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Purpose: The purpose of this study was to identify risk factors for poor health-related quality 

of life (HRQL) in multi-morbid adult cancer survivors and explore whether perceived treatment 

and self-management burden mediate any of these relationships.

Methods: Ninety-one multi-morbid cancer survivors (median age: 65 years) completed surveys 

at baseline and 6 months. Demographic, psychosocial, and health care-related factors were 

assessed as were perceived treatment burden and general HRQL (physical and mental health). 

Data on medical diagnoses and cancer treatment were extracted from the medical record. Bivari-

ate correlations screened for associations between predictors and outcomes, with significant 

predictors entered into multivariable linear regressions to identify unique risk factors for greater 

treatment burden and poorer HRQL. Follow-up regressions examined whether treatment burden 

mediated any of the risk factor–outcome relationships.

Results: Factors that correlated with higher baseline treatment burden included: having more 

diagnoses, less formal education, having seen more physicians in the past 6 months, having a 

mental health diagnosis, not having a set routine for one’s self-management, low health literacy, 

low self-efficacy for self-management, and low social support (Ps <0.05). Among these, factors 

that also correlated with worse 6-month HRQL outcome included: having more diagnoses, hav-

ing seen more physicians in the past 6 months, having a mental health diagnosis, not having 

a set routine for one’s self-management, low health literacy, low self-efficacy, and low social 

support (Ps <0.05). Multivariable regressions showed that some of these factors independently 

predicted higher treatment burden and/or worse HRQL. Low self-efficacy was the most robust 

independent risk factor for poor HRQL (bs: 0.34–0.49, Ps <0.005), with evidence supporting 

that the relationships were partially mediated by treatment burden.

Conclusion: Monitoring of psychosocial and health care-related risk factors for high treatment 

burden and poor HRQL can identify multi-morbid cancer survivors in need of extra support 

and could inform a more personalized treatment approach.

Keywords: multi-morbidity, self-management, self-efficacy, survey, distress, survivorship care

Introduction
A “cancer survivor” is any person with a history of cancer, from the time of diagno-

sis onward.1 There are over 15 million cancer survivors alive today (excluding those 

with superficial basal or squamous cell skin cancers). In the US, a 37% increase in 

the number of cancer survivors 5 or more years from diagnosis is projected over the 
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next decade.2 Reasons for this include improvements in early 

detection and screening, earlier diagnosis, and advances in 

treatment, all coupled with increases in cancer incidence 

produced by the aging of the population.2,3 Because ~60% 

of all cancer survivors are 65 years of age or older,4 many 

are also coping with other age-related medical conditions, 

both comorbid complications stemming from cancer thera-

pies (eg, congestive heart failure) and conditions unrelated 

to the cancer.4,5 In a recent National Cancer Institute-funded 

project (the Follow-up Care Use of Cancer Survivors study), 

the mean number of comorbid conditions in survivors was 

five, 1.9 of which were diagnosed after the cancer diagnosis, 

on average.4 Research has shown that multi-morbidity in 

cancer survivors is associated with worse health outcomes, 

including poorer health-related quality of life (HRQL)6 and 

worse overall survival.4,5

In general, the literature on multi-morbidity and HRQL, 

whether directed toward people treated for cancer or for other 

major illnesses, has not given much theoretical consideration 

to plausible underlying mechanisms of effect beyond an 

implied additive model of physical and mental health impacts 

of single disease states.7 One mechanism that may warrant 

more consideration is the role played by the complex and 

often burdensome nature of treatment and self-management 

for multiple comorbid conditions, including when one of the 

conditions is cancer. Treatment burden has been defined as 

the personal workload of health care, including treatment and 

self-management of chronic health conditions, as well as its 

impact on patient functioning and well-being.8 Treatment bur-

den is relevant to people with multiple comorbidities as such 

individuals are often required to engage in a complex array 

of self-care activities to maintain their health.9 The weight of 

such burden has been found to be associated with nonadher-

ence to medical regimens,8,10,11 more hospitalizations,12 poorer 

HRQL,8,13–15 and lower survival rates.16 New patient self-report 

measures are allowing greater scrutiny of the relationship 

between burden and health outcomes.8,17 The multi-domain 

Patient Experience with Treatment and Self-management 

(PETS) is one such measure.8 In addition to assessing generic 

challenges in the work of self-care (eg, medication taking, 

monitoring health, medical appointments, financial concerns), 

the PETS also includes two scales that assess the impact of 

treatment and self-management burden on overall well-being 

– the role-social activity limitations scale and the physical/

mental exhaustion from self-management scale.

The primary aim of the present study was to investigate the 

extent that certain demographic, psychosocial, medical, and 

health care-related variables act as independent risk factors 

for greater treatment burden and poorer general HRQL in 

multi-morbid cancer survivors. Consistent with other studies 

of cancer patients and survivors, we hypothesized that less 

formal education, lower self-efficacy for self-management 

(ie, less confidence in self-management ability), lower social 

support, having more comorbid medical conditions, and 

having a diagnosis of a comorbid mental health condition 

(ie, depression, anxiety, or both) would be associated with 

greater perceived treatment burden and poorer HRQL in 

multi-morbid cancer survivors.2,6,18–21 Furthermore, since low 

health literacy (ie, the capacity to process and understand 

basic health information)22 has been consistently associated 

with worse health outcomes in people with chronic illness, 

we further hypothesized that lower levels of subjective health 

literacy would be associated with greater perceived treatment 

burden and poorer HRQL in multi-morbid survivors. Based 

on findings from qualitative studies and reviews of people 

coping with multiple comorbid conditions, especially those 

conditions that are chronic or require sustained self-care,9,23–26 

we also hypothesized that multi-morbid cancer survivors 

who lack a set routine for their self-management and those 

who must see several different physicians for their health 

conditions will report greater treatment burden and poorer 

HRQL. Finally, consistent with recent analyses of the role of 

treatment burden in the process of coping with chronic ill-

ness,27 we explored whether any of the relationships between 

risk factors and HRQL are mediated by treatment burden.

Methods
Subjects
As part of a larger prospective validation study of the PETS 

measure, a cohort of adults living with multiple chronic 

conditions (MCCs) was identified from the Rochester Epide-

miology Project (REP), a medical records-linked system for 

residents of Olmsted County, Minnesota. The REP captures 

and stores medical record data on diagnoses, treatments and 

other procedures, drug prescriptions, hospitalizations, as well 

as emergency room and office visits for virtually the entire 

local population.28 It has been used as a population-based 

sampling frame for survey studies.29,30 For the parent study, 

1,496 people were identified with two or more of 20 chronic 

conditions defined as prevalent by the US Department of 

Health and Human Services.31 Cancer was one of the eligible 

conditions. Persons with severe cognitive impairments or 

other conditions that would make it difficult to complete a 

survey (eg, dementia) were excluded. Of the 1,496 people 

invited to participate, 443 agreed by returning a completed 

baseline survey (30%). Of this sample of responders, 115 
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had a documented cancer diagnosis more than a year prior 

to survey completion. Twenty-four responders who had only 

a diagnosis of non-melanoma skin cancer were excluded, 

leaving 91 people (21% of responders) for the present study.

Procedure
A survey booklet consisting of all study measures was mailed 

to the sample of eligible persons along with a cover letter 

and privacy authorization form (Health Insurance Portability 

and Accountability Act [HIPAA]). The study was approved 

as having minimal risk with use of oral consent by the Mayo 

Clinic Institutional Review Board (IRB #14-008629). A 

signed HIPAA form was required prior to use of any pro-

tected health information extracted from the medical record. 

Informed consent was met via the cover letter with consent 

implied by return of a completed survey. Survey packets 

(including a stamped return envelope) were mailed at study 

outset (baseline) and at 6-month follow-up. At each time 

point, two repeat mailings were sent to those who failed to 

respond within 3 weeks of the initial mailing. Participants 

were compensated $10 for each completed survey.

Measurement of study variables
The survey assessed demographics (ie, age, race/ethnicity, 

education status, marital status, and occupation status), 

psychosocial factors (ie, self-efficacy, social support, health 

literacy), health care-related factors (ie, care fragmentation, 

having a set self-management routine), treatment burden, and 

HRQL. The eight-item Perceived Medical Condition Self-

Management (PMCSM) scale was used to assess self-efficacy 

for managing chronic conditions, and the six-item ENRICHD 

Social Support Instrument (ESSI) was used to assess avail-

able emotional, informational, and instrumental support 

from others. The PMCSM scale and ESSI have been found 

to be reliable and valid in people with chronic illnesses.32,33 

A validated single-item screener assessed subjective health 

literacy: “How often do you have problems learning about 

your medical condition because of difficulty understanding 

written information (all of the time, most of the time, some 

of the time, little of the time, none of the time)?”34 The fol-

lowing items were developed to assess care fragmentation 

and the presence of a self-management routine, respectively: 

“How many different physicians have you seen for your 

health conditions in the past 6 months (1, 2, 3, 4, 5+)?” and 

“I have a set routine for all of my self-management (agree/

disagree).” Impact of treatment burden on well-being was 

assessed using the role-social activity limitations and physi-

cal/mental exhaustion scales of the PETS.8 The scales have 

been found to be reliable and valid in diverse samples of 

people with MCCs, including cancer.8,27 Baseline assessments 

of all of the above factors were used to test the hypothesized 

longitudinal relationships with the HRQL outcomes.

HRQL was assessed using responses to the 6-month 

follow-up survey. The 6-month HRQL assessment was used 

in this analysis because we wanted to determine how well 

survivors’ prior status on the risk factors and perceived 

treatment burden would predict HRQL at a later time. Gen-

eral physical and mental health status were assessed using 

the global physical health (GPH) and global mental health 

(GMH) summary scores of the Patient-Reported Outcomes 

Measurement Information System-10 (PROMIS-10), respec-

tively. The PROMIS-10 has been found to be reliable and 

valid in diverse samples of people with chronic illnesses.35

Indicators extracted from the electronic medical record 

at baseline included gender, medical condition diagnoses, 

primary cancer diagnosis, date of cancer diagnosis, and 

cancer treatment. Diagnoses were summed to create a vari-

able indicating the total number of conditions extracted, 

including the cancer. Diagnosis of a mental health condition 

was indicated by a medical record-confirmed diagnosis of 

depression, anxiety, or both.

Statistical analyses
Descriptive statistics were used to characterize the subjects. 

Predictive, risk-factor models were then built in stages begin-

ning with unadjusted Pearson product-moment correlations 

(r) to screen for bivariate relationships between baseline vari-

ables, treatment burden, and the 6-month HRQL outcomes. 

This included point-biserial correlations for any binary 

predictors, which can be approximated using Pearson’s r.36 

Significant correlation with one or more outcomes (P<0.05, 

two-tailed) indicated which baseline factors to include in 

each multivariable linear regression model (ie, candidate risk 

factors). Per Cohen criteria, rs ≥0.30 were considered to be 

at least moderate in size.37 Next, four multivariable linear 

regressions were conducted, one for each of the two PETS 

treatment burden scales (role-social activity limitations and 

physical/mental exhaustion) and one for each of the two 

PROMIS-10 summary scores (6-month GPH and 6-month 

GMH). Strength of the association of each predictor with 

each criterion, relative to other variables in the model, was 

indicated by the standardized regression weight (standardized 

b). The alpha for significance of b was set at 0.05. Overall fit 

of each regression was indicated by the model R2, that is, the 
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total percent of variance in the specified criterion explained 

by the entered predictors. All analyses were conducted in 

IBM SPSS® Statistics version 22.

Exploring mediation
The regression methodology outlined by Baron and Kenny38 

and Kenny39 was used to explore possible mediation of the 

relationship of the baseline predictors to the 6-month HRQL 

outcomes through baseline treatment burden. A series of 

three regressions is used with mediation supported if: 1) 

there is evidence of a relationship between a predictor and 

an outcome (regression 1); 2) there is evidence of a relation-

ship between a predictor and a proposed mediating factor 

(regression 2); and 3) the magnitude of the relationship 

between the predictor and outcome is reduced when the 

mediating factor is simultaneously entered into the regression 

equation (regression 3). The extent of mediation (complete 

vs partial) is determined by the magnitude of the reduction 

in the relationship between the predictor and the outcome 

after the mediating factor is entered into the regression by 

comparing the regression coefficients of the same predictor 

in regressions 1 and 3. Sobel’s method,40 a method endorsed 

by Kenny,39 can be used to determine the statistical signifi-

cance of any observed mediating effect by testing whether 

the indirect effect is significantly different from zero.

The multivariable regressions testing predictors of base-

line treatment burden and the 6-month HRQL outcomes (as 

described above) were used to identify which relationships 

required exploration of potential mediation. To minimize the 

number of regressions needed, we explored whether a single 

“overall treatment burden” score could be used. A recent 

study derived and used a single factor score of the role-social 

activity limitations and physical/mental exhaustion scales 

of the PETS after showing that these two scales were highly 

correlated (r=0.69).27 Alpha for the significance of regression 

coefficients and Sobel’s test (Z) was set at 0.05, two-tailed.

Results
Characteristics of study subjects
Descriptive and medical characteristics of the study subjects 

are shown in Table 1. Briefly, median age of the subjects was 

65 years and there were slightly more women (59%) than 

men. Most identified their race as white (81%) and had at 

least some formal college or university education (74%). Data 

from the electronic medical record indicated that the most 

frequent cancer diagnoses were breast (21%) and genitouri-

nary (19%) cancer, and most had been treated with surgery 

(63%). The median length of time between diagnosis of the 

Table 1 Descriptive and medical characteristics of study subjects 
(N=91)

Variable n (%)

Age, median 
(range)

65.0 years (31–92 years)

Gender Female
Male

54 (59)
37 (41)

Race White
Black/AA
Asian
Native American
Unknown

74 (81)
8 (9)
6 (7)
2 (2)
1 (1)

Ethnicity Hispanic 2 (2)
Marital status Married/partnered

Not married
Missing

57 (63)
33 (36)
1 (1)

Education status College educated
No more than HS
Missing

67 (74)
23 (26)
1 (1)

Occupation 
status

Retired
Employed (full time or part time)
On disability
Homemaker or full-time student
Missing

39 (43)
34 (37)
12 (13)
4 (4)
2 (2)

Primary cancer 
type

Breast
Genitourinary
Malignant melanoma
Gastrointestinal
Hematologic
Gynecologic
Other

19 (21)
17 (19)
12 (13)
12 (13)
11 (12)
10 (11)
10 (11)

Cancer 
treatmenta

Surgery
Radiotherapy
Chemotherapy
Observation
Other

57 (63)
24 (26)
22 (24)
3 (3)
12 (13)

Total number 
of diagnosed 
conditions 
(including 
cancer)

Median
Range
2–3 conditions
4 conditions
5+ conditions

5 conditions
2–11 conditions
16 (18)
21 (23)
54 (59)

Types of 
conditions 
comorbid to 
cancer

Hypertension
Arthritis
Hyperlipidemia
Diabetes (type 1 or 2)
Low back pain
Vision problems
Depression
Coronary artery disease
Cardiac arrhythmia
Anxiety
Hearing problems
Chronic kidney disease
COPD
Osteoporosis
Congestive heart failure
Substance abuse
Headache
Psoriasis
Crohn’s disease
Hepatitis

49 (54)
47 (52)
46 (51)
42 (46)
42 (46)
34 (37)
21 (23)
19 (21)
18 (20)
17 (19)
15 (17)
14 (15)
11 (12)
11 (12)
6 (7)
5 (6)
5 (6)
3 (3)
2 (2)
2 (2)

Note: aAccumulated percentage exceeds 100% as combinations of more than one 
cancer treatment occurred (eg, surgery + radiotherapy, surgery + chemotherapy, 
radiotherapy + chemotherapy).
Abbreviations: AA, African-American; HS, high school.
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primary cancer and completion of the baseline survey was 6.5 

years (range: 1.1–40.5 years). Median number of diagnosed 

conditions including the cancer was five.

Bivariate correlations of baseline risk 
factors, treatment burden, and HRQL 
outcomes
Table 2 presents the unadjusted Pearson correlations (r) of 

the potential risk factors, the two treatment burden impact 

scales (ie, role-social activity limitations and physical/men-

tal exhaustion due to self-management), and the 6-month 

HRQL outcomes (PROMIS GPH, PROMIS GMH). Four 

factors were associated with both of the PETS treatment 

burden scales. Having seen more physicians in the past 6 

months, having a diagnosis of a mental health condition 

(depression, anxiety, or both), not having a set routine for 

one’s self-management, and lower self-efficacy for self-

management were associated with greater treatment burden 

impact (Ps <0.05). Magnitudes of most of these correlations 

(88%) were medium in size or greater (r≥0.30).37 Having no 

more than a high school education, lower health literacy, and 

lower perceived social support were associated with more 

physical/mental exhaustion (Ps <0.01), but were not signifi-

cantly associated with role-social activity limitations. More 

diagnosed conditions were associated with more role-social 

activity limitations (P<0.01), but were not associated with 

physical/mental exhaustion.

These risk factors were also associated with the 6-month 

HRQL outcomes (Table 2). Having seen more physicians 

in the past 6 months, having a diagnosis of a mental health 

condition, lower self-efficacy, and lower perceived social 

support were associated with worse 6-month GPH and worse 

6-month GMH (Ps <0.05). Most of these correlations (75%) 

were medium in size or greater in magnitude (>0.30). Fur-

thermore, more diagnosed conditions and lower subjective 

health literacy were associated with lower 6-month GPH, 

while not having a set self-management routine was associ-

ated with lower 6-month GMH. Education status was not 

significantly associated with either HRQL outcome. Finally, 

baseline scores from both the treatment burden scales were 

moderately to strongly associated37 with the 6-month HRQL 

outcomes (rs ranging from –0.47 to –0.56).

Multivariable regression models of 
treatment burden and HRQL outcomes
The unadjusted correlations screened risk factors for entry 

into a series of linear regression analyses. These regression 

models examined predictors of treatment burden and HRQL 

and determined: 1) if certain risk factors, assessed at baseline, 

were independently associated with both treatment burden 

Table 2 Pearson product-moment correlations of baseline predictors (ie, risk factors), treatment burden, and 6-month health-related 
quality of life

 Predictors Treatment burden (baseline) Health-related quality of  
life (6 months)

PETS
Role-social activity 
limitationsa

PETS
Physical/mental 
exhaustiona

PROMIS
Global physicalb

PROMIS
Global mentalb

Number of conditions 0.26* 0.18 −0.40*** −0.13
Education status (high school or less, college) −0.12 −0.29** 0.17 0.12
Number of different physicians seen in past 6 months  
(1, 2, 3, 4, 5+)

0.45*** 0.34** −0.32** −0.23*

Mental health diagnosisc (no, yes) 0.30** 0.41*** −0.31** −0.36**
Self-management routine (no, yes) −0.23* −0.32** 0.13 0.31**
Health literacy −0.20 −0.41*** 0.26* 0.21
Self-efficacy −0.45*** −0.46*** 0.57*** 0.57***
Social support −0.12 −0.32** 0.23* 0.41***
Treatment burden     
PETS role-social activity limitations − 0.73*** −0.56*** −0.47***
PETS physical/mental exhaustion 0.73*** − −0.56*** −0.56***

Notes: aHigher score indicates more perceived burden. bHigher score indicates better health. cDiagnosis of depression, anxiety, or both. ***P<0.001; **P<0.01; *P<0.05.
Abbreviations: PETS, Patient Experience with Treatment and Self-management; PROMIS, Patient-Reported Outcomes Measurement Information System.
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and HRQL, and 2) whether some risk factors may influence 

HRQL outcomes indirectly through treatment burden (ie, 

mediation). Table 3 displays the results of linear regression 

models (Models 1 and 2) that regress baseline scores of the 

two PETS treatment burden impact scales onto the baseline 

risk factors found to be correlated with treatment burden 

impact in Table 2. In Model 1, having seen more physicians 

in the past 6 months (standardized b=0.35) and lower self-

efficacy (b=−0.31) were associated with more role-social 

activity limitations due to self-management (overall model 

R2=0.36). In Model 2, not having a set self-management 

routine (b=−0.21), lower health literacy (b=−0.25), and lower 

self-efficacy (b=−0.22) were associated with more physical/

mental exhaustion due to self-management (overall model 

R2=0.45).

Table 4 displays the results of linear regressions of the 

6-month HRQL outcomes onto the baseline risk factors found 

to be correlated with these outcomes in Table 2. In Model 

3, lower self-efficacy at baseline (b=0.49) predicted worse 

GPH at 6 months (overall model R2=0.43). In Model 4, lower 

self-efficacy at baseline (b=0.34) predicted worse GMH at 6 

months (overall model R2=0.41).

Regression analyses to explore mediation 
by treatment burden
Because the regression models identified that perceived self-

efficacy was associated with both treatment burden and the 

HRQL outcomes, we tested whether the effects of perceived 

Table 3 Multiple linear regressions of treatment burden scales onto risk factors

  Model 1: PETS role-social activity limitationsa

Predictors B (SE) 95% CI b P-value (significance)
Number of diagnosed conditions 0.79 (1.19) –1.57, 3.16 0.07 NS
Number of different physicians seen in past 6 months (1, 2, 3, 4, 5+) 6.72 (1.87) 2.99, 10.44 0.35 0.001
Mental health diagnosis (no, yes)b 3.19 (5.70) –8.16, 14.53 0.06 NS
Self-management routine (no, yes) –7.77 (6.24) –20.20, 4.66 –0.12 NS
Self-efficacy –1.32 (0.46) −2.23, –0.41 –0.31 0.005
Model F and R2 F (5, 76)=8.5, P<0.001; R2=0.36
 Model 2: PETS physical/mental exhaustiona

Predictors B (SE) 95% CI b P-value (significance)
Education status (HS or less, college) –7.49 (5.17) –17.80, 2.82 –0.13 NS
Number of different physicians seen in past 6 months (1, 2, 3, 4, 5+) 2.77 (1.71) –0.64, 6.18 0.15 NS
Mental health diagnosis (no, yes)b 8.61 (5.29) –1.93, 19.14 0.16 NS
Self-management routine (no, yes) –12.95 (5.60) −24.11, –1.80 –0.21 0.02
Health literacy –6.38 (2.53) −11.41, –1.34 –0.25 0.01
Self-efficacy –0.90 (0.93) −1.75, –0.04 –0.22 0.04
Social support –0.53 (0.53) –1.59, 0.53 –0.10 NS
Model F and R2 F (7, 73)=8.4, P<0.001; R2=0.45

Notes: aHigher score indicates more perceived burden. bDiagnosis of depression, anxiety, or both. B, unstandardized regression coefficient; b, standardized regression 
coefficient.
Abbreviations: HS, high school; NS, not significant; PETS, Patient Experience with Treatment and Self-management; SE, standard error.

self-efficacy on 6-month HRQL are mediated through its 

effect on treatment burden (Figure 1). In order to reduce 

the number of regressions needed to test for mediation, we 

created an aggregated factor score of “overall treatment 

burden” using principal components analysis of the items 

of the two PETS scales. This is justified by the very high 

correlation observed between the role-social activity limita-

tions and physical/mental exhaustion scales (r=0.73). The 

first component extracted accounted for 65.5% of the total 

variance (eigenvalue =7.2). After oblique rotation with Kaiser 

normalization, all items were found to load highly on this 

one factor (≥0.55). The treatment burden factor score was 

saved and used in the subsequent tests of mediation. All 

regression models used to test for mediation were adjusted 

for the number of diagnosed conditions.

A simple regression confirmed that lower self-efficacy 

predicted higher overall treatment burden (b=−0.42, P<0.001; 

overall model R2=0.24). This supports path a in Figure 1. 

Table 5 summarizes the findings of the set of models testing 

for mediation effects of self-efficacy on 6-month HRQL 

through overall treatment burden. Higher overall treatment 

burden at baseline was independently predictive of lower 

GPH (b=−0.40) and lower GMH (b=−0.30) at 6 months 

(path b in Figure 1). Furthermore, when overall treatment 

burden was included in a model with baseline self-efficacy 

(Model 2 in each series), the regression coefficient for self-

efficacy decreased for both HRQL outcomes compared to the 

regression coefficients for self-efficacy displayed in Model 1 
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Table 4 Multiple linear regressions of 6-month health-related quality-of-life outcomes onto baseline risk factors

 Model 3: PROMIS global physical healtha

Predictors B (SE) 95% CI b P-value (significance)
Number of diagnosed conditions –0.46 (0.42) –1.30, 0.38 –0.12 NS
Number of different physicians seen in past 6 months (1, 2, 3, 4, 5+) –1.20 (0.66) –2.52, 0.12 –0.18 NS
Mental health diagnosis (no, yes)b –0.28 (1.96) –4.18, 3.63 –0.02 NS
Health literacy 1.64 (1.04) –0.43, 3.72 0.16 NS
Self-efficacy 0.67 (0.16) 0.36, 0.98 0.49 <0.001
Social support –0.02 (0.20) –0.42, 0.38 –0.01 NS
Model F and R2 F (6, 66)=8.4, P<0.001; R2=0.43
 Model 4: PROMIS global mental healtha

Predictors B (SE) 95% CI b P-value (significance)
Number of different physicians seen in past 6 months (1, 2, 3, 4, 5+) –0.59 (0.69) –1.96, 0.79 –0.09 NS
Mental health diagnosis (no, yes)b –3.75 (2.03) –7.81, 0.32 –0.19 NS
Self-management routine (no, yes) 4.13 (2.27) –0.41, 8.66 0.18 NS
Self-efficacy 0.49 (0.17) 0.16, 0.83 0.34 0.005
Social support 0.34 (0.21) –0.08, 0.75 0.17 NS
Model F and R2 F (5, 66)=9.1, P<0.001; R2=0.41

Notes: aHigher score indicates better health. bDiagnosis of depression, anxiety, or both. B, unstandardized regression coefficient; b, standardized regression coefficient.
Abbreviations: NS, not significant; PROMIS, Patient-Reported Outcomes Measurement Information System; SE, standard error.

Figure 1 Hypothesized mediational pathway.

Overall
treatment
burden

6-month health-related
quality-of-life outcome

Perceived
self-efficacy

b

c

a

of each series, that is, the direct effects of self-efficacy on 

HRQL. However, the regression coefficients for self-efficacy 

remained significant even after overall treatment burden was 

entered (Model 2). Hence, for GPH and GMH, there was 

evidence for a partial mediation effect of treatment burden 

impact (paths a and b in Figure 1). Based on Sobel’s method 

for determining the significance of an indirect effect of a 

predictor on an outcome through a mediator,40 we found 

that mediation by overall treatment burden was statistically 

significant for both GPH at P=0.008 and GMH at P=0.03 

(two-tailed).

Discussion
Our study attempts to understand risk factors that predict 

quality-of-life deficits in cancer survivors with multi-

morbidity, excluding those with cognitive impairment. To 

our knowledge, it is one of the first to focus on the role of 

perceived treatment and self-management burden in cancer 

survivors. Treatment burden, that is, the personal work and 

challenges of treatment and self-management as well as their 

effect on well-being, adversely impacts the quality of life of 

people coping with multi-morbidity.8,13

Psychosocial factors were found to be predictive of treat-

ment burden and HRQL. Self-efficacy for self-managing 

chronic conditions was associated with all of the outcomes 

assessed. Survivors who reported less confidence in their 

ability to manage their chronic conditions reported more 

role-social activity limitations and greater physical/mental 

exhaustion due to self-management. They also reported worse 

GPH and GMH at 6 months after baseline. The relationship 

between self-efficacy and health outcomes has been consis-

tently observed across a range of chronic health conditions 

including people with MCCs.8,18,41 A recent cross-sectional 

study of 182 cancer survivors has shown that self-efficacy for 

managing chronic disease is strongly associated with HRQL 

and overall life satisfaction.19 Given that self-efficacy was 

related to both treatment burden and the HRQL outcomes 

and treatment burden was associated with both of the HRQL 

outcomes, we further analyzed whether treatment burden 

acts as a mediator (ie, self-efficacy → treatment burden → 

HRQL).38 We found that overall treatment burden (as defined 

by a factor score combining items from the role-social activ-

ity limitations and physical/mental exhaustion scales of the 

PETS) partly mediated the relationship of self-efficacy at 

baseline and general physical and general mental health at 

6-month follow-up. Hence, it is possible that confidence in 

one’s ability to self-manage may partly influence physical 

and mental health by affecting perceived treatment burden.

Regarding other psychosocial factors, subjective health 

literacy was independently associated with treatment burden. 
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Survivors who reported more problems with understanding 

written medical information about their health condition(s) 

reported feeling more physically and mentally exhausted 

with their self-management. Brief indicators of health lit-

eracy have been found to be predictive of general health 

status and perceptions of treatment burden,8,42 and some 

have speculated that the ability to self-manage one’s health 

situation is a critical link between health literacy and health 

outcomes.43 While perceived available social support was 

correlated with treatment burden and HRQL, it was not found 

to be independently predictive of either in the multivariable 

regression analyses. However, social support was found to be 

moderately correlated with self-efficacy (r=0.42). Hence, it 

is plausible that support from others may influence treatment 

burden and HRQL by enhancing a person’s confidence in his/

her ability to self-manage.

Certain health care-related factors were found to increase 

the risk for poorer outcomes. Greater care fragmentation in 

the form of having to see more physicians for one’s health 

was associated with more role-social activity limitations 

due to self-management. Cancer survivors often end up 

serving as the primary coordinators of their care, care that 

is frequently spread across a number of different medical 

specialties and physicians.44 Having less time for other role 

and social activities in life may be an unavoidable conse-

quence. Furthermore, our findings support that having a 

routine for all of one’s self-management may relieve feelings 

of physical/mental exhaustion. Prior qualitative studies with 

multi-morbid patients indicate that integration of self-care 

into one’s daily routine may be an effective way to manage 

competing demands and mitigate treatment burden.23,24 Medi-

cal factors such as diagnosis of a mental health condition 

and the number of diagnosed conditions, as well as formal 

education status, were not uniquely predictive of treatment 

burden or HRQL. Such factors may not be as predictive of 

survivor well-being when more specific psychosocial and 

health care-related factors are taken into account.

Practical implications of study findings
The reality for many cancer survivors, especially longer-

term survivors 5+ years removed from a cancer diagnosis, 

is that they will be faced with other chronic medical condi-

tions, either preexisting at the time of cancer diagnosis or 

newly emerging.4 Hence, cancer survivorship care will need 

to be balanced with management of other chronic condi-

tions, taking into account total treatment burden. Our study 

highlights the importance of confidence in one’s ability to 

self-manage (self-management self-efficacy) as well as the 

impact of required treatment and self-management on sur-

vivor well-being (treatment burden). Low health literacy, 

greater care fragmentation, and the absence of routines for 

self-management may also add to the burden of the survivor. 

Periodic monitoring of these factors that could begin during 

treatment and continue throughout survivorship might be 

Table 5 Mediation of the relationship between self-efficacy and 6-month health-related quality-of-life outcomes by overall treatment 
burden

 Outcome: PROMIS global physical healtha

Model 1: direct effect of self-efficacy B (SE) 95% CI b P-value (significance)

Self-efficacy 0.68 (0.14) 0.41, 0.95 0.50 <0.001
Model F and R2 F (2, 73)=21.1, P<0.001; R2=0.37
Model 2: indirect effect of self-efficacy B (SE) 95% CI b P-value (significance)
Self-efficacy 0.43 (0.14) 0.15, 0.70 0.32 0.003
Overall treatment burdenb –3.39 (0.88) −5.14, –1.65 –0.40 <0.001
Model F and R2 F (3, 70)=20.4, P<0.001; R2=0.47
 Outcome: PROMIS global mental healtha

Model 1: direct effect of self-efficacy B (SE) 95% CI b P-value (significance)
Self-efficacy 0.88 (0.15) 0.58, 1.19 0.60 <0.001
Model F and R2 F (2, 73)=17.9, P<0.001; R2=0.33
Model 2: indirect effect of self-efficacy B (SE) 95% CI b P-value (significance)
Self-efficacy 0.67 (0.16) 0.35, 0.99 0.46 <0.001
Overall treatment burdenb –2.80 (0.99) −4.78, –0.82 –0.30 0.006
Model F and R2 F (3, 70)=14.7, P<0.001; R2=0.39

Notes: aHigher score indicates better health. bHigher overall treatment burden factor score indicates more perceived burden. All estimates are based on multiple linear 
regression models statistically adjusting for number of diagnosed conditions. B, unstandardized regression coefficient; β, standardized regression coefficient.
Abbreviations: PROMIS, Patient-Reported Outcomes Measurement Information System; SE, standard error.
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helpful as a first step in helping identify survivors in need 

of intervention or extra attention.

More research is warranted to determine whether system-

atically assessing cancer survivors’ overall treatment burden 

and engaging supportive services or strategies to integrate 

these needs with their other ongoing self-care activities can 

be beneficial. If found to be effective, a focus on overall treat-

ment burden might be considered as an additional element 

to address in the cancer survivor’s survivorship care plan 

(SCP) as it evolves over months or years. Currently, the SCP 

is usually developed by the oncology team and focuses exclu-

sively on adjustment to and follow-up of the cancer.1 A more 

holistically integrated SCP could involve inputs from both 

the oncology and primary care teams, be tailored to address 

the nuances of a complex health situation, and become a 

tool for promoting consistent and effective messaging to the 

cancer survivor. Another approach may be to develop a focus 

on overall treatment burden within a shared-care model of 

cancer follow-up.3

Limitations
There are limitations to this study. First, generalizability of 

study findings may be limited by the small size and lack of 

diversity. We were able to identify a subset of 91 people with 

a prior cancer diagnosis from a larger prospective study of 

443 people with MCCs. While small, the sample size was 

sufficient for the regression analyses used.45 Furthermore, it 

is noteworthy that the regressions accounted for substantial 

amounts of variance in the treatment burden and HRQL 

outcomes assessed (from 36% to 45%). Study subjects 

were however largely white and educated, and persons with 

cognitive impairments were not represented as this was an 

exclusion criterion of the parent study given the length of the 

administered survey battery. Other selection biases may be 

present due to the relatively low rate of response to the survey 

in the parent study (30%). Second, our count of the number of 

diagnoses did not make use of a standard comorbidity index. 

We did not have access to every single medical diagnosis of 

each person, only those forming the inclusion criteria for the 

parent study. Hence, our count of diagnoses may have lacked 

precision. Third, due to the small sample size, we did not 

have adequate statistical power to test the exploratory path 

models using structural equation modeling (SEM). SEM tests 

the overall fit of a hypothesized path model and also allows 

examination of bidirectional relationships between variables 

(ie, reciprocal causality).46 It is possible that self-efficacy and 

treatment burden are reciprocally related; however, a larger 

sample will be needed to test this. Finally, we conducted 

analyses on multi-morbid cancer survivors with a wide range 

of times since cancer diagnosis (from 1 to 40 years). Experi-

ences may be somewhat different across various phases of 

survivorship (ie, reentry, early term, and long term).2

Conclusion
Today, many cancer survivors are living with other chronic 

health conditions and must learn to balance cancer recovery 

with the demands of managing other health problems. We 

identified risk factors for poor adjustment in multi-morbid 

cancer survivors, including perceived treatment burden. 

These risk factors speak to the challenges inherent in 

self-managing a complex health situation. Standardized 

assessment of these factors could assist health care teams 

by alerting them of survivors in need of additional sup-

ports and/or intervention. In the long run, this could inform 

greater tailoring of care plans for the multi-morbid survivor 

that would include input from primary care, oncology, and 

any other relevant medical specialties. While advances in 

screening, diagnosis, and treatment are adding years to the 

life of the cancer survivor, it is equally important to prioritize 

adding life to the years.
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