20–23% higher
incidence for women with than without diabetes [9,10]. Yet, adjust-
ment of the diabetes - breast cancer association for body mass index
(BMI) reduced the risk estimate from 1.33 (95% confidence interval
[CI] 1.18–1.51) to 1.16 (95%CI 1.08–1.24) in a large meta-analysis

[10]. Several plausible biologic mechanisms and metabolic pathways
have been suggested to link diabetes and breast cancer [11]. The
worldwide population attributable risk for diabetes as a contributor to
breast cancer incidence has been estimated as 2.2% with wide varia-
tions by geographic area [12,13]. In the Multiethnic Cohort (MEC)
[14], diabetes was significantly associated with breast cancer incidence
before (HR 1.15, 95%CI 1.07–1.23) and after adjustment for BMI (HR
1.08, 95%CI 1.00–1.16), but the associations of obesity with diabetes
[15] and with breast cancer [1,16] differed by ancestry; elevated risks
for diabetes were only seen in Latinas but not among Japanese and
other ethnic groups. In contrast, women with a history of diabetes were
at a 2-fold higher risk of breast cancer in a 1997 report from the Ra-
diation Effects Research Foundation’s (RERF) cohort of Japanese
atomic bomb survivors [17]. Hypothesizing that type 2 diabetes is a risk
factor for breast cancer independent of obesity, the current project
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aimed to determine the independent contributions of obesity and dia-
betes to the development of breast cancer within the RERF cohort.

2. Materials and methods

2.1. Study population

The Life Span Study (LSS) was designed to determine the long-term
health effects of exposure to atomic bomb (A-bomb) radiation and has
demonstrated a strong association between A-bomb radiation and
breast cancer incidence [18,19]. Among the 120,321 LSS individuals,
93,741 were in Hiroshima and Nagasaki at the time of the bombings
and resided in one of the cities in 1950 at the time of the first postwar
national census and 26,580 were not in either city at the time of the
bombings (not-in-city: NIC). Detailed methods of the LSS have been
described previously [20,21]. In brief, cancer incidence was ascertained
through linkages with two population-based cancer registries in Hir-
oshima and Nagasaki operational since 1957 and 1958, respectively.
Vital status and causes of death were ascertained through the nation-
wide family registration system.
For the current diabetes-breast cancer analysis (Fig. 1), the fol-

lowing exclusion criteria were applied to the 70,146 female cohort
members: unknown A-bomb radiation dose (n= 3,753), radiation dose
of ≥100mGy (n=12,531) to minimize potential confounding and the
number of cases attributable to radiation (estimated 4.3% for doses 5-
< 100mGy) [22], no participation in a health check-up or mail survey
(n=21,485), or could not be traced through koseki, Japan’s national
family registry (n=4). Among the remaining 32,373 women, we ex-
cluded 118 women with a personal history of breast cancer, 317
with< 1 year of follow-up after the first survey due to uncertainty that
diabetes was diagnosed before breast cancer, and 2,120 women without
valid BMI measures due to missing height (n= 1,940) or invalid body
weight (outside 30–100 kg; n=960, overlap of n=780) resulting in a
final data set of 29,818 women.

2.2. Follow-up and data collection

After initial enrollment into the LSS, repeated surveys were mailed
to the study participants in 1969, 1978, and 1991. For the current
analysis, we used information about BMI, history of diabetes, educa-
tion, reproductive factors, physical activity, smoking behavior, and al-
cohol intake [23]. For women from the Adult Health Study (AHS), an
LSS sub-cohort that undergoes biennial clinical examinations, inter-
views were conducted in 1963, 1965, and 1968 as part of the check-ups.
In the current study, 15.7% (4,670 out of 29,818) women were part of
the AHS. Missing or incomplete information on height, weight, and
diabetes was supplemented by clinical data derived from examinations
conducted at the same time of the interviews.
The 1969 survey did not specifically ask about diabetes but included

an open-ended question about history of any serious condition in-
cluding diabetes, which were coded according to the International
Disease Classification (version 8). In the 1978 and 1991 questionnaires,
medical history was self-reported in response to the question “Have you
ever been told that you have any of the following diseases?’’ The 1991
survey also asked about reproductive history. As age at the diabetes
diagnosis was not recorded, age at data collection was considered as
time of onset. Assuming that diabetes is rarely cured, a woman who
once reported diabetes was classified as case at all future time points
even if she did not report diabetes in a later survey. Current weight and
height were collected in all questionnaires. Two categorical BMI vari-
ables were created: one with the World Health Organization (WHO)
cut-points of 18.5, 25, and 30 kg/m2 and one proposed for Asian po-
pulations with cut-points of 18.5, 23, and 27.5 kg/m2 to classify BMI
into underweight, normal weight, overweight, and obesity [24].
The Institutional Review Board of the RERF and the Cancer

Registries of Hiroshima and Nagasaki approved the study protocol. The
study was performed with a waiver of informed consent because the
participants, except for a subset of the AHS participants, have not been
notified that they are part of ongoing analyses within the LSS although
they had agreed to complete surveys in the past; also their contact in-
formation (e.g., address) was not available anymore. Instead, the pur-
pose and methods of this study were posted on the RERF web page
according to the current ethical guidelines.

2.3. Statistical analysis

All statistical analyses were conducted using SAS version 9.4 (SAS
Institute, Inc., Cary NC). The association of self-reported diabetes status
with breast cancer incidence was examined using Cox proportional
hazards regression models with age as the time metric and diabetes
status and BMI as time-varying exposures. Follow-up for each woman
started at the age when information on BMI and medical conditions was
collected for the first time, either as part of an AHS check-up or a
mailed questionnaire with the following number of women: 3,114
(10%) in 1963, 1,456 (5%) in 1965, 100 (< 1%) in 1968, 15,768 (53%)
in 1969, 5,477 (18%) in 1978, and 3,903 (13%) in 1991. Follow-up
continued until the earliest of the following events: diagnosis of the first
primary invasive, but not in situ, breast cancer, death, or December 31,
2009. As dates of migration out of areas covered by the cancer registries
were unknown, we retained breast cancer patients diagnosed outside of
Hiroshima and Nagasaki prefectures in the main analysis. For cases
with multiple primary cancers, follow-up continued until the earliest
diagnosis of primary breast cancer, irrespective of the cancer sequence.
To model the time-varying variables, a programming statement in

the proportional hazards regression procedure defined the value for
diabetes status and BMI at each specific point of time (up to three per
woman) in the modeling process rather than using the initial values.
Because of their known association with diabetes and/or breast cancer
[25], all models were adjusted for birth cohort, education, city, NIC
status, height, age at menarche, number of children, age at first live
birth, physical activity, smoking status, and alcohol intake. Women

Fig. 1. Flow Diagram of Eligibility and Exclusions for Participants in the LSS
Study.
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without any valid BMI information had been excluded from the ana-
lysis, a lack of response to the diabetes question was considered as no
diabetes diagnosis, but missing values for other covariates were coded
as a separate category. When BMI information at one of the 3 time
points was missing, the value from the previous time point was used
instead. Family history of breast cancer, menopausal status, and hor-
mone treatment were not consistently available. Although there is an
ongoing effort at the RERF to determine the hormone receptor status of
breast tumors, these data are currently unavailable.
To explore if BMI and diabetes are independent predictors, diabetes

models with and without BMI were compared. The models for the entire
study population (Table 3) were refitted using BMI categories suggested
for Asians. Stratified analyses of the diabetes-breast cancer associations
by stage of breast cancer at diagnosis according to the definition of the
Surveillance, Epidemiology, and End Results (SEER) program [26] and
city of residence were performed to explore effect modification by these
factors. In sensitivity analyses, breast cancers identified by death cer-
tificate only (n= 28), women with NIC status (N=7,146),< 20 years
at the time of the bombing (N=13,493), and with any missing values
for covariates (N=21,185) were excluded. Graphs of the log (-log
(survival)) versus log of survival time indicated that the proportional
hazards assumption was met.
To evaluate the joint effect of diabetes and BMI, a combined 4-level

variable (BMI < 25 or ≥25 kg/m2 - no diabetes or diabetes) was cre-
ated for each time point and modeled by regression with
‘BMI < 25 kg/m2 - no diabetes’ as reference category. We also re-
peated this analysis using BMI and diabetes collected at the earliest
survey without considering updated data.

3. Results

Among the study population of 29,818 women, 12,714 women
participated in one health check-up or survey only, 11,073 women
provided information at a second point in time, and 6,031 women were
also part of a third data collection. The first data collection occurred as
part of AHS during 1963-68 for 4,670 women, while 15,768, 5,477, and
3,903 women completed their first survey in 1969, 1978, and 1991. The
mean ages (± standard deviation, SD) in 1969, 1978, and 1991 were
50.9 ± 14.9, 58.5 ± 13.4, and 65.1 ± 11.7 years. By city, 20,898
(70%) of women were residents of Hiroshima and 8,920 (30%) of
Nagasaki. A total of 7,146 (24%) women had been classified as NIC
with 5,562 (27%) from Hiroshima and 1,584 (18%) from Nagasaki.
Overall, 1,732 (5.8%) women reported a history of diabetes and 28,086
did not (Table 1). The prevalence of diabetes was 2.6% at the time of
first data collection increasing to 5.3% and 7.5% at the second and third
time point. By birth cohort (1880-1915, 1916-25, 1926-35, and 1936-
45), a history of diabetes was reported by 6.4, 7.9, 5.4, and 3.4% of
participants, respectively.
During the 27.6 ± 12.2 years of follow-up, 703 women had de-

veloped breast cancer at a mean age of 66.0 ± 12.9 years; of these, 31
(4.4%) had been previously diagnosed with diabetes. Approximately
70% of women resided in Hiroshima and 30% in Nagasaki. More than
half of participants (52%) had died by the end of 2009. The overall
distribution by WHO BMI categories (underweight, normal, over-
weight, and obese) was 14, 69, 15, and 2%, but women with diabetes
history were more likely to be overweight (29 vs. 14%) or obese (5 vs.
2%) than those without diabetes. Using Asian BMI categories, 40 vs.
26% and 15 vs. 5% of women with and without diabetes were over-
weight and obese, respectively.
In the entire study population (Table 2), pre-existing diabetes was

not significantly associated with breast cancer risk regardless of whe-
ther or not BMI was included as a covariate. The respective hazard
ratios (HRs) were 1.12 (95%CI 0.77–1.64) and 1.01 (95%CI 0.69–1.49).
Exclusion of 28 women with breast cancer diagnosed by death certifi-
cate only or 7146 NIC women also did not change the results in BMI-
adjusted models. After removing all participants with missing values for

one or more covariates, i.e., a complete case analysis, the results did not
change substantially (HR=0.89; 95% CI 0.50–1.61). Also, no asso-
ciation was observed when 13,493 women who were younger than 20
years at the time of the bombing in 1945 were excluded (HR=0.99;
95%CI 0.59–1.69). Stratification by stage at breast cancer diagnosis did
not indicate major differences in strength of the diabetes-breast cancer
associations; however, for 138 cases no clinical stage at diagnosis was
available. The associations were also similar in Hiroshima and Nagasaki
survivors.
In the joint BMI-diabetes analysis (Fig. 2), the risk estimates were

elevated in all 3 categories although only statistically significant for
women in the high (≥25 kg/m2) BMI category and no diabetes cate-
gory. The findings were similar when only considering information
from the first survey (HR 1.93, 95%CI 1.61–2.30) and in the time-
varying model based on all available surveys for each woman (HR 1.80,
95%CI 1.50–2.15). The higher risk estimates for women with both
conditions were not significant in either model; the HRs were very si-
milar: 1.59 (95%CI 0.71–3.58) based on the first survey data only and
1.29 (95%CI 0.66–2.50) based on the analysis with time-varying ex-
posures.
As to other known risk factors that were significant predictors of

breast cancer incidence in the current study population (Table 3),
overweight and obesity both were associated significantly with elevated
breast cancer incidence in models that included diabetes. The re-
spective HRs for overweight and obesity were 1.61 (95%CI 1.34–1.93)
and 2.04 (95%CI 1.40–2.97). Using the Asian BMI definition, the re-
spective HRs were 1.33 (95%CI 1.12–1.57) and 2.11 (95%CI
1.62–2.76). Breast cancer incidence increased substantially with later
birth cohorts; women born in 1936–1945 as compared to those born in
1880–1915 experienced a HR of 2.17 (95%CI 1.58–2.96). Having 1–2
children was associated with a 30% lower risk (HR 0.71, 95%CI
0.51–1.00) and having ≥3 children with a 40% lower risk (HR 0.61,
95%CI 0.43−0.87) compared to nulliparous women. Breast cancer risk
increased suggestively by 2% per 1 cm of additional height. By location
status at the time of the bombings, breast cancer incidence was 22%
lower in Nagasaki survivors than in Hiroshima survivors (HR 0.78, 95%
0.65−0.94) and 26% lower in NIC women than in-city women (HR
0.74, 95% 0.57−0.96). Although included in all models, education,
smoking status, physical activity, alcohol intake, age at menarche, and
age at first live birth were not significantly associated with breast
cancer incidence.

4. Discussion

Although the mean BMI of the Japanese women in this population
was much lower than in Western study populations, the women with
overweight or obese were at an increased risk of developing breast
cancer but a history of diabetes did not affect breast cancer incidence.
Birth cohort, parity, city of residence, and NIC status were also sig-
nificantly associated with breast cancer incidence. It is possible that the
observed city and NIC differences in breast cancer incidence are due to
uncontrolled confounding by lifestyle factors and socioeconomic status
in urban and rural areas. As participants in the present study were
exposed to< 100mGy of radiation, they were in distal (relative to the
hypocenter) areas at the time of the bombings, i.e., in rural areas in
Hiroshima and urban areas in Nagasaki [27].
The higher risk by birth cohort may be partially a result of secular

increases in breast cancer incidence over time [28] due to the rising
prevalence of overweight and obesity in Japan [29] and other lifestyle
changes but could also be related to the younger age at the time of the
radiation exposure, which is known to be a predictor of breast cancer
incidence [18], but given our exclusion criteria, the exposure to ra-
diation would have been very low. A “period effect” can be observed
since approximately 2004 after the introduction of fine-needle biopsies
and the pink ribbon campaign, both leading to higher breast cancer
detection rates despite relatively low screening rates for breast cancer
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in Japan.
These results disagree with the 1997 publication from the same

cohort reporting a higher breast incidence among women with diabetes
[17], but the analysis was based on few cases, a short follow-up time,
and was not adjusted for BMI. The presence of diabetes predicted breast
cancer mortality (HR 1.72, 95%CI 1.34–2.19) within the Asia Cancer
Consortium [30] and breast cancer incidence (HR 1.71, 95%CI
1.15–2.54) among Asian Americans in California [31]. In contrast, the
results agree with null findings in studies conducted in Japan [32–34]
and among Japanese Americans [14]. Among six Japanese cohorts
(182,542 women and 1,380 breast cancer patients) [34], the risk

estimate for breast cancer associated with diabetes was 0.98 (95%CI
0.69–1.38) despite a significantly elevated risk for all cancers (HR 1.19,
95%CI 1.12–1.25). Similarly, no association was seen among 28,012
Japanese American women in the MEC, many of whom are descendants
from migrants around Hiroshima [35,36], whereas obesity predicted
breast cancer incidence to a similar degree as in the current study [14].
Studies from China [37,38], Korea [39], Taiwan [40], Thailand [41],
and Pakistan [42] reported significantly elevated risks of developing
breast cancer, ranging from 1.5 to 8.4-fold, in women with a history of
diabetes than in those without diabetes, but many studies did not in-
clude BMI [37–41] or had a small sample size [42]. The findings among

Table 1
Characteristics of the Study Population.

Characteristic Category No diabetes Type 2 diabetes All women

Participants Number 28,086 1,732 29,818
Women with breast cancer Number 672 31 703
Deaths Number 14,430 1,162 15,592
BMI at 1st data collection, kg/m2 <18.5 4,109 (14%) 118 (7%) 4,227 (14%)

18.5–< 25.0 19,670 (70%) 1,017 (59%) 20,684 (69%)
25.0–< 30.0 3,850 (14%) 499 (29%) 4,349 (15%)
≥30 457 (2%) 99 (5%) 558 (2%)

BMI at 1st data collection (Asian categories), kg/m2 <18.5 4,109 (15%) 118 (7%) 4,227 (14%)
18.5–< 23.0 15,123 (54%) 657 (38%) 15,780 (53%)
23.0–< 27.5 7,384 (26%) 701 (40%) 8,085 (27%)
≥27.5 1,470 (5%) 256 (15%) 1,726 (6%)

Year of birth 1880–1915 8,844 (31%) 603 (35%) 9,447 (32%)
1916–1925 5,886 (21%) 505 (29%) 6,391 (21%)
1926–1935 6,970 (25%) 401 (23%) 7,371 (25%)
1936–1945 6,386 (23%) 223 (13%) 6,609 (22%)

City of residence Hiroshima 19,623 (70%) 1,275 (74%) 20,898 (70%)
Nagasaki 8,463 (30%) 457 (26%) 8,920 (30%)

Not-in-city No 22,672 (76%) 1,682 (97%) 20,990 (75%)
Yes 7,146 (24%) 50 (3%) 7,096 (25%)

Childrena None 2,221 (8%) 127 (7%) 2,348 (8%)
1–2 11,002 (39%) 586 (34%) 11,588 (39%)
≥3 12,203 (43%) 876 (51%) 13,079 (44%)

Age at first live birtha No births 2,221 (8%) 127 (7%) 2,348 (8%)
< 25 years 12,316 (44%) 868 (50%) 13,184 (44%)
≥25 years 9,128 (33%) 503 (29%) 9,636 (32%)

Follow-up time Mean ± std 27.8 ± 12.3 25.0 ± 11.2 27.6 ± 12.2
Age at first survey Mean ± std 50.6 ± 14.9 54.7 ± 13.3 50.9 ± 14.9
Age at breast cancer Mean ± std 65.9 ± 13.0 67.7 ± 9.3 66.0 ± 12.9
Age at diabetes diagnosis Mean ± std NA 63.9 ± 11.7 NA
Height, cm Mean ± std 151.6 ± 6.2 151.2 ± 6.3 151.5 ± 6.2

a Missing values: 2,803 for number of children and 4,650 for age at first live birth.

Table 2
Diabetes, Obesity, and Breast Cancer Incidence in the Study Population.a

Characteristics Category Number of cases with/without diabetes HR 95% CI

Diabetes Unadjusted for BMI 31/672 1.12 0.77, 1.64
Adjusted for BMI 31/672 1.01 0.69, 1.49
DCO cases excludedb 30/645 1.02 0.69, 1.51
Not-in-city residents excludedc 31/507 1.05 0.72, 1.55
Complete case analysisd 13/241 0.89 0.50, 1.61
Women ≥20 years in 1945 16/312 0.99 0.59, 1.69

Stage at breast cancer diagnosise Localized 21/338 1.17 0.72, 1.89
Regional 5/180 0.63 0.26, 1.55
Distant 1/20 1.15 0.15, 8.91

City of residence Hiroshima 23/504 0.97 0.63, 1.52
Nagasaki 8/168 1.11 0.51, 2.40

a Hazard ratios (HR) and 95% confidence intervals (CI) were obtained by Cox regression with age as time metric and BMI and diabetes status as time-varying
variables plus adjusted for education, birth cohort, city, NIC, smoking status, physical activity, alcohol intake, age at menarche, number of children, and age at first
live birth.
b Excludes 28 women with breast cancer obtained from death certificates only.
c Excludes 7,146 women (165 with breast cancer) classified as not-in-city at the time of the bombings.
d Excludes all women with at least one missing value for a covariate.
e For 138 breast cancer patients, the stage at diagnosis was unknown. The stage definition according to the Surveillance, Epidemiology, and End Results (SEER)

program was adopted [26].
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Asian women disagree with meta-analyses among primarily white
women reporting a 20% higher breast cancer incidence in women with
diabetes [9,13] and relative risks of 1.16 (95%CI 1.08–1.24) for BMI-
adjusted studies and 1.33 (95%CI 1.18–1.51) in studies without BMI
[10].
The current findings related to BMI agree with previous reports of

an elevated breast cancer incidence associated with overweight/obesity
among Asian women despite having lower mean BMI levels than white
women [1,16]. It has been proposed that higher proportions of visceral
fat in Asians than whites are partly responsible for this observation
[43]. A worldwide report recently estimated that having a high BMI
was responsible for a larger proportion of the breast cancer burden
(6.9%) than for diabetes (2.2%) with a combined attributable risk of
8.9% [12].
Strengths of the current analysis include the long-term follow-up of

the cohort, the complete follow-up information, the repeated ques-
tionnaires, and the availability of many covariates. Changes in lifestyle
risk factors and breast cancer risk we addressed by including birth co-
hort into the models. However, the assessment of BMI and diabetes

status had a number of problems. Information was collected at different
ages from the participants and varying frequency (1–3 times). New
diabetes cases after 1991, the last survey date, were not captured re-
sulting in possible under-ascertainment. Self-reports without informa-
tion on glucose status may have underestimated the true prevalence of
diabetes although the validity of self-reports on diabetes has been
shown to be fairly high [44]. The term “diabetes” in the questionnaires
does not allow differentiation between the wide spectrum of clinical
conditions, including type 1 and 2 diabetes. However, the number of
participants with type 1 diabetes would be extremely small as insulin
was not available during the childhood of the first two birth cohorts,
i.e., 1871–1925, and survival for children with type 1 diabetes born
during 1926-45 would remain low.
Misclassification of diabetes status was even more likely for the

7,146 NIC cohort members who did not complete surveys after 1969.
Yet, the findings in models using only the first data collection as com-
pared to the time-varying models were very similar. With changing
diabetes criteria over time and increased screening efforts leading to
rising diabetes incidence [45], undiagnosed diabetes cases likely in-
troduced misclassification bias. However, as part of a clinical study
within the AHS, diabetes prevalence was similar to those derived from
the surveys (1978: 5.9% and 1991: 7.6%). In addition, the fact that
some participants may have moved out of the catchment area of the
cancer registries might have introduced misclassification bias as the
relatively large migration rates especially in younger generations may
have been associated with diabetes status [46,47]. Information on
hormone treatment, was not available, but the low use of in Japan
makes it unlikely that major bias was introduced. Finally, we were not
able to consider the impact of treatment for diabetes although the study
participants (certified atomic bomb survivors) were eligible for free
health check-ups and medical care.

5. Conclusions

Among a long-time cohort of Japanese women, excess body weight
was an important predictor of breast cancer incidence but a diagnosis of
diabetes was not. It is possible that the adverse metabolic effects of
diabetes vary across populations due to different lifestyle habits and
treatment approaches explaining the elevated breast cancer risk asso-
ciated with diabetes in some but not all populations.
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Fig. 2. BMI Status and Diabetes in
Combination as Predictors of Breast Cancer
Incidencea.
aHazard ratios (HR) and 95% confidence in-
tervals (CI) were obtained by Cox regression
with age as time metric and BMI/diabetes
status as time-varying variables plus adjusted
for education, birth cohort, city, NIC, smoking
status, physical activity, alcohol intake, age at
menarche, number of children, and age at first
live birth.
The cut-off for low vs. high BMI was 25 kg/m2.

Table 3
Additional Predictors of Breast Cancer Incidence in the Study Population.a

Characteristic Category Women with/without
incident breast cancer

HR 95% CI

BMI, kg/m2 <18.5 69/4,158 0.69 0.52, 0.91
≥18.5 to < 25 460/20,224 1.00
≥25 to <30 156/4,193 1.61 1.34, 1.93
≥30 18/537 2.04 1.40, 2.97

BMI, kg/m2 <18.5 69/4,158 0.72 0.54, 0.95
(Asian categories) 18.5–<23.0 349/15,428 1.00

23.0–<27.5 216/7,869 1.33 1.12, 1.57
≥27.5 69/1,657 2.11 1.62, 2.76

Height 1 cm 703/29,110 1.02 1.00, 1.03
Years of birth 1880–1915 132/9,315 1.00

1916–1925 165/6,226 1.31 1.02, 1.68
1926–1935 219/7,152 1.61 1.23, 2.10
1936–1945 187/6,422 2.17 1.58, 2.96

City of residence Hiroshima 527/20,371 1.00
Nagasaki 176/8,744 0.78 0.65, 0.94

Not-in-city No 538/22,134 1.00
Yes 165/6,981 0.74 0.57, 0.96

Parityb No children 90/2,258 1.00
1–2 children 303/11,285 0.71 0.51, 1.00
≥3 children 238/12,841 0.61 0.43, 0.87

a Hazard ratios (HR) and 95% confidence intervals (CI) were obtained by
Cox regression with age as time metric and BMI and diabetes status as time-
varying variables plus adjusted for education, birth cohort, smoking status,
physical activity, alcohol intake, age at menarche, number of children, and age
at first live birth.
b Missing values: 2,803 for parity.
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