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Abstract

Purpose—Clinical guidelines recommend oncologists prescribe exercise to their patients with 

colorectal cancer (CRC). However, 84% of oncologists do not prescribe exercise citing concerns 

of safety and feasibility. Data are inadequate regarding the proportion of CRC survivors that could 

be safely prescribed the dose of exercise recommended by the American College of Sports 

Medicine (ACSM), American Cancer Society (ACS), or National Comprehensive Cancer Network 

(NCCN), in an unsupervised setting.

Methods—We reviewed published guidelines for exercise prescription among cancer survivors 

and extracted health-factors that may necessitate referral to trained personnel (physical therapist, 

exercise professional) for an individualized exercise program, or supervision of exercise as 

recommended by ACSM/ACS/NCCN. We applied these health-factors to a cohort of non-

metastatic CRC survivors, six-months after completing curative care. The primary outcome was 

the proportion of CRC survivors for whom oncologists could prescribe unsupervised exercise at 

the dose recommended by ACSM/ACS/NCCN.

Results—Among 351 CRC survivors, six-months after curative care, 21% to 42% of patients 

could be prescribed the dose of exercise recommended by ACSM/ACS/NCCN. Estimates varied 

as a function of the inclusion or exclusion of several prevalent comorbid health conditions 

including hypertension, diabetes, arthritis, obesity, and hyperlipidemia.

Conclusion—Our data are consistent with the clinical observation that a large proportion of 

CRC survivors may be unable to participate in unsupervised exercise six-months after curative 

care. These data underscore the need for continued research to clarify the safety and feasibility of 

prescribing exercise to CRC survivors.
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INTRODUCTION

Exercise training has similar risks and benefits of pharmacological therapy (18, 39, 40). 

Exercise is a distinct subset of physical activity that is structured, repetitive, and performed 

to sustain or improve health and fitness (4). An appropriately prescribed dose of exercise 

engages cardiopulmonary, metabolic, and musculoskeletal tissues. Long-term participation 

in exercise yields numerous health-benefits that include risk-reduction for premature 

mortality, and primary and secondary prevention of several chronic conditions (39). The 

benefits of exercise have been documented among cancer survivors (31). The American 

College of Sports Medicine (ACSM), American Cancer Society (ACS), and National 

Comprehensive Cancer Network (NCCN) recommend all cancer survivors engage in 150-

minutes of moderate-intensity or 75-minutes of vigorous-intensity aerobic exercise per 

week, perform two to three muscle strengthening sessions per week, and perform flexibility 

activities on days of exercise (23, 27, 31). Exercise for colorectal cancer (CRC) survivors 

reduces cancer recurrence, cancer-specific mortality, and all-cause mortality in dose-

response fashion (21, 22). Therefore, it is of clinical interest to determine how to safely 

increase the dose of exercise prescribed to CRC survivors to meet the recommended 

guidelines for exercise and cancer survivorship.

Despite risks and benefits similar to pharmacological therapy (18, 39, 40), the integration of 

exercise into the standard of cancer care has not followed the regulatory process of drug 

approval (6). Such an approval process would require the indications, dose escalation, 

contraindications, and adverse events associated with exercise to be systematically reported 

from clinical trials and made known prior to being implemented for use in the oncology 

clinic. When indicated, the benefits of exercise among cancer survivors have been well-

characterized, and include improvements in clinical and patient-reported outcomes (31). 

However, the dose escalation, contraindications, and adverse events associated with exercise 

have been poorly characterized (15, 16). Current guidelines ask oncologists to prescribe 

exercise without knowing the risk to benefit ratio, a ratio that would otherwise be available 

if the intervention were a drug (29). This recommendation is worrisome as the current 

infrastructure to provide exercise training for cancer survivors is such that the majority of 

patients engage in unsupervised exercise (17). To minimize potential risk to patients, 

oncologists are reluctant to prescribe exercise (8, 28). More specifically, among CRC 

survivors, the risk to benefit ratio of exercise may seem equivocal, given that CRC survivors 

are older, have multiple comorbid conditions, and frequently report late-effects of cancer 

treatment (8). Many oncologists believe their patients are unable to tolerate or successfully 

complete an unsupervised exercise program (8, 28, 29). Subsequently, 84% of oncologists 

do not recommend any exercise to their patients with CRC (28), which may partially explain 

why 68% of CRC survivors are physically inactive after completing curative care (19). This 

is troubling, given that physical activity is associated with improvements in clinical 

outcomes among CRC survivors (21, 22).

The proportion of CRC survivors for whom oncologists could prescribe unsupervised 

exercise at the dose recommended by the ACSM/ACS/NCCN clinical guidelines is 

unknown. Herein, and consistent with the current infrastructure of most cancer center 

settings (17), exercise is assumed to be unsupervised. To this end, we synthesized published 
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guidelines of exercise prescription for cancer survivors and extracted health-factors that may 

necessitate referral to trained personnel (physical therapist, exercise professional) for an 

individualized exercise program, or for supervision of exercise (23). We applied these 

synthesized health-factors to a sample of CRC survivors treated in a university health 

system. The primary outcome of this study was the proportion of CRC survivors for whom 

oncologists could prescribe unsupervised exercise at the dose suggested by the ACSM/ACS/

NCCN clinical guidelines, six-months after curative care.

METHODS

Cohort Inclusion

Men and women with a diagnosis of CRC (International Classification of Disease, 9th 

Revision [ICD-9]: 153, 154) in the University of Pennsylvania Health System (UPHS) 

between 30 October 2008 and 30 November 2011 were considered for cohort inclusion. 

Cohort members were required to have all of their curative care in the UPHS system. All 

cohort members were required to have a follow-up visit approximately six-months after 

completing curative care. Patients with metastatic disease at diagnosis were excluded from 

cohort inclusion. This study was approved by the Institutional Review Board of the 

University of Pennsylvania. The Institutional Review Board determined that informed 

consent could be waived on the basis that this study did not involve any direct patient 

interaction.

Synthesis of Exercise Guidelines

We conducted a targeted search to obtain peer-reviewed guidelines for exercise prescription 

among cancer survivors. Our search identified nine documents and ranged in publication 

year from 2006–2013. Three documents were published from the ACSM, including the 

ACSM’s Guidelines for Exercise Testing and Prescription 8th Edition (37), the ACSM 

roundtable on exercise guidelines for cancer survivors (31), and the ACSM’s Guide to 

Exercise and Cancer Survivorship (30). Additional documents were published by the ACS 

(27), NCCN (23), Australian Association for Exercise and Sport Science (12), and the 

National Research Council Canada (16). Two documents were published by independent 

investigators, one as a supplement to the ACSM roundtable on exercise guidelines for 

cancer survivors (15), and one that served as a foundation for the ACSM’s guidelines (20). 

These guidelines were reviewed by the two authors, and health-factors described as 

requiring referral to trained personnel for an individualized exercise program, or supervision 

of exercise were abstracted into a categorized list. All guidelines were considered of equal 

importance, and health-factors identified in any of the nine documents were included in this 

analysis. There was a high degree of consistency across guidelines as 86% of health-factors 

were described in two or more documents. Health-factors were classified into one of the 

following system-specific categories: hematologic, musculoskeletal, systemic, 

gastrointestinal, cardiovascular symptoms, cardiovascular disease history, pulmonary, 

neurologic, comorbidities, and implanted medical device (see Table, Supplemental Digital 

Content 1, derivation of outcomes). The presence of one or more health-factors indicated the 

need to refer to trained personnel for an individualized exercise program, or supervised the 
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ACSM/ACS/NCCN recommended dose of exercise. This approach is consistent with a 

variety of pre-exercise screening questionnaires (1).

Outcome Assessment Time Point

The optimal time for lifestyle intervention and provision of lifestyle recommendations is six-

months after curative care (7). Six-months allows time for the acute symptoms of cancer 

treatment to subside, while still in the interval for the teachable moment to be in effect, a 

time when cancer survivors are most likely to adopt lifestyle and behavioral 

recommendations before regressing back to pre-diagnostic behaviors and lifestyle (7). 

Qualitative research has concluded CRC survivors prefer to start exercise six-months after 

completing curative care, when they feel physically and psychologically ready for exercise 

(3).

Abstraction of Outcomes & Application of Exercise Guidelines to Participant Cohort

We abstracted data from the electronic medical record at the clinical visit most proximal to 

six-months after curative care. Abstracted data included standard measures for cancer care 

follow-up in UPHS consisting of blood chemistries, resting pulse and blood pressure, oral 

temperature, physician-diagnosed symptoms and side-effects, patient-reported symptoms 

and side-effects present at the time of the clinical visit, and any ICD-9 or procedure codes 

used to classify conditions or procedures in our abstracted list. Demographic information, 

including age, sex, race, and tobacco use, were abstracted. Clinical information including 

type of cancer, stage (AJCC 7th edition), and treatment (chemotherapy/radiation) were 

abstracted. We calculated the Charlson age-comorbidity index to estimate 10-year mortality 

(5).

Statistical Analysis

Using the data abstracted at the six-month follow-up visit, we generated binary variables 

(yes/no) to indicate if each cohort member had health-factors sufficient to refer to trained 

personnel for an individualized exercise program, or supervise the ACSM/ACS/NCCN 

recommended dose of exercise. We generated a composite outcome as the sum of all health-

factors, and then dichotomized that variable between CRC survivors that had zero versus 

one or more health-factor(s). Values of zero indicate no need for referral or supervision of 

exercise. Values of one or more would indicate potential need to refer to trained personnel 

for an individualized exercise program, or supervised the ACSM/ACS/NCCN recommended 

dose of exercise. We estimated this proportion and calculated 95% confidence intervals 

(95% CI) using the binomial exact method. This outcome was modeled as our dependent 

variable in exploratory logistic regression analyses. We calculated the odds ratio (OR) and 

95% Confidence Intervals (95% CI) to estimate the magnitude of association of 

demographic and clinical variables with the likelihood to refer to trained personnel for an 

individualized exercise program, or supervision of exercise. For all covariates we had ≥80% 

statistical power to detect an odds ratio of 2.0, indicating a two-fold increase in the need for 

referral for an individualized exercise program or supervised exercise. Lastly, we conducted 

pre-specified sensitivity analyses excluding common comorbidities among CRC survivors 

from the composite outcome including hypertension, diabetes, arthritis, obesity, and 

hyperlipidemia (8, 38, 42).
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RESULTS

Patient Selection for Cohort Inclusion

Between 30 October 2008 and 30 November 2011, UPHS diagnosed 700 patients with CRC. 

Among the 700 diagnosed, 223 had metastatic CRC and were excluded. Among the 

remaining 477 patients with non-metastatic CRC, 52 received a diagnosis but no further 

treatment in the UPHS system and 74 were excluded on the basis of receiving curative 

treatments outside of UPHS, not having a documented six-month follow-up visit, having 

recurrent cancer, or death. To this end, 351 patients met all inclusion criteria and were 

included in this analysis. The median time since completing curative care was 6.5 months 

[interquartile range: 3.5–9.9 months]; patients who underwent surgery only, generally had 

their follow-up visits more proximal to completing curative therapy (i.e., <6 months), as 

compared to those who received chemotherapy and/or radiation in addition to surgery.

Cohort Demographic and Clinical Characteristics

Among the 351 cohort members, age ranged from 18–99 (Table 1). Colon cancer survivors 

constituted 63% of the cohort, and the remaining 37% were rectal cancer survivors. The 

Charlson age-comorbidity index ranged from zero to seven, 78% of CRC survivors had an 

index score ≤1, and the predicted median 10-year survival was 39% [interquartile range: 10–

68%].

Application of Exercise Guidelines to Participant Cohort: Primary Outcome

The prevalence of individual and system-specific health-factors recommended for referral to 

trained personnel for an individualized exercise program, or supervision of exercise varied 

widely (Table 2). The cumulative number of health-factors is depicted graphically (Figure 

1A). The median number of health-factors was two [interquartile range: 1–3] and ranged 

from zero to 11. In our primary outcome analysis, 21% (95% CI: 16–25%) of CRC survivors 

were able to be prescribed unsupervised exercise of the dose recommended by ACSM/ACS/

NCCN, six-months after curative care.

Application of Exercise Guidelines to Participant Cohort: Sensitivity Analysis

In sensitivity analysis, we excluded common comorbidities documented among CRC 

survivors including hypertension, diabetes, arthritis, obesity, and hyperlipidemia (8, 38, 42). 

The median number of health-factors was one [interquartile range: 0–2] and ranged from 

zero to eight (Figure 1B). After exclusion of those five comorbidities, 42% (95% CI: 37–

47%) of CRC survivors were able to be prescribed unsupervised exercise of the dose 

recommended by ACSM/ACS/NCCN, six-months after curative care.

Factors Associated with Needing to Modify Exercise Guidelines

In multivariable logistic regression, increasing age (Ptrend=0.007), and increasing number of 

comorbidities (Ptrend<0.001), associated with greater need for referral to trained personnel 

for an individualized exercise program, or supervision of exercise (Table 3).
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DISCUSSION

Our data are consistent with the clinical observation that six-months after completing 

curative care 21–42% CRC survivors are able to be prescribed unsupervised exercise of the 

dose recommended by ACSM/ACS/NCCN. The true proportion of CRC survivors who 

could successfully complete the recommended dose of exercise may be overestimated. After 

determining safety of exercise, CRC survivors must possess the knowledge and resources to 

complete exercise. CRC survivors report uncertainty about what type exercise they should 

engage in and from whom they should seek information (8). Our data are consistent with 

oncologist prescribing patterns (28), and suggest that exercise guidelines may require other 

supportive services such as supervision, and staff with the knowledge necessary to 

appropriately tailor exercise for the majority of CRC survivors, such as physical therapists 

and exercise professionals (32).

The major limitation of this investigation was the retrospective cohort design. While all 

necessary information required for the ACSM/ACS/NCCN guidelines for exercise 

prescription were available in this cohort, our information was limited to what was recorded 

in the medical chart. Similar to prior studies (38, 42), our study utilized ICD-9 codes, but 

also leveraged a variety of other clinical data gathered at the six-month follow-up including 

results of blood chemistries, physician exam, patient self-report, and resting physiologic 

measures of pulse, blood pressure, and oral temperature. The hospitals in the UPHS system 

are large tertiary care centers, and the characteristics of CRC survivors seen in these two 

metropolitan hospitals may not reflect characteristics of CRC survivors seen in the 

community setting. Additional data are necessary to confirm whether our findings can be 

replicated in other CRC populations. Our exploratory logistic regression models had 

sufficient statistical power to detect a doubling of the odds ratio. It is plausible that smaller 

odds ratios may be clinically meaningful. For example, in the current analysis radiation and 

chemotherapy increased the need for referral for an individualized exercise program or 

supervised exercise by 50%, but did not reach statistical significance due to the limited 

sample size.

Implications for the Physician

Oncologists are hesitant to prescribe exercise to their patients with CRC on the basis that the 

risks may outweigh the potential benefits (8, 28). Our data are consistent with this clinical 

observation, as 21–42% of CRC survivors are able to be prescribed unsupervised exercise of 

the dose recommended by ACSM/ACS/NCCN. Oncologists have acknowledged their 

reluctance to prescribe exercise relates to multiple factors. Oncologists acknowledge they 

have inadequate understanding about the specific dose of exercise necessary to safely 

improve outcomes, and are unsure how to tailor the ACSM/ACS/NCCN guidelines for older 

patients with multiple comorbid conditions. Furthermore, oncologists lack the necessary 

time to discuss topics like exercise with their patients, given the competing need to address 

late and long-term complications from treatment, and monitor on-going surveillance for 

recurrent disease (8). While oncologists may be reluctant to prescribe exercise, data suggests 

that primary care physicians may serve as a source of information about post-treatment 

health and wellness for cancer survivors. Primary care physicians have frequent encounters 
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with cancer survivors (34), and express willingness to prescribe exercise (33). Several 

studies in non-cancer survivorship populations have confirmed that exercise counseling by 

the primary care physician is feasible and improves patient behavior (9, 10). Patients view 

their physician as a decision-maker for their health, and the physician recommendation is 

possibly the biggest catalyst to initiate behavior change (14). Patients are likely to remember 

recommendations about exercise from their physician, and patients will consider engaging in 

exercise if there is the perception that the physician values such behaviors (8). Given this 

role of authority, educating oncologists and primary care physicians about the importance of 

exercise in CRC survivorship is a priority.

To further aid oncologists and primary care physicians in prescribing exercise as a routine 

part of CRC care, there is a need for empirically-derived risk-stratification algorithms to 

identify individuals who may require need for referral to trained personnel for an 

individualized exercise program or supervised exercise. There is currently inadequate safety 

data from clinical trials to allow the development of a risk-stratification algorithm. The 

NCCN created a risk-stratification algorithm for cancer survivors (23), based on expert-

opinion (16). The NCCN risk-stratification algorithm considers nearly all CRC survivors as 

high-risk because of a history of abdominal surgery for the resection of their CRC. High-risk 

patients are required to undergo a medical evaluation, have physician clearance, and be 

referred to a physical therapist or exercise professional for a tailored exercise prescription 

(23). In the absence of empirical data, it is unknown if the NCCN risk-stratification 

algorithm sufficiently discriminates patients who are more (versus less) likely to have an 

exercise-induced adverse event. The derivation of a risk-stratification algorithm informed 

from clinical trial data should be considered a future research priority. Resources such as 

risk-stratification algorithms will equip physicians with the ability to request the 

participation of the patient in the secondary prevention of cancer and maintenance of their 

overall health. This approach is consistent with the shared care model in which collaboration 

among a variety of healthcare providers allows the delivery of information by the most 

qualified provider (24).

Implications for the Physical Therapist and Exercise Professional

Allied healthcare professionals, such as physical therapists and exercise professionals, will 

garner increasing responsibility as part of the CRC survivorship team if physicians increase 

their prescription of exercise to CRC survivors. CRC survivors have more comorbid health 

conditions than the general population (13), and compared to other cancer sites (26). It is 

important that allied healthcare professionals who prescribe exercise to CRC survivors 

coordinate with physicians to comprehensively assess the risks and benefits of a progressive 

exercise program. For example, 23% of CRC survivors in our study had acute 

cardiovascular symptoms, such as uncontrolled hypertension, chest pain, or ankle edema. 

Consequently, knowledge of the relative and absolute contraindications for exercise 

prescription is critical when working with CRC survivors (37). Allied healthcare 

professionals must possess the ability to tailor of the frequency, intensity, time, and type of 

exercise to maximize health, fitness, and safety outcomes. For example, patients with 

existing cardiovascular disease are at greatest risk of experiencing an exercise-induced 

adverse event upon the initiation of a progressive exercise program (36). Therefore, 
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supervision and tailored progression of exercise intensity and duration may be important 

safety considerations for CRC survivors with pre-existing cardiovascular disease. Patients 

with conditions such as arthritis or morbid obesity will derive numerous health-benefits 

from exercise, but these patients may require tailoring the mode of exercise to non-weight 

bearing activities to reduce the risk of joint strain and musculoskeletal injury (37). The 

overarching goal for allied healthcare professional will be to promote participation in 

exercise, provide exercise programs that are tailored to maximize health, fitness, and safety 

outcomes, while minimizing unnecessary barriers to exercise. For this overarching goal to 

be realized, allied healthcare professionals working with CRC survivors must have expertise 

in the principles of exercise prescription, complemented by ongoing physician 

communication. Despite the challenges of prescribing exercise to CRC survivors in clinical 

practice, the promise of exercise as an efficacious intervention to improve the quantity and 

quality-of-life among CRC survivors make this an exciting time for the field of exercise-

oncology.

Implications for the Colorectal Cancer Survivor

Over 68% of CRC survivors are not regularly physically active after diagnosis (19). CRC 

survivors decrease their volume of moderate or vigorous intensity aerobic exercise during 

treatment, and increase to pre-diagnostic levels after treatment (2). This may help to explain 

why CRC survivors believe they already engage in sufficient levels of exercise to reap 

health-benefits (8), as they are as active as they were before diagnosis, but not to the levels 

recommended by the ACSM/ACS/NCCN. Furthermore, CRC survivors experience late and 

long-term effects of cancer therapy, which act synergistically with pre-existing comorbidity 

to impair the physical ability and psychological readiness to exercise. Our data suggest a 

large proportion of CRC survivors have multiple health conditions which may influence 

ability to exercise. These conditions may act collectively to impair the intention and ability 

to exercise, two behavioral determinants of exercise participation and adherence among 

cancer survivors (35). CRC survivors report poor attitudes about exercise, perhaps as a result 

of having inadequate knowledge about the health-benefits associated with exercise, and 

being unsure who to ask for recommendations about exercise (8). These issues have been 

illuminated by the difficulty of randomized controlled exercise trials to successfully accrue 

participants with CRC. For example, a 12-week home-based walking trial accrued 34% of 

its targeted recruitment goal despite implementing multiple recruitment strategies, and 

providing telephone counseling and home-based exercise (25). The use of telephone contact 

and home-based exercise were two modes of intervention that were expressed as being 

desirable characteristics by CRC survivors (25). It is plausible that a lack of awareness of 

the health-benefits of exercise adversely affected the willingness of CRC survivors to 

participate in this exercise trial. Addressing this knowledge gap through education is 

important, as higher levels of post-diagnosis physical activity are associated with reductions 

in recurrence, cancer-specific mortality, and all-cause mortality (8).

A Paradigm Shift

We have reached a critical juncture in the translation of exercise to the standard of cancer 

care. There are 25-million cancer survivors worldwide, and this population will grow to 75-

million over the next three decades (11). There are numerous potential health-benefits 
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associated with regular exercise among cancer survivors. However, placing these health-

benefits into context requires knowledge of the risks or harms associated with exercise 

training in this population. It has been noted that the rigor of adverse event monitoring in 

exercise training studies among cancer survivors has been of poor methodological quality 

and underestimates the risks associated with exercise training (16). As noted in the 

introduction, exercise is a potent intervention, much like a drug (39). However, few of the 

clinical trials of exercise training among cancer survivors have systematically collected and 

reported all serious and non-serious adverse events among all study participants, including 

the control group, such as that in drug trials. This information would help to delineate the 

most frequent adverse events, their severity, and the excess risk attributable to the exercise 

training (16). It is unlikely that an oncologist would prescribe a drug to a patient without 

knowing the risk to benefit ratio. Therefore, it is reasonable that oncologists have been 

reluctant to prescribe exercise (28). Some guidelines have suggested that the benefits of 

exercise outweigh its associated risks (31), and others have explicitly stated that specific 

exercises such as stationary cycling are safe for nearly all cancer survivors (23). Additional 

research regarding the safety of exercise is necessary to empirically support these 

conclusions.

Conclusion

Our data are consistent with the clinical observation that a large proportion of CRC 

survivors may be unable to participate in unsupervised exercise of the dose recommended by 

ACSM/ACS/NCCN, six-months after curative care. These data may help to explain the 

discordance between clinical guidelines that recommend all oncologists prescribe exercise, 

and the 84% of oncologists that make no mention of exercise in clinical practice. We 

acknowledge that the prescription of exercise to cancer survivors is complex and 

multifactorial, beyond that of the presence or absence of comorbid health conditions. 

However, these data are the first step in providing support for continued research to 

empirically determine what efforts are necessary to safely prescribe exercise to CRC 

survivors. To promote the prescription of exercise in oncology, efforts to delineate the risk 

to benefit ratio of exercise are needed. For example, mandating that all exercise trials 

systematically collect and report serious and non-serious adverse event data on all study 

participants, such as that in drug trials, would help to describe the most common events that 

occur with exercise in this population. These data would help to inform the empirical 

development and validation of risk stratification tools to identify patients for which the 

benefits of exercise outweigh the risks. For these methods to merit integration into practice 

they must be easily accessed and quickly implemented in clinical care. Educating 

oncologists, primary care physicians, and patients about the risks and benefits of exercise 

may help to raise awareness about the role of exercise in oncology and inform decision 

making. However, if exercise is to become a standard component of cancer care, the 

development of an infrastructure where physicians can refer patients may be warranted (41), 

as it is possible that asking physicians to assume more responsibility over patient care is 

unsustainable. Given myriad benefits associated with exercise, endorsing the safe 

prescription of this intervention to CRC survivors will help to promote quality and length of 

life.
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Figure 1. 
Distribution of health-factors that may require referral to trained personnel, or supervision of 

exercise in: (a) the primary outcome analysis, and; (b) the sensitivity analysis that excluded 

hypertension, diabetes, arthritis, obesity, and hyperlipidemia.
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Table 1

Demographic and clinical variables (N=351)

Variable Valuea

Age - yr 61.5±13.7

Sex

  Male 180 (51%)

  Female 171 (49%)

Race

  White 243 (69%)

  Black 64 (18%)

  Other 44 (13%)

Tobacco Use

  Never 163 (46%)

  Former 125 (36%)

  Current 63 (18%)

Type of Cancer

  Colon 222 (63%)

  Rectal 129 (37%)

Stage

  I 110 (31%)

  II 77 (22%)

  III 153 (44%)

  Unknown/Missing 11 (3%)

Chemotherapy - % 176 (50%)

Radiation - % 90 (26%)

Charlson Comorbidity Index

  0 226 (64%)

  1 48 (14%)

  ≥2 77 (22%)

a
Variables are mean ± standard deviation or n (%), unless otherwise noted
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Table 2

Number and percentage of patients with health related factors that may require referral to trained personnel for 

an individualized exercise program, or supervision of exercise (N=351)

Health Related Factor n (%)

Hematologic - any of the following 26 (7%)

  Platelets <50,000 1 (<1%)

  White Blood Cells <3,000 8 (2%)

  Hemoglobin <10g/dl 18 (5%)

Musculoskeletal - any of the following 19 (5%)

  Bone, Back, or Neck Pain 15 (4%)

  Unusual Muscular Weakness 6 (2%)

Systemic - any of the following 11 (3%)

  Fever >100°F 9 (3%)

  Malaise 5 (1%)

Gastrointestinal - any of the following 15 (4%)

  Nausea 1 (<1%)

  Vomiting or Diarrhea 5 (1%)

  Inadequate Food/Fluid Intake 11 (3%)

  Fecal or Urinary incontinence 4 (1%)

Cardiovascular - any of the following 81 (23%)

  Chest Pain 3 (1%)

  Pulse >100 or <50 beats.min−1 6 (2%)

  SBP >145 or <85 mmHg or DBP>95 mmHga 50 (14%)

  Irregular Pulse 5 (1%)

  Ankle Edema 25 (7%)

Cardiovascular Disease History - any of the following 43 (12%)

  Ventricular Ectopy 5 (1%)

  Myopericarditis 0 (0%)

  Cardiomyopathy 0 (0%)

  Congestive Heart Failure 11 (3%)

  Aortic Stenosis 7 (2%)

  Heart Attack 12 (3%)

  Cardiac Catheterization 3 (1%)

  Coronary Angioplasty 24 (7%)

  Heart Valve Disease 9 (3%)

Pulmonary - any of the following 39 (11%)

  Dyspnea 3 (1%)

  Coughing or Wheezing 14 (4%)

  Chest Pain with Deep Breath 3 (1%)

  Asthma or Bronchospasm 22 (6%)

Neurologic - any of the following 3 (1%)

  Blurred Vision 1 (<1%)

Med Sci Sports Exerc. Author manuscript; available in PMC 2015 April 08.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Brown and Schmitz Page 16

Health Related Factor n (%)

  Neuropathy 2 (<1%)

  Concussion 0 (0%)

Comorbidities - any of the following 243 (69%)

  Hypertension 152 (43%)

  Heart Murmur 5 (1%)

  Unspecified Cardiac Disease 5 (1%)

  Diabetes 51 (15%)

  Arthritis 13 (4%)

  Osteoporosis 18 (5%)

  COPD 17 (5%)

  Depression 22 (6%)

  Obesity 22 (6%)

  Hernia 35 (10%)

  Kidney Disease 8 (2%)

  Hyperlipidemia 133 (38%)

  Hyperthyroidism 4 (1%)

  Liver Disease 9 (3%)

  HIV/AIDS 1 (<1%)

Implanted Medical Devices - any of the following 26 (7%)

  Ostomy/Stoma 19 (5%)

  Cardiac Pacemaker 7 (2%)

a
SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure
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Table 3

Association between demographic and clinical variables and need to refer to trained personnel for an 

individualized exercise program, or supervision of exercise

Variable Univariable OR (95% CI)a P Multivariable OR (95% CI)a P

Age

  Quintile 1 – 45±6 yr. 1.00 1.00

  Quintile 2 – 56±3 yr. 2.16 (1.10–4.25) 0.026 1.84 (0.85–3.99) 0.124

  Quintile 3 – 66±3 yr. 3.12 (1.51–6.43) 0.002 2.96 (1.29–6.77) 0.010

  Quintile 4 – 80±6 yr. 3.64 (1.70–7.78) 0.001 2.79 (1.11–7.02) 0.029

Sex

  Male 1.00 1.00

  Female 0.97 (0.58–1.61) 0.904 1.11 (0.61–2.04) 0.726

Race

  White 1.00 1.00

  Black 1.22 (0.59–2.50) 0.594 0.99 (0.43–2.27) 0.974

  Other 0.49 (0.24–0.98) 0.044 0.45 (0.20–1.01) 0.053

Tobacco Use

  Never 1.00 1.00

  Former 1.87 (1.01–3.46) 0.046 1.12 (0.56–2.25) 0.740

  Current 0.79 (0.41–1.51) 0.471 0.50 (0.23–1.08) 0.077

Type of Cancer

  Colon 1.00 1.00

  Rectal 1.04 (0.61–1.77) 0.879 0.82 (0.33–2.02) 0.660

Stage

  I 1.00 1.00

  II 1.52 (0.73–3.20) 0.265 0.92 (0.39–2.21) 0.853

  III 1.12 (0.63–2.10) 0.692 0.77 (0.31–1.91) 0.569

Chemotherapy

  No 1.00 1.00

  Yes 1.04 (0.62–1.74) 0.874 1.57 (0.60–4.12) 0.362

Radiation

  No 1.00 1.00

  Yes 1.23 (0.67–2.24) 0.506 1.56 (0.51–4.82) 0.437

Charlson Comorbidity Index

  0 1.00 1.00

  1 4.94 (1.71–14.27) 0.003 4.27 (1.38–13.20) 0.012

  ≥2 34.10 (4.65–250.19) 0.001 32.14 (4.26–242.28) 0.001

a
Odds Ratio (OR) from Logistic Regression and 95% Confidence Interval (95% CI).
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