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Metabolic syndrome affects breast cancer risk
in postmenopausal women
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Postmenopausal women show the highest incidence of breast cancer in the female population and are often affected
by metabolic syndrome. Metabolic syndrome (MS)—characterized by central adiposity, insulin resistance, low serum
high-density lipoprotein cholesterol (HDL-C), high serum triglyceride and high blood pressure—seems to be strictly
correlated to breast carcinogenesis. We enrolled 777 healthy women and women with breast cancer in our nested case-
control study to evaluate the association between MS and breast cancer, analyzing anthropometric parameters (weight,
height, BMI, waist and hip circumference), blood pressure, serum HDL-C, triglyceride, fasting plasma glucose, insulin,
testosterone and uric acid levels and administering a questionnaire about physical activity, food intake, tobacco use,
alcohol abuse, personal and familial history of disease. We found an higher prevalence of metabolic syndrome (30%)
in postmenopausal breast cancer patients compared to healthy women (19%). None of the individual MS features was
strong enough to be considered responsible for breast carcinogenesis alone. However, of the 63 postmenopausal breast
cancer cases associated to MS, 30% presented three or more MS features, suggesting that the activation of multiple
molecular pathways underlying MS might contribute to tumorigenesis. Our data support the hypothesis that MS may
be an indicator of breast cancer risk in postmenopausal women. The unsettlement of the hormonal arrangement in
postmenopausal, along with an increase in visceral adiposity, probably favour the hormone-dependent cell proliferation,
which drives tumorigenesis. Adjustments in lifestyle with physical activity intensification and healthy diet could represent

modifiable factors for the primary prevention of sporadic breast cancer.

Introduction

Breast cancer incidence and metabolic syndrome (MS) prevalence
are increasing in parallel in the western industrialized countries,
both associated to sedentary life’® and energy-dense diet.*”
Physical inactivity and saturated fatty diet contribute to the
spread of overweight and obesity.”? Central body fat and insulin
resistance in overweight and obese women appear to be crucial
in determining MS."* MS, according to the National Cholesterol
Education Program (NCEP) Adult Treatment Panel III
(ATP III), can be defined as the presence of at least three of
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the following clinical criteria: waist circumference >88 cm in
women, HDL-C <50 mg/dl, blood pressure 2130/85 mmHg,
fasting plasma glucose 2110 mg/dl, triglyceride >150 mg/
dL!® MS affects about 22% of the general population. Post-
menopausal women are often affected by MS and show the
highest incidence of breast cancer in the female population.
Moreover, women presenting hyperandrogenic status with
decreased levels of sex hormone binding globulin (SHBG)
and high free testosterone serum concentration develop more
frequently breast cancers.!™'? So, weight gain, consequent
insulin resistance and hormonal changes in postmenopausal
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deeply contribute synergistically to breast carcinogenesis.*'

Consistently, visceral fat is rich in aromatase, the converter
enzyme of testosterone in estrone that stimulates ductal cell
proliferation. Moreover, intra-abdominal fat, which is a source
of free fatty acids, adiponectin and antiapoptotic factors such
as TNFa, IL-1, IL-6 and PAI-1, is independently associated
with all five of the MS criteria.'®” Also, high body mass index
(BMI) values determine chronic hyperinsulinemia that causes
insulin resistance. Chronic hyperinsulinemia reduces the lev-
els of insulin-like growth factor binding proteins, IGFBP1 and
IGFBP2, thereby raising IGF-1 bioavailability."*!"” IGF-1 func-
tions both as a growth as well as gonadotrophic factor and is
responsible for the free androgens fraction regulation, by inhib-
iting the hepatic synthesis of SHBG.""'>!¢ So far, many studies
have examined the association of individual MS features with
breast cancer risk but only a few examined the role of MS per
se in relation to breast cancer onset.'®?! Therefore, we set out
to analyze the association between MS and breast cancer in a
cohort of 777 patients; establishing whether such an associa-
tion exist could have important implications in breast cancer
prevention.

Results

A broad range of women; spanning 35-75 years in age and 19-48
kg/m? in BMI, was represented in our population with average
patients middle-aged and overweight. Among the 777 women
included in the study 210 cases and 289 controls were defined as
postmenopausal (mean age 57.5 years, range = 45—75 years) with
Odds Ratio of postmenopausal breast cancer of 1.61. (95% CI
1.07 to 1.77). There were no significant differences in MS preva-
lence between cases and controls in premenopausal, whereas the
prevalence of MS in postmenopausal was 30% (63 pts) for cases
(95% CI=0.24 to 0.35) and 19% for controls (57 pts) (95% CI =
0.15 to 0.22) (Fig. 1). MS was present in almost one third of post-
menopausal women operated for breast cancer (cases). Among
the 63 cases of postmenopausal breast cancer associated to MS,
37 patients (18%) presented three criteria of MS (low grade MS)
(95% CI = 0.13 to 0.22) and 26 patients (12%) more than three
criteria (high grade MS) (95% CI = 0.08 to 0.15). OR confirms
this trend for low grade MS 1.31 (95% CI 1.07 to 1.23) and for
high grade MS 1.69 (95% CI 0.94 to 3.05) respectively. Both
cases and controls were characterized by high BMI percentage
(60% of cases compared to 62% of controls), but even in this
subgroup the prevalence of MS observed was higher in cases than
in controls (36% for cases compared to 22% for controls). Waist
circumference >88 cm was measured in 62% of cases (OR 2.66
95% CI 2.06 to 3.49) and 38% of controls. In relation to age,
40% of cases in the age range of 55—65 years fulfilled MS criteria,
whereas only 22% of controls in the same age range fulfilled the
same criteria (p < 0.05). 32% of cases presented HDL-C <50 mg/
dl (95% CI = 0.27 to 0.37) with OR of breast cancer 1.29 (95%
CI 1.06 to 1.56) compared to 26% of controls (95% CI = 0.30 to
0.22). Hyperinsulinemia was detected in 7% of cases and only in
3.5% of controls (p < 0.05) with OR 2.14 (95% CI 1.78 t0 2.99).

76% of all women presenting hyperinsulinemia and affected by
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breast cancer, showed more than three criteria of MS and MS
was positively associated to each criteria, whereas only 50% of
controls with hyperinsulinemia presented any other MS criteria.
The hyperandrogenic status, determined by testosterone dosage
on blood serum was weakly higher in cases subgroup (14% versus
10%) and although not statistically significant, it is impressing
its strict correlation to the other MS parameters in breast cancer
affected women. Among all women with hyperandrogenic sta-
tus 34% of cases presented more than three MS criteria fulfilled.
Further 39% of cases presented high blood pressure (95% CI
= 0.33 to 0.44) with OR of 1.54 (95% CI 1.05 to 1.37) com-
pared to 33% of controls (95% CI = 0.28 to 0.37) (p < 0.05).
Hyperuricemia was noticed in 11% of cases (95% CI = 0.28 to
0.50) and 5% of controls (95% CI = 0.15 to 0.25) (p < 0.01) and
was associated with OR of 1.72 (95% CI 1.01 to 1.76).

Discussion

The data emerged from our study underline the existing linkage
between the biochemical alterations characterizing MS and breast
carcinogenesis. Our outcomes showed an higher prevalence of MS
(30%) among women with breast cancer in postmenopausal com-
pared to healthy women (19%). Both android fat distribution (WC
>88 cm) and insulin resistance correlate to MS in the subgroup
of postmenopausal breast cancer affected women, as expected,
and are positively and independently associated with more than
three of the other criteria of MS.*!® We did not find differences in
BMI between cases and controls; however, waist circumference,
hyperinsulinemia, low serum HDL-C and hyperandrogenic status
all seem to affect breast cancer risk.?*** Even though none of the
MS features seems strong enough to individually influence breast
carcinogenesis, the coexistence with others increases breast cancer
risk. This finding probably reflects the fact that different molecu-
lar pathways need to be activated to induce breast tumorigenesis.
Consistent with this, in our subgroup of postmenopausal breast
cancer patients the presence of one MS feature was mostly cor-
related to the others. Moreover, in our study, age did impact on
the relation between MS and breast cancer development. In the
age range of 55-65 years, 40% of breast cancer cases presented
more than three MS features. It is tempting speculate that the swi-
tchover from premenopausal to postmenopausal constitutes a win-
dow during which the unsettlement of the hormonal arrangement,
along with genetic and epigenetic factors, favor the initiation of
breast carcinogenesis.” In vitro studies have shown that low serum
HDL-C stimulates the growth of hormone dependent breast can-
cer cells.?***?* Low serum HDL-C is independently associated
with increased postmenopausal breast cancer risk among obese and
overweight women. Furthermore serum HDL-C may be consid-
ered a marker of androgen status, because hormones finely tune the
levels of serum HDL-C, by regulating the activity of the lipolytic
enzyme hepatic lipase.”? Visceral adiposity developed in post-
menopausal and detectable through waist and hip circumference
measurement, more than BMI, seems to be the great determinant
that leads to all other MS features, particularly impaired glucose
tolerance and lower HDL-C.® Indeed 53% of all breast cancer
affected women was found to have WC >88 cm. Therefore, the
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outcomes of our study suggest that visceral adi- 35%

posity, with android fat distribution, hyperin-

sulinemia and free androgen fraction increasing
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in postmenopausal women contribute to breast 30%
carcinogenesis.”

Several evidences indicate an association
between MS and breast cancer, primarily

. . . . O,
owing to insulin resistance and low serum 25%

HDL-C.!® Insulin resistance determines the
increase of IGF-1 bioavailability that inhibits

the hepatic synthesis of SHBG and stimulates 20%
cell proliferation through specific receptors.
HDL-C can be considered as an independent
predictor of increased levels of several cancer-

%

15%

promoting hormones (insulin, estrogens and
androgens), which regulate its levels through
the modulation of liver hepatic lipase activ-

ity. According to our outcomes the keystone 10%
of this metabolic arrangement is weight gain
and the consequent visceral adiposity typical
of the postmenopausal period.”” This may 5%
have a role in MS development and may
contribute to breast carcinogenesis through
the activation of different pathways involv-

ing increased levels of aromatase and IGF-1, W

reduction of SHBG, pro-inflammatory and

PRE-MENOPAUSAL POST-MENOPAUSAL

anti-apoptotic cytokines. Our results suggest

the possibility of applying primary prevention Figure 1. Metabolic syndrome in women with breast cancer. On the y-axis the percentage of
patients with metabolic syndrome is reported. Postmenopausal women with breast cancer
show a higher prevalence of metabolic syndrome compared to controls.

for breast cancer, through lifestyle changes,

to postmenopausal women who show MS fea-

tures. Such preventive strategy will likely not

protect from hereditary breast cancer, which represents around
10% of all breast tumors. Currently, for hereditary breast can-
cer only strict surveillance screenings, prophylactic surgery or
chemoprevention support the physician in breast cancer detec-
tion and cure. However, for sporadic cancers, environment
adjustments, physical activity intensification'? and healthy food
intake”® could reduce body metabolic alterations and breast
cancer risk. In conclusion, although further studies are required
to more precisely assess the relationship between MS and breast
cancer, our study paves the way for the development of new
primary prevention strategies for sporadic breast cancer.

Patients and Methods

A total of 777 patients have been enrolled in our nested case-
control study. 293 of them operated for breast cancer (cases) and
484 healthy women (controls) have been recruited between 2008
and 2009 to take part to our study for evaluating the association
between MS and breast cancer. Liver or renal disease, thyroid
pathology and coronary artery disease were considered exclu-
sion criteria. After obtaining informed consent, for each woman
anthropometric features were measured, including weight in kilo-
grams, height in meters, waist and hip circumference, arterial
blood pressure was taken and venous blood was collected.” BMI
(kg/m?2) was calculated from weight and height values according to

World Health Organization classification (<25 kg/m? = under-
weight/normal, 225 kg/m? = overweight/obese), waist and hip
ratio (WHR) was obtained from waist and hip circumference,
measuring the smallest circumference of both to discriminate
between android and gynoid fat distribution.?* From blood sam-
ples fasting plasma glucose, HDL-C, triglyceride, uric acid, insu-
lin and testosterone levels were assessed. Fasting plasma glucose,
HDL-C and triglyceride were measured according to NCEP
ATP III criteria. The normal range for uricemia was 2.6—6.0 mg/
dL Insulin levels were defined in normal range when between 5
and 25 mcU/ml, whereas 225 mcU/ml were considered hyper-
insulinemia. Testosterone levels were considered in the normal
range when 0.20-1.20 ng/ml. Levels >1.20 ng/ml were consid-
ered indicative of hyperandrogenic status. Women were asked
to answer a questionnaire about chronic diseases, tobacco use,
alcohol abuse, food intake, physical activity grade, parity, age of
menarche, menopausal status, oral contraceptive use, hormonal
therapy use, personal and familial history of cancer. According
to the NCEP ATP II1," women presenting three disorders were
diagnosed with low grade MS,’ whereas women presenting more
than three disorders (four or five) were diagnosed with high grade
MS. Chi-squared test and logistic regression analyses (OR and
95% CI) were used to confirm the association between MS and
breast cancer and to calculate the risk. Statistical significance was
considered at p < 0.05.
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