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Abstract. Despite recommendations that patients with breast 
cancer ought to undertake physical exercise, a majority 
of breast cancer patients fail to change their lifestyle and 
to increase their physical activity following diagnosis. In 
this clinical intervention feasibility study, compliance and 
sustainability of a walking training program over 24 weeks 
in patients with breast cancer following treatment were exam-
ined. The endpoints were retention rates after 12 and 24 weeks 
(6  months) and serum levels of glucose metabolism, the 
total activity score, endurance, a subjectively perceived 
exertion‑during‑endurance stress test, quality of life and 
fatigue. A supervised walking training session for 60‑75 min 
twice‑weekly over 6 months in 35 patients with breast cancer 
following treatment was examined. The study retention 
at 12 weeks was 27/35 (77%), and at 24 weeks 24/35 (69%). 
After 24 weeks, the glycated hemoglobin (HbA1c) score was 
significantly lowered following the intervention (P=0.001). 
Insulin and glucose levels remained unchanged. Significant 
improvements were measured in the patients' body mass 
index (P=0.001), endurance (P=0.013) and in psychological 
parameters such as fatigue (P=0.008) and the quality of life 
(P=0.007). Furthermore, the patients exhibited significant 
improvements in their subjectively perceived exertion during 
an endurance‑stress test (P=0.079) and in their total activity 
score (P=0.931). The present study demonstrated an increase 

in total activity resulting from the supervised walking training 
program twice‑weekly over 6 months. Significant changes 
in long‑term parameters of glucose metabolism, such as in 
the HbA1c score, also occurred. Furthermore, significant 
improvements in physical and psychological parameters were 
observed.

Introduction

Breast cancer is currently the most common malignancy among 
women. Breast cancer patients frequently report a decline in 
physical fitness and quality of life, as well as an increase in 
fatigue. Obesity or overweight in patients is not only associ-
ated with higher rates of morbidity and mortality (1), but also 
with fatigue and arthralgia (2‑5).

In recent years, physical activity has become an important 
topic in cancer therapy, serving a vital role in cancer preven-
tion and control. Physical activity has been proposed as an 
adequate intervention for women with breast cancer in order 
to improve their quality of life and physical strength. There 
are specific recommendations for physical exercise in patients 
with breast cancer in aftercare. Patients are recommended to 
be physically active for a period of 3‑5 h per week [10 meta-
bolic equivalents of task (MET)/h per week, with 4 MET/h per 
session] (6). Nevertheless, often physical activity is decreased 
in aftercare (7,8). Irwin et al (9) reported that breast cancer 
survivors spend more time in a sedentary state compared with 
controls, and are often overweight or obese (9). Several studies 
have confirmed that physical activity has a positive influence 
on preventing recurrence and mortality (10,11). In a system-
atic review and meta‑analysis of epidemiological studies 
by Lahart et al (12), a significant risk reduction for cancer 
recurrence by post‑diagnostic physical activity has been 
described [hazard ratio (HR)=0.52, 95% confidence interval 
(CI)  0.43‑0.64, P<0.01; and HR=0.59, 95% CI 0.45‑0.78, 
P<0.05, respectively] (12).

A burgeoning body of evidence has demonstrated that 
there is an association between obesity and a sedentary 
lifestyle, metabolic syndrome and breast cancer or breast 
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cancer recurrence  (13‑15). Metabolic syndrome includes 
hypertension, abdominal adiposity, dyslipidemia and glucose 
dysregulation. There is evidence to suggest that metabolic 
syndrome determinants may be improved by physical activity 
in the general population. Few published studies have been 
reported in the literature on any association among metabolic 
syndrome, breast cancer and insulin resistance, although 
previous studies have shown that physical activity may influence 
or reduce fasting insulin levels and insulin resistance (16‑20). 
High‑fasting insulin levels have been associated with distant 
recurrence and mortality in breast cancer survivors. The 
situation may be improved by the patient undertaking physical 
activity over a long time period  (3,19,20). To date, only a 
few studies have examined the effect of physical activity on 
changes in the levels of insulin, glucose and HbA1c in breast 
cancer survivors (13,14,16,21‑25), and therefore further studies 
are required in order to determine the effects of physical 
interventions on metabolic syndrome variables in patients with 
breast cancer.

The aim of this clinical intervention feasibility study was 
to verify the compliance and sustainability of a supervised 
walking training program over a long time period. Additional 
study endpoints were to assess safety, efficacy, the influence 
on glucose metabolism, physical and psychological parameters 
and activity scores.

Materials and methods

This one‑arm feasibility intervention trial examined the 
compliance of a supervised walking training program in 
patients with breast cancer following treatment. A total of 
35  patients with primary breast cancer were involved in 
twice‑weekly training for 24 weeks. Additional endpoints 
were the effects of the endurance training on glucose 
metabolism [glycated hemoglobin (HbA1c), insulin and 
glucose levels], physical fitness (W/kg per body weight in kg), 
subjectively perceived exertion during an endurance‑stress 
test (on the Borg scale), the total activity score [based on 
the International Physical Activity Questionnaire (IPAQ)], 
quality of life (based on the EORTC QLQ C30+BR23 ques-
tionnaire) and fatigue [Multidimensional Fatigue Inventory 
with 20 questions (MFI 20)], at 12 weeks and 6 months after 
the initiation of physical intervention. The patients were 
recruited between March and June 2013 in the University of 
Kiel, UKSH, one of Germany's major academic breast units. 
The women who were involved had to meet the following 
eligibility criteria: They had primary breast cancer; they 
were no more than three years post‑operative, they had no 
metastases; they were aged 18‑75 years old; and their physi-
cians had given them clearance to exercise. Exclusion criteria 
included the existence of acute infectious disease or severe 
cardiac disease (New York Heart Association functional 
class ≥III; myocardial infarction <3 months), a severe pulmo-
nary or renal insufficiency (glomerular filtration rate <30%), 
serious neurological disorders, <10,000 platelets per ml, 
hemoglobin <8 g/dl and planned chemo‑ or radiotherapy 
within the next 6 months. The present study was approved 
by the local ethical review committee (registration no.: AZ 
D 436/13). All participants provided their written informed 
consent prior to participation in the study.

Per protocol data were assessed at the baseline (T1), 
after 12 weeks (T2) and after 6 months (T3). 

Obtained results at the baseline, T1, were compared with 
values 12 weeks and 6 months following initiation of training 
using one-way ANOVA analysis of variance (for the physical 
fitness and glucose metabolism analyses), the Wilcoxon‑test 
(for the subjectively perceived exertion during endurance‑stress 
test, fatigue and quality of life), and the Friedman test (for the 
glucose and insulin level measurements). P<0.05 was taken to 
indicate a statistically significant difference, and the effects 
were expressed as the mean ± standard deviation. The analysis 
was performed using the SPSS system for Windows (version 
PASW 21; IBM SPSS, Armonk, NY, USA).

For this study, 80 patients were identified retrospectively 
and contacted between March and August  2013. A total 
of 35 patients fulfilled the inclusion criteria and were finally 
enrolled; 45 of the identified patients were unable to partici-
pate. Of these, 38 were denied involvement due to the excessive 
distance from the study center, two had already died, and five 
were not interested. At the baseline, 35 patients were recruited. 
Due to timing issues or family problems or withdrawal of 
consent, eight out of 35 enrolled patients dropped out between 
T1 and T2, and an additional three dropped out between T2 
and T3. Ultimately, 24 patients completed the study success-
fully. The patient characteristics (including age and BMI) at 
baseline T1, T2 and T3 are shown in Table I.

The endurance (W/kg per kg body weight) and subjectively 
perceived exertion during endurance‑stress test (according to 
the Borg scale) were assessed with the ramp test, ‘Physical 
Worker Capacity Test 150’ (PWC 150) as a bicycle ergometer 
test. For the ramp test, the patient was instructed to cycle 
at a speed of 60‑70 revolutions/min (RPM). The test was 
started at 25 W, after which the load was increased by 25 W 
every 2 min. At the end of each exercise level, the heart rate, 
blood pressure and well‑being based on a numerical scale 
according to the Borg scale were recorded (25,26). The test 
was terminated if the patient had a heart rate of 150 beats/min, 
or the cycling speed fell below 60 RPM. The maximum work-
load was recorded.

Physical activity was calculated to determine the number 
of minutes per week of vigorous physical activity, moderate 
physical activity, walking and total physical activity during 
leisure time, transport, work and domestic purposes during 
the past week with the long version of the IPAQ. The IPAQ 
scores were expressed according to the formula: MET/min per 
week = average MET level x min of physical activity x number 
of physical activity sessions per week. The overall result of the 
physical activity analysis was assigned to one of three groups: 
Low, moderate or high level of physical activity (27).

The European Organization for Research and Treatment 
of Cancer (EORTC) has developed several validated ques-
tionnaires to assess the quality of life of cancer patients in 
a multidimensional approach. The questionnaire used in the 
present study was EORTC QLQ C30, version 3 BR23, which 
was specifically developed for patients with breast cancer. It 
provided the documentation source of psychological changes. 
The results section of the questionnaire focuses on quality of 
life and fatigue (28,29). The fatigue symptoms were assessed 
using MFI‑20. The MFI‑20 is a prospectively validated and 
internationally frequently used questionnaire (30,31).
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Endurance training was performed as a supervised 
walking training program: 60‑75  min twice‑weekly for 
24 weeks. The endurance stress was controlled on the basis of 
individual treatments, therapy side‑effects and the resulting, 
different psycho‑physical capacities of the patients according 
to the Borg scale. Patients were encouraged to be active at 
a Borg level of 12‑14. The patients were informed about the 
Borg scale from the endurance‑stress test. Every training 
session started with a co‑ordination and stretching component, 
which lasted 10‑15 min. The endurance training increased 
from  3x10  min, to 4x10  min, to 2x20  min, to  3x20  min, 
to 2x30 min, to 1x 40 min, to 1x50 min, and finally, to 1x60 min, 
followed by a 5‑10 min cooling‑down period.

Results

The study commenced with 35 patients. After 12 weeks of 
intervention study, retention was 27/35 (77%) patients, and 
at 24 weeks, 24/35 (69%) patients remained. Therefore, the data 
for 24 patients were fully evaluable. After 24 weeks, the HbA1c 
score was significantly reduced after intervention (P=0.001), 
whereas insulin and glucose levels remained unchanged.

After 6  months, the patients with involvement in the 
intervention demonstrated significant improvements in BMI 
(P=0.001) and endurance (P=0.013). When comparing fatigue 
scores, significant improvements were seen during interven-
tion (P=0.008). Furthermore, the quality of life (P=0.007) 
was significantly improved. In addition, the patients involved 
in the intervention improved, following a specific trend in 
terms of their subjectively perceived exertion during the 
endurance‑stress test (P=0.079). Changes in the IPAQ are 
shown in Table II. A general non‑significant improvement was 
observed in the domain active transportation, as well as in 
the domains of domestic and garden activity and leisure time 
from T1 to T2 (Table II). The total activity score increased 
non‑significantly from T1 to T3, with a minor decrease from 

T2 to T3. A percentage increase in vigorous activity, and a 
simultaneous reduction of low and moderate activity from T1 
to T3, were also detected (Table III).

Changes in endurance during the whole training process 
(W/kg per kg body weight), well‑being during the endur-
ance‑stress test (as measured according to the Borg scale), 
fatigue, quality of life and glucose metabolism are presented 
in Table I.

Discussion

There exists limited data on the compliance and sustainability 
of the physical activity that is recommended following a 
breast cancer diagnosis. The present study describes compli-
ance and sustainability of physical activity over a long time 
period in 24 patients with breast cancer. The results have 
confirmed that supervised physical activity is an excellent 
tool to improve physical activity compliance. In comparison, 
the HEAL study assessed physical activity levels among 
806  breast cancer survivors  (https://healthcaredelivery.
cancer.gov/heal/). There was a marked trend of decreasing 
time spent in moderate‑intensity, vigorous‑intensity and 
sports/recreational activity with the increasing categories 
of BMI and age. Three years following a breast cancer 
diagnosis, only 32% of the breast cancer survivors were 
involved in the recommended levels of moderate‑to‑vigorous 
activity in terms of their recreational physical activity (6). 
Littman et al  (7) examined the levels of physical activity 
in 315 primary breast cancer survivors, and observed how 
those levels changed following cancer diagnosis and treat-
ment. After 12 months of diagnosis, the physical activity 
level decreased by 50% relative to the time prior to the 
diagnosis. An increase in the physical activity level was 
detected after 19‑30 months following diagnosis, which was 
~3 MET/h/week lower compared with the situation prior to 
the diagnosis (7). Blanchard et al (8) reported on changes 

Table I. Patient characteristics at T1, T2 and T3. 

Parameter	 T1a	 T2a	 T3a	 P‑value

No. of patients	 35	 27	 24	
Age	 57±11.92	 56±10.33	 58±9.67	 0.806
BMI (kg/m²)	 25.87±3.5	 25.61±3.38	 25.69±3.47	 0.001
Exercise capacity 
  (PWC 150)	 1.54±0.41	 1.66±0.47	 1.61±0.48	 0.013
BORG	 15.6±2.19	 15.28±1.64	 14.67±1.83	 0.079
Fatigue (MFI 20)	 11.48±2.12	 10.64±1.66	 10.75±2.40	 0.008
Quality of life	 66.33±17.43	 74.00±15.46	 76.04±16.17	 0.007
HbA1c (%)	 5.61±0.56	 5.50±0.59	 5.42±0.54	 0.001
Glucose (mg/dl)	 94.76±27.93	 101.42±23.15	 101.91±23.16	 0.40
Insulin (micro‑units/ml)	 25.44±32.88	 24.50±21.39	 28.11±24.99	 0.054

aT1, baseline; T2, after 12 weeks; T3, after 6 months. Changes in BMI, exercise capacity (PWC 150; measured in W/kg per kg body weight), 
fatigue (MFI 20), quality of life (EORTC QLQ C30), concentration of HbA1c, glucose and insulin (according to the ANOVA, Friedman and 
Wilcoxon tests, as detailed in the text). All data are expressed as means ± standard deviation. ANOVA, analysis of variance; BMI, body mass 
index; PWC 150, Physical Worker Capacity Test 150; BORG (scale), the subjectively perceived exertion during an endurance‑stress test; 
MFI 20, Multidimensional Fatigue Inventory; HbA1c, glycated hemoglobin.
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in lifestyle following cancer diagnoses and reduced physical 
activity in 30% of their cancer patients (8).

In contrast with these observations, our supervised walking 
intervention led to an increase in the active transportation, 
domestic, garden and leisure time domains from T1 to T2. The 
minor drop from T2 to T3 could be accounted for by the winter 
season, which occurred at T3. Overall, an increasing trend of 
the total activity score was observed (P for T1 vs. T2=0.796; 
P for T1 vs. T3=0.936). The total activity score correlates with 
the overall survival (OS), disease‑free survival (DFS) and the 
time to progression (32). The Long‑Island Breast Cancer Study 
examined the effect of post‑diagnosis activity on survival in 
a cohort of 1,423 women with breast cancer between 1996 
and 1997 (33). Survival rates were improved among women 
who were highly active following diagnosis (>9.0 MET/h/week) 
compared with inactive women (0 MET/h/week) for all‑cause 
HR (0.33) and breast‑cancer‑specific mortality HR (0.27) (33). 
Similar results were reported by Courneya et al  (32) with 
the Supervised Trial of Aerobic versus Resistance Training 
(START) trial. DFS was 82.7% for the exercise group compared 
with 75.6% for the control group at an 8 year follow‑up (32).

Several randomized controlled trials (RCTs) have investi-
gated the impact of physical activity on glucose metabolism in 
patients with metabolic syndrome. There is evidence to suggest 
that physical activity is effective in decreasing metabolic 
syndrome. Muscle contraction has a marked effect on glucose 
metabolism, when a physical stress >20% of the maximum O2 
absorption is applied (13,14,16,22‑24). The impact of physical 

activity on metabolism in breast cancer survivors has yet to be 
elucidated. This 6‑month endurance intervention study, with a 
moderate‑to‑vigorous walking training program for 60‑75 min 
twice‑weekly among breast cancer survivors, led to decreased 
levels of HbA1c in this cohort. However, no effects on fasting 
insulin and glucose levels were identified.

Our results are in line with previously published observa-
tions. Schmitz et al (17) reported a significant increase in lean 
muscle mass, and a decrease in body fat, after 12 months of 
physical intervention. No effects were observed with respect to 
body weight, BMI, body fat and insulin (24). In a study by Fairey 
et al (16), a 15 week aerobic exercise program in postmenopausal 
breast cancer survivors did not result in any changes in the 
levels of fasting glucose, insulin or insulin resistance, although 
significant decreases in insulin‑like growth factor 1 (IGF‑1) and 
other IGF‑binding proteins were identified (16). In an RCT with 
65 postmenopausal breast cancer survivors, Thomas et al (20) 
identified a significant effect of moderate‑intensity aerobic exer-
cise [150 min (five sessions of 30 min) per week over 6 months] 
on metabolic parameters from the baseline to 6 months. In 
contrast with our observations, Thomas et al (20) did describe 
changes in fasting blood glucose.

In RCTs, Friedenreich et  al (22), Irwin et  al (23) and 
Ligibel  et  al  (24) described positive effects of physical 
activity on insulin and glucose levels [insulin resistance per 
Homeostasis Model Assessment (HOMA) index], the waist 
circumference, IGF‑1 and IGFBP‑3 concentrations and on 
the level of leptin (17,23,24). The reason for this discrepancy 

Table III. PA levels of the patients (categorized as low, moderate or vigorous), determined at T1, T2 and T3. 

	 T1	 T2	 T3
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑  
PA level (%)	 Low	 Moderate	 Vigorous	 Low	 Moderate	 Vigorous	 Low	 Moderate	 Vigorous

Work domain	 87.5	 ‑	 12.5	 91.66	 ‑	 8.33	 91.66	 ‑	 8.33
Transport	 8.33	 70.83	 20.83	 ‑	 75	 25	 ‑	 83.33	 16.66
Domestic and gardening	 ‑	 45.83	 54.16	 ‑	 41.66	 58.33	 ‑	 41.66	 58.33
Leisure time	 25	 41.66	 33.33	 8.33	 45.83	 45.83	 12.5	 29.16	 58.33

Data for the PA levels are shown as percentages. PA, physical activity; T1, baseline; T2, after 12 weeks; T3, 6 months/24 weeks after the 
initiation of intervention.

Table II. Changes determined in the IPAQ.

				    P‑value
	 T1	 T2	 T3	 (T1 vs. T3)

Work domain	 493.56±1696.99	 329.79±1648,99	 329.79±1648.99	 0.978
Active transportation domain	 978.35±742.28	 1,138.93±1086.53	 917.25±925.38	 0.974
Domestic and garden domain	 2,112.93±1854.66	 2,235.00±1931.65	 2,170.84±1870.20	 0.995
Leisure‑time domain	 909.96±1149.64	 2,313.30±3453.79	 1,895.06±1261.13	 0.300
Total activity score	 2,227.07±693.414	 2,987.88±922.09	 2,666.22±830.56	 0.931

METs accomplished (over 7 days) at T1 (baseline), T2 (after 12 weeks) and T3 (after 6 months/24 weeks) following the initiation of interven-
tion. The P‑values were calculated using ANOVA, and data are expressed as the mean ± standard deviation. MET, metabolic equivalent of task; 
ANOVA, analysis of variance. 
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compared with our data might be explained by the different 
doses of drugs administered, intensity of physical activity and 
anthropometric data of the patients. The range of the training 
sessions in our study was in line with the recommendations 
of the American College of Sports Medicine for breast cancer 
survivors, and the recommendations for age‑appropriate guide-
lines from the Physical Activity Guidelines for Americans. 
According to these guidelines, adults aged 18‑64 years should 
engage in at least 150 min per week of moderate intensity or 
75 min per week of vigorous‑intensity aerobic physical activity, 
or an equivalent combination of moderate and vigorous inten-
sity aerobic physical activity (34).

In a review, Ghose et al (19) described the risk of obesity and 
insulin resistance on disease recurrence in patients with breast 
cancer. They concluded that a large‑scale RCT to investigate 
the impact of physical activity on insulin resistance, weight, 
DFS and OS would be required for patients with breast cancer 
during, or just after, completion of the chemotherapy (19). To 
date, the impact of physical activity on metabolic syndrome in 
breast carcinogenesis has been poorly studied.

The changes in endurance, subjectively perceived exertion 
during an endurance‑stress test, quality of life and fatigue 
identified in our study corroborate the results identified in 
another study (35).

However, there are certain limitations with the present 
study. Our data are limited by the small sample size and no 
control group. Therefore, it is our intention to verify the results 
in a follow‑up study with a control group and an increased 
sample size.

Important for the sustainability of physical activity in the 
aftercare of patients with breast cancer are specifically offered 
incentives, such as assisted sport groups for patients with 
breast cancer. Our recommendation is that patients with breast 
cancer are informed about the feasibility of physical activity in 
aftercare directly at the initiation of therapy.

In conclusion, this study has demonstrated a great compli-
ance with, and the sustainability of, the recommendations. The 
walking exercise program led to significant improvements in 
endurance, in the subjectively perceived exertion during an 
endurance stress test, in fatigue, quality of life and the levels of 
HbA1c. The aim of further research should be to implement a 
physical intervention program for an improved understanding 
of the effects of physical activity on glucose metabolism in 
breast cancer survivors.
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