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Abstract
Purpose  Physical activity (PA) is associated with better quality of life for cancer survivors; however, less is known about 
this association among individuals with advanced cancer. This study assesses whether changes in PA following an advanced 
cancer diagnosis are associated with health-related quality of life (HRQoL) outcomes.
Methods  Data were collected from 247 participants in a survey of adults with advanced cancer who visited the University 
of Wisconsin Carbone Cancer Center (January 2021–2023). PA since cancer diagnosis was assessed using a validated, self-
reported tool. HRQoL was assessed using the Functional Assessment of Cancer Therapy – General and Patient-Reported 
Outcomes Measurement Information System measures of physical function, fatigue, and pain interference. We used general-
ized linear models to assess relationships between PA and HRQoL.
Results  Most adults with advanced cancer were insufficiently active (53%), and reported a lot less activity (41%) after 
diagnosis, followed by a little less activity (33%), and the same/more activity (26%). Compared to the other activity groups, 
those who reported a lot less activity had the worst HRQoL scores, including lower HRQoL (x ̄ = 70.3 vs. x ̄ = 82.6, 90.7) and 
physical function (x ̄ = 40.3 vs. x ̄ = 47.3, 52.5), and higher fatigue (x ̄ = 59.3 vs. x ̄ = 51.4, 42.3) and pain interference (x ̄ = 55.5 
vs. x ̄ = 48.8, 45.6).
Conclusions  Adults with advanced cancer who report PA reductions have worse HRQoL, higher pain and fatigue, and lower 
physical function than those engaging in the same/more PA since their diagnosis. Future interventions focused on improving 
HRQoL among adults with advanced cancer should incorporate light-intensity PA to reduce declines following diagnosis.
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Introduction

The American Cancer Society (ACS) describes the term 
‘advanced cancer’ as referring to cancers that are unlikely 
to be cured [1, 2]. Many adults are living considerably 

longer (i.e., five or more years) after an advanced can-
cer diagnosis due to modern advances in treatments for 
cancer [3–5]. However, living longer with advanced can-
cer is associated with an increase in complex needs, like 
physical and mental health challenges, that are not well 
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understood [3, 6]. Physical activity is known to provide 
physical and mental health benefits for cancer survivors 
[7], but more research is needed to understand how physi-
cal activity influences quality of life among adults living 
with advanced cancer specifically.

Physical activity is promoted as an important compo-
nent of survivorship for cancer survivors due to its multi-
tude of physical and mental health benefits [3, 7, 8]. Evi-
dence suggests that increased physical activity for adults 
living with advanced cancer enhances quality of life, 
decreases fatigue, and improves aerobic fitness and lower-
body strength associated with exercise [8–13]. Unfortu-
nately, most adults living with advanced cancer do not 
meet the national physical activity recommendations for 
cancer survivors of 150 min per week of moderate-vigor-
ous physical activity and muscle-strengthening activities 
on two or more days per week, likely due to intense initial 
treatments that contribute to long-term toxicities and the 
need for ongoing treatment(s) [3, 7]. For instance, a study 
by Knowlton et al. (2020) found only 34% of patients with 
advanced cancer in their sample met the national physi-
cal activity guidelines [14]. A recent randomized control 
trial pilot study of a walking intervention among people 
with recurrent or advanced/metastatic cancer, CanWalk, 
was found to be acceptable and well-tolerated, suggest-
ing the potential benefits of activities like walking for the 
advanced cancer population [15]. The National Cancer 
Institute (NCI) recognizes the growing need to better char-
acterize the physical activity levels, including aerobic and 
strength-based activity, among this population of adults 
living with advanced cancers [3].

Research suggests that those living with advanced cancer 
experience varying degrees of health declines, particularly 
with physical issues such as increasing fatigue and pain [3, 
6]. In addition, many cancer survivors face diverse func-
tional limitations due to their cancer and/or its treatment, 
leading to potential increases in pain, fatigue, neuropathy, 
and sleep disruptions [16]. These functional limitations 
and health declines may reduce overall quality of life and 
increase emotional challenges (e.g., trouble coping with 
their illness) [16, 17]. Due to the compounding effects of 
living with advanced cancer and undergoing intense cyclic 
treatment(s), adults living with advanced cancer need inter-
ventions designed to alleviate their ongoing quality of life 
concerns [3]. Assessing how changes in physical activity 
may be associated with quality of life across several impor-
tant domains may serve as a foundation to design interven-
tions that best support this growing population of adults liv-
ing with advanced cancer.

The purpose of this study is to: (1) evaluate changes 
in physical activity since diagnosis among adults living 
with advanced cancer; (2) measure physical activity levels 
and intensity, including both aerobic and strength-based 

activities; and (3) assess the relationship between physical 
activity and important health-related quality of life domains.

Methods

Study design and population

Our team identified the incidence rates and 5-year distant 
survival rate percentages for a variety of cancers using 
recently available data from the National Cancer Insti-
tute’s (NCI) Surveillance, Epidemiology, and End Results 
(SEER)*Explorer Application [18]. We selected three of the 
most common cancer types (stage 4 breast, prostate, and 
colorectal cancer). We also included patients diagnosed with 
stage 3 and 4 lymphoma (non-Hodgkin’s and Hodgkin’s) and 
myeloma because these hematologic malignancies have high 
5-year survival rates of approximately 67%, 84%, and 59%, 
respectively [18].

Eligibility criteria included the following: cancer type and 
stage [stage 4 breast, prostate, or colorectal cancer; stage 3 or 
4 lymphoma (non-Hodgkin’s and Hodgkin’s); or myeloma], 
18–80 years of age as of January 2023, date of eligible diag-
nosis (January 2021-January 2023), valid mailing address, 
alive at the time of contact, and English speaking. The study 
aimed to capture those who received care at the University of 
Wisconsin’s Carbone Cancer Center (UWCCC) within two 
years of their cancer diagnosis date (January 2021-January 
2023) because they were able to recount recent treatment(s) 
and had a valid mailing address. A list of patients and 
their contact information was provided by the Clinical and 
Health Informatics Institute (CHI2) team at the University 
of Wisconsin-Madison’s Institute for Clinical and Transla-
tional Research. This study was approved as minimal risk 
by the University of Wisconsin-Madison’s Minimal Risk 
Institutional Review Board (Protocol #2022–0966) and by 
the UWCCC’s Protocol Review and Monitoring Committee 
(Protocol UW22103).

Data collection

We modified an approach by Dillman et al. to minimize 
participant burden and limit the amount of contact between 
the participants and the study team [19]. We recruited par-
ticipants by mailing a pre-survey postcard to our list of 
patients in March 2023 (Online Resource 1), notifying 
them that a survey about their health (but not mention-
ing cancer specifically) would arrive in two weeks. The 
postcard included contact information for the study team, 
allowing patients to opt out of receiving the survey for any 
reason. Two weeks after the postcards were mailed, we 
mailed the survey to eligible patients who had not opted 
out, which included questions related to physical activity, 
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quality of life, and demographic and clinical characteris-
tics, along with a small incentive ($2). Five weeks after the 
first survey was mailed, we sent a second copy of the sur-
vey to eligible patients who had not opted out or returned 
their survey.

We collected surveys from April 3, 2023-July 31, 2023. 
Among the eligible patients (n = 683), n = 9 (1%) opted out, 
n = 3 (0.4%) returned a blank survey, n = 393 (58%) did not 
respond, and n = 278 (41%) returned a completed survey. We 
took a subset of our eligible patients who had complete data 
on the Functional Assessment of Cancer Therapy – General 
(FACT-G), and demographic and clinical variables to use as 
our analytic (n = 247, 89%).

Survey measures

We collected data on changes in physical activity since diag-
nosis by asking participants to compare their physical activ-
ity level before their cancer diagnosis to how much physical 
activity they are doing currently. Participants responded 
using the 5-point Likert scale: a lot less activity, a little less 
activity, about the same amount of activity, a little more 
activity, and a lot more activity. We collected aerobic activ-
ity data using a modified Godin-Shepard Leisure-Time Phys-
ical Activity Questionnaire (GSLTPQ) [20, 21] to ask about 
the number of times an activity was completed in the past 
seven days, with three designated intensities: light, mod-
erate, and strenuous/vigorous. We also included questions 
about average time (in minutes) spent in one session for each 
intensity category. We collected muscle-strengthening activ-
ity data using a modified Muscle-Strength Exercise Ques-
tionnaire (MSEQ) to ask about the types and durations of 
muscle-strengthening activities completed in the past seven 
days [22].

We assessed health-related quality of life (HRQoL) 
using the FACT-G which includes four subscales: physi-
cal well-being (7 questions), social/family well-being 
(7 questions), emotional well-being (6 questions), and 
functional well-being (7 questions) [23, 24]. Partici-
pants responded using the 5-point Likert scale, ranging 
from 0 (not at all) to 4 (very much) for each question. 
We used the Patient-Reported Outcomes Measurement 
Information System (PROMIS) to measure three impor-
tant domains of health-related quality of life: physical 
function, fatigue, and pain interference. These measures 
were selected due to their direct relationship with physi-
cal activity and could be influenced by a physical activity 
intervention, thereby impacting quality of life. We used 
the available PROMIS short-form instruments to mini-
mize the patient’s response burden [25–33]. Participants 
responded using the 5-point Likert scale, ranging from 
0 (normal) to 4 (severe impairment) for each question 
to obtain raw scores. We then converted PROMIS raw 

scores to T scores using the short form conversion tables 
for each domain. For clinical reference, physical function 
scores range from: severe impairment (< 30), moderate 
impairment (30–40), mild impairment (40–45), to nor-
mal (≥ 45); fatigue scores range from severe impairment 
(≥ 75), moderate impairment (55–74), mild impairment 
(50–54), to normal (< 50); and pain interference scores 
range from severe impairment (≥ 70), moderate impair-
ment (60–69), mild impairment (50–59), to normal (< 50) 
[32, 33]. Higher scores reflect more of the domain being 
measured (i.e., higher score = higher physical function, 
fatigue, or pain interference).

We derived cancer type from the electronic health record 
and collected comorbidity data using the Functional Comor-
bidity Index (FCI) [34]. We collected demographic and other 
clinical characteristics (e.g., current treatments received) 
using questions developed for this survey.

Data preparation

We double-entered data into REDCap (Research Elec-
tronic Data Capture, a secure platform for data storage) and 
reviewed it for quality and completeness using REDCap’s 
data comparison tool [35]. We categorized physical activ-
ity data by light, moderate, and strenuous, and included 
all three activity intensities in the Leisure Score Index 
(LSI) calculation. Weekly frequencies of each intensity 
category were multiplied by their metabolic equivalents of 
task (MET) value (light = 3, moderate = 5, strenuous = 9) to 
get an overall LSI value. We categorized physical activity 
using the LSI cut points for active (LSI ≥ 24), moderately 
active (14 ≤ LSI < 24), and insufficiently active (LSI < 14). 
We also calculated activity in the past seven days by multi-
plying the MET value and corresponding minutes reported 
(light, moderate-strenuous, and total). We did the same cal-
culation for muscle-strengthening activity by multiplying 
the number of times in each type of activity by the number 
of minutes reported in the past seven days. Respondents 
who did not report any aerobic or muscle-strengthening 
activities were given a value of 0 for the corresponding 
activity.

We calculated the FACT-G scores for respondents who 
answered at least 80% of the questions (at least 22 of the 
27 questions must be answered), we summed questions 
across the four subscales (physical, social/family, emo-
tional, and functional) to create a total FACT-G score 
ranging from 0–108. We calculated the PROMIS T scores 
only if all four questions for each PROMIS measure were 
answered. Lastly, we calculated the overall functional 
comorbidity index (FCI) score by counting the number 
of self-reported “yes” responses to the list of 18 comor-
bidities, categorized from zero comorbidities to three or 
more comorbidities.
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Statistical analysis

We calculated descriptive statistics, including the mean (x̄) 
and standard deviation (SD) of continuous variables and the 
frequencies of categorical variables. We used analysis of 
variance (ANOVA) tests to assess differences in mean scores 
of the FACT-G and its four subscales and mean T scores of 
PROMIS measures (i.e., physical function, fatigue, and pain 
interference) by category of change in physical activity since 
diagnosis (a lot less activity, a little less activity, about the 
same amount of activity, a little more activity, and a lot more 
activity). Due to the low sample size of respondents report-
ing a little more activity (n = 5, 2.0%) or a lot more activity 
(n = 16, 6.4%) since their diagnosis, we tested two category 
combinations: a 4-category measure and a 3-category meas-
ure. The 4-category measure combined those categories 
together, creating the category “a little or a lot more activity 
“ (n = 21, 8.4%), while the 3-category measure combined this 
new category with “same amount of activity” (n = 44, 17.8%; 
combined n = 65, 26.2%). We conducted sensitivity analyses 
to assess if our results differed using the 4- versus 3-category 
measure for activity change. There were no significant or clin-
ically meaningful differences in results; therefore, we used the 
3-category measure for activity change in our analysis.

We used linear regression models to assess the relationship 
between categories of change in physical activity since diagno-
sis and health-related quality of life, measured by continuous 
mean FACT-G score, FACT-G subscale scores, and PROMIS 
scores. Covariates were decided a priori based on established 
and hypothesized relations between exposures and outcomes. 
Categorical covariates included: current physical activity level 
(LSI category: insufficiently active, moderately active, active); 
current age (< 60 years, 60–70 years, 70 + years); gender (man, 
woman); marital status (married or living with partner, sepa-
rated, divorced, widowed, or single); education level (high 
school or less, some college or associate’s degree, Bachelor’s 
degree or higher); employment status (full or part time, not 
employed, retired, not employed, other); urbanicity (rural, sub-
urban, urban); and clinical characteristics (cancer type: breast, 
colorectal, prostate, myeloma, lymphoma); current treatment 
status (on treatment, not on treatment); and FCI score (none, 1 
comorbidity, 2 comorbidities, or 3 or more comorbidities). All 
analyses were conducted in SAS 9.4 (Cary, NC). Distribution 
plots were made using ggplot in R (R version 4.3.2).

Results

Sample characteristics

Adults living with advanced cancer in our sample (n = 247) 
were on average 66 ± 10 years of age, with 60% identifying 

as men (Table 1). Our respondents identified as married or 
living with a partner (75%), retired (62%), and residing in 
rural areas (35%), urban areas (25%), and suburban areas 
(40%). For clinical characteristics, respondents identified 
their cancer types as advanced prostate cancer (32%), mye-
loma (23%), advanced lymphoma (16%), advanced breast 
cancer (18%), and advanced colorectal cancer (11%). Most 
respondents were currently undergoing treatment (80%), 
and nearly half had received treatment within the two weeks 
before the survey (47%). Only 18% of our sample reported 
no comorbidities.

Changes in physical activity since diagnosis

From the adults sampled, we found 41% (n = 100) were “a lot 
less active”, 33% (n = 82) were “a little less active”, and 26% 
(n = 65) were “the same or more active” compared to before 
their cancer diagnosis (Table 1). Adults reporting “a lot less 
activity” since their diagnosis were less likely to be college-
educated compared to the other two activity groups (40% 
vs. 60% and 51%, respectively; p = 0.02). They were also 
more likely to be receiving chemotherapy, immunotherapy, 
or hormonal therapy (77% vs. 80% and 58%, respectively; 
p = 0.006) and to be currently on treatment (86% vs. 85% 
and 65%, respectively; p = 0.001). Adults who were “a lot 
less active” were most likely to be considered insufficiently 
active/sedentary by the LSI when compared to the other two 
activity groups (76% vs. 46% and 25%; p = < 0.0001) and 
they had lower health-related quality of life (FACT-G) mean 
scores (x ̄= 70.3 vs. 82.6 and 90.7; p < 0.0001) than the other 
two activity groups.

Assessment of physical activity levels

Only 6% of our respondents were meeting the national 
physical activity moderate-vigorous activity guideline; 
however, more respondents (27%) were meeting the muscle-
strengthening activity guideline (Table 2). Most respondents 
reported engaging in light-intensity aerobic activity (n = 153, 
62%) compared to moderate-intensity (n = 97, 39%) and/
or strenuous-intensity aerobic activity (n = 36, 15%). On 
average, respondents engaged in light aerobic activity for 
100.0 min (± 216.5 SD) in the week prior to the survey, 
and combined moderate and strenuous activity for 24.6 min 
(± 93.7 SD) in the week prior to the survey. Average times 
spent in muscle-strengthening activities in the week prior 
to the survey were similar across the four types of activ-
ity. Those engaging in any strength activity on one or more 
days in the week prior to the survey reported using resist-
ance bands or free weights (n = 45; 18%) the most, followed 
by body weight exercises (n = 32; 13%), weight machines 
(n = 24; 10%), and holistic exercises (n = 17; 7%).
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Table 1   Demographic, clinical, and physical activity characteristics of individuals with advanced cancer (diagnosed between 2021 and 2023) 
separated by changes in physical activity since diagnosis. Significance is determined by P-value ≤ 0.05

Characteristics Sample A lot less activity A little less activity The same or 
more activity

P-value

n (%) or Mean (SD)

n = 247 n = 100 (41) n = 82 (33) n = 65 (26)

Demographics
Current Age—Mean (SD) 66.3 (10.3) 66.6 (9.9) 66.5 (10.3) 65.4 (10.9) 0.76
Age Group 0.86
 < 60 years old 52 (21) 20 (20) 16 (20) 16 (25)
 60 to 70 years old 86 (35) 34 (34) 28 (34) 24 (37)
 > 70 years old 109 (44) 46 (46) 38 (46) 25 (38)
Gender 0.95
 Woman 99 (40) 41 (41) 33 (40) 25 (38)
 Man 148 (60) 59 (59) 49 (60) 40 (62)
Marital Status 0.17
 Married or living with partner 185 (75) 69 (69) 63 (77) 53 (82)
 Not married or living with partner 62 (25) 31 (31) 19 (23) 12 (18)
Education Level 0.02
 High school or less 52 (21) 22 (22) 19 (23) 11 (17)
 Some college/associate's degree 73 (30) 38 (38) 14 (17) 21 (32)
 Bachelor's degree or higher 122 (49) 40 (40) 49 (60) 33 (51)
Employment Status 0.07
 Full or part-time 65 (26) 20 (20) 20 (24) 25 (39)
 Not employed, retired 153 (62) 65 (65) 52 (64) 36 (55)
 Not employed, other 29 (12) 15 (15) 10 (12) 4 (6)
Urbanicity 0.88
 Urban 61 (25) 24 (24) 20 (24) 17 (26)
 Suburban 99 (40) 41 (41) 30 (37) 28 (43)
 Rural 87 (35) 35 (35) 32 (39) 20 (31)
Clinical Characteristics
Cancer Type 0.24
 Breast 45 (18) 22 (22) 14 (17) 9 (14)
 Colorectal 27 (11) 10 (10) 7 (9) 10 (15)
 Myeloma 57 (23) 26 (26) 21 (26) 10 (15)
 Prostate 79 (32) 30 (30) 29 (35) 20 (31)
 Lymphoma 39 (16) 12 (12) 11 (13) 16 (25)
Current Treatment Typea

 Chemo/Immune/Hormone therapyb 181 (73) 77 (77) 66 (80) 38 (58) 0.006
 Radiation therapyb 21 (9) 12 (12) 5 (6) 4 (6) 0.27
 Surgery (< 6 months ago)b 14 (6) 7 (7) 4 (5) 3 (5) 0.75
 Bone marrow or stem cell transplant (< 6 months ago)b 6 (2) 3 (3) 3 (4) 0 (0) 0.32
 Otherb 22 (9) 10 (10) 7 (9) 5 (8) 0.87
Current Treatment Status 0.001
 On treatment 198 (80) 86 (86) 70 (85) 42 (65)
 Not on treatment 49 (20) 14 (14) 12 (15) 23 (35)
Functional Comorbidity Index Category 0.11
 No comorbidities 45 (18) 13 (13) 12 (14) 20 (31)
 1 comorbidity 48 (19) 21 (21) 17 (21) 10 (15)
 2 comorbidities 52 (21) 20 (20) 18 (22) 14 (22)
 3 or more comorbidities 102 (41) 46 (46) 35 (43) 21 (32)
FACT-G Score—Mean (SD) 79.7 (15.5) 70.3 (16.4) 82.6 (11.8) 90.7 (12.6)  < .0001
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Association between changes in physical activity 
and health‑related quality of life

Differences in FACT‑G mean scores

Adults who engaged in “the same or more activity” since 
diagnosis had the highest overall health-related qual-
ity of life (FACT-G) mean score, 90.7 (95% CI: 87.3, 
94.2; p < 0.0001), while those who engaged in “a little 
less activity” and “a lot less activity” had a mean score of 
82.6 (95% CI: 79.5, 85.6; p < 0.0001) and 70.3 (95% CI: 
67.5, 73.1; p < 0.0001), respectively (Fig. 1). Across the 
FACT-G subscales, the greatest differences in mean scores 
were observed for physical well-being and functional well-
being. For physical well-being, adults who engaged in “a 
lot less activity” had the lowest mean scores (x ̄ = 18.6; 
95% CI: 17.8, 19.5; p < 0.0001), which were clinically 
meaningful (i.e., a 5-point difference in FACT-G total 
score and a 2-point difference in subscale scores [36]) 
compared to those who were “a little less active” (x ̄ = 23.2; 
95% CI: 22.3, 24.2; p < 0.0001) and those reporting “the 
same or more activity” (x ̄ = 25.7; 95% CI: 24.7, 26.8; 
p < 0.0001). For functional well-being, adults who 
engaged in “a lot less activity” had the lowest mean scores, 
which were clinically meaningful (x ̄ = 15.3; 95% CI: 14.3, 
16.4; p < 0.0001) compared to those who were “a little 
less activity” (x ̄ = 19.2; 95% CI: 18.1, 20.3; p < 0.0001) 
and those reporting “the same or more activity” (x ̄ = 22.8; 

95% CI: 21.5, 24.1; p < 0.0001). While differences in 
mean scores by activity group emerged across the social 
well-being and emotional well-being subscales, clinically 
meaningful differences in scores were only present when 
comparing those engaging in “the same or more activity” 
to those engaging in “a lot less activity” since diagnosis 
across those domains.

FACT‑G linear regression

We found an association between a larger reported decrease 
in physical activity since diagnosis and a lower overall 
health-related quality of life (FACT-G) score (Table 3). 
After adjustment for physical activity level, clinical, and 
demographic characteristics, adults who reported being “a 
lot less active” had a score 17.21 points lower (95% CI: 
−21.96, −12.46; p < 0.0001) than those who were “the 
same or more active.” Adults who reported being “a little 
less active” had a score 6.05 points lower (95% CI: −10.59, 
−1.50; p < 0.0001) than those who were “the same or more 
active.” The greatest differences in scores across the FACT-
G subscales were observed for physical well-being and func-
tional well-being scores. Adults who were “a lot less active” 
had a physical well-being score 6.07 points lower (95% CI: 
−7.54, −4.59; p < 0.0001) and a functional well-being score 
6.22 points lower (95% CI: −8.03, −4.42; p < 0.0001) than 
those who were “the same or more active” since diagnosis.

Table 1   (continued)

Characteristics Sample A lot less activity A little less activity The same or 
more activity

P-value

n (%) or Mean (SD)

n = 247 n = 100 (41) n = 82 (33) n = 65 (26)

Physical Activity
Leisure Score Index (LSI) Category  < .0001
 Insufficiently active/sedentary 130 (53) 76 (76) 38 (46) 16 (25)
 Moderately active 52 (21) 18 (18) 17 (21) 17 (26)
 Active 65 (26) 6 (6) 27 (33) 32 (49)
Meeting Moderate-Vigorous Activity (MVPA) Guideline 0.0008c

 Yes 15 (6) 1 (1) 4 (5) 10 (15)
 No 232 (94) 99 (99) 78 (95) 55 (85)
Meeting Strength Activity Guideline  < .0001
 Yes 67 (27) 14 (14) 22 (27) 31 (48)
 No 180 (73) 86 (86) 60 (73) 34 (52)

a Respondents could select more than one treatment type, so these data reflect the number who checked each treatment box and do not add up to 
100%
b Percentages out of column total and not mutually exclusive (e.g. In the “a lot less active” category 77/100 were on chemo v 33/100 not on 
chemo)
c P-value calculated by Fisher exact test
FACT-G (Functional Assessment of Cancer Therapy-General)
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Table 2   Self-reported amount and duration of physical activity 
types and intensities in times and minutes per week of adults living 
with advanced cancer (diagnosed between 2021 and 2023) by Lei-
sure Score Index (LSI) category. P-value is of analysis of variance 

(ANOVA) to assess whether differences exist between the mean 
values of the three activity groups. Significance is determined by 
P-value ≤ 0.05

a Missing n = 1; bMissing n = 1; cMissing n = 4; dMissing n = 3
Insufficiently active (Leisure Score Index (LSI) < 14), moderately active (14 ≤ LSI < 24), active (LSI ≥ 24), light activity (number of times and 
minutes in light activity in past 7 days from Godin-Shepard Leisure-Time Physical Activity Questionnaire (GSLTPQ)), moderate activity (num-
ber of times and minutes in past 7 days in moderate activity from GSLTPQ), strenuous activity (number of times and minutes in past 7 days in 
strenuous activity from GSLTPQ)

Activity Type Overall
(n = 247)

Insufficiently Active
(n = 130)

Moderately Active 
(n = 52)

Active
(n = 65)

P-value

Number of Times in 
Past 7 Days

n (%) Mean (SD) n (%) Mean (SD) n (%) Mean (SD) n (%) Mean (SD)

 Light Activity 153 (62) 4.1 (3.7) 66 (51) 2.4 (1.1) 41 (79) 4.2 (2.1) 46 (71) 6.6 (5.5)  < .0001
 Moderate Activity 97 (39) 3.7 (2.6) 15 (12) 1.3 (0.5) 27 (52) 2.5 (1.0) 55 (85) 5.0 (2.7)  < .0001
 Strenuous Activity 36 (15) 3.3 (2.0) 0 0 8 (15) 1.4 (0.5) 28 (43) 3.8 (1.9) 0.001
Minutes per Session 

in Past 7 Days
 Light Activitya 152 (62) 45 (66) 66 (51) 45 (83) 41 (79) 46 (59) 45 (69) 42 (40) 0.97
 Moderate Activity 97 (39) 39 (33) 15 (12) 36 (23) 27 (52) 32 (18) 55 (85) 44 (40) 0.25
 Strenuous Activity 36 (15) 34 (22) 0 0 8 (15) 25 (19) 28 (43) 36 (23) 0.21
Number of Times in 

Past 7 Days
 Use weight machines 24 (10) 3.0 (1.1) 4 (3) 2.3 (1.0) 4 (8) 2.3 (1.3) 16 (25) 3.3 (1.0) 0.08
 Body weight exer-

cises
32 (13) 3.4 (2.1) 5 (4) 4.4 (2.4) 7 (13) 2.1 (2.4) 20 (31) 3.7 (2.0) 0.15

 Use resistance bands 
or free weights

45 (18) 3.7 (1.9) 12 (9) 3.4 (1.6) 8 (15) 3.8 (2.8) 25 (038) 3.8 (1.7) 0.87

 Holistic exercises 17 (7) 3.2 (2.3) 2 (2) 4.0 (4.2) 7 (13) 3.3 (1.9) 8 (12) 3.0 (2.6) 0.88
Minutes Per Session 

in Past 7 Days
 Use weight machines 24 (10) 42 (50) 4 (3) 10.0 (0) 4 (8) 40.6 (33.9) 16 (25) 50.5 (57.0) 0.36
 Body weight 

exercisesb
31 (13) 24 (16) 5 (4) 25.0 (20.6) 7 (13) 25.4 (17.0) 19 (29) 22.5 (15.7) 0.91

 Use resistance bands 
or free weightsc

41 (17) 20 (14) 12 (9) 15.6 (11.4) 8 (15) 21.3 (17.1) 21 (32) 22.7 (14.7) 0.39

 Holistic exercisesd 14 (6) 39 (31) 1 (1) 30.0 (.) 6 (13) 53.3 (39.8) 7 (11) 27.1 (19.1) 0.33
Aerobic Activity in 

Past 7 Days
 Light Activity 100.0 (216.5) 55.7 (174.1) 146.5 (300.4) 151.2 (196.9) 0.0030
 Moderate and Vigor-

ous Activity
24.6 (93.7) 0 (0) 5.7 (21.9) 88.8 (166.3)  < .0001

 Total Combined 
Activity

124.5 (247.2) 55.7 (174.1) 152.2 (298.8) 240.0 (280.9)  < .0001

Strength Activity in 
Past 7 Days

 Use weight machines 12.1 (56.7) 0.7 (4.2) 6.8 (30.0) 39.0 (102.9)  < .0001
 Body weight exer-

cises
11.5 (47.9) 4.7 (33.4) 11.2 (58.7) 25.5 (59.3) 0.0159

 Use resistance bands 
or free weights

11.9 (39.9) 4.5 (17.1) 15.0 (61.5) 24.3 (47.5) 0.0038

 Holistic exercises 7.1 (39.5) 1.6 (18.4) 19.7 (72.1) 7.8 (31.4) 0.0194
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Differences in PROMIS mean scores

Adults who were “a lot less active” since diagnosis 
reported lower PROMIS physical function scores and 
higher fatigue and pain interference scores compared to 
those who were “a little less active” or “the same or more 
active” (Fig. 2). Adults who were “a lot less active” since 
diagnosis had a physical function mean score of 40.3 
(95% CI: 38.8, 41.8; p < 0.0001), which was clinically 
meaningful (i.e., a 3-point difference in score (31,37)) 
compared to “a little less active” (x ̄ = 47.3; 95% CI: 45.6, 
48.9; p < 0.0001) and “the same or more active” adults 

(x ̄ = 52.5; 95% CI: 50.6, 54.3; p < 0.0001). Those who 
were “a lot less active” had a physical function mean 
score corresponding to moderate impairment (30–40), 
while the other two activity group’s scores were within 
normal limits (≥ 45). Adults who were “the same or 
more active” since diagnosis reported the lowest fatigue 
scores compared to adults reporting “a little less” or “a 
lot less” activity since diagnosis. Fatigue scores ranged 
from moderate impairment (55–74) among those “a lot 
less active” since diagnosis, 59.3 (95% CI: 57.5, 61.1; 
p < 0.0001) mild impairment (50–54) for those “a little 
less active”, 51.4 (95% CI: 49.4, 53.5; p < 0.0001), and 

Fig. 1   Distribution of health-
related quality of life operation-
alized by mean FACT-G overall 
and subscale scores (physical 
well-being and functional well-
being) by changes in physical 
activity among adults living 
with advanced cancer (diag-
nosed between 2021 and 2023). 
Note: FACT-G (Functional 
Assessment of Cancer Therapy 
– General); Sample sizes and 
means, 95% confidence inter-
vals of means, F-test values, and 
p-values are displayed in Sup-
plementary Table S1. P-values 
were generated using analysis 
of variance (ANOVA) tests to 
assess whether differences exist 
between the mean scores of the 
three groups. Significance is 
determined by P-value ≤ 0.05
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within normal limits (< 50) for those “the same or more 
active”, 42.3 (95% CI: 40.0, 44.6; p < 0.0001). Adults 
who were “the same or more active” since diagnosis also 
reported the lowest pain interference scores, 45.6 (95% 
CI: 43.5, 47.6; p < 0.0001), compared to “a little less 
active”, 48.8 (95% CI: 47.0, 50.7; p < 0.0001), or “a lot 
less active” adults, 55.5 (95% CI: 53.8, 57.2; p < 0.0001); 
those “a lot less active” had mild impairment (50–59) of 
pain interference, while the other two groups were within 
normal limits (< 50).

PROMIS linear regression

We found an association between worse (i.e., more impair-
ment) physical function, fatigue, and pain interference scores 
for those “a lot less active” or “a little less active” compared 
to those who were “the same or more active” since diagno-
sis, after adjustment for physical activity level, clinical, and 
demographic characteristics (Table 4). Adults who reported 
being “a lot less active” and “a little less active” had physical 
function scores of 8.88 (95% CI: −11.46, −6.29; p < 0.0001) 

Fig. 2   Distribution of health-
related quality of life as opera-
tionalized by mean PROMIS 
scores by changes in physical 
activity since diagnosis among 
adults living with advanced 
cancer (diagnosed between 
2021 and 2023). Note: PROMIS 
(Patient-Reported Outcomes 
Measurement Information Sys-
tem); Sample sizes and means, 
95% confidence intervals of 
means, F-values, and p-values 
are displayed in Supplemen-
tary Table S1. P-values were 
generated using analysis of 
variance (ANOVA) tests to 
assess whether differences exist 
between the mean scores of the 
three groups. Significance is 
determined by P-value ≤ 0.05
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and 3.14 points lower (95% CI: −5.62, −0.65; p < 0.0001), 
respectively, compared to those who were “the same or more 
active”. Adults who reported being “a lot less active” and “a 
little less active” had fatigue scores of 14.83 (95% CI: 11.52, 
18.14; p < 0.0001) and 7.88 points higher (95% CI: 4.69, 
11.07; p < 0.0001), respectively, compared to those “the 
same or more active”. Adults who reported being “a lot less 
active” and “a little less active” had pain scores of 8.54 (95% 
CI: 5.49, 11.58; p < 0.0001) and 1.99 points higher (95% CI: 
−0.94, 4.91; p < 0.0001), respectively, compared to those 
“the same or more active” since diagnosis.

Discussion

Our study assessed current physical activity levels and 
changes in physical activity since cancer diagnosis with 
health-related quality of life among a US-based sample of 
adults living with advanced cancer. We found that 53% of 
adults living with advanced cancer were considered insuf-
ficiently active using the LSI cutoffs, and while only 6% of 
our sample was meeting the MVPA guideline of 150 min 
or more per week, 27% of respondents were meeting the 
strength guideline. A study conducted by Bail et al. (2022) 
of metastatic cancer patients in Alabama found higher levels 
of moderate-vigorous intensity minutes per week, but lower 
levels of light-intensity minutes per week among their sam-
ple [38]. However, they did not assess strength-based activ-
ity separately, which could have led to different estimates 
of physical activity engagement. Assessing three intensities 
of aerobic activity and types of strength-based activities, 
using two validated instruments, is a strength of our analysis 

and demonstrates important trends in activity engagement 
among adults with advanced cancer.

We observed a decline in physical activity since diag-
nosis for 74% of respondents, which we found to be asso-
ciated with worse health-related quality of life. Although 
our respondents had a mean FACT-G score (79.7) similar 
to a reference study of adults with and without cancer (the 
mean FACT-G score for adults with cancer was 80.9 and 
without cancer was 80.1) [36], clinically meaningful differ-
ences emerged by changes in physical activity since diag-
nosis. The group in our sample most similar to the refer-
ence study FACT-G mean scores by Brucker et al. (2005) 
of adults with cancer (all stages) was the group engaging 
in “a little less activity” (82.6) with clinically meaningful 
differences among the other activity groups [36]. Our find-
ings using the PROMIS measures closely align with a study 
by Jensen et al. (2017) which found similar deficits in their 
sample of patients with stage IV cancer compared to our 
sample of adults engaging in “a lot less activity” [37]. We 
found similar levels of physical function (40.3 v J: 41.1) and 
pain interference (55.5 v J: 55.2), but lower levels of fatigue 
(59.3 v J: 55.8) in our sample of adults engaging in a lot less 
activity [37]. They also found levels of impairment worsened 
in those with stage IV cancer compared to the other cancer 
stages [37].

Clinically meaningful differences are useful when com-
paring health-related quality of life scores because these are 
the differences in outcomes that matter to patients. Our study 
of adults living with advanced cancer had an overall mean 
FACT-G score of 80, which was similar to a US-based can-
cer survivor sample that included multiple cancer types and 
stages and had an overall mean score of 81 [36], suggesting 

Table 4   Association between changes in physical activity and health-
related quality of life (PROMIS) domains of physical function, 
fatigue, and pain interference among adults living with advanced can-
cer (diagnosed between 2021 and 2023). Linear regression models 

were adjusted for physical activity level, education, gender, age (cat-
egorical), marital status, cancer type, functional comorbidity index 
score (categorical), on treatment status, and urbanicity. Significance 
is determined by P-value ≤ 0.05

PROMIS (Patient-reported outcome measurement information system), 95% CI (95% confidence interval), ref = Reference group; P-value is for 
the Type III tests of fixed effects of multiple linear regression models. Activity change categories represent self-reported current level of physical 
activity compared to physical activity prior to their cancer diagnosis (1) a little less activity, (2) a lot less activity, (3) the same activity/a little 
more or a lot more activity

Model: Physical Function (n = 245) Model: Fatigue (n = 244) Model: Pain Interference (n = 243)

Parameter Beta Estimate 95% CI P-value Beta Estimate 95% CI P-value Beta Estimate 95% CI P-value

Activity Change
(ref = Same or more active)

 < .0001  < .0001  < .0001

A little less 
active

−3.14 (−5.62, −0.65) 7.88 (4.69, 11.07) 1.99 (−0.94, 4.91)

A lot less active −8.88 (−11.46, −6.29) 14.83 (11.52, 18.14) 8.54 (5.49, 11.58)
Activity Level
(ref = Insufficiently active)

0.006 0.14 0.04

Active 2.67 (0.12, 5.22) −2.67 (−5.95, 0.61) 0.70 (−2.33, 3.72)
Moderately 

active
3.78 (1.37, 6.19) −2.71 (−5.82, 0.40) −3.09 (−5.95, −0.23)
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a lack of a clinically meaningful difference in scores of our 
sample compared to these reference populations. However, 
we found an association between greater reductions in physi-
cal activity and lower health-related quality of life scores, 
which ranged from 17.21 points lower for those “a lot less 
active” and 6.05 points lower for those “a little less active” 
compared to those reporting “the same or more active,” dem-
onstrating clinically meaningful differences in health-related 
quality of life between the activity groups.

Recommendations by the American Cancer Soci-
ety (ACS) and the American College of Sports Medicine 
(ACSM) encourage those living with cancer to move more 
and sit less, because even a little activity is better than none 
[7, 8]. Our study found that adults with advanced cancer 
who were moderately active or active reported higher health-
related quality of life compared to those who were insuffi-
ciently active. These findings support the ACS and ACSM 
recommendations and underscore the importance of engag-
ing in physical activity after diagnosis. Given our findings, 
future research aimed at improving the health-related quality 
of life of adults living with advanced cancer should focus 
on regularly assessing patients’ functional status and finding 
ways to improve their physical function, reduce fatigue, and 
manage pain. An important future research direction is to 
determine feasible and acceptable interventions to encour-
age physical activity post-diagnosis. Interventions should be 
designed to incorporate light-intensity activities, including 
muscle-strengthening activities, to serve as an initial target 
for improving physical activity, as these activities are likely 
to be more accessible for adults living with advanced cancer.

Strengths and Limitations

The strengths of our study included a specific focus on the 
understudied population of adults living with advanced can-
cer. We included those with diverse cancer types (including 
both solid tumors and hematologic malignancies), facilitat-
ing a range of perspectives within the advanced cancer popu-
lation. In addition, our study used well-validated measures 
of health-related quality of life and physical activity.

The limitations of our study included the cross-sectional 
nature of our data, which limited the evaluation of physical 
activity in real-time and changes in health-related quality 
of life over time. The self-reported physical activity data, 
as opposed to accelerometers or other wearables, may have 
led to an overestimation of physical activity levels among 
respondents. However, a study of physical activity in breast 
cancer survivors found a strong correlation between accel-
erometry and self-report data using the GSLTPAQ, with a 
mean difference in moderate-vigorous activity estimates of 
less than 5 min [21]. In addition, they found those over the 

age of 60 underestimated their self-reported activity. We also 
had potential for two types of bias: (1) healthy responder 
bias, as respondents were likely healthier than the average 
advanced cancer patient, and (2) recall bias, since data col-
lection (collected at a single time point) relied on respond-
ents recalling changes in activity since before their diagno-
sis. Finally, our study was restricted to one cancer center 
in the Midwest, limiting the generalizability of our results.

Conclusions

Adults living with advanced cancer face potential declines 
in physical activity following their diagnosis. Our study 
provides evidence that those engaging in less activity 
since their advanced cancer diagnosis experience lower 
levels of physical function and higher levels of pain and 
fatigue compared to those engaging in the same or more 
activity since diagnosis. In addition, we found an associa-
tion between a reduction in physical activity and a lower 
health-related quality of life. This study provides insight 
regarding incorporating and promoting light-intensity 
activities among this growing population of adults living 
with advanced cancer. Future interventions should consider 
ways to encourage adults living with advanced cancer to 
prevent physical activity declines following their diagnosis.
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