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Abstract
Exercise is recommended for cancer survivors, as it mitigates treatment 
side effects and improves overall wellness. Therefore, survivors attend 
community-based exercise programs and report positive results, but 
published evaluations of outcomes of these programs are scarce in the 
literature. The objective of this study is to validate the anecdotal reports 
of the physical fitness and quality of life benefits of the LIVESTRONG at 
the YMCA program. A retrospective analysis of deidentified data con-
sisting of 17 program cohorts of the LIVESTRONG at the YMCA program  
(n = 88) was conducted. Statistically significant improvements were seen 
when compared to baseline in the physical fitness measures of the 6-min-
ute walk, the chest and leg presses, the sit-and-reach test, and the one-
leg stand test, as well as in the domains of the 29-item Patient-Reported  
Outcomes Measurement Information System (PROMIS-29) Profile, a 
health-related quality of life questionnaire. These domains are physical 
function, anxiety, depression, fatigue, social role satisfaction, and pain. 
The anecdotal impression that participation in the LIVESTRONG at the 
YMCA program improves physical fitness and subjective quality of life 
perceptions was supported by statistical analysis of the subjective and 
objective pre- and postprogram measurements for this data set. Ex-
ercise in this cancer-specific community exercise program is likely to 
improve physical fitness and quality of life outcomes.

Cancer will be diagnosed 
in approximately 39.6% of 
men and women during 
their lifetime, according 

to data collected by the Surveillance, 
Epidemiology, and End Results Pro-
gram (SEER), of the National Cancer 
Institute (NCI, 2015). Early detection 
and improved treatments continue to 

positively impact cancer survivorship, 
such that 66.5% of patients diagnosed 
can now expect to be alive in 5 years 
(Howlader et al., 2016). These num-
bers combined indicate that by 2025 
there will be 18.9 million cancer survi-
vors in the United States, and of these, 
75% will be greater than 50 years of 
age (American Cancer Society, 2016).J Adv Pract Oncol 2019;10(1):24–37
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SURVIVORSHIP GUIDELINES
For many diagnosed with cancer, survivorship 
means living with cancer as a chronic condition, 
while for others, although there may be no evi-
dence of the cancer, there are bothersome long-
term and persistent effects. The goal in cancer 
survivorship care is to provide the tools for survi-
vors to live as healthy a life as possible, one devoid 
of additional chronic illness, and one in which late 
effects are minimized (Smith et al., 2013). 

To that end, a physically active lifestyle is rec-
ommended for cancer survivors as a means of im-
proving feelings of well-being, decreasing risk of 
developing chronic conditions such as heart dis-
ease and metabolic disorders such as obesity and 
diabetes mellitus, and decreasing the risk of new or 
recurrent cancer (Centers for Disease Control and 
Prevention [CDC], 2014; Holmes, Chen, Feskanich, 
Kroenke, & Colditz, 2005; Meyerhardt et al., 2006).

Professional, governmental, and public advo-
cacy organizations such as the National Cancer 
Institute (NCI), the American Society of Clinical 
Oncology (ASCO), the Oncology Nursing Society 
(ONS), the American College of Sports Medicine 
(ACSM), and the American Cancer Society (ACS) 
have all issued statements and provided guide-
lines to cancer survivors regarding physical activ-
ity (ASCO, 2016; NCI, 2017; ONS, 2016; Rock et al., 
2012; Schmitz et al., 2010). 

In general, cancer survivors are encouraged 
to meet the current CDC recommendation of 150 
minutes of moderate aerobic exercise per week, 
or 75 minutes of vigorous exercise, or a combi-
nation of the two, plus resistance exercise of the 
major muscle groups at least 2 times per week. 
This comes with the caveat that many cancer sur-
vivors will be unable to meet these goals, and in 
those cases, altering the goal to maximize physical 
fitness to the highest degree achievable is recom-
mended (Office of Disease Prevention and Health 
Promotion, 2008). These recommendations have 
been translated into community-based exercise 
programs for cancer survivors. 

LIVESTRONG AT THE YMCA
One such program is LIVESTRONG at the YMCA, 
a program developed by LIVESTRONG and 
YMCA of the USA (often referred to as the Y or 
Y-USA). The LIVESTRONG at the YMCA pro-

gram is available through participating YMCAs 
nationwide (Heston, Schwartz, Justice-Gardiner, 
& Hohman, 2015). The goal of the LIVESTRONG 
at the YMCA program is to empower adult cancer 
survivors to practice a healthy lifestyle. Specifi-
cally, the program is aimed at increasing muscle 
mass, physical strength, and cardiopulmonary 
endurance, with the resultant benefits of improv-
ing daily functional ability, personal energy levels, 
self-esteem, and quality of life. 

The program is led by specially trained YMCA 
instructors who lead a cohort of survivors through 
small-group sessions that meet twice a week for 
75 minutes for 12 weeks. The program is open to 
all cancer survivors over the age of 18 who are un-
dergoing or who have completed their treatments. 

Participants are invited to enroll in these pro-
grams via brochures distributed at the YMCA 
sites, as well as in local cancer care and support 
centers, website postings, and at local cancer- 
related events. Cancer survivors must obtain phy-
sician clearance before joining the program. Prior 
to initiating the exercise component of the pro-
gram, the Y intake staff members meet with each 
participant individually to explain the program 
and gather health and demographic information. 
Additionally, participants consent to participation 
and to the use of their data for aggregate program 
analysis. Participant fitness and quality of life as-
sessments are obtained at the start of the program 
and again on week 12. These assessments are used 
by the instructors to adapt the program’s cur-
riculum to each participant. The twice-weekly 
exercise sessions include aerobic, resistance, and 
balance exercises. Exercise and equipment modi-
fications/adaptations are incorporated as neces-
sary to maintain safety and effectiveness.

OBJECTIVES
There are only a few published reports of aggre-
gate data analysis of program measured outcomes 
(Rajotte et al., 2012; Tran et al., 2016). Therefore, 
we undertook a retrospective program analysis of 
deidentified data collected at three LIVESTRONG 
at the YMCA sites in New Jersey and Pennsyl-
vania to add to the evaluation literature of this 
community program and to determine if regional 
differences exist, as the other studies did not use 
samples from the Northeast. 
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SAMPLE AND SETTING
This was a retrospective analysis that used exist-
ing deidentified physical fitness and quality of life 
data of cancer survivors from three sites in the 
suburban to the metropolitan areas of New York 
and Philadelphia (Site 1, n = 29; Site 2, n = 18; Site 3, 
n = 41; see Table 1). The data were collected as part 
of the LIVESTRONG at the YMCA programs that 
were held between July 2011 and June 2013. Data 
from this convenience sample were collected at 
the start and the end of the 12-week LIVESTRONG 
at the YMCA programs. 

METHODS AND VARIABLES
Demographic and Medical History 
All participants self-reported their age, gender, 
cancer diagnosis, cancer treatment type and com-
pletion date, the presence of peripheral neuropa-
thy, current comorbid conditions, their current 
work status, and whether or not they engage in 
routine exercise. 

Physical Fitness Assessment 
All physical fitness assessments were done by the 
Y staff. Cardiopulmonary function was assessed via 
the results of the 6-minute walk test. The 6-minute  
walk test is a standard test of cardiopulmonary 
endurance in which participants cover as large a 
distance as possible over 6 minutes. It is done on a 
measured track 25 meters in length. The total me-
ters walked are measured, and this is the score. It is 
used extensively as a field measure of cardiopulmo-
nary fitness, with norms available for all age groups, 
in well populations, and in numerous chronically 
ill populations. In the cancer population it is con-
sidered a valid and reliable cardiopulmonary test 
(Schmidt, Vogt, Thiel, Jäger, & Banzer, 2013). 

Strength measurement was obtained via the 
one-repetition maximum (1-RM) test for the 
bench press and leg press. The 1-RM test is the 
standard for evaluating increases in muscular 
strength (Baechle & Wathen, 2008). Flexibility 
and balance are measured using the arm reach test 
and the one-leg stance test, respectively (Springer, 
Marin, Cyhan, Roberts, & Gill, 2007). 

Quality of Life Assessment 
The Patient-Reported Outcomes Measurement 
Information System (PROMIS; Cella et al., 2007) 

is a series of valid and reliable self-reported mea-
surement tools provided by the National Insti-
tutes of Health for use by researchers and cli-
nicians (US Department of Health and Human 
Services [USDHHS], 2016). The LIVESTRONG at 
the YMCA program uses the PROMIS-29 Profile 
(v1.01) to measure health-related quality of life, 
which includes the subdomains of anxiety, de-
pression, pain interference, pain intensity, physi-
cal function, sleep disturbance, and ability to par-
ticipate in social roles and activities. 

Each subdomain is considered an individu-
al form and scored separately. Each form is four 
items, except pain intensity, which is a one-item 
form. The single pain intensity item is not scored 
but reported as its raw score, that is, on a 0 to 10 
scale, with 0 equivalent to no pain and 10 the great-
est intensity of pain. Each subdomain form is only 
scored if there are no missing item scores (i.e., all 
four items are marked). If the form is incomplete, 
then that domain score is not considered valid. 
The raw scores (range, 1–20) are converted to a 
T-score, with the average being 50 and a standard 
deviation of 10. 

The PROMIS-29 Profile domains were origi-
nally tested on a large sample of the general pop-
ulation in the United States. For all domains, a 
higher score means more of the state is present, so 
a high physical function score means greater func-
tion, and a high sleep disturbance score means 
more of a problem with sleep. Therefore, when we 
intervene to improve quality of life, we hope to see 
increased scores in physical function and social 
role satisfaction, and decreased scores in anxiety, 
depression, fatigue, and pain interference (USD-
HHS, 2016).

Data Abstraction and Statistical Analysis 
Statistical analysis was carried out using SPSS 
statistics software, version 25. The significance 
level was set at 5% for all tests. Deidentified data 
sets from 17 program cohorts (101 participants) 
were used for study analysis. Participant charac-
teristics are reported as mean and standard de-
viation. Categorical variables are reported as the 
actual number. The demographic variables of age 
and comorbidity were transformed into categori-
cal variables for analysis. Age was categorized as 
(1) 20–39; (2) 40–49; (3) 50–59; (4) 60–69; and 
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(5) > 69; and comorbidities were dichotomized as 
either ≤ 2 or > 2 comorbidities.

Assessment of Participant Characteristics by 
Site. The evaluation of participant characteris-

tics by site was carried out using the chi-square 
test of independence when all expected frequen-
cies were greater than 5, or the Fisher’s exact test 
when expected frequencies were less than 5. 

Table 1. Crosstabulation of Participant Characteristics by Site

S1
(n = 29)

S2
(n = 18)

S3
(n = 41)

Total
(n = 88) Significance

Mean age
(SD)

58
(13.9)

56
(11)

56
(11)

57
(12)

F(2, 87) = .197;  
p = .822

Age 20–39 4 1 3 8 Fisher’s exact test, 
p = .537

40–49 5 5 9 19

50–59 3 6 12 21

60–69 11 4 11 26

≥ 70 6 2 6 14

Gender Male 7 4 4 15 Fisher’s exact test, 
p = .224

Female 22 14 37 73

Cancer type Breast 13 7 22 42 Fisher’s exact test, 
p = .470

Colon 2 1 6 9

Lung 2 0 3 5

Heme 2 2 0 4

Prostate 2 1 1 4

Gyn 4 2 1 7

Lymphoma 2 1 2 4

Other 3 4 6 13

Comorbidity ≤ 2 15 10 20 45 χ2(2) = .236;  
p = .889 

> 2 14 8 21 43

Treatment Sx 6 1 4 11 Fisher’s exact test, 
p = .554

CT 2 1 1 4

RT 1 0 1 2

Sx + CT 7 5 13 25

Sx + RT 6 2 5 13

CT + RT 2 0 2 4

Sx + CT + RT 5 9 15 29

Symptomsa Yes 15 12 32 59 χ2(2) = 3.84;  
p = .155

No 12 6 9 27

Work Yes 16 9 13 38 χ2(2) = 4.22;  
p = .126

No 13 9 28 50

Exercise Yes 15 11 29 55 χ2(2) = 3.51;  
p = .174

No 14 7 14 33

Note. SD = standard deviation; heme = hematologic malignancy; gyn = gynecologic; CT = chemotherapy,  
RT = radiotherapy; Sx = surgery; χ2 = chi square. 
aIntake form specifically asks about peripheral neuropathy. 
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Data Preparation. Thirteen individuals provid-
ed no outcome data and were not considered in the 
final analysis. Missing data were not replaced for 
physical fitness data, and cases were excluded case-
wise during analysis for each physical fitness pa-
rameter. The few randomly missing item values in 
the PROMIS-29 domains were replaced by moving 
the pretest item value forward (USDHHS, 2016). 
For all outcome variables, there were no extreme 
outliers (> 3 standard deviations from the mean) as 
assessed by boxplot, and data were evaluated for 
normality by the Shapiro-Wilk test and scatterplot 
analysis. In the case that a variable was not nor-
mally distributed, data were either transformed 
or a test not sensitive to normality was utilized  
for analysis. 

Gender Effect. Physical fitness outcomes are 
not gender neutral, and there were significantly 
fewer men than women (15 vs. 73) in these data, so 
the analyses were conducted on the data set split 
by gender. 

Analytic Approach
Effect of Program Participation on PROMIS-29 
and Physical Fitness Scores for the Overall Sample. 
A paired-sample t-test was used to determine 
if there was a statistically significant change in 
scores between baseline and the postprogram 
time point. Data are presented as mean ± stand-
ard deviation. For each domain score, the T-score 
for each raw score was derived from PROMIS-29 
scoring tables and is presented. 

Program Participation and Participant Char-
acteristics: Main and Interaction Effects on Physi-
cal Fitness Outcome Measures. A two-way repeat-
ed measure analysis of variance (ANOVA; within, 
within and between groups approach) was con-
ducted to determine if there were statistically 
significant differences in the mean change in the 
physical fitness outcomes from baseline to post-
program time points due to interaction and main 
effects. The interaction of the time factor (with-
in factor #1—participating in the LIVESTRONG 
program) and the categorical variable (within 
factor #2) were analyzed in separate ANOVA 
runs using the categorical variables of age cat-
egory, cancer type, cancer treatment, comorbid 
category, presence of peripheral neuropathy 
(symptom), working status, and exercise status. 

The main effects of these categorical variables 
were included in the analysis. The intent of this 
analysis was to determine if there was (1) an in-
teraction between participation in the program 
and the participant characteristics of age cate-
gory, comorbidity category, type of disease, type 
of treatment, presence of peripheral neuropathy, 
and self-reported work and exercise status at 
baseline on physical fitness outcome measures; 
and (2) if there was a differential effect due to 
the level of the characteristic category on physi-
cal fitness outcomes (for example, was there a 
difference in strength measure by virtue of being 
in the 20–39 age category vs. > 70 age category?). 

For these analyses, homogeneity of vari-
ance was assessed using Levene’s test for equal-
ity of variances. If violated data were subjected 
to a log10 transformation, and in the case where 
results were unchanged and the variance differ-
ences were less than 3%, untransformed data are 
reported. It should be noted that due to the fact 
that not all participants completed all physical fit-
ness tests at the end of the program, the sample 
size varies across these outcomes. Only significant 
findings are reported. 

RESULTS
Sample 
There were no statistically significant differenc-
es in the participant characteristics across the 
sites, and so data were analyzed as a single group. 
Self-reported demographic and medical history 
data indicated that most participants had com-
pleted treatment within the past 2 years (62%), 
followed by those who had completed treatment 
greater than 5 years ago (18%), followed by those 
currently being treated (10%), and then by those 
between 2 and 5 years since treatment (10%). 
The majority of the participants were women 
(83%). Breast cancer was the most frequently 
cited diagnosis (48%). The remaining partici-
pants represented individuals with a range of 
cancers, including colorectal (10%), hemato-
logic malignancies including lymphomas (9%), 
gynecologic (8%), lung (6%), prostate (5%), and 
other (14%). Comorbidities were reported by 
70% of participants, with most patients expe-
riencing more than two comorbidities (49%). 
Cardiometabolic problems (hypertension, high 
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cholesterol, and unspecified cardiac problems) 
were reported by 32%, unspecified pulmonary 
problems by 18%, and arthritis by 32%. Interest-
ingly, diabetes mellitus was negligible, at .04% 
of the participants. The presence of peripheral 
neuropathy was reported by 67% (59) of the par-
ticipants in this sample. Of those, 81% (48) had 
had chemotherapy, a major cause of peripheral 
neuropathy in cancer survivors. By cancer type, 
those who had a chemotherapy history and pe-
ripheral neuropathy were survivors of breast 
cancer (44%), colorectal and gynecologic can-
cers (both 13%), other cancers (14%), lung (8%), 
lymphoma (4%), and prostate and hematologic 
malignancies (2%). 

Overall Changes in PROMIS-29 Scores and 
Physical Fitness Scores
Results of the paired-samples t-test are presented 
in Tables 2 and 3 for the physical fitness tests and 
PROMIS-29 domains, respectively. Statistically 
significant improvements in cardiopulmonary fit-
ness (heart rate and 6-minute walk), muscular 
strength (leg and chest presses), flexibility (sit-
and-reach test) and balance (single-leg stand) were 
noted for all tests in women; in men, the heart rate 
and left-sided balance did not change significantly. 

Program Participation and Participant 
Characteristics: Main and Interaction Effects 
on Physical Fitness Outcome Measures 

Male Participants. There was only one sig-
nificant interaction for the categorical variables 
on the physical fitness outcome measures. A sig-
nificant interaction between participation and age 
category on flexibility occurred, with men in the 
20 to 39 age category responding more vigorous-
ly, as exhibited by a 5- vs. 1-inch increase in their 
ability from baseline to program end (F = 5.27 
(4,7), p = .028). 

Female Participants. A significant interaction 
was noted between participation in the program 
and the following. 

•	 Age category on strength (leg press; F = 4.80 
(4,65), p = .002, η2 = .23), with the 20 to 39 
age category responding more vigorously, 
as exhibited by an increase of 75 lb in lifting 
ability, compared to 30 lb for the 60 to 69 age 
category, and 14 lb for the > 70 age group. 

•	 Presence of the peripheral neuropathy 
symptom on balance (left-leg stand; F = 7.40 
(1,44), p = .008, η2 = .15), with those partici-
pants not having the symptom responding 
more vigorously, as exhibited by an increase 
of 6 seconds vs. 4 seconds balance ability,  

Table 2. Physical Fitness Outcomes (Paired Samples T-Test) 

Outcome Gender (n) Pretest mean ± SD Posttest mean ± SD Significance

Heart rate 
(beats/minute)

M (14) 91.36 ± 18.95 97.92 ± 13.15 .124

F (65) 93.63 ± 15.05 89.00 ± 17.45 .007

6-minute walk test 
(distance in meters)

M (10) 364.47 ± 139.61 421.98 ± 129.31 .008

F (59) 457.98 ± 104.56 523.73 ± 122.23 .000

Leg press (lb) M (14) 222.86 ± 72.58 271.79 ± 87.90 .000

F (70) 110.79 ± 46.34 144.12 ± 52.63 .000

Chest press (lb) M (14) 88.86 ± 43.96 113.21 ± 55.35 .000

F (68) 27.00 ± 15.06 35.88 ± 18.47 .000

Arm reach (inches) M (12) 37.75 ± 8.74 39.18 ± 8.40 .05

F (47) 37.91 ± 5.65 39.14 ± 6.5 .04

Single-leg stand (L) 
(seconds)

M 12) 25.42 ± 23.50 25.00 ± 22.30 .881

F (48) 32.61 ± 23.03 41.65 ± 21.35 .000

Single-leg stand (R) 
(seconds)

M (12) 28.33 ± 22.52 34.08 ± 21.34 .04

F (48) 32.81 ± 23.22 40.59 ± 22.38 .000

Note. M = male; F = female; R = right; L = left
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and on the right-leg stand (F = 3.94 (1,44), 
p = .05, η2 = .08), the difference in this case 
being 10 seconds greater stance time for the 
no-symptom group. 

•	 Exercise behavior at baseline on balance 
(right-leg stand; F = 7.21 (1,43), p = .010, η2 
= .079), with exercisers responding more 
vigorously at 14 seconds compared to a 4- 
second increase for those who did not re-
port baseline exercise behavior. 

A significant main effect was found between par-
ticipation in the program and the following.

•	 Age on balance, with the 20 to 39 age category 
having a significantly longer balance time (36 
vs. 21 seconds) in left leg balance compared 
to the > 70 age category (F = 2.92 (4,43), p = 
.031). There was a decremented decrease in 
balance over age categories, but other differ-
ences were not statistically significant. 

•	 Age on strength was noted, with the 20 to 
39 age category having significantly greater 
mean strength (188 lb vs. 115 lb) compared 
to the 50–59 age category (p = .006) and the 
70 age category (188 lb vs. 101 lb (p = .002). 
There was a decremented decrease in mean 

strength scores over the age categories from 
youngest to oldest. 

•	 Cancer type on cardiopulmonary fitness 
(6-minute walk) was noted, with breast 
cancer survivors differing significantly 
from colorectal cancer survivors (p = .041), 
who differed significantly from those with 
lymphoma (p = .04; mean scores of 548, 429, 
and 647 meters, respectively; F = 3.61 (5,53), 
p = .007). Of note, lung cancer patients 
started out with the lowest distance, at 333 
meters, but mean postdistance in this group 
was 444 meters. 

•	 Work on cardiopulmonary fitness (6-min-
ute walk) was noted, with participants who 
reported not working having significantly 
longer walking distances (516 meters vs. 445 
meters) than those who were working (F = 
6.11 (1,54), p = .017).

•	 Exercise on cardiopulmonary fitness (6- 
minute walk) was noted, with participants 
who reported exercise at baseline having 
significantly longer walking distances (512 
m vs. 450 m) than those who did not exer-
cise at baseline (F = 4.73 (1,54), p = .034).

Table 3. Paired-Samples T-Test: PROMIS-29 Raw Scores With Associated Standardized Score

Domaina Gender
Pretest raw 
score mean ± SD T-score rangeb

Posttest raw 
score mean ± SD T-score rangeb

Significance 
raw score 
change

Physical 
function

Male 17.7 ± 2.12 41.8 < 45.3 < 56.9 18.26 ± 2.12 41.8 < 45.3 < 56.9 .164

Female 17.78 ± 2.15 41.8 < 45.3 < 56.9 18.93 ± 1.49 43.4 < 48 < 56.9 .000

Anxiety Male 6.73 ± 2.01 48 < 53.7 < 55.8 6.0 ± 2.36 40.3 < 51.2 < 55.8 .215

Female 8.15 ± 3.12 48 < 55.8 < 61.4 6.22 ± 2.55 40.3 < 51.2 < 57.7 .000

Depression Male 6.87 ± 1.68 49 < 53.9 < 57.3 4.67 ± 1.18 41 < 49 < 51.8 .000

Female 6.51 ± 2.61 41 < 53.9 < 57.3 5.00 ± 1.75 41 < 49 < 53.9 .000

Fatigue Male 10.40 ± 3.89 43.1 < 53.1 < 60.7 8.86 ± 3.07 43.1 < 51 < 57 .068

Female 9.71 ± 3.61 43.1 < 53.1 < 58.8 7.68 ± 3.27 33.7 < 48.6 < 55.1 .000

Sleep 
disturbance

Male 10.73 ± 2.15 48.4 < 50.5 < 56.1 7.33 ± 1.54 41.1 < 43.8 < 48.4 .000

Female 11.01 ± 1.60 48.4 < 52.4 < 56.1 12.17 ± 2.95 48.4 < 54.3 < 59.8 .002

Satisfaction 
with social role

Male 14.87 ± 4.39 48.1 < 49.8 < 58.1 15.47 ± 3.98 44.6 < 51.6 < 64.1 .503

Female 13.88 ± 3.27 43.2 < 48.1 < 53.5 15.18 ± 3.72 44.8 < 49.8 < 58.1 .003

Pain 
interference

Male 7.8 ± 3.57 41.6 < 55.6 < 59.9 6.27 ± 2.81 41.6 < 52 < 57.1 .038

Female 7.77 ± 3.21 49.6 < 55.6 < 59.9 6.70 ± 3.32 41.6 < 53.9 < 58.5 .000

Note. SD = standard deviation. 
aA higher score indicates having more of the domain attribute.
bNormalized to population norm of mean = 50 ± 10.
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Follow-Up Analysis. Given the findings related 
to cardiopulmonary fitness and work, a univariate 
ANOVA was run to determine if there was a dif-
ference in the mean level of fatigue, using baseline 
fatigue as a covariate and working as a random 
factor. There was no significant difference based 
on the working category (F = .865 (1,67); p = .356).

DISCUSSION
Exercise recommendations for cancer survivors 
have been translated into community exercise 
programs such as LIVESTRONG at the YMCA. 
Anecdotal evidence gleaned from survivors in our 
communities frequently support this program’s 
positive impact on physical fitness and quality 
of life. Although outcome evaluations have been 
reported in the literature, they are not reported 
frequently, and those that have been reported 
have not included our geographic region. There-
fore, we undertook an analysis of existing data 
at three LIVESTRONG at the YMCA programs 
sites located within suburban communities in the 
New Jersey and Pennsylvania metropolitan area. 
The purpose was to see if our results concur with 
reports that fitness and quality of life is improved 
for participants of these programs. 

Participant Characteristics
In general, the characteristics of the participants 
in our sample were similar to those that have been 
reported in community program evaluations and 
exercise-focused research studies. The major-
ity of participants enrolled in our programs were 
women, and breast cancer was the most frequent-
ly reported cancer diagnosis. This gender- and 
cancer-specific profile is consistent with reports 
in the literature regarding the demographics of 
participants in cancer rehabilitation and exercise 
program studies (Mishra et al., 2012; Rajotte et al., 
2012; Scott et al., 2013). 

There are several reasons for a greater up-
take of exercise by breast cancer survivors. First, 
they were the first survivors to be studied with 
respect to the risks and benefits of exercise (Mo-
linaro, Kleinfeld, & Lebed, 1986; Winningham & 
MacVicar, 1988). Over the years, exercise studies 
have focused almost exclusively on breast cancer 
survivors, and most of the evidence we have for 
the benefits of exercise in cancer survivors derives 

from these studies (Spence, Heesch, & Brown, 
2010). This is changing, and a body of knowledge 
regarding exercise in other cancers is emerging. 
Second, in addition to the research focus, breast 
cancer survivor advocacy groups, such as the Su-
san G. Komen Foundation, have promoted exer-
cise for breast cancer survivors through commu-
nity activities such as 5K races and walks (Susan 
G. Komen Race for the Cure, 2016). Breast cancer 
survivors are encouraged to participate, and many 
do so. Additionally, breast cancer survivors have 
opportunities to engage in survivor-specific team 
sports, such as dragon boat racing. Interest in this 
sport has resulted in the creation of a formal orga-
nization with regional, national, and international 
competitions held under the auspices of the In-
ternational Breast Cancer Paddlers’ Commission 
(IBCPC, 2016). Finally, based on these movements 
within the breast cancer population, oncology 
health-care providers, family, and friends are well 
aware that exercise is a beneficial activity that is 
safe and recommended. 

The stimulus to encourage exercise behavior 
beyond the breast cancer population to other can-
cer populations is ongoing. Although the partici-
pation of survivors with other cancers may remain 
disproportionate, the message to include all survi-
vors in cancer exercise programs is made clearly 
through exercise guidelines for cancer survivors 
and publications on assessment and prescribing 
(see ACSM Roundtable Discussion on Exercise 
Guidelines [Schmitz et al., 2010; Stefani, Galanti, 
and Klika, 2017] and the Clinical Journal of On-
cology Nursing Exercise Supplement [Musanti & 
Murley, 2016]).

The frequency of comorbidities was noted in 
70% of the participants in this sample. In a recent 
study, Roy and colleagues (2018) found a higher 
prevalence of cardiac-related diseases (hyperten-
sion, hyperlipidemia, coronary artery disease), 
hypothyroidism, and diabetes in cancer survivors 
(n = 280) compared to their age-matched con-
trols (n = 280). Osteoarthritis was less prevalent 
in the cancer survivor group, although it has been 
reported in other studies as a significant comor-
bidity in comparison to the general population 
(Deckx et al., 2012). Our analysis yielded a similar 
pattern of comorbidities, with the exception of di-
abetes, which was rarely reported in this sample. 
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The evidence for exercise ameliorating morbidity 
risks related to these comorbid conditions makes 
a compelling case for recommending exercise as a 
lifestyle habit for all cancer survivors (CDC, 2015). 
Although we do not have outcome measures in 
this analysis that support the improvement of any 
of these comorbid conditions, we do have evi-
dence that participation in the exercises targeted 
at cardiopulmonary function, strength, flexibility, 
and balance did indeed improve physical fitness 
outcomes: measures of cardiopulmonary function 
(6-minute walk), strength (leg and chest presses), 
flexibility (sit-and-reach test), and balance (single- 
leg stand). These improvements translated to 
congruent improvements in perceptions of physi-
cal function, decreased fatigue, and decreased 
pain. Taken together, due to participation in the 
LIVESTRONG at the YMCA program, the physi-
cal fitness and self-reported improvements are 
consistent with the potential for decreased risk 
of chronic disease progression, improvement in 
psychological functioning, and decreases in pain, 
which have been associated with habitual exercise 
behavior (CDC, 2018). 

Peripheral neuropathy was reported at a 
higher frequently (67%) in our sample than is 
commonly reported in the literature (30% to 
40%; Staff, Grisold, Grisold, & Windebank, 2017). 
Chemotherapy-induced peripheral neuropathy 
(CIPN) is the likely cause, and almost all (95%) of 
participants who reported this symptom had had 
chemotherapy. The range of chemotherapeutics 
that can cause neurotoxicity include agents such 
as the taxanes, the platinum compounds, vinca al-
kaloids, proteasome inhibitors, and the newer im-
mune checkpoint inhibitors. The risk, the nature 
of the symptom, and the trajectory of the symp-
tom are individual, multifactorial, and complex, 
but preventing or minimizing impact is always a 
primary goal. 

In addition to the pain associated with CIPN, 
the functional impairment in the form of altered 
proprioception is of concern because it alters bal-
ance and limits physical activity, with subsequent 
effects on safe mobility and an increased risk of 
falls. Intact proprioception, balance, and flex-
ibility are important attributes that guard against 
falls, an event for which community cancer sur-
vivors may be at increased risk. The rate of falls 

in community cancer survivors is reported at be-
tween 20% to 30% when assessed retrospectively 
in time periods of 3 to 12 months (Wildes, Depp, 
Colditz, & Stark, 2016). Evidence is accumulat-
ing that a combined exercise protocol consisting 
of aerobic, resistance, and proprioception training 
is effective in mitigating the symptoms of periph-
eral neuropathy (Kleckner et al., 2018). Consistent 
with our findings, studies specific to cancer sur-
vivors are providing evidence that proprioceptive 
training improves flexibility and dynamic balance 
in cancer survivors, particularly when introduced 
during the treatment phase (Duregon et al., 2018; 
Emilio et al., 2014). 

Moreover, exercise has been identified as an 
intervention that prevents falls in community 
adults (Gillespie et al., 2012). We saw a statis-
tically significant interaction between having 
peripheral neuropathy or not on the level of in-
crease in balance scores, with those without the 
symptom improving more than those with the 
symptom. More research needs to be done in 
this area with a focus on all cancer survivors, but 
with attention to the design and timing of effec-
tive exercise programing, particularly for those 
at greatest risk of injury—older survivors receiv-
ing neurotoxic chemotherapy. 

Self-Reported Quality of Life Scores 
Participant perceptions measured with the  
PROMIS-29 Profile were significantly improved 
in the domains of physical function, anxiety, de-
pression, fatigue, social role satisfaction, and 
pain interference when compared to baseline 
scores, for both men and women. Sleep distur-
bance was less of a problem for men at the end of 
the program;  for women, scores indicated that 
it was more of a problem (see Figure 1). Gener-
ally, with the exception of the sleep finding, our 
results concur with what Shiraz and colleagues 
found in their 2012 meta-analysis of exercise in-
terventions on health-related quality of life of 
cancer survivors (Shiraz, Rahtz, Bhui, Hutchi-
son, & Korszun, 2014) and with the findings of 
Rajotte and colleagues, who studied a group 
of cancer survivors enrolled in LIVESTRONG 
at the YMCA in the Northwest region of the 
United States (n = 187; Rajotte et al., 2012). In 
the later study, survivors self-reported improve-
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ments in physical function; body pain; social, 
emotional, and role functions; mental function; 
fatigue; and insomnia. Participants used the 
RAND 36-Item Short Form Health Survey (SF-
36; Rand Corporation, 2016), the Fatigue Symp-
tom Inventory (Hann et al., 1998), and a study- 
developed insomnia questionnaire. Adding our 
analysis to these previous reports positions us 
to conclude that quality of life improves when 
cancer survivors engage in regular physical ac-
tivity, and in particular through participation in 
the LIVESTRONG at the YMCA program. 

The PROMIS-29 Profile measures were origi-
nally tested for validity in a sample of adults with 
and without chronic disease. If we reflect on 
our findings in comparison to these population 
norms, we see that on average, the participants in 
our analysis negatively deviated from the norm 

at baseline in all domains. Conversely, at the end 
of the program, all domains except sleep distur-
bance either approached the mean or surpassed 
the mean (i.e., they improved beyond the popu-
lation norm). The numbers are not dramatic, and 
all are less than a one-standard deviation change 
(score change of 10 on T-score), but the pattern is 
what we want to see and is descriptive of a posi-
tive effect. 

The lack of a change in sleep disturbance may 
be related to measurement error, as this scale had 
two negatively and two positively worded items,  
increasing the possibility of measurement and/
or scoring error. For this reason, we consider this 
result with caution. Another consideration with 
respect to these score changes is the fact that in 
addition to the statistical significance, we should 
consider the clinical significance of these im-
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provements. As with many interventions, once 
we observe statistically significant change, it is in-
cumbent upon us as researchers and health-care 
providers to further investigate our interventions 
with regard to meaningful, clinically significant 
change so we have a better gauge of our impact 
on people’s health and lives. In the case of exer-
cise, we would hope that the clinical significance 
of these self-reported improvements would be 
enough to translate into the adoption of sustained 
exercise behavior. 

Physical Fitness Objective Outcomes 
The health-related physical fitness parameter 
measurements of cardiopulmonary fitness, mus-
cular strength, flexibility, and balance exhibited 
statistically significant improvements from the 
preintervention to the postintervention assess-
ments. The surrogate measurement for cardio-
pulmonary fitness, the 6-minute walk, was re-
cently validated against VO2 peak testing (the 
gold standard for cardiopulmonary fitness testing) 
in 50 cancer survivors and found to be reliable  
(r = .93; Schmidt et al., 2013). 

Although the mean scores in our analysis re-
vealed that the participants were below the popu-
lation norm (400–700 meters depending on age, 
height, weight, and gender) and that of those in 
the validation study (594 ± 81 meters), the partici-
pants increased their distance walked on average 
by 58 meters for men and 66 meters for women. 
These improvements surpass the threshold set 
for the minimally clinically important difference 
(MCID) of 50 meters for adults. There is no MCID 
for the cancer survivor population (The Rehabili-
tation Institute of Chicago, 2015). As noted earlier, 
improvement in cardiopulmonary fitness has im-
plications for not only improving functional per-
formance but also diminishing the risk related to 
cardiometabolic disease. 

The strength measurements of weight lifted 
during the chest and leg presses increased in a 
time-dependent and age-dependent manner; that 
is, in general, strength was gained between pre-
measurements and postmeasurements, but young-
er survivors improved more dramatically than old-
er survivors over the course of the program. This 
is consistent with the age-dependent response of 
the physiologic milieu of the neuromuscular sys-

tem in younger adults. Unfortunately, we can only 
evaluate the weight lifted measurements relative 
to the before and after scores; comparisons to pop-
ulation norms cannot be made because strength 
norms are reported as a ratio of weight lifted/body 
weight by gender and age. Participant weight data 
were not collected, rendering this calculation im-
possible. However, based on our understanding of 
muscular strength training, an increase in weight 
lifting capability is consistent with an ability to do 
more work with less effort. 

In addition to the interaction we discussed, 
we noted several main effects. Some of these are 
expected and consistent with normal physiolog-
ic maturation; for example, strength and balance 
measures were of greater magnitude in younger 
vs. older survivors, and those individuals that 
re-ported exercise at baseline performed bet-
ter on the 6-minute walk. These are expected 
findings. Others are not so expected and would 
require future study in larger samples for ade-
quate exploration. 

One example is the main effect of cancer type 
on cardiopulmonary fitness. Our analysis indi-
cated that having colorectal cancer negatively 
impacted the 6-minute walk more so than hav-
ing either breast cancer or lymphoma. The same 
relationship held true for individuals who were 
working compared to those who were not work-
ing, in spite of fatigue level not differing between 
these two groups. Gaining understanding of the 
differential impact these factors have on physi-
cal fitness outcomes will inform our ability to 
design more effective exercise programs for can-
cer survivors. 

Limitations. This data analysis was retrospec-
tive and as such is limited in the conclusions we 
can draw, as well as the generalizability of the 
findings. However, these limitations inform us 
of the value of a prospective study with a larger 
sample size, consistent data collection techniques 
across sites, and a more robust data collection 
schema—one that includes such parameters as 
height, weight, more specific exercise program 
parameter descriptions, along with the utilized 
individual adaptive annotations, missed sessions, 
and reasons for participant withdrawal. Having 
this additional information would have provided a 
richer analysis and more robust conclusions.
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IMPLICATIONS FOR  
ADVANCED PRACTITIONERS
We have reported positive objective and subjec-
tive findings related to physical fitness and psy-
chological functioning in a sample of cancer survi-
vors who have participated in the LIVESTRONG 
at the YMCA program. Even when one considers 
the limitations of this analysis, the results are an 
indicator of the value of this community-based 
intervention and its support of cancer survivors. 
These findings support the role of exercise as an 
intervention that has a positive impact on the 
health of cancer survivors. 

In order to refine our evidence base related to 
effective programming for cancer survivors, we 
identified areas that warrant further research, in-
cluding (1) the need for investigations that define 
clinically significant changes and/or endpoints 
for the PROMIS-29 Profile quality of life domains 
and physical fitness measures in cancer survi-
vors; (2) the need for longitudinal studies to see 
if these positive changes persist over time; and (3) 
additional exploration of the impact community 
exercise programs have on cancer survivorship. 
Additionally, as our health-care systems continue 
to transform, clinically relevant data as are gen-
erated by community organizations such as the 
LIVESTRONG at the YMCA program will benefit 
patients through clinical record integration. 

Policy development that supports community 
exercise programming for cancer survivors and pro-
motes the integration of the data generated by these 
programs into the clinical health record by profes-
sional organizations, health-care systems, insurers, 
and government agencies could facilitate the exten-
sion of the cancer care team to link healthcare and 
community cancer care providers and contribute to 
bringing a holistic system to cancer survivor care. l
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