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Abstract

The objective of this study was to determine the eVects of exercise training on changes in C-reactive protein (CRP) and other car-
diovascular risk factors in postmenopausal breast cancer survivors. Fifty-three postmenopausal breast cancer survivors were ran-
domly assigned to an exercise (n D 25) or control group (n D 28). The exercise group trained on cycle ergometers 3 times per week for
15 weeks. The control group did not train. The primary end point was change in CRP between baseline and week 15. Secondary end
points were changes in RHR, HRR, SBP, DBP, TC, LDL-C, HDL-C, TG, and TC:HDL-C ratio. Fifty-two participants completed
the trial. Baseline values did not diVer between groups except that TG (p D .007) and TC:HDL-C ratio (p D .023) were higher in the
exercise group. Intention-to-treat analysis showed that CRP decreased by 1.39 mg/L in the exercise group whereas it increased by
0.10 mg/L in the control group (mean between group change, ¡1.49 mg/L; 95% CI, ¡3.09 to 0.10 mg/L; p D .066). Intention-to-treat
analysis also showed a clinically and statistically signiWcant diVerence between groups for change in HRR (mean change, +10.6 beats/
min; 95% CI, +3.4 to +17.7 beats/min; p D .004) and clinically but not statistically signiWcant diVerences between groups for change in
RHR (mean change, ¡5.5 beats/min; 95% CI, ¡11.5 to +0.5 beats/min; p D .073), SBP (mean change, ¡5.5 mm Hg; 95% CI, ¡14.5 to
+3.4 mm Hg; p D .218), DBP (mean change,¡3.6 mm Hg; 95% CI, ¡9.3 to +2.1 mm Hg; p D .214), and HDL-C (mean change,
+0.05 mmol/L; 95% CI, ¡0.03 to 0.14 mmol/L; p D .214). These data suggest that exercise training may have beneWcial eVects on CRP
and other cardiovascular risk factors in postmenopausal breast cancer survivors. Larger randomized controlled trials are warranted.
  2005 Elsevier Inc. All rights reserved. 
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1
1. Introduction

Recent data from the National Cancer Institute
Surveillance, Epidemiology, and End Results program
suggest that approximately 20% of postmenopausal
breast cancer survivors  die  from  cardiovascular disease
(Yancik et al., 2001). Independent cardiovascular risk
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1 Abbreviations used: CRP, C-reactive protein; RHR, resting heart rate; H
pressure; LDL, low density lipoprotein cholesterol; HDL, high density lipop
factors include C-reactive protein (CRP)  (Ridker
et al., 2002), resting heart rate (Benetos et al., 1999; Gill-
man et al., 1993; Greenland et al., 1999; Mensink and
HoVmeister, 1997), heart rate reserve (Cheng et al., 2002),
blood pressure (Chobanian et al., 2003; Lewington et al.,
2002; Vasan et al., 2002), and lipid proWles (Annon, 1993,
1996, 2002). Observational data suggest inverse
RR, heart rate reserve; SBP, systolic blood pressure; DBP, diastolic blood
rotein cholesterol; TC, total cholesterol; TG, triglycerides.
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associations between physical activity and CRP (Abram-
son and Vaccarino, 2002; Church et al., 2002; Ford, 2002;
GeVken et al., 2001; LaMonte et al., 2002; Manns et al.,
2003; Pitsavos et al., 2003; Wannamethee et al., 2002) in
adult men and women. Randomized controlled trials have
shown that exercise can reduce resting heart rate (Hambr-
echt et al., 2000; Wood et al., 2001), reduce blood pressure
(Whelton et al., 2002), and raise HDL-C and lower LDL-
C (Leon and Sanchez, 2001) in adult men and women. To
date, however, no study has examined the eVects of exer-
cise training on cardiovascular risk factors in postmeno-
pausal breast cancer survivors.

Research examining the eVects of exercise training on
CRP and other cardiovascular risk factors in postmeno-
pausal breast cancer survivors is novel for several rea-
sons. First, it is unknown whether postmenopausal
breast cancer survivors will be willing or able to tolerate
an exercise regimen suYcient to change cardiovascular
risk factors. Second, it is unknown whether exercise-
induced changes in cardiovascular risk factors that are
seen in healthy adult men and women are altered by the
disease and/or its treatment. Third, most of the data on
exercise and CRP in healthy populations comes from
observational studies. Few studies have been random-
ized controlled trials (Hammett et al., 2004).

The rehabilitation exercise for health after breast can-
cer (REHAB) trial was a randomized controlled trial of
exercise training in postmenopausal breast cancer survi-
vors who had completed surgery, radiotherapy, and/or
chemotherapy with or without current tamoxifen or
anastrozole therapy use. We previously reported statisti-
cally and clinically signiWcant changes in peak oxygen
consumption and quality of life (Courneya et al., 2003)
and insulin-like growth factors and insulin-like growth
factor binding proteins (Fairey et al., 2003). We also pre-
viously reported statistically signiWcant changes in natu-
ral killer cell cytotoxicity but no change in standard
hematologic variables, whole blood neutrophil function,
the phenotypes of isolated mononuclear cells, estima-
tions of unstimulated and phytohemaglutinin-stimulated
mononuclear cell function, and the production of pro-
inXammatory and anti-inXammatory cytokines (Fairey
et al., 2005). Here, we report the eVects of exercise train-
ing on CRP and other traditional cardiovascular risk
factors. We hypothesized that exercise training would
have a beneWcial eVect on CRP.

2. Methods

The trial design and conduct have been previously
described (Courneya et al., 2003). In brief, the study was
conducted at the Cross Cancer Institute (CCI) and Univer-
sity of Alberta in Edmonton, Canada. The Alberta Cancer
Board and the University of Alberta approved the study.
Written informed consent was obtained for all procedures.
2.1. Participants

Eligibility criteria included: (1) histologically
conWrmed stage I to IIIB breast cancer, (2) diagnosed
between January 1999 and June 2000, (3) completed sur-
gery, radiotherapy, and/or chemotherapy with or without
current tamoxifen or anastrozole therapy use, (4) post-
menopausal, (5) non-smokers, and (6) between 50 and 69
years of age. Eligible participants were not admitted if
they had: (1) known cardiac disease, (2) uncontrolled
hypertension, (3) uncontrolled thyroid disease, (4) diabe-
tes mellitus, (5) mental illness, (6) infection, (7) immune or
endocrine abnormality, (8) body weight reduction 710%
in past 6 months, and (9) positive exercise stress test.

2.2. Design and randomization

The study was a randomized controlled trial. Partici-
pants were stratiWed by type of adjuvant therapy (previ-
ous chemotherapy versus no previous chemotherapy and
current hormone therapy use versus no current hormone
therapy use) and block randomized to an exercise or
control group using a random-numbers table. A research
assistant generated the allocation sequence and the pro-
ject director assigned participants to groups.

2.3. Exercise training intervention

The exercise training intervention was designed to
improve cardiopulmonary Wtness and based on each par-
ticipant’s Wtness level at baseline. The exercise group
trained 3 times per week for 15 weeks on recumbent or
upright cycle ergometers (Lifestyle Fitness 9500HR, Life-
cycle Inc). Exercise intensity was set at the power output
that elicited the ventilatory equivalent for carbon dioxide
(approximately 70–75% of peak oxygen consumption).
Exercise duration began at 15min for weeks 1 through 3,
and then systematically increased by 5min every three
weeks thereafter to 35 min for weeks 13 through 15. Warm-
up and cool-down periods consisted of 5 min of cycling at
the power output that elicited the ventilatory equivalent
for oxygen (approximately 50% of peak oxygen consump-
tion). Exercise physiologists supervised the exercise ses-
sions, and monitored heart rate and blood pressure. The
control group did not train and were asked not to begin a
structured exercise program. To reduce attrition, the con-
trol group was oVered the intervention after the trial.

2.4. End points and blinding

The primary end point was change in CRP between
baseline and week 15. Secondary end points were
changes in RHR, HRR, SBP, DBP, TC, HDL-C, LDL-
C, TG, and TC:HDL-C ratio between baseline and week
15. Laboratory staV and those who assessed the trial end
points were blinded to treatment assignment.
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2.5. Blood collection

Participants were instructed not to exercise for at
least 48 h prior to blood collection. Blood was collected
between 07:00 and 10:00 after a 12-h water-only fast
with participants in the seated position. Blood was
drawn into tubes chilled on ice treated with sodium hep-
arin (for plasma), EDTA, or no anticoagulant (for
serum). Blood was centrifuged at 700g at 23 °C for
10 min. Plasma and serum were aliquoted and stored at
¡70 °C. Precautions were taken to prevent thawing or
warming of specimens during storage. Blood samples
were collected from 53 participants at baseline and 52
participants at week 15.

2.6. C-reactive protein

C-reactive protein was assessed in serum using an
enzyme-linked immunosorbent assay kit (ELISA; DRG
International, USA). Baseline and week 15 measurements
of the analyte for both exercise and control group partici-
pants was performed in one batch. Duplicate measure-
ments were made for each sample and the mean of the
duplicate measurements was assigned as the sample value.
Blind duplicates were used for determining coeYcients of
variation. The mean intra-assay coeYcient of variation
was 5.59%. The sensitivity of the assay was 5�g/ml.

2.7. Heart rate variables

Resting heart rate was measured after the participant
had rested for 5 min in the seated position. Heart rate
reserve was calculated as the heart rate at peak exercise
minus the heart rate at rest. All heart rate variables were
measured using a Polar A1 Heart Rate Monitor (Wood-
bury, NY, USA).

2.8. Blood pressure

Blood pressure was assessed according to procedures
recommended by the Joint National Committee on Pre-
vention, Detection, Evaluation, and Treatment of High
Blood Pressure (Chobanian et al., 2003). Blood pressure
measurements were obtained by trained, certiWed indi-
viduals who used a random zero sphygmomanometer.
After the participant sat quietly for 5 min, the observer
measured blood pressure with an appropriately sized
cuV. Two blood pressure measurements separated by at
least 30 s were obtained. SBP was the appearance of the
Wrst KorotkoV sound and DBP was the disappearance of
KorotkoV sounds.

2.9. Lipids

Total cholesterol, HDL-C, and TG were assayed in
plasma using enzymatic methods according to proce-
dures recommended by the Centers for Disease Control
and Prevention and the National Heart, Lung, and
Blood Institute (Allain et al., 1974). LDL-C was calcu-
lated using the Friedewald formula (Friedewald et al.,
1972). The TC:HDL-C ratio was calculated as total cho-
lesterol divided by HDL-C.

2.10. Statistical analysis

Sample size calculation was based on the primary car-
diopulmonary and quality of life end points from the
REHAB trial (Courneya et al., 2003). Data were ana-
lyzed using the intention-to-treat approach. The last-
observation-carried-forward procedure was used for
participants who did not complete the trial. All distribu-
tions were checked for skewness and outliers, and CRP
levels 715 mg/L were excluded from the analysis under
the assumption that they represented acute illness or
infection (Rifai and Ridker, 2001). This led to the dele-
tion of data from one participant who had a CRP con-
centration of 89 mg/L at baseline. Baseline comparisons
between the two groups were made using independent-
samples t tests for continuous data and Pearson’s chi-
square tests for categorical data. The primary analysis
used independent-samples t tests to compare changes
between groups in end points from baseline to week 15.
Change over the intervention period was calculated by
subtracting the baseline value from the week 15 value.
When signiWcant diVerences between groups were
observed at baseline, analyses of covariance procedures
were performed in which the baseline value of the same
variable was used as a covariate. Pearson’s product
moment correlations were used to evaluate associations
between changes in CRP and changes in cardiopulmo-
nary Wtness and body composition. A two-sided p value
less than .05 indicated statistical signiWcance. No adjust-
ments were made for multiple comparisons. Data are
presented as the mean (§ SD) with 95% conWdence inter-
vals (CI).

3. Results

3.1. Flow of participants through the trial

Flow of participants through the trial has been
described (Courneya et al., 2003). In brief, 370 breast can-
cer survivors were assessed for eligibility and 323 were
approved for contact by their physician (37 excluded
because physician did not reply to request to contact sur-
vivor, 10 excluded because physician denied request to
contact survivor). Ninety-one of 323 breast cancer survi-
vors responded to a recruitment letter (225 excluded
because they did not reply to recruitment letter, 7 excluded
because recruitment letter was returned unopened) and 53
(14.3%) were randomly assigned to the exercise (nD25) or
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control group (nD28) (16 excluded because they did not
meet inclusion criteria, 9 excluded because they were on
holidays during the trial, 8 excluded because they were not
interested, 4 excluded because of positive exercise stress
test, and 1 excluded because they were unwilling to travel
to the exercise facility). One participant (4.2%) dropped
out in the exercise group compared to 0 participants in the
control group (pD .285). The participant in the exercise
group dropped out because of a gastrointestinal complica-
tion unrelated to exercise. Overall, 52 of 53 participants
completed the trial (98.1%).

3.2. Baseline characteristics

Table 1 shows the baseline characteristics. No signiW-
cant diVerences were observed between groups for
demographic, medical, or past exercise variables.

3.3. Self-reported diet intake and medication use

Self-reported diet intake and medication use have
been described (Fairey et al., 2003). No signiWcant diVer-
ences were observed between groups for any variable
including total calories, total fat, total carbohydrate,
total protein, or hormone replacement therapy use, to
name only a few.

3.4. Adherence to the intervention

Adherence to the exercise intervention has been
described (Courneya et al., 2003). The exercise group
completed 44.3 of 45 (range 38/45 to 45/45) prescribed
exercise sessions. Non-protocol-related exercise was not
diVerent between groups (p D .890). The exercise group
reported 15 min of moderate/strenuous non-protocol-
related exercise per week compared to 13 min in the
control group.

3.5. Changes in cardiopulmonary Wtness and body 
composition

Changes in cardiopulmonary Wtness and body com-
position have been described (Courneya et al., 2003). In
brief, baseline values for peak oxygen consumption
(p D 0.254), body weight (p D 0.983), body mass index
(p D 0.725), and sum of skinfolds (p D 0.650) did not
diVer between groups. A signiWcant diVerence between
groups was observed for change in peak oxygen con-
sumption (mean diVerence, +0.29 L/min; 95% CI, 0.18–
0.40 L/min; p < 0.001). No signiWcant diVerences between
groups were observed for changes in body weight (mean
diVerence, ¡0.6 kg; 95% CI, ¡1.6 to +0.6 kg; p D 0.339)
or body mass index (mean diVerence, ¡0.3 kg/m2; 95%
CI, ¡0.6 to +0.3 kg/m2; p D 0.337) but there was a trend
toward a change in sum of skinfolds (mean diVerence,
¡10.2 mm; 95% CI, ¡21.6 to +1.8 mm; p D 0.095).

3.6. Changes in CRP and other cardiovascular risk factors

Table 2 shows the changes in end points. Baseline val-
ues did not diVer between groups except that TG
(p D .007) and TC:HDL-C ratio (p D .023) were higher in
the exercise group. CRP decreased by 1.39 mg/L in the
exercise group whereas it increased by 0.10 mg/L in the
control group (mean between group change, ¡1.49 mg/
L; 95% CI, ¡3.09 to 0.10 mg/L; p D .066). RHR
decreased by 4.4 beats/min in the exercise group whereas
it increased by 1.1 beats/min in the control group (mean
between group change, ¡5.5 beats/min; 95% CI, ¡11.5 to
+0.5 beast/min; p D .073). HRR increased by 6.5 beats/
Table 1
Baseline characteristics

Notes. Data are presented as the mean (standard deviation) for continuous variables and frequency (percentage) for categorical variables.
Abbreviations: RT, radiation therapy; CT, chemotherapy; HT, hormone therapy.

¤ p value for diVerence between groups.

Variable Overall (n D 52) Exercise group (n D 24) Control group (n D 28) p value¤

Age (years) 59 (6) 59 (5) 58 (6) .712
Weight (kg) 78.7 (18.1) 78.1 (20.4) 79.4 (16.4) .801
Peak oxygen consumption (ml/kg/min) 18.7 (3.9) 18.6 (3.9) 18.8 (3.8) .807
Body mass index (kg/m2) 29.2 (6.6) 29.4 (7.4) 29.1 (6.1) .880
Months after surgery, RT, CT 14 (6) 14 (6) 14 (7) .856

Stage
I (T1N0) 21 (40%) 10 (42%) 11 (39%) .862
IIa (T1N1,T2N0) 17 (33%) 6 (25%) 11 (39%) .274
IIb (T2N1,T3N0) 11 (21%) 6 (25%) 5 (18%) .530
IIIa (T1N2,T2N2,T3N1-2) 3 (6%) 2 (8%) 1 (4%) .463

Surgery
Mastectomy 28 (54%) 15 (64%) 13 (46%) .246
Lumpectomy 24 (46%) 9 (37%) 15 (54%) .246
Radiation therapy 37 (71%) 16 (67%) 21 (75%) .508
Chemotherapy 21 (40%) 10 (42%) 11 (39%) .862
Current tamoxifen or arimidex use 24 (46%) 11 (46%) 13 (46%) .966
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min in the exercise group whereas it decreased by
4.1 beats/min in the control group (mean between group
change, +10.6 beats/min; 95% CI, +3.4 beats/min to
17.7 beats/min; p D .004). SBP decreased by 5.4 mm Hg in
the exercise group whereas it increased by 0.1 mm Hg in
the control group (mean between group change,
¡5.5 mm Hg; 95% CI, ¡14.5 to +3.4 mm Hg; p D .218).
DBP decreased by 4.1 mm Hg in the exercise group com-
pared to 0.5 mm Hg in the control group (mean between
group change, ¡3.6 mm Hg; 95% CI, ¡9.3 to
+2.1 mm Hg; p D .214). TC decreased by 0.11 mmol/L in
the exercise group compared to 0.09 mmol/L in the con-
trol group (mean between group change, ¡0.03 mmol/L;
95% CI, ¡0.33 to 0.27 mmol/L; p D .854). HDL-C
increased by 0.04 mmol/L in the exercise group whereas
it decreased by 0.01 mmol/L in the control group (mean
between group change, +0.05 mmol/L; 95% CI, ¡0.03 to
0.14 mmol/L; p D .214). LDL-C decreased by 0.08 mmol/
L in the exercise group compared to 0.12 mmol/L in the
control group (mean between group change,
+0.04 mmol/L; 95% CI, ¡0.25 to 0.34 mmol/L; p D .784).
TG decreased by 0.16 mmol/L in the exercise group
Table 2
Changes in end pointsa

Abbreviations used: SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density
lipoprotein cholesterol; CRP, C-reactive protein.

a Data are presented as the mean (standard deviation). Exercise group (n D 25). Control group (n D 28).
¤ p value for independent t tests comparing the exercise group and control group at baseline.

¤¤ p value for independent t tests comparing changes between the exercise group and control group from baseline to week 15.

Risk factor Baseline p value¤ Week 15 Mean change DiVerence between groups 
in mean change [95%CI]

p value¤¤

InXammatory biomarker
C-reactive protein (mg/L)

Exercise group 5.19 (3.56) 3.79 (2.30) ¡1.39 (3.60)
Control group 4.28 (3.05) .262 4.39 (3.87) +0.10 (1.97) ¡1.49 [¡3.09 to 0.10] .066

Heart rate variables
Resting heart rate (beats/min)

Exercise group 85.2 (12.0) 81.1 (8.2) ¡4.4 (11.0)
Control group 82.6 (15.4) .481 83.3 (14.1) +1.1 (10.4) ¡5.5 [¡11.5 to +0.5] .073

Heart rate reserve (beats/min)
Exercise group 69.8 (22.3) 76.2 (13.8) +6.5 (16.2)
Control group 78.4 (19.8) .140 74.4 (17.4) ¡4.1 (9.1) +10.6 [+3.4 to +17.7] .004

Blood pressure
SBP (mm Hg)

Exercise group 137.0 (13.1) 131.6 (13.1) ¡5.4 (15.6)
Control group 134.6 (20.2) .615 134.7 (18.2) +0.1 (16.6) ¡5.5 [14.5 to +3.4] .218

DBP (mm Hg)
Exercise group 89.1 (12.1) 85.0 (8.9) ¡4.1 (11)
Control group 85.9 (12.3) .348 85.4 (7.1) ¡0.5 (10) ¡3.6 [¡9.3 to +2.1] .214

Lipids
Total cholesterol (mmol/L)

Exercise group 5.64 (0.79) 5.53 (0.80) ¡0.11 (0.59)
Control group 5.62 (0.77) .935 5.54 (0.71) ¡0.09 (0.50) ¡0.03 [¡0.33 to 0.27] .854

HDL-C (mmol/L)
Exercise group 1.47 (0.26) 1.51 (0.27) +0.04 (0.12)
Control group 1.60 (0.30) .116 1.58 (0.31) ¡0.01 (0.19) +0.05 [¡0.03 to 0.14] .214

LDL-C (mmol/L)
Exercise group 3.45 (0.70) 3.37 (0.78) ¡0.08 (0.55)
Control group 3.45 (0.74) .983 3.33 (0.63) ¡0.12 (0.52) +0.04 [0.25 to 0.34] .784

Triglycerides (mmol/L)
Exercise group 1.75 (0.74) 1.59 (0.57) ¡0.16 (0.54)
Control group 1.27 (0.48) .007 1.39 (0.57) +0.11 (0.37) ¡0.28 [¡0.53 to ¡0.02] .033

Total cholesterol:HDL-C ratio
Exercise group 4.20 (0.98) 3.99 (0.94) ¡0.22 (0.41)
Control group 3.64 (0.80) .023 3.64 (0.86) 0.00 (0.55) ¡0.22 [¡0.49 to 0.05] .109
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whereas it increased by 0.11 mmol/L in the control group
(mean between group change, ¡0.28 mmol/L; 95% CI,
¡0.53 to ¡0.02 mmol/L; p D .033). TC:HDL-C ratio
decreased by 0.22 in the exercise group compared to no
change in the control group (mean between group
change, ¡0.22; 95% CI, ¡0.49 to 0.05; p D .109).

3.7. Analysis of covariance

Baseline values of TG and TC:HDL-C ratio diVered
between groups. Analyses of this data using univariate
analysis of covariance procedures showed no signiWcant
diVerence between groups at week 15 (data not shown).

3.8. Association between change in CRP and change in 
cardiopulmonary Wtness and body composition

Change in CRP did not correlate with change in car-
diopulmonary Wtness or change in body composition
(body weight, BMI, sum of skinfolds) (data not shown).

3.9. Adverse events

Adverse events have been described (Courneya et al.,
2003). In brief, Wve participants (20.8%) in the exercise
group experienced an adverse event compared to two
participants (7.1%) in the control group (p D .168). The
adverse events in the exercise group were lymphedema
(n D 3), gynecologic complication (n D 1), and inXuenza
(n D 1) whereas the adverse events in the control group
were metatarsal fracture (n D 1) and bronchitis (n D 1).

4. Discussion

The REHAB trial is the Wrst randomized controlled
trial to examine the eVects of exercise training on cardio-
vascular risk factors in postmenopausal breast cancer
survivors. We found that exercise training had a border-
line statistically signiWcant eVect on CRP. In addition,
we found that exercise training had a clinically and sta-
tistically signiWcant eVect on HRR and clinically but not
statistically signiWcant eVects on RHR, SBP, DBP,
HDL-C, and TG.

Our trial had strengths and limitations. Strengths
include the randomized controlled trial design, standard-
ized blood collection protocols, high exercise adherence
rate, and minimal loss to follow-up. Limitations include
the small sample size, 14% recruitment rate, short exer-
cise intervention with no long-term follow-up, and use of
a single blood measurement to classify participants.

The main Wnding from our trial was the eVect of exer-
cise on CRP. The mean between group change in C-reac-
tive protein was ¡1.49 mg/L. This Wnding is in contrast
with that seen in a recent randomized controlled trial.
Hammett et al. (2004) showed that 6 months of exercise
training had no eVect on CRP in healthy elderly subjects.
However, the eVect we observed on CRP is consistent
with previous observational and non-randomized inter-
vention studies (Abramson and Vaccarino, 2002;
Church et al., 2002; Ford, 2002; GeVken et al., 2001;
LaMonte et al., 2002; Manns et al., 2003; Pitsavos et al.,
2003; Smith et al., 1999; Wannamethee et al., 2002). For
example, Smith et al. (1999) showed that 6 months of
supervised exercise reduced CRP by 1.68 mg/dl in adult
men and women at risk for developing ischemic heart
disease. Reasons for these discrepant Wndings are
unknown but may include the exercise intervention and/
or trial participants. Our Wnding must be interpreted
with caution because it only approached statistical sig-
niWcance (p D .066). Nonetheless, extrapolating from
Women’s Health Study data, the eVect we observed on
CRP would be predicted to reduce the risk factor
adjusted relative risk of a Wrst cardiovascular event from
2.3 to 2.0 (Ridker et al., 2002).

A second Wnding from our trial was the eVects of
exercise on heart rate variables. The mean between
group changes in RHR and HRR were ¡5.5 and
+10.6 beats/min, respectively. These Wndings are consis-
tent with previous exercise trials (Hambrecht et al., 2000;
Loimaala et al., 2000; Wood et al., 2001). For example, in
a randomized controlled trial, Hambrecht et al. (2000)
showed that 6 months of exercise training reduced RHR
by 6 beats/min in chronic heart failure patients.
Although our Wnding for RHR must be interpreted with
caution because it only approached statistical signiW-
cance (p D 0.073), the eVects on heart rate variables
observed in our trial are clinically important and may
lower the risk of cardiovascular and all-cause mortality
(Benetos et al., 1999; Greenland et al., 1999; Kristal-
Boneh et al., 2000; Mensink and HoVmeister, 1997).

A third Wnding from our trial was the eVect of exercise
on blood pressure. The mean between group changes in
SBP and DBP were ¡5.5 and ¡3.6 mm Hg, respectively.
The magnitude of these eVects is larger than those
observed in previous exercise trials. In a meta-analysis of
randomized controlled trials, Whelton et al. (2002)
showed that aerobic exercise reduced SBP and DBP by
3.8 and 2.6 mm Hg, respectively. These reductions were
observed for all frequencies and intensities of aerobic
exercise in both hypertensive and normotensive partici-
pants and overweight and normal-weight participants.
The magnitude of the mean between group changes in
blood pressure in our trial is also similar to that
observed in the PREMIER Clinical Trial of comprehen-
sive lifestyle modiWcation (Appel et al., 2003). Our Wnd-
ings must be interpreted with caution, however, because
the 95% conWdence intervals included a zero mean
between group change. Nonetheless, the eVect on blood
pressure observed in our trial is clinically important and
may lower the risk of cardiovascular disease (Chobanian
et al., 2003; Lewington et al., 2002; Whelton and He, 1999).
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For example, in a meta-analysis of individual data in 61
prospective studies, Lewington et al. (2002) showed that
a 2 mm Hg lower usual SBP lowered stroke and ischemic
heart disease mortality by 10 and 7%, respectively.

A fourth Wnding from our trial was the eVect of exer-
cise on lipid levels. The mean between group changes in
HDL-C, TG, and TC:HDL-C ratio were +0.05 mmol/L
(+3.2%), ¡0.28 mmol/L (¡18.5%), and ¡0.22 (¡5.6%),
respectively. The magnitude of these eVects is consistent
with those reported in previous exercise trials. In a com-
prehensive review of 51 studies (28 of which were ran-
domized controlled trials), Leon and Sanchez showed
that exercise increased HDL-C by 4.6% and reduced TC,
LDL-C, and TG by 1.0, 5.0, and 3.7%, respectively, in
adult men and women (Leon and Sanchez, 2001). Once
again, however, our Wndings must be interpreted with
caution because the 95% conWdence intervals included a
zero mean between group change. Nevertheless, the
eVects on lipids observed in our trial may lower the risk
of cardiovascular disease. For example, the eVect on
HDL-C (+0.05 mmol/L) should reduce the risk for a cor-
onary heart disease event by 6% (Pasternak et al., 1990).

There are several possible explanations for the lack of
statistically signiWcant eVects on CRP, blood pressure,
and lipid levels in our trial. First, the sample size of our
trial may have been too small to detect a treatment eVect.
Support for this assertion comes from the fact that the
direction and magnitude of the mean between group
changes in our trial are similar to those reported in pre-
vious studies and that our intervention was consistent
with current exercise training guidelines (Fletcher et al.,
2001). Second, our exercise training intervention did not
reduce body weight, which is known to improve cardio-
vascular risk factors in adult men and women (Gordon
and Libby, 2003). However, exercise training does not
necessarily need to reduce body weight to have beneWcial
eVects on blood pressure (Whelton et al., 2002), lipids
(Leon and Sanchez, 2001), or C-reactive protein
(LaMonte et al., 2002).

Exercise-induced modulation of cardiovascular risk
factors is biologically plausible. Mechanisms of change
in CRP include alterations in pro- and anti-inXamma-
tory cytokine production by blood mononuclear cells,
natural killer cell cytotoxic activity, insulin resistance,
intra-abdominal body fat, oxidized low-density lipopro-
tein cholesterol, antioxidants, nitric oxide, and leukocyte
adhesion molecules (LaMonte et al., 2002; Petersen and
Pedersen, 2005). The mechanism of change in heart rate
variables is most likely parasympathetic activation (Arai
et al., 1989; Imai et al., 1994). Mechanisms of change in
blood pressure include reductions in insulin resistance
and total cholesterol (Brett et al., 2000; Brown et al.,
1997; He et al., 1999; Kokkinos et al., 1995; Reaven,
1988). Finally, mechanisms of changes in lipids include
reductions in adiposity and/or insulin resistance and
increases in lipoprotein lipase activity (Tall, 2002).
Although our trial did not provide evidence of these
mechanisms, these eVects may represent clinically signiW-
cant biologic mechanisms of action of exercise.

In summary, these data suggest that exercise training
may have a beneWcial eVect on CRP and other tradi-
tional cardiovascular risk factors in postmenopausal
breast cancer survivors. Larger randomized controlled
trials are needed to conWrm these Wndings. If our Wndings
are conWrmed in future trials, exercise training should be
tested as an intervention to improve clinical outcome in
this population.
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