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Abstract Metabolic syndrome (MS), conventionally

defined by the presence of at least three out of five dys-

metabolic traits (abdominal obesity, hypertension, low

plasma HDL-cholesterol, high plasma glucose and high

triglycerides), has been associated with an increased risk of

several age-related chronic diseases, including breast can-

cer (BC). This may have prognostic implications for BC

survivors. 2,092 early stage BC survivors aged 35–70,

recruited in eleven Italian centres 0–5 years after surgical

treatment (1.74 years on average), were followed-up over

2.8 years on average for additional BC-related events,

including BC-specific mortality, distant metastasis, local

recurrences and contralateral BC. At recruitment, 20 % of

the patients had MS. Logistic regression models were

carried out to generate OR and 95 % confidence intervals

(CI) for new BC events associated with MS, adjusting for

baseline pathological prognostic factors. New BC events

occurred in 164 patients, including 89 distant metastases.

The adjusted ORs for women with MS versus women

without any MS traits were 2.17 (CI 1.31–3.60) overall,

and 2.45 (CI 1.24–4.82) for distant metastasis. The OR of

new BC events for women with only one or two MS traits

was 1.40 (CI 0.91–2.16). All MS traits were positively

associated with new BC events, and significantly so for low

HDL and high triglycerides. MS is an important prognostic

factor in BC. As MS is reversible through lifestyle changes,
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Scienza, CPO Piemonte, Turin, Italy

A. Mercandino

Fondazione Edo Tempia, Biella, Italy

R. Galasso

Unit of Clinical Epidemiology, Biostatistics and Cancer

Registry, IRCCS Centro di Riferimento Oncologico di

Basilicata, Rionero in Vulture, Potenza, Italy

M. Barbero

Obstetrics and Gynecology Unit, Cardinal Massaia Hospital,

Asti, Italy

M. Simeoni

Associazione LUMEN, San Pietro in Cerro, Piacenza, Italy

M. C. Bassi

Azienda Sanitaria Locale, Mantua, Italy

E. Consolaro

Azienda Sanitaria Locale, Varese, Italy

123

Breast Cancer Res Treat (2014) 147:159–165

DOI 10.1007/s10549-014-3076-6



interventions to decrease MS traits in BC patients should

be implemented in BC clinics.

Keywords Breast cancer prognosis � Metabolic

syndrome � Physical activity � Diet

Introduction

Breast cancer (BC) incidence is increasing and survival is

increasing too [1, 2]. As a consequence, the prevalence of

BC survivors is rocketing. An important proportion of BC

survivors suffers from co-morbidities that affect the prob-

ability not only of dying from other causes, but also of

dying from BC. In Western populations, about 2 % of

women is living with BC [3, 4] and one third of them suffer

from other chronic conditions [2]. A major determinant of

the high prevalence of chronic diseases in Western coun-

tries is the so called Metabolic Syndrome (MS), conven-

tionally defined as a cluster of dysmetabolic factors, such

as abdominal obesity, hypertension, dyslipidemia and high

fasting glycaemia [5], with, however, different threshold

values adopted by different organizations [6]. Other traits

of MS include hyperinsulinemia, insulin resistance, chronic

inflammation, non-alcoholic fatty liver disease and in

women, high androgen levels. MS, as well as its individual

components, has been associated with BC risk in epide-

miological studies. The ORDET cohort showed that after

menopause the presence of MS is associated with a 2.6 (CI

1.5–4.6) times higher BC risk compared with the absence

of any components of MS [7]. Women with MS (3 or more

components) had a significantly higher risk of BC than

women without MS (less than 3 components): HR 1.58 (CI

1.07–2.33). A recent meta-analysis of five studies showed

that the risk of BC is 1.56 (P \ 0.017) times higher in

postmenopausal women with MS than in women without

MS [8]. Obesity is a well-known risk factor for both MS

and BC (after menopause [9]) and for BC recurrence and

death both before and after menopause [10]. Recent meta-

analyses estimated that obesity increases the risk of post-

menopausal BC by 21 % [9, 11] and of death in BC

patients by 33 % (CI 19–50 %), 22 % for postmenopausal

BC and 47 % for premenopausal BC [10]. However, there

is reason to suspect that the risk associated with MS is only

partially explained by obesity.

Here we report on the prevalence of MS in breast cancer

patients and on its association with additional BC-related

events in a cohort of 2,092 women who volunteered to

participate in a dietary intervention study following a

diagnosis of invasive BC.

Materials and methods

Between 2008 and 2012, 2,092 patients surgically treated

for stage I–III invasive BC in the previous 5 years were

enrolled into the ongoing DIANA-5 (Diet and Androgen-5)

lifestyle intervention study [12] and followed-up to the end

of 2013.

At baseline, they were aged 35–70 (mean age

51.4 ± 8.2 standard deviation), were not under chemo-

therapy, and had no evidence of recurrence. Eleven Italian

institutions contributed patients to the study, seven in

Northern Italy, one in Central Italy and three in the South

(see Appendix). All participants received full information

about the study, and provided a written consent.

At baseline, participating women provided a copy of

their pathological report, filled-in a questionnaire on life-

style and BC risk factors, and donated a fasting early

morning blood sample to be stored in a centralised -80 �C

bio-repository. Plasma glucose, triglycerides, total and

HDL cholesterol, serum insulin and testosterone were

measured utilizing the routine laboratory techniques of the

participating centres. Height and body weight were mea-

sured without shoes and heavy clothes; waist circumfer-

ence was measured with a measuring tape in the mid-point

between the lowest rib and the iliac crest during expiration.

Blood pressure was taken using the same electronic mon-

itor in all centres. At enrolment, all women received the

AICR/WCRF recommendations for the prevention of

cancer through diet and physical activity (www.die

tandcancerreport.org). They were basically recommended

to avoid sugared drinks and processed meat, to limit red

meat, calorie dense food, salted food and alcoholic bever-

ages, and to eat predominantly vegetable food, with a

variety of unrefined grains, legumes, seasonal vegetables

and fruit. Seventy-one percent of patients were considered

at high risk of recurrence because of hormonal or metabolic

risk factors (oestrogen receptor negative tumours, or met-

abolic syndrome, or high plasma insulin or testosterone

levels). A random sample of these women presumably at

high risk was offered to take part in monthly meetings for

cooking and exercise classes [12].

The women were followed-up for vital status and the

occurrence of new BC events (loco-regional recurrences,

distant metastasis and new primary BC), which were

obtained by self-report every six months throughout the

study and confirmed by a pathologist who examined the

clinical and pathological records. In the present analysis,

carried out after an average 2.8-year follow-up, we have

considered the effects of the baseline characteristics on the

study outcome.
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Statistical analysis

Statistical analysis focused on the distribution of baseline

variables in women with or without MS, and on the asso-

ciation of MS and its component factors with additional

BC-related events.

Several different definitions of MS have been used by

various investigators. In the present study, MS was defined

on the basis of the presence of at least three components

out of five, according to the thresholds proposed by the

International Diabetic Federation for European women [5]

(systolic blood pressure C130 and diastolic blood pressure

C85 mmHg, fasting plasma glucose C100 mg/100 ml

(5.6 mmol/l) or previously diagnosed type II diabetes, tri-

glycerides C150 mg/100 ml (1.7 mmol/l), high-density

lipoprotein \50 mg/100 ml (1.03 mmol/l) or receiving

treatment for these components) except for waist circum-

ference, for which we used the threshold of C85 cm

instead of C80 cm, because the constitution of Italian

women is not as lean as the constitution of the other

European women [13]. We carried out, however, sensitiv-

ity analyses with different thresholds.

We used logistic regression models to estimate odds

ratio (OR) and 95 % confidence intervals (CI). The models

included the following covariates: age (4 classes), educa-

tion (none or primary school, high school, degree or more),

parity, oestrogen receptor (ER) and progesterone receptor

(PR) status, Ki67 and disease stage at diagnosis (I, IIa, IIb

and CIIIa). As in Southern Italy, the prevalence of MS is

higher than in the rest of the country [14] and the survival

of cancer patients is lower [15], we included the region of

residence in the model. We analysed additional BC events

all together and also separately for distant disease (metas-

tasis). Moreover, we separately analysed the prognostic

effect of MS in cases diagnosed with ER? and ER-

cancers, and in cases diagnosed before or after menopause.

In order to test if the association of MS with BC

recurrences was mediated by body mass index (BMI), or by

homoeostasis model assessment-insulin resistance

(HOMA-IR) index, we further adjusted for these variables.

HOMA-IR index was calculated by multiplying insulin

level by glycaemia concentration and dividing by 22.5

[16].

In order to check whether the association was explained

by a single MS component, we analysed every component

separately and examined the effect of its exclusion from the

MS definition.

The analyses were carried out using Stata (version 12)

software. All tests were two-sided and statistical signifi-

cance was set at P \ 0.05.

Results

This cohort of 2,092 BC patients included 419 cases with

MS, i.e. with three to five of the traits that define this

dismetabolic condition, 962 cases with only one or two

traits of MS and 711 cases without any of these traits at the

time of recruitment.

Table 1 describes the pathological characteristics of BC

at diagnosis and the metabolic characteristics of the par-

ticipants at recruitment (baseline measurements).

The cases with MS were older (P \ 0.001), and had

more advanced disease at diagnosis than the cases without

any traits of MS (P = 0.06). The cases with one or two

traits showed intermediate figures.

Metabolic syndrome was significantly associated with

menopause (P \ 0.001) and with HOMA-IR index

(P \ 0.001). Among the five traits defining MS, the most

prevalent were waist circumference and hypertension.

The average interval between diagnosis and recruitment

into the study was 1.74 (±1.38 SD). In the course of 2.8

years of average follow-up, we registered 164 new BC

events, including 89 distant metastases (among which 14

BC deaths), 31 local recurrences and 44 new primary

contralateral BCs.

Table 2 shows the ORs of additional BC-related events

according to the number of components of MS. Adjusting

for age, stage at diagnosis and ER expression, women with

MS at baseline had a 2.17 higher risk of developing BC

recurrences (CI 1.31–3.60) than women without any MS

traits. The OR for women with only one or two MS traits

was 1.39 (CI 0.91–2.14). Further adjustments for region of

residence, histological grade, PR and Ki67 did not mate-

rially change the results.

Restricting the analysis to distant metastases, the

adjusted ORs were 2.45 (CI 1.24–4.82) for MS and 1.40

(CI 0.76–2.55) for patients with one or two MS traits.

In our analysis, BMI was not associated with an increase

in BC recurrences (OR 1.18, CI 0.73–1.90 for obesity, and

0.92, CI 0.62–1.39 for overweight). As BMI is strongly

correlated with waist circumference, which is incorporated

in the MS definition, it would not be appropriate to adjust

for BMI when analysing the risk associated with MS. Upon

adjustment for BMI, however, the OR of MS increased

(OR 2.74, CI 1.50–4.98 with respect to women without any

MS traits). We found a non-significant positive association

between HOMA-IR index and BC recurrences (OR 1.40,

CI 0.95–2.05), and after adjustment for HOMA-IR index

the OR of MS became 2.10 (CI 1.22–3.62), which suggests

that the prognostic effect of MS is not largely explained by

insulin resistance.
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The association between BC recurrences and MS was

similar in women diagnosed before or after menopause and

in women recruited before or after the average age at

recruitment (51.5 years) (data not shown).

In women with MS, the overall risk was 1.74 (CI

1.16–2.62) times higher than in women without MS (0–2

MS traits). Stratifying by ER status, we found that the risk

of recurrences in presence of MS with respect to women

without MS was mostly confined to ER-negative cases (OR

4.42, CI 1.70–11.50), while in ER? cases MS was not

significantly associated with recurrences (OR 1.48, CI

0.92–2.37). The interaction test, however, was not

significant.

In the present study, MS was defined according to the

criteria proposed by the International Diabetic Federation,

except for waist circumference, for which we used the

threshold of C85 cm instead of C80 cm. After repeating

the analysis using, for waist circumference, the threshold of

C80 cm in the definition of MS, the ORs of additional BC-

related events with respect to women without any MS trait

became 1.86 (CI 1.13–3.05).

Table 3 shows the adjusted OR associated with each of

the five MS components: all were positively associated

with the risk of recurrence, but only low HDL (OR 1.83, CI

1.24–2.70) and high triglycerides (OR 1.58, CI 1.01–2.46)

were significantly associated, while fasting glycaemia,

blood pressure and waist circumference were not. After

reciprocal adjustment, low HDL remained significantly

associated (OR 1.60, CI 1.06–2.41). The association of MS

with prognosis, however, persisted significant even after

excluding HDL cholesterol from the definition of the

syndrome (data not shown).

Discussion

Our results suggest that the presence of MS was a major

determinant of the occurrence of new BC events in this

Table 1 Baseline characteristics of the DIANA-5 population

Total With MS

(3–5 factors)

N = 419

Without MS

(1–2 factors)

N = 962

(0 factors)

N = 711

N� % N� % N� % N� %

Age (year)

35.0–45.4 523 25.0 45 10.7 216 22.5 262 36.9

45.5–50.7 523 25.0 95 22.7 230 23.9 198 27.8

50.8–57.6 523 25.0 104 24.8 257 26.7 162 22.8

57.7–70.0 523 25.0 175 41.8 259 26.9 89 12.5

Stage I 965 46.1 174 41.5 437 45.4 354 49.8

Stage IIa 609 29.1 137 32.7 268 27.8 204 28.6

CStage IIb 518 24.8 108 25.8 257 26.8 153 21.6

ER? 1,773 84.8 369 88.1 807 83.9 597 84.0

PR? 1,606 76.8 333 79.5 730 75.9 543 76.4

HER2? 288 14.2 63 15.6 123 13.1 102 14.7

Gradea

1 251 12.5 42 10.5 124 13.3 85 12.6

2 1,018 50.7 207 51.8 477 51.2 334 49.4

3 739 36.8 151 37.7 331 35.5 257 38.0

Ki67 [14 % 1,193 57.2 238 56.9 532 55.4 423 59.8

Menopause at diagnosis 940 44.9 256 61.1 459 47.7 225 31.7

Waist circumference C85 cm 897 42.9 395 94.3 502 52.2 0

Plasma glucose C100 mg/100 ml 467 22.4 257 61.6 210 21.9 0

Triglycerides C150 mg/100 ml 311 14.9 228 54.4 83 8.6 0

HDL \50 mg/100 ml 435 20.8 261 62.3 174 18.1 0

SBP C130 and DBP C85 mmHg 677 32.4 314 74.9 363 37.7 0

HOMA-IR index [2.5 436 20.9 226 54.4 171 17.9 39 5.5

a Based on 2,008 women
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large cohort of patients operated for BC on average 1.7

years before recruitment. The risk of distant metastases was

more than double in patients with MS than in patients

without any dismetabolic traits. Such risk is likely to be

rather the expression of a general dysmetabolic condition

than of a specific dysmetabolic trait. The risk associated

with the syndrome, in fact, was higher than the risk asso-

ciated with any of its components. Each component,

however, was associated with an increased risk. In the

present dataset, the associations with waist circumference

and with glycaemia were not statistically significant, but

we and others have found a significant association with

glycaemia in previous studies [17–19] and others have

found that large waist circumference or waist-to-hip ratio

predicts worse prognosis [20, 21].

The single MS component independently associated

with recurrences was low HDL cholesterol level. The

negative association of total cholesterol with the incidence

of BC found in an old prospective study [22] was recently

confirmed in the large Me-Can cohort (HR 0.70 CI

0.61–0.81) [23]. The association persisted after excluding

the first ten years of follow-up, which indicates that reverse

causation is not a likely explanation of the finding. In the

French E3N cohort, women under cholesterol lowering

drugs had a significantly lower risk of BC [24]. Several

other studies, however, did not find the association [25–

29]. Most studies suggested a negative association between

HDL cholesterol and the subsequent occurrence of BC [30–

32] but other studies did not find any association [33]. A

study suggested an adverse effect of total cholesterol on

BC prognosis [34], but we are not aware of any studies on

the prognostic effect of HDL cholesterol.

Epidemiological studies did not usually find an

increased risk of BC incidence associated with high plasma

triglycerides levels [26, 27] nor an association with prog-

nosis [34]. In the California Teachers Study cohort, the use

of antihypertensive medication was associated with an

increased risk of invasive BC [35]. In the DOM cohort, the

increased risk was no longer statistically significant

adjusting for BMI [36]. Hypertension was not associated

with BC prognosis in the Shanghai BC Survival Study [37].

In a historical cohort study of women diagnosed with BC in

the Kaiser Permanente Northern Californian Medical Care

Program, hypertension was associated with total and BC-

specific mortality (1.18 CI 1.03–1.35) [38].

In contrast with the above-inconsistent results on MS

components and BC, the studies on MS consistently

showed a positive association with postmenopausal BC

incidence [7, 39–41]. The Osteoporotic Fracture Cohort of

women aged C65 examined the association of the presence

of 2 or 3 MS components with BC incidence by ER

expression: the overall HR was 1.3 (CI 1.0–1.7), while the

HR for ER-positive cancer was 1.5 (1.1–2.0). Triple neg-

ative tumours, however, have been found associated with

MS more frequently than non-triple negative tumours [42].

We are not aware of any previous studies of MS and BC

prognosis. Healy et al. [43] showed that BC patients with

MS more frequently have adverse pathological features,

such as advanced stage at diagnosis, nodal involvement and

higher plasma levels of CRP. In the present study, how-

ever, the prognostic association persisted after adjusting for

pathologic risk factors.

The mechanisms by which MS affects prognosis are

likely to include higher sex hormone levels, higher levels

of insulin and IGF-I, and chronic inflammatory status.

Obesity, and particularly abdominal obesity, is associated

Table 2 ORs (95 % CI) of BC recurrences according to prognostic

factors and to the number of MS components

N of BC events ORa (95 % CI)

Age

35.0–45.4 55 1

45.5–50.7 31 0.57 (0.36–0.92)

50.8–57.6 37 0.71 (0.45–1.12)

57.7–70.0 57 0.81 (0.52–1.27)

Stage

I 46 1

IIa 31 1.03 (0.64–1.65)

IIb 28 2.74 (1.66–4.53)

CIIIa 55 4.44 (2.91–6.79)

ER- 51 1

ER? 113 0.38 (0.26–0.54)

Metabolic syndrome

0 components 42 1

1–2 components 77 1.39 (0.91–2.14)

3? components 45 2.17 (1.31–3.60)

Analysis restricted to distant metastases

No Metabolic syndrome 22 1

1–2 components 40 1.40 (0.76–2.55)

3? components 27 2.45 (1.24–4.82)

The bold values are statistically significant results
a Adjusted by age, education, stage at diagnosis, and ER expression

Table 3 ORs of BC recurrences by MS componentsa

OR (95 % CI)

Waist circumference C85 cm 1.18 (0.82–1.70)

Glycaemia C100 mg/100 ml 1.27 (0.85–1.89)

Triglycerides C150/100 ml 1.58 (1.01–2.46)

HDL \50 mg/100 ml 1.83 (1.24–2.70)

DBP C85 mmHg and SBP C130 mmHg 1.46 (1.00–2.14)

The bold values are statistically significant results
a MS components are adjusted for age, education, stage at diagnosis,

ER expression, but not reciprocally adjusted
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with higher serum levels of insulin and of both androgens

and oestrogens. Insulin stimulates the synthesis of andro-

gens in the ovary. Elevated HOMA-IR scores and high

serum levels of insulin and testosterone are associated with

a high rate of recurrence and BC mortality [44–47].

Abdominal obesity is also associated with chronic inflam-

matory status and high circulating levels of C-reactive

protein (CRP), and several studies showed an association

of CRP levels with poor prognosis [48–50].

The finding that the negative prognostic effect of MS

was mostly confined to ER-negative tumours was not

unexpected. Goodwin et al. [46] found that high serum

insulin levels were more strongly associated with poor

prognosis in ER-negative cases, and Chlebowski [51]

found that a low-fat diet conducing to weight loss was

associated with a lower risk of recurrence only in ER-

negative BC cases.

MS is a reversible condition associated with modern

western lifestyle, a sedentary lifestyle with a diet charac-

terized by high glycemic index food, sugared beverages

and excess intake of proteins, saturated fats, trans fatty

acids, salt and alcohol, while physical activity, omega-3

fatty acids and Mediterranean diet are protective. Ran-

domized controlled trials consistently showed that Medi-

terranean diet can make MS regress [8]. The longest trial

showed that the vast majority of MS cases regressed in

patients treated with Mediterranean diet for two years [52].

BC clinics should consider offering BC patients with

MS personalised nutritional advice in order to reduce MS

parameters. Lifestyle recommendations may be particularly

important for patients with ER-negative tumours.
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