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Abstract

Background: Most cancer survivors are married, and cancer strains the physical and mental health of each partner
and their intimate relationship. We created a partnered strength training program, Exercising Together©, where the
survivor and his/her partner exercise as a team in order to improve physical and mental health of both members of
the couple as well as the quality of their relationship. We have not yet determined if Exercising Together© is
similarly effective in couples coping with different types of cancer nor if training as a team has unique and added
benefits over those derived from supervised group training and/or shared behavior change. The purpose of this
study is to determine the unique benefits of Exercising Together© on physical, mental, and relational health in
couples coping with breast, prostate, or colorectal cancer.

Methods: Survivors of prostate, breast and colorectal cancer (N = 294, 98 per cancer site) and their intimate, co-
residing partners are recruited to participate in a single-blind, parallel group, randomized trial comparing three
exercise groups that train twice per week for 6 months. Couples are randomized to one of three groups: (1)
Exercising Together© where partners train as a team in a supervised group setting; (2) separate supervised group
exercise classes for survivors or partners, respectively; (3) unsupervised home exercise program provided to each
partner. The primary outcome is relationship quality (dyadic coping by the Dyadic Coping scale, emotional intimacy
by the Dyadic Adjustment Scale, physical intimacy by the Physical Intimacy Behavior Scale, and symptom
incongruence). Secondary outcomes are physical health (% body fat by DXA, serum fasting lipids (triglycerides, HDL,
and LDL cholesterol), insulin resistance (HOMA-IR), resting blood pressure, C-reactive protein, TNF alpha, and
physical functioning by the short Physical Performance Battery and SF-36) and mental health (depressive symptoms,
anxiety, fear of recurrence) of each partner. Outcomes are collected at baseline, mid (3 months), post-intervention
(6 months), and follow-up (12 months).
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Discussion: Exercising Together© could shift the paradigm of survivorship care toward novel couple-based
approaches that could optimize outcomes for each partner because their health is interdependent on each other
and their relationship.

Trial registration: ClinicalTrials.gov NCT03630354. Registered August 14, 2018

Keywords: Cancer survivor, Dyad, Caregiver, Exercise, Physical activity, Physical functioning, Quality of life,
Inflammation, Cardiovascular health

Background
Survivors of prostate (PC), breast (BC), and colorectal
(CRC) cancer have a higher non-cancer mortality rate
[1], greater incidence of cardiovascular disease [2, 3],
and higher likelihood of functional limitations [4–8]
compared to the general population. Most cancer survi-
vors are married when diagnosed, so cancer also nega-
tively impacts the health of the spouse and their
relationship [1, 9, 10]. Spouses provide most of the sup-
portive care to an ill partner and develop higher rates of
hypertension, CVD, obesity, and mortality than spouses
who are not caregivers [9–11]. High levels of psycho-
logical distress from the cancer experience [12–20] com-
pound the impact of cancer on couple health where
both cancer survivors and spouses experience higher
rates of depressive symptoms, anxiety, and negative
mood than age-matched controls [21, 22].
Since married, co-residing couples typically share envi-

ronments, behaviors, and values; the health of one per-
son can closely influence that of the other [20, 23, 24].
Spouses have a strong influence on each other’s health,
which in turn impacts the quality of their relationship
[20, 23, 24]. Cancer and the treatment thereof strains
the marriage by hampering communication [25, 26] and
interfering with sex [27, 28] which in turn erodes the
emotional and physical intimacy that protects couples
from the consequences of illness [29–36]. Communica-
tion avoidance and lack of intimacy can lead to high
levels of incongruence about the illness (degree to which
the survivor and spouse differ in their perceptions of the
survivor’s function and symptoms) [37, 38] further chal-
lenging the couple’s ability to manage the illness to-
gether [39–42]. Thus, a major challenge for couples
coping with cancer is to work together to maintain their
physical and mental health, manage the illness, and re-
store balance to the relationship.
Current clinical approaches to support cancer survi-

vors usually fall into two categories, individual physical
rehabilitation or psychosocial interventions, neither of
which is enough to improve the physical and mental
health of both partners and their relationship all at once.
In the marital literature, couple-based interventions are
more effective than individual-based interventions for
improving outcomes of both people [28, 43, 44], but

these approaches do not address physical health [41].
Couples are unlikely to afford the time, effort and cost
of multiple programs to tackle the threats cancer places
on their individual health and marriage. But exercise
could improve physical and mental health of both survi-
vors and spouses [45, 46] and could also have relation-
ship benefits if couples train as a team.
We have innovated an exercise strategy where the

couple trains as a team to create a singular approach to
simultaneously improve physical, mental, and relation-
ship health of the couple. By fostering the skills couples
need to exercise as a team, training can become a shared
activity that promotes the support and communication
that strengthens a relationship. Exercising Together© is
a partnered strength training program designed to im-
prove health and promote teamwork by the couple. Our
pilot study of Exercising Together© performed in a
group of PC couples (n = 64) was highly feasible (100%
retention) and improved physical fitness, mood, and af-
fectionate behavior [47–49]. We believe these outcomes
occurred because we fostered skills within the couple to
better collaborate, communicate, and support one an-
other during exercise and that leads to better physical,
mental, and relational health within the dyad. As a next
step toward broader dissemination, we need to know if a
couples-based exercise approach is similarly effective for
couples coping with other cancers (and when survivor
gender varies), early in the illness trajectory when a cou-
ple’s relationship is most vulnerable, and at reducing risk
factors for chronic illness in both partners. An equally
important next step is to distinguish the unique benefits
of partnered training on individual and couple health
from the possible benefits of exercising in a group with
others and/or when partners both engage in a new
health behavior.
The purpose of this study is to conduct a larger, more

rigorous trial of Exercising Together© to other exercise
delivery approaches that can separate the effects of
teamwork from the effects of supervised group training
and the effects of shared behavior change. The primary
aim of the study is to determine the efficacy of Exercis-
ing Together© on relationship quality (intimacy, com-
munication and symptom incongruence) in couples
coping with PC, BC, or CRC. Secondary aims are to
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determine the efficacy of Exercising Together© on the
physical health and mental health of both the survivor
and spouse. We will also examine how long individual
and couple-level benefits from Exercising Together© last
and identify the types of couples that benefit most from
partnered training. We hypothesize that Exercising To-
gether© will significantly improve physical, mental, and
relationship health of couples more than supervised,
unpartnered exercise with other survivors or spouses,
and unsupervised, unpartnered exercise and that these
benefits will persist long-term.

Methods
Study design and setting
The Exercising Together© trial is a 3-arm, single-blind,
parallel group, randomized trial where couples are allo-
cated in a 1:1:1 ratio to the experimental arm of Exercis-
ing Together©, partnered exercise in a supervised group
setting, or to one of two comparator arms: (1) supervised
exercise where survivors and partners perform unpart-
nered exercise routines in a group with other survivors
or partners, respectively, or (2) unsupervised, unpart-
nered exercise where both partners receive a training
program to follow at home. All groups are expected to
train twice weekly for 6 months and then are encour-
aged to continue training on their own for another 6
months. Data collection occurs at baseline, 3 months
(midpoint of exercise), 6 months (end of supervised
training), and at 1 year (6 months post-supervised train-
ing). Interventions and outcomes assessments will occur
at Oregon Health & Science University (OHSU) in Port-
land, Oregon. Exercise classes may also be held at com-
munity sites throughout Oregon and southwest
Washington to help improve accessibility to the program
and enhance recruitment of a broader and more diverse
group of participants. The study is approved by the
OHSU IRB (#18000) and is registered with Clinical-
Trials.gov (NCT03630354). Any modification of this
protocol must be documented in the form of a protocol
revision or amendment signed by the principal investiga-
tor and approved by the OHSU Knight Cancer Institute
and the IRB before the revision or amendment may be
implemented. The only circumstance in which the
amendment may be initiated without regulatory approval
is for a change necessary to eliminate an apparent and
immediate hazard to the patient. In that event, the inves-
tigator must notify the IRB in writing within 5 working
days after the implementation.

Sample
Participants are PC, BC, or CRC survivors and their co-
residing spouse or partner. Eligible survivors must meet
the following inclusion criteria: (1) have received a diag-
nosis of PC, BC, or CRC without evidence of metastatic

disease; (2) be 3 years or less from their diagnosis date;
and (3) completed primary treatment (surgery, radiation,
and/or chemotherapy) at least 6 weeks prior to enroll-
ment. Concurrent adjuvant hormone therapy is permit-
ted and must have been initiated ≥ 6 weeks prior to
enrollment. Both survivors and partners must meet the
following criteria: (1) be aged 35–80 years old, (2) co-
residing with each other in an intimate relationship, and
(3) not regularly engaging in 2 or more strength training
sessions (30 min per session at a moderate-vigorous in-
tensity) per week over the previous month. We exclude
couples where one or both partners has any of the fol-
lowing: (1) cognitive difficulties that preclude answering
the survey questions, participating in the exercise classes
or performance tests, or providing informed consent; (2)
a medical condition, movement or neurological disorder,
or medication use that contraindicates participation in
moderate intensity exercise; (3) inability to attend > 75%
of the intervention classes due to conflict with the desig-
nated time of day, days of the week, and/or location for
the exercise class; or (4) incapable of answering survey
questions, participating in class, following directions
during performance testing, and providing informed
consent when English is the language used. All survivors
must receive medical clearance for participation in mod-
erate intensity exercise. Partners must also receive med-
ical clearance if indicated by responses to the American
College of Sports Medicine pre-participation screening
questions [50] or at the discretion of the Principal
Investigator.

Power and sample size
Required sample size was derived for the outcomes of
aim 1. Power analysis using traditional assumptions of
the repeated measures ANOVA model suggest that as
few as 174 couples would be necessary to detect a small
effect (d = .20) between groups over time, an effect
smaller than the observed effect on affectionate behavior
in spouses in our previous work [47]. However, these
traditional power calculations are known to be optimis-
tic. While there are good power formulae for MLM
clustered designs and repeated measures designs, as yet
there is no specific formula for calculating power for
dyadic analyses. Using a formula provided by Rauden-
bush and [51, 52] for individual repeated measures and
estimates from our previous dyadic models, we calculate
a sample of 264 couples measured 4 times over a 12-
month period has a power of 0.80 to detect a moderate
effect (d = .40) on change over time. As dyad models
using MLM control for interdependence between mem-
bers of the couple, power is increased over an individual
model. No universal approach has been adopted for
sample size considerations in GMM and this will be
used in an exploratory aim; however, our n-to-items
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ratio exceeds sample size recommendations for related
approaches (10–20:1). To insulate the sample size
against an estimated attrition of 10% across the study
period, 294 couples will be randomized. The attrition es-
timate is more conservative than our prior trial of Exer-
cising Together where no couples in the exercise
program dropped out. We will recruit approximately
even numbers of couples coping with each type of can-
cer (N = 98 per disease site).

Recruitment and retention
We have planned for a 36-month enrollment period to
recruit 294 couples into the proposed study (~ 8 cou-
ples/month). Couples enroll into 1 of 10 waves (a new
wave begins every 3–4 months) of ~ 30 couples per
wave to maintain reasonable class sizes and make effi-
cient use of testing resources. Our primary recruitment
strategy is through mailings to potential participants
identified through the Oregon State Cancer Registry
(OSCaR), a successful approach used in previous studies.
In addition to OSCaR, we also send letters to patients
identified uniquely through the OHSU hospital cancer
registry, e-mail messages delivered through MyChart to
OHSU patients and by clinician referral. Community-
based recruitment occurs via print ads, radio, social
media, and presentations at cancer organizations and
conferences.
Up to 20% of participants in exercise oncology trials

drop out within 12 weeks, although the rates are lower
when an intervention is provided to every group [53].
We expect strong recruitment and retention in this
study since exercise is provided to every participant (i.e.,
no waitlist or usual care control group), close free park-
ing is provided, and exercise classes are conducted at
community locations to be more convenient for where
participants live.

Procedures
The planned flow of participants in the study is outlined
in Fig. 1. Couples who express interest in the study are
screened for eligibility either by phone or in person by
study staff. After initial screening, potentially eligible
couples are scheduled to go to OHSU for consent and a
baseline visit consisting of body composition assessment,
physical performance testing, venous blood sampling,
and initial survey completion. Couples complete written
surveys on a computer at baseline and online for follow-
up visits, unless they prefer to complete paper surveys.
Staff review surveys for completeness and follow-up with
participants in person or by phone on missing data. The
same measurements taken at baseline are repeated at 3-,
6-, and 12-month follow-up visits. Unless otherwise
stated, measures are completed by both members of the
couple at each timepoint. All study outcome assessors

are blinded to group assignment, which occurs after
baseline testing. If a couple drops out of the research,
their data will be retained for analysis but no more data
will be collected past the point of withdrawal. The inves-
tigator may choose to withdraw a participant without
their consent if their health changes and the study is no
longer in their best interest, if new information becomes
available, if she/he does not follow the study rules, and/
or if the study is stopped by the IRB. If one partner of a
couple is unable or unwilling to continue exercise train-
ing, any data collected on them prior to their withdrawal
will be used for purposes of the study. Data will be con-
tinued to be collected on the other partner and they will
be allowed to continue in the exercise program. If
needed, their program will be adapted so that it can be
performed independently.

Randomization and blinding
Participants will be randomly assigned to 1 of 3 groups
in a 1:1:1 allocation ratio: (1) Exercising Together©, (2)
separate unpartnered group exercise, and (3) separate
unpartnered home exercise. To avoid confounding that
could occur due to differential exercise tolerance based
on age, randomization will be stratified by average
couple age (< 60 vs. 60–80 years). The biostatistician
(ND) uses a computer-generated (MS Excel) random
numbers table to allocate participant ID numbers to
study arms in blocks of 6–9 couples per study wave to
ensure even assignment across waves. Individual assign-
ments are placed into sealed envelopes prior to enroll-
ment and assigned in the order that couples are
scheduled for testing. After completion of baseline test-
ing couples are provided with the sealed envelope that
contains their randomly assigned group.

Study interventions
Regardless of group assignment, all participants are ex-
pected to engage in two 1-h exercise sessions per week
for 6 months. For supervised exercise training, class size
is limited to 9–10 couples assigned to Exercising To-
gether© or 9–10 survivors or partners assigned to separ-
ate group classes. To maintain a trainer to participant
ratio of ~ 1:10 so that enough individual attention is
given to participants to ensure proper form and safety,
Exercising Together© will be taught by two instructors
who will then each teach a survivor or partner group
class. The additional instructor in Exercising Together©
is also needed to ensure delivery and supervision of the
teamwork component of that intervention (described
below). Couples assigned to unsupervised, unpartnered
training at home will have two face-to-face training ses-
sions with a trainer to learn the study exercise program
and then be provided a written manual and video to fol-
low at home. To ensure safety of participants and quality
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control over intervention delivery within and across in-
structors, every trainer must have a fitness certification
and complete 2-day training workshop that covers how
to instruct each exercise protocol, training progression,
safety considerations, and research conduct specific to
the exercise program. Additionally, each trainer will fol-
low a written training protocol and will be regularly

observed by study staff who monitor participant reten-
tion, exercise compliance, and instruction fidelity.
The basic training program for all three study arms is

a functional resistance training program, based upon our
prior studies in cancer survivors [48, 54–56], that target
physical functioning and that use exercises which could
be performed unpartnered or partnered and with free

Fig. 1 Planned participant flow through the trial
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weights or resistance bands to aim for equality across
study arms (Tables 1 and 2). Across all study arms, our
functional resistance training program is comprised of a
fundamental set of compound movements that involve
more than one joint emphasizing muscle groups used in
every day activities, plus functional exercises that directly
mimic every day movements. A greater emphasis on in-
creasing muscle strength is incorporated into supervised
classes because more equipment can be used under
supervision. Supervised classes use a combination of free
weights (weight vest and dumbbells) and resistance
bands, whereas the unsupervised program uses a com-
bination of resistance bands and body weight to ensure
safety when exercising alone. Dumbbells are used for
upper body exercises (e.g., row, chest press) and the
deadlift and weight is prescribed to reach target repeti-
tion maximum (RM), where the weight is set by the
maximum repetitions properly performed at a given
weight (i.e., 12RM). Weighted vests are used for lower
body resistance exercises (e.g., squats, step ups) and pre-
scribed as a percent of body weight added to the vest in
order to reach a target RM. Since functional training is
more kinesthetically challenging for novice exercisers
and depends upon proper form and safety, over the first
4 weeks of the supervised programs we incorporate exer-
cises to develop postural alignment to promote
stabilization in joints and muscles used in core exercises
[57]. Fundamental exercises are performed at a
moderate-vigorous intensity, progressing across a range
of moderate intensity and increasing volume over the

first 3 months, then toward more vigorous intensity over
the last half of training and/or as tolerated. Training vol-
ume (intensity, sets, reps) is gradually progressed over
time in order to maintain continuous overload toward a
final goal of 2–3 sets per exercise at 8–10 RM (Table 1).
The initial training progression across the study is based
upon our prior work and pilot study of Exercising To-
gether© [49, 58, 59] (Table 2). In addition to fundamen-
tal strengthening exercises, 2–3 functional movements,
including core muscle exercises, are incorporated into
every class within a study program (e.g., lunges, planks,
bridges). The home-based training program includes
both fundamental and functional exercises used in the
supervised training programs performed with exercise
bands of varying resistance to provide progressive
overload.

Exercising Together© training
The Exercising Together© intervention is conducted in a
supervised group setting and consists of a partnered
strength training program designed to promote relation-
ship, physical, and mental health by having couples train
as a team. We hypothesize that the teamwork skills used
when training will permeate outside of the exercise setting
and enhance the overall relationship of the couple. We
foster teamwork (communication, motivation, support,
trust) a couple uses as they collaborate toward a common
goal (e.g., improve their health and functioning) by having
couples practice coaching each other, collaborate on tan-
dem exercises, and incorporate teamwork principles dur-
ing training. During fundamental strengthening exercises,
couples practice teamwork by having one partner assume
the role of “coach” while the other exercises and then
partners switch roles (Table 3, Fig. 2a). During fundamen-
tal exercises, coaches, and partners are encouraged to
practice teamwork skills within each role (Table 3). We
also have couples collaborate together by having partici-
pants perform 1–2 tandem exercises per session where
the couple must work together to complete the exercise
(Fig. 2b) and require the couple to communicate and
interact both non-verbally and verbally with one another.

Table 1 Training progression for fundamental strengthening
exercises in supervised study arms

Intensity Reps Sets

Month 1 12–15RM 12–15 1–2

Month 2 12–15RM 12–15 2

Month 3 12–15RM 12–15 2–3

Month 4 10–12RM 10–12 2–3

Month 5 8–12RM 8–12 2–3

Month 6 8–10RM 8–10 2–3

Table 2 Partnered and unpartnered versions of functional exercises in supervised programs

Target region Partnered version Unpartnered version

Total body Slam ball w/ pass to partner* Slam ball to ground/wall*

Total body/core Partnered plank with clap Plank w/ shoulder tap

Core Partnered hand press Stationary twist*

Core Partnered leg throw down Dead bug

Core/lower body Bridge w/ partner resistance Bridge*

Lower body Reverse lunge w/ partner foot tap Reverse lunge with foot tap

Lower body Synchronized band side step* Band side step*

Upper + lower body Partner wall sit + partnered row* Wall sit w/ band pull*

*Resistance applied by exercise bands, blocks, or slam balls. Resistance bands increased every 1–2 months as tolerated
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The first 12 weeks of the program focuses on mastering
form and initial progression of the fundamental exercises
and building teamwork through coaching roles and func-
tional exercises. During the second half of the program,
we increase the emphasis on teamwork by specifically
teaching principles of effective teams and having couples
incorporate them into exercise sessions (Table 3). Couples
are encouraged to incorporate the teamwork skills they
use during exercise to their day to day interactions outside
of training.

Supervised group training (unpartnered)
Couples randomized to this arm attend separate super-
vised, group exercise classes for survivors only and for
partners only. Survivor and partner classes run at the
same time and location to prevent time-of-day con-
founding. Each group performs the same set of funda-
mental and functional exercises as that described in
Exercising Together©, but unpartnered and without any
element of teamwork (Table 2). Survivor and partner
classes are each taught by a single trainer.

Unsupervised training
Couples randomized to this study arm are taught a
home-based version of the supervised, unpartnered pro-
gram to do at home on their own using body weight and
resistance bands. Within 2 weeks of randomization, each
couple has two 1-h training sessions with an exercise
trainer who teaches the functional strength training pro-
gram, modified to their abilities and safety in an un-
supervised setting. We provide participants with an
instructional video (secure web channel for streaming or
DVD version) of the training program to follow at home.
The trainer checks in weekly by phone during the first
month, and once per month thereafter to collect attend-
ance, and to assess tolerance, promote progression of
resistance bands, and modify programs as needed. Par-
ticipants can perform the program on days and at times
convenient for them as long as they allow 48 h between
sessions. There is no requirement that partners exercise

Table 3 Methods for building teamwork in Exercising
Together© through practicing skills as coach and exerciser and
incorporating principles into daily behavior

Teamwork practice

Skill (role) Examples

Assess (Coach) • Determine partner’s ability to do the session
exercises

• Adjust intensity and reps based on session goals

Assist (Coach) • Help partner with position and use of proper
technique/form

• Count repetitions

Applaud (Coach) • Verbal encouragement during and after exercise

Advise (Coach) • Discuss how exercise session went (e.g., too
hard, too easy)

• Determine goal for next session

Receive (Exerciser) • Listen to instruction, feedback, and praise from
coach

Respond
(Exerciser)

• Disclose any concerns, limitations (e.g., fatigue)
before and during exercise

• Change performance in response to feedback
• Discuss accomplishments and goals for next
session

Teamwork principles

Principle Example

Communication Openly receive a critique/correction from your
coach and respond positively. Be “coachable”.

Support/
commitment

Transition from the stress of the day to focus on
being fully present for your partner.

Motivation/
encouragement

Use a non-verbal way to celebrate or congratu-
late each other for training accomplishments, e.g.,
a high five and fist bump.

Trust/respect When giving a critique/correction during
coaching, also give a compliment/reward Fig. 2 a A prostate cancer survivor coaching his spouse during a

chest press exercise. b The same couple performing a functional
exercise together
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at the same time, though we track if couples exercise
concurrently to potentially account for this in analyses.

Participant safety and side effects
Any form of exercise carries a slight risk of injury. We
will take steps to reduce the risk of injury and other is-
sues that might limit compliance, including (1) use of
certified fitness trainers to instruct exercise programs,
(2) requirement of physician clearance for every cancer
survivor and for partners when indicated, and (3) moni-
toring and early care of musculoskeletal symptoms
which may include slight adjustments in the training
program (modifying intensity or select exercises) with a
goal to maintain the overall training stimulus. If a sur-
vivor develops metastatic disease during the study his/
her data from the point of the diagnosis will be consid-
ered separately, but she/he could continue in the study
program with physician clearance.

Six-month follow-up period
To evaluate the persistent effects of Exercising To-
gether© on individual and relationship health, all couples
will be followed for an additional 6 months after formal
training stops. To provide couples in supervised pro-
grams a resource to continue to engage in exercise after
supervised training stops we will provide them with
video, accessible through a secure web channel for
streaming or DVD, of their programs to use at home.
During the last month of supervised training, we will
prepare participants for the transition to unsupervised
training with discussions about behavioral strategies to
stay active. Couples in the unsupervised program will be
encouraged to continue exercising on their own at
home. We will repeat all measures at month 12 in order
to better assess the residual effects of Exercising To-
gether© among couples that do or do not continue to
exercise or that engage in shared activities or not in the
follow-up period.

Measures
Primary outcome
The focus of this study is the impact of Exercising To-
gether© on relationship quality, assessed in the following
ways:

1. Dyadic coping. The dyadic coping measure consists
of two subscales (active engagement and protective
buffering )[60, 61].. Active engagement assesses the
extent to which the survivor and spouse view their
partner’s active involvement and support [60, 61].
Participants respond to five items using a Likert
scale from 1 (never) to 5 (very often). Higher scores
indicate higher levels of perceived active
engagement. Protective buffering assesses the extent

to which the survivor and spouse view their
partner’s use of hiding concerns and denying
worries [60, 61]. Participants respond to six items
using a Likert scale from 1 (never) to 5 (very often).
Higher scores indicate higher levels of perceived
protective buffering. The scale has exhibited high
Cronbach’s alpha values (.75 to .87) in studies of
couples with cancer [62].

2. Emotional intimacy. The Dyadic Adjustment Scale
[63] is measure of emotional intimacy with 32-
items that use a 6-point Likert scale. Higher scores
indicate better dyadic adjustment. The scale has
demonstrated good internal consistency, α =
.90–.94 [64], including in couples with cancer [18,
65, 66]. Sensitivity, specificity, and validity of the
scale have been supported [63].

3. Physical intimacy. The Physical Intimacy Behavior
scale has a person self-report, on a 1–4 scale, the fre-
quency that they engage in, initiate, and avoid four af-
fectionate (i.e., touching, kissing, hugging, caressing)
and two sexual (i.e., sexual intercourse, foreplay) be-
haviors. Subscales have demonstrated strong internal
consistency and construct validity [67].

4. Concealment of symptoms. Patient concealment of
symptoms (i.e., hiding feelings to prevent the
partner from experiencing distress about the illness)
will be measured using the Emotional-intimacy Dis-
ruptive Behavior Scale [67]. Participants report the
extent to which they engage in 8 behaviors using a
scale from 1 (rarely or none of the time) to 4 (most
or all of the time). High scores indicate greater con-
cealment. Items on the scale have strong agreement
(α = .83) and the instrument has good evidence for
construct validity [67].

5. Symptom incongruence. Survivor-spouse incongru-
ence regarding three common treatment-related
symptoms will be assessed by having survivors and
partners rate survivor symptoms at each time point
using the following instruments:
(a) Pain using the Brief Pain Inventory (BPI). The

BPI consists of 2 subscales, pain intensity and
pain interference [68]. Values from items within
each subscale are averaged together to yield
scores 0–10. Low values indicate no pain and
high values represent worst possible pain.

(b) Fatigue in the past 7 days using the Functional
Assessment in Chronic Illness Therapy (FACIT)
fatigue questionnaire [69]. Summed scores of
the 13 items range from 0 to 52 with higher
scores indicating less fatigue.

(c) Physical function using the physical function
subscale of the SF-36 medical outcomes survey.
Scores range from 0 to 100 where low scores in-
dicate difficulty performing daily activities
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independently and 100 indicating no difficulty in
performing daily activities [70].

Secondary outcomes: objective measures

Body composition Total bone-free lean and fat mass
(kg) is assessed by dual energy x-ray absorptiometry
(DXA) (Hologic-QDR Discovery Wi; APEX software,
v.4.02) performed by trained research staff. The coeffi-
cient of variation for body composition measures in our
lab is < 1.0% [71]. We will also quantify visceral and sub-
cutaneous fat mass (kg) from the whole body scan. Vis-
ceral adipose tissue measured by DXA is highly
correlated (r = 0.93) and linearly related to visceral adi-
pose tissue from CT scans [72], but DXA exposes pa-
tients to considerably less radiation and is less time and
cost intensive.

Cardiovascular health Fasting blood lipids (total, high-
density and low-density lipoprotein; cholesterol; triglyc-
erides) and insulin resistance (Homeostasis Model of As-
sessment: HOMA) will be measured as markers of
cardiovascular health. All markers will be processed and
quantified by the OHSU Core Laboratory using com-
mercially available kits. We will also measure resting
blood pressure (SunTech CT40) in accordance with the
2005 report on blood pressure determination [73].

Inflammation Fasting serum levels of high sensitivity
C-reactive protein (hsCRP) and tumor necrosis factor
alpha (TNF alpha) will be analyzed by the OHSU Core
Laboratory using a standard ELISA kit.

Objective physical functioning The Physical Perform-
ance Battery (PPB) consists of 3 timed tests: time to
complete 5 repeated chair stands (s), ability to keep bal-
ance during increasingly difficult stances, and usual walk
speed over 4 meters (m/s). Scores on each test are con-
verted to a 0–4 scale and then summed, so that total
PPB scores range from 0 to 12. Low scores on the PPB
are associated with subsequent mobility disability, inabil-
ity to complete activities of daily living, hospitalization,
nursing home admission, and mortality [74–77]. The
PPB is reliable, sensitive to change, and has established
normative values [78].

Secondary outcomes: patient-reported measures

Quality of life (general population) The SF-36 will be
used to measure health-related quality of life in both
survivors and partners. The SF-36 has 8 subscales: per-
ceived physical function, role limitations due to physical
problems, social functioning, bodily pain, general mental
health, role limitations due to emotional problems,

vitality, and general health perceptions. Scores range
from 0 to 100 for overall quality of life and on the sub-
scales, where higher scores indicate better functioning.
The SF-36 has good evidence for validity in cancer, in
addition to other chronic conditions [79].

Quality of life (cancer) The QLQ-C30 is the preferred
quality of life measure for cancer patients in clinical tri-
als [80] and is also administered to survivors in this
study. The QLQ-C30 includes both function and symp-
tom scales and an overall quality of life measure. Scores
range from 0 to 100 for overall quality of life and on the
subscales, where higher scores indicate better function-
ing. The instrument has strong evidence for reliability
and validity both for individual subscales and the sum-
mary score [80, 81].

Depressive symptoms The Center for Epidemiological
Studies-Depression (CES-D) scale will be used to meas-
ure the degree of depressive symptoms [82]. Scores
range from 0 to 60, with higher scores indicating greater
number of symptoms that occur more often. The CES-D
scale has been widely used, demonstrating sensitivity,
specificity, validity [82–84], and internal consistency [20,
85–87].

Anxiety The PROMIS anxiety short form 8a measure
will be used to measure anxiety over the past 7 days,
using a 5-pt. Likert scale ranging from 1 (never) to 5 (al-
ways). Higher scores represent higher levels of anxiety.
The items included have strong evidence for validity and
are sensitive to change [88].

Fear of recurrence The Fear of Recurrence scale [89]
measures the amount of concern survivors have about
their cancer returning in the future. A modified version
of the scale has been developed for family members. The
measure has strong internal consistency in survivors [90]
and family members [91].

Caregiver strain Completed by spouse/partners only,
the 18-item Multidimensional Caregiver Strain Index
measures subjective perceptions of stress related to the
caregiving role [92]. Scores range from 18 to 90 with
higher scores indicating greater (worse) strain.

Descriptive variables and additional measures of interest

Demographic variables, cancer history (survivor),
health habits, and anthropometric data Demographic
variables, cancer history (survivor), health habits, and an-
thropometric data (height, weight) will be obtained at all
visits. Presence of chronic medical conditions, used to
characterize the health of the sample, will be measured
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by the Charlson Comorbidity Index [93], a weighted
index originally developed to predict mortality. Shared
activities at each time point will be measured using two
items developed and used by this team. Survivors and
partners are asked to rate engagement in (a) leisure ac-
tivities together and (b) exercise activities together on a
0–4 scale, with a follow-up open-ended question about
the types of activities that partners completed together.

Fidelity of exercise training Evidence that the func-
tional resistance training programs in each study arm ef-
fectively increased muscle strength will be evaluated by
1-repetition maximum testing for leg press and chest
press. The testing will be conducted according to estab-
lished protocols [94]. The coefficient of variation for this
measure within our laboratory is 0.05–0.06 [71].

Adherence Adherence to the exercise intervention, as
measured by the percentage of prescribed sessions com-
pleted, will be tracked from attendance logs completed
by the exercise instructor in supervised classes and will
be collected on monthly check-ins for couples assigned
to unsupervised training. Adherence data will be used to
describe the dose of exercise received by participants.
Make-up sessions using a written plan or video tape will
not be counted in adherence estimates.

Exercise outside the exercise intervention Exercise
outside the exercise intervention could affect the sec-
ondary outcomes in our study. Participation in
moderate-vigorous intensity physical activity (kcal/week)
will be measured by the 41-item Community Healthy
Activities Model Program for Seniors (CHAMPS) phys-
ical activity questionnaire [57]. CHAMPS is a frequently
used, highly reliable [58] measure of physical activity in
older adults, including studies in cancer survivors per-
formed by our team [29, 42, 59, 60]. We will also look at
individual items to see whether participants significantly
increase participation in other types of exercise in
addition to their assigned study program.

Adverse events To capture adverse events, a survey is
administered monthly during a participants’ yearlong
participation in the study. If an adverse event reported
through this survey indicates that their reporting condi-
tion is due to a study-related exercise activity or if more
information is needed to determine reportability, study
staff will follow-up with a phone call or e-mail. Partici-
pants will also have the opportunity to report adverse
events during exercise class or at physical performance
measurement appointments. Adverse events will be
graded according to their significance for severe conse-
quences, such as injury or death, using the following
grades: mild, moderate, or severe and classified as

unrelated, possibly related or related to the study exer-
cise programs.

Data safety and monitoring
The OHSU Knight Cancer Institute Data and Safety
Monitoring Committee (DSMC) is responsible for over-
all coordination of all aspects of the data safety and
monitoring plan filed with the OHSU IRB. The internal
audit team conducts quality assurance audits on all open
clinical trials that are not monitored by another source.
The initial audit is conducted once enrollment com-
mences and yearly thereafter. An interim safety review
occurs early in the intervention period, after the first 45
enrolled couples (~ 1/8th of total sample) have com-
pleted 3 months of exercise training, to assess early for
program safety. The DSMC meets once each month to
review the audit team’s progress and findings and to re-
view significant adverse events and/or unanticipated
problem reports, and Interim Analysis reports. The
DSMC also reviews a full report of study activity for all
local, active clinical trials at the time of continuing re-
view submission including protocol amendments, revi-
sions, and consent form revisions; interim analysis
results; protocol violations; total number of patients en-
rolled on-study as compared to expected numbers; and
all unanticipated problems submitted (including dates,
description, and relationship). The DSMC oversees the
process of serious adverse event reporting to assure that
reporting requirements are met.

Data management and analysis plan
Standard institutional practices will be followed as de-
scribed in the OHSU Information Security and Research
Data Resource Guide (http://ozone.ohsu.edu/cc/sec/isg/
res_sec.pdf) to maintain the confidentiality and security
of data collected in this study. A copy of the consent
form and documentation of consent will be maintained
in the participant’s medical record as well as stored in a
study file kept in a locked cabinet (for paper documents
only) or stored on an encrypted and password protected
computer drive in the OHSU Knight Cancer Research
Building (KCRB). All protected health information col-
lected from the study either directly from participants or
via their electronic health record will be stored on an
encrypted and password protected computer drive in the
OHSU KCRB that only IRB approved persons have ac-
cess to. All other data collected for this study will be
stored in OHSU installation of REDCap, a highly secure
and robust web-based research data collection and man-
agement system. Any surveys that were filled out on
paper will be stored in a locked cabinet in a locked, se-
cure room in the OHSU KCRB. Data will be stored until
data analysis is complete and then the data will be trans-
ferred to a repository.
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In order to ensure data quality, all data are entered
into an electronic system that includes either discrete
range limits and/or requires double data entry. Descrip-
tive statistics and graphs will be used to check for any
departures from statistical assumptions (e.g., normality,
outliers) [95]. We will examine dropout and patterns of
missing data to determine mechanisms (missing com-
pletely at random (MCAR), missing at random (MAR),
or not ignorable). In the case of data missing MCAR or
MAR, model-based maximum likelihood estimation
available in the multi-level modeling (MLM) approach
will allow unbiased parameter estimation using all avail-
able data (i.e., missing data is handled efficiently with no
loss of information) [96, 97]. If the rate of attrition is
high and missing data is not ignorable, we will continue
with the planned analyses but temper our conclusions.
We will conduct intention-to-treat (ITT) and completers
only analyses. ITT analyses will include all participants
regardless of whether or not they complete all assess-
ments and/or of adherence to exercise. Based on median
attendance data from our prior trials, completers will be
defined as participating in 50% or more of the scheduled
exercise sessions. We will track medical treatment
changes, cancer recurrence, and adherence to exercise
training. Age, comorbidities, and time since diagnosis
will be considered as covariates in all analyses. All ana-
lyses will be conducted in R, Hierarchical Linear Model-
ing (HLM), and MPlus v7.2 statistical software packages.

Primary outcome analysis
A longitudinal multivariate-outcomes dyad model will
be used to directly examine couple trajectories in intim-
acy (emotional and physical) and communication over
time. This is a multi-level model where responses from
the survivor and partner are modeled simultaneously to
control for the interdependent nature of the data and
autocorrelation among repeated assessments. The
within-dyad model has four coefficients representing in-
tercepts (baseline assessments) and slopes (rates of
change) for survivors and partners that become outcome
variables in a between-dyad model. Models with linear
and quadratic change across time will be compared to
determine best fit to the data. Change in the primary
outcome will be addressed with between-dyad models
that include dummy variables to directly examine the ef-
fects of the partnered intervention vs. supervised individ-
ual (dummy 1) and unsupervised individual (dummy 2)
exercise groups on individual level changes (controlling
for couple effects) in intimacy and communication
across time. A significant group coefficient on the slopes
in the between-dyad model and significantly better fit-
ting model (evidenced by deviance statistic) will indicate
the rate of change across time is different depending on
a treatment group (i.e., interaction effect). We will also

explore the efficacy of Exercising Together© on symptom
incongruence (regarding survivor pain and fatigue) in
couples. Univariate-outcomes models will be used to
generate Empirical Bayes estimates of the gap between
survivor and partner over time for each symptom meas-
ure. This comprehensive approach to estimating incon-
gruence has been described elsewhere [98–100]. The
effect of Exercising Together© on incongruence will be
directly tested (similar to above model) by a significant
coefficient for one of the two group variables on the
slope parameter and significantly better fitting model.

Secondary outcome analysis
Separate longitudinal multivariate-outcomes models will
be used to directly examine the effect of partnered
strength training in couples on each physical (body com-
position, lipids, insulin resistance, blood pressure, in-
flammation, and physical function) and mental (anxiety,
depressive symptoms, fear of recurrence) health out-
come as described previously. Sustained effects will be
tested by comparing linear and quadratic trajectories
across time (as discussed above). We will also separately
estimate and directly compare the intervention effects
between the intervention (baseline to 6 months) and
follow-up (6 months to 12 months).

Analysis to determine patterns and predictors of types of
couples who benefit the most
Latent growth mixture modeling (LGMM) identifies dis-
tinct patterns of change that vary around different
means and have unique variance and homogenous
within-trajectory growth [101]. Based on conditional
probabilities, cases are assigned to the “most likely class”
or pattern of change over time (e.g., couples who bene-
fit/improve most from the intervention). Couple-level
estimates from analyses above will be integrated into
progressive LGMM to determine if there are distinct
and naturally occurring patterns of change in outcomes
over time with the dyad as the unit of analysis. Survivor-
, partner-, and couple-level determinants of fitting one
pattern of change over the other(s) will be modeled
using logistic, multinomial, or ordinal regression as ap-
propriate. This integrated multi-level and mixture mod-
eling approach has been used previously by this team
[102], as it allows us to identify types of dyads and differ-
entiate them based on individual and couple-level
factors.

Discussion
PC, BC, and CRC cancer survivors account for 51% of
the 16.9 million cancer survivors in the USA [103] — a
figure expected to grow by 10 million in less than a dec-
ade. Nearly all of these cancer survivors are aging adults
and are expected to live many years, if not decades, after
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their cancer diagnosis, raising concerns about the impact
of cancer on their long-term health, work ability, and
health care expenses. Most cancer survivors are mar-
ried/partnered when diagnosed and cancer will also
threaten the physical and mental health of their aging
spouse and the quality of their marital relationship.
Thus, the societal and economic impact of cancer goes
far beyond an individual experience. Spouse caregivers
experience significant health declines, such as increased
CVD risk [104, 105], and are at greater risk for mobility
limitations [106] and mortality than other family care-
givers [9–11]. Since husbands and wives typically share
environments, behaviors, and values the health and well-
being of couples becomes closely intertwined, where the
physical and mental health of one partner influences the
others’ [20, 23, 24] as well as their satisfaction with the
relationship [107]. Poor relationship quality alone in-
creases the risk for CVD and mortality [108–111], build-
ing the imperative to find novel ways to foster the
supportive nature of the couple with cancer. There is no
singular program yet in practice that addresses the triple
threat of declines in survivor and spouse health (physical
and mental) and in their marital relationship.
Exercising Together© has the couple train as a team

with the expectation that the teamwork skills that part-
ners use to exercise together permeate outside of the
training room. Our pilot study of this 6-month part-
nered training program in 64 couples had no dropout at
all and improved physical and mental health outcomes
and showed signs of improving the relationship. Since
our pilot, only two other small studies in couples coping
with cancer have been published but neither tested a
partnered exercise approach [112, 113]. Both studies re-
ported better improvements in survivor mood when the
spouse also exercised but did not include any objective
measures of physical health in survivors nor any out-
comes for partners. Couple outcomes were barely
assessed but in one study where couples exercised to-
gether, i.e., dancing, the survivor reported increased
levels of dyadic trust, whereas in another study, if cou-
ples only engaged in the same exercise program per-
formed separately, partner support remained unchanged.
Collectively, these studies point to increasing benefits as
the couple is more engaged in collaborative exercise,
with Exercising Together© showing the most promise
for improving partner, spouse, and relationship health
altogether.
Exercising Together© is an innovative, partnered

exercise-based approach unlike any other because it sim-
ultaneously targets the physical and mental health of the
survivor, his/her spouse, and their relationship. Several
features of our intervention and design contribute to the
innovation of this trial. First, our partnered exercise ap-
proach maximizes the benefits of exercise on individual

and relationship health by fostering the skills couples
need to work as a team and collaborate toward a com-
mon goal by communicating, motivating, and supporting
each other during training. We anticipate that couples
will use these skills outside of the exercise environment,
furthering the impact of partnered training on couple
health. Second, our study design includes individual ex-
ercise comparison arms to isolate the unique effect of
teamwork in Exercising Together from the potential ef-
fects of exercising in a group (i.e., social effect of being
with other survivors or spouses) or of exercise itself.
Third, this larger trial includes cancers where the gender
of survivor and spouse vary allowing us to examine the
influence of gender and role on study outcomes. Finally,
the use of innovative modeling approaches will
strengthen our ability to determine how much couples
benefit from Exercising Together© and which couples
benefit the most.
If successful, the Exercising Together© trial will have a

high impact on the field of cancer survivorship since the
number of aging married cancer survivors will double
over the next 20 years. Clinical practice is bereft of
evidence-based programs that simultaneously target the
physical and mental health of the survivor, his/her
spouse, and their relationship. Exercising Together©
could shift the paradigm of survivorship care toward
novel couple-based approaches that could optimize out-
comes for each partner because their health is inter-
dependent on each other and their relationship. This
innovative program has the potential to broaden beyond
cancer to other illnesses that could greatly increase the
impact of this work.

Trial status
At the date of publication the current protocol version is
1.0. Recruitment for the trial began in January 2019 and
is expected to complete by March 2022.
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