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Abstract
Background—Many breast cancer survivors experience long term sequelae, including fatigue,
decreased physical functioning, pain, and psychological distress. Physical activity can ameliorate
these problems, but there is little research on how activity should be performed to be most
beneficial. This study explores how dimensions of physical activity (total energy expenditure,
frequency, and duration) are associated with symptoms among breast cancer survivors.

Methods—We conducted secondary analysis of data on physical activity behavior and symptoms
in a cross-sectional study (n = 148) of breast cancer survivors who were off treatment and had
been diagnosed within the past 5 years.

Results—Multivariate analyses showed that total energy expenditure was associated with better
general health (p=0.006) and fewer depressive symptoms (p=0.014), while frequency of activity
was linearly related to physical functioning (p=0.047), pain (0.057), general health (p<0.001), and
depressive symptoms (p<0.001). Duration was related to physical functioning, pain, and general
health, but the worst outcomes were reported by the participants with the shortest and longest
duration of activity (quadratic trend p values = 0.002, 0.003, 0.008, respectively).

Discussion/Conclusions—Greater total energy expenditure, higher physical activity
frequency, and moderate duration were associated with better outcomes for most variables,
although there was no relationship between any of the dimensions of physical activity and fatigue.

Implications for Cancer Survivors—The association of better outcomes with higher energy
expenditure, higher frequency of activity, and moderate duration indicates that increasing activity
through multiple short bouts may be the most beneficial for breast cancer survivors. However,
randomized studies are needed to confirm this finding.
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Introduction
Breast cancer survivors may experience a number of long-term difficulties that can be
attributed to the disease or its treatment. For example, many survivors have decreased
physical functioning (1-5) with problems being more pronounced in those who received
systemic adjuvant therapy (6). Breast cancer survivors have poorer physical health and
slightly more functional problems than similarly aged women without cancer (7). They also
are more likely to have a medical condition that limits their activities (8), and to report
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higher rates of pain and physical symptoms than healthy women (5). Physical functioning
problems can persist and worsen (2), and may endure as late as 8 years post-diagnosis (4).
Cancer-related fatigue, a common problem, causes distress, impairs quality of life, and
delays return to regular functioning (9-11)(12). It can remain a serious problem several years
post-diagnosis (2,3). For example, the Healthy Eating, Activity, and Lifestyle (HEAL)
study, a cohort study of breast cancer survivors showed that 41% of the sample experienced
significant levels of fatigue 2-5 years after diagnosis. The fatigued survivors had poorer
quality of life than both non-fatigued survivors and normative samples (12).

Survivors may have ongoing emotional problems due to fears of recurrence or death and
changes in social relationships (13). While some studies show that breast cancer survivors
score within normal ranges on measures of emotional well-being (2,5,8,14), others indicate
that mood disturbances persist even after most physical problems have resolved (3,15,16).
Though as a whole, breast cancer survivors have good emotional well-being, as many as
25% may experience ongoing distress (5,6); percentages may be higher in those who have
had both mastectomy and chemotherapy (1).

The results of a growing number of studies (17-21) demonstrate that exercise and physical
activity can improve many of the symptoms and health problems experienced by breast
cancer survivors. Exercise interventions for survivors of breast cancer have been evaluated
in randomized trials and have been found to have significant positive effects on functional
capacity and physical functioning (17-20,22,23), fatigue (19,24-27), pain (20), body image
(28), psychologic adjustment (19,21,29,30), sleep problems (19), and overall health and
quality of life (17,20,21).

While considerable progress has been made in investigating the benefits of physical activity
for cancer survivors, gaps in our knowledge remain. Most existing studies evaluated aerobic
exercise of consistent intensity, frequency, and duration, supervised by research staff. The
studies were not designed to determine how variations in amount, frequency, and duration
affect breast cancer survivors' symptoms and treatment sequelae. For example, we have no
answers to questions such as how much exercise is needed to improve psychological
distress, or whether greater improvements in fatigue would be attained with a few long
walks or several short walks each week Studies of how the frequency, intensity, and
duration of physical activity affect cardiovascular disease and mortality risk in healthy
populations (31,32) have led to changes in the physical activity recommendations for the
general public. Early recommendations emphasized vigorous exercise for at least 20
minutes, but current recommendations also endorse moderate activity done for at least 30
minutes on most days of the week, allowing people to accumulate this activity in short bouts
throughout the day. The latter regimen decreases the risk of cardiovascular disease and
mortality (33) but what has not been studied is how altering dimensions of activity such as
frequency, duration, and total energy expenditure might affect the specific benefits of
exercise for cancer survivors. For certain outcomes total energy expenditure might have a
stronger relationship to outcomes and be mediated by fitness differences, but for others,
especially those associated with emotional health, other factors might come into play. For
example, the distraction hypothesis (34) postulates that physical activity improves emotional
well-being due to the distraction it provides, rather than the physical effects of the activity
itself. If distraction accounts for improvements in outcomes, it is likely that frequency of
exercise will be a critical predictor since mood disruption can potentially occur daily,
making frequent distraction necessary to have a lasting impact on emotional well-being.

We conducted a secondary analysis of a cross-sectional study to explore whether dose,
frequency, and duration of physical activity are associated with breast cancer survivors'
symptoms and health status. We hypothesized that there would be a linear relationship
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between the physical activity variables and symptoms and health status; that greater total
energy expenditure, higher frequency of activity, and longer activity duration would be
associated with better outcomes. Because research has shown that breast cancer survivors
experience difficulties with fatigue, physical functioning, pain, depression, and general
health, we have focused on these outcomes for this paper.

Method
Design and Participants

Participants in the cross-sectional study were 148 female breast cancer survivors who were
off treatment and who had been diagnosed within 5 years of the start of the study. They also
had to be aware of the date, their location and their name (which provides a general
indication of cognitive function); over 18; and speak and read English. The protocol was
reviewed and approved by the Institutional Review Boards at the University of Texas M. D.
Anderson Cancer Center and the Harris County Hospital District. Participants were recruited
from The University of Texas M. D. Anderson Cancer Center, the Houston chapter of the
Sisters' Network (a support and advocacy group for African-American breast cancer
survivors), The Rose (a non-profit agency that provides breast cancer screening and
diagnosis and support groups to women with breast cancer), and Lyndon B. Johnson (L.B.J.)
Harris County Hospital District General Hospital in Houston, Texas.

Procedures
At M. D. Anderson Cancer Center, breast cancer survivors who were scheduled for follow-
up appointments between January and October, 2002 with either of 2 medical oncologists in
the Nellie B. Connally Breast Center or with physicians at the Cancer Prevention Center
were mailed a letter introducing the study and provided with a number to call if they were
not interested in being contacted further about the study. Patients who had not declined to
participate were later called by the research coordinator to schedule an interview
appointment, either on the same day as the next clinic appointment or at a more convenient
time.

At the interview appointment, a research coordinator met with the patient, obtained written
informed consent, and administered a 7-day physical activity recall interview and a battery
of self-report questionnaires assessing physical and psychological symptoms and quality of
life.

Measures
Demographic and health information—Questionnaires were used to determine
participants' demographic (age, ethnicity, education, and marital status) and health
information (non-cancer medical history, cancer disease stage at diagnosis, recurrence [yes
or no], cancer treatment [surgery, with or without radiation therapy, chemotherapy, or
both]), and other medical information.

Participant reported outcomes—Participants completed a number of questionnaires
related to the primary study objective. However, for the purpose of this secondary analysis,
we selected depression, fatigue, pain, physical functioning, and overall health as the
priorities to analyze, given that the literature on breast cancer survivors indicates that these
are common problems. Participants completed the Medical Outcomes Study Short Form-36
(SF-36 (35,36), a 36-item self-report measure of health-related quality of life that includes 8
subscales measuring diverse health concepts (physical functioning, social functioning, pain,
mental health, vitality, general health, role limitations because of physical problems, and
role limitations because of emotional problems) and has high internal consistency reliability
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(Cronbach's alpha= 0.78-0.93) (37). The subscales measuring physical functioning, vitality,
bodily pain, and general health were used for this analysis. On all subscales a higher score
indicates a better outcome (i.e., better physical functioning, less pain). Participants also
completed the Center for Epidemiological Studies Depression Scale, a well-validated, 20-
item self-report depression measure, with scores from 0 to 60. A score of 16 or higher
indicates a need for clinical evaluation. It has high internal consistency (Cronbach's alpha =
0.84-0.90), moderate test-retest reliability (kappa = 0.51-0.70), and good construct validity
with other measures of depression (38).

Physical activity—The 7-Day Physical Activity Recall Questionnaire (7-DPARQ) is a
valid and reliable (39,40) interviewer-administered measure used to assess physical activity
participation in the past week, including household and occupational activities, leisure
activity, and intentional exercise. The amount of time spent in sleep and moderate-, hard-,
and very hard-intensity activities is gathered through the interview process, and the amount
of time spent in light-intensity activities is imputed from the other activities. Total energy
expenditure calculated from 7-day recall interviews have been shown to correlate with
VO2max (40,41), body fat (40), past year activity (41), and objective measures of physical
activity (42). Test-retest reliability is adequate, although it is lower for moderate intensity
activity than hard and very hard intensity activity (39).

Research coordinators attended a 2-hour training session in which the recall interview was
demonstrated; they then conducted 3-5 practice interviews with each other, interviewed the
trainer, and received feedback on their performances. Patient assessments were audiotaped
so the trainer could provide the research coordinators with corrective feedback if necessary.

We included the following data in our analysis: total energy expenditure for the week (kcal/
kg/week), frequency (number of days with at least 30 minutes of physical activity), and
duration (number of minutes of physical activity on days it was performed)

Analysis: The association between total energy expenditure, frequency of physical activity,
and duration of physical activity was calculated using one-way analysis of variance, with
tests for linear and quadradic trends. An unadjusted analysis was conducted first, followed
by an analysis of covariance controlling for potential confounding variables and (for the
analysis of frequency and duration) total energy expenditure. The potential confounding
variables were selected by analyzing the associations between the independent variable
(total energy expenditure, frequency of activity, and duration of activity) and potential
confounding variables (disease stage, diagnosis of recurrence or second primary, received
chemotherapy, mastectomy, education level, age, time since diagnosis, African-American
race, Latina ethnicity, and comorbidity score). Any potential confounding variables that had
an association with a particular independent variable with a p value of <0.20 were included
in an analysis of covariance model testing that independent variable

Results
Recruitment and Demographic data

A flow chart of participant recruitment is provided in Figure 1. Participation rates
(participating survivors/ survivors identified as eligible) ranged from 43 – 100% depending
on the source of recruitment. Of those survivors who refused, the reasons included not being
interested in participating in research and living outside of the area. Of the 148 women who
participated, 11% had ductal carcinoma in situ at diagnosis. The others had stage I (39%),
stage II (35%), stage III (11%), or stage IV (3%) breast cancer. Eighty-one participants had
undergone radiation therapy, 104 had undergone chemotherapy, and 69 had received both.
Participants had been diagnosed a mean of 4.5 years before the study began and had a mean
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BMI of 26.1 (SD = 5.2). The sample was fairly diverse in terms of race and ethnicity. Sixty
percent of participants were white, 21% African American, 15% Hispanic, 1% Asian, and
3% other. The mean age of the participants was 54.2 years (SD = 10.3) and approximately
half had at least a bachelor's degree. Most were either married (61%) or living with a
significant other (4%).

The average total energy expenditure in the sample for the entire 7 days was 244.9 kcal/kg.
Forty-one percent of the participants reported engaging five or more days of moderate-
intensity or greater activity (for at least 30 minutes) during the week, while 36% reported
2-4 days and 23% were active on one day or not at all. The mean duration of activity among
participants reporting activity on at least one day was 1.72 hours (SD = 1.16) on days
activity was reported.

Relationship of total energy expenditure to outcomes
Table 1 shows the associations between total energy expenditure and physical activity
frequency and physical functioning, vitality, pain, general health, and depression. Several
significant linear trends were found for energy expenditure; increasing energy expenditure
was associated with better physical functioning and general health, and less pain and
depression. Most of the improvements in outcomes occurred between the 1st (<229 kcal/kg/
week) and 2nd (229-237 kcal/kg/week) quartiles. Post hoc analyses showed that for physical
functioning and pain, the first quartile was significantly different than the fourth quartile
(>253 kcal/kg/week) but no other quartile groups differed significantly (although the
comparison between the 1st and 2nd quartile neared significance (p=0.052 for physical
functioning, p=0.079 for pain). For general health and depression, the first quartile group
was significantly different from all other quartiles, but quartiles 2-4 did not differ from each
other. Because comorbidity score, having experienced a recurrence, and education level
were associated with total energy expenditure (p<0.20), we repeated the analysis controlling
for these variables. After adjusting for potential confounding variables a similar pattern
emerged. Energy expenditure quartile was significantly related to general health (p=0.006)
and depression (p=0.014), while the linear associations between energy expenditure quartile
and physical functioning and pain approached significance (p=0.102 and p=0.094,
respectively).

Effects of frequency of activity on outcomes
The relationship between frequency of physical activity and outcome variables was analyzed
by comparing participants who were sedentary (30 minutes or more of moderate or more
intense activity 1 day or less in the past week), low active (30 minutes or more of moderate
or more intense activity on 2 to 4 days in the past week), and meeting recommendations (30
minutes or more of moderate or more intense activity on 5 or more in the past week). With
regard to activity frequency, the means increased as the frequency of activity increased for
most outcome variables; as shown in Table 2 the linear trend was statistically significant for
physical functioning (p = 0.010), pain (p = 0.023), and general health (p = 0.001).
Depression scores decreased as the frequency of physical activity increased (p = 0.001). The
largest differences occurred between the sedentary group and the low active group. For
physical functioning, general health, and depression, pairwise comparisons using the
Bonferroni correction showed that the sedentary group had significantly poorer outcomes
than the low active survivors or those who were active and meeting recommendations
(p<0.05). For pain, the difference between the sedentary and active meeting
recommendations group was statistically significant (p<0.05) and the difference between the
sedentary and low active groups approached significance (p=0.066). We also conducted
analyses controlling for total energy expenditure and potential confounding variables that
had an association with activity frequency (having had a mastectomy, education level, and
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African-American race). In the adjusted analysis, the linear trend for physical functioning,
general health, and depression remained significant, and the trend for pain approached
significance (p=0.057).

Effects of physical activity duration on outcomes
To test the relationship between duration of activity, we categorized patients into quartiles
based on the number of minutes moderate or greater intensity activity on the days physical
activity was performed. Means and confidence intervals for the outcome variables by
duration quartile are provided in Table 3. The linear trend was not significant for any of the
variables; however, a significant quadradic trend was observed for physical functioning,
pain, and general health. For these variables, outcomes were poorer for participants in the 1st

and 4th quartile than in the 2nd and 3rd quartile. Analysis of the pairwise comparisons did
not show any significant differences except for between the 3rd and 4th quartiles for physical
functioning. In the analysis that controlled for total energy expenditure and potential
confounding variables (time since diagnosis, past diagnosis of a recurrence), the quadratic
trends for physical functioning, pain, and general health remained significant. There was
also a statistically significant linear trend for physical functioning.

Discussion
Most breast cancer survivors in this sample participated in some type of physical activity,
which included household and occupational activities, leisure time physical activity, and
intentional exercise. Approximately 78% participated in at least two days of moderate or
greater intensity activity, but only 41% reported physical activity levels at the currently
recommended frequency and duration (43). This percentage is slightly lower than U.S.
women in the general population; national data shows that approximately 50% of women
between the ages of 35 and 44, and 46% of those between 45 and 64 engage in leisure time
physical activity of moderate to vigorous intensity for 30 minutes on at least 5 days per
week (44).

Results of this study showed that total energy expenditure from all types and intensity levels
of activity was associated with better physical functioning, overall health, and less pain and
depression. Results were very similar for frequency of activity. These results are more
consistent than those reported from the HEAL study, which found associations primarily
with physical functioning and selected fatigue variables. Our results are consistent with our
hypotheses and other research showing an association between exercise and symptoms and
health outcomes in cancer survivors (17-21). The finding that both energy expenditure and
frequency were related to outcomes suggests that both mechanisms related to the total
volume of physical activity and distraction from distress may be operational.

Our results highlight two unique points. First, we found relationships between outcomes and
total physical activity, which includes activity such as occupational and household activity
as well as exercise. Most previous studies have looked only at exercise (planned physical
activity performed with an intent to increase fitness). Second, the analysis of both total
energy expenditure and frequency of activity showed that the largest differences in
outcomes occurred between survivors with the lowest levels of energy expenditure and
frequency of activity, and those with slightly more. Our results are similar to those reported
by Brown et al. (45). They found that respondents to the BRFSS surveys who reported any
physical activity were less likely to report poor physical or mental health in the past 30 days
than respondents who were completely sedentary. This suggests that increasing activity in
the sedentary cancer survivor population should be a higher intervention priority than
helping those who are already active enhance their physical activity. Currently, few studies
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target only sedentary cancer survivors, which, in the long run, may be the most cost-
effective and best use of resources, although this requires further study.

The results for duration of activity (average time per day spent in moderate or more intense
activity) were surprising. A linear relationship was expected, with greater duration
associated with better outcomes, but this study found that, in general, outcomes improved
with increasing duration for the first three quartiles, but were poor for participants with the
highest duration of physical activity. These survivors may have extensive household or
occupational activity, causing them to be active to the point of exhaustion, resulting in
decrements in their quality of life.

Studies of moderate-intensity activity for breast cancer survivors have been shown to
improve their physical function and quality of life (17-21) with some suggesting a possible
dose response effect (46). The findings of this study are also consistent with studies showing
fitness benefits from multiple short bouts of activity (47,48). Such a regimen may produce
improvements in symptoms without compromising fitness benefits, and may be easier for
some survivors to adopt and maintain (47). To date, most studies on exercise for cancer
survivors have used exercise programs of a fixed frequency, duration, and intensity, which
does not allow for testing the effects of these variables in a randomized fashion. Most of
these studies have prescribed moderate to vigorous exercise 3 to 5 days per week, with
sessions lasting 20 to 30 minutes (49). More research is needed, including randomized
studies, to better determine is the frequency and duration of activity necessary to achieve
optimal outcomes among cancer survivors.

A surprising finding is that there was no consistent relationship between the physical activity
variable and fatigue as indicated by low scores on the SF-36 vitality subscale. This is
particularly surprising given the existing evidence of the positive effects of exercise
interventions on fatigue, as summarized in a recent Cochrane review (50). We used only a
single unidimensional measure of fatigue, the SF-36 vitality subscale, so it is possible that it
is not an adequate fatigue measures. However, other studies of fatigue in cancer survivors
have found it correlates highly with other commonly used fatigue measures (12). Our study
may have failed to show such a relationship because it measured total physical activity,
including household and occupational activity, as well as exercise. A large study of breast
cancer survivors and physical activity found that while sports and recreational activity was
related to sensory aspects of fatigue, household activity was not (46). Intentional exercise or
leisure time physical activity may provide distraction that household activity does not, thus
leading to different effects on fatigue. It is also possible that household activity is not done
at a consistently moderate or vigorous intensity, and thus does not affect fitness which may
relate to fatigue.

Although total energy expenditure and frequency of activity was found to be associated with
symptoms and health status, the cross-sectional design of this study makes it difficult to
determine causal effects. It is unclear whether experiencing symptoms and poor health leads
survivors to be less active or whether physical activity improves these outcomes. Indeed,
both directions of influence are likely present to some extent. While controlling for medical
variables partially addresses this, the direction of causation is still questionable in a cross-
section study. A longitudinal study examining the effect of physical activity on symptoms
and health status would provide stronger support for the influential effects of specific
dimensions of physical activity, allowing an examination of changes in physical activity and
outcomes.

In summary, the higher total energy expenditure and more frequent physical activity was
more consistently associated with outcomes than was greater duration of the activity. When
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encouraging cancer survivors to participate in exercise, emphasizing increases in frequency
of moderate intensity activity follows safe practices, and may have positive implications for
symptoms and health status. However, our results are based on a fairly small sample, and
should be interpreted accordingly. Because our measure of physical activity included all
forms of physical activity, not only planned exercise, a more controlled study with a
different measurement approach may reveal different effects. This issue could be further
examined using randomized design comparing activity regimens that vary in frequency and
duration. More systematic investigation is needed on the effects varying dimensions of
activity explored in these studies. Future studies should investigate the optimal frequency
and duration of various types of physical activity for improving symptoms frequently
experienced by breast cancer survivors.
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Figure 1.
Recruitment flow chart for survey of breast cancer survivors' physical activity of breast
cancer survivors conducted in four settings. (*Participating percentages calculated with
number of eligible women as the denominator. For the M. D. Anderson sample, the patients
who missed their appointments during the recruiting period were not included in the
denominator)
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