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Abstract Women diagnosed with obesity and breast can-

cer have an increased risk of recurrence and death (Protani

et al., Breast Cancer Res Treat 123:627–635, 1). Obesity is

associated with the metabolic syndrome—a pathophysio-

logically distinct inflammatory process comprised of central

obesity, insulin resistance, hypertension, and atherogenic

dyslipidemia. The relationship of obesity as a risk factor for

breast cancer is complex with a protective effect for younger

women in contrast to a risk for older women (Kabat et al.,

Cancer Epidemiol Biomarkers Prev 18:2046–2053, 2;

Ursin et al., Epidemiology 6:137–141, 3). The metabolic

syndrome has been associated with the risk of cancer, and

pro-inflammatory circulating factors may be associated with

risk of more aggressive breast cancer (Capasso et al., Cancer

Biol Ther 10:1240–1243, 4; Healy et al., Clin Oncol (R Coll

Radiol) 22:281–288, 5; Laukkanen et al., Cancer Epidemiol

Biomarkers Prev 13:1646–1650, 6). We conducted a retro-

spective review of 860 breast cancer patients to determine

the relationship between estrogen receptor status and the

metabolic syndrome. We collected the relevant metabolic

diagnoses, medications, physical findings, and laboratory

values and adapted the National Cholesterol Education

Program criteria to define the metabolic syndrome retro-

spectively. No relationship was found between estrogen

receptor status and the individual components of the meta-

bolic syndrome. Based on findings in the medical records,

15% of the women with breast cancer had the metabolic

syndrome, and 26% of the women were considered obese,

16% hyperglycemic, 54% hypertensive, and 30% dyslipi-

demic. The metabolic syndrome was associated with

advanced age and African-American race (P \ 0.001).

When adjusted for age, race, and stage, the metabolic syn-

drome was marginally associated with estrogen receptor-

positive tumors (P = 0.054). Our findings do not support the

concern that the metabolic syndrome may contribute to more

biologically aggressive breast cancer.
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Introduction

Breast cancer is second only to lung cancer as a cause of

cancer deaths in women. During 2011, an estimated 200,000

women will be diagnosed with breast cancer and nearly

40,000 women will die of the disease [7]. Breast cancer sub-

types differ most significantly by hormonal responsiveness

and are identified as having estrogen receptors (ER?) or

lacking estrogen receptors (ER-). The distribution of ER?

versus ER- differs by age, with ER- breast cancer occur-

ring more commonly in younger women [8]. ER- breast

tumors have a higher risk of recurrence and lower overall

survival than ER?, which is partly attributable to a more

advanced stage at presentation and a higher pathologic grade

[8, 9]. Furthermore, therapeutic options available to women

with ER- breast cancer are chemotherapy and biologics,

which have significantly more side effects and potential for

late effects than the hormonal therapy options available

to women with ER? breast cancer. The occurrence of

ER- breast cancer in young women and especially among

women from minority groups is a contributor to breast
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cancer disparities [10, 11]. Therefore, the identification of

potential modifiable risk factors for ER- breast cancer may

lead to significant reductions in morbidity and mortality

from breast cancer.

As rates of obesity increase worldwide, and more

rapidly among women from lower socioeconomic groups

[12, 13], the contribution of obesity and related metabolic

disorders may increase disparities in breast cancer mor-

tality. Obesity is commonly associated with a constellation

of metabolic disorders that comprise the metabolic syn-

drome. The metabolic syndrome is a pathophysiologically

distinct inflammatory process comprised of central obesity,

insulin resistance, hypertension, and atherogenic dyslipi-

demia [14] and is associated with a risk of cardiovascular

disease, diabetes mellitus [15], and prostate cancer [6].

Individual components of the metabolic syndrome—obes-

ity, elevated insulin levels, and insulin resistance—have

been associated with risk for breast cancer [4, 5, 16]. The

relationship of obesity as a risk factor for breast cancer is

complex, with a protective effect in premenopausal women

and a positive association among postmenopausal women

[3, 17–19]. The obesity risk in older women has been

associated with an increased production of estrogen due to

increased adiposity with age [20]. Postmenopausal women

have higher rates of hormonally responsive breast cancer

(ER?). Furthermore, postmenopausal women have an

increased risk of breast cancer once diagnosed with the

metabolic syndrome [2, 21]. However, more recently there

have been reports of an association of the metabolic syn-

drome with triple-negative breast cancer or tumors that are

absent of ER, PR, and HER2—a small subset of all hor-

monally non-responsive breast cancer (ER-) [22]. We

sought to further understand the relationship between

obesity and the metabolic syndrome when tumors are

classified as hormonally derived or ER? versus ER-. In

relation to triple-negative breast cancer, ER- breast cancer

is more common and would include the more rare subtype

of triple negative disease. The association of the metabolic

syndrome with ER- breast cancer may indicate that the

inflammatory process is associated with the more biologi-

cally aggressive and hormonally independent breast cancer.

We conducted a retrospective review to determine

whether the components of the metabolic syndrome

occurred more commonly among women with more bio-

logically aggressive (ER-) breast cancer.

Methods

All female breast cancer patients, diagnosed between 1999

and 2005, were identified through the Tumor Registry of

the Comprehensive Cancer Center at Wake Forest Uni-

versity. Of the 1,533 women identified, 1,081 had estrogen

receptor status recorded. From the tumor registry, we

obtained the date of diagnosis, age, stage, progesterone

receptor, and grade of the breast cancer. Race was obtained

from the medical records. The electronic medical records

(EMR) of Wake Forest University Baptist Medical Center

were then queried for all the diagnoses and medications

that were entered into the medical record within 2 years

following the breast cancer diagnosis. To ensure that we

captured all possible components of the metabolic syn-

drome, we obtained all available blood pressures, heights,

weights, glucose values, triglyceride levels, and HDL

levels for each woman for the same 2-year time period. In

total, over 70,000 data points were gathered from the EMR.

Patients were excluded from the analysis if they did not

have at least one diagnosis, one medication, one systolic

blood pressure (SBP), and one weight record, leaving 860

patients in the analysis.

The most widely used and clinically relevant guidelines

defining the metabolic syndrome are those proposed by the

adult treatment panel III set forth by the National Choles-

terol Education Program (NCEP) [15, 23, 24]. The NCEP

criteria state that a patient has the metabolic syndrome

when three of the following five criteria are met: (1) waist

circumference C35 inches; (2) SBP of C130 mmHg or a

diastolic blood pressure C85 mmHg; (3) fasting glucose

[100 mg/dl; (4) HDL \50 mg/dl; and (5) triglycerides

C150 mg/dl. Because most EMR diagnoses blended the

dyslipidemias and the same medications can be used to

treat both elevated triglycerides and depressed HDL levels,

we combined these two separate components into one

dyslipidemia category. In addition, patients were assumed

to have random glucose values, and waist circumference

measurements were not readily available in the EMR.

Therefore, we adapted the NCEP criteria for diagnosing the

metabolic syndrome in a retrospective review. We defined

a patient as having the metabolic syndrome when she met

three of the following four criteria: (1) SBP C 160 mmHg

or on a medication for hypertension; (2) BMI C 30 or

weight [ 200 lbs; (3) glucose C 200 or on a medication

for diabetes mellitus; and (4) either HDL \ 50 mg/dl or

triglyceride C 150 mg/dl or on a medication for dyslipi-

demia. Patients with a diagnosis code for any of the above

conditions were also considered to meet the criteria for

diagnosis. Patients without measurements for a variable

(e.g., trigylcerides) were considered to have normal levels

for that variable.

Statistical analysis

Patients were required to have a least one diagnosis,

medication, SBP, and weight record, but in most cases

patients had multiple records of each type. If any diagnosis
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code matched the code for one of the metabolic conditions

(e.g., diabetes), the patient was coded positive for that

condition based on diagnosis. If any medication matched

that of any medication used to treat one of the metabolic

conditions (e.g., diabetes), the patient was coded positive

for that condition based on medication. For the quantitative

measures like weight and SBP, we took the mean across the

multiple measurements, and if those means met the criteria

defined above for one of the conditions, the patient was

coded positive for that condition based on measurement. If

a patient was coded positive for a condition based on either

a diagnosis, medication, or measurement record, we

assumed they had the condition; otherwise, we assumed

they did not have the condition. Wilcoxon rank-sum and

Chi-square tests were used to assess group (ER? vs. ER-)

differences in patient and tumor characteristics and to

assess unadjusted group differences in the metabolic con-

ditions. Logistic regression was used to assess group dif-

ferences in the metabolic conditions after adjustment for

age, race, stage, and tumor grade. Since tumor grade was

missing on over 1/4 of the patients, models were run with

and without that variable.

Since this was an analysis on data collected retrospec-

tively from EMRs and not an analysis on data collected

from a prospectively planned clinical trial using standard-

ized protocols, we performed sensitivity analyses to assess

the impact our definitions and inclusion criteria had on

estimates of the metabolic syndrome and their associations

with ER status. We varied the number of records of each

type required for inclusion from 0 to 5 and used means and

maximums over the multiple records per person. The uni-

variate analyses just described were repeated for each

subset of data to determine if estimates and associations

changed depending on our definitions and criteria.

Results

Of the 860 women identified between 1999 and 2005 with

ER status and sufficient clinical data available, 28% were

less than 50-year old at the time of diagnosis, 15% were

African-American or Hispanic, and 25% had ER- tumors.

Patient characteristics are shown in Table 1. Patients with

ER- tumors were younger (median = 54 vs. 59 years,

P \ 0.001) and were more likely to be African-American

(24 vs. 12%, P \ 0.001). In addition, patients with

ER- cancer were more likely to present at a later stage

(60 vs. 48% stage 2 or greater, P = 0.002) and have poorly

differentiated tumors (72 vs. 19%, P \ 0.001).

The frequency of the conditions of the metabolic syn-

drome found in the breast cancer study group is summa-

rized in Table 2. Based on findings in the medical records,

overall, 26% of the women were considered obese, 16%

hyperglycemic, 54% hypertensive, and 30% dyslipidemic.

These conditions did not differ by receptor group. The

occurrence of three or more metabolic conditions consis-

tent with the metabolic syndrome occurred in 15% of the

patients with ER- disease and 16% of patients with ER?

disease.

Table 1 Summary of patient characteristics

Characteristics ER- ER? P value

N (%) N (%)

Total 219 (100) 641 (100)

Age \0.001

Median (range) 54.0 (27–88) 59.0 (27–97)

Age C 50 144 (66) 474 (74)

Race \0.001

Black 52 (24) 80 (12)

Hispanic 3 (1) 3 (\1)

White 163 (74) 557 (87)

Other 1 (\1) 1 (\1)

TNM stage 0.025

0 9 (4) 28 (4)

1 78 (36) 305 (48)

2 96 (44) 231 (36)

3 27 (12) 63 (10)

4 9 (4) 14 (2)

Tumor grade \0.001

Well-differentiated 13 (8) 154 (33)

Moderately differentiated 29 (17) 209 (45)

Poorly differentiated 123 (72) 90 (19)

Undifferentiated 6 (4) 9 (2)

Progesterone status \0.001

Negative 199 (91) 135 (21)

Positive 20 (9) 506 (79)

Table 2 Metabolic conditions by estrogen receptor status

Condition ER- ER? P value

N (%) N (%)

Total 219 (100) 641 (100)

Obese 57 (26) 163 (25) 0.861

Hyperglycemia 28 (13) 110 (17) 0.128

Hypertension 116 (53) 346 (54) 0.796

Dyslipidemia 61 (28) 197 (31) 0.422

Number of conditions 0.566

0 72 (33) 195 (30)

1 76 (35) 205 (32)

2 39 (18) 141 (22)

3 20 (9) 71 (11)

4 12 (5) 29 (5)
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Results of the multivariable logistic models are shown in

Table 3. Older age was significantly associated with the

prevalence of hypertension, dyslipidemia, and having the

metabolic syndrome. African-American women had a

significantly increased risk of each metabolic condition and

of having the metabolic syndrome. Stage was significantly

associated with the conditions of obesity, hypertension, and

hyperglycemia; women with stage 0–1 cancers were less

likely to have each condition compared to women with

stage 3–4 cancer. Women with PR- tumors were more

likely to have dyslipidemia. ER status was not significantly

associated with any of the metabolic conditions; however,

women with ER- tumors were borderline significantly less

likely to have three or more of the metabolic conditions.

Separate models were run to include tumor grade, classified

as well-differentiated versus other, due to the missing data

for that variable on 227 individuals. Grade was not sig-

nificantly associated with any of the metabolic conditions,

after adjustment for the other covariates.

To assess the impact of our criteria for defining the

metabolic conditions, we varied the number of required

records (of specific types as defined previously) from 0 to 5

and used the mean and the maximum values across the

multiple records for a given patient. Results are summa-

rized in Table 4. Using the mean of the quantitative mea-

surements and varying the number of required records from

Table 3 Characteristics associated with metabolic conditions

Characteristic Obese HTN Hyperglycemia Dyslipidemia Metabolic syndrome*

Age 0.995** \0.001 0.274 \0.001 \0.001

\50 1.00 (0.72–1.40) 0.19 (0.14–0.27) 0.81 (0.56–1.18) 0.24 (0.16–0.37) 0.33 (0.19–0.56)

C50 Ref Ref Ref Ref Ref

Race \0.001 \0.001 \0.001 0.021 \0.001

Black 2.88 (1.95–4.26) 3.30 (2.01–5.42) 2.60 (1.72–3.92) 1.79 (1.17–2.72) 3.10 (1.95–4.92)

Other 2.88 (0.70–11.8) 1.20 (0.26–5.46) 0.69 (0.08–5.77) 0.57 (0.07–4.93) 1.49 (0.17–12.9)

White Ref Ref Ref Ref Ref

TNM stage 0.008 0.048 \0.001 0.070 0.558

0–1 0.57 (0.36–0.90) 0.55 (0.33–0.90) 0.38 (0.24–0.61) 1.67 (1.01–2.77) 0.84 (0.46–1.53)

2 0.90 (0.57–1.42) 0.68 (0.41–1.14) 0.57 (0.35–0.90) 1.26 (0.75–2.13) 1.05 (0.57–1.93)

3–4 Ref Ref Ref Ref Ref

PR 0.485 0.318 0.228 0.038 0.087

Negative 1.15 (0.78–1.71) 1.23 (0.82–1.84) 1.30 (0.85–1.98) 1.52 (1.02–2.24) 1.52 (0.94–2.46)

Positive Ref Ref Ref Ref Ref

ER 0.321 0.525 0.086 0.070 0.054

Negative 0.80 (0.51–1.25) 0.86 (0.55–1.36) 0.65 (0.40–1.06) 0.66 (0.42–1.04) 0.57 (0.32–1.01)

Positive Ref Ref Ref Ref Ref

* 3? Conditions

** P value on top row, odds ratios and 95% confidence intervals on subsequent rows

Table 4 Estimated percentages of patients with each component of the metabolic syndrome by the amount of data required and the method of

summarizing multiple readings

Number of records of each type required*

0? 1? 2? 3? 4? 5?

Condition Mean Max Mean Max Mean Max Mean Max Mean Max Mean Max

Obesity 22 26 26 30 27 32 27 33 29 35 30 37

HTN 47 57 54 64 56 67 57 68 59 70 60 71

Diabetes 14 22 16 23 18 24 19 25 20 27 21 28

Lipids 26 26 30 30 32 32 35 35 36 37 37 37

Metabolic Syndrome 13 16 15 19 17 21 18 23 20 24 20 25

* Diagnosis, medication, SBP, and weight records
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0 to 5, we found that the estimates varied as follows:

obesity 22–30%, hypertension 47–60%, diabetes 14–21%,

dyslipidemia 26–37%, and the metabolic syndrome

12–20%. Using the maximum instead of the mean further

increased the estimates by 4–7% for obesity, 10–11% for

hypertension, 6–8% for diabetes, 0–1% for dyslipidemia,

and 3–5% for the metabolic syndrome. In no case was there

a significant association between any metabolic condition

and estrogen receptor status.

Discussion

Our retrospective review of 860 women diagnosed with

breast cancer did not find a correlation between the meta-

bolic syndrome or any of the metabolic conditions and

estrogen receptor status. Although, ER- breast cancer and

the individual metabolic conditions occurred more com-

monly among African-American women, the metabolic

syndrome does not account for the more common occur-

rence of ER- breast cancer in that ethnic group. We did

find that 15% of the women with breast cancer had con-

ditions that would suggest the metabolic syndrome and that

individual components of the metabolic syndrome occurred

at high rates: for example, 54% of women had hyperten-

sion. The prevalence of the comorbidities at the time of

diagnosis of breast cancer is significant to a potential risk

of breast cancer treatment on cardiovascular mortality.

Our study is one of the larger retrospective reviews of

women with breast cancer that comprehensively evaluated

the individual components of the metabolic syndrome.

Studies have evaluated the smaller subset of triple-negative

breast cancer and found an association with the metabolic

syndrome [22]. Triple-negative breast cancer as determined

from routine immunohistochemistry and fluorescence in

situ hybridization analyses is loosely representative of the

basal-like breast cancer described by Sorlie et al. [25];

however, the triple-negative breast cancer group is clearly

heterogeneous [26]. Likewise, the hormonal receptor status

indicates a heterogeneous group but a more fundamental

difference in tumor type of hormonal responsiveness.

Obesity is emerging as an important concern for women

with breast cancer with an increased risk of recurrence and

death in women who have diagnoses of both obesity and

breast cancer [27–30]. The inherent question to that finding

is, does the obesity contribute to the biologic aggressiveness

of the cancer? Many of the pro-inflammatory processes of

the metabolic syndrome have been associated with a risk of

breast cancer so the question of whether the pro-inflam-

matory condition contributes to a poor prognosis is plausi-

ble. Mechanisms include increased levels of inflammatory

markers such as leptin, tumor necrosis factor-alpha, insulin-

like growth factor-1, and decreased adiponectin [31–33].

Adiponectin is an anti-inflammatory protein that has been

correlated with the metabolic syndrome, and decreased

adiponectin is associated with a risk of ER- breast tumors

[34, 35]. However, our finding that the metabolic syndrome

is not associated with greater rates of hormonally inde-

pendent breast cancer suggests that the impact of obesity

and the metabolic syndrome on breast cancer prognosis is

independent of the circulating factors.

A major limitation of this study is that it is a retro-

spective review through an EMR system with various

amounts of data collected using various methods. It is not a

prospective clinical trial using standardized protocols. To

be conservative, we chose to adapt more stringent criteria

for the metabolic conditions and only consider physical

findings and laboratory values that were most consistent

with a concern such as a SBP C 160 mm/Hg rather than

130 mm/Hg and a random glucose value of C200 g/dl.

Most of the qualifying findings that led to a classification of

one component of the metabolic syndrome were based on a

diagnosis code and/or medication prescribed rather than a

random physical finding or laboratory value. For example,

of the patients that were classified as hyperglycemic, only

4% were based on a glucose reading alone (C200 mg/dl).

The remainder of those who were classified as diabetic

(96%), were based on a diagnosis code and/or a medication

for glucose control. The sensitivity and specificity of our

criteria using medical record data are unknown, and these

results should be confirmed in a prospective study.

Waist-hip ratio and BMI are both indicators of obesity

although waist-hip ratio has evolved in recent years as a

better indicator of the metabolic syndrome [15]. As the

availability of waist circumference is limited in the EMRs,

BMI has served as a substitute in the diabetes literature and in

other cancer reviews that rely on billing codes [36, 37].

Another limitation of this study is that the data come from a

single institution. The population served by the Compre-

hensive Cancer Center of Wake Forest University covers a

broad geographic area with a relatively large rural repre-

sentation. Among this group, 54% were considered hyper-

tensive, 26% obese, 16% hyperglycemic, and 30%

dyslipidemic. Fifteen percent of the women had three or

more metabolic conditions consistent with the metabolic

syndrome. An important finding from our study is the high

rates of the metabolic syndrome and the individual compo-

nents of the metabolic syndrome that were found in our

breast cancer population. The significance of a high preva-

lence of the metabolic syndrome and the individual com-

ponents is that hypertension and diabetes are associated with

an increase in cardiovascular complications of therapy [38,

39]. As less than 10% of the women with breast cancer in the

U.S. participate in a clinical trial, the quantification of late

effects of novel therapies will lag behind the translation of

those findings to the larger breast cancer community [40].

Breast Cancer Res Treat (2012) 131:325–331 329

123



References

1. Protani M, Coory M, Martin JH (2010) Effect of obesity on

survival of women with breast cancer: systematic review and

meta-analysis. Breast Cancer Res Treat 123:627–635. doi:10.1007/

s10549-010-0990-0

2. Kabat GC, Kim M, Chlebowski RT, Khandekar J, Ko MG,

McTiernan A, Neuhouser ML, Parker DR, Shikany JM, Stefanick

ML, Thomson CA, Rohan TE (2009) A longitudinal study of the

metabolic syndrome and risk of postmenopausal breast cancer.

Cancer Epidemiol Biomark Prev 18:2046–2053. doi:10.1158/

1055-9965.EPI-09-0235

3. Ursin G, Longnecker MP, Haile RW, Greenland S (1995) A

meta-analysis of body mass index and risk of premenopausal

breast cancer. Epidemiology 6:137–141

4. Capasso I, Esposito E, Pentimalli F, Crispo A, Montella M,

Grimaldi M, De MM, Cavalcanti E, D’Aiuto M, Fucito A, Frasci

G, Maurea N, Esposito G, Pedicini T, Vecchione A, D’Aiuto G,

Giordano A (2011) Metabolic syndrome affects breast cancer risk

in postmenopausal women: National Cancer Institute of Naples

experience. Cancer Biol Ther 10:1240–1243. doi:10.4161/cbt.

10.12.13473

5. Healy LA, Ryan AM, Carroll P, Ennis D, Crowley V, Boyle T,

Kennedy MJ, Connolly E, Reynolds JV (2010) Metabolic syn-

drome, central obesity and insulin resistance are associated with

adverse pathological features in postmenopausal breast cancer.

Clin Oncol (R Coll Radiol) 22:281–288. doi:10.1016/j.clon.2010.

02.001

6. Laukkanen JA, Laaksonen DE, Niskanen L, Pukkala E, Hakka-

rainen A, Salonen JT (2004) Metabolic syndrome and the risk of

prostate cancer in Finnish men: a population-based study. Cancer

Epidemiol Biomark Prev 13:1646–1650

7. Jemal A, Siegel R, Xu J, Ward E (2010) Cancer statistics, 2010.

CA Cancer J Clin 60:277–300. doi:10.3322/caac.20073

8. Carey LA, Perou CM, Livasy CA, Dressler LG, Cowan D, Conway

K, Karaca G, Troester MA, Tse CK, Edmiston S, Deming SL,

Geradts J, Cheang MC, Nielsen TO, Moorman PG, Earp HS,

Millikan RC (2006) Race, breast cancer subtypes, and survival in

the Carolina breast cancer study. JAMA 295:2492–2502. doi:10.

1001/jama.295.21.2492

9. Dunnwald LK, Rossing MA, Li CI (2007) Hormone receptor

status, tumor characteristics, and prognosis: a prospective cohort

of breast cancer patients. Breast Cancer Res 9(R6):1–10. doi:

10.1186/bcr1639

10. Elledge RM, Clark GM, Chamness GC, Osborne CK (1994)

Tumor biologic factors and breast cancer prognosis among white,

hispanic, and black women in the United States. J Natl Cancer

Inst 86:705–712. doi:10.1093/jnci/86.9.705

11. Gapstur SM, Dupuis J, Gann P, Collila S, Winchester DP (1996)

Hormone receptor status of breast tumors in black, hispanic, and

non-hispanic white women: an analysis of 13,239 cases. Cancer

77:1465–1471. doi: 10.1002/(SICI)1097-0142(19960415)77:8\
1465::AID-CNCR7[3.0.CO;2-B

12. Ogden CL, Carroll MD, Curtin LR, McDowell MA, Tabak CJ,

Flegal KM (2006) Prevalence of overweight and obesity in the

United States, 1999–2004. JAMA 295:1549–1555. doi:10.1001/

jama.295.13.1549

13. Wang Y, Beydoun MA (2007) The obesity epidemic in the United

States—gender, age, socioeconomic, racial/ethnic, and geo-

graphic characteristics: a systematic review and meta-regression

analysis. Epidemiol Rev 29:6–28. doi:10.1093/epirev/mxm007

14. Ford ES, Giles WH, Dietz WH (2002) Prevalence of the meta-

bolic syndrome among US adults: findings from the third national

health and nutrition examination survey. JAMA 287:356–359.

doi:10.1001/jama.287.3.356

15. Alberti KG, Eckel RH, Grundy SM, Zimmet PZ, Cleeman JI,

Donato KA, Fruchart JC, James WP, Loria CM, Smith SC Jr

(2009) Harmonizing the metabolic syndrome: a joint interim

statement of the International Diabetes Federation Task Force on

Epidemiology and Prevention; National Heart, Lung, and Blood

Institute; American Heart Association; World Heart Federation;

International Atherosclerosis Society; and International Associ-

ation for the Study of Obesity. Circulation 120:1640–1645. doi:

10.1161/CIRCULATIONAHA.109.192644

16. Group TEHaBCC, Key T, Appleyby P, Reeves G, Roddam A

(2010) Insulin-like growth factor 1 (IGF1) IGF binding protein 3

(IGFBP3), and breast cancer risk: pooled individual data analysis

of 17 prospective studies. Lancet Oncol 11:530–542. doi:

10.1016/S1470-2045(10)70095-4

17. Lahmann PH, Hoffmann K, Allen N, van Gils CH, Khaw KT,

Tehard B, Berrino F, Tjonneland A, Bigaard J, Olsen A, Overvad

K, Clavel-Chapelon F, Nagel G, Boeing H, Trichopoulos D,

Economou G, Bellos G, Palli D, Tumino R, Panico S, Sacerdote

C, Krogh V, Peeters PH, Bueno-de-Mesquita HB, Lund E,

Ardanaz E, Amiano P, Pera G, Quiros JR, Martinez C, Tormo

MJ, Wirfalt E, Berglund G, Hallmans G, Key TJ, Reeves G,

Bingham S, Norat T, Biessy C, Kaaks R, Riboli E (2004) Body

size and breast cancer risk: findings from the European pro-

spective investigation into cancer and nutrition (EPIC). Int J

Cancer 111:762–771. doi:10.1002/ijc.20315

18. Sarkissyan M, Wu Y, Vadgama JV (2011) Obesity is associated

with breast cancer in African-American women but not hispanic

women in South Los Angeles. Cancer 117:3814–3823. doi:

10.1002/cncr.25956

19. Yang XR, Chang-Claude J, Goode EL, Couch FJ, Nevanlinna H,

Milne RL, Gaudet M, Schmidt MK, Broeks A, Cox A, Fasching

PA, Hein R, Spurdle AB, Blows F, Driver K, Flesch-Janys D,

Heinz J, Sinn P, Vrieling A, Heikkinen T, Aittomaki K, Heikkila

P, Blomqvist C, Lissowska J, Peplonska B, Chanock S, Figueroa

J, Brinton L, Hall P, Czene K, Humphreys K, Darabi H, Liu J,

Van ‘t Veer LJ, van Leeuwen FE, Andrulis IL, Glendon G,

Knight JA, Mulligan AM, O’Malley FP, Weerasooriya N, John

EM, Beckmann MW, Hartmann A, Weihbrecht SB, Wachter DL,

Jud SM, Loehberg CR, Baglietto L, English DR, Giles GG,

McLean CA, Severi G, Lambrechts D, Vandorpe T, Weltens C,

Paridaens R, Smeets A, Neven P, Wildiers H, Wang X, Olson JE,

Cafourek V, Fredericksen Z, Kosel M, Vachon C, Cramp HE,

Connley D, Cross SS, Balasubramanian SP, Reed MW, Dork T,

Bremer M, Meyer A, Karstens JH, Ay A, Park-Simon TW, Hil-

lemanns P, Arias Perez JI, Menendez RP, Zamora P, Benitez J,

Ko YD, Fischer HP, Hamann U, Pesch B, Bruning T, Justenho-

ven C, Brauch H, Eccles DM, Tapper WJ, Gerty SM, Sawyer EJ,

Tomlinson IP, Jones A, Kerin M, Miller N, McInerney N, Anton-

Culver H, Ziogas A, Shen CY, Hsiung CN, Wu PE, Yang SL, Yu

JC, Chen ST, Hsu GC, Haiman CA, Henderson BE, Le ML,

Kolonel LN, Lindblom A, Margolin S, Jakubowska A, Lubinski

J, Huzarski T, Byrski T, Gorski B, Gronwald J, Hooning MJ,

Hollestelle A, van den Ouweland AM, Jager A, Kriege M,

Tilanus-Linthorst MM, Collee M, Wang-Gohrke S, Pylkas K,

Jukkola-Vuorinen A, Mononen K, Grip M, Hirvikoski P, Winq-

vist R, Mannermaa A, Kosma VM, Kauppinen J, Kataja V, Au-

vinen P, Soini Y, Sironen R, Bojesen SE, Orsted DD, Kaur-

Knudsen D, Flyger H, Nordestgaard BG, Holland H, Chenevix-

Trench G, Manoukian S, Barile M, Radice P, Hankinson SE,

Hunter DJ, Tamimi R, Sangrajrang S, Brennan P, McKay J,

Odefrey F, Gaborieau V, Devilee P, Huijts PE, Tollenaar RA,

Seynaeve C, Dite GS, Apicella C, Hopper JL, Hammet F,

Tsimiklis H, Smith LD, Southey MC, Humphreys MK, Easton D,

Pharoah P, Sherman ME, Garcia-Closas M (2011) Associations

of breast cancer risk factors with tumor subtypes: a pooled

330 Breast Cancer Res Treat (2012) 131:325–331

123

http://dx.doi.org/10.1007/s10549-010-0990-0
http://dx.doi.org/10.1007/s10549-010-0990-0
http://dx.doi.org/10.1158/1055-9965.EPI-09-0235
http://dx.doi.org/10.1158/1055-9965.EPI-09-0235
http://dx.doi.org/10.4161/cbt.10.12.13473
http://dx.doi.org/10.4161/cbt.10.12.13473
http://dx.doi.org/10.1016/j.clon.2010.02.001
http://dx.doi.org/10.1016/j.clon.2010.02.001
http://dx.doi.org/10.3322/caac.20073
http://dx.doi.org/10.1001/jama.295.21.2492
http://dx.doi.org/10.1001/jama.295.21.2492
http://dx.doi.org/10.1186/bcr1639
http://dx.doi.org/10.1093/jnci/86.9.705
http://dx.doi.org/10.1002/(SICI)1097-0142(19960415)77:8%3c1465::AID-CNCR7%3e3.0.CO;2-B
http://dx.doi.org/10.1002/(SICI)1097-0142(19960415)77:8%3c1465::AID-CNCR7%3e3.0.CO;2-B
http://dx.doi.org/10.1001/jama.295.13.1549
http://dx.doi.org/10.1001/jama.295.13.1549
http://dx.doi.org/10.1093/epirev/mxm007
http://dx.doi.org/10.1001/jama.287.3.356
http://dx.doi.org/10.1161/CIRCULATIONAHA.109.192644
http://dx.doi.org/10.1016/S1470-2045(10)70095-4
http://dx.doi.org/10.1002/ijc.20315
http://dx.doi.org/10.1002/cncr.25956


analysis from the Breast Cancer Association Consortium studies.

J Natl Cancer Inst 103:250–263. doi:10.1093/jnci/djq526

20. Pichard C, Plu-Bureau G, Castro N-E, Gompel A (2008) Insulin

resistance, obesity and breast cancer risk. Maturitas 60:19–30.

doi:10.1016/j.maturitas.2008.03.002

21. Agnoli C, Berrino F, Abagnato CA, Muti P, Panico S, Crosignani

P, Krogh V (2010) Metabolic syndrome and postmenopausal

breast cancer in the ORDET cohort: a nested case-control study.

Nutr Metab Cardiovasc Dis 20:41–48. doi:10.1016/j.numecd.

2009.02.006

22. Maiti B, Kundranda MN, Spiro TP, Daw HA (2010) The asso-

ciation of metabolic syndrome with triple-negative breast cancer.

Breast Cancer Res Treat 121:479–483. doi:10.1007/s10549-009-

0591-y

23. Grundy SM, Cleeman JI, Daniels SR, Donato KA, Eckel RH,

Franklin BA, Gordon DJ, Krauss RM, Savage PJ, Smith SC Jr,

Spertus JA, Costa F (2005) Diagnosis and management of the

metabolic syndrome. An American Heart Association/National

Heart, Lung, and Blood Institute Scientific Statement. Executive

summary. Cardiol Rev 13:322–327. doi:1097/01.crd.000038

0842.14048.7e

24. Strazzullo P, Barbato A, Siani A, Cappuccio FP, Versiero M,

Schiattarella P, Russo O, Avallone S, della Farinaro VE (2008)

Diagnostic criteria for metabolic syndrome: a comparative anal-

ysis in an unselected sample of adult male population. Metabo-

lism 57:355–361. doi:10.1016/j.metabol.2007.10.010

25. Sorlie T (2009) Introducing molecular subtyping of breast cancer

into the clinic? J Clin Oncol 27:1153–1154. doi:10.1200/JCO.

2008.20.6276

26. Nielsen TO, Hsu FD, Jensen K, Cheang M, Karaca G, Hu Z,

Hernandez-Boussard T, Livasy C, Cowan D, Dressler L, Akslen

LA, Ragaz J, Gown AM, Gilks CB, van de Rijn M, Perou CM

(2004) Immunohistochemical and clinical characterization of the

basal-like subtype of invasive breast carcinoma. Clin Cancer Res

10:5367–5374. doi:10.1158/1078-0432.CCR-04-0220

27. Calle EE, Rodriguez C, Walker-Thurmond K, Thun MJ (2003)

Overweight, obesity, and mortality from cancer in a prospectively

studied cohort of U.S. adults. N Engl J Med 348:1625–1638.

http://www.nejm.org/doi/full/10.1056/NEJMoa021423

28. de AE, McCaskill-Stevens W, Francis P, Quinaux E, Crown JP,

Vicente M, Giuliani R, Nordenskjold B, Gutierez J, Andersson

M, Vila MM, Jakesz R, Demol J, Dewar J, Santoro A, Lluch A,

Olsen S, Gelber RD, Di LA, Piccart-Gebhart M (2010) The effect

of body mass index on overall and disease-free survival in node-

positive breast cancer patients treated with docetaxel and doxo-

rubicin-containing adjuvant chemotherapy: the experience of the

BIG 02-98 trial. Breast Cancer Res Treat 119:145–153. doi:10.

1007/s10549-009-0512-0

29. Dignam JJ, Wieand K, Johnson KA, Raich P, Anderson SJ,

Somkin C, Wickerham DL (2006) Effects of obesity and race on

prognosis in lymph node-negative, estrogen receptor-negative

breast cancer. Breast Cancer Res Treat 97:245–254. doi:10.1007/

s10549-005-9118-3

30. Ewertz M, Jensen MB, Gunnarsdottir KA, Hojris I, Jakobsen EH,

Nielsen D, Stenbygaard LE, Tange UB, Cold S (2011) Effect of

obesity on prognosis after early-stage breast cancer. J Clin Oncol

29:25–31. doi:10.1200/JCO.2010.29.7614

31. Duggan C, Irwin ML, Xiao L, Henderson KD, Smith AW,

Baumgartner RN, Baumgartner KB, Bernstein L, Ballard-Bar-

bash R, McTiernan A (2011) Associations of insulin resistance

and adiponectin with mortality in women with breast cancer.

J Clin Oncol 29:32–39. doi:10.1200/JCO.2009.26.4473

32. Lorincz AM, Sukumar S (2006) Molecular links between obesity

and breast cancer. Endocr Relat Cancer 13:279–292. doi:10.1677/

erc.1.00729

33. Rose DP, Haffner SM, Baillargeon J (2007) Adiposity, the met-

abolic syndrome, and breast cancer in African-American and

white American women. Endocr Rev 28:763–777. doi:10.1210/

er.2006-0019

34. Kadowaki T, Yamauchi T (2005) Adiponectin and adiponectin

receptors. Endocr Rev 26:439–451. doi:10.1210/er.2005-0005

35. Miyoshi Y, Funahashi T, Kihara S, Taguchi T, Tamaki Y,

Matsuzawa Y, Noguchi S (2003) Association of serum adiponectin

levels with breast cancer risk. Clin Cancer Res 9:5699–5704

36. Meigs JB, Wilson PW, Nathan DM, D’Agostino RB Sr, Williams

K, Haffner SM (2003) Prevalence and characteristics of the

metabolic syndrome in the San Antonio heart and Framingham

offspring studies. Diabetes 52:2160–2167. doi:10.2337/diabetes.

52.8.2160

37. Welzel TM, Graubard BI, Zeuzem S, El-Serag HB, Davila JA,

McGlynn KA (2011) Metabolic syndrome increases the risk of

primary liver cancer in the United States: a study in the SEER-

medicare database. Hepatology 54:463–471. doi:10.1002/hep.

24397

38. Perez EA, Suman VJ, Davidson NE, Sledge GW, Kaufman PA,

Hudis CA, Martino S, Gralow JR, Dakhil SR, Ingle JN, Winer

EP, Gelmon KA, Gersh BJ, Jaffe AS, Rodeheffer RJ (2008)

Cardiac safety analysis of doxorubicin and cyclophosphamide

followed by paclitaxel with or without trastuzumab in the North

Central Cancer Treatment Group N9831 adjuvant breast cancer

trial. J Clin Oncol 26:1231–1238. doi:10.1200/JCO.2007.13.5467

39. Scripture CD, Figg WD, Sparreboom A (2006) Peripheral neurop-

athy induced by paclitaxel: recent insights and future perspectives.

Curr Neuropharmacol 4:165–172 http://www.ncbi.nlm.nih.gov/

pmc/articles/PMC2430667/?tool=pubmed

40. Klabunde CN, Keating NL, Potosky AL, Ambs A, He Y, Horn-

brook MC, Ganz PA (2011) A population-based assessment of

specialty physician involvement in cancer clinical trials. J Natl

Cancer Inst 103:384–397. doi:10.1093/jnci/djq549

Breast Cancer Res Treat (2012) 131:325–331 331

123

http://dx.doi.org/10.1093/jnci/djq526
http://dx.doi.org/10.1016/j.maturitas.2008.03.002
http://dx.doi.org/10.1016/j.numecd.2009.02.006
http://dx.doi.org/10.1016/j.numecd.2009.02.006
http://dx.doi.org/10.1007/s10549-009-0591-y
http://dx.doi.org/10.1007/s10549-009-0591-y
http://dx.doi.org/1097/01.crd.0000380842.14048.7e
http://dx.doi.org/1097/01.crd.0000380842.14048.7e
http://dx.doi.org/10.1016/j.metabol.2007.10.010
http://dx.doi.org/10.1200/JCO.2008.20.6276
http://dx.doi.org/10.1200/JCO.2008.20.6276
http://dx.doi.org/10.1158/1078-0432.CCR-04-0220
http://www.nejm.org/doi/full/10.1056/NEJMoa021423
http://dx.doi.org/10.1007/s10549-009-0512-0
http://dx.doi.org/10.1007/s10549-009-0512-0
http://dx.doi.org/10.1007/s10549-005-9118-3
http://dx.doi.org/10.1007/s10549-005-9118-3
http://dx.doi.org/10.1200/JCO.2010.29.7614
http://dx.doi.org/10.1200/JCO.2009.26.4473
http://dx.doi.org/10.1677/erc.1.00729
http://dx.doi.org/10.1677/erc.1.00729
http://dx.doi.org/10.1210/er.2006-0019
http://dx.doi.org/10.1210/er.2006-0019
http://dx.doi.org/10.1210/er.2005-0005
http://dx.doi.org/10.2337/diabetes.52.8.2160
http://dx.doi.org/10.2337/diabetes.52.8.2160
http://dx.doi.org/10.1002/hep.24397
http://dx.doi.org/10.1002/hep.24397
http://dx.doi.org/10.1200/JCO.2007.13.5467
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2430667/?tool=pubmed
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2430667/?tool=pubmed
http://dx.doi.org/10.1093/jnci/djq549

	A retrospective review of the metabolic syndrome in women diagnosed with breast cancer and correlation with estrogen receptor
	Abstract
	Introduction
	Methods
	Statistical analysis
	Results
	Discussion
	References


