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Abstract
Purpose—Numerous cross-sectional studies have observed an inverse association between CRP
and physical activity. Exercise-training trials have produced conflicting results, but none of these
studies were specifically designed to examine CRP. The objective of the Inflammation and
Exercise study (INFLAME) was to examine whether aerobic exercise training without dietary
intervention can reduce CRP in individuals with elevated C-reactive protein (CRP).

Methods—The study was a randomized, controlled trial of 162 sedentary men and women with
elevated CRP (≥2.0 mg/L). Participants were randomized into a non-exercise control group or an
exercise group that trained for 4 months. The primary outcome was change in CRP.

Results—The study participants had a mean (SD) age of 49.7 (10.9) years and a mean body mass
index of 31.8 (4.0) kg/m2. The median (IQR) and mean baseline CRP levels were 4.1 (2.5, 6.1)
and 4.8 (3.4) mg/L, respectively. In the exercise group, median exercise compliance was 99.9%.
There were no differences in median (IQR) change in CRP between the control and exercise
groups (0.0 [−0.5, 0.9] versus 0.0 [−0.8, 0.7] mg/L, p=0.4). The mean (95% CI) change in CRP
adjusted for gender and baseline weight was similar in the control and exercise groups with no
significant difference between groups (0.5 [−0.4, 1.3] versus 0.4 [−0.5, 1.2] mg/L, p=0.9). Change
in weight was correlated with change in CRP.

Conclusions—Exercise training without weight loss is not associated with a reduction in CRP.
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INTRODUCTION
C-reactive protein (CRP), a marker of systemic inflammation, is an independent predictor of
cardiovascular disease (CVD) in both women and men.(11;13) Recently, Ridker et al
examined the benefit of rosuvastatin on CVD risk in individuals with elevated CRP (≥2.0
mg/L) but normal low-density lipoprotein (LDL) cholesterol (<130 mg/dL).(12) This large
(n=17,802), multinational, randomized, prospective trial (the JUPITER trial) found that the
treatment group had a large reduction in CRP (4.2 to ~2.2 mg/L) and in CVD events
(approximately 50%) over a median follow-up of 1.9 years. While it is impossible to
determine whether the use of statin medication or the lowering of CRP was responsible for
the observed CVD benefits, the JUPITER trial reinforces the potential clinical significance
of inflammation as a therapeutic target. To this end, lifestyle strategies such as exercise and/
or weight loss may be promising strategies to improve CRP.

Numerous cross-sectional reports have observed an inverse relation between physical
activity and CRP (4;5) while exercise intervention studies have had conflicting results.(4;5)
In addition, it has been suggested that weight loss, concurrent with exercise, may be
responsible for the reduction in CRP, not exercise training per se.(4) The primary limitation
of existing studies of the CRP response to exercise training is that they were not designed
specifically with CRP as an outcome. In addition, these studies were unable to control for
potential confounding variables, were underpowered to examine changes in markers of
inflammation, and included populations with normal CRP levels. Finally, there may be
misclassification of the exercise intervention because exercise was not tightly controlled to
account for the dose administered.

The Inflammation and Exercise study (INFLAME) was designed to investigate the effect of
exercise training on elevated CRP concentrations in men and women ages 30–75. The goal
of INFLAME was to answer the question: Can aerobic exercise training without dietary
intervention reduce CRP in individuals with an elevated CRP level? The findings of the
INFLAME study will inform the development of future clinical guidelines focused on
reducing plasma CRP concentrations.

METHODS
Study Participants

A complete description of the INFLAME design and methods has been published.(21) The
INFLAME study was approved by the Institutional Review Board (IRB) of The Cooper
Institute and reviewed quarterly by the IRB and a Data Safety and Monitoring Board
(DSMB).

We conducted a total of 3569 telephone screens between March 2005 and August 2006
(Figure 1). After giving written informed consent, 162 men and women between the ages of
30 and 75 who were sedentary (not exercising more than 20 minutes on 3 or more days a
week) and who had an elevated plasma CRP concentration (≥2.0 mg/L but <10.0 mg/L) at
the initial screening were randomized to one of the groups. Exclusion criteria included
smoking and a history of stroke, diabetes, heart attack, body mass index ≤18.5 or ≥ 40.0 kg/
m2, or any serious medical condition that prevented participants from adhering to the
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protocol or exercising safely. Persons on beta-blockers or systemic steroids and women on
hormone therapy were also excluded. We chose to exclude these women because hormone
therapy substantially raises CRP, and there is little evidence that exercise can counter these
hormone-induced CRP elevations. With regard to medications that have been demonstrated
to substantially reduce CRP, such as statin mediations, we decided that use of these
medications was not cause for exclusion as long as the minimum CRP level was met and the
participant was on a stable dose for a minimum of two consecutive months prior to
screening. It is worth noting that only 3 individuals in the control group and 2 individuals in
the exercise group were taking statins at baseline, and removing them from the analysis had
not effect on the outcomes.

The screening CRP range was chosen based on information from previous studies. The
minimal screening CRP for inclusion was 2.0 mg/L because it is prevalent in sedentary
populations and also associated with increased CVD risk.(11) The maximum CRP cutoff
point was set at 10.0 mg/L because less than 5% of the general population has a higher CRP
level, and such values are often the result of an acute infection or other inflammatory
condition.(10) The CRP value used to assess eligibility was measured as part of the
prescreening process and was not used in outcome assessment. Further the CRP measure at
the baseline assessment played no role in participant eligibility. For example, if an
individual had a screening value less than 10.0 mg/L but a baseline value greater than 10.0
mg/L, the participant was still eligible and the data was still included in the primary analysis
(n=8). Similarly if an individual had a screening value greater than 2.0 mg/L but a baseline
value less than 2.0 mg/L, they remained still eligible for the study (12 controls and 12
exercisers). Removing participants with baseline CRP value less than 2.0 mg/L from the
analysis had not effect on the outcomes.

Participants were recruited using a wide variety of techniques including newspaper, radio,
television, mailers, community events, and email distributions.

Non-Exercise Control Group
Participants in the non-exercise control group were asked to maintain their current level of
activity during the 4-month study period. Participants in the control groups were asked to
submit step counter tracking and health status forms on a monthly basis.

Exercise-Training Group
In order to maintain the clinical and public health relevance of the intervention, the exercise
dose chosen could be easily prescribed by professionals and was expected to have
reasonable adherence in sedentary but otherwise healthy adults. Specifically, the exercise
dose was 16 KKW divided into three to five sessions per week in a supervised exercise
laboratory. This dose falls within the consensus public health recommendation for moderate-
to vigorous-intensity physical activity of 30 minutes or more on most days of the week, or
approximately 150 to 210 minutes of moderate-intensity activity. For the purposes of this
study, moderate- to vigorous-intensity exercise was defined as 60 to 80% VO2max. (9;19;22)

All exercise sessions were performed under observation and supervision in an exercise
laboratory, with strict monitoring of the amount of exercise completed in each session.
Participants were weighed each week, and their weight was multiplied by 16 to determine
the number of calories to be expended for the week. Exercise intensity was quantified using
data from a Polar XL heart rate monitor worn by participants. The appropriate heart rate
range for the prescribed intensity (60–80% VO2max) was calculated by the study’s exercise
physiologist from the baseline maximal exercise test. If a participant’s heart rate fell or rose
out of range during the intervention, the speed and/or grade of the treadmill or watts on the
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cycle ergometer were adjusted to maintain the prescribed intensity. Adherence to exercise
training over the entire 4-month period was calculated for each individual by dividing the
kilocalories expended during the exercise training by the kilocalories prescribed for the
training period and multiplying by 100%.

Outcomes
The primary outcome was change in CRP level. Prior to all blood draws, participants fasted
for 10–12 hours and refrained from consuming alcohol or exercising for 24 hours.
Participants also refrained from acutely using aspirin or anti-inflammatory medications for
48 hours since these types of medications may modify markers of inflammation. In addition,
for premenopausal women, blood draws occurred within 8 days of menstrual cessation
because changes in ovarian hormones can influence markers of inflammation.(16)

Baseline and follow-up plasma, serum, and RBC with buffy coat samples were stored in a
−80°C freezer. Serum CRP was measured by a solid-phase, chemiluminescent
immunometric assay (Immulite 2000 High-Sensitivity CRP, Diagnostic Products
Corporation, Los Angeles, CA) after baseline and follow-up samples were available in order
for each individual’s set of samples to be measured using the same assay kit. The coefficient
of variation for CRP is 6.5% in the Pennington Biomedical Research Center clinical
laboratory for CRP levels similar to this study group.

Fitness Testing
Fitness testing was conducted using a Lode Excalibur Sport cycle ergometer (Groningen,
Netherlands), an electronic, rate-independent ergometer. Participants cycled at 30 watts (W)
for 2 minutes and 50 W for 4 minutes, followed by increases of 20 W every 2 minutes until
they could no longer maintain a pedal cadence of 50 rpm. Respiratory gases were measured
using a Parvomedics True Max 2400 Metabolic Measurement Cart. Volume and gas
calibrations were conducted before each test. Gas-exchange variables (VO2, CO2
production, ventilation, and respiratory exchange ratio [RER]) were recorded every 15
seconds. Heart rate was measured directly from the ECG monitoring system. Ratings of
perceived exertion (RPE) were obtained using the 20-point Borg scale. Fitness assessment
staff members were blinded to the participant’s randomization assignment.

Anthropometry and Body Composition
Weight was measured on an electronic scale (Siemens Medical Solutions, Malvern, PA), and
height was measured using a standard stadiometer. Body mass index (BMI) was calculated
as weight in kilograms divided by height in meters squared. Body composition was
measured with dual-energy X-ray absorptiometry (DEXA) scans using a Hologic Bone
Densitometer (Hologic Inc., Bedford, MA). Axial images of the abdomen were obtained
using an electron beam CT (Imatron, General Electric, Milwaukee, WI). Abdominal visceral
adiposity and subcutaneous fat were measured as described by Ross et al.(15)

Daily Physical Activity and Other Measures
To assess potential changes in non-supervised physical activity, all randomized participants
wore a step counter (Accusplit Eagle, Japan) and recorded their daily steps. Diet was
assessed by the Food Intake and Analysis System semiquantitative food frequency
questionnaire (The University of Texas HSoPH. Food intake analysis system. 1996. Report
No.: Version 3.0.) Participants were asked not to change their diet during the study period.
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Randomization
Eligible participants were randomized after completing run-in and baseline assessments. The
randomization sequence was computer generated. The sequence was determined from
randomly permuted blocks of equal length with fixed numbers of treatment allotments to
balance treatment enrollment over time. Randomization was implemented with treatment
assignment letters placed into sequentially numbered, opaque envelopes sealed by the
statistician.(21)

Statistical Analysis
Statistical power considerations were previously reported.(21) For all power calculations,
the exercise versus control group comparison was based on the two-sample t-test for change-
score differences, with equal group size and 5% significance (two-sided). For CRP, average
change values and variability were based on observations from published reports.(7;18) The
correlation between pre- and post-trial CRP measures was estimated from a previous trial.
Power was calculated for 30% and 40% changes in CRP (compared to no change in the
control group), which were derived from previous reports of CRP being reduced 31% and
35% in response to exercise training in uncontrolled studies.(7;18). Assuming 77
participants in each group, we calculated power to be 0.94 and 0.99 to detect differences in
CRP between the experimental and control groups of 30% and 40%, respectively. Thus
enrolling 82 controls and 80 exercisers into the study provided more than adequate power to
test the hypothesized changes in CRP.

Descriptive baseline characteristics of groups were tabulated as means and standard
deviations (SDs) or as percentages. Continuous variables were compared using Student’s t-
tests, and categorical variables were compared using Chi-square tests. Mean step data was
calculated per month for each randomization group. Between-group differences in mean
monthly steps were tested using ANOVA without adjustment, and within-group differences
were tested using t-tests.

The primary analysis was conducted using the intent-to-treat principle; if the outcome value
was missing for the participant, we inserted the baseline value for that outcome (i.e., last
observation carried forward). Median CRP change values were compared between groups
using the Wilcoxon Signed-Rank test. Due to baseline differences in gender distribution and
baseline anthropometric measures, CRP change values among groups were tested by
ANOVA with adjustment for gender and baseline weight. Results are presented as adjusted
least-squares means with confidence intervals. We repeated the primary CRP analysis
limiting the data set to participants with baseline and follow-up data. In addition, we
conducted a third analysis of the primary outcome in which we eliminated individuals with
baseline or follow-up CRP values more than three SDs (≥14.9 mg/L) from the mean.

Differences in secondary outcomes among the randomization groups were tested using the
intent-to-treat principal by ANOVA with adjustment for gender and the baseline value of the
tested variable. Results are presented as adjusted least-squares means with confidence
intervals.

The association between change in CRP and changes in adiposity and fitness was examined
using Spearman correlations. As an exploratory analysis, we tested the change in CRP
across tertiles of changes in weight and DEXA-measured body fat in the exercise group.
Results are presented as adjusted least-squares means with 95% confidence intervals. All
associations and exploratory analyses were performed with completers only and the outliers
removed.
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All reported p-values are two-sided. All analyses were performed using SAS version 9.1
(Cary, NC).

RESULTS
The study population had a mean (SD) age of 49.7 (10.9) years, a mean BMI of 31.8 (4.0)
kg/m2, and a mean daily steps of 5792 (2689), and it was 35% non-Caucasian and 72.8%
female. The median and mean CRP baseline levels were 4.1 (2.5, 6.1) and 4.8 (3.4) mg/L,
respectively. The mean VO2abs and VO2rel values were low at 1.69 (0.61) L · min−1 and
18.9 (5.6) mL · kg−1 · min−1, respectively. As summarized in Table 1, descriptive data was
similar across groups except for gender distribution and for some of the anthropometric data
and high-density lipoprotein (HDL) cholesterol. As detailed in Figure 1, follow-up data was
available for 67 of 82 (82%) individuals in the control groups and 70 of the 80 (88%)
individuals in the exercise group for a total of 137 (85%) of the participants with follow-up
data. For exercisers who completed the study, the mean and median exercise compliance
was 91% and 99.9%, respectively. The mean exercise-training intensity was 75.3% (6.5) of
maximal heart rate, and the mean number of minutes per week spent exercising was 204
(45) (excluding the ramp-up period).

During the intervention, the mean steps per day did not change in either group, nor were
there any statistically significant differences between groups at any time point. Specifically,
the mean (SD) steps per day for the control group were 6649 (2876), 6559 (2990), 6434
(2913), and 6800 (2799) across months 1 through 4. For the intervention group, the mean
(SD) steps per day were 5447 (2881), 6298 (3369), 6314 (3295), and 6414 (3327) across
months 1 though 4. There was no change in daily caloric intake between baseline and
follow-up for either group, and there were no between-group differences at either baseline or
follow-up. For the control group, the mean (SD) daily caloric intake was 1920 (887) and
1755 (699) at baseline and follow-up, and in the exercise group, it was 1793 (700) and 1664
(667), respectively. Given the large measurement error associated with this type of dietary
assessment, this data should be interpreted with caution.

Figure 2 depicts the distribution of the CRP change values in the control and exercise
groups. The shape of the distribution of change values was similar between groups, and
there were no differences in median (IQR) CRP change between the control and exercise
groups (0.0 [−0.5, 0.9] versus 0.0 [−0.8, 0.7] mg/L, p=0.4).

Figure 3 depicts the change in CRP adjusted for gender and baseline weight in the control
and exercise groups. The adjusted mean CRP change was similar in the control and exercise
groups with no significant difference between the two groups (0.5 [−0.4, 1.3] versus 0.4
[−0.5, 1.2] mg/L, p=0.9). Figure 3 also shows analyses limited to individuals with follow-up
data and with CRP outliers removed. Further, removing the data of individuals in the
exercise group with compliance less than 90% (n=11) also had no effect on change in CRP.
Gender was not a significant covariate in any of the above models and all analyses were
repeated within each gender group with similar results. In addition the gender X group
interaction term was not significant for any of the above analyses.

Table 2 presents the changes in secondary outcome measures. All values are least-squares
mean changes adjusted for baseline value and gender. The exercise group had a significant
improvement in VO2abs and percent change in VO2 (12%) compared to the control group.
There was no difference in change in energy intake between groups. While there were no
significant between-group differences for changes in weight, lean mass, or abdominal
visceral (p= 0.07) or subcutaneous fat, the exercise group did have a significant reduction in
DEXA-measured body fat compared to the control group (−0.4 [−0.7, −0.1] versus 0.2
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[−0.3, 0.6], p=0.02). For individuals in the exercise group, the caloric expenditure from
supervised exercise (total) was divided by 7700 kcal to create a variable of predicted weight
change. This was based on the assumption that 1 kg of weight represented 7700 kcal in
energy.(3) The predicted mean weight loss in the exercise group was −2.4 (0.7) kg, which
was significantly (p<0.001) less than the observed weight loss of −0.7 (3.4) kg. Thus only
29% of expected weight loss was achieved. There were no significant between-group
differences for changes in any of the CVD risk factors which not unexpected give the
relatively healthy baseline risk factor profiles of the study participants in both groups.

Table 3 presents the Spearman associations for change in CRP with changes in measures of
fitness and body composition. Overall, changes in weight, DEXA-measured body fat, and
abdominal body fat were associated with change in CRP. When stratified by randomization
group, CRP change was associated with changes in weight and DEXA body fat in the
exercise group but not in the control group.

Figure 4 graphically depicts the change in CRP across tertiles of changes in weight and
DEXA-measured body fat in the exercise group compared to the control group. The range
for each tertile and median value of each tertile are provided in the lower portion of each
graph. For both weight loss and body fat loss, the exercise group tertile with the largest
reduction in these variables had significant reductions in CRP compared to all groups.
Further adjusting for gender had no meaningful effect on either of the above analyses and in
both instances the gender X group interaction term was not significant.

DISCUSSION
The primary finding from this prospective, randomized, controlled exercise trial in sedentary
individuals with elevated levels of CRP is that exercise training without weight loss was not
associated with a reduction in CRP. Our participant retention was high (85%), and exercise
adherence was excellent (>90%). Overall, we observed a 12% increase in fitness in the
exercise group, and the study was adequately powered to observe change in CRP. Thus it
seems highly unlikely that failure to see a decrease in CRP was due to methodological issues
surrounding the exercise intervention or other design issues. Despite an exercise energy
expenditure of 16 KKW (approximately 1500 kcal/wk per participant), we failed to observe
a significant decrease in body weight and had only a small decrease in total body fat.
Numerous exercise trials have failed to produce substantial weight loss despite delivering a
large dose of exercise.(14) It has been demonstrated that exercise training can result in
increased caloric intake, which subsequently reduces or negates the exercise-induced
negative caloric balance.(6) (1) We hypothesize that the small percentage of expected
weight loss (29%) achieved in the exercise group accounts for our failure to see a significant
mean reduction in CRP. This hypothesis is supported by our observation that there was a
strong association between fat loss and change in CRP and that the individuals in the
exercise group who lost the most weight (and fat) had a significant decrease in CRP. Our
data suggests that exercise training-induced reductions in CRP are due primarily to fat loss,
as we did not observe any weight-independent benefits of exercise to CRP. These findings
support the observation that fatness may mediate the previously observed associations
between physical activity and CRP.

There are several potential explanations as to why many cross-sectional studies have
reported exercise to be inversely associated with CRP while exercise-training studies have
not confirmed this observation. There may be a “publication bias” in which studies showing
a positive association are more likely to be submitted and published. Further, measures of
fitness or self-reported activity may reflect long-term patterns of activity as opposed to
recent changes. Thus exercise may be effective in preventing the development of elevated
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CRP and less effective in reducing an established elevated CRP level. In addition there may
be confounding by uncontrolled factors. Individuals who report higher levels of activity may
also have healthier diets such as a Mediterranean-style diet, which is associated with lower
CRP.(2) One could propose similar hypotheses for stress, subclinical chronic conditions, or
general well-being. There are likely many variables, other than just physical activity and
weight, that influence CRP, and these variables are likely to interact with each other. An
example of the complexities of studying CRP and exercise is illustrated by Milani et al in a
study of CRP and cardiac rehabilitation. This study is frequently cited as evidence that
exercise reduces CRP because participation in a high-quality cardiac rehabilitation program
was associated with a 36% reduction in CRP despite no change in weight.(8) However, it is
important to point out that this study did not have a randomized control group, the
participants all had coronary heart disease, and the cardiac rehabilitation consisted of dietary
counseling with emphasis on the Mediterranean diet, smoking cessation, stress management,
hypertension and diabetes management, and exercise training. While the cardiac
rehabilitation program appears to be beneficial to CRP, it is difficult to dissect which
element(s) of the rehabilitation program were responsible for the observed reduction in CRP.

Our findings do confirm numerous reports that weight loss is an effective means to reduce
CRP.(17) However, there is a need for a tightly controlled, lifestyle-based study examining
the dose-response relation between weight loss and change in CRP in individuals with
elevated CRP at baseline. This type of trial could help inform future clinical guidelines
examining nonpharmacological methods to reduce CRP.

Strengths and Limitations
The primary strength of the INFLAME study is that it is an efficacy study specifically
designed to examine the effect of an exercise intervention on CRP. The exercise intervention
was a tightly controlled exercise dose, with all exercise taken in the laboratory and extensive
monitoring of energy expenditure. We obtained excellent exercise adherence and had a low
dropout rate.

The inclusion/exclusion criteria were designed to identify individuals with chronically
elevated CRP and to exclude persons with acute inflammatory conditions. We controlled for
potential confounding in several ways. Confounding by medication usage was limited by
restricting entry into the study and excluding individuals taking medications that might
prevent reductions in CRP. However, we did not assess changes in medications.
Confounding by additional daily physical activity was accounted for by monitoring daily
steps taken outside the exercise sessions. Similarly, we monitored energy (dietary) intake.
We observed no differences among groups for either of these factors. To our knowledge,
INFLAME is the first randomized, controlled trial designed and conducted to specifically
examine the benefit of exercise training on CRP. The intervention was limited to aerobic
exercise training, and there is preliminary evidence that other types of training such as
resistance training might reduce CRP.(20) Similarly, we chose not to provide dietary
counseling to allow us to test the independent effect of exercise on CRP. An intervention
that includes dietary counseling to promote weight loss could test the relationship between
weight loss and CRP. INFLAME was only four months in duration and it is conceivable a
longer exercise intervention may have produced reductions in CRP.

Conclusions
The primary finding from this prospective, randomized, controlled exercise trial in sedentary
individuals with elevated levels of CRP is that exercise training without weight loss is not
associated with a reduction in CRP. However, in the exercise group, changes in weight and
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fat were associated with changes in CRP, suggesting that exercise-induced reductions in
CRP are primarily due to reductions in weight and body fat.
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Figure 1.
Flow of participants through THE INFLAME trial.
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Figure 2.
Distribution of change in C-reactive protein for each study group
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Figure 3.
Change in C-reactive protein for each study group. The data represent the the least-squares
means adjusted for gender and baseline weight. The left set of data represents all participants
with baseline values carried forward for participants without follow-up values. The middle
set of data represents only participants with follow-up data and the far right set of data
represents participants with follow-up data with the outliers removed (baseline or follow-up
CRP ≥14.9 mg/L). Error bars indicate 95% confidence intervals.
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Figure 4.
Change in C-reactive protein for control group (open diamond), and the exercise group with
categorization by thirds of change weight and DEXA body fat (closed diamonds). The data
represent the least-squares means. Error bars indicate 95% confidence intervals. * P < 0.05
versus all other groups including the control group
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Table 1
Baseline Participant Characteristics*

Randomization Groups

Control Exercise P-value

Characteristics (n=82) (n=80)

Demographics

  Age, y 49.4 (11.3) 50.0 (10.4) 0.71

  Female, n (%) 54 (65.9) 64 (80.0) 0.04

  Ethnicity, n (%)

        Caucasian 49 (59.8) 56 (70.0) 0.5

      African-American 22 (26.8) 15 (18.8)

       Hispanic/Other 11 (13.4) 9 (11.2)

  Alcoholic Drinks per Week 1.1 (2.0) 1.4 (2.6) 0.50

C-Reactive Protein, mg/L

         Mean 4.6 (3.0) 4.9 (3.7) 0.62

       Median (IQR) 3.9 (2.4, 6.3) 4.1 (2.6, 5.7)

Exercise Test Variables

  Maximal Heart Rate, beats/min 156.5 (22.8) 158.5 (21.8) 0.57

  Respiratory Exchange Ratio 1.13 (0.09) 1.15 (0.09) 0.37

  Peak Absolute VO2, L/min 1.74 (0.64) 1.66 (0.57) 0.40

  Peak Relative VO2, mL/kg/min 18.8 (5.6) 19.1 (5.6) 0.76

Anthropometrics

  Weight, kg 91.6 (15.3) 87.1 (15.1) 0.06

  Body Mass Index, kg/m2δ 32.3 (3.7) 31.2 (4.2) 0.09

  Body Fat Percent, % 39.1 (6.9) 40.6 (6.4) 0.16

  Fat Body Mass, DEXA 35.6 (7.8) 35.6 (9.1) 0.98

  Lean Body Mass, DEXA 56.0 (12.6) 51.6 (9.9) 0.01

  Abdominal Visceral Fat, kg 5.4 (2.8) 4.6 (2.6) 0.06

  Abdominal Subcutaneous Fat, kg 13.3 (4.1) 11.8 (4.3) 0.02

Cardiovascular Disease Factors

  LDL-C, mg/dL 115.2 (24.0) 116.2 (25.0) 0.80

  HDL-C, mg/dL 51.9 (12.6) 57.3 (14.7) 0.01

  Triglycerides, mg/dL 115.5 (48.6) 113.6 (48.3) 0.80

  Fasting Glucose, mg/dL 96.3 (11.0) 93.8 (10.5) 0.14

  Fasting Insulin, μU/mL 13.1 (7.2) 11.8 (5.9) 0.19

   Systolic Blood Pressure, mm Hg 131.8 (19.3) 130.3 (20.3) 0.63

   Diastolic Blood Pressure, mm Hg 82.5 (10.6) 81.2 (11.1) 0.42

Abbreviations: IQR, interquartile range; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; VO2, volume of
oxygen consumed

SI conversions: To convert LDL-C and HDL-C to mmol/L, multiply by 0.0259. To convert triglycerides to mmol/L, multiply by 0.0113. To
convert glucose to mmol/L, multiply by 0.0555.
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*
All continuous variables presented as means (SD), except C-reactive protein which is also presented as median (IQR). Dichotomous variables

presented as percentages.

δ
Calculated as weight in kilograms divided by height in meters squared.
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Table 2
Change in Secondary Outcome Measures After Intervention

Randomization Groups

Control Exercise P-value†

Characteristics (n=82) (n=80)

Fitness and Diet Variables *

  Peak Absolute VO2, L/min −0.01 (−0.06, 0.03) 0.17 (0.13, 0.22) <0.001

  Percent Change Peak VO2, % 0.5 (−1.93, 2.9) 12.0 (9.5, 14.5) <0.0001

  Energy Intake, kcal/day −113 (−238, 11) −138 (−264, −11) 0.78

Anthropometrics

  Weight, kg 0.1 (−0.5, 0.7) −0.6 (−1.2, 0.0) 0.10

  Body Fat Percent, % 0.1 (−0.2, 0.4) −0.4 (−0.7, −0.1) 0.03

  Fat Body Mass, DEXA 0.2 (−0.3, 0.6) −0.6 (−1.0, −0.1) 0.02

  Lean Body Mass, DEXA −0.04 (−0.4, 0.3) −0.06 (−0.4, 0.3) 0.91

  Abdominal Visceral Fat, kg 0.00 (−0.1, 0.1) −0.16 (−0.3, −0.1) 0.07

  Abdominal Subcutaneous Fat, kg 0.00 (−0.3, 0.2) −0.3 (−0.5, −0.1) 0.16

Cardiovascular Disease Risk Factors

  LDL-C, mg/dL 1.0 (−2.5, 4.5) 3.0 (−0.5, 6.5) 0.42

  HDL-C, mg/dL −2.4 (−3.6, −1.2) −1.4 (−2.6, −0.2) 0.25

  Triglycerides, mg/dL 0.5 (−7.5, 8.6) 1.1 (−7.0, 9.2) 0.92

  Fasting Glucose, mg/dL 0.8 (−0.6, 2.3) 0.9 (−0.6, 2.4) 0.92

  Insulin, μU/mL −0.2 (−1.0, 0.6) −0.8 (−1.6, 0.03) 0.34

  Blood Pressure, mm Hg

       Systolic −1.9 (−4.4, −0.7) −4.1 (−6.7, −1.5) 0.22

       Diastolic −2.1 (−3.7, −0.5) −1.8 (−3.4, −0.2) 0.78

Abbreviations: LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; VO2, volume of oxygen consumed

SI conversions: To convert LDL-C and HDL-C to mmol/L, multiply by 0.0259. To convert triglycerides to mmol/L, multiply by 0.0113. To
convert glucose to mmol/L, multiply by 0.0555.

*
Values are expressed as fitted mean (95% CI) and are adjusted for baseline value and gender.

†
P-values for differences between groups determined by analysis of variance adjusted for baseline value and gender.
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Table 3
Spearman Correlations Between Changes in C-Reactive Protein and Changes in
Secondary Outcomes

Change C-Reactive Protein

All
(n=129)

Control
(n=65)

Exercise
(n=64)

Change Peak Absolute VO2, L/min −0.13 −0.19 −0.01

Change Weight, kg 0.18* 0.05 0.34†

Change Fat Body Mass, DEXA 0.24† 0.13 0.35†

Change Lean Body Mass, DEXA −0.01 −0.15 0.15

Change Abdominal Visceral Fat, kg 0.17* 0.18 0.16

Change Abdominal Subcutaneous Fat, kg −0.02 −0.17 0.07

Data limited to participants with baseline and follow-up C-reactive protein values < 14.9 mg/L.

*
p≤0.05

†
p<0.01
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