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A B S T R A C T

Purpose
To examine the prevalence and correlates of physical activity in adult survivors of aggressive
non-Hodgkin’s Lymphoma (NHL) and to explore the association between physical activity level and
health-related quality of life (HRQOL).

Patients and Methods
Physical activity and HRQOL data from 319 survivors of NHL (mean age, 59.8 years, standard
deviation, �14.8) who were diagnosed in Los Angeles County approximately 2 to 5 years before
the study was analyzed.

Results
One quarter of survivors of NHL met public health guidelines of 150 minutes or more of moderate
to vigorous exercise per week. More than half (53%) reported some activity but less than 150
minutes per week, whereas 20% reported no physical activity. Females, those with lower
perceived health competence, and individuals with more comorbid limitations were at increased
risk for inactivity. Individuals who met public health guidelines reported better HRQOL than those
who were sedentary. Interestingly, our findings suggest a significant positive association between
HRQOL and those who get at least some exercise.

Conclusion
The effort to promote physical activity among cancer survivors, who are at risk for poor quality of
life as a result of treatment, is of great importance to the health of this growing population. As
NHL, similar to other cancers, becomes a disease that people live with as opposed to one that
people die as a result of, oncologists and primary care physicians will be increasingly challenged
to provide evidence-based guidance for the long-term management of the patient’s health.
Consideration should be given to how clinicians frame exercise-promoting messages to cancer
survivors, especially to those who are sedentary.

J Clin Oncol 27:960-966. © 2009 by American Society of Clinical Oncology

INTRODUCTION

Non-Hodgkin’s Lymphoma (NHL) is one of the
fastest increasing cancers and is currently the fifth
most common cancer in the United States.1,2 Ap-
proximately half of all adult patient cases of NHL
are aggressive lymphomas, which grow relatively
quickly and can be fatal within months without ap-
propriate treatment.3 Aggressive NHLs are com-
monly treated with intense protocols that include
multiagent chemotherapy regimens with or without
radiation and, potentially, bone marrow/stem-cell
transplantation (BMT/SCT).3 Such aggressive ther-
apies often produce significant acute and chronic
adverse effects, and it is not uncommon for survi-
vors of NHL to report profound deficits in health-
related quality of life (HRQOL) even years after
completion of treatment.4-7 These findings join a

larger body of research that suggests cancer survi-
vors are at an increased risk for adverse HRQOL,
secondary tumors, recurrence, and other chronic
illnesses as a result of their medical treatments.8-14

Several studies have shown exercise to be effec-
tive at improving HRQOL in cancer survivors in
addition to physiologic outcomes.15-23 With few
exceptions,24-27 the majority of this research is lim-
ited to survivors of breast cancer or samples that
represent heterogeneous cancer sites. Moreover,
much of this work has focused on the utility of phys-
ical activity at improving HRQOL during active
treatment or short-term recovery after treatment.
Several recent reviews22,23,28 identify the need to ex-
pand research on physical activity in cancer to sam-
ples other than survivors of breast cancer and to
recommend examination of the impact of exercise
on health outcomes in longer-term survivors.
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To our knowledge, one study has examined the association be-
tween physical activity and HRQOL among post-treatment survivors
of NHL (58.2% with indolent disease).26 However, no study has ex-
clusively examined the association between physical activity and
HRQOL in survivors of aggressive NHL who tend to receive more
intense treatments and who are at higher risk for adverse HRQOL. In
addition, as is typically done in descriptive studies of exercise preva-
lence and HRQOL, this study classified each participant as having
either met physical activity guidelines (150 minutes or more of
moderate-to-vigorous exercise per week) or not.29 It is not clear from
existing research whether engaging in some exercise, despite not meet-
ing current public health recommendations, has any benefit in terms
of improved HRQOL among survivors of NHL in particular and
among cancer survivors in general.

In addition to understanding the association between exercise
and HRQOL, it is important to examine demographic and psychoso-
cial correlates so that health promotion interventions can be devel-
oped for specific at-risk groups. For instance, research has shown
lower levels of exercise in survivors of breast cancer who have lower
education and in African American women compared with other
groups.30 Other research has shown that younger age is associated
with better exercise adherence in survivors of prostate cancer.31 Addi-
tional factors that predict physical activity, besides demographics,
have received limited attention in longer-term survivors, including
cognitive health appraisal factors, such as perceptions of control and
health competence. The inclusion of these two variables have theoret-
ical32 and empiric support33,34 as important constructs that may help
explain who is more or less likely to engage in regular exercise.

The aims of this study were to examine the level of physical
activity (ie, sedentary; 1 to 149 minutes per week; or � 150 minutes
per week) in survivors of aggressive NHL; to examine demographic,
disease-related, and cognitive factors associated with level of sedentary
physical activity; and to explore the association between physical ac-
tivity level and HRQOL. We hypothesized that older survivors and
those who had more comorbid limitations, lower perceived control,
and health competence would be less likely to meet public health
exercise guidelines; and that survivors of aggressive NHL who engaged
in at least 150 minutes of moderate-to-vigorous exercise per week
would report better HRQOL than those who did not. We had no a
priori hypothesis regarding the relationship between survivors who
engage in some exercise and those who are sedentary given the ex-
tant literature.

PATIENTS AND METHODS

Participants and Procedures

Study participants were men and women enrolled in the Experience of
Care and Health Outcomes of Survivors of Non-Hodgkin’s Lymphoma
(ECHOS-NHL) study, which is a population-based, cross-sectional study of
adult survivors of aggressive NHL. The study was approved by the institutional
review board at the University of Southern California, in accord with an
assurance filed with and approved by the US Department of Health and
Human Services.

Details of the study design and recruitment procedures are published
elsewhere.7,35 In brief, men and women were recruited from the Los Angeles
Cancer Surveillance (Surveillance, Epidemiology, and End Results [SEER])
Program. Of the 1,025 selected patient cases, 744 were eligible after those who
were deceased (n � 109), were too ill (n � 36), were unable to understand
English (n � 80), had another cancer (n � 36), or were otherwise ineligible

(n � 13; eg, not Los Angeles county resident, prisoner, misdiagnosis) were
eliminated. In total, there were 408 completed questionnaires, which provided
a response rate of 54.8% of those eligible (ie, 408 of 744) and a participation
rate of 72.5% on the basis of eligible patient cases located (ie, 181 of 744 were
lost to follow-up). Eighty-nine of the 408 patient cases completed the survey by
telephone. The method of completion (phone v mail) was not significantly
associated with the patient’s age, sex, ethnicity, histology, HIV status, or year of
diagnosis. Respondents who chose a phone interview were not given the full set
of measures (ie, excluded HRQOL and physical activity) because of the length
of administration. The final sample for analyses in this study was based on the
319 respondents who completed the questionnaire by mail.

Measures

Demographic and disease characteristics. Sociodemographic informa-
tion included sex, age, ethnicity, marital status, education, and health insur-
ance. Health-related characteristics included type of treatment, NHL grade,
time since diagnosis, comorbid limitations, and body mass index (BMI; nor-
mal, 18.5 to 24.9 kg/m2; overweight, 25.0 to 29.9 kg/m2; obese, � 30 kg/m2).

Physical activity. Respondents completed information on the number
of times per week (once, two to four, five to seven, eight to 10, or � 11) and
minutes per time (� 10, 10 to 19, 20 to 29, 30 to 59, or � 60) that they
performed moderate and/or vigorous activity. These questions and response
options have been used and validated in other epidemiologic studies.37,38

Because response items included a range, we set values equal to the minimum
value in the range, because individuals tend to over-report their physical
activity level and intensity.39 We calculated the number of minutes of physical
activity per week by multiplying the number of times per week by the number
of minutes per time. We estimated total active minutes per week by combining
measures of moderate and vigorous activity, irrespective of intensity. Physical
activity was coded as sedentary if respondents hadn’t performed any activity
per week, somewhat active if they performed 1 to 149 minutes per week, and
active if they performed � 150 minutes per week according to current public
health exercise guidelines.40

HRQOL. Two summary scores from the Short Form-36 were used to
measure HRQOL.41 These included the physical component score (PCS) and
mental component score (MCS) constructed on the basis of the 1999 US
population norms; these two scores had a mean value of 50 that represented
the US population norms and a standard deviation of 10.41,42

Anxiety and depression. The 14-item Hospital Anxiety and Depression
Scale (HADS) was used to measure anxiety (seven items) and depression
(seven items).36,43 Questions were answered by using a four-point (ie, zero to
three) response category, which had separate anxiety and depression scores
that ranged from 0 to 21. Higher scores represent higher levels of depression
and anxiety.

Health competence and perceived control. We measured perceived health
competence by using a four-item short form of the Perceived Health Compe-
tence (PHC) scale.44 To measure perceived control, we adapted four items
from existing perceived control scales.45,46 The perceived control and health
competence raw scores were linearly transformed to a 0 to 100 scale, which had
higher scores to represent more of that attribute. Scores were ranked as high,
medium, and low analyses.

Analytic Methods

Descriptive statistics were used to describe the demographic and health
characteristics of the sample and the percentage of survivors of NHL who were
meeting exercise guidelines, engaging in some exercise, or sedentary. To test
our first hypothesis, we used multinomial logistic regressions to estimate odds
ratios and 95% confidence intervals for the three-level physical activity variable
(ie, sedentary; 1 to 149 minutes per week; or � 150 minutes per week) on
demographic, disease-related, and psychosocial variables. In the model, we
compared individuals who reported sedentary behavior versus respondents
who reported � 150 minutes per week and those respondents who reported 1
to 149 minutes per week. Variables included in this model were associated with
physical activity at the bivariate level by using �2 tests for categoric variables
and t tests for continuous variables. These variables included sex, BMI, comor-
bid limitations, health competence, anxiety, and depression. Other variables
not found to be significant included ethnicity, marital status, education, health
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insurance, treatment, time since diagnosis, recurrence, disease grade, per-
ceived control, social support, and optimism. To test our second hypothesis,
general linear modeling was used to estimate adjusted mean scores and SEs for
HRQOL for each level of physical activity. The following covariates were
associated with at least one HRQOL indices in bivariate analysis and were
therefore included to control for confounding: sex, age, marital status, health
insurance coverage, and comorbid limitations.

RESULTS

Sample Characteristics

Sociodemographic and disease-related characteristics of the sam-
ple are listed in Table 1. A comparison of study respondents and
nonrespondents are listed in Table 2. Among the survivors whom we
were able to contact, no significant differences were found between
those who responded to the questionnaire and those who did not.

Prevalence and Correlates of Exercise Behavior in

Survivors of NHL

One quarter (25%) of respondents met public health guidelines
of 150 minutes or more of moderate to vigorous exercise per week
(active). More than half (53%) reported some activity (mean, 60
minutes; standard deviation [SD], 13.4) but less than 150 minutes per
week, whereas 20% reported no physical activity (Fig 1). Results from
multinomial logistic regressions (Table 3) showed that females were
more than two times (odds ratio [OR], 2.26; 95% CI, 1.05 to 4.90) as
likely to be in the sedentary group rather than the active group. Re-
spondents with greater comorbid limitations were more than 3.5
times (OR, 3.71; 95% CI, 1.37 to 10.06) as likely to be in the sedentary
group compared with the active group. Participants who had low
health competence were more than six times (OR, 6.30; 95% CI, 1.92
to 20.68) as likely to be in the sedentary group rather than the active
group. Analyses that compared the sedentary group to those who
reported some exercise revealed that respondents who had low levels
of health competence were more likely (OR, 4.71; 95% CI, 1.58 to
14.0) to be in the sedentary group compared with the group that
reported some exercise.

HRQOL Differences in Survivors of NHL by Level of

Exercise Behavior

The unadjusted mean MCS and PCS scores for the sample
were 49.7 and 44.8, respectively (SDs, 11.0 and 11.9, respectively).
Twenty-five percent of the MCS scores were nearly one standard
deviation below US population norms for MCS and were 1.5
standard deviations below the norm-based mean for the PCS. On
average, scores on the depression and anxiety scales were low (de-
pression scale: mean, 3.9; SD, 3.6; anxiety scale: mean, 4.7; SD, 3.7) and
fell within normal levels. However, 16% of the sample reported greater
than normal levels of depression (scores � 8), and 19% reported
above-normal levels of anxiety (scores � 8) on the basis of clinical
cutoff scores.43 Results from general linear models show that survivors
of NHL who either met public health guidelines or engaged in some
activity reported better mental and physical health compared with
sedentary individuals (P � .001 for all; Fig 2). There was a significant
dose-response pattern in which more exercise resulted in better men-
tal and physical health. The adjusted mean scores of depression and
anxiety by physical activity level showed similar dose-response pat-

Table 1. Characteristics of the Sample

Characteristic No. %�

Total No. of patients 319
Age, years

Mean 59.8
SD 14.8

Sex
Female 156 48.9
Male 163 51.1

Ethnicity
Hispanic 68 21.3
Non-Hispanic white 223 69.9
Other 28 8.8

Marital status
Married† 205 65.1
Other 110 34.9

Education
High school or less 93 29.2
Some college 106 33.2
College graduate or higher 117 36.7

Health insurance
Private 208 65.2
Public/none‡ 95 29.8

Treatment
Chemotherapy only 156 48.9
Chemotherapy � radiation 108 33.9

Transplantation§ 34 10.7
Comorbid limitations

Not limited 153 48.0
Limited some 94 29.5
Limited a lot 48 15.0

Time since diagnosis, years
2-2.9 93 29.2
3-3.9 95 29.8
4-5.9 111 34.8

NHL grade
Intermediate 283 88.7
High 36 11.3

Perceived control
Mean 66.7
SD 18.3

Health competence
Mean 73.2
SD 21.2

Mental component summary
Mean 49.7
SD 11.0

Physical component summary
Mean 44.8
SD 11.9

Anxiety
Mean 4.7
SD 3.7

Depression
Mean 3.9
SD 3.7

Abbreviations: SD, standard deviation; NHL, non-Hodgkin’s lymphoma.
�Percentages do not always add to 100% because of missing data.
†Includes individuals living with someone.
‡Fourteen respondents reported having no health insurance at the time of

survey completion.
§Includes bone marrow and/or stem-cell transplantation.
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terns (P � .001 for all); more exercise resulted in lower depression and
anxiety (Fig 3).

DISCUSSION

This study examined the prevalence and correlates of physical activity
in adult survivors of aggressive NHL and the association between

physical activity and HRQOL. The data indicate that the overwhelm-
ing majority of participants were not meeting public health guidelines
for physical activity. Our findings provide partial support for our first
hypothesis. Specifically, lower health competence and greater comor-
bid limitations were associated with lower levels of exercise activity,
but age and perceived control were not significant. These findings
support our second hypothesis, namely that survivors of NHL who
met public health guidelines for physical activity reported better
HRQOL than those who were sedentary. Notably, these findings, if
supported by longitudinal data, might suggest a significant benefit in
HRQOL among those who get at least some exercise, despite not
meeting current guidelines.

Similar to previous research on exercise and survivors of NHL
who had both indolent and aggressive disease25 and to a nationally
representative study of cancer survivors and those without a his-
tory of cancer,29 almost three fourths of survivors in the sample did
not meet public health recommendations for physical activity
(compared with 36.6% of the general US population). However,
more than 50% of the sample reported at least some exercise.
Recognition of where individuals are in terms of their activity level
is critical, because interventions to promote uptake of activity in
sedentary individuals will be different than interventions to pro-
mote increasing exercise output in the somewhat-active or fully
active groups. From a transtheoretical model perspective, individ-
uals engaged in some activity or those who are fully active are
already in the action stage, whereas sedentary survivors may be in
the precontemplation or contemplation stage, which thus requires
different intervention strategies. Although a tailored intervention
approach is the most useful at an individual level, the design of a
population-based approach for the majority of individuals already

Table 2. Comparison of Study Respondents and Nonrespondents According to Data Available in the SEER Registry

Selected Characteristic
Respondents

(%)
Refused

(%)
Lost to Follow-Up

(%)

P �

Overall A v B A v C B v C

Total No. of patients 408 155 181
Age at diagnosis, years

20-44 25.8 25.8 37.6 � .01 NS � .001 � .01
45-64 39.3 38.7 42.5
� 65 34.9 35.5 19.9

Sex
Male 51.8 52.9 66.3 � .01 NS .001 .01
Female 48.2 47.1

Ethnicity
Non-Hispanic white 71.0 66.4 52.5 � .001 NS � .0001 .01
Hispanic 21.9 23.9 39.2
Non-Hispanic black 7.1 9.7 8.3

NHL grade
Intermediate 89.7 92.3 85.1 NS†
High 10.3 7.7 14.9

Year of diagnosis
1998 14.2 14.2 15.5 NS†
1999 30.2 20.6 30.4
2000 31.9 43.9 33.2
2001 23.6 21.3 21.0

Abbreviations: SEER, Surveillance, Epidemiology, and End Results; A, respondents; B, refused; C, lost to follow-up; NS, nonsignificant.
�P values are based on the bivariate �2 statistic. P � .05 was considered statistically significant.
†Follow-up subgroup comparisons (ie, A v second B, A v second C, B v second C) were not conducted if the overall effect was not significant.
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Fig 1. Proportion (%) of sample who are sedentary, somewhat active, and
active. Somewhat active is defined as 1 to 149 minutes of moderate to vigorous
activity per week (mean, 60 minutes; standard deviation, 13.4 minutes); Active is
defined as � 150 minutes of moderate to vigorous activity per week.
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in the action stage would likely yield a larger impact from a public
health perspective.

As NHL, similar to other cancers, becomes a disease that people
live with as opposed to one that they die as a result of, oncologists will
be challenged to provide evidence-based guidance for the long-term
management of the patient’s health. Exercise is emerging as an impor-
tant area to consider within this realm. Despite the existence of several
clinical trials designed to promote exercise in individuals with can-
cer,15,19,24 determination of the most efficacious, practical, and cost-
effective approaches for longer-term survivors remains a challenge.
Although more work is needed to address these issues, oncologists can

make use of what we do know. Emerging observational and clinical
trial data suggest that physical activity may reduce the risk of recur-
rence and may increase survival in certain groups of cancer survivors,
and it may improve a cancer survivors physiologic and psychosocial
health.16,18,28,47 This study adds to the growing body of literature that
emphasizes the potential role of exercise in HRQOL of survivors
of cancer.

Table 3. Multinomial Logistic Regression Models of the Relationship
Between Physical Activity Level and Demographic, Health, and

Psychosocial Factors Among Survivors of NHL

Characteristic

Regression Analysis by Activity Level

Sedentary v Active
Sedentary v

Somewhat Active

OR 95% CI OR 95% CI

Demographic
Age, years

� 50 1.00 1.00
50-64 0.54 0.25 to 1.37 1.15 0.51 to 2.62
� 65 0.79 0.51 to 23.7 1.05 0.51 to 2.17

Sex
Female 2.26� 1.05 to 4.90 1.30 0.67 to 2.53
Male 1.00 1.00

Marital status
Married† 0.88 0.40 to 1.95 0.77 0.39 to 1.50
Other 1.00 1.00

Health
Body mass index‡

Normal 0.40 0.14 to 1.13 0.97 0.43 to 2.20
Overweight 0.42 0.15 to 1.17 0.82 0.36 to 1.88
Obese 1.00 1.00

Comorbid
limitation
Not limited 1.00 1.00
Limited some 3.05 0.98 to 9.95 0.92 0.33 to 2.52
Limited a lot 3.71� 1.37 to 10.06 1.52 0.62 to 3.68

Psychosocial
Health

competence
Low 6.30� 1.92 to 20.68 4.71� 1.58 to 14.00
Medium 4.59� 1.43 to 14.72 3.79� 1.29 to 11.15
High 1.00 1.00

Depression
Normal (� 8) 0.22 0.05 to 0.88 0.51 0.20 to 1.32
Above normal
(� 8)

1.00 1.00

Anxiety
Normal (� 8) 1.54 0.50 to 4.77 1.27 0.52 to 3.09
Above normal
(� 8)

1.00 1.00

NOTE. All independent and dependent variables had less than 5% missing
data. Analyses were based on available data and excluded the patient cases
for whom data were missing.

Abbreviations: NHL, non-Hodgkin’s lymphoma; OR, odds ratio.
�Statistically significant.
†Includes people who were living with someone.
‡Normal body mass index is 18.5-24.9 kg/m2; overweight is 25.0-29.9 kg/m2;

and obese is � 30 kg/m2.
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Fig 2. General linear model for mental and physical health by exercise level
and adjusted for sex, age, marital status, health insurance coverage, and
comorbid limitations. (*) Creating two groups from the somewhat-active
group on the basis of a mean split for that category (mean, 60 minutes)
revealed no significant differences between the two groups on health-related
quality of life scores. All independent and dependent variables had � 5%
missing data; analyses were based on available data and excluded the patient
cases for whom data were missing.
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adjusted for sex, age, marital status, health insurance coverage, and comorbid
limitations. (*) Creating two groups from the somewhat-active group on the
basis of a mean split for that category (mean, 60 minutes) revealed no
significant differences between the two groups on health-related quality of
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analyses were based on available data and excluded the patient cases for
whom data were missing.
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An important aspect of these findings is the benefit in HRQOL
among individuals who reported some exercise, despite not meeting
current exercise guidelines. This finding is significant from both a
research and practice perspective. Most of the research that examines
the association between exercise and HRQOL dichotomizes exercise
level into meeting public health guidelines versus not meeting public
health guidelines.25 Future research should consider an examination
of dose-response relationships on the basis of these findings. Addi-
tionally, there is an opportunity for health care providers to capitalize
on this finding from a practice perspective. That is, even if survivors of
cancer start off at lower levels of frequency and duration, this behavior
can still benefit overall HRQOL. This type of counsel might not be as
overwhelming and may be perceived by individuals as more obtain-
able compared with the broader public health exercise message. We
know from the communication and psychology literature that indi-
viduals tend to avoid or ignore important information that is not
consistent with their beliefs and perceived capabilities.48 Appropriate
message framing might play a role in the motivation of sedentary
individuals to engage in physical activity.49

Characteristics of individuals more likely to be sedentary offer
investigators and health care professionals knowledge about targets
for interventions. Females, those with low health competence, and
individuals who have more comorbid limitations are at increased risk
for inactivity. The extent to which individuals who have competing
chronic health conditions can safely initiate physical activity is an
important issue.50 Physicians are in the best position to educate their
patients about the actual risks of physical activity in light of patient,
disease, or treatment characteristics and about how to self-monitor
their progress and intensity. Importantly, physical activity doesn’t
necessarily have to be intense for individuals to derive benefit. Many
studies have found that walking at a slow pace can influence physio-
logic and HRQOL outcomes16,18,28 and, in fact, can be comparable to
the effects of some pharmaceutical agents.51 The consequences of
physical inactivity, which include cardiovascular disease, diabetes, sec-
ond cancers, poor HRQOL, and reduced mortality, may far exceed the
risks of a carefully planned exercise program for someone who has a
coexisting health condition.

However, as these data are cross-sectional, we can make no infer-
ences about causality. The nature of our data likely reflects the effect of
exercise on HRQOL as well as the effect of HRQOL on exercise
behavior. However, several well-designed studies have found a causal
relationship between exercise and HRQOL.15,52 Another limitation of
these data is that physical activity was measured via brief self-report,

which tends to provide overestimations of actual activity level com-
pared with objective techniques, such as accelerometers. However, we
used a conservative approach to analyze the physical activity data, as
outlined in the methods section. The physical activity questions used
did not allow estimates of metabolic equivalents, as do other self-
report measures of physical activity.53 The response rate, although
consistent to similar population-based survivorship studies, can in-
duce nonresponse bias in our estimates. For example, nonresponders
might have worse health and, perhaps, might not be exercising at the
same levels of responders. Lastly, the extent to which these findings
would generalize to other cancer survivor populations is unknown.

Nevertheless, this study is the first to describe exercise behavior in
adult survivors of aggressive NHL and to examine the dose-response
relationship between this behavior and HRQOL. These findings indi-
cate a significant benefit in HRQOL among those who get at least some
exercise, despite not meeting current guidelines. Given the absence of
studies that examine improvements in HRQOL as a function of
exercise dose-response, coupled with existing evidence that sug-
gests meeting public health guidelines can improve HRQOL for
cancer survivors, it is likely that those clinicians who counsel their
patients regarding exercise and HRQOL are providing guidance on
the latter. However, if these dose-response findings are replicated in
randomized control trials, consideration should be given to how cli-
nicians frame exercise-promoting messages to cancer survivors, espe-
cially to those who are sedentary.
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