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Abstract: Background: Previous studies have suggested that individual cardiometabolic factors may be associated with
an increased risk of breast cancer. Objective: To evaluate the association between individual cardiometabolic factors with
breast cancer development. Design: A case – control study. Two-hundred-and-fifty consecutive, newly diagnosed breast
cancer female patients (56±12 years) and 250, one-to-one age-matched with the patients, healthy volunteers (controls),
were studied. A standardized, validated questionnaire assessing various socio-demographic, clinical, lifestyle and dietary
characteristics, was applied through face-to-face interviews. Adherence to the Mediterranean diet was evaluated using the
11-components MedDietScore (theoretical range 0-55). A detailed medical history regarding the common co-morbidities
(i.e., diabetes, hypertension, hypercholesterolemia) and their treatment was also recorded, while women were also categorized using the Body Mass Index (BMI) as an indicator of obesity. Results: Obesity (i.e., BMI>30 kg/m2) was positively
associated with the likelihood of having breast cancer. Conclusions: With the exception of obesity, none of the other
tested cardiometabolic risk factors seemed to be a predisposing factor for breast cancer development.
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INTRODUCTION
Metabolic syndrome is defined (by the American Heart
Association-AHA and the National Heart, Lung and Blood
Institute-NHLBI) as the clustering of three or more of the
following conditions: abdominal obesity (waist circumference  88 cm), elevated blood pressure (130 mmHg systolic over 85 mmHg diastolic), elevated fasting glucose
(100 mg/dL), hypertriglyceridemia (150 mg/ dL), and low
high-density lipoprotein (HDL) cholesterol (<50 mg/dL) [1].
During the last 30 years, metabolic syndrome has been
widely associated with human health. Specifically, several
studies have suggested that the metabolic syndrome is an
important risk factor for cardiovascular disease incidence
and mortality, as well as all-cause mortality [2, 3]. In a very
recent systematic review and meta-analysis, the metabolic
syndrome was associated with a 2-fold increase in cardiovascular outcomes and a 1.5-fold increase in all-cause mortality [4]. Moreover, individual cardiometabolic factors such
as obesity [5-7], diabetes [8, 9] and high blood pressure [10]
have been also associated with increased risk of cardiovascular disease.
Cancer is a chronic disease that together with cardiovascular disease is responsible for the vast majority of deaths in
the developed world, and recently in developing countries, as
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well. Among various types of cancers, breast cancer is the
most frequently diagnosed cancer and the leading cause of
cancer deaths in females, worldwide. However, its relationship with the metabolic syndrome and even more specifically
with individual cardiometabolic factors remains not well
understood and appreciated. In a recent systematic review
and meta-analysis that aimed to assess the association between metabolic syndrome and risk of cancer at different
sites, the presence of metabolic syndrome was positively
associated with breast cancer postmenopausally [11].
Moreover, in a longitudinal exploring the association between the metabolic syndrome and the risk of postmenopausal breast cancer, the association was assessed among
women in the 6% sample of subjects in the Women’s Health
Initiative clinical trial and the 1% sample of women in the
observational study who had repeated measurements of the
components of the syndrome during follow-up. In timedependent covariate an analysis, a positive association between the metabolic syndrome and breast cancer was indicated, due primarily to positive associations with serum glucose, serum triglycerides and diastolic blood pressure [12].
In contrast, in the MEtabolic syndrome and CANcer (MeCan) project, a large prospective study conducted in women
from Austria, Norway and Sweden, analyses of risk of breast
cancer incidence showed that there was a decreased risk of
incident breast cancer in women below age 50 with high
Body Mass Index (BMI). Furthermore, there was an inverse
association of most Metabolic Syndrome components with
breast cancer before age 50, and only glucose was positively
associated with risk [13].
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Thus, the aim of this work was to evaluate the association
between individual cardiometabolic factors (i.e., components
of the Metabolic Syndrome) with breast cancer development
after various adjustments made.

properties of the MedDietScore have been presented elsewhere in the literature [15-17].

MATERIALS AND METHODS

Age of the participants was recorded, as well as their
educational level and financial status. Physical activity was
assessed using the International Physical Activity Questionnaire (IPAQ) index [18] that has been validated for the
Greek population [19]. Subjects were asked to recall the
number of days and hours or minutes they engaged in physical activity of different intensities for at least ten minutes,
vigorous intensity and moderate intensity, walking and time
spent sitting. According to their physical activity levels, participants were classified as inactive, minimally active or
health enhancing physical activity (HEPA) active. Smoking
habits (i.e. current and former smoking, total years of smoking and number of cigarettes smoked per day) were also recorded. A previously translated and validated version of the
Zung Depression Rating Scale (ZDRS) was used for the assessment of depressive symptoms [20, 21], while anxiety
was assessed with the also previously translated and validated version of the Spielberger Trait Anxiety Inventory
(STAI from Y-2), which is a 20-item self-reported questionnaire evaluating how the respondent feels generally [22, 23].
Family history of breast cancer as well as gynaecological
medical history (i.e., existence or not of menstruation, age of
menarche, age of menopause and use of hormone replacement therapy), were recorded during the interview.

Study’s Design and Sample
This is a case-control study, with face-to-face interviews
with the participants. Between November 1st, 2010 and July
31st, 2012, 250 consecutive, newly (within six months) diagnosed breast cancer female patients (defined by physical
examination and biopsy) that visited pathology-oncology
clinics of five major General Hospitals in Athens, Greece
(i.e., “Alexandra” General Hospital, “Elena Venizelos” Maternity-General Hospital, “Agioi Anargyroi” General Oncological Hospital of Kifissia, “Saint Savvas” Cancer Hospital and “I. Metaxa” Special Cancer Hospital) were contacted
to participate in the study. Patients with diagnosis older than
six months (in order to avoid changes in their dietary habits
or other behaviours), were not included. In the same period,
250 female subjects (controls) without any clinical symptoms, signs or suspicious of any type of cancer in their medical history, were selected on a volunteer basis. The control
subjects were allocated at population basis from their work
or home places and were age-matched (±3 years) with the
cancer patients.
The number of the enrolled subjects (n=500) was decided
through power analysis, in order to evaluate (two sided) odds
ratio equal to 1.10 (95%CI 1.05, 1.15), achieving statistical
power greater than 0.80 at 0.05 probability level (p-value).

Other Measurements

Cardiometabolic Factors

The study has been approved by the Ethics Committee of
“Alexandra” General Hospital (No. 4/10.3.2010), “I.
Metaxa” Special Cancer Hospital (No. 40/8.12.2011) and
“Saint Savvas” Cancer Hospital (No. 448/2.3.2012) and was
carried out in accordance to the Declaration of Helsinki
(1989) of the World Medical Association. Prior to the collection of any information, participants were informed about the
aims and procedures of the study and provided their signed
consent.

Weight and height were measured and body mass index
was calculated. Afterwards, women were categorized as
normal weight (18.5 kg/m2 < BMI < 24.9 kg/m2), overweight
(25 kg/m2 < BMI < 29.9 kg/m2), and obese (BMI> 30
kg/m2). Furthermore, a detailed medical history regarding the
common co-morbidities and their treatment was also recorded during the interview. More specifically, participants
were asked if they had been diagnosed with any of a list of
medical conditions that included diabetes, hypertension and
hypercholesterolemia. They were also asked to report medications used every week to treat the above medical conditions, such as insulin, pills to treat diabetes, diuretics, blood
pressure lowering drugs as well as cholesterol-lowering
medications.

Dietary Assessment

Statistical Analysis

A validated, semi-quantitative food frequency questionnaire (FFQ) was used during the interviews to collect dietary
information from the participants [14]. In brief, the FFQ included 86 questions regarding the frequency of consumption
of all main food groups and beverages usually consumed.
Specifically, data on regular consumption of each food group
(i.e., never, rarely, 3-4 times/month, 1-2 times/week, 3-4
times/week, daily), were recorded for the last year prior to
diagnosis. Adherence to the Mediterranean dietary pattern
was assessed using the MedDietScore, an 11-item composite
dietary index, with large scale scoring that ensures better
predictive accuracy [15]. The range of the MedDietScore is
between 0 and 55. Higher values of this score indicate
greater adherence to the Mediterranean diet. The validation

Continuous variables that were normally distributed are
presented as mean ± SD. Normality was evaluated using the
P-P plots. Skewed variables are presented as medians and
quartiles and categorical variables as frequencies. Associations between categorical variables were tested by the calculation of chi-squared test. Student’s t-test for independent
samples was used to evaluate mean differences between
normally distributed variables (i.e., MedDietScore), where in
case of skewed continuous variables (i.e., IPAQ score), the
tested hypothesis was evaluated using the non-parametric Utest suggested by Mann and Whitney. Multiple logistic regression analysis was applied to evaluate the association of
the adherence to the Mediterranean diet in relation to the
likelihood of having breast cancer. The results are presented

The design of the study and the analytical methods followed have been already described elsewhere [14].
Bioethics
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as odds ratios (OR) and their 95% corresponding confidence
intervals (95%CI). All reported p-values were based on twosided tests. Statistical calculations were performed with
SPSS 18 software (SPSS Inc., Chicago, IL, USA).
RESULTS
Characteristics of Patients and Controls
In Table (1) the basic characteristics of patients and controls are presented. Cases and controls were of similar age
(according to the protocol of the study), while educational
and financial status were lower in cases as compared to the
controls (p<0.001). The level of adherence to the Mediterranean diet was moderate in both cases (i.e., 28/55) and controls (i.e., 30/55). On the other hand, cases were more likely
to have at least one relative with breast cancer. There was no
significant difference in smoking habits (p=0.207), as well as
in menopausal status (p=0.49), while cases reported lower
physical activity status (i.e., lower IPAQ score).
Regarding the main research hypothesis, no significant
association was observed between diabetes, hypertension,
hypercholesterolemia and presence of breast cancer
(p>0.05), while obesity was marginally associated with the
disease. In particular, cases were more likely to be obese
(BMI> 30 kg/m2) as compared to controls (p=0.057)
(Table 2). Unadjusted logistic regression analysis revealed
that compared to normal weight, obesity (i.e. BMI>30
kg/m2), but not overweight was associated with higher likelihood of having breast cancer (odds ratio= 1.641, p=0.041,
odds ratio= 0.988, p=0.954, respectively).
Table 1.
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Three additive, multiple logistic regression models were
fitted, in order to evaluate the association between the basic
cardiometabolic factors and the likelihood of having breast
cancer (Table 3). The use of additive models assisted in better exploring the potential moderating effect of various factors in the investigated relationships. The first model included as potential confounders only age, obesity, diabetes,
hypertension and hypercholesterolemia. It was observed that
obesity (i.e. BMI>30 kg/m2) was positively associated with
the likelihood of having breast cancer (Odds Ratio= 1.71,
p=0.033). In the second model, smoking ever (yes/no),
physical activity (in MET-minutes/week), family history of
breast cancer in order to encompass the genetic predisposition and potential lifestyle changes (yes/no), as well as
menopausal status (pre vs. postmenopausal) that has been
strongly associated with breast cancer incidence, were also
entered. No significant association was observed between
obesity, diabetes, hypertension, hypercholesterolemia and
the likelihood of having breast cancer (p>0.05). In the third
model, the MedDietScore (that evaluates adherence to a
healthy dietary pattern, the Mediterranean), was further included. The lack of association between the basic cardiometabolic factors and the likelihood of having breast cancer
continued to exist (p>0.05).
Profile Analysis of the Association of the Cardiometabolic Factors and the Likelihood of Breast Cancer
Multi-adjusting cannot entirely exclude residual confounding. Thus, sub-group analysis by menopausal status

Distribution of Patients’ and Controls’ Characteristics
Breast cancer cases

Controls

p

N

250

250

Age (years) (mean± standard deviation)

56 ± 12

56 ± 12

0.99

Years of education (years) (mean± standard deviation)

11 ± 4

12 ± 4

<0.001

Financial status (0-10) (mean± standard deviation)

5±2

6±2

<0.001

MedDietScore (0-55) (mean± standard deviation)

27.8 ± 5

29.9 ± 4

<0.001

Smoking (ever), (n. %)

103 (41.2%)

117 (46.8%)

0.207

Number of relatives with breast cancer, (n. %)

0.003

No relative

177 (71.1%)

211 (84.7%)

1 relative

62 (24.9%)

32 (12.9%)

2 relatives

9 (3.6%)

5 (2.0%)

3 relatives

0 (0%)

1 (0.4%)

5 relatives

1 (0.4%)

0 (0%)

Menopausal status (n. %)

0.49

Premenopausal women

84 (33.6%)

91 (36.5%)

Postmenopausal women

166 (66.4%)

158 (63.5%)

IPAQ score (MET-minutes/week)

219 (0.00, 985.5)

876 (140.25, 1533.0)

<0.001

The MedDietScore is a measurement of adherence to the Mediterranean diet, with theoretical range 0-55; greater values reporting greater adherence to this pattern.
The reported p-values were calculated using the t-test, the chi-square test or the Mann-Whitney U test.
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Distribution of Patients’ and Controls’ Cardiometabolic Factors
Breast Cancer Cases

Controls

250

250

N
Obesity (n. %)

p

0.057

2

2

Normal weight women (18.5 kg/m <BMI <24.9 kg/m )

79 (33.8%)

93 (38%)

Overweight women (25 kg/m2 < BMI < 29.9 kg/m2)

84 (35.9%)

101 (41.2%)

Obese women (BMI> 30 kg/m )

71 (30.3%)

51 (20.8%)

Diabetes (n. %)

12 (4.8%)

8 (3.2%)

0.361

Hypertension (n. %)

33 (13.2%)

34 (13.6%)

0.896

Hypercholesterolemia (n. %)

18 (7.2%)

17 (6.8%)

0.861

2

The reported p-values were calculated using the chi-square test.

Table 3.

Results from Multiple Logistic Regression Models that were Applied to Evaluate the Association of Cardiometabolic Factors with the Likelihood of having Breast Cancer in Cases (n=250) and Controls (n=250). Results are Presented as Odds
Ratios and 95%CI
Model 1
Age (per 1 year)

Model 2

Model 3

0.99 (0.98, 1.01)

Obesity
Normal weight women

1.00

1.00

1.00

Overweight women

1.02 (0.66, 1.57)

0.93 (0.60, 1.46)

0.92 (0.59, 1.46)

Obese women

1.71 (1.04, 2.79)

1.46 (0.88, 2.42)

1.39 (0.83, 2.33)

Diabetes (yes vs. no)

1.33 (0.50, 3.50)

1.25 (0.47, 3.35)

1.36 (0.50, 3.73)

Hypertension (yes vs. no)

0.93 (0.52, 1.65)

0.90 (0.49, 1.63)

0.87 (0.47, 1.61)

Hypercholesterolemia (yes vs. no)

1.02 (0.49, 2.11)

1.01 (0.47, 2.14)

0.92 (0.43, 1.97)

Smoking ever (yes vs. no)

-

0.84 (0.57, 1.25)

0.81 (0.55, 1.21)

IPAQ (per 1000 MET-minutes/week)

-

0.80 (0.69, 0.92)

0.82 (0.71, 0.96)

Family history of breast cancer (yes vs. no)

-

1.72 (1.18, 2.49)

1.75 (1.21, 2.53)

Menopausal status (pre vs. postmenopausal)

-

1.22 (0.69, 2.16)

1.19 (0.67, 2.13)

MedDietScore (per 1/55 units)

-

-

0.91 (0.88, 0.95)

All odds ratios and their corresponding 95% confidence intervals were calculated by performing multiple logistic regressions.

was applied. The results were similar to the ones presented
above; particularly, both for premenopausal and postmenopausal women, neither of the individual cardiometabolic
factors (i.e., obesity, diabetes, hypertension and hypercholesterolemia) was associated with the likelihood of having
breast cancer (p>0.05). When the analysis was stratified according to the existence of each one o the individual cardiometabolic factors (i.e., diabetes, hypertension, hypercholesterolemia) in order to observe the mediating effect of obesity, the results were similar. In both diabetic and nondiabetic women, BMI was not significantly associated with
the likelihood of having breast cancer (all p's>0.05). Moreover, when the analysis was stratified according to the exis-

tence of hypertension, BMI was marginally associated with
an increased likelihood of having breast cancer (OR=1.046,
p=0.05) for those women with no history of hypertension,
while for those who had a history of hypertension, there was
no significant association (p=0.05). At last, stratified analysis
by history of hypercholesterolemia revealed no significant
association of BMI with breast cancer (p>0.05).
DISCUSSION
Based on the presented findings, only obesity was associated with increased likelihood of having breast cancer. The
detrimental effect of excess body weight, as measured by
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various means, i.e., BMI, percentage of body fat, waist
circumference or waist-hip ratio, on breast cancer
development has been reported by some other observational
studies, too. In a recent meta-analysis conducted to estimate
the overall effect of overweight and obesity on breast cancer
during pre- and postmenopausal period, a direct and
significant correlation during postmenopausal period was
revealed (Odds Ratio = 1.15; 95% Confidence Interval (CI)
1.07, 1.24; Risk Ratio (RR) = 1.16; 95% CI 1.08, 1.25; and
Rate Ratio = 0.98; 95% CI 0.88, 1.09) [24]. Moreover, in a
cohort study with 7.723 women conducted to determine
whether higher adiposity is associated with greater breast
cancer risk in older postmenopausal women, women in the
uppermost quartiles of weight, weight gain since age 25,
body mass index, waist circumference, and percentage of
body fat had higher breast cancer rates than women in the
first quartiles of each measure. Specifically, breast cancer
rates were 49% higher for women in the uppermost quartile
of weight (hazard ratio (HR) = 1.49, 95% CI = 1.05-2.10)
and 58% higher for women in the top quartile of percentage
of body fat (HR = 1.58, 95% CI = 1.11-2.23) than for women
in the lowest quartile of each measure. The associations
between adiposity measures and breast cancer rates were not
altered when the analyses were limited to very elderly
women (> or = 70) [25]. Furthermore, Lahmann et al., [26]
who used data from 73.542 premenopausal and 103.344
postmenopausal women from 9 European countries taking
part in the EPIC (European Prospective Investigation into
Cancer and Nutrition) study, concluded that in
postmenopausal women not taking exogenous hormones,
weight, BMI and hip circumference were positively
associated with breast cancer risk. Similarly, in the Women’s
Health Initiative Observational Study (WHI-United States)
researchers found that generalized obesity is an important
risk factor for postmenopausal breast cancer (Relative risk
(RR) = 2.52; 95% CI = 1.62-3.93 for heavier women with
baseline BMI>31.1 compared to slimmer women with
baseline BMI <22.6) [27]. However, in a very recent
systematic review and meta-analysis which aimed to examine the association of overweight and obesity with
premenopausal breast cancer, Amadou et al., [28] found that
for BMI, each 5 kg/m2 increase was inversely associated
with the risk of premenopausal breast cancer (RR = 0.95;
95% CI = 0.94 – 0.97).
Obesity is a predisposing factor for breast cancer especially in postmenopausal women, as circulating estrogen is
primarily produced in fat tissue. Thus, having more fat tissue
increases estrogen levels and the likelihood of having breast
cancer [29]. Moreover, except of estrogens, body fatness
directly affects circulating hormones such as insulin and insulin-growth factors, creating an environment that encourages carcinogenesis and discourages apoptosis. More specifically, insulin causes a reduction in sex-hormone binding
globulin (SHBG) with a consequent elevation in bioavailable
estradiol and stimulation of tumor cell proliferation. Insulin
can also induce aromatase activity, thus producing an increase in estrogen biosynthesis that in adipose tissue or tumor cells could result in stimulation of breast cancer cell
growth [30]. Furthermore, obesity seems to stimulate the
body’s inflammatory response firstly through adiponectin, an
anti-inflammatory protein, and secondly through leptin
which is mitogenic for breast cancer cells in vitro, and has
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biological activities that suggest its involvement in tumor
cell angiogenesis and metastasis [30].
The strongest associations between individual cardiometabolic factors or components of metabolic syndrome with
the risk of breast cancer have not been observed only for
obesity but also for diabetes. In a recent meta-analysis which
examined the potential of an increased risk of breast cancer
in women with diabetes, the risk for the disease was increased by 27% (Summary Relative Risk (SRR) = 1.27; 95%
CI = 1.16-1.39) for women with diabetes [31]. Moreover, a
retrospective cohort study which aimed to compare breast
cancer incidence between women with newly diagnosed diabetes (n=73.796) to women without diabetes (n=391.714),
found a small but significant increase in incident breast cancer in the above postmenopausal population (HR = 1.08;
95% CI = 1.01-1.16; p=0.021) [32]. Similarly, when Rosato
et al., [33] analyzed the data of two Italian and Swiss casecontrol studies including again postmenopausal women, they
found that the Odds Ratio (OR) of postmenopausal breast
cancer was 1.33 (95% CI = 1.09-1.62) for diabetes. At last,
in the Nurses’ Health Study which included 116.488 female
nurses, those with type 2 diabetes had a modestly elevated
incidence of breast cancer (HR = 1.17; 95% CI = 1.01-1.35)
compared with those without diabetes, independent of age,
obesity, family history of breast cancer, history of benign
breast disease, reproductive factors, physical activity and
alcohol consumption [34].
Only a few studies provide evidence for a positive association of breast cancer with either hypertension or high cholesterol. Indeed, in a prospective study conducted in Finland,
it was found that among women who were not using antihypertensive drugs (AH) at baseline, the diastolic blood
pressure (DBP) level was positively associated with the
subsequent risk of breast cancer (HR = 1.26/10 mm Hg; 95%
CI = 1.06-1.46) [35]. However, in a case-control study conducted among women aged 50-75 years old, it was revealed
that diuretic use was associated with elevated breast cancer
risk (OR = 1.79; 95% CI = 1.07-3.01) [36]. Concerning the
association of low plasma HDL-cholesterol with risk of
breast cancer, among 7.575 female members of the Atherosclerosis Risk in Communities Study (ARIC) cohort, a positive association for women who were premenopausal at
baseline was found (HR = 1.67; 95% CI = 1.06-2.63) [37].
Similarly, among 38.823 Norwegian women followed-up for
a median of 17.2 years, low plasma HDL-cholesterol was
associated with increased postmenopausal breast cancer risk
[38].
Limitations
The major limitation of this study was the recall bias, as
in all cases-controls studies. However, an effort was given to
minimize this limitation by choosing newly diagnosed consecutive patients and collecting all necessary subjects in a
small period of time. Moreover, people who collected the
data were properly trained, limiting the bias between the
investigators. The effect size measures used in case-control
studies (i.e., the odds ratios) tend to overestimate the actual
effect of the cause on effect usually observed in prospective
studies; and thus, the findings should be interpreted with
caution.
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CONCLUSIONS

[14]

The present study provides some evidence of a positive
association of breast cancer with obesity, but not with other
cardiometabolic risk factors; adding to the current scientific
knowledge regarding cardiometabolic morbidities and breast
cancer development.
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