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Aims To study the effect of exercise training on plasma C-reactive protein, a marker of inflammation.
Methods and results We performed a 20 week standardized exercise training programme in 652 seden-
tary healthy white and black men and women. C-reactive protein was measured with a high sensitivity
assay. The study sample was stratified according to baseline C-reactive protein levels using a rec-
ommended classification (low ,1.0 mg/L, n ¼ 265; moderate 1.0–3.0 mg/L, n ¼ 225; high .3.0 mg/L,
n ¼ 162). The median C-reactive protein reduction was 1.34 mg/L in the high baseline C-reactive pro-
tein group. C-reactive protein levels did not change in the low or moderate baseline C-reactive
protein groups. The difference among the C-reactive protein groups was significant adjusting for all
correlates of baseline C-reactive protein (P, 0.001) and additionally for changes in body weight,
glucose, insulin, LDL cholesterol, HDL cholesterol, triglycerides, systolic and diastolic blood pressure,
and maximal oxygen uptake (P, 0.001). The C-reactive protein reduction in the high baseline
C-reactive protein group was consistent across all population groups (P, 0.001 for difference among
baseline C-reactive protein groups).
Conclusion Plasma C-reactive protein levels are reduced in response to exercise training in sedentary
healthy adults with high initial C-reactive protein levels. This finding may partly explain the effectiveness
of regular physical activity in the prevention and treatment of cardiovascular and metabolic diseases.
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Introduction

C-reactive protein is a sensitive marker of systemic low-
grade inflammation and is currently recommended as the
principal inflammatory marker in research and clinical prac-
tice.1 Elevated plasma levels of C-reactive protein have
been associated with an increased risk of coronary heart
disease,2,3 ischaemic stroke,4 peripheral artery disease,5

hypertension,6 and any cardiovascular disease3,7 in individ-
uals who have no prior cardiovascular disease. C-reactive
protein has also found to predict the risk of recurrent myo-
cardial infarction8 and mortality9 in patients with coronary
heart disease. Moreover, elevated plasma C-reactive
protein levels have been associated with obesity,7,10,11

insulin resistance,10,11 the metabolic syndrome,7,10 endo-
thelial dysfunction,11 and an increased risk of developing
Type 2 diabetes.12 A clinically important finding is that

C-reactive protein predicts cardiovascular disease indepen-
dent of traditional risk factors and adds prognostic infor-
mation to these risk factors.3,7

Regular physical activity and good cardiorespiratory
fitness have been associated with a reduced risk of coronary
heart disease,13,14 ischaemic stroke,15,16 and premature
cardiovascular and total mortality17,18 in people who have
no prior cardiovascular disease. Exercise training has also
been shown to reduce cardiac and total mortality in patients
with coronary heart disease19 and to be effective in the
treatment of peripheral artery disease.20 Moreover, exercise
has been found to decrease body adiposity,21 increase insulin
sensitivity,21 improve glucose tolerance,21 decrease plasma
triglyceride levels,21 increase plasma HDL cholesterol
levels,21 reduce blood pressure,21 improve haemostatic
factors,21 improve endothelial function,22 and reduce the
risk of developing the metabolic syndrome23 and Type 2
diabetes.24 Nevertheless, these health effects only partly
explain the reduced morbidity and mortality in physically
active individuals.
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The results of cross-sectional epidemiological studies25–30

and small clinical trials31–33 suggest that the beneficial
effects of regular physical activity could be partly mediated
by the suppression of systemic low-grade inflammation.
However, there are no reports on the effect of exercise
training on inflammation in large study samples of sedentary
individuals of different ages, genders, and races and who do
not have diseases or take medications that potentially affect
the inflammatory process. We therefore investigated the
effect of exercise training on plasma C-reactive protein
levels in 652 sedentary healthy, young and middle-aged,
white and black women and men in the HERITAGE Family
Study. We stratified the study sample according to baseline
C-reactive protein levels by using a classification recently
recommended by the Centers for Disease Control and
Prevention and the American Heart Association.1 We hypo-
thesized that the exercise-induced C-reactive protein
reduction is stronger among individuals who have higher
baseline C-reactive protein levels and who therefore
are at an increased risk of cardiovascular and metabolic
diseases.1 We also evaluated whether conditions known
to be associated with inflammation modify the effect of
exercise training on plasma C-reactive protein levels and
whether the effect is mediated by exercise-induced
changes in these conditions.

Methods

Study design

The HERITAGE Family Study is a 20 week exercise intervention trial
that was carried out by a consortium of five universities in the US
and Canada.34 The study was designed to investigate the contri-
bution of exercise training to changes in risk factors for Type 2
diabetes and cardiovascular diseases and the role of genetic
factors in cardiovascular, metabolic, and hormonal responses to
exercise training in white and black families. The study protocol
was approved by each of the Institutional Review Boards of the
research consortium of the HERITAGE Family Study. A written
informed consent was obtained from each participant.

Subjects

The subjects came from 97 white and 96 black families that included
the natural mother and father (�65 years of age) and their offspring
(�17 years of age). The white families had at least three offspring;
the black families were smaller. The subjects included 236 parents
(124 mothers, 112 fathers) and 416 offspring (234 daughters, 182
sons). The subjects were required to be sedentary, defined as not
having participated in regular physical activity over the previous
6 months, and not having chronic diseases or taking medications
that could have prevented their participation in a structured
exercise training programme or could have affected their laboratory
test results. The criteria for participation in the study have been
explained in detail elsewhere.34

Of 855 eligible participants, 742 were considered to have comp-
lied with the study, because they had successfully finished the train-
ing programme (had participated in �95% of 60 required training
sessions) and had undergone thorough examinations before and
after training. Reasons for not completing the study included an
illness or an injury (n ¼ 6), a pregnancy (n ¼ 7), a re-location
(n ¼ 1), a voluntary refusal to continue the study (n ¼ 22), a
dropout because one or more members of the family dropped out
or were dropped rendering the rest of the family ineligible for the
study (n ¼ 10), too many missing training sessions (n ¼ 18), an
inability to complete all examinations (n ¼ 33), and other reasons
(n ¼ 16).

Of the 742 subjects who complied with the study, 68 had missing
data on C-reactive protein and 12 had missing data on other vari-
ables needed for the present analyses and were excluded. We also
excluded eight subjects whose C-reactive protein value before or
after training separated by �4 standard deviations from the mean
or by �1 standard deviation from the next highest value. Thus,
the final study sample with complete data on all variables needed
for the present analyses included 652 individuals (439 whites and
213 blacks, 358 women and 294 men).

Exercise training programme

The 20 week exercise training programme included three training
sessions per week on cycle ergometers in the laboratory. The inten-
sity of exercise was customized for each subject based on the
relationship between heart rate and oxygen uptake measured at
baseline. During the first 2 weeks, the subjects were trained for
30 min per session at a heart rate corresponding to 55% of the
maximal oxygen uptake measured at baseline. The duration of
each exercise session was gradually increased to 50 min and heart
rate was increased to the level corresponding to 75% of the baseline
maximal oxygen uptake. This level was sustained for the last
6 weeks. The heart rate was monitored during all training sessions
by a computerized cycle ergometer system, which adjusted erg-
ometer resistance to maintain the target heart rate. The subjects
were instructed not to change their lifestyle during the exercise
intervention. Maximal oxygen uptake increased by 17.8% (from
37.1 to 42.5 mL/kg21 min21) during 20 weeks of exercise, indicating
that the training programme was effective for cardiorespiratory
system. Changes in maximal oxygen uptake were not correlated
with changes in C-reactive protein levels.

Measurements

All variables were assessed at baseline and after the exercise train-
ing programme by using the same study protocols and methods.
Plasma C-reactive protein was measured with a high-sensitivity
solid-phase chemiluminescent immunometric assay (IMMULITE
2000 High Sensitivity C-reactive protein, Diagnostic Products
Corporation, Los Angeles, CA, USA) implemented on an automated
immunoassay instrument (Diagnostic Products Corporation, Los
Angeles, CA, USA). In 48 randomly selected subjects, the intra-
class correlation between two C-reactive protein measurements
during the same study visit was 0.98 and the coefficient of variation
was 6.4%. The methods for assessing diet, smoking, alcohol con-
sumption, the use of hormone replacement therapy or oral contra-
ceptives, body mass index, maximal oxygen uptake, plasma HDL and
LDL cholesterol, triglycerides, glucose, and insulin, as well as systo-
lic and diastolic blood pressure have been presented previously.34

Statistical methods

Baseline characteristics are presented as means and standard
deviations or per cents. Differences in the medians of baseline
C-reactive protein in the groups of baseline characteristics were
analysed by Wilcoxon test or Kruskal–Wallis test. Because of
skewed distributions, a logarithmic transformation was done for
C-reactive protein, insulin, HDL cholesterol, and triglyceride
values. All these variables were normally distributed after logarith-
mic transformation. The strongest correlates of baseline C-reactive
protein were determined by comparing the magnitude of stand-
ardized regression coefficients derived from univariate linear
regression analyses performed separately for each correlate of
baseline C-reactive protein. The associations of baseline C-reactive
protein with C-reactive protein changes in response to exercise
training were analysed with MIXED models, that take into account
non-independence among family members. Data were adjusted
first for all correlates of baseline C-reactive protein and second
for exercise-induced changes in body weight, glucose, insulin, HDL
and LDL cholesterol, triglycerides, systolic and diastolic blood
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pressure, and maximal oxygen uptake. The associations of baseline
C-reactive protein with C-reactive protein changes in response to
exercise training in baseline subgroups were also analysed with
MIXED models. We used established clinical cut-offs for body mass
index (,25.0, 25.0–29.9, and �30.0 kg/m2), glucose (,5.6 and
�5.6 mmol/L), and LDL cholesterol (,2.6 and �2.6 mmol/L).
Because no clinical cut-offs are available for maximal oxygen
uptake or insulin and the use of clinical cut-offs for HDL cholesterol,
triglycerides, or blood pressure would have provided unequal group
sizes, we used medians for these variables. All statistical analyses
were two-sided. P-values ,0.05 were defined statistically signifi-
cant. All statistical analyses were performed with SAS 8.2.

Results

Baseline characteristics

Baseline characteristics are shown in Table 1. The median
C-reactive protein was higher in Blacks, women, and
parents and tended to be higher in women who used
hormone replacement therapy or oral contraceptives and
in current smokers (Table 2 ). The median C-reactive
protein was also higher in individuals who were overweight
or obese or had lower maximal oxygen uptake, higher
glucose, insulin, triglycerides, LDL cholesterol, or diastolic
blood pressure and tended to be higher in those who had
lower HDL cholesterol or higher systolic blood pressure
(Table 2 ).

The strongest correlates of baseline
C-reactive protein

The strongest correlates of baseline C-reactive protein
in women were body mass index, maximal oxygen uptake,
triglycerides, LDL cholesterol, glucose, age, insulin, systolic
blood pressure, the use of hormone replacement therapy or
oral contraceptives, diastolic blood pressure, and smoking
(Table 3 ). The strongest correlates of baseline C-reactive

protein in men were maximal oxygen uptake, body mass
index, age, LDL cholesterol, smoking, glucose, insulin, tri-
glycerides, HDL cholesterol, and diastolic blood pressure.
Alcohol consumption was not associated with C-reactive
protein in either gender.

The effect of exercise training on C-reactive
protein levels

There was no change in C-reactive protein levels in the
whole study population (Table 4 ). C-reactive protein
reduced by 1.34 mg/L in individuals who had high
(.3.0 mg/L) baseline C-reactive protein levels (25% of
the whole study population), but did not change among
those with low (,1.0 mg/L) or moderate (1.0–3.0 mg/L)
baseline C-reactive protein levels (Table 4 ). The difference
in the C-reactive protein change among the baseline C-reac-
tive protein groups was statistically significant after adjust-
ment for all correlates of baseline C-reactive protein shown
in Table 3 (P , 0.001). Additional adjustment for changes in
body weight, glucose, insulin, LDL cholesterol, HDL choles-
terol, triglycerides, systolic and diastolic blood pressure,
and maximal oxygen uptake had no effect on the association
(P, 0.001). The exclusion of nine subjects who reported a
change in smoking habits during the study did not have an
effect on the results either.

The C-reactive protein reduction in the high baseline
C-reactive protein group was consistent across all popu-
lation groups, including whites and blacks, women and
men, parents and offspring, women who did not use
hormone replacement therapy or oral contraceptives and
those who did, non-smokers and current smokers, individ-
uals who were normal weight and overweight or obese,
and those who had lower and higher levels of maximal
oxygen uptake, glucose, insulin, LDL cholesterol, HDL
cholesterol, triglycerides, systolic blood pressure and diastolic

Table 1 Baseline characteristics

All
(n ¼ 652)

Women
(n ¼ 358)

Men
(n ¼ 294)

Age (years) 35.6 (13.7) 34.8 (13.0) 36.6 (14.4)
Race (% of blacks) 32.7 38.0 26.2
Gender (% of men) 45.1 — 100.0
Generation (% of offspring) 63.8 62.0 61.9
Hormone usea (%) 18.9 34.4 —
Smoking status
Never (%) 64.4 67.3 60.9
Former (%) 22.7 18.4 27.9
Current (%) 12.9 14.3 11.2

Alcohol consumption (g/week) 5.1 (9.7) 3.1 (5.9) 7.5 (12.5)
Body mass index (kg/m2) 26.6 (5.2) 26.3 (5.5) 27.0 (4.9)
Maximal oxygen uptake (mL/kg/min) 31.1 (8.8) 27.2 (7.0) 35.7 (8.5)
Plasma glucose (mmol/L) 5.1 (0.6) 4.9 (0.5) 5.2 (0.6)
Plasma insulin (pmol/L) 70.8 (50.4) 68.8 (50.2) 73.5 (51.2)
Plasma LDL cholesterol (mmol/L) 3.0 (0.8) 2.9 (0.7) 3.1 (0.8)
Plasma HDL cholesterol (mmol/L) 1.05 (0.28) 1.14 (0.27) 0.95 (0.25)
Plasma triglycerides (mmol/L) 1.29 (0.77) 1.10 (0.56) 1.51 (0.91)
Systolic blood pressure (mmHg) 118.6 (11.7) 116.5 (12.2) 121.1 (10.6)
Diastolic blood pressure (mmHg) 68.3 (8.7) 67.3 (8.9) 69.5 (8.4)

Data are presented as means and standard deviations or per cents.
aHormone replacement therapy or oral contraceptives.
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blood pressure (Table 5 ). In each of these population groups,
the difference in the C-reactive protein change among the
baseline C-reactive protein groups was statistically sig-
nificant after adjustment for the correlates of baseline
C-reactive protein (P, 0.001). Further adjustment for
changes in body weight, glucose, insulin, LDL cholesterol,
HDL cholesterol, triglycerides, systolic and diastolic blood
pressure, and maximal oxygen uptake had no effect on
these associations (P, 0.001).

Discussion

The main finding of the present study is that plasma
C-reactive protein reduced by about 1.3 mg/L in response
to 20 weeks of exercise training in sedentary healthy
adults with high initial C-reactive protein levels (.3.0 mg/L).
The C-reactive protein reduction was consistent across all
population groups and varied between 1.2 and 2.2 mg/L.
This observation is potentially important from a public

Table 2 Medians and interquartile ranges for baseline C-reactive protein in the whole study population and in the groups of baseline
characteristics

n Median Interquartile
range

P-value for
differenceb

All subjects 652 1.30 0.60–2.99
Race
Whites 439 1.22 0.58–2.69
Blacks 213 1.55 0.67–3.85 0.014

Gender
Women 358 1.64 0.65–4.10
Men 294 1.13 0.57–2.27 0.020

Generation
Parents 236 1.77 0.94–3.47
Offspring 416 1.04 0.48–2.65 ,0.001

Hormone usea

No 235 1.31 0.59–3.64
Yes 123 2.13 0.80–5.11 0.069

Smoking status
Never 420 1.20 0.59–2.82
Former 148 1.43 0.63–3.13
Current 84 1.85 0.70–4.88 0.125

Body mass index
,25.0 kg/m2 288 0.77 0.38–1.66
25.0–29.9 kg/m2 208 1.53 0.75–2.82
�30.0 kg/m2 156 3.02 1.42–5.99 ,0.001

Maximal oxygen uptake
,30.2 mL/kg/min 327 2.11 0.97–4.45
�30.2 mL/kg/min 325 0.85 0.41–1.77 ,0.001

Fasting plasma glucose
,5.6 mmol/L 520 1.22 0.58–2.84
�5.6 mmol/L 82 2.41 1.11–4.36 ,0.001

Fasting plasma insulin
,60.0 pmol/L 311 0.98 0.47–2.29
�60.0 pmol/L 314 1.67 0.83–4.10 ,0.001

Plasma LDL cholesterol
,2.6 mmol/L 214 0.83 0.41–2.27
�2.6 mmol/L 438 1.53 0.75–3.27 ,0.001

Plasma HDL cholesterol
,1.02 mmol/L 327 1.40 0.68–2.86
�1.02 mmol/L 325 1.23 0.51–3.23 0.197

Plasma triglycerides
,1.07 mmol/L 327 1.03 0.48–2.63
�1.07 mmol/L 325 1.56 0.80–3.39 ,0.001

Systolic blood pressure
,118 mmHg 326 1.25 0.56–2.67
�118 mmHg 326 1.40 0.66–3.16 0.148

Diastolic blood pressure
,68 mmHg 324 1.16 0.52–2.67
�68 mmHg 328 1.49 0.69–3.33 0.017

Established clinical cut-offs were used for body mass index, glucose, and LDL cholesterol. Medians were used for maximal oxygen uptake, insulin, HDL
cholesterol, triglycerides, and systolic and diastolic blood pressures.

aHormone replacement therapy or oral contraceptives. Only women included.
bFrom Wilcoxon test or Kruskal–Wallis test.
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health and clinical point of view. Individuals with C-reactive
protein .3.0 mg/L represent about one-fourth of adult
population and are known to have a markedly increased
risk of cardiovascular diseases and Type 2 diabetes.1 A
C-reactive protein reduction of 1–2 mg/L can significantly
decrease the risk of cardiovascular diseases and Type 2
diabetes in individuals who have high C-reactive protein
levels. The possible inflammation suppressing effect of exer-
cise training may partly explain the effectiveness of regular
physical activity in the prevention and treatment of cardio-
vascular and metabolic diseases.13–24

Previous studies suggest that regular physical activity
could suppress inflammation by reducing body adiposity
and improving insulin sensitivity.32,35 In a recent study,
however, the exercise-induced C-reactive protein reduction
was not associated with weight loss.36 The present data
suggest that the C-reactive protein reduction in response
to exercise training is not mediated by changes in body
weight or other metabolic factors. One explanation is that
the 20 week exercise training programme in the HERITAGE
Family Study resulted in only modest changes in body
adiposity,37 insulin sensitivity,38 plasma lipids and lipo-
proteins,39 and blood pressure,40 and individual differences
in response to exercise training were large.37–40 A longer
intervention and larger changes in metabolic factors could

have resulted in a larger C-reactive protein reduction. The
C-reactive protein reduction was not associated with or
explained by improvement in cardiorespiratory fitness
either. Exercise training may also reduce C-reactive protein
through more direct effects on the inflammatory process.
Some previous studies suggest that exercise training reduces
the expression and blood levels of leukocyte adhesion
molecules, inhibits interactions between monocytes and
endothelial cells,41 decreases the production of pro-
inflammatory cytokines, and increases the production of
anti-inflammatory cytokines by mononuclear cells,31 main-
tains balance between the production of pro-inflammatory
and anti-inflammatory cytokines in skeletal muscles,42,43

improves antioxidative defences,44 and reduces the sus-
ceptibility of LDL to oxidation.45

The strengths of the present study include the standar-
dized exercise training programme, the large study sample
of previously sedentary white and black men and women,
the careful exclusion of individuals who had chronic diseases
or took medications that could have affected plasma
C-reactive protein levels and thus confounded the statistical
analyses, and the comprehensive adjustment for conditions
known to be associated with plasma C-reactive protein
levels. These characteristics of the study allowed us to
evaluate the independent effect of exercise training on

Table 3 The strongest correlates of baseline C-reactive protein

Women (n ¼ 358) Men (n ¼ 294)

Ba P-value Ba P-value

Body mass index (kg/m2) 0.476 ,0.001 0.457 ,0.001
Maximal oxygen uptake (mL/kg21 min21) 20.402 ,0.001 20.478 ,0.001
Plasma triglycerides (mmol/L) 0.269 ,0.001 0.198 ,0.001
Plasma LDL cholesterol (mmol/L) 0.234 ,0.001 0.254 ,0.001
Plasma glucose (mmol/L) 0.199 ,0.001 0.240 ,0.001
Age (years) 0.197 ,0.001 0.337 ,0.001
Plasma insulin (pmol/L) 0.182 ,0.001 0.238 ,0.001
Systolic blood pressure (mmHg) 0.164 0.002 0.039 0.505
Hormone use (users) 0.140 0.008 — —
Diastolic blood pressure (mmHg) 0.122 0.021 0.154 0.008
Smoking (cigarette years) 0.099 0.062 0.246 ,0.001
Plasma HDL cholesterol (mmol/L) 20.063 0.235 20.155 0.008

aStandardized regression coefficient from a univariate linear regression analysis.

Table 4 Medians and interquartile ranges for C-reactive protein before and after exercise training and for C-reactive protein changes in
response to exercise training (in mg/L) in the whole study population and in the low, moderate, and high baseline C-reactive protein groups.

Before exercise
training

After exercise
training

Change in response to
exercise training

n Median Interquartile
range

Median Interquartile
range

Median Interquartile
range

Whole study population 652 1.31 0.60–3.00 1.50 0.68–3.38 þ0.05 20.44 to þ0.70
Low (,1.0 mg/L) 265 0.50 0.32–0.72 0.62 0.39–1.11 þ0.14 20.06 to þ0.56
Moderate (1.0–3.0 mg/L) 225 1.66 1.29–2.27 1.79 1.20–2.87 þ0.18 20.44 to þ0.94
High (.3.0 mg/L) 162 5.60 4.17–8.65 4.56 2.89–7.18 21.34 23.10 to þ0.39

The subjects were categorized as having low (C-reactive protein ,1.0 mg/L), moderate (C-reactive protein 1.0–3.0 mg/L), or high (C-reactive
protein .3.0 mg/L) risk of cardiovascular disease by using a recent recommendation of the Centers for Disease Control and Prevention and the American
Heart Association.1 In a MIXED model, P, 0.001 for the difference in the C-reactive protein changes in response to exercise training in the low, moderate,
and high baseline C-reactive protein groups after adjustment for all correlates of baseline C-reactive protein shown in Table 3.
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plasma C-reactive protein levels and to compare the effect
in various population groups. A weakness of the study is the
lack of a control group. The HERITAGE Family Study was
originally designed to investigate the role of genetic
factors in cardiovascular, metabolic, and hormonal responses
to exercise training and a control group was not deemed
necessary. Thus, it is difficult to conclude whether the

observed C-reactive protein reduction in individuals
with high baseline C-reactive protein levels was due to
exercise training or changes in other correlates of C-reactive
protein. In contrast, there are several reasons to believe
that the C-reactive protein reduction in the high base-
line C-reactive protein group is due to a true effect of
exercise training. First, the C-reactive protein reduction

Table 5 Medians and interquartile ranges for C-reactive protein changes in response to exercise training (in mg/L) according to baseline
C-reactive protein and other baseline characteristics

Baseline C-reactive protein levels

Low (,1.0 mg/L) Moderate (1.0–3.0 mg/L) High (.3.0 mg/L)

Population group n Median Interquartile
range

n Median Interquartile
range

n Median Interquartile
range

Race
Whites 184 þ0.19 20.03 to þ0.59 158 þ0.28 20.27 to þ1.13 97 21.35 23.10 to 20.20
Blacks 81 þ0.01 20.13 to þ0.49 67 20.08 20.65 to þ0.79 65 21.31 22.99 to þ0.68

Gender
Women 133 þ0.05 20.10 to þ0.54 112 þ0.20 20.32 to þ1.06 113 21.31 23.08 to þ0.41
Men 132 þ0.21 20.04 to þ0.63 113 þ0.15 20.46 to þ0.87 49 21.36 23.10 to þ0.04

Generation
Parents 63 þ0.11 20.09 to þ0.37 104 þ0.40 20.29 to þ1.43 69 21.19 22.99 to þ0.66
Offspring 202 þ0.15 20.06 to þ0.58 121 þ0.01 20.48 to þ0.68 93 21.47 23.58 to þ0.23

Hormone usea

No 97 þ0.02 20.11 to þ0.48 70 þ0.17 20.48 to þ0.94 68 21.42 23.40 to þ0.42
Yes 36 þ0.18 20.09 to þ0.74 42 þ0.13 20.09 to þ1.09 45 21.19 22.66 to þ0.26

Smoking status
Non-smokers 234 þ0.13 20.07 to þ0.49 198 þ0.17 20.44 to þ1.02 136 21.30 22.97 to þ0.46
Current smokers 31 þ0.26 20.05 to þ1.12 27 þ0.32 20.27 to þ0.77 26 21.57 24.86 to 20.10

Body mass index
,25.0 kg/m2 171 þ0.12 20.07 to þ0.58 79 þ0.15 20.57 to þ0.77 38 22.23 24.86 to 20.64
�25.0 kg/m2 94 þ0.18 20.06 to þ0.54 146 þ0.23 20.31 to þ1.15 124 21.19 22.91 to þ0.57

Maximal oxygen uptake
,30.2 mL/kg/min 85 þ0.10 20.09 to þ0.57 120 þ0.36 20.31 to þ1.20 122 21.31 22.91 to þ0.44
�30.2 mL/kg/min 180 þ0.16 20.05 to þ0.54 105 þ0.07 20.57 to þ0.70 40 21.59 24.89 to 20.56

Fasting plasma glucose
,5.6 mmol/L 223 þ0.15 20.05 to þ0.58 177 þ0.25 20.33 to þ0.94 120 21.43 23.16 to þ0.21
�5.6 mmol/L 19 þ0.09 20.16 to þ0.49 36 20.05 20.55 to þ1.27 27 21.13 22.49 to þ0.73

Fasting plasma insulin
,60.0 pmol/L 158 þ0.10 20.08 to þ0.52 95 þ0.19 20.46 to þ1.05 58 21.57 23.08 to 20.37
�60.0 pmol/L 91 þ0.22 20.01 to þ0.76 125 þ0.19 20.31 to þ0.94 98 21.31 23.10 to þ0.26

Plasma LDL cholesterol
,2.6 mmol/L 122 þ0.13 20.06 to þ0.54 49 þ0.04 20.58 to þ0.68 43 21.62 23.65 to þ0.48
�2.6 mmol/L 143 þ0.15 20.07 to þ0.60 176 þ0.22 20.33 to þ1.15 119 21.23 22.99 to þ0.39

Plasma HDL cholesterol
,1.02 mmol/L 121 þ0.19 20.05 to þ0.66 128 þ0.19 20.34 to þ1.08 78 21.21 22.90 to þ0.48
�1.02 mmol/L 144 þ0.11 20.08 to þ0.48 97 þ0.17 20.49 to þ0.91 84 21.61 23.64 to þ0.24

Plasma triglycerides
,1.07 mmol/L 162 þ0.12 20.07 to þ0.58 93 þ0.08 20.64 to þ0.94 72 21.70 24.68 to þ0.34
�1.07 mmol/L 103 þ0.19 20.03 to þ0.56 132 þ0.26 20.27 to þ0.98 90 21.18 22.49 to þ0.39

Systolic blood pressure
,118 mmHg 138 þ0.15 20.06 to þ0.64 112 þ0.16 20.31 to þ1.13 76 21.51 23.64 to 20.22
�118 mmHg 127 þ0.14 20.07 to þ0.48 113 þ0.24 20.46 to þ0.91 86 21.25 22.99 to þ0.66

Diastolic blood pressure
,68 mmHg 142 þ0.19 20.03 to þ0.60 107 þ0.15 20.31 to þ1.09 75 21.58 23.62 to þ0.39
�68 mmHg 123 þ0.09 20.09 to þ0.37 118 þ0.23 20.47 to þ0.91 87 21.30 22.99 to þ0.41

The subjects were categorized as having low (C-reactive protein ,1.0 mg/L), moderate (C-reactive protein 1.0–3.0 mg/L), or high (C-reactive
protein .3.0 mg/L) risk of cardiovascular disease by using a recent recommendation of the Centers for Disease Control and Prevention and the American
Heart Association.1 Established clinical cut-offs were used for body mass index, glucose, and LDL cholesterol. Medians were used for maximal oxygen
uptake, insulin, HDL cholesterol, triglycerides, and systolic and diastolic blood pressures. In MIXED models for each population group, P, 0.001 for the
difference in the C-reactive protein changes in response to exercise training in the low, moderate, and high baseline C-reactive protein groups after adjust-
ment for all correlates of baseline C-reactive protein shown in Table 3.

a Hormone replacement therapy or oral contraceptives. Only women included.
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was strong, independent of a number of potential confound-
ing factors, and evident in all population groups. Secondly,
the participants were instructed not to change their lifestyle
during the study, and reported changes in smoking habits in
few subjects had no effect on the results. Third, over time
variation in plasma C-reactive protein levels in healthy indi-
viduals with stable lifestyle is small,1 suggesting that the
large C-reactive protein reduction most likely reflects the
true effect of exercise training. The C-reactive protein
reduction in the high baseline C-reactive protein group
may also be partly due to a regression towards the
mean phenomenon. However, the interquartile ranges of
C-reactive protein in the high baseline C-reactive protein
group were similar before and after training, suggesting
that regression towards the mean may not be a major
reason for the observed C-reactive protein reduction.
In conclusion, plasma C-reactive protein levels reduced

markedly in response to exercise training in sedentary
healthy adults with high initial C-reactive protein levels,
who are known to have an increased risk of cardiovascular
diseases and Type 2 diabetes. Our finding supports the
current recommendation to increase moderate intensity
physical activity to reduce the risk of cardiovascular and
metabolic diseases. Randomized controlled trials with suffi-
cient sample sizes are needed to confirm the inflammation
suppressing effect of exercise training, to detect biological
mechanisms underlying the effect, and to verify whether
the effect is evident among individuals with different
levels of C-reactive protein and cardiovascular and meta-
bolic risk factors.
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