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Metabolic conditions and breast cancer risk among Los Angeles
County Filipina Americans compared with Chinese and
Japanese Americans

Anna H. Wu 1, Cheryl Vigen1, Lesley M. Butler2 and Chiu-Chen Tseng1

1 Keck School of Medicine, University of Southern California, Los Angeles, CA
2 University of Pittsburgh Cancer Institute, Pittsburgh, PA

Accumulating evidence suggests that the aggregation of common metabolic conditions (high blood pressure, diabetes and

dyslipidemia) is a risk factor for breast cancer. Breast cancer incidence has risen steadily in Asian American women, and

whether these metabolic conditions contribute to breast cancer risk in certain Asian American subgroups is unknown. We

investigated the role of physician-diagnosed hypertension, high cholesterol and diabetes separately, and in combination, in

relation to the risk of breast cancer in a population-based case–control study of 2,167 Asian Americans diagnosed with breast

cancer and 2,035 age and ethnicity matched control women in Los Angeles County. Compared to Asian American women who

did not have any of the metabolic conditions, those with 1, 2 or 3 conditions showed a steady increase in risk (respective

odds ratios were 1.12, 1.42 and 1.62; P trend 5 0.001) with adjustment for covariates including body mass index. Similar sig-

nificant trends were observed in Filipina Americans (P trend 5 0.021), postmenopausal women (P trend 50.001), Asian women

who were born in the United States (US) (P trend 5 0.052) and migrants who have lived in the US for at least 20 years (P

trend 5 0.004), but not migrants who lived in the US for <20 years (P trend 5 0.64). These results suggest that westernization

in lifestyle (diet and physical inactivity) and corresponding increase in adiposity have contributed to the rising prevalence of

these metabolic conditions, which in turn, are associated with an increase in breast cancer.

Introduction
There is accumulating epidemiologic evidence that metabolic
syndrome, namely, the clustering of conditions including
abdominal adiposity, high blood pressure (HBP), diabetes
and dyslipidemia may have a significant influence on breast
cancer risk. In a meta-analysis of nine studies (three US
[largely whites and African Americans], four Europe, one
Uruguay and one Japan), history of metabolic syndrome was
associated with an elevated risk (odds ratio [OR]5 1.52, 95%

confidence intervals [CI] 1.20–1.93) of breast cancer in post-
menopausal women.1 However, the evidence is less consistent
in Asians. These metabolic factors, separately or in combina-
tion, were not associated with breast cancer in a prospective
cohort study from Japan in which relevant covariates includ-
ing parity, age at menarche and body mass index (BMI) were
adjusted for in the analysis.2 In a case–control study from
Korea, postmenopausal women with a history of metabolic
conditions had a significant twofold greater risk of breast
cancer that was due largely to the increased risk associated
with high BMI but risk was unrelated to the individual meta-
bolic conditions (i.e., elevated levels of triglycerides or high-
density lipoprotein cholesterol [HDL-C], HBP or fasting
serum glucose) after adjustment for various cofactors.3 These
metabolic conditions individually and in combination were
associated with higher breast cancer risk in a cohort analysis
from Japan4 and a case–control study from Taiwan,5 but nei-
ther study had information on parity, BMI and other relevant
cofactors. Lack of information on potential confounders in
some studies and differences in distribution of menopausal
status in the study population may have contributed to
inconsistencies in study findings. As we have previously
reported, Filipina women have one of the highest breast can-
cer incidence rates in Asia and among Asian Americans for
poorly understood reasons. Breast cancer risk factors varied
in their magnitude in Asian ethnic subgroups and body size
risk factors were more prominently associated with risk in
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postmenopausal Filipina and Japanese Americans than in
Chinese Americans.6

We conducted a comprehensive analysis of breast cancer
risk and physician-diagnosed metabolic conditions (HBP, dia-
betes and high cholesterol) separately and in combination,
among Filipina, Japanese and Chinese Americans in a
population-based case–control study in Los Angeles (LA)
County. We investigated risk patterns by menopausal status,
Asian ethnicity and migration status, with adjustment for
BMI and other potential confounders. We also considered
risk associations in relation to timing of diagnosis of the met-
abolic conditions as well as treatment for metabolic
conditions.

Subjects and Methods
Study design and population

The study population and methods used in this population-
based case–control study have been described previously.7,8

In brief, breast cancer patients were identified by the LA
County Cancer Surveillance Program, the population-based
cancer registry covering LA County, a member of the
National Cancer Institute’s Surveillance, Epidemiology and
End Results (SEER) program and the statewide California
Cancer Registry. This analysis included women who were
identified as Chinese, Japanese or Filipina between the ages
of 25 and 74 years inclusive at the time of diagnosis of an
incident breast cancer including in situ breast cancer. Case
patients were diagnosed between 1995 and 2001 or between
2003 and 2006. In total, we identified 3,797 eligible case
patients (1,496 Chinese, 865 Japanese and 1,436 Filipina) and
interviewed 2,303 cases (929 Chinese, 547 Japanese and 827
Filipina) (response rate of 61%). Among those who did not
participate, 869 declined to be interviewed (375 Chinese, 222
Japanese and 272 Filipina), 77 had died (17 Chinese, 24 Japa-
nese and 36 Filipina) and 548 could not be located (175 Chi-
nese, 72 Japanese and 301 Filipina). The 2,035 control
subjects (923 Chinese, 518 Japanese and 594 Filipina) were
selected from the neighborhoods where the case patients
resided at the time of diagnosis. A well-established algorithm
was used to identify neighborhood controls for population-
based case–control studies conducted in LA County as this
provides a mechanism of matching on socioeconomic status
which is likely to influence various lifestyle habits.9,10 We ini-
tially defined a specified sequence of houses to be visited in

the neighborhoods where index cases lived at the time of
diagnosis. We then sought to interview the first eligible resi-
dent in the sequence (not necessarily the first willing control
subject). If the first eligible control subject refused to partici-
pate, the second eligible one in the sequence was asked, and
so on. Letters were left when no one was home, and follow-
up was by mail and telephone. Controls were sought to
frequency-match to the cases on specific Asian ethnicities
and 5-year age groups. On average, a suitable control was
identified after visiting a mean of 60 households (48.1 for
Chinese, 58.0 for Japanese and 74.6 for Filipina). Of the con-
trols interviewed, 64% were the first identified eligible control
(range was 64% for Filipina and 67% for Chinese), 18% were
the second-identified eligible control and 18% were the third
or later eligible control.

Data collection

Cases and controls were interviewed using a standardized,
structured questionnaire. Almost all Filipina and Japanese
American women were interviewed in English; only 5 Japa-
nese (4 cases and 1 control) and 67 Filipina (52 cases and 15
controls) were interviewed with a mix of English and respec-
tive Asian language with the help of interpreters who were
either family members of the study participants or study
staff. A Chinese-translated questionnaire was used for sub-
jects when appropriate. Interviews were in Mandarin or Can-
tonese for 62.5% (337 Mandarin and 234 Cantonese) of
Chinese cases and 51.2% (301 Mandarin and 162 Cantonese)
of Chinese controls. To the extent possible, each case–control
pair was interviewed by the same interviewer. The question-
naire covered demographic characteristics and migration his-
tory, menstrual and reproductive history, body size, physical
activity, family history of breast cancer and diet history.11,12

Subjects were asked about height and usual weight history at
age 18 years, at age 30 years and each decade thereafter
when they were not pregnant. Trained interviewers measured
the circumferences of the waist and hips of study partici-
pants. Waist circumference was measured at the narrowest
torso circumference and hip circumference was measured at
the widest hip circumference. Relative body weight was eval-
uated by BMI, calculated as the weight in kilograms divided
by the square of height in meters (kg/m2). We examined
BMI using the recommended five category cut points (<22.9,
23–24.9, 25–27.4, 27.5–29.9, and �30 kg/m2) for studies in

What’s new?

Breast cancer incidence in Asian Americans is rising, for reasons that remain unclear. Possible factors involved include meta-

bolic conditions such as high blood pressure, diabetes and dyslipidemia. In this case–control study of Asian–American

women, history of metabolic conditions was associated with a significant trend in increasing breast cancer risk. Subgroup

analyses revealed significant associations among Filipina Americans, postmenopausal women and Asian women who were

born in the United States or who were long-term US residents. The findings suggest that increase in metabolic disorders and

breast cancer in these populations is linked to the adoption of a Western lifestyle.
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Asian Americans,13 which incorporated the standard World
Health Organization (WHO) definition (<25, 25–29.9 and
�30 kg/m2) of normal, overweight and obese as well as the
corresponding WHO Asian BMI definition (<22.9, 23–27.5,
and �27.5 kg/m2). Subjects were asked about history of spe-
cific conditions, including HBP, diabetes and high cholesterol
that were diagnosed by a physician at least 1 year before
diagnosis (for cases) and interview (for controls). Participants
who responded positively were then asked a series of addi-
tional questions including the age they were first diagnosed
of the condition, and if they were treated for the condition
by medication, lifestyle intervention or other means.

Statistical analysis

The results presented below are based on 2,167 cases and
1,967 controls without any history of previous cancers and
for whom we have information on these metabolic condi-
tions, body size, menstrual and reproductive factors as well
as the covariates included for adjustment. We calculated
Asian ethnic-specific ORs and their corresponding 95% CIs
and p values by conditional logistic regression methods, with
matched sets defined jointly by Asian ethnicity (Filipina, Jap-
anese and Chinese) and reference age (<39, 40–44, 45–49,
50–54, 55–59, 60–64, 65–69 and 701 years).11 All regression
models included the following covariates: years of residence
in the US (US born, >20 years, 11–20 years and �10 years),
education (less than high school, high school, some college
and college graduate), income, interviewer, family history of
breast cancer (no, yes any first degree relative with breast
cancer), history of benign breast disease (no and yes), age at
menarche (�11, 12, 13, 14 and 151 years) and parity (0, 1,
2, 3 and 41 births). In addition, current (i.e., before diagno-
sis or interview) BMI (<22.9, 23–24.9, 25–27.4, 27.5–29.9
and �30 kg/m2) was included in the analysis.13 p< 0.05 were
considered statistically significant and all p values quoted are
two-sided. All analyses were performed using EPILOG Win-
dows (version 1.01 sec) statistical software system (Pasadena,
CA) and the SAS statistical software system (version 9.3; SAS
Institute, Cary, NC).

Results
Breast cancer cases compared to control women had signifi-
cantly fewer births and were more likely to have a family his-
tory of breast cancer and a personal history of benign breast
diseases but they did not differ significantly in age at menar-
che, history of alcohol intake or energy intake (Supporting
Information Table 1). Table 1 shows distribution of select
lifestyle factors by history of three metabolic conditions
(HBP, high cholesterol and diabetes) combined (none, 1, 21

conditions or any conditions) for Asian American control
women and breast cancer cases. History of these conditions
was higher in Filipina (46.8%) and Japanese (46.3%) than
Chinese (34.1%) control women, among Asia Americans who
were US born or were long-term (>20 years) residents in the
US and those who were older, postmenopausal, parous and

had higher BMI or higher waist/hip ratios (WHR). Any his-
tory of metabolic conditions was weakly associated with age
at menarche and family history of breast cancer but was
unrelated to education level and physical activity. These pat-
terns in control women were similarly observed among breast
cancer cases (data not shown).

Table 2 shows risk associations between the individual
metabolic conditions and breast cancer risk after adjustment
for BMI and other established risk factors. In Filipina, Chi-
nese and Japanese Americans combined, risk of breast cancer
increased with having a history of any one (OR 1.19, 95% CI
1.03–1.37) or two or more (OR 1.45, 95% CI 1.16–1.80) met-
abolic conditions. Specifically, Asian American women with a
history of high cholesterol (OR 1.26, 95% CI 1.08–1.47) and
long-standing (>10 years) diabetes (OR 1.63, 95% CI 1.10–
2.41) experienced significantly elevated risk. Results by Asian
ethnicity showed that among Filipina–Americans, risk was
higher among those with a history of HBP (OR 1.34, 95%
CI5 1.03–1.76) and diabetes for 10 years or more (OR 1.95,
95% CI 0.97–3.93). There was a trend of increasing risk with
increasing number of conditions so that compared to Filipina
women who did not have any of the three conditions, the
ORs were 1.20,1.42, 1.88, respectively (P trend5 0.021) for
Filipina who had 1, 2 or 3 conditions. Risk of breast cancer
among Japanese Americans was higher (OR5 1.39, 95% CI
1.02–1.90) for those with a history of high cholesterol. Japa-
nese Americans who reported two metabolic conditions had
a significantly increased risk (OR 1.60, 95% CI 1.01–2.54).
Although there was no further increase in risk among those
with all three conditions, this was based on small numbers.
Breast cancer risk of Chinese Americans was not significantly
related to history of these conditions, separately or in
combination.

Breast cancer risk among premenopausal Asian American
women was not significantly associated with history of HBP,
high cholesterol or diabetes or the three conditions combined
(Table 3). In contrast, history of high cholesterol and long-
history (>10 years) of diabetes were significantly associated
with risk in postmenopausal Asian American women; risks
increased with increasing duration of these conditions. For
example, risk of breast cancer doubled in postmenopausal
women who had diabetes for >10 years (OR 2.03, 95% CI
1.24–3.34). Compared to postmenopausal women who had
none of the conditions, the adjusted ORs were 1.27, 1.43 and
1.87, respectively, in association with 1, 2 or 3 conditions (P
trend5 0.001) after adjustment for BMI and other risk fac-
tors. The increase in risk was less marked for postmeno-
pausal women who reported they received treatment (OR
1.21, 95% 0.99–1.49) compared to those who were not treated
(OR 1.80, 95% 1.33–2.42) for these metabolic conditions.

Prevalence of these conditions and the corresponding risk
patterns differed by migration status (Table 4). History of
HBP and high cholesterol were most prevalent in the US
born Asian control women (28.4% and 26.9%, respectively),
intermediate in long-term migrants who lived >20 years in
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Table 1. History of three conditions (hypertension, high cholesterol, and diabetes) by demographic and select breast cancer risk factors
among control women in Los Angeles County

Combined metabolic condition

Variable None, N 5 1161 % One, n 5 595 % Two1, n 5 211 % p value1 % Any p value2

Ethnic group

Chinese 583 65.9 239 26.9 64 7.2 <0.001 34.1 <0.001

Japanese 270 53.8 168 33.5 64 12.8 46.3

Filipino 308 53.2 188 32.5 83 14.3 46.8

Age

<40 202 81.8 39 15.8 6 2.4 <0.001 18.2 <0.001

40–49 525 71.6 180 24.6 28 3.8 28.4

50–59 292 51.6 205 36.2 69 12.2 48.4

�60 142 33.7 171 40.6 108 25.7 66.3

Migration

US born (USB) 276 53.0 174 33.4 71 13.6 <0.001 47.0 <0.001

Non USB>20yrs 415 57.7 220 30.6 84 11.7 42.3

Non USB�20yrs 470 64.7 201 27.7 56 7.7 35.4

Education

�High school 188 57.9 98 30.2 39 12.0 0.84 42.2 0.52

Some college 249 56.6 142 32.3 49 11.1 43.4

College 509 59.7 255 29.9 88 10.3 40.2

Graduate 215 61.4 100 28.6 35 10.0 38.6

Menopause

Premenopause 753 72.5 245 23.6 41 4.0 <0.001 27.6 <0.001

Postmenopause 408 44.0 350 37.7 170 18.3 56.0

BMI

�22.9 773 67.5 294 25.7 79 6.9 <0.001 32.6 <0.001

>22.9 to �24.9 204 53.0 130 33.8 51 13.3 47.1

>24.9 to �27.5 130 47.5 99 36.1 45 16.4 52.5

>27.5 to �29.9 27 32.5 39 47.0 17 20.5 67.5

>29.9 27 34.2 33 41.8 19 24.1 65.9

WHR

�0.76 298 76.4 76 19.5 16 4.1 <0.001 23.6 <0.001

�0.80 311 64.5 139 28.8 32 6.6 35.4

�0.845 295 57.0 168 32.4 55 10.6 43.0

>0.845 239 44.2 198 36.6 104 19.2 55.8

DK 18 50.0 14 38.9 4 11.1 50.0

Age at menarche

�11 174 52.7 113 34.2 43 13.0 0.28 47.2 0.05

12 297 57.0 156 29.9 56 10.8 40.7

13 298 58.0 151 30.1 52 10.4 40.5

14 203 61.5 84 26.6 29 9.2 35.8

�15 189 60.8 91 29.3 31 10.0 39.3

Parity

0 210 63.4 95 28.7 26 7.9 <0.001 36.6 <0.001

1 223 67.4 81 24.5 26 7.9 32.4

2 423 61.9 201 29.4 57 8.4 37.8

�3 305 48.8 218 34.9 102 16.3 51.2
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the US (25.6% and 23.6%, respectively) and less prevalent in
recent migrants who lived <20 years in the US (20.1% and
17.1%, respectively). History of diabetes was comparable
among long-term (7.8%) and recent (8.4%) migrants and was
higher in the US born Asian American control women
(10.0%). Breast cancer risks among long-term migrants
increased in association with history of diabetes (OR 1.41,
95% CI 0.97–2.06, p5 0.075), high cholesterol (OR 1.29, 95%
CI 1.02–1.65, p5 0.037) and HBP (OR 1.24, 95% CI 0.95–
1.60, p5 0.096). Although elevated risks were also observed
among the US born Asian Americans, results were statisti-
cally significant only for high cholesterol (OR 1.45, 95% CI
1.06–1.99), while no significant associations were observed
among recent migrants. Risk of breast cancer increased with
increasing number of these conditions among long-term
migrants (P trend5 0.004) and the US born Asian American
women (P trend5 0.052) but not among more recent
migrants (P trend5 0.64).

We investigated the joint effects of history of the three
conditions separately and combined by categories of normal
BMI (�24.9 kg/m2) and high BMI (>24.9 kg/m2) as well as
by low (�86 cm) and high (>86 cm) waist circumference
(Table 5). No significant associations were observed in pre-
menopausal women (data not shown). Among postmeno-
pausal women, breast cancer risk increased among Asian
American women with both high BMI and a history of HBP
(OR 1.42, 95% CI 0.98–2.06, p5 0.065), whereas the
increased risk was more modest among women with normal
BMI (OR 1.08). Elevated risk with high cholesterol was
observed among those with normal BMI and high BMI.
Interestingly, the increased risk associated with diabetes was
higher among women with normal BMI (OR 1.62, 95% 1.09–
2.41), whereas those with high BMI showed no increased risk
(OR 0.89, 95% CI 0.56–1.40). This difference was borderline
statistically significant (p5 0.097). Results were essentially

identical when we considered low (�86 cm) versus high
(>86 cm) waist circumference in relation to metabolic condi-
tions (Table 5). We also investigated history of these three
conditions stratified by a combined index of BMI and WHR.
History of any three conditions was associated with a statisti-
cally significant increased risk of breast cancer among those
with both low BMI and low waist circumference (OR 1.39,
95% 1.09–1.77) or low BMI and high waist circumference
(OR 2.22, 95% CI 1.02–4.81), but there were no significant
increased risks among those with high BMI and low waist
circumference (OR 1.44, 95% 0.56–3.78) or high BMI and
high waist circumference (OR 1.29, 95% 0.78–2.12) (data not
shown).

Compared to women with no reported metabolic condi-
tions, those with any metabolic conditions showed elevated
risk of both in situ (adjusted OR5 1.26, 95% CI 0.98–1.61,
p5 0.067) and invasive (adjusted OR5 1.17, 95% CI 1.01–
1.36) breast cancer (data not shown). History of any meta-
bolic conditions was associated with an increased risk of hor-
mone receptor positive (estrogen receptor positive [ER1]
and progesterone receptor positive [PR1]) tumors (OR 1.22,
95% CI 1.03–1.45, p5 0.023). This was observed separately
for history of high cholesterol (OR 1.27, 95% CI 1.05–1.53,
p5 0.012), diabetes (OR 1.28, 95% CI 0.98–1.67, p5 0.065)
and HBP (OR 1.18, 95% CI 0.98–1.43, p5 0.083). There was
also a borderline statistically significant increased risk of ER-
PR1 tumors (OR 1.77, 95% CI 0.97–3.22, p5 0.063) with
any metabolic condition which was due, primarily, to an
increased risk among those with a history of high cholesterol
(Supporting Information Table 2).

Discussion
Previous studies conducted in mostly western (non-Asian)
populations support a significant positive association between
metabolic conditions and breast cancer risk primarily in

Table 1. History of three conditions (hypertension, high cholesterol, and diabetes) by demographic and select breast cancer risk factors
among control women in Los Angeles County (Continued)

Combined metabolic condition

Variable None, N 5 1161 % One, n 5 595 % Two1, n 5 211 % p value1 % Any p value2

Physical activity

0–4 years 148 55.0 93 34.6 28 10.4 0.19 45.0 0.13

5–9 259 62.0 112 26.8 47 11.2 38.0

10–19 392 61.0 180 28.0 71 11.0 39.0

�20 361 56.8 210 33.0 65 10.2 43.2

Family history of breast cancer (first degree relatives)

No 1063 60.0 525 29.6 184 10.4 0.11 40.0 0.03

yes 81 49.7 60 36.8 22 13.5 50.3

Dk 17 53.1 10 31.3 5 15.6 46.9

1p values–v2 test (2 df) comparing between none, one, two or more conditions.
2p values–v2 test (1 df) comparing between none versus any conditions.
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postmenopausal women.1 To our knowledge, this is one of
the first population-based studies of breast cancer among
Asian Americans to examine risk patterns in association with
three common metabolic conditions (HBP, high cholesterol
and diabetes) separately and in combination, with consider-
ation of duration as well as any treatment for these condi-
tions. We explored risk patterns separately in Filipina,
Chinese and Japanese Americans, by migration history, men-
opausal status and body size and adjusted for relevant poten-
tial confounders. While there is consensus that high BMI14 is
a significant risk factor for postmenopausal breast cancer in
western and Asian populations,15 there is less consistency
whether breast cancer risk is also increased in relation to dia-
betes and other metabolic conditions such as high cholesterol,
HBP or a combination of these factors in Asians.2,3,5,15

Recent national studies show that history of diabetes and
dyslipidemia patterns are more prevalent in Asian Americans
than in non-Hispanic whites16,17 despite lower BMI in
Asians, suggesting that Asians may be more susceptible to
metabolic conditions at a given BMI.

Before discussing the significance of our findings, some
limitations and strengths of our study should be mentioned.
First, our results are limited to self-reported metabolic condi-
tions that were diagnosed by a physician. Although we asked
about age at diagnosis as well as treatment for these meta-
bolic conditions, our questions on treatment were not
detailed precluding analysis by type of treatment (e.g., specific
medications). Thus, our results may not be directly compara-
ble to previous studies, which have included a range of defi-
nitions for single conditions including hypertension (HBP
values or self-reported hypertension diagnosed by a physi-
cian), reported diabetes or fasting glucose values, reported
history of high cholesterol or reported blood values of triglyc-
eride, HDL-C and total cholesterol as well as combination of
these factors.1,18 In our question on high cholesterol, we did
not ask specifically about cholesterol fraction. In addition, the
overall participation rate of our study was modest (61%
among cases and 64% among controls). While we cannot
rule out the possibility of recall bias in case–control studies,
there was internal consistency in our data such as higher
prevalence of metabolic conditions in relation to increasing
age and BMI among control women and case patients. The
study strengths include its large sample size allowing compar-
ison of risk association by hormone receptor status of breast
cancer and separately by Asian ethnicity, migration and men-
opausal status and body size measures and the ability to
adjust for potential confounders.

Among Filipina American women, breast cancer risk was
significantly higher among those with a history of hyperten-
sion and nearly doubled for those with a long-standing (10
or more years) history of diabetes (Table 2). Compared to
Filipina women, who did not have any metabolic conditions,
risk increased in a stepwise manner for Filipina women with
1, 2 and 3 metabolic conditions. Although the prevalence of
any metabolic condition was comparable between FilipinaTa
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and Japanese–American control women, the risk associations
were weaker in Japanese Americans than in Filipina women.
For reasons that are not apparent, studies on metabolic con-
ditions and breast cancer risk in Japan have generally found
no or a weak association.2,19 We are not aware of previous
studies on metabolic conditions and breast cancer risk in Fili-
pina women in the US or in the Philippines. However,

Filipino Americans have been found to have higher preva-
lence of various metabolic conditions,20,21 including dyslipi-
demia,16 hypertension22–24 and diabetes16,22 than Japanese
and Chinese Americans and to experience high risks of car-
diovascular disease and mortality.25 The high prevalence of
these metabolic conditions and risk of cardiovascular diseases
are observed in the Philippines as well.26–28

Table 3. Risk of breast cancer and history of hypertension (HBP), high cholesterol and diabetes in pre- and postmenopausal Asian American
women in Los Angeles County

Premenopausal Postmenopausal

Ca Co OR1 (95%CI) Ca Co OR2 (95%CI)

HBP

No 811 906 1 695 582 1

Yes 141 132 1.09 (0.81, 1.45) 520 346 1.11 (0.92, 1.35)

Lag time

�10 years 106 88 1.20 (0.86, 1.66) 311 198 1.19 (0.95, 1.49)

>10 years 35 44 0.85 (0.52, 1.40) 209 148 1.00 (0.77, 1.30)

P trend 0.94 0.65

High cholesterol

No 804 905 1 738 627 1

Yes 147 134 1.15 (0.87, 1.51) 476 300 1.35 (1.11, 1.63)

Lag time

�10 years 128 115 1.15 (0.86, 1.53) 399 253 1.34 (1.09, 1.64)

>10 years 19 19 1.16 (0.59, 2.30) 77 47 1.40 (0.93, 2.09)

P trend 0.34 0.004

Diabetes

No 889 966 1 1053 832 1

Yes 62 73 1.01 (0.69, 1.48) 162 96 1.30 (0.97, 1.73)

Lag time

�10 years 47 54 1.00 (0.65, 1.56) 101 69 1.05 (0.74, 1.47)

>10 years 15 19 1.05 (0.51, 2.14) 61 27 2.03 (1.24, 3.34)

P trend 0.92 0.014

3 conditions3

None 669 753 1 437 408 1

1 227 245 0.96 (0.78, 1.23) 482 350 1.27 (1.03, 1.56)

2 50 34 1.69 (1.03, 2.77) 241 144 1.43 (1.09, 1.88)

3 6 7 0.87 (0.27, 2.84) 55 26 1.87 (1.11, 3.15)

P trend 0.31 0.001

Any condition 283 286 1.05 (0.85, 1.30) 778 520 1.34 (1.11, 1.62)4

2 or 3 conditions 56 41 1.56 (0.97, 2.46) 296 170 1.50 (1.16, 1.93)

Yes treatment 152 137 1.15 (0.87, 1.54) 600 422 1.21 (0.99, 1.49)5

No treatment 131 149 0.97 (0.73, 1.27) 178 98 1.80 (1.33, 2.42)

1Adjusted for Asian ethnicity, age, education, income, years of residence in the US among non-US born, interviewer, family history of breast cancer,
benign breast diseases, parity, age at menarche, education and BMI.
2As above, also adjusted for age at menopause and type of menopause.
3Included HBP, high cholesterol and diabetes. Yes treatment means for any one of the three conditions; no treatment means no for all three
conditions.
4P interaction—any of three metabolic condition for premenopausal versus postmenopausal women was 0.034.
5P interaction—yes treatment to any metabolic condition for premenopausal versus postmenopausal women was 0.01.
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In all Asian American women combined, history of any one
metabolic condition conferred a significant 19% increased risk
and those with 2 or 3 metabolic conditions showed a significant
45% increased risk. Somewhat stronger associations were
observed for postmenopausal Asian American women (Table
3). These results in postmenopausal Asian American women
are compatible with findings from a meta-analysis of nine stud-
ies of primarily Caucasian postmenopausal women in which
breast cancer risk was significantly increased 50% in relation to
history of metabolic syndrome (obesity, hypertension, diabetes
and dyslipidemia).1

Our results by single metabolic factors showed a significant
effect of high cholesterol that was diagnosed by a physician; the
increased risk was found in all three Asian groups, in pre- and
postmenopausal women and among those who had the condi-
tion for <10 years or for a longer time. However, a significant
increased risk (29% to 45%) was observed among the US born
Asians and those who had lived in the US for at least 20 years
but there was no increased risk among more recent migrants.
Prevalence of high cholesterol was higher in the US born (27%)
and long-term migrants (24%) than recent migrants (17%).
Although foreign-born and US born Asians in the National
Health and Nutrition Examination Survey (NHANES) 2011–
2012 did not show significant differences in prevalence of high
total and LDL-cholesterol, these results were presented for all
Asian Americans and in men and women combined.29 Self-
reported history of high cholesterol30 and hyperlipidemia31

were not associated with breast cancer risk in case–control
studies conducted in the US and Italy, but disorder of lipid
metabolism was a significant risk factor in a population-based
study in Taiwan.5 The relationship between serum cholesterol
and breast cancer risk also differed in previous studies. A meta-
analysis of 14 prospective studies found that total blood choles-
terol and more specifically HDL-C was significantly inversely
associated with risk of breast cancer after excluding cancer
cases diagnosed during the first years of follow-up.18 In two
separate prospective studies in Korea, total serum cholesterol
was positively associated with breast cancer after adjustment
for BMI.32,33 In another Korean study that investigated risk
associations separately by BMI, the positive association with
high cholesterol was stronger among women with lower BMI
(<25 kg/m2) (1.13, 95% CI 1.02–1.25) than those with higher
BMI (1.01, 95% CI 0.90–1.14).32 Abnormal levels of lipids and
lipoproteins may increase breast cancer risk by having adverse
influence on endogenous sex steroid hormone profiles and pro-
moting low-grade inflammation.34

Breast cancer risk was nonsignificantly higher by 20%
among Asian American women with a history of diabetes;
this risk was 63% higher and was statistically significant
among women who were diabetic for at least 10 years of
more (Table 2). Similar to our initial report based on a subset
of study participants,12 the diabetes–breast cancer association
was stronger among postmenopausal women who were dia-
betic for 10 years or more (Table 3). Larger numbers in these
analyses allowed investigation of risk patterns by migration

status, showing an increased risk among long-term migrants
(Table 4) and those with normal BMI or low waist circum-
ference (Table 5). In a comprehensive meta-analysis of 40
independent risk estimates from largely western populations,
the risk of breast cancer in women with type 2 diabetes was
increased by 27%, which was lowered to 16% after adjust-
ment for BMI.15 Nevertheless, the role of diabetes and risk of
breast cancer is less consistent in studies in Asian and in
Asian Americans. Diabetes was unrelated to breast cancer
risk in a pooled analysis of cohort studies from Japan19 and
among Japanese Americans in the Multiethnic Cohort
study.35 However, diabetes was significantly associated with
breast cancer mortality in a prospective cohort study from
Korea36 and in a recent Asia Cohort Consortium pooled
analysis in which BMI was considered.37 Hyperinsulinemia,
impaired secretion of adipokines and chronic inflammation
have been implicated to link diabetes to breast cancer risk.38

Breast cancer risk in Asian Americans was significantly asso-
ciated with history of hypertension among Filipina women, par-
ticularly among those who had HBP within the 10 years before
diagnosis of breast cancer/interview. Prevalence of HBP was also
highest among Filipina (30.6%), intermediate among Japanese
(27.9%) and lowest (18.2%) among Chinese American control
women. High prevalence of hypertension and other components
of metabolic syndrome has been reported in other studies of Fili-
pino in the US.21,23,39 In a meta-analysis of 30 studies on hyper-
tension and breast cancer, a significant positive association was
found in postmenopausal women (RR 1.20, 95% CI 1.09–1.31)
but not in premenopausal women (RR 0.97, 95% CI 0.84–1.12)
and was more consistent in studies conducted in western than in
Asian populations.40 Hypertension may increase risk of breast
cancer by mediating effects via adipose tissues, inflammation or
other pathways. These results in Filipina American women
emphasize the need to further understand the mechanism of
breast cancer pathogenesis affected by hypertension and the
need for better monitoring and treatment of these common
metabolic conditions as breast cancer risk factors.

It is of interest that our findings on metabolic conditions
and breast cancer risks were observed in the US born Asians
and long-term migrants but not among recent migrants
(Table 4). Long-term Asian control migrants in our study
have lived an average of 30.1 years in the US compared to
12.2 years for short-term migrants. The prevalence of each of
the metabolic conditions, separately and in combination
increased steadily and was highest in the US born, intermedi-
ate in long-term migrant and lowest in short-term migrants.
Thus, while it has been difficult to pinpoint the specific indi-
vidual factors, westernization in lifestyle (diet, physical inac-
tivity) have undoubtedly contributed to the rising prevalence
of these metabolic conditions, independent of obesity, which
in turn, increase the risk of breast cancer. It is concerning
that these metabolic conditions have now emerged to be
significant breast cancer risk factors for the three groups of
Asian American women combined and particularly for
Filipina Americans, which may have contributed, in part, to
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the high breast cancer incidence rates among women in Asia
and specifically among Filipinas residing in Asia or in the US.
It is a priority to develop strategies to prevent these modifiable
metabolic conditions and to treat these conditions by lifestyle
intervention and/or medication whenever possible.
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