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Abstract
Purpose—To investigate the effect of a yearlong moderate-intensity aerobic exercise
intervention on C-reactive protein (CRP), serum amyloid A (SAA), and interleukin 6 (IL-6)
among overweight or obese postmenopausal women.

Methods—In a randomized controlled trial, 115 postmenopausal, overweight or obese, sedentary
women, aged 50-75 years were randomized to an aerobic exercise intervention of moderate-
intensity (60-75% observed maximal heart rate), for ≥45 min/day, 5 days/week (n=53), or to a 1
day/week stretching control (n=62), on an intent-to-treat basis. CRP, SAA, and IL-6 were
measured at baseline, 3-months, and 12-months.

Results—From baseline to 12-months, CRP decreased 10% in exercisers and increased 12% in
controls (p=0.01); no effects were observed for SAA and IL-6. Among participants at baseline
who were obese (BMI≥30kg/m2) or had abdominal obesity (waist circumference (WC)≥88cm),
exercise resulted in a more pronounced reduction in CRP (BMI≥30kg/m2: p=0.002; WC≥88cm:
p<0.0001), borderline for SAA (BMI≥30kg/m2: p=0.08; WC≥88cm: p=0.04); no intervention
effects were observed among women who did not have these characteristics. Overall, weight loss
was minimal in the exercise intervention (~1.8kg). Linear trends were observed between CRP and
12-month changes in: aerobic fitness (ptrend = 0.006), exercise adherence (ptrend = 0.004),
percentage body fat (ptrend = 0.002), body weight (ptrend = 0.002), waist circumference (ptrend =
0.02), and intra-abdominal fat (ptrend = 0.03).

Conclusion—A moderate-intensity exercise intervention reduced CRP over 12-months among
women who were obese at baseline. These findings support the role of exercise in modulating
inflammatory processes that are related to increased risk of chronic disease among obese women.
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INTRODUCTION
Paragraph Number 1

C-reactive protein (CRP), serum amyloid A (SAA), and interleukin 6 (IL-6) are non-specific
markers of chronic low-grade inflammation that correlate with adiposity, sedentary lifestyle,
and low aerobic fitness (5,9,16,20,23). Observational studies have suggested that a reduction
in chronic inflammation, often achieved through lifestyle modification, is associated with
reduced risk of disease and mortality (1,22,25).

Paragraph Number 2
Randomized trials of combined exercise and dietary interventions have been shown to
reduce CRP and IL-6 (3,7,14,26), while we are unaware of comparable studies that have
examined the combined effects of exercise and dietary intervention on SAA. The effect of
exercise alone on inflammatory markers is not clear (2,8,10,12,13,17,21), with a recent
meta-analysis suggesting a non-significant 3% decrease in CRP from five studies with
aerobic exercise interventions of eight weeks or longer (13). It is important to determine the
independent effect of exercise on chronic inflammation in order to better define the public
health role of physical activity, in the absence of weight loss or diet intervention, for primary
disease prevention

Paragraph Number 3
With inconsistent evidence from observational studies and intervention trials, the role of
exercise on reducing chronic inflammation remains unclear. Similarly, the potential for a
mediating effect by weight loss is not well understood. In a randomized controlled trial of
115 previously sedentary postmenopausal, overweight or obese women, with high retention,
we examined the effect of a one-year aerobic exercise intervention compared to a stretching
control on CRP, SAA, and IL-6. We hypothesized that exercise intervention would result in
decreased levels of inflammation, and this effect would be partly mediated by fat loss.

METHODS and PROCEDURES
Setting and Participants

Paragraph Number 4—Participants (n = 115) were a subset of women (n = 173)
recruited for an exercise intervention trial who met additional eligibility criteria for this
study of immune function (4) and inflammation. For this study, 53 exercisers and 62
controls were eligible from the parent trial (Figure 1). Eligibility criteria included: age 50 –
75 years; body mass index (BMI) between 25 and 40 kg/m2 (or BMI 24.0–24.9 if body fat
>33%); postmenopausal; not taking postmenopausal hormones; non-smoker; sedentary at
baseline (<60 min/wk of moderate- and vigorous-intensity recreational activity and VO2max
<25.0 ml·kg·min−1); alcohol consumption of fewer than two drinks per day; no personal
history of invasive cancer, diabetes, cardiovascular disease, or asthma; no current serious
allergies; no regular (≥two times/week) use of aspirin or other non-steroidal anti-
inflammatory medications; and no use of corticosteroids or other medications known to
affect immune function. Women were recruited through a combination of mass mailings and
media placements, as described previously (24). Randomization was stratified by BMI
(<27.5 or ≥27.5 kg/m2) to ensure equal numbers of heavier and lighter women in each study
group. Approximately equal numbers of exercisers and controls were enrolled during each
month of recruitment. All women provided written informed consent and all procedures
were approved by the Fred Hutchinson Cancer Research Center Institutional Review Board.
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Randomization and Exercise Intervention
Paragraph Number 5—The exercise intervention was designed to progress to at least 45
minutes of moderate-intensity exercise at a target heart rate of 60-75% observed maximal
heart rate, 5 days per week, by the 8th week of the trial. Participants attended 3 supervised
sessions per week at a study facility and exercised 2 days per week at home during months
1-3. During months 4-12, participants attended at least 1 session per week at a study facility
and exercised 4 days per week either at home or at a facility. Participants wore Polar heart
rate monitors during all exercise sessions.

Paragraph Number 6—VO2max was directly assessed at baseline (prior to
randomization) and at 12-months in all participants by maximal-graded treadmill test.
Exercise intervention participants kept daily activity logs of all sport and recreational
activities of moderate-to-vigorous intensity (estimated to be ≥3 METS). For each exercise
session, participants recorded the mode and duration of exercise, peak heart rate, and rating
of perceived exertion. Activity logs were reviewed weekly by study staff to monitor
compliance and to intervene when needed. Women randomized to the control group
attended once-weekly 45-minute stretching sessions and were asked to not otherwise change
exercise habits during the study. All participants were asked to maintain their usual diet.

Outcomes
Paragraph Number 7—At baseline (prior to randomization), 3-months, and 12-months,
all women came to the University of Washington (UW) Medical Center for blood draws
between 7.30-8.30am, after a 12h fast, under the following blood-draw criteria: no infection
or symptoms of any infection for ≥7 days; adequate sleep (6-9h); no exercise or alcohol for
24h; no topical corticosteroids or aspirin for 48h; no systemic antihistamines or
corticosteroids for one week; and no immunizations during the previous three weeks. All
participants were contacted 1 week after blood draw to track recent illness; several reported
being ill shortly after their blood draw and returned for a second blood draw when symptom
free. Serum and plasma were collected and stored at −70°C. All inflammation marker assays
were conducted at the UW Clinical Immunology Laboratory (MHW); participant samples
from each of the three time-points were assayed in the same batch to avoid biased
measurement from inter-assay variability.

C-reactive protein (CRP) and Serum amyloid A (SAA)
Paragraph Number 8: CRP and SAA were measured in serum by latex-enhanced
nephelometry using high sensitivity assays on the Behring Nephelometer II analyzer (Dade-
Behring Diagnostics, Deerfield, IL) with lower detection limits of 0.2 mg/L for CRP and 0.7
mg/L for SAA. Inter-assay coefficients of variation were 5-9% for CRP and 4-8% for SAA.

Interleukin 6 (IL-6)
Paragraph Number 9: IL-6 was assayed in duplicate in serum by an ultrasensitive solid-
phase sandwich Enzyme Linked Immuno Sorbent Assay (ELISA) with the Biosource
Human IL-6 Immunoassay kit (Biosource, Camarillo, CA).

Body composition and distribution
Paragraph Number 10: At baseline, 3-months, and 12-months, body weight to the nearest
0.1kg and height to the nearest 0.1cm were taken in duplicate and the average was used to
compute BMI (kg/m2). At baseline and 12-months, waist circumference (WC) was measured
to the nearest 0.1 cm in duplicate and averaged. Also at baseline and 12-months, total body
fat and percentage body fat were analyzed by DXA (QDR 1500; Hologic, Waltham, MA);
and intra-abdominal fat images were obtained via a 1-slice computed tomography at L4-5
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(CT; model CT 9800 scanner; General Electric, Waukesha, WI), with coefficients of
variation for both of 1.2%.

Other study measures
Paragraph Number 11: At baseline, 3-months, and 12-months, data were collected on
demographic information, medical history, health habits, medication use, reproductive and
bodyweight history, total energy intake (via 120-item self-administered food frequency
questionnaire), and frequency, duration, and intensity of physical activity (via self-
administered Minnesota Physical Activity Questionnaire).

Statistical Analyses
Paragraph Number 12—Intervention effects were assessed on the inflammation related
outcomes at 3-months and 12-months post-randomization, based on comparisons between
exercisers and controls as defined at randomization (i.e. intent-to-treat). Changes between
groups were assessed with generalized estimating equations (GEE), which account for
repeated observations on the same subjects over time. Baseline measures were included in
each GEE model. In secondary analyses, we examined subgroup effects according to
baseline values for BMI (above or below 30kg/m2) and waist circumference (above or below
88cm). Additional subgroup analyses were conducted for changes at 12-months in aerobic
fitness (controls versus exercisers who increased VO2max by: <5%, 5-15% or >15%),
exercise adherence (controls versus exercisers who performed physical activity an average
of: <136 min/wk, 136-195 min/wk, or >195 min/wk), and 12-month changes in percentage
body fat (controls versus exercisers who had: minimal percent fat loss (<0.1%) or gained
percent body fat, lost between 0.1% and ≤ 2% body fat, or lost >2% body fat), body weight
(controls versus exercisers who had: minimal weight loss (<0.5 kg) or gained body weight,
lost between 0.5 and ≤ 3 kg body weight, or lost > 3 kg of body weight), waist
circumference (controls versus exercisers who had: minimal reduction in WC (<0.5 cm) or
gained WC, lost between 0.5 cm and ≤ 3 cm of WC, or reduced WC by > 3 cm) and intra-
abdominal fat (controls versus exercisers who had: gained intra-abdominal fat or had
minimal reduction in intra-abdominal fat (<2 cm2), decreased intra-abdominal fat by 2 to 8
cm2, or had decreased intra-abdominal fat by greater than 8 cm2). CRP, SAA, and IL-6 were
non-normally distributed and were log-transformed for all analyses. Missing data were
omitted from GEE analyses. All statistical tests were 2-sided. All analyses were performed
with SAS software (version 9.1, SAS Institute, Cary, North Carolina, USA).

RESULTS
Paragraph Number 13

115 women were randomized, 53 to intervention and 62 to control. One exerciser did not
have data for CRP and SAA at baseline and was excluded. Two participants (one exerciser,
one control) were excluded from analyses because of unusually high CRP and SAA
concentrations at one time point in the study (i.e. about 10-fold greater than their values at
other time points in the study, suggesting an unreported or unknown acute inflammatory
event). Of the 112 remaining participants at baseline (exercisers, n = 51; controls, n =61),
106 (95%) provided blood samples at 3-months (exercisers, n = 48; controls, n =58), and
104 (93%) provided blood samples at 12-months (exercisers, n = 47; controls, n = 57) (see
Figure 1).

Paragraph Number 14
At baseline there were no significant differences between exercisers and controls (Table 1).
Women were, on average, 60 years of age and most described themselves as non-Hispanic
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white. In line with the eligibility criteria, participants had an average BMI of 30 kg/m2, 47%
body fat, and low aerobic fitness. Over 12-months, the intervention group participated in
moderate activity an average of 3.8 days per week (SD: 1.3) for 166 minutes per week (SD:
76.1). At the end of study, exercisers increased aerobic fitness (VO2max) by 13.8% whereas
controls experienced a 0.1% increase (between-group p-value at 12-months: <0.0001).
Similarly, the exercise intervention resulted in decreased body weight versus control
(exercise: −1.8kg; control: +0.3kg; p-value: 0.002), and decreased percentage body fat
(exercise: −1.5%; control: +0.02%, p-value: <0.0001). There were no differences between or
within intervention groups for total caloric intake throughout the trial (baseline values are
shown in Table 1; 12-month values: exercisers 1618±621 kcal; controls 1684±720 kcal, all
p-values ≥ 0.47).

Main intervention effects
Paragraph Number 15—Exercisers statistically significantly decreased CRP relative to
controls at 12-months (Table 2). SAA decreased among exercisers and increased slightly
among controls, although the between-group difference was not statistically significant. IL-6
was not affected by the exercise intervention. No intervention effects were noted at 3-
months. Results were similar when statin-users (n=7) were excluded.

Stratified Results: Baseline BMI and waist circumference
Paragraph Number 16—The effect of exercise intervention on CRP was restricted to
women who were obese at baseline (Table 3). Obese women (BMI ≥30 kg/m2) in the
exercise group experienced a statistically significant and continuous decline in CRP over the
12-month trial (baseline CRP: 3.95 mg/L (95% CI: 2.87, 5.44); 3-month CRP: 3.65 mg/L
(95% CI: 2.6-5.14); 12-month CRP: 3.16 mg/L (95% CI: 2.38, 4.2); whereas obese women
in the control group experienced a moderate increase in CRP values over the same period (p-
value for between group difference at 12-months: 0.002). Similar trends were noted for
women with abdominal obesity (p-value: < 0.0001). BMI and WC at baseline were highly
correlated (r = 0.82; p-value: < 0.0001) and both anthropometric measures were identically
correlated with baseline CRP (both correlations = 0.42; and p-values < 0.0001), which
explains these similar trends. Similar trends across BMI and WC were observed for SAA,
although the effects only reached borderline statistical significance for the obese BMI group
(p-value: 0.08).

Intervention effects on CRP stratified by exercise adherence and fat loss
Paragraph Number 17—The exercise intervention group was stratified into subgroups
based on: 12-month changes in aerobic fitness (percentage change in VO2max); average
adherence to the exercise intervention (physical activity minutes per week); and 12-month
changes in percentage body fat, body weight, waist circumference and intra-abdominal fat.
As described above, among women in the control group CRP concentrations increased over
the 12-month trial. Linear trends were observed between CRP and 12-month changes in
VO2max (p-value: 0.006), exercise adherence (p-value: 0.004), body fat loss (p-value:
0.001), weight loss (p-value: 0.002), waist circumference loss (p-value: 0.02), and intra-
abdominal fat loss (p-value: 0.03) (Table 4). No sub-group effects were noted for SAA or
IL-6 (data not shown).

DISCUSSION
Paragraph Number 18

This study demonstrated that a yearlong aerobic exercise intervention compared to a
stretching control program reduced CRP among previously sedentary obese postmenopausal
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women. The obese women in this study had clinically ‘high’ average CRP values according
to established criteria (19) and, despite decreased CRP after 3- and 12-months of exercise
intervention, their CRP values remained high throughout the trial. Future studies should
assess exercise interventions of longer duration and greater intensity to determine the dose
of exercise or fat loss needed to reduce CRP further. Although the CRP values in this study
remained relatively high despite an exercise intervention effect, obese exercisers
experienced a decrease in CRP of an average of 1.59mg/L over 12-months, which may have
public-health relevance in that a recent prospective study reported that each 1.02 mg/L
increase in CRP was associated with about a 35% increase (95% CI: 1.05-1.74) in colon
cancer risk (6). Similarly, a recent cohort study identified a 29% increase (95% CI:
1.07-1.55) in coronary heart disease risk for a 1 unit increase in log CRP (11).

Paragraph Number 19
Our stratified analyses showed that only those exercisers who decreased body fat by 2% or
greater experienced a statistically significant reduction in CRP versus controls, suggesting
that the exercise effect is at least partially dependent on fat loss. Moreover, the exercisers
who lost more body weight/body fat were largely the same exercisers who were most
adherent to the exercise intervention (χ2=10.34, p-value: 0.03). And because weight/fat loss
was generally minimal in this trial, this suggests that exercise, in the absence of caloric
restriction, is sufficient to reduce CRP among obese women. Two previous multi-arm
randomized controlled trials have offered valuable perspective concerning the role of
exercise and diet interventions (both alone and in combination) on biomarkers of
inflammation (18,27). Among a group of 316 community dwelling older adults with
movement limitations, diet-alone (but not exercise-alone or diet-and-exercise) favorably
reduced CRP and IL-6 (18). Among a study population of 34 sedentary, overweight or
obese, postmenopausal women (that is, a population that is more comparable to the current
study), a six month exercise-and-diet intervention, but not diet alone, decreased CRP and
IL-6 (27). Given the somewhat discrepant findings and small number of studies on this
topic, more multi-arm trials seem justified to better discern the individual and combined
effects of diet and exercise on inflammation.

Paragraph Number 20
A recent meta-analysis of five randomized controlled trials summarized the effect of aerobic
exercise-alone on CRP (13). The studies included in the meta-analysis had intervention
durations of 8 weeks to 6 years and were undertaken in varied populations, including
individuals with rheumatoid arthritis (2), postmenopausal breast cancer survivors (8), elderly
men and women (10), overweight men and women (17), and middle-aged men (21). Overall,
a statistically non-significant 3% decrease in CRP was reported; however, the majority of
the individual studies suggested a trend towards exercise-driven reduction of CRP(8,10,21).
All but one(21) of these previous trials had considerably shorter intervention durations than
the current study and, given that our three-month analyses suggested no exercise effect, the
collective evidence suggests that longer periods of exercise are required to reduce CRP.

Paragraph Number 21
The six year trial by Rauramaa and colleagues (21) showed a modest trend towards
reduction in CRP; compared to the women in the current study, however, those male
participants were considerably leaner, more aerobically fit, and had lower baseline CRP
values. Consistent with the present study, a more recent trial (not included in the above
meta-analysis) suggested that six months of exercise alone statistically significantly reduced
CRP among obese patients with type 2 diabetes mellitus despite minimal changes in body
weight (12). Similarly, a recent randomized trial of 10-months of aerobic exercise versus
flexibility/strength training reduced CRP, IL-6, and IL-18 among older men and women
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(15). From these data, it appears that exercise is most beneficial, in terms of reducing
chronic inflammation, among those persons with relatively high levels of baseline
inflammation.

Paragraph Number 22
The specific pathways through which exercise may decrease CRP are not established, but
several plausible mechanisms exist. One mechanism is through regulation of interleukins
and related cytokines, including IL-6 and tumor necrosis factor-α (TNF-α), both of which
are released by adipose tissue (as well as by peripheral blood mononuclear cells) and the
former stimulates hepatic release of CRP. Because our study showed no effect of exercise on
serum IL-6, our data do not support the direct role of circulating IL-6 on CRP reduction.

Paragraph Number 23
Strengths of the current study include: the relatively long duration of exercise intervention;
good adherence and high retention rates; effective aerobic exercise intervention as
demonstrated by gold-standard measures of cardiorespiratory fitness; and a randomized
controlled trial design. Limitations that should be considered when interpreting these data
include the strict inclusion criteria that preclude generalization to other populations and the
narrow range of inflammatory markers selected. Secondly, the intervention was not intended
to induce weight loss, and we cannot therefore assess the effect of substantial weight loss,
with or without exercise, on chronic inflammation. Lack of racial diversity is another
limitation of the current study that should be addressed in future intervention trials; in cross-
sectional data LaMonte and colleagues (16) showed that cardiorespiratory fitness was
correlated with CRP among Caucasian and Native American, but not African American,
women.

Paragraph Number 24
In conclusion, a 12-month aerobic-exercise intervention resulted in improved aerobic fitness
and reduced CRP, despite relatively little fat loss. CRP reduction was limited to women who
were obese at baseline, a group with clinically high CRP values.
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Figure 1.
Flow of participants through the trial.
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Table 1

Baseline characteristics of exercisers and stretchers.

Exercisers
(N=53)

Controls
(N=62)

p-value

mean ± SD or n

Age 60.5 ± 7.0 60.9 ± 6.8 0.76

Race/ ethnicity

 American Indian 0 1

 African American 1 1

 Asian/ Pacific Islander 3 2

 Hispanic/ Latino 0 2

 Non-Hispanic white 46 55

 Other/ left blank 3 1 0.50

BMI (kg/m2) 30.2 ± 4.0 30.4 ± 3.8 0.82

 <30 (n per subgroup) 29 34

 ≥30 (n per subgroup) 24 28 0.99

Waist circumference (cm) 91.4 ± 11.2 93.0 ± 10.4 0.44

 <88 (n per subgroup) 26 24

 ≥88 (n per subgroup) 27 38 0.26

Intra-abdominal fat (cm2) 132 ± 52 143 ± 50 0.29

Body fat (%) 47.2 ± 5.0 47.0 ± 4.4 0.88

Average calorie intake
(kcal/d)

1581 ± 666 1734 ± 687 0.23

VO2max (ml·kg·min−1) 20.7 ± 3.7 20.6 ± 3.1 0.88

Statin use

 Yes 5 2

 No 48 60 0.25
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Table 4

Effect of exercise on CRP from baseline to 12-months: controls versus exercisers stratified by changes in
aerobic fitness, exercise adherence, adiposity, and adipose tissue distribution.

CRP (mg/L)

Baseline
Geometric Mean

12 month
Geometric Mean

n (95% CI) n (95% CI) p-value § ptrend ‡

Controls * 61 2.36 (1.88, 2.97) 57 2.65 (2.09, 3.36)

Exercisers – Subgroups:

  Change in Aerobic Fitness

  Gained < 5% VO2max 20 2.43 (1.65, 3.58) 16 2.46 (1.62, 3.74) 0.62

  Gained 5-15% VO2max 14 2.73 (1.42, 5.24) 14 1.92 (1.03, 3.57) 0.0006

  Gained > 15% VO2max 17 2.10 (1.48, 2.98) 17 2.08 (1.51, 2.87) 0.11 0.006

  Exercise Adherence

  Exercised < 136 min/wk 15 2.57 (1.54, 4.29) 13 2.73 (1.43, 5.19) 0.48

  Exercised 136-195 min/wk 21 2.60 (1.69, 4.01) 19 2.19 (1.49, 3.22) 0.06

  Exercised > 195 min/wk 15 1.98 (1.34, 2.93) 15 1.71 (1.24, 2.35) 0.02 0.004

  Change in total percentage body fat

  No change or gained fat 16 2.48 (1.54, 4.01) 12 2.54 (1.49, 4.33) 0.71

  Body fat decreased ≤ 2% 17 2.85 (1.84, 4.42) 17 2.53 (1.56, 4.10) 0.12

  Body fat decreased > 2% 18 1.96 (1.27, 3.02) 18 1.65 (1.18, 2.29) 0.002 0.001

  Change in body weight (kg)

  No change or gained body weight 20 2.19 (1.47, 3.26) 16 2.31 (1.49, 3.56) 0.84

  Body weight decreased ≤ 3kg 18 2.28 (1.49, 3.49) 18 1.80 (1.15, 2.81) 0.004

  Body weight decreased > 3kg 13 2.92 (1.64, 5.19) 13 2.53 (1.61, 3.97) 0.04 0.002

  Change in waist circumference (cm)

  No change or increased waist circumference 21 2.11 (1.44, 3.09) 17 1.92 (1.34, 2.77) 0.16

  Waist circumference decreased ≤ 3cm 14 2.37 (1.36, 4.12) 14 2.23 (1.32, 3.76) 0.08

  Waist circumference decreased > 3cm 16 2.85 (1.82, 4.47) 16 2.34 (1.45, 3.79) 0.06 0.02

  Change in intra-abdominal fat (cm2)

  No change or increased intra-abdominal fat 17 2.18 (1.41, 3.37) 13 1.86 (1.26, 2.75) 0.03

  Intra-abdominal fat decreased ≤ 8 cm2 18 2.51 (1.56, 4.04) 18 2.25 (1.40, 3.62) 0.14

  Intra-abdominal fat decreased > 8 cm2 16 2.50 (1.61, 3.90) 16 2.29 (1.47, 3.59) 0.07 0.03

*
Referent group.

§
P-value comparing C-reactive protein at twelve months among sub-strata of exercisers to control group, controlling for baseline C-reactive protein

and age.

‡
P-value for trend test of baseline-to-12-month difference across groups (control, low, medium, high), controlling for baseline C-reactive protein

and age.
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