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Abstract

Physical activity (PA) is a known behavior to reduce cancer risk and improve cancer survi-

vorship, yet adherence to PA guidelines is poor among the general population and cancer

survivors. The purpose of this study was to determine the extent to which patients referred

for exercise consultation within a clinical cancer prevention setting were meeting aerobic

and resistance physical activity (PA) guidelines and to identify factors associated with guide-

line adherence. Between 2013 and 2015, cancer prevention patients and cancer survivors

were interviewed by an exercise physiologist within an Integrative Health Program at The

University of Texas MD Anderson Cancer Prevention Center. PA adherence was defined as

at least 150-minutes of moderate-intensity or 75-minutes of vigorous-intensity PA per week,

along with resistance training at least 2 days per week. Logistic regression was used to

determine factors associated with meeting or not meeting PA guidelines for aerobic exer-

cise, resistance exercise, and aerobic and resistance exercise combined. Among 1,024

cancer prevention patients and survivors, 9% of patients adhered to guideline-based PA.

Adherence to aerobic and resistance guidelines were 20% and 12%, respectively. Over-

weight or obesity was associated with not meeting guideline-based PA in both cancer pre-

vention patients and cancer survivors. Among breast cancer survivors, combination

treatment with surgery, radiation, and chemotherapy (‘multimodal therapy’) was robustly

associated with not meeting aerobic guidelines (OR 2.20, 95% CI: 1.17 to 4.16). BMI and

breast cancer treatment history are key determinants of PA behavior among cancer preven-

tion patients and survivors. Poor adherence to PA guidelines is a key issue for cancer pre-

vention patients and survivors, particularly obese patients and women who receive

multimodal therapy for breast cancer. Identifying and connecting patients at highest risk of
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poor PA adherence with exercise programs is needed to improve PA, a key modifiable can-

cer risk factor.

Introduction

Physical activity is a known behavior to reduce cancer risk [1–8]. Moreover, among cancer

survivors, engaging in physical activity is associated not only with improvements in survival

[9–12], but also with improvements in quality of life [13, 14], body image, emotional well-

being, sleep, sexuality [14], muscular strength and cardiorespiratory fitness [13], and reduc-

tions in fatigue [13, 14], depression [13], and pain [14]. Among the lifestyle guidelines linked

with cancer prevention (i.e. physical activity, diet, weight management), adherence to physical

activity guidelines has exhibited the strongest association with lower mortality rates in cancer

survivors [10, 15]. As such, national guidelines are in place and promote 150 minutes of mod-

erate-intensity or 75 minutes of vigorous-intensity physical activity per week, along with resis-

tance training 2–3 days per week [16].

Significant reductions in cancer risk and improved survival has been demonstrated among

those who adhere to the physical activity guidelines [17–19]. For example, a prospective study

conducted in nearly 500,000 men and women in the United States observed a significant

inverse association (p<0.05) between adherence to aerobic physical activity guidelines and

both cancer incidence and cancer-specific mortality [18]. In addition, in a retrospective cohort

based on the National Institute of Health AARP Diet and Health Study, conducted among

215,122 men and women, participation in resistance training was significantly associated with

a lower risk of colon cancer (p-trend = 0.003) and trend towards lower risk of kidney cancer

(p-trend = 0.06) [20]. Further, a retrospective study based on the National Health Interview

Survey, conducted among nearly 14,000 cancer survivors at least three-years post-treatment,

observed that adherence to both aerobic and resistance physical activity guidelines was associ-

ated with a 48%, 46%, and 40% reduction in cancer-specific, cardiovascular disease-specific,

and all-cause mortality, respectively [19]. This work supports the importance of promoting

physical activity in both cancer prevention and survivorship.

Unfortunately, population-based studies have shown that adherence to the physical activity

guidelines is generally poor in both the general population and cancer survivors. According to

surveillance data from the Centers for Disease Control and Prevention, approximately 20% of

US adults are meeting both aerobic and resistance physical activity guidelines [4]. Among can-

cer survivors, 9–20% meet both aerobic and resistance physical activity guidelines [19, 21–26],

with 22–44% only meeting aerobic guidelines [24, 25] and about 10–34% only meeting resis-

tance guidelines [24, 25, 27, 28]. Evidence suggests that physical activity counseling from a

health care provider improves physical activity behaviors, both among cancer survivors [29–

31] and the general population [31]. However, initial factors that associate poor adherence to

guideline-based physical activity before counseling is not well understood, though of key

importance when developing and promoting initiatives to help patients reach

recommendations.

At the University of Texas MD Anderson Cancer Prevention Center, patients with and

without a history of cancer are seen for preventive services. The primary aim of the present

investigation was to determine the extent to which cancer prevention patients and survivors

seen in this setting were meeting aerobic physical activity guidelines, resistance physical activ-

ity guidelines, and the combination of aerobic and resistance physical activity guidelines. Our

secondary aim was to identify clinical factors independently of physical activity guideline

adherence among cancer survivors.

Factors associated with exercise behavior among cancer prevention patients and survivors
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Methods

Design, patient population, and exercise counseling

A retrospective chart review was conducted from patients that were referred for consultation

from an exercise physiologist between 2013 and 2015 in the Cancer Prevention Center at MD

Anderson Cancer Center. The protocol and waiver of informed consent was approved by The

University of Texas MD Anderson Cancer Center Institutional Review Board.

The patient population seen at MD Anderson’s Cancer Prevention Center (CPC) consists of

patients of average to high risk for cancer (cancer prevention patients) and cancer survivors

who have completed treatment. Cancer prevention patients of average risk may be representa-

tive of the general population, whereas higher risk prevention patients are unique to this setting.

The CPC offers a range of services to help patients (prevention patients and survivors) learn

how to reduce cancer risk or to detect cancer early. The CPC implemented an integrative

health program that assists patients in adopting healthy lifestyle behaviors to prevent cancer

occurrence or recurrence. Included in this program is the opportunity for in-depth one-on-

one exercise counseling with a clinical exercise physiologist. When patients arrive for their

clinic appointment, they are asked if they would like the opportunity to meet with a clinical

exercise physiologist for exercise counseling. Additionally, patients can be referred to the exer-

cise physiologist for exercise counseling by their provider if the need or interest for exercise

counseling is identified by the patient or provider. Providers in the CPC consist of internists/

family physicians, medical oncologists, and advance nurse practitioners.

Within the exercise counseling sessions, our clinical exercise physiologists work with our

patients to identify their personal goals related to increasing physical activity behavior and

strategize a personalized exercise plan to help them achieve their goals. The degree of follow-

up and mode of follow-up (e.g.- phone call or face-to-face appointment) is individualized

based on patient preference. Data regarding adherence to both aerobic and resistance guide-

lines are collected during these counseling sessions (please see assessment of adherence to

physical activity guidelines section for details).

Between 2013 and 2015, a total of 10,000 patients were seen by the integrative health pro-

gram. During this time exercise physiologist interviewed a total of 1,126 patients. We limited

the analysis to patient charts including information on aerobic activity and resistance training

(n = 1,035). We then eliminated patients with a BMI < 18.5 kg/m2 (n = 4) and patients with an

undetermined race/ethnicity (n = 7) due to inadequate sample size in these cells for analyses.

Therefore, a total of 1,024 cancer prevention patients and cancer survivors were included in

this investigation.

Patient demographics and clinical factors

Information regarding the following demographic and clinical factors was collected from the

medical record: age, sex, race/ethnicity, body mass index (BMI), smoking history, cancer his-

tory, diabetes status and menopause status. For the sample of cancer survivors, time since diag-

nosis and cancer therapy history (i.e. history of chemotherapy, anthracycline therapy,

radiation therapy, radiation side, surgery, surgery type) were also collected. Multimodal ther-

apy was defined as patients undergoing all three types of therapy (chemotherapy, radiation,

surgery) as part of their treatment plan.

Assessment of adherence to physical activity guidelines

Current self-reported physical activity levels and adherence to the physical activity guidelines

were determined during the exercise physiologist consultation. Patients were asked the

Factors associated with exercise behavior among cancer prevention patients and survivors
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following questions within a conversation pertaining to their exercise behavior: how many

days per week do you perform moderate exercise; on average, how long do you perform these

exercises; how many days per week do you perform vigorous exercises; on average, how long

do you perform these exercises; how many days per week do you practice muscle strengthen-

ing exercises; on average, how long do you perform these exercises; what is the mode of activity

you typically engage in; what are the exercise resources available to you (i.e. gym, fitness clas-

ses, exercise videos). Patients were also provided information defining what is considered

moderate intensity and vigorous intensity aerobic activity, and resistance training. Patients

were considered adherent to the aerobic physical activity guidelines if they reported participat-

ing in at least 150 minutes of moderate intensity aerobic activity per week, or at least 75 min-

utes of vigorous intensity aerobic activity per week, or a combination of both. Patients were

considered adherent to the resistance training guidelines if they reported participating in at

least two days of resistance training per week that worked all major muscle groups. Patients

were considered adherent to both aerobic and resistance training guidelines if they reported

participating in the aforementioned amount of weekly aerobic and resistance training activity.

Statistical methods

The variables pertaining to meeting aerobic, resistance, and the combination of aerobic and

resistance guidelines were dichotomized as “meeting” or “not meeting” the guidelines. Fre-

quencies and descriptive statistics were used to determine patient characteristics and the extent

of which patients were adherent to aerobic, resistance, and the combination of aerobic and

resistance guidelines. Chi-square tests were used to examine if there was a significant associa-

tion between adherence to aerobic guidelines, resistance guidelines, and the combination of

aerobic and resistance guidelines, by demographic and clinical factors among the total sample

(n = 1,024) and by treatment exposure among female breast cancer survivors (n = 346). For

the cancer survivor analyses, female breast cancer was the cancer type used in the analysis due

to the small sample size and heterogeneity of cancer types other than female breast cancer. The

other most common types of cancer (>1%) seen in the Cancer Prevention Center included:

skin cancers other than melanoma (7%, n = 36), thyroid cancer (6%, n = 30), melanoma (3%,

n = 15), colon cancer (2%, n = 12), and endometrial cancer (2%, n = 9).

Univariate logistic regression modeling was performed to determine the relative odds of

not meeting aerobic physical activity guidelines (yes/no) based on individual baseline demo-

graphics and clinical factors for the overall CPC population (n = 1,024) and breast cancer sur-

vivors (n = 346). Similar modeling was performed for not meeting resistance guidelines only

(yes/no) and not meeting both aerobic and resistance physical activity guidelines (yes/no).

Multivariable models adjusted for age, BMI, race/ethnicity, insurance status, smoking history,

and diabetes status. Additional adjustments were made for menopause status and multimodal

breast cancer therapy for breast cancer specific models. All data were analyzed with SPSS sta-

tistical software package, version 23 (Chicago, IL).

Results

Cancer prevention patients and survivors referred to an exercise

physiologist

Demographic and clinical factors. Of the 1,024 patients included in the present study,

97% (n = 989) were women and 3% (n = 35) were men. The mean age of participants was 57

±10 years old. Sixty-two percent (63%) were Caucasian (n = 642), 21% were African-American

(n = 217), 12% were Hispanic (n = 125), and 4% were Asian (n = 40). The mean BMI was 33.4

Factors associated with exercise behavior among cancer prevention patients and survivors
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±7.1 kg/m2. A total of 9% of patients were normal weight (BMI 18.5–24.9 kg/m2, n = 94), 24%

were overweight (BMI 25–29.9 kg/m2, n = 245), and 67% were obese (BMI�30 kg/m2,

n = 685). A total of 76% (n = 778) of patients were never smokers, and 21% and 3% were for-

mer (n = 215) or current (n = 31) smokers respectively. A total of 83% did not have a history of

diabetes (n = 852), while 3% had pre-diabetes (n = 29), and 14% had diabetes (n = 143).

Finally, among women, 18% were pre-menopausal (n = 179), 2% were peri-menopausal

(n = 22), and 80% were post-menopausal (n = 788). Fifty percent of patients (n = 513) were

cancer prevention patients and 50% were cancer survivors (n = 511).

Among breast cancer survivors, mean age and BMI of participants was 61±10 years old and

32±7 kg/m2. A total of 15% of patients were normal weight (BMI 18.5–24.9 kg/m2, n = 53),

25% were overweight (BMI 25–29.9 kg/m2, n = 85), and 60% were obese (BMI�30 kg/m2,

n = 208). A total of 10% were pre-menopausal (n = 35), 2% were peri-menopausal (n = 7), and

88% were post-menopausal (n = 304). Sixty percent (60%) were Caucasian (n = 207), 20%

were African-American (n = 70), 15% were Hispanic (n = 51), and 5% were Asian (n = 18). A

total of 75% (n = 260) of patients were never smokers, 23% (m = 78) were former smokers and

2% (n = 8) were current smokers. A total of 82% did not have a history of diabetes (n = 285),

while 3% had pre-diabetes (n = 9), and 15% had diabetes (n = 52).

Adherence to physical activity guidelines by demographic and clinical factors. Among

our cohort 20% met aerobic physical activity guidelines. Men were more likely to meet aerobic

guidelines compared to women (34% compared to 20%, p = 0.03) (Table 1). Individuals with a

weight classification of obesity were less likely to meet aerobic physical activity guidelines com-

pared to overweight or normal weight individuals (16% compared to 26% and 35%, respectively,

p<0.001). Individuals with a cancer history were more likely to meet aerobic physical activity

guidelines compared to patients with no cancer history (23% compared to 17%, p = 0.02). Uni-

variate associations were not observed for age (p = 0.07), race/ethnicity (p = 0.10), smoking his-

tory (p = 0.82), history of diabetes (p = 0.06), or menopausal status (p = 0.61). Regarding

resistance guidelines, 12% of cancer prevention patients and survivors met recommended

guidelines. Both BMI (p<0.001) and cancer history (p = 0.04) were associated with adherence

to resistance guidelines, where individuals with normal BMI or cancer survivors were more

likely to meet guidelines. Moreover, a significant association was also observed for age, such

that middle-aged (45–64 years old) individuals were more likely to meet resistance physical

activity guidelines (p = 0.01). No other univariate associations were observed regarding adher-

ence to resistance guidelines (p>0.05).

Overall, 9% of cancer prevention patients and survivors met both aerobic and resistance

physical activity guidelines. Only 6% of obese individuals met both guidelines, whereas 12% of

overweight and 17% of normal weight met both guidelines, respectively (p<0.001). Among

women, a significant association was observed for menopausal status, where peri-menopausal

women were most-likely to meet both guidelines (22.7%) followed by pre-menopausal (9.5%)

then post-menopausal women (7.7%) (p = 0.04). No other significant associations were

observed (p>0.05 for all) (Fig 1).

Female breast cancer survivors

The mean time from diagnosis to physical activity assessment was 9.1 years (95% confidence

interval [CI] 8.5–9.7). Among female breast cancer survivors, there was no association between

meeting aerobic physical activity guidelines and time since cancer diagnosis (p = 0.53), history

of chemotherapy (p = 0.19), anthracycline therapy (p = 0.61), or surgery (p = 0.13). Univari-

able associations were observed for radiation therapy, such that women who did not undergo

radiation therapy were more likely to meet aerobic activity guidelines (31%) compared to

Factors associated with exercise behavior among cancer prevention patients and survivors
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Table 1. Adherence to physical activity guidelines by demographic and clinical factors.

Variable Aerobic Guidelines Resistance Guidelines Aerobic & Resistance Guidelines

Met Not Met p-level Met Not Met p-level Met Not Met p-level

Age

(years)

< 45 Count 14 102 0.07 6 110 0.01 4 112 0.07

(n = 116) % 12.1% 87.9% 5.2% 94.8% 3.4% 96.6%

45–54 Count 56 204 41 219 29 231

(n = 260) % 21.5% 78.5% 15.8% 84.2% 11.2% 88.8%

55–64 Count 92 308 57 343 40 360

(n = 400) % 23.0% 77.0% 14.3% 85.8% 10.0% 90.0%

65–74 Count 39 169 21 187 14 194

(n = 208) % 18.8% 81.3% 10% 90% 6.7% 93.3%

� 75 Count 5 35 2 38 2 38

(n = 40) % 12.5% 87.5% 5.0% 95.0% 5.0% 95.0%

Sex Female Count 194 795 0.03 119 870 0.06 83 906 0.07

(n = 989) % 19.6% 80.4% 12.0% 88.0% 8.4% 91.6%

Male Count 12 23 8 27 6 29

(n = 35) % 34.3% 65.7% 22.9% 77.1% 17.1% 82.9%

Race/

Ethnicity

White (non-Hispanic) Count 142 500 0.10 89 553 0.12 64 578 0.29

(n = 642) % 22.1% 77.9% 13.9% 86.1% 10.0% 90.0%

Asian Count 10 30 7 33 3 37

(n = 40) % 25.0% 75.0% 17.5% 82.5% 7.5% 92.5%

African American Count 35 182 19 198 13 204

(n = 217) % 16.1% 83.9% 8.8% 91.2% 6.0% 94.0%

Hispanic

or

Latino

Count 19 106 12 113 9 116

(n = 125) % 15.2% 84.8% 9.6% 90.4% 7.2% 92.8%

BMI

(kg/m2)

18.5–24.99 Count 33 61 <0.001 21 73 <0.001 16 78 <0.001

(n = 94) % 35.1% 64.9% 22.3% 77.7% 17.0% 83.0%

25–29.99 Count 63 182 41 204 30 215

(n = 245) % 25.7% 74.3% 16.7% 83.3% 12.2% 87.8%

� 30 Count 110 575 65 620 43 642

(n = 685) % 16.1% 83.9% 9.5% 90.5% 6.3% 93.7%

Smoking History Never Count 159 619 0.82 89 689 0.23 65 713 0.79

(n = 778) % 20.4% 79.6% 11.4% 88.6% 8.4% 91.6%

Former Count 42 173 34 181 21 194

(n = 215) % 19.5% 80.5% 15.8% 84.2% 9.8% 90.2%

Current Count 5 26 4 27 3 28

(n = 31) % 16.1% 83.9% 12.9% 87.1% 9.7% 90.3%

Cancer History No Count 88 425 0.02 53 460 0.04 36 477 0.06

(n = 513) % 17.2% 82.8% 10.3% 89.7% 7.0% 93.0%

Yes Count 118 393 74 437 53 458

(n = 511) % 23.1% 76.9% 14.5% 85.5% 10.4% 89.6%

Diabetes No Count 183 671 0.06 113 741 0.19 82 772 0.07

(n = 854) % 21.4% 78.6% 13.2% 86.8% 9.6% 90.4%

Pre-diabetes Count 4 23 2 25 1 26

(n = 27) % 14.8% 85.2% 7.4% 92.6% 3.7% 96.3%

Yes Count 19 124 12 131 6 137

(n = 143) % 13.3% 86.7% 8.4% 91.6% 4.2% 95.8%

(Continued)
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women who did have radiation therapy (20%, p = 0.02). Additionally, women who had a mas-

tectomy were more likely to meet aerobic activity guidelines compared to women who have

had lumpectomy, 32% compared to 20% respectively (p = 0.01). Associations between all other

variables in relation to resistance training guidelines alone and both aerobic and resistance

guidelines are seen in Table 2.

In multivariable models, obese breast cancer survivors were at 2-fold higher odds (Odds

Ratio [OR] 2.07, 95% CI: 1.0, 4.33) of not meeting aerobic physical activity guidelines com-

pared to overweight or normal weight survivors. Moreover, breast cancer survivors who

underwent multimodal therapy (surgery, chemotherapy, and radiation) were also at 2-fold

higher odds of not meeting aerobic physical activity guidelines (OR 2.20, 95%CI: 1.17, 4.16).

Table 1. (Continued)

Variable Aerobic Guidelines Resistance Guidelines Aerobic & Resistance Guidelines

Met Not Met p-level Met Not Met p-level Met Not Met p-level

Menopause (n = 989) Pre-menopausal Count 33 146 0.61 21 158 0.08 17 162 0.04

(n = 179) % 18.4% 81.6% 11.7% 88.3% 9.5% 90.5%

Peri-menopausal Count 6 16 6 16 5 17

(n = 22) % 27.3% 72.7% 27.3% 72.7% 22.7% 77.3%

Post-menopausal Count 155 633 92 696 61 727

(n = 788) % 19.7% 80.3% 11.7% 88.3% 7.7% 92.3%

https://doi.org/10.1371/journal.pone.0220814.t001

Fig 1. Percentage of patients meeting physical activity guidelines.

https://doi.org/10.1371/journal.pone.0220814.g001

Factors associated with exercise behavior among cancer prevention patients and survivors

PLOS ONE | https://doi.org/10.1371/journal.pone.0220814 August 1, 2019 7 / 14

https://doi.org/10.1371/journal.pone.0220814.t001
https://doi.org/10.1371/journal.pone.0220814.g001
https://doi.org/10.1371/journal.pone.0220814


No other independent associations were demonstrated in models for aerobic physical activity

guidelines. Regarding resistance training guidelines, breast cancer survivors with diabetes

exhibited nearly 8-fold higher odds of not meeting resistance guidelines (OR 7.95, 95%CI:

1.05, 60.46); the wide confidence interval reflects a low number of women representing this

category. No other independent associations were observed in models related to meeting the

combination of aerobic and resistance training guidelines (Table 3).

Discussion

In the current study, we found that only 9% of cancer prevention patients and survivors

referred to an exercise physiologist for consultation adhered to both aerobic and resistance

physical activity guidelines. We observed that being overweight or obese was associated with

whether patients were meeting guideline-based physical activity among both prevention

patients and breast cancer survivors. Moreover, we observed that adjuvant therapy consisting

of a combination of surgery, radiotherapy, and chemotherapy (i.e. multimodal therapy) was

independently associated with poor adherence to physical activity guidelines among breast

cancer survivors.

Table 2. Adherence to physical activity guidelines by treatment exposure among female breast cancer survivors.

Variable Aerobic Guidelines Resistance Guidelines Aerobic & Resistance

Guidelines

Meeting Not Meeting p-level Meeting Not Meeting p-level Meeting Not Meeting p-level

Time Since Cancer Diagnosis (n = 346) � 3 years Count 12 45 0.53 8 49 0.98 6 51 0.90

(n = 57) % 21.1% 78.9% 14.0% 86.0% 10.5% 89.5%

> 3 years Count 72 217 41 248 32 257

(n = 289) % 24.9% 75.1% 14.2% 85.8% 11.1% 88.9%

Chemotherapy (n = 346) No Count 52 141 0.19 29 164 0.60 24 169 0.33

(n = 193) % 26.9% 73.1% 15.0% 85.0% 12.4% 87.6%

Yes Count 32 121 20 133 14 139

(n = 153) % 20.9% 79.1% 13.1% 86.9% 9.2% 90.8%

Anthracycline Therapy (n = 153) No Count 2 5 0.61 2 5 0.21 1 6 0.63

(n = 7) % 28.6% 71.4% 28.6% 71.4% 14.3% 85.7%

Yes Count 30 116 18 128 13 133

(n = 146) % 20.5% 79.5% 12.3% 87.7% 8.9% 91.1%

Radiation Therapy (n = 346) No Count 42 94 0.02 20 116 0.82 17 119 0.47

(n = 136) % 30.9% 69.1% 14.7% 85.3% 12.5% 87.5%

Yes Count 42 168 29 181 21 189

(n = 210) % 20.0% 80.0% 13.8% 86.2% 10.0% 90.0%

Radiation Side (n = 210) Left Count 22 88 1.00 14 96 0.63 8 102 0.17

(n = 110) % 20.0% 80.0% 12.7% 87.3% 7.3% 92.7%

Right Count 20 80 15 85 13 87

(n = 100) % 20.0% 80.0% 15.0% 85.0% 13.0% 87.0%

Surgery (n = 346) No Count 0 7 0.13 0 7 0.28 0 7 0.35

(n = 7) % 0.0% 100.0% 0.0% 100.0% 0.0% 100.0%

Yes Count 84 255 49 290 38 301

(n = 339) % 24.8% 75.2% 14.5% 85.5% 11.2% 88.8%

Surgery Type (n = 339) Mastectomy Count 46 100 0.01 27 119 0.07 23 123 0.02

(n = 146) % 31.5% 68.5% 18.5% 81.5% 15.8% 84.2%

Lumpectomy Count 38 155 22 171 15 178

(n = 193) % 19.7% 80.3% 11.4% 88.6% 7.8% 92.2%

https://doi.org/10.1371/journal.pone.0220814.t002
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Our finding of low adherence to physical activity guidelines among cancer prevention

patients and survivors is consistent with surveillance data from the Behavioral Risk Factor Sur-

veillance System (BRFSS), National Health Interview Survey (NHIS), National Health and

Nutrition Survey (NHANES), and the Surveillance, Epidemiology, and End Results Program

(SEER) [4, 32, 33]. In aggregate, these data speak to the overwhelming need to provide system-

atic screening and interventions for patients with the goal of increasing physical activity, a key

risk factor of cancer occurrence and recurrence. Refinement of health care delivery and reim-

bursement models are needed to encourage providers and health care systems across all clini-

cal care settings to develop programs centered around physical activity screening and

engagement.

Our role in the integrative health program within the Cancer Prevention Center at MD

Anderson is to provide these types of services to patients in order to increase physical activity.

We have done this by developing an algorithm that is integrated within our clinical workflow.

Access to our algorithm is publicly available here: https://www.mdanderson.org/for-

physicians/clinical-tools-resources/clinical-practice-algorithms.html.

Essentially, qualified clinical personnel assess the patient’s current level of activity by asking

the patient about his/her exercise frequency, intensity (assessed via rating of perceived exertion

of self-evaluation of exercise tolerance), duration, ad type of exercise engaged in. If the

patient’s self-reported physical activity behavior meets the ACSM physical activity guidelines,

then the patient is asked whether he/she is interested in increasing activity. If the patient is not,

then positive reinforcement and encouragement to continue meeting guidelines is provided. If

Table 3. Factors associated with non-adherence to activity guideline in female BC survivors (n = 346).

Variable Cases Aerobic Guidelines Resistance Guidelines Aerobic & Resistance

OR 95%CI p-level OR 95%CI p-level OR 95%CI p-level

BMI 18.5–24.99 kg/m2 53 1.0 reference 1.0 reference 1.0 reference

25–29.99 kg/m2 85 1.656 .755 3.633 .094 1.521 .615 3.763 .364 1.741 .648 4.676 .271

� 30 kg/m2 208 2.077 .996 4.334 .019 1.889 .802 4.451 .146 2.389 .927 6.156 .071

Race/

Ethnicity

White (non-Hispanic) 207 1.0 reference 1.0 reference 1.0 reference

Asian 18 .919 .300 2.817 .883 .723 .216 2.418 .598 1.321 .305 5.726 .710

African American 70 1.769 .807 3.880 .155 1.824 .630 5.283 .268 1.739 .526 5.754 .365

Hispanic or Latino 51 1.501 .647 3.484 .344 1.373 .472 3.995 .561 1.305 .399 4.273 .660

Insurance Status Self-Pay 11 1.0 reference 1.0 reference 1.0 reference

Medicare or Medicaid 114 .650 .110 3.829 .634 .761 .075 7.755 .817 .910 .083 9.912 .938

Private Insurance 185 .662 .123 3.560 .630 .524 .058 4.747 .565 .738 .078 6.992 .791

Not Reported 36 .523 .084 3.238 .486 .601 .055 6.518 .675 .577 .051 6.544 .657

Smoking History Never Use 260 1.0 reference 1.0 reference 1.0 reference

Ever Use 86 1.240 .662 2.325 .502 1.166 .545 2.492 .692 2.081 .805 5.379 .131

Diabetes No 285 1.0 reference 1.0 reference 1.0 reference

Pre-diabetes 9 3.218 .367 28.196 .291 � � � � � � � �

Yes 52 1.796 .741 4.352 .195 7.951 1.046 60.458 .045 6.381 0.824 49.403 .076

Menopause Pre-menopausal 35 1.0 reference 1.0 reference 1.0 reference

Peri-menopausal 7 .873 .109 6.978 .898 1.701 .133 21.727 .683 1.222 .091 16.310 .880

Post-menopausal 304 1.004 .368 2.738 .994 1.490 .444 4.998 .519 2.017 .537 7.581 .299

Multimodal Therapy No 237 1.0 reference 1.0 reference 1.0 reference

Yes 109 2.204 1.167 4.161 .015 1.169 .562 2.430 .676 1.554 .648 3.723 .323

Adjusted for age, BMI, race/ethnicity, insurance status, cancer history, smoking history, diabetes, heart condition, chemotherapy, radiation, and surgery history� Not

enough cases meeting guidelines to determine OR.

https://doi.org/10.1371/journal.pone.0220814.t003
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the patient is interested in increasing activity, then the patient is assessed for pre-defined (per

developed algorithm) conditions that may require clearance from a medical provider. If the

patient does not require medical clearance, then he/she may be referred to a clinical exercise

physiologist for exercise counseling. If the patient does require medical clearance, then the

patient is provided with a physical activity clearance form to be completed by her provider.

Alternatively, if the patient’s self-reported physical activity behavior is not meeting ACSM

physical activity guidelines, then the patient is asked whether he/she is interested in starting or

increasing activity. If the patient is not, then review of activity guidelines and motivational

interviewing to encourage physical activity and limit sedentary time is provided. Additionally,

an explanation of physical activity benefits for cancer prevention and a handout related to tips

to getting fit is provided. Reassessment of physical activity will then occur at the next clinic

visit. However, if the patient is interested in starting or increasing physical activity, then the

he/she will be assessed for pre-defined conditions that may require medical clearance as

described above, and this pathway in the algorithm will be followed.

Our secondary aim was to identify clinical factors associated with poor adherence to physi-

cal activity guidelines. We observed significant inverse associations between BMI and adher-

ence to physical activity guidelines for both cancer prevention patients and breast cancer

survivors. This result was largely expected, given obesity and physical inactivity are interrelated

(e.g. physical inactivity may lead to weight gain, weight gain may lead to further physical inac-

tivity, etc.). Unfortunately, obesity is an epidemic in the US population and is considered a key

risk factor for 13 different types of cancer, in addition to physical inactivity [12, 34]. To this

end, lifestyle programs aimed at increasing physical activity as part of weight loss efforts should

be considered for both cancer prevention patients and breast cancer survivors, when

appropriate.

In the current study, we found that attention to prior treatment exposures may be a way to

identify breast cancer survivors who are least likely to adhere to physical activity guidelines.

While breast cancer survivors who received particular adjuvant therapies (e.g. radiation, lump-

ectomy) were less likely to adhere to guideline-based activity compared to those not receiving

such therapies, only multimodal therapy (surgery, radiation, and chemotherapy) was indepen-

dently associated with poor adherence to physical activity guidelines in the current study. Our

results support other work by our group demonstrating that cardiorespiratory fitness, mea-

sured via exercise treadmill testing, is significantly lower in breast cancer survivors receiving

multimodal therapy compared to those receiving individual therapies alone [35, 36]. In both

studies, physical activity and cardiorespiratory fitness were measured years (> 5 years on aver-

age) after the initial treatment exposure. These data reveal that low levels of physical activity or

fitness are not short-term issues for breast cancer survivors receiving multimodal therapy [35,

36].

Additionally, it may also be postulated that breast cancer survivors with a history of multi-

modal therapy may exhibit lower adherence to physical activity guidelines and lower levels of

cardiorespiratory fitness due to increased cancer-related fatigue secondary to their treatment

history. A recent meta-analysis conducted by van Vulpen and colleagues [37] observed statisti-

cally significant improvements in general fatigue and physical fatigue when physical activity

was conducted during adjuvant therapy among breast cancer survivors. Furthermore, a recent

Cochrane systematic review conducted by Lahart and colleagues [38] observed statistically sig-

nificant but smaller improvements in fatigue when physical activity was conducted post-adju-

vant therapy among breast cancer survivors. Taken together, creating an infrastructure to

promote and deliver exercise programs for breast cancer patients during and after multimodal

therapy is needed.
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Strengths of the current study include a large sample size, consideration of adherence to

aerobic and resistance physical activity guidelines alone and in combination, and assessment

of multimodal therapy in relation to physical activity guideline adherence. Limitations of this

study include self-reported physical activity behavior, inability to examine factors associated

with physical activity adherence in other cancer populations due to small sample sizes, cross-

sectional design of the study, and referral to see an exercise physiologist based on provider rec-

ommendation or patient interest/inquiry. The latter may have selected for more motivated

patients since some patients inquired for a referral, though our physical activity adherence per-

centages were in line with population-based studies. We consider the fact that our study

included one-on-one counseling with a clinical exercise physiologist as both a strength and a

limitation of this study. While the expertise of an exercise physiologist is certainly a benefit to

our patients and to the assessment of guideline adherence, this is also a limitation as not many

cancer centers provide this service and so the generalizability of our model at this time may be

limited. Future research should consider targeting men and normal weight cancer prevention

patients and survivors in similar analyses, assessment of objectively measured aerobic and

resistance activity, assessment of other cancer types in relation to physical activity guideline

adherence, and dissemination and implementation research aimed at utilizing the identified

factors associated with non-adherence to physical activity guidelines to identify the most

appropriate patients in need of physical activity promotion interventions.

Conclusions

Poor adherence to physical activity guidelines among cancer prevention patients and survivors

seen in a clinical cancer prevention center were similar to findings observed from surveillance

and population-based cohort studies. Based on our results, a review of BMI and cancer treat-

ment history, specifically history of multimodal therapy, should be considered in order to

identify individuals at greatest risk for non-adherence to physical activity guidelines. More-

over, a greater focus on integrating physical activity as part of the conversation providers have

with patients, and including activity counseling, promotion programs and resources by trained

professionals into the clinical care setting will be critical in order to improve adherence to

physical activity guidelines at the population level. This change will require engagement with

3rd party payers regarding reimbursement of preventive services in clinical setting as well as

require innovative approaches (i.e. mobile health technology) to systematically reach and pro-

mote physical activity in prevention patients and cancer survivors.
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