
Abstract. Background/Aim: Breast cancer survivors are
increasingly interested in lifestyle modifications in order to
reduce the risk of recurrence and mortality. Therefore, we
aimed to study the association between survival and lifestyle
related risk factors such as obesity, alcohol intake, smoking,
medication and atopic diseases. Patients and Methods: In
this observational single center study, clinicopathological
parameters of 635 women with primary breast cancer were
sampled. A logistic regression model was applied to
investigate correlations among clinical data and various life
style related factors. Patients were stratified according to
lifestyle and treatment characteristics. Cox regression and
the Kaplan-Meier method were used to analyze survival
differences in various patient subsets and to identify possible
prognostic factors. Results: Logistic regression analysis
indicated a correlation between low Body Mass Index (BMI)
and extended progression-free survival (PFS). Cox
regression showed that patients not using beta-blockers had
a significantly prolonged overall survival (OS) compared to
beta-blocker users [hazard ratio (HR)=3.7; 95% confidence
interval (CI)=1.66-8.14, p=0.01]. Apparently, the
clincopathological parameters including BMI, HER2-,
estrogen receptor (ER) and progesteron receptor (PR)-status
as well as treatment with chemo-, radio- and endocrine
therapy did not play a role regarding the survival differences
between beta-blocker users and non-users. Conclusion:
Patients not using beta-blockers appeared to benefit from
extended PFS and OS. Further, patients with a rather low

BMI (<30 kg/m2) seemed to have a survival benefit
compared to obese patients. Particularly, among
postmenopausal women, beta-blocker intake and obesity
appeared to be possible life style related prognostic factors
that could be used for patient stratification.

Breast cancer is the most frequent cancer in women (1). In
Germany, approximately 70,000 new cases are diagnosed per
year. About 30% of patients are younger than 55 years.
Improved diagnostic tools and novel treatment options have
resulted in a 5-year survival rate of 88% (2). Women
surviving breast cancer are increasingly interested in
adapting their lifestyle in order to reduce the risk of cancer
recurrence. Cancer related risk factors that might be
influenced by the patients’ lifestyle are categorized as
modifiable lifestyle factors, e.g. obesity, alcohol intake,
cigarette smoking, breast feeding and physical exercise (3-
6). Its complex etiology involves a large range of factors
which might influence the incidence as well as the prognosis.
However, most studies have analyzed the influence of those
factors to the incidence but not to the prognosis. 

Since 1999, the proportion of obese patients in Germany,
defined by a Body-mass index (BMI) greater than 30 kg/m2,
has been raising from 48% to 52% (7). Obesity was
repeatedly reported to be correlated with breast tumors of
larger size, lymph node positivity and poor prognosis (4, 8).
It was also reported to be inversely associated with the risk
of breast cancer diagnosed at premenopausal ages (4, 9, 10)
and positively associated with the risk for contralateral
breast cancer after menopause (11, 12). Furthermore, excess
weight and obesity were shown to be related to a 30-45%
increased risk of breast cancer recurrence and death,
irrespective of menopausal or hormone receptor status (6,
13). Particularly in postmenopausal and hormone sensitive
patients, tumor progression appeared to be influenced by the
relationship between obesity, inflammation and tumor
microenvironment (14). 

Apart from obesity, hypertension and diabetes are also
global lifestyle diseases on the increase (15). Therefore,
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some of the breast cancer patients are treated with
medication such as beta-blockers or metformin. Beta-
blockers are used to reduce hypertension by competing with
the adrenergic hormones epinephrine and norepinephrine to
bind beta-adrenergic receptors and subsequently inhibit the
stress response. Concerning the use of beta-blockers,
preclinical observations suggested a reduction of metastasis,
cancer recurrence and an improved clinical outcome due to
the neuroendocrine regulation of breast tumor progression,
mediated through activation of the sympathetic nervous
system and the release of epinephrine and norepinephrine
(16, 17). Inhibiting the beta2-adrenergic pathway was
suggested to reduce breast cancer progression and mortality
(18, 19). However, contradictive results were published in
some recent meta-analyses that revealed no beneficial effect
of beta-blocker use on cancer prognosis (20-22).

Patients suffering from type 2 diabetes might use
metformin which is widely prescribed as an anti-
hyperglycemic drug and recently reported to be associated
with improved survival in breast cancer patients (23). Due
to its function in multiple cancer related signaling pathways,
metformin has been considered as a possible therapeutic
agent in cancer treatment. It was shown to have anti-
proliferative and pro-apoptotic effects in several cases
including melanoma, esophageal, lung, colon, prostate and
breast cancer (24). 

To treat symptoms associated with menopause, some
women undergo hormonal replacement therapy; it is still
under debate whether this therapy affects the incidence of
breast cancer. Women’s Health Initiative (WHI) data suggest
that both estrogen alone as well as estrogen-progestin
therapy, are associated with an elevated breast cancer
incidence rate (25). 

Up to now, several lifestyle investigating studies have
focused on the breast cancer incidence rates but not on the
patients’ outcome. Therefore, the objective of this
observational study was to evaluate whether potentially
modifiable lifestyle factors might have an impact on the
prognosis of breast cancer survivors. We sought to scrutinize
possible associations between survival time,
clinicopathological characteristics and lifestyle related risk
factors like obesity, alcohol consumption, smoking, atopic
diseases and the use of beta-blockers, metformin, or hormone
replacement therapy in patients with primary breast cancer. 

Patients and Methods

Informed consent and study population. This Study was in
accordance with the ethical standards of the institutional and national
research committee and with the 1964 Helsinki Declaration and its
later amendments or comparable ethical standards. The Human
Investigation Committee (IRB) of University Duisburg-Essen
(Germany) approved this study. Written informed consent was
obtained from all patients before participation this study. A total of

635 women, aged 27 to 86 years, diagnosed with invasive breast
cancer were enrolled during 2004 and 2010 in the Department of
Gynecology and Obstetrics of the University Hospital Essen.
Exclusion criteria were defined as necessity of a neoadjuvant
systemic therapy or primary diagnosis of metastatic breast cancer.
The patients’ baseline characteristics including age, height, weight,
menopausal stage, smoking, alcohol intake, atopic diseases,
medication and use of hormone replacement therapy were recorded
at inpatient admission. Hormonal replacement therapy included
estrogen only and estrogen-progestin therapy. BMI was calculated
from height and weight and patients were categorized into one of the
following four groups according to the World Health Organisation
(WHO) classification: underweight (<18.5 kg/m2), normal range
(18.5-24.99 kg/m2), overweight (25-29.99 kg/m2) and obese (>30
kg/m2). The available patient information is summarized in Table I.

Tumor characteristics including tumor size, lymph node
involvement, grade, histology, estrogen- (ER), progesterone- (PR)
and HER2-receptor status were recorded from medical reports of
the Department of Pathology of the University Hospital Essen and
are listed in Table II. Data on radiation therapy, adjuvant
chemotherapy, use of endocrine therapy, tumor recurrence,
metastasis or death were collected from the detailed medical records
as well as telephone questionnaires answered by either the patients
themselves or their general practitioners or gynecologists.

Statistical analysis. A logistic regression model was chosen to
analyze relations between clinicopathological parameters and
various lifestyle related factors. Since the hazard i.e. the probability
of the endpoint (recurrence of disease), is supposed to be
proportional in the patient groups, a Cox regression model was used
to analyze the effect of the aforementioned lifestyle factors as
possible predictor variables on the patients’ survival time. The effect
of lifestyle related risk factors was expressed as hazard ratios (HR)
and 95% confidence intervals (CI).

Univariate and multivariate analyses were used to describe
overall survival (OS) time curves as well as progression free
survival (PFS), based on correlations to the listed lifestyle factors.
The BMI was categorized using the definition of obesity described
by the WHO. Using a BMI of 30 as a cut-off value for obesity,
patients were divided into low (BMI <30 kg/m2) vs. high (BMI >30
kg/m2) BMI subgroups. The Kaplan-Meier method was used to test
correlations between PFS and lifestyle factors. A two-tailed p-Value
less than 0.05 was considered the threshold of statistical
significance. All statistical analyses were performed by using SAS
(Version 9.2 for Windows, ACOMED, Leipzig, Germany).

Results
The median age of the 635 breast cancer patients enrolled
was 60.8 years, ranging between 27 and 86 years. The
median BMI was 25.3 kg/m2; 31% of the patients had a BMI
<25 kg/m2, 47% an intermediate BMI of 25-30 kg/m2 and
22% a BMI >30 kg/m2. Menopausal status had already been
passed by 74% of the women while 14% were
premenopausal. 68% were non-smokers and 82% did not
consume alcohol regularly. 45% of the patients were
suffering from at least one atopic disease and beta-blockers
were used in 21% of the cases. Metformin was used by 6%
and hormonal replacement therapy by 26% of the women. 
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Early stage of breast cancer, defined as T1 was diagnosed in
62% of the patients. A positive lymph node status was found
in 34% of the cases. The tumors were positive for estrogen- or
progesterone receptor in 82% and 73% of the patients,
respectively, whereas 16% had a HER2-positive and 12% a
triple negative receptor status. 85% of the women received
systemic chemotherapy, 61% were treated with radiotherapy
and in 81% of the cases endocrine therapy was applied. 

Correlations between patient characteristics and lifestyle.
The logistic regression analysis confirmed that the patients
age and BMI (defined by BMI <30 kg/m2) were significantly
associated with the menopausal status (p=0.004 and 0.01,
respectively). The number of obese women (BMI >30
kg/m2) was significantly lower among women ≤60 years
compared to women >60 years. As expected, the use of
hormone replacement therapy was significantly increased in
the postmenopausal group (p=0.002) and in women >60
years (p=0.0003) compared to patients who were
premenopausal and <60 years, respectively. 

Furthermore, the statistical model revealed that the BMI
was significantly correlated with smoking (p=0.03) as well
as the use of beta-blockers (p<0.0001) and metformin
(p=0.03), respectively. The number of obese women (BMI
>30 kg/m2) was significantly elevated among non-smokers
compared to patients who smoked. Interestingly, smoking

was significantly correlated with age (p<0.0001) and
menopausal status (p=0.002) suggesting that elder women
(>60 years) were smoking less frequently as compared to
younger (<60 years). Consequently, the number of non-
smokers was significantly increased in the postmenopausal
group. However, the use of beta-blockers and metformin was
significantly increased in the obese group compared to non-
obese women (BMI ≤30 kg/m2). Even though not
significantly, the BMI was correlated by trend with the
intake of alcohol (p=0.05). The applied lifestyle analysis
suggested that younger women (<60 years) were smoking
more frequently and were less obese (BMI <30 kg/m2).
Consequently, elder women (>60 years) appeared to be non-
smokers, consumed less alcohol, but tended to be overweight
and used beta-blockers more frequently. 
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Table I. Baseline patient characteristics.

Characteristic N %

Age
<60 years 305 48%
>60 years 330 52%

BMI
<25 200 31%
25-30 131 47%
>30 95 22%

Menopausal status
Premenopausal 92 14%
Perimenopausal 73 11%
Postmenopausal 470 74%

Hormone replacement therapy 92 26%
No hormone replacement therapy 260 74%
Smokers 125 32%
Non-smokers 267 68%
Alcohol consumption 67 18%
No alcohol consumption 309 82%
Beta-blockers 83 21%
No beta-blockers 307 79%
Metformin 22 6%
No metformin 365 94%
Atopic disease 187 45%
No atopic disease 230 55%

Table II. Baseline tumor characteristics.

Characteristic N %

Tumor size
Tis 3 <1%
T1 395 62%
T2 203 32%
T3 23 4%
T4 10 2%

Lymph node positivity
N0 419 66%
N1 195 31%
N2 12 2%
N3 7 1%

Grade
G1 112 18%
G2 341 54%
G3 180 28%

Metastasis
M0 635 100%

Histological subtype
Ductal invasive 480 76%
Lobular invasive 86 14%
Others 69 11%

Estrogen receptor (ER)
Positive 520 82%
Negative 113 18%

Progesteron receptor (PR)
Positive 463 73%
Negative 170 27%

Her2 status
Positive 99 16%
Negative 532 84%

Triple negative 75 12%
Adjuvant chemotherapy 324 61%
No adjuvant chemotherapy 204 39%
Adjuvant radiation 455 85%
No adjuvant radiation 83 15%
Adjuvant endocrine therapy 511 81%
No adjuvant endocrine therapy 117 19%



The statistical data indicated that atopic diseases might be
associated with lymphangiosis carcinomatosa (p=0.03) as
well as the HER2 status (p=0.02). Patients without allergies
were less frequently suffering from lymphangiosis as
compared to allergic patients. Furthermore, the number of
HER2 negative patients was significantly increased in the
allergic group as compared to patients without allergic
diseases. 

Is survival associated to lifestyle? The logistic regression
indicated a correlation between the patients BMI and PFS.
Although the difference was not statistically significant,
patients with BMI <30 kg/m2 were suffering less frequently
from recurrence, as compared to obese patients with BMI >30
kg/m2 (p=0.09). Uni- and bivariate Cox regression analysis
confirmed that patients with BMI <30 kg/m2 tended to have
a prolonged PFS (HR=1.9; 95% CI=0.97-3.69; p=0.06) as
compared to patients with BMI >30 kg/m2. There was no
statistically significant association between BMI and OS.
When patients were stratified into BMI <25 kg/m2 vs. BMI
25-30 kg/m2 vs. BMI >30 kg/m2, Cox regression analysis
indicated that PFS and OS were increased in patients with
intermediate BMI (25-30 kg/m2) as compared to patients with
low (<25 kg/m2) and high BMI (>30 kg/m2), respectively. 

Uni- and bivariate survival analysis with regard to OS and
PFS did not reveal any statistically relevant association
regarding cigarette smoking, alcohol intake and atopic
diseases. Although logistic regression indicated that
metformin intake was associated with patient age (p=0.003)
and BMI (p=0.03), uni- and bivariate survival analysis
showed no significant correlation with OS (HR=2.65; 95%
CI=0.79-8.92; p=0.11) and PFS (HR=1.6; 95% CI=0.49-
5.24; p=0.43). 

The use of beta-blockers in women with a BMI >30 kg/m2
and age >60 years was significantly correlated with a

decreased OS as compared to women without taking beta-
blockers. Cox regression showed that patients not using beta-
blockers had a significantly prolonged OS as compared to
beta-blocker users (HR=3.7; 95% CI=1.66-8.14; p=0.01).
Even though not significant, PFS was increased when
patients were not using beta-blockers (HR=1.90; 95%
CI=0.96-3.76; p=0.07). Bivariate analysis demonstrated that
beta-blocker treatment was significantly correlated with
survival. Particularly patients with high BMI (>30 kg/m2)
that were using beta-blockers had a significantly decreased
PFS (HR=11.9; 95% CI=1.38-3.87; p=0.02). 

The patients’ age was significantly correlated with BMI,
therefore, patients >60 years had a significantly shorter PFS
and OS when using beta-blockers (HR=5.09; 95% CI=1.91-
3.57; p=0.001;) (Figure 1).
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Figure 1. Patients were stratified according to age (>60 or <60 years) and use of beta-blockers resulting in four subsets of patients. Kaplan-Meier
analysis showed that A) overall survival (HR=5.09; 95% CI=1.91-3.57; p=0.001) and B) PFS (HR=2.45; 95% CI=1.07-5.62; p=0.03) were
significantly decreased in elder patients (>60 years) using beta-blockers as compared to all other patient groups.

Figure 2. Patients were stratified into ductal or lobular breast cancer
and usage of beta-blockers resulting in four subsets of patients. Kaplan-
Meier analysis showed that patients with lobular subtype using beta-
blockers had a significantly shorter overall survival as compared to all
other patient groups (HR=3.4; 95% CI: 1.22-9.38; p=0.02 and
HR=5.8; 95% CI= 1.04-2.38; p=0.05).



Furthermore, bivariate Cox regression analysis showed
that OS was associated with beta-blocker treatment and
histologic features of the tumor (Figure 2). In both groups,
patients with ductal or lobular breast cancer, OS was
significantly decreased when beta-blockers were used (HR=
3.4; 95% CI=1.22-9.38; p=0.02 and HR=5.8; 95% CI=1.04-
2.38; p=0.05, respectively). Patients with ductal breast
cancer not receiving beta-blocker treatment could benefit
most from prolonged OS. The worst prognosis was identified
for patients with lobular breast cancer that were using beta-
blockers.

Significant correlations could also be demonstrated for
OS, beta-blocker use and chemotherapeutic treatment (Figure
3A). Bivariate cox regression showed that OS was
significantly longer in patients undergoing chemotherapy and
no intake of beta-blockers (HR=3.8; 95% CI=1.10-3.29;
p=0.03). Regardless of whether patients received
chemotherapy or not, they had significantly decreased OS
when using beta-blockers. Similar results were obtained for

patients undergoing radiotherapy in combination with beta-
blockers (Figure 3B). Patients not receiving radiotherapy and
beta-blocker treatment survived significantly longer
(HR=25.8; 95%CI=2.65-50.55; p=0.01) as compared to
patients undergoing radiotherapy and beta-blocker treatment
(HR=2.6; 95% CI=1.08-6.32; p=0.03). Bivariate cox
regression analysis with regard to endocrine therapy and
beta-blocker treatment (Figure 3C) revealed that patients
survived significantly longer when receiving endocrine
therapy but no beta-blockers (HR=0.24; 95% CI=0.08-0.68;
p=0.01). Patients undergoing endocrine therapy and beta-
blocker treatment had a significantly decreased OS (HR=3.8;
95% CI=1.29-10.99; p=0.01).

Bivariate analysis revealed that ER-status and beta-blocker
treatment was significantly correlated with OS (Figure 4A).
OS was significantly decreased in ER-positive patients using
beta-blockers (HR=4.3; 95% CI=1.53-11.92, p=0.01). Patients
with positive ER-status and with no beta-blocker treatment
could benefit most as compared to ER-negative patients. 
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Figure 3. Patients were stratified according to treatment regimens with either chemotherapy (A) or radiotherapy (B) or endocrine therapy (C) and
usage of beta-blockers resulting in four subsets of patients. Kaplan-Meier analysis showed that A) among patients receiving chemotherapy, OS was
significantly decreased when beta-blockers were used (HR=3.03; 95% CI=1.01-9.06; p=0.05), B) Patients undergoing radiotherapy and using beta-
blockers had a significantly decreased OS (HG=2.6; 95% CI=1.08-6.32; p=0.03) and C) Patients receiving endocrine therapy and using beta-
blockers had a significantly decreased OS (HR=3.8; 95% CI=1.29-10.99; p=0.01).



Similar results were obtained when analyzing the
progesterone receptor (PR) status, beta-blocker usage and
survival. PR-positive patients with no usage of beta-blockers
survived significantly longer (HR=0.3; 95% CI=0.12-0.97;
p=0.04) as compared to those patients using beta-blockers
(HR=4.5; 95% CI=1.57-12.94; p=0.01) (Figure 4b). The
correlation between HER2 status, beta-blocker treatment and
survival (Figure 4C) revealed that HER2-negative and 
-positive patients had a significantly decreased OS when beta-
blockers were used (HR=2.6; 95% CI=1.04-6.75; p=0.04 and
HR=9.1; 95% CI=1.50-55.11; p=0.02, respectively).

Discussion

The primary aim of our study was to investigate the possible
effects of lifestyle factors on the prognosis of breast cancer
survivors. Our findings indicate that a low BMI might be
associated with prolonged PFS and are in line with a study
by Flegal et al. (26). They also correlated different obesity

levels with mortality and were able to demonstrate that a
relatively low BMI between 25-30 kg/m2 was associated to
a better OS (26).

Cigarette smoking did not significantly influence the
survival probability of breast cancer patients in our cohort,
even though it has been controversially discussed to be a
possible risk factor for breast cancer. However, it is not yet
clear, to which extend cigarette smoking might impact
survival time. Processing retrospective patient data makes
the investigator dependent on the quality of the medical
reports. The questionnaire used in this study population
referred to cigarette smoking only at the time of diagnosis,
thus, neglecting possible periods of smoking before or after. 

Furthermore, we could not find any prognostic effects of
alcohol intake or atopic diseases. Extensive literature review
did not reveal associations with the prognosis of breast cancer
survivors. Regarding alcohol consumption as documented in
the medical reports, it is possible that patients might not have
been honest in declaring their real consumption. 
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Figure 4. Patients were stratified into beta-blocker usage according to receptor status, A) ER-positive or -negative, B) PR-positive or -negative, C)
HER2-positive or-negative. Kaplan-Meier analysis showed that A) in patients without beta-blocker usage, OS was significantly increased when ER
status was positive (HR=0.2; 95% CI=0.08-0.69; p=0.01). B) PR-positive patients without beta-blocker usage survived significantly longer (HR=0.3;
95% CI=0.12-0.97; p=0.04;) as compared to those using beta-blockers (HR=4.5; 95% CI=1.57-12.94; p=0.01). C) OS was significantly decreased
in HER2- negative and -positive patients when beta-blockers were used (HR=2.6; 95% CI=1.04-6.75; p=0.04 and HR=9.1; 95% CI=1.50-55.11;
p=0.02, respectively).



The most interesting finding obtained from this study is the
impact of beta-blocker usage on the prognosis of breast
cancer patients. Several statistical analyses demonstrated that
patients not receiving beta-blockers had a significant survival
benefit as compared to beta-blocker users. Apparently,
clincopathological parameters such as HER2-, ER- and PR-
status as well as treatment with chemo-, radio- and endocrine
therapy did not play a role regarding the survival difference
between beta-blocker users and non-users. Interestingly,
patients without beta-blocker treatment seemed to have an
even better prognosis when they were overweight (BMI >30
kg/m2). However, these results might be biased as obese
patients were less frequent smokers and had a slightly smaller
alcohol intake. Moreover, patients with a BMI ≥30 kg/m²
were more often using Metformin, which is suspected to have
a positive effect on the OS of breast cancer patients (27).
Even though the survival analysis revealed no significant
benefit in terms of OS for patients taking Metformin, the
statistical trend in combination with the smoking and alcohol
intake might be enough to explain this finding. In this regard,
whether the elevated BMI really has a protective effect on the
OS is not clear and needs to be studied further. 

In contrast, preclinical investigations suggested rather
positive associations between beta-blocker intake and reduction
of recurrence as well as improved clinical outcome. Notably,
our findings are in line with the largest cohort presented by a
Danish nationwide prospective cohort study which was unable
to confirm the hypothesis that beta-blockers attenuated breast
cancer recurrence risk (28). Considering that patients using
beta-blockers were mostly elder (>60 years) and overweight
(BMI >30 kg/m2), it is possible that they were suffering from
metabolic disorders like hypertension, dyslipoproteinemia, type
2 diabetes or obesity which are well-known cardiovascular risk
factors and associated with increased mortality. Hence, in our
study, the survival decrease revealed in breast cancer survivors
using beta-blockers might be related to metabolic disorders as
well as the treatment thereof. 

A study by Goodwin et al. (29) analyzed patients with
metabolic syndrome and found increased levels of circulating
insulin and insulin-like growth factor-1 (IGF-1) that might
give rise to a greater risk of breast cancer. In addition,
reduction of sex-hormone-binding globulin levels and
increased estrogen bioavailability, due to hyperinsulinemia,
were thought to be responsible for elevated breast cancer risk
(30). The intake of metformin might be an indicator for type
2 diabetes in our cohort. Metformin was reported to have
positive effects on the survival of breast cancer patients (23,
31). Unfortunately, in our study, the number of patients using
metformin was too small to receive statistically reliable
results related to prognosis.

Furthermore, our data indicated a relationship between
beta-blocker usage and nodal status at primary diagnosis of
breast cancer. The majority of women diagnosed at N0 were

not using beta-blockers. Hence, they were likely to be
younger, non-obese and without metabolic imbalances,
suggesting a better overall health condition and therefore,
better treatment response as compared to patients using beta-
blockers. Further lifestyle investigation studies that will focus
in more detail onto co-morbidities and innovative life style
associated parameters need to be initiated to conclusively
answer the question of whether lifestyle matters. 

Conclusion

This retrospective observational study indicated a significant
association between beta-blocker intake and prognosis of
breast cancer survivors. Patients not using beta-blockers
appeared to benefit from extended PFS and OS. Furthermore,
patients with a relatively low BMI (<30 kg/m2) seemed to
have a survival benefit as compared to obese patients.
Particularly, among postmenopausal women, beta-blocker
intake and obesity appeared to be possible lifestyle related
prognostic factors that might be used for patient stratification.
Individual profiling of patients based on adequate life style-
related parameters might help to identify patients at high risk. 
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