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Abstract

Purpose: Physical inactivity and obesity increase risk for breast cancer recurrence and 

cardiovascular death; inflammation is hypothesized to mediate these associations.

Methods: In a 4-arm randomized controlled trial, 318 breast cancer survivors with overweight 

or obesity were randomized to Exercise Alone, Weight Loss Alone, Exercise plus Weight Loss, 

or Control for 12-months. Inflammation outcomes included C-reactive protein (CRP), serum 

amyloid A (SAA), intracellular adhesion molecule-1 (ICAM-1), and vascular adhesion molecule-1 

(VCAM-1).

Results: Compared with Control, Exercise Alone increased ICAM-1 [9.3%; 95% CI: 1.6, 16.9] 

and VCAM-1 [8.6%; 95% CI: 2.6, 14.5], but did not change CRP or SAA. Compared with 

Control, Weight Loss Alone reduced CRP [−35.2%; 95% CI: −49.9, −20.7], and SAA [−25.6%; 

95% CI: −39.8, −11.9], but did not change ICAM-1 or VCAM-1. Compared with Control, 

Exercise plus Weight Loss reduced CRP [−44.1%; 95% CI: −57.1, −31.1] and SAA [−26.6%; 

95% CI: −40.5, −12.6], but did not change ICAM-1 or VCAM-1. Among 194 participants with 
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elevated CRP at baseline (e.g., >3 mg/L), compared to Control, Weight Loss Alone [0.17; 95% CI: 

0.04, 0.30] and Exercise plus Weight Loss [0.31; 95% CI: 0.16, 0.46] increased the probability of 

achieving normal CRP at month 12. In analyses that consolidated randomized groups, body weight 

and adiposity reductions, but not change in fitness level, correlated with decreased CRP, SAA, and 

ICAM-1 levels.

Conclusions: In breast cancer survivors with overweight or obesity, weight loss or exercise plus 

weight loss reduced measures of inflammation that are associated with breast cancer recurrence 

and cardiovascular death.
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INTRODUCTION

Breast cancer survivors comprise more than 50% of the 8.8 million female cancer survivors 

in the United States (1). As this population grows, there will be a significant number 

of women that have a breast cancer recurrence, with the risk of recurrence at 10–52% 

depending on tumor subtype and cancer stage (2). Additionally, breast cancer patients have 

an elevated risk of mortality from cardiovascular diseases (CVDs) compared to the general 

population; the most common non-cancer cause of death after a breast cancer diagnosis is 

heart disease (3, 4).

Obesity and physical inactivity are risk factors for breast cancer recurrence and CVD (5, 

6). One common pathologic feature of obesity and physical inactivity is inflammation 

(7, 8). Systemic inflammation is also associated with cancer recurrence and CVD (8, 9). 

Given that breast cancer survivors with excess body weight are at elevated risk of breast 

cancer recurrence and CVD, we investigated the role of exercise training, weight loss, 

and a combination of the two energetic interventions on biomarkers of inflammation in 

a secondary analysis of the one-year long Women in Steady Exercise Research (WISER) 

Survivor trial (10–12).

Elevated levels of C-reactive protein (CRP) (7, 13, 14), serum amyloid A (SAA) (15–17), 

intracellular adhesion molecular 1 (ICAM1) (18–20), and vascular adhesion molecular 1 

(VCAM1) (21–23) have been associated with obesity, risk of breast cancer, and CVD. 

Therefore, we tested the effects of exercise training, weight loss, and a combination of the 

two energetic interventions on CRP, SAA, ICAM-1, and VCAM-1 in sedentary breast cancer 

survivors with overweight or obesity diagnosed with lymphedema. We hypothesized that 

exercise and weight loss would improve biomarkers of inflammation, and that the combined 

effect of exercise plus weight loss would be larger than exercise alone or weight loss alone.
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METHODS

Design

WISER Survivor was a 4-arm randomized controlled trial completed in May 2016 (Groups: 

Exercise Alone, Weight Loss Alone, Exercise plus Weight Loss, and Control). The study is 

registered at ClinicalTrials.gov as NCT01515124. The study compared the individual and 

combined effects of exercise and weight loss in breast cancer survivors with excess body 

weight and lymphedema. Study design, recruitment, and main results have been described 

in extensive detail elsewhere (10–12, 24). All measurements were acquired at baseline 

and 12 month follow up. The protocol was approved by the University of Pennsylvania 

Institutional Review Board, all participants provided written informed consent, and the study 

was conducted in accordance with the Declaration of Helsinki.

Patients

Eligible participants were breast cancer survivors with a BMI 25–50 kg/m2, age 18–80 years 

old, cancer free, and having completed curative treatment (surgery, chemotherapy, radiation 

therapy) more than 6 months before randomization. They also had breast cancer-related 

lymphedema. Exclusions included use of weight loss medication at the time of enrollment, 

weight loss ≥ 4.5 kg in the previous 12 weeks, engaging in any resistance exercise or ≥3 

bouts of aerobic exercise weekly over the prior 52 weeks, and history of bariatric surgery. 

The primary aim of the study was to evaluate the effects of the interventions on lymphedema 

interlimb volume difference (12). This is a report of a pre-planned secondary analysis.

Exercise Intervention

Participants were asked to engage in two weight training sessions and 180 minutes of 

aerobic exercise per week. Adjustable dumbbells (Powerblock, Inc) were provided for the 

weight training component of the exercise intervention. In weeks 1–6, supervised weekly 

instruction from certified fitness professionals focused on safety and gradual increases of 

the prescribed resistance exercises, and how to safely increase aerobic exercise to 180 

min/wk. From weeks 7–52, participants received monthly supervised sessions, in addition 

to performing two weight training sessions per week at home. Women performed warm-

ups, stretching, and 10 repetitions each of 9 resistance exercises. Detailed exercises, sets, 

repetitions, and progression protocols are available (10). The aerobic exercise prescription 

remained constant with an exercise prescription of 180 min/wk of unsupervised walking at 

moderate intensity. All participants were asked to keep a log of their exercises performed. 

Fitness professionals called participants weekly to provide behavioral counseling and check 

on adherence.

Weight Loss Intervention

During Weeks 1–24, participants consumed foods from NutriSystem® to promote adherence 

to a reduced calorie diet of 1200–1500 kcal/d. Participants also attended weekly group 

meetings where they received behavioral modification instruction from a registered dietitian 

(25). The weight loss goal was 10% of baseline body weight. During Weeks 20–24 

participants transitioned back to consuming regular foods but maintaining the same daily 
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caloric intake target. During Weeks 25–52, participants increased their caloric intake to 

1500–2000 kcal/d with the goal of weight loss maintenance. No instructions to maintain 

a specific percentage of calories from carbohydrates, fats, or protein were given. During 

this period, group meetings were held once per month, with additional weekly individual 

telephone calls with the registered dietitian. Adherence to the dietary intervention was 

recorded by attendance at the in-person sessions. Process measures such as paper or 

electronic food diaries to self-monitor dietary intake were reviewed by dietitians either 

in-person or over the phone (10).

Exercise plus Weight Loss Intervention

Participants in this group started with six weeks of exercise instruction, then started the 

weight loss intervention, both as described above.

Control Group

Participants were asked not to start an exercise or nutrition program while enrolled in the 

study. If questions arose regarding lifestyle modifications, the participant was directed to the 

American Cancer Society website or instructed to speak with their physician.

Biomarker Outcome Variables

Biomarker measures for this study were conducted using EDTA plasma samples prepared 

from fasting blood collections. Plasma was immediately isolated by centrifugation, aliquoted 

and stored at −80°C. Assay technicians were blinded to participants’ study groups. Fasting 

plasma CRP, SAA, ICAM-1, and VCAM-1 levels were determined using a multiplex high-

sensitivity immunoassay (Meso Scale Discovery, catalog #K15198G). Paired participant 

samples were run in adjacent wells of the same plate and loaded onto a total of 19 assay 

plates in numerical order of ID, resulting in each plate containing a randomized number of 

participant samples by group. Intra-plate coefficients of variance (CV) were: CRP (7.6%), 

SAA (9.6%), ICAM-1 (7.2%), and VCAM-1 (7.4%), respectively.

Measurements

Body weight and height were assessed on a calibrated scale and stadiometer, respectively. 

Body composition was measured with total body dual-energy x-ray absorptiometry scans 

(DXA; Hologic Inc) (24). A modified Bruce protocol with 10 lead EKG was conducted 

(26). VO2max (ml/kg/min) was estimated based on the last stage of the modified Bruce 

protocol. Age (years), final stage speed (mph), and maximum recorded heart rate (bpm) 

during the test were utilized in a predictive algorithm: 15.1 + 21.8 (mph) − 0.327 (bpm) − 

0.263 (mph × years) + 0.00504 (bpm × years) (27). Upper body and lower body strength 

were assessed through 1 RM free weight bench press (with bar) and machine leg press 

testing, respectively (10). Demographics and clinical characteristics were documented by a 

combination of self-report, pathology reports, and state cancer registry.

Statistical Analysis

Post hoc power estimates based on the LOOK AHEAD study and HOPE study indicated 

we would have over 90% power to detect a 1.0 ± 2.0 mg/L difference from the control 
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group in CRP at an alpha level of 0.05 (28, 29). Of the 351 women randomized to 

participate, 318 had baseline inflammation measures and were included in the analysis (see 

Supplemental Figure 1, SDC 1). Descriptive statistics are presented as mean ± standard 

deviation or median [interquartile range]. We assessed the main effect of the intervention on 

inflammation markers using a repeated measures analysis of covariance model. Models are 

adjusted for the baseline value of the dependent variable, and randomization stratification 

factors including age, receipt of radiotherapy, number of lymph nodes resected, lymphedema 

severity, and body mass index. Unobserved data were multiply imputed using predictive 

mean matching and analyzed using a repeated measures analysis of covariance model 

(30). A mixed model that assumes data are missing at random did not reach any different 

conclusions (results not shown). P values were not adjusted for multiplicity. In a subgroup 

of participants with elevated CRP level at baseline (> 3mg/L), we quantified the proportion 

who achieved a CRP level ≤3 mg/L at month 12.(31, 32) Unobserved data at month 12 were 

multiply imputed using a parametric logistic regression that was adjusted for randomization 

stratification factors. The relationship between change in hypothesized intervention effect 

mediators and change in log-transformed biomarker levels was assessed with Pearson 

correlation.

RESULTS

Participant characteristics are summarized in Table 1. The study population was 36% Black 

or other minority. There were no significant differences between groups at baseline. Baseline 

distribution of women less than, or, greater than or equal to, 3 mg/L CRP was not different 

between groups. Adherence to aerobic exercise was reported at 142 ± 78 and 154 ± 87 

minutes per week in the Exercise Alone group and Exercise plus Weight Loss group, 

respectively. Attendance at supervised exercise sessions was 84 ± 20% and 85 ± 21% in the 

Exercise Alone group and Exercise plus Weight Loss group, respectively.

Intervention Effects

Table 2 displays the baseline and change values of inflammatory biomarkers. The 

intervention effect relative to the Control group is also presented. There were no differences 

between the groups at baseline. At follow up, CRP and SAA levels in the Weight Loss Alone 

group as well as the Exercise plus Weight Loss group, were significantly lower compared to 

both the Control group and the Exercise Alone group. Relative to the Control group, CRP 

levels in the Weight Loss Alone group (−35.2% [CI −49.9, −20.7]) and Exercise plus Weight 

Loss group (−44.1% [CI −57.1, −31.1]) decreased. SAA levels decreased by a similar 

amount (−25.6% [CI −39.8, −11.9]) in the Weight Loss Alone and Exercise plus Weight 

Loss groups (−26.6% [CI −40.5, −12.6]), compared to the Control group. ICAM-1 (9.3% 

[CI 1.6, 16.9]) and VCAM-1 (8.6% [CI 2.6, 14.5]) levels in the Exercise Alone group were 

significantly higher compared to the Control group following the intervention. No significant 

intervention effects on ICAM-1 or VCAM-1 were observed for the Weight Loss Alone or 

Exercise plus Weight Loss groups.
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Intervention effect mediators

Given the nature of the study design, we also explored hypothesized intervention effect 

mediators. We hypothesized that changes in biomarker levels may be related to changes in 

specific components of body composition. We also hypothesized that changes in biomarker 

levels may be related to changes in components of fitness. We observed significant positive 

correlations between changes in bodyweight and composition with changes in CRP, SAA, 

and ICAM-1 levels (Table 3). While not surprising that a decrease in body weight was 

associated with decreased inflammation, we unexpectedly observed these associations 

independent of any concomitant significant association between change in aerobic fitness 

or strength with change in biomarker levels.

Clinically relevant improvements in CRP

At baseline, 194 women had CRP levels >3 mg/L. Compared to Control, Weight Loss 

Alone [0.17; 95% CI: 0.04, 0.30] and Exercise plus Weight Loss [0.31; 95% CI: 0.16, 0.46] 

increased the probability of achieving normal CRP at month 12 (Figure 1). We observed the 

largest estimated treatment difference (ETD) in the Exercise plus Weight Loss group (0.31 

[95% CI, 0.16, 0.46]).

DISCUSSION

Breast cancer survivors with obesity face a 17–46% greater risk of breast cancer recurrence 

(33), and breast cancer survivors with a BMI ≥ 35 kg/m2 are at 70% greater risk of an 

incident cardiovascular event (34). We observed that, compared to the control condition, 

weight loss with or without exercise led to statistically significant and clinically meaningful 

reductions in CRP and SAA in breast cancer survivors with excess body weight. Changes 

in inflammation (CRP, SAA, and ICAM-1) may be driven mainly through weight loss 

regardless of where the weight loss was observed and without changes in aerobic fitness or 

muscle strength. CRP levels >3 mg/L are associated with a high risk for CVD, and a 1 mg/L 

increase in CRP level is associated with a 6% increase in risk for cancer mortality (31, 32). 

We observed that in women with CRP levels > 3mg/L, a combination of caloric restriction 

and physical activity appears to be most effective. Collectively, our results indicate that 

breast cancer survivors with excess bodyweight should focus on weight loss as the primary 

driver of improvements in inflammation, and for women with high CVD risk the addition of 

exercise to caloric restriction may synergize for improvements in CRP levels.

In our prior literature review of the effects of diet and exercise induced weight loss on 

biomarkers of inflammation in breast cancer survivors, we found no reports of significant 

effects on CRP levels after intervention with exercise alone or in combination with dietary 

restriction (35). However, we induced greater mean levels of weight loss in the WISER 

Survivor trial caloric restriction groups than did the studies included in our meta-analysis. 

The average weight loss in the WISER Survivor exercise plus weight loss group was 8.06% 

of their baseline weight, while in our systematic review only 3 studies (10% of reviewed 

studies) reported weight loss ≥ 5% (12, 35). Given the known relationship between CRP and 

adiposity in postmenopausal women (36), it is not surprising that we observed a positive 

correlation between decreased CRP levels and decreased adiposity. Thus, it is likely that 
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if exercise is intended to have an anti-inflammatory effect, it will need to be dosed in 

such a way that exercise (or exercise in combination with caloric restriction) decreases 

adiposity. As previously reported in WISER Survivor, we did not observe changes in body 

composition in the Exercise Alone group (24). Also consistent with previous reports from 

the WISER Survivor trial, we observed that a ≥ 10% decrease in body weight was beneficial 

for improvements in insulin and insulin resistance (37). Further, the addition of exercise to 

weight loss via caloric restriction was particularly important for breast cancer survivors with 

clinically abnormal levels of C-peptide (37).

Observed associations, as well as mechanistic pathways, have connected the inflammatory 

biomarkers SAA, ICAM-1, and VCAM-1 to both cancer and CVD (15, 16, 19, 20, 22, 23). 

Considerably less is known about their response to changes in energy balance in breast 

cancer survivors. The Nutrition and Exercise of Women (NEW) study is similar to the 

WISER Survivor trial with respect to their intervention length (12 months), study design 

for energy balance (control, exercise, caloric restriction, and the combination of the two), 

and population sample (postmenopausal women with excess body weight) (38). The NEW 

study also observed that exercise alone did not improve SAA or CRP levels, and caloric 

restriction, as well as the combination group, did improve SAA and CRP levels compared to 

the control group (38).

Although lower levels of ICAM-1 and VCAM-1 are typically considered beneficial (39), 

findings from some studies conflict with this notion. For example, higher levels of ICAM-1 

have been associated with lower breast cancer risk (40); and higher levels of VCAM-1 have 

been associated with lower risk of CVD (23). Prior exercise and weight loss intervention 

studies report no change in ICAM-1 or VCAM-1 after intervention (41, 42). Thus, additional 

studies to elucidate the mechanistic role of ICAM-1 and VCAM-1 in complex pathologies 

such as cancer recurrence or CVD, on the backdrop of lifestyle modification interventions, 

are necessary.

The WISER Survivor trial was designed as a 4-armed randomized controlled trial to 

assess the individual and combined interventions on lymphedema outcomes. As such, 

the interventions, and particularly the exercise intervention, was prescribed specifically 

for lymphedema outcomes. Changes in biomarkers of inflammation that predict cancer 

recurrence and CVD may require a different exercise prescription. Further, our 4-arm 

randomized controlled trial was not designed to test the interaction effect of diet and 

exercise such as would be tested in a 2×2 factorial design (i.e. that the effect of one 

independent variable (e.g. exercise) depends on the level of the other independent variable 

(e.g. diet)). Future trials might consider a 2×2 factorial design to gain a more thorough 

understanding of how both components operate together. This is a limitation of our study. 

Other limitations include generalizability to female breast cancer survivors, the highly 

selected sample (overweight or obese, lymphedema, Philadelphia region), and only testing 

one weight loss and one exercise approach.

Approximately 62% of breast cancer survivors have excess body weight, and 68% do not 

meet recommendations for physical activity (43). While treatment guidelines exist and 

clinicians often recommend weight loss and increased physical activity to breast cancer 
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survivors, the reality is that energy balance is not supported by care providers in the majority 

of cancer care settings. As a growing number of cancer treatment centers focus on issues of 

survivorship, inclusion of evidence-based weight loss and physical activity interventions is 

strongly encouraged.

In conclusion, with an increasing number of breast cancer survivors, an increased emphasis 

on lifestyle modification to reduce recurrence and the sequela of breast cancer and 

breast cancer treatment is warranted. The results of this study demonstrate that reduction 

of biomarkers of inflammation is more effectively accomplished with a weight loss 

intervention than an exercise intervention when compared to the control group. However, 

for participants with clinically impaired CRP levels, a combination of exercise and weight 

loss may be necessary to normalize CRP levels.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Change in clinically relevant levels of CRP.
Proportion of study participants with elevated CRP level (>3 mg/L) at baseline who achieved 

a clinically meaningful reduction (≤3 mg/L) at month 12. ETD, Estimated Treatment 

Difference; CI, Confidence Interval.
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Table 2.

Change in biomarker endpoints of inflammation by randomized group

Inflammation 
Endpoint Randomized Group

Baseline Geo. Mean 
(SD)

Geo. Mean Change 
(SE)

Intervention Main Effect, 
Treatment Ratio (95% CI)

CRP Control 1.60 (1.10) 0.01 (0.08) 1.00 (Reference)

Exercise Alone 1.30 (1.21) 0.14 (0.08) 1.13 (0.88, 1.39)

Weight Loss Alone 1.48 (1.17)
−0.42 (0.08)

a
0.65 (0.50, 0.79)

b,c

Exercise plus Weight Loss 1.39 (1.14)
−0.57 (0.09)

a
0.56 (0.43, 0.69)

b,c

SAA Control 2.03 (1.00) 0.00 (0.07) 1.00 (Reference)

Exercise Alone 1.79 (0.96) 0.12 (0.07) 1.12 (0.91, 1.33)

Weight Loss Alone 1.92 (1.03)
−0.29 (0.07)

a
0.74 (0.60, 0.88)

b,c

Exercise plus Weight Loss 1.92 (0.85)
−0.30 (0.07)

a
0.73 (0.59, 0.87)

b,c

ICAM-1 Control 6.27 (0.34) −0.03 (0.02) 1.00 (Reference)

Exercise Alone 6.15 (0.40)
0.06 (0.03)

a
1.09 (1.02, 1.17)

b

Weight Loss Alone 6.20 (0.34) −0.01 (0.02) 1.02 (0.95, 1.09)

Exercise plus Weight Loss 6.23 (0.31)
−0.07 (0.02)

a 0.96 (0.89, 1.03)

VCAM-1 Control 6.31 (0.28) −0.03 (0.02) 1.00 (Reference)

Exercise Alone 6.21 (0.41)
0.05 (0.02)

a
1.08 (1.03, 1.14)

b

Weight Loss Alone 6.23 (0.31) 0.02 (0.02) 1.05 (0.99, 1.11)

Exercise plus Weight Loss 6.30 (0.29) 0.01 (0.02) 1.03 (0.97, 1.09)

a
P<0.05 (two-sided) compared with baseline (within group).

b
P<0.05 (two-sided) compared with Control.

c
P<0.05 (two-sided) compared with Exercise Alone.

d
P<0.05 (two-sided) compared with Weight Loss Alone.
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Table 3.

Pearson correlation coefficients for the relationship between change in hypothesized intervention effect 

mediators and change in log-transformed biomarker level

Hypothesized Intervention Effect Mediators Change in Log-Transformed Biomarker Level

CRP SAA ICAM-1 VCAM-1

Δ Bodyweight 0.40 0.32 0.18 —

Δ Fat Mass 0.37 0.34 0.14 —

Δ Visceral Adipose Tissue 0.31 0.19 — —

Δ Subcutaneous Adipose Tissue 0.31 0.28 — —

Δ Lean Mass 0.30 0.24 0.21 —

Δ Appendicular Lean Mass 0.23 — — —

Δ Aerobic Fitness Capacity — — — —

Δ Bench Strength — — — —

Δ Leg Strength — — — —

CRP, C-Reactive Protein; SAA, Serum Amyloid A; ICAM-1, Intercellular Adhesion Molecule-1; VCAM-1, Vascular Cell Adhesion Molecule-1. 
All correlations shown were statistically significant (p<0.05). The symbol “—” denotes absence of significant correlation.
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