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Obesity and Physical Inactivity Are Related to Impaired
Physical Health of Breast Cancer Survivors
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Abstract. Aim: The aim of the present study was to examine
the impact of obesity and physical activity on the health and
wellbeing of patients with breast cancer shortly after the
adjuvant treatments. Patients and Methods: A total of 537
women aged 35 to 68 years with newly-diagnosed breast
cancer were enrolled into the exercise intervention study. The
physical activity, physical performance (2-km walking test),
cardiovascular risk factors, quality of life (EORTC-QoL-C30),
co-morbidities and body-mass index (BMI) were measured
after the adjuvant treatments. Results: Overall, 191 (39%)
patients were overweight (BMI=25-30) and 85 (17%) obese
(BMI=30). Physical activity and performance (p<0.001 and
p<0.001), QoL (p<0.001) and high density lipoprotein (HDL)-
cholesterol decreased (p<0.001) whereas age (p=0.009), co-
morbidities (p<0.001), hypertension (p=0.011), metabolic
syndrome (p<0.001), low density lipoprotein (LDL)-
cholesterol (p=0.0043), triglycerides (p<0.001), glucose
(p<0.001) and insulin (p<0.001) increased linearly with BMI.
Higher waist circumference (p=0.0011), triglyceride
(p=0.020), insulin (p=0.0098), rate of metabolic syndrome
(p=0.028), and lower HDL-cholesterol (p=0.012) and QoL
(p<0.001) were associated with low physical activity. Physical
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activity and BMI were the most important determinants of
physical performance (p<0.001 and p<0.001, respectively).
Conclusion: Obesity and a sedentary lifestyle are related to
poor physical performance, increased risk of cardiovascular
diseases and impaired QoL, leading to a vicious circle, which
impairs patients’ physical health and QoL.

A passive lifestyle and obesity are among the greatest health
risks in the Western world. Europe has the highest number of
obese and overweight people in the world, over 130 million out
of 730 million Europeans are obese [body-mass index (BMI)
>30 kg/m?] and 400 million are overweight (BMI >25 kg/m?)
(http://www .healthfirsteurope.org). Obesity and sedentary
lifestyle are major risk factors for several diseases, such as
diabetes, cardiovascular diseases and cancer, which are the
leading causes of death in the Western world.

Over 420,000 women are diagnosed yearly with breast
cancer in Europe (1). However, the prognosis of breast
cancer has substantially improved during the last few
decades and the number of breast cancer survivors has
increased significantly.

While improving survival, adjuvant therapies may lead to
long-term adverse effects and thus compromise the overall
health benefit. Weight gain is one of the recognized
consequences of adjuvant breast cancer therapies. Obesity
increases the risk of type-2 diabetes and cardiovascular
diseases (2). In addition, weight gain and obesity may have
a negative impact on breast cancer outcome (3).

The level of physical activity in women decreases markedly
after diagnosis of breast cancer (4). Epidemiological studies
have demonstrated that physically active women not only have
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a lower risk of breast cancer but also better breast cancer-
specific survival as compared to sedentary women (5-10). In
addition, the positive effect of physical activity on cholesterol
and glucose levels, as well as on blood pressure, reduces the
risk of cardiovascular disease and diabetes, and mortality in
general (11-12). Therefore, metabolic parameters are important
targets for intervention among patients with breast cancer.
BREX (Breast Cancer and Exercise) is an open prospective
randomized phase III trial on physical exercise training as a
rehabilitation of patients with breast cancer after adjuvant
treatment. The primary aim of the present article was to study
the impact of obesity and physical activity on the health and
wellbeing of patients with breast cancer shortly after the
adjuvant treatments before the exercise intervention.

Patients and Methods

Patients. A total of 537 pre- and post-menopausal women aged 35
to 68 years with newly-diagnosed invasive breast cancer were
enrolled into the one-year controlled prospective exercise
intervention study (BREX), between September 2005 and September
2007 from Helsinki, Tampere and Turku University Hospitals,
Departments of Oncology. Patients having finished adjuvant
chemotherapy and/or radiotherapy for breast cancer within four
months, or who had started endocrine therapy no more than four
months earlier were eligible for the trial. The adjuvant treatment was
carried out according to clinical guidelines. Chemotherapy regimens
used were either six cycles of 5-fluorouracil 600 mg/m2, epirubicin
75 mg/m? and cyclophosphamide 600 mg/m?2 (FE75C), three cycles
of docetaxel 80 mg/m?2 and three cycles of FE75C or three cycles of
docetaxel at 80 mg/m?2 with oral capecitabine (X) 1800 mg/m?2 per
day for two weeks and three cycles of XE75C according to the
FinXX trial (13). Endocrine therapy for pre-menopausal women
comprised of tamoxifen for five years and for post-menopausal
women an aromatase inhibitor, tamoxifen, or these agents given
sequentially. Radiotherapy was given after breast-conserving surgery
to the remaining breast tissue. Locoregional lymph nodes and
operative scar after mastectomy were treated when needed. The
randomization took place a median of 33 weeks from the surgery
[interquartile range (IQR) 27, 40], 12 weeks (IQR 5, 17) from the
end of the chemotherapy, 4 weeks from the radiotherapy (IQR -2,
10) and 9 weeks (IQR 3, 16) from the start of endocrine therapy.
Exclusion criteria included severe cardiac disease [the New York
Heart Association (NYHA) class III or more], myocardial infarction
within 12 months, uncontrolled hypertension, verified osteoporosis,
other serious illness or medical condition which could be a
contraindication for exercise; patients incapable of training were also
excluded. The recruitment rate of patients considered eligible for the
study was 78%, comprising 54% from the potentially eligible
patients and 31% from all those screened (14). The main reasons for
excluding patients were age over 68 years and health problems that
contraindicated physical training, e.g. musculoskeletal disorders.
The Ethical Committee of Helsinki University Hospital approved
the study protocol and written informed consent was signed by all
participants before the study entry. The trial is registered in the
Helsinki and Uusimaa Hospital District Clinical Trials Register
(www.hus.fi) (trial number 210590) and on the website,
http://www.clinicaltrials.gov/ (identifier number NCT00639210).
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Measurements. Cardiometabolic risk factors: Patients’ height,
weight, waistline, blood pressure, pulse and body-mass index
(BMI), blood glucose and insulin, total cholesterol, low density
lipoprotein (LDL)- and high density lipoprotein (HDL)-cholesterol
and triglyceride were measured during the inclusion visit before
randomization. The National Cholesterol Education Program
(NCEP) definition for metabolic syndrome was used (waist
circumference =88 cm, triglycerides =1.7 mmol/l, HDL-cholesterol
<1.3 mmol/l, blood pressure >130/85 mmHg or use of
antihypertensive medication and fasting glucose >5.5 mmol/l or use
of medication for hyperglycemia) (15).

Quality of life: The data on quality of life of the study population
has been reported elsewhere (16). The quality of life was measured
by the EORTC QLQ-C30 (Version 3) (17-18), and fatigue by the
FACIT-Fatigue scale (19) 34 used as a cut point (20). Depressive
symptoms were assessed using the Finnish modified version of
Beck’s 13-item depression scale (RBDI): 0-4 points signifies no
depressive symptoms, 5-7 mild, 8-15 moderate and 16-39 severe
depressive symptoms (20-21).

Physical activity and performance: The history of leisure time
physical activity (LTPA) before the diagnosis of breast cancer was
classified as low (e.g. mostly watching TV, reading), moderate (e.g.
walking or cycling at least four hours per week) or vigorous
intensity (e.g. gym, ball games, swimming or jogging at least three
hours per week). The current (after diagnosis and treatment)
intensity of leisure-time physical activity was measured by a
prospective two-week diary using metabolic equivalent of task
(MET) hours (22): light intensity, <3 METSs; moderate, 3 to 6
METs; vigorous, 6 to 9 METs; very vigorous intensity, >9 METs.
The cardiovascular performance was tested by a two-kilometer
walking test (UKK walk test, Tampere, Finland), where the
participants were asked to walk the 2-km distance as quickly as
possible (23-26). The reference walking time for women aged 31 to
40, 41 to 50, and =50 years of age are 16:08-16:23 (min:s), 16:15-
16:59, and 17:34-18:31, respectively.

Statistical methods. The data are presented as means with standard
deviations (SD), or ranges, or as counts with percentages. The most
important outcomes are given with 95% confidence intervals (95
CI). The comparison between BMI groups for categorical variables
was performed by the chi-square test. Dichotomous and ordered
categorical variables were compared by using chi-square test or
logistic or ordered logistic regression analysis. Analysis of variance
and analysis of co-variance were used for continuous variables. In
the case of violation of the assumptions, a bootstrap type version of
the test for continuous variables was used instead. The linearity was
tested by using an appropriate contrast in the model in question.
Ordered logistic regression models were adapted in order to
investigate for possible factors associated to physical performance.
Forward selection was used in the multivariate regression model for
all possible factors except age, which was not subjected to the
selection and was included in the model.

Results

Main characteristics of the study population. All data were
available on 494 out of 537 patients. The mean age of the
patients was 52 years (range=35-68 years). A total of 263
(53%) of the patients were post-menopausal. Overall, 276
(56%) were overweight or obese and 266 (54%) had at least
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Table 1. Demographic data, lifestyle habits and physical activity according to body-mass index (BMI).

BMI <25 BMI 25 -<30 BMI 230 p-Value™ p-Value®
n=218 n=191 n=85 crude age-adjusted

Demographic
Age, mean (SD) 51.0 (7.5) 54.2 (7.5) 524 (7.3) 0.0089
Post-menopausal, n (%) 96 (44) 117 (61) 50 (59) 0.0025 0.026
Education years, mean (SD) 14.4 (3.3) 13.7 (3.4) 13.5(3.2) 0.029 0.080
Lifestyle habits

Smoking, n (%) 18 (8) 21 (11) 13 (15) 0.076 0.062

Alcohol consumption, mean (SD) 4.1 (4.4) 4.6 (7.1) 3.6 4.2) 0.78 0.92
Physical activity and performance

MET high, n (%) 119 (55) 93 (49) 35 (41) 0.033 0.029

MET hours per week, mean (SD) 28.6 (17.7) 252 (14.4) 23.4 (17.6) 0.010 0.0070

2-km Walking time, min, mean (SD) 17.8 (1.6) 18.6 (1.6) 204 (2.3) <0.001 <0.001
LTPA, n (%) <0.001 <0.001

Low 23 (11) 36 (19) 25 (31)

Moderate 126 (59) 103 (56) 46 (57)

High 65 (30) 46 (25) 10 (12)

fp-Values are for linearity. LTPA: leisure time physical activity; MET: metabolic equivivalent of task; SD: standard deviation.

one chronic disease. The most common co-morbidity was
hypertension in 96 (19%) cases. Fifty-two (11%) were
randomly smokers. Lower- and upper-level employees
(78%) dominated the sociodemographic distribution. The
majority (92%) of the patients were treated with
chemotherapy, while endocrine therapy was given to 82%
and postoperative radiotherapy to 78% of the patients.

Body-mass index. A total of 218 (44%) patients had normal
or lean body weight (BMI <25), 191 (39%) were overweight
(BMI 25-30) and 85 (17%) were obese (BMI =30) (Table I).
The mean weight (71.1 kg, SD 12.2 kg) of the patients was
significantly higher at the entry to study (after adjuvant
therapy) compared with the self-reported weight (68.4 kg,
SD 11.7 kg) at the beginning of chemotherapy (p<0.001)
(Figure 1).

Sociodemographic factors: Age and menopausal status
were linearly associated with BMI (p=0.0089 and age-
adjusted p=0.026, respectively) (Table I).

Lifestyle factors: Leisure-time physical activity before the
diagnosis and current physical activity measured by
METh/wk decreased linearly across BMI-groups (age-
adjusted p<0.001 and p=0.0070 respectively) (Table I).

Tumour characteristics and treatments: No significant
difference was found in tumour characteristics or treatments
between the study groups, except for the proportion of
mastectomies carried out (age-adjusted p=0.032 between
BMI groups) (Table II).

Cardiometabolic risk factors: Co-morbidities increased
linearly across BMI-groups (age-adjusted p<0.001).
Hypertension (age- and tamoxifen-adjusted p=0.011) and
metabolic syndrome (p<0.001) increased linearly, being the
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Figure 1. Age-adjusted weight change during chemotherapy according
to body-mass index (BMI) and leisure time physical activity (LTPA)
classes. Data are means with 95% confidence intervals.

most frequent in obese patients. The frequencies of
hypertension were 13%, 21% and 34%, and those of
metabolic syndrome 10%, 39% and 71% in normal-weight,
overweight and obese patients, respectively. In addition,
HDL-cholesterol decreased (p<0.001) and LDL-cholesterol
(p=0.0043), triglycerides (p<0.001), fasting glucose
(p<0.001) and insulin increased linearly (p<0.001) across
BMI-groups (Table III, Figure 2).
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Quality of life: There was a statistically significant linear
relationship between the quality of life (EORTC-QLQ-C30) and
the BMI groups (global health, adjusted p<0.001) (Table III).

Physical activity and performance. Factors associated with
physical activity: Higher waist circumference (age- and
tamoxifen-adjusted p=0.0011), triglycerides (p=0.020) and
fasting insulin (p=0.0098), higher rate of metabolic
syndrome (p=0.028) and lower HDL-cholesterol (p=0.012)
and lower quality of life (p<0.001) were associated with low
physical activity (Table III). No interaction was found
between BMI and METh/wk in the analyses of
cardiometabolic risk factors (Figure 2).

Physical performance: The time for completing the 2-km
walking test was significantly associated with BMI-group
(age-adjusted p<0.001) (Table I).

Factors associated with physical performance: Factors
associated with the 2-km walking test divided into tertiles
were investigated using both univariate- and multivariate-
ordered logistic regressions. In univariate analyses adjusted
for age LTPA before diagnosis (p<0.001), current physical
activity (p<0.001) and longer education (p<0.001) were
associated with better walking test results. High BMI,
depression and co-morbidities were associated with
significantly worse walking test results (p<0.001, p<0.001
and p=0.002, respectively). In forward stepwise multivariate
analyses, LTPA before the diagnosis, current physical
activity and BMI entered the model (p<0.001, p<0.001 and
p<0.001, respectively) (Table IV).

Discussion

We found that overweight and obesity of breast cancer
survivors were significantly associated with sedentary
lifestyle and poor physical performance, comprising a
vicious circle of impaired physical health and quality of life.
In the present population, 57% of the women were
overweight or obese.

The level of physical activity often diminishes after breast
cancer diagnosis (27-32). Irwin et al. demonstrated that the
total physical activity decreased on average by two hours per
week within one year after diagnosis. The greatest declines
in physical activity were observed among obese patients
(32). Likewise, in the present study physical inactivity was
most common among obese patients with a very low level of
high-intensity activity.

Diminished physical activity is one of the primary factors
responsible for further weight gain during adjuvant
chemotherapy (27-31). In the present study, the average weight
gain was 3 kg which is in line with the weight gain from 2.5
to 6.0 kg during the first year after breast cancer diagnosis
presented in the previous literature (30-31,33). Likewise,
physical inactivity and weight gain during chemotherapy were
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mass index (BMI) and metabolic equivalent of task (MET). Data are means
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Table II. Tumour characteristics and treatments according to body-mass index (BMI).

BMI <25 BMI 25 - <30 BMI 230 p-Value™ p-Value®
n=218 n=191 n=85 crude age-adjusted

Tumour size /mm, mean (SD) 22.3(13.0) 23.8 (17.8) 26.2 (14.3) 0.088 0.054
Node-positive, mean (SD) 2.00 (3.52) 1.83 (3.08) 322 (5.72) 0.11 0.11
Nodes investigated, mean (SD) 13.3 (7.8) 13.1 (8.0) 153 (8.1) 0.080 0.11
Tumour grade, n (%)

1 42 (19) 23 (12) 7(8) 0.088 0.076

2 90 (42) 90 (48) 38 (45)

3 84 (39) 76 (40) 39 (46)
Histology n (%) 091

Ductal 149 (68) 131 (69) 58 (68)

Lobular 45 (21) 42 (22) 16 (19)

Other 24 (11) 18 (9) 11 (13)
ER-positive, n (%) 185 (85) 153 (80) 69 (81) 043 0.37
PR-positive, n (%) 154 (71) 121 (63) 61 (72) 0.21 0.38
Breast operation, mastectomy n (%) 129 (59) 84 (44) 44 (52) 0.009 0.032
Axillary operation, evacuation, n (%) 160 (73) 137 (72) 69 (81) 0.24 0.25
Chemotherapy, n (%) 195 (89) 175 (92) 82 (96) 0.14 0.14
Herceptin, n (%) 38 (17) 35 (18) 11 (13) 0.53 0.45
Radiotherapy, n (%) 164 (75) 153 (80) 70 (82) 0.30 031
Endocrine therapy, n (%) 0.44

None 35 (16) 37 (19) 15 (18)

Tamoxifen 60 (28) 63 (33) 29 (34)

Aromatase inhibitor 123 (56) 91 (48) 41 (48)

p-Value between groups. ER: estrogen receptor; PR: progesterone receptor; SD: standard deviation.

the most common among obese patients, increasing the risk
for future impairment of physical ability.

In the present study, adverse health behaviour and several
cardiovascular risk factors were associated with obesity and
overweight. As expected, the prevalence of metabolic
syndrome was significantly higher in obese (68%) and
overweight (39%) patients as compared to those with normal
weight (11%). Of note, pre-existing cardiovascular risk
factors are known to predict the development of therapy-
induced cardiovascular injury among patients with breast
cancer (34). Obesity was also related to co-morbidities,
particularly hypertension, in our study. This is especially
alarming as patients with breast cancer and co-morbidities,
such as cardiovascular problems or diabetes, are known to
have a poorer prognosis (35). In a Norwegian study
including 1,364 patients with breast cancer, obese women
(BMI>30), sedentary women and women with the highest
values of total cholesterol had a 30-50% increased risk of
total and breast cancer-specific mortality compared to
healthier women (36). Likewise from our observations, the
profile of cardiovascular risk factors was less favorable not
only in obese women, but also in women with a lower level
of physical activity independently of BMI. It is of concern
that the study subjects were already a pre-selected group as
health problems contraindicating exercise training were
exclusion criteria of the study.

In line with existing literature, we found a non-significant
trend towards more advanced disease in overweight and
obese patients as tumor size, nodal status and grade were
greater among these women (37). In addition to this,
epidemiological studies have shown a clear dose-response
relation between physical activity and breast cancer mortality
(7). The association between physical inactivity and breast
cancer risk has been related to weight control and sex
hormone regulation, but also to insulin resistance (38).
Notably, in our study, obesity and physical inactivity were
significantly related to hyperinsulinemia.

We earlier reported that quality of life of the patients with
breast cancer shortly after the adjuvant treatments was
significantly impaired as compared with the general population
(16). Every fourth patient was depressed. In the current study,
we found a strong association between high BMI and impaired
quality of life. Thus, obesity does not only alter physical health
but also psychosocial wellbeing and quality of life.
Interestingly, as we previously reported, physical activity is the
only factor positively-correlating to quality of life (16).

The current study had some limitations that should be
considered when interpreting its findings. The study population
was selected from the exercise intervention trial. Even though
the recruitment rate was as high as 78%, older patients and
patients with major health problems were excluded. The study
population represents only 30% of all screened patients. This,
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Table III. Cardiometabolic risk factors according to body-mass index (BMI) and physical activity (METh/week).

BMI p-Value¥ MET p-Value*
<25 25 - <30 =30 Low High
n=218 n=191 n=85 <27 h/wk >27 h/wk
n=247 n=247

Clinical
Waist, cm, mean (SD) 794 (7.5) 91.3(7.2) 104.1 (9.1) <0.001 89.9 (12.0) 86.5 (11.4) 0.0011
Weigth, kg, mean (SD) 61.6 (6.6.) 73.6 (5.6) 88.7 (10.4) <0.001 71.8 (12.4) 70.0 (11.6) 0.093
Blood pressure, mmHg, mean (SD)

Systolic 131 (19) 139 (18) 140 (17) <0.001 134 (18) 137 (19) 021
Diastolic 83 (10) 87 (11) 89 (11) <0.001 85 (10) 86 (11) 0.27
NCEP, n (%) 23 (11) 75 (39) 57 (68) <0.001 88 (36) 67 (27) 0.028

Biochemical, mean (SD)
Total-cholesterol, mmol/l 5.08 (1.17) 5.25 (1.00) 537 (1.12) 0.12 5.17 (1.19) 5.12 (1.00) 0.15
HDL-cholesterol, mmol/l 2.04 (0.50) 1.76 (0.42) 1.65 (0.47) <0.001 1.81 (0.47) 1.92 (0.50) 0.012
LDL-cholesterol, mmol/l 2.61 (1.08) 291 (091) 3.01 (1.06) 0.0043 2.87 (1.13) 2.73 (0.91) 0.13
FP-glucose, mmol/l 5.29 (0.92) 5.53 (0.65) 5.81 (0.98) <0.001 5.49 (0.84) 5.45 (0.86) 0.59
FP-insulin, mU/I 459 (242) 7.10 (3.86) 1145(7.02) <0.001 7.28 (5.25) 6.20 (4.16) 0.0098
Triglycerides, mmol/l 1.00 (0.62) 1.33 (0.73) 1.62 (0.82) <0.001 1.31 (0.76) 1.16 (0.70) 0.020
Depressive, n (%) 48 (23) 44 (24) 27 (33) 0.063 67 (28) 52 (22) 0.18
Fatigue, n (%) 39 (18) 37 (20) 22 (27) 0.096 53 (22) 45 (19) 0.44
EORTC QHS, mean (SD) 72.3 (18.7) 69.4 (17.8) 64.3 (20.1) <0.001 66.8 (19.2) 72.9 (17.8) <0.001

fp-Value for linearity across body mass index (BMI) groups, age- and tamoxifen- adjusted. *p-Value between metabolic equivivalent of task (MET)-
groups, age- and tamoxifen-adjusted. NCEP: The National Cholesterol Education Program; HDL: high-density lipoprotein; LDL: low-density
lipoprotein; EORTC QHS: Health score of EORTC-QLQ-C30 QoL questioinnaire for cancer patients; SD: standard deviation.

Table IV. Factors associated with the UKK 2-km walking test results divided into tertiles [0=19.12-27.62 min (n=175), 1=17.63-19.10 min (n=175),
2=13.75-17.62 min (n=173)] using ordered logistic regression models.

Univariate* Multivariate’
OR (95% CI) p-Value OR (95% CI) p-Value

Age 0.94 (0.92 to 0.96) <0.001 0.93 (0.91 to 0.96) <0.001
Chemotherapy 0.68 (0.37 to 1.23) 0.20
LTPA <0.001#% <0.001%

Low 1 (reference) 1 (reference)

Moderate 3.36 (2.08 to 5.45) 2.28 (1.31t0 3.97)

High 9.06 (5.17 to 15.85) 4.72 (2.49 to 8.96)
MET 132 (1.22 to 1.43) <0.001 1.26 (1.16 to 1.38) <0.001
BMI <0.001% <0.001%

<25 1 (reference) 1 (reference)

25 - <30 0.48 (0.33 to 0.69) 0.63 (0.42 to 0.95)

>30 0.09 (0.05 to 0.15) 0.10 (0.05 to 0.19)
Co-morbidity present 0.59 (0.42 to 0.83) 0.002
Depression present 0.53 (0.36 t0 0.77) <0.001
Education years 1.09 (1.04 to 1.14) <0.001 1.08 (1.02 to 1.14) 0.010

*Age is included in the model as a covariate. TForward selection. Only those variables are shown which entered the model. Age is included in the
model and not subjected to selection. ¥p-Value for linearity. LTPA: leisure time physical activity; MET: metabolic equivivalent of task; BMI: body
mass index.

however, makes our findings even more worrying as such a
significant number of physical and psychosocial problems were
observed among the participants. Another limitation is that both
physical activity and weight before breast cancer diagnosis were

reported by the patients. The strength of this study lies in the
large size and comprehensive assessment of the physical and
mental wellbeing including quality of life, physical activity,
physical performance and cardiometabolic risk factors.
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In summary, overweight and obesity of patients with
breast cancer are related to a sedentary lifestyle and poor
physical performance, increased risk of cardiovascular
diseases, and impaired quality of life. Obesity and reduced
physical activity lead to a vicious circle, which impairs
patients’ physical health and quality of life. More attention
should be paid to obesity and physical inactivity among
patients with breast cancer and survivors.
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