
10–41%, respectively) and offer no real
advantage over our model.3–5

Cardiac biomarkers such as troponins and
brain natriuretic peptides (BNPs) have a
high negative predictive value (.93%) for
mortality in patients with PE.5 However,
the ability of cardiac biomarkers to identify
low-risk patients is currently unclear
because prognostic studies for PE using tro-
ponins or BNPs with or without echocardio-
graphy are limited by relatively small
sample sizes from single hospitals, inconsist-
ent results, and different testing methods
(e.g. troponin I or T, BNP or NT-proBNP)
and cut-off values to define abnormal
results.4,6 Moreover, echocardiography may
not be available 24 h a day in smaller com-
munity hospitals. Thus, although our
11-variable model is more complex than a
single laboratory parameter, its usefulness
to identify low-risk patients with PE has
been proved in almost 16 000 patients from
305 European and US hospitals.1,2
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Exercise and inflammation

Low-grade systemic inflammation is present
in subjects with insulin resistance, obesity,
type-2 diabetes mellitus, hypertension,
hyperlipidaemia, and metabolic syndrome
X.1–3 The results of the study reported by
Lakka et al.4 suggest that exercise reduces
the concentrations of pro-inflammatory mol-
ecule C-reactive protein. These results are
in support of my earlier proposition that
exercise is anti-inflammatory in nature.5

Studies revealed that exercise not only
decreased the levels of pro-inflammatory
cytokines IL-6, TNF-a, and C-reactive
protein but also simultaneously enhanced
the concentrations of anti-inflammatory
cytokines IL-4, IL-10 and TGF-b compared
when with controls. IL-4, IL-10 and TGF-b
are not only anti-inflammatory in nature
but also suppress the production of
pro-inflammatory cytokines IL-1, IL-2, and
TNF-a.5 In experimental animals, exercise
significantly reduced the magnitude of myo-
cardial infarction and this cardioprotective
action paralleled the increase in manganese
superoxide dismutase (Mn-SOD) activity.6

The administration of antisense oligo-
deoxyribonucleotide to Mn-SOD abolished
this cardioprotective action implying that
ability of exercise to enhance the activity
of Mn-SOD is crucial to this protective
action. Obviously, this increase in Mn-SOD
activity is in response to exercise-induced
free radical generation suggesting that
under certain circumstances free radicals
have highly beneficial actions, especially
when they are produced in response to
physiological stimulus such as exercise.
Even pro-inflammatory cytokines enhance
free radical generation. It is interesting to
note that administration of antibodies to
TNF-a and IL-1 abolished the cardioprotec-
tive action of exercise and activation of
Mn-SOD. These results indicate that
exercise-induced increase in the production
of pro-inflammatory cytokines augment the
production of free radicals that, in turn,
augment Mn-SOD activity, which is ulti-
mately responsible for the cardioprotective
action of exercise. This is supported by the
observation that circulating levels of extra-
cellular SOD are lower in subjects with
CHD.7 Furthermore, SOD enhances the
half-life of nitric oxide, a potent vasodilator,
platelet anti-aggregator, and anti-
atherosclerotic molecule. It is noteworthy
that supplementation of anti-oxidant
vitamin E counteracted the beneficial
effects of exercise, suggesting that stimu-
lation of endogenous anti-oxidants such as

Mn-SOD is more critical to the beneficial
actions of exercise and this benefit cannot
be imitated by exogenous administration
of anti-oxidants. Thus, regular exercise
ensures adequate expression of endogenous
anti-oxidants and anti-inflammatory cyto-
kines and thus, brings about its cardiopro-
tective action. In this context, the ability
of exercise to suppress C-reactive protein
levels is interesting and re-emphasizes the
anti-inflammatory nature of exercise.
A better understanding of the molecular
mechanism(s) of the beneficial actions of
exercise could lead to development
of more precise therapeutic strategies
both in the prevention and treatment of
cardiovascular and other diseases.
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Exercise and inflammation: reply

Our recent report from the HERITAGE
Family Study showed that moderate to high-
intensity exercise training reduced plasma
levels of C-reactive protein, an important
pro-inflammatory biomarker, in sedentary
healthy adults with initial C-reactive
protein levels .3.0 mg/L.1 This finding is
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potentially important from both a public
health and a clinical point of view, because
individuals with C-reactive protein
.3.0 mg/L represent about one-fourth of
all adults and are thought to have a
markedly increased risk of cardiovascular
disease and type-2 diabetes. A number of
studies with different designs support the
view that regular physical activity sup-
presses the inflammatory process,2,3 an
observation that could partly explain the
effectiveness of regular exercise in the pre-
vention and treatment of cardiovascular
disease and type-2 diabetes.
Dr Das discussed some of the evidence that

exercise reduces the levels of pro-inflamma-
tory cytokines but increases the levels of
anti-inflammatory cytokines, which in turn
suppress the production of pro-inflammatory
cytokines. He suggested that the exercise-
induced increase in the production of pro-
inflammatory cytokines augments the
production of free radicals, which increases
the activity of the endogenous antioxidant,
manganese superoxide dismutase, ultimately
responsible for the cardioprotective effect
of exercise. He concluded that regular
exercise ensures adequate expression of
anti-inflammatory cytokines and endogenous
antioxidants for the prevention of coronary
heart disease.
Indeed, there is evidence for the

inflammation-suppressing effects of exer-
cise. A recent review concluded that a
single bout of strenuous exercise produces a
short-term, transient increase in plasma
levels of C-reactive protein. The C-reactive
protein increase is due to an exercise-
induced acute phase response, mediated by
the cytokine system and mainly IL-6.2 In con-
trast, exercise training may blunt the acute
pro-inflammatory response, and even sup-
press the inflammatory process, thereby con-
tributing to the beneficial effects of habitual
physical activity.2 There also appears to be
an acute homeostatic anti-inflammatory
response after a bout of strenuous exercise
that counteracts the pro-inflammatory
response.2

A Danish research group has suggested
that the inflammation-suppressing effect of
exercise training is explained by the anti-
inflammatory response elicited by a bout of
exercise, which is partly mediated by an
increase in IL-6 in skeletal muscle.3 They
have shown that physiological increases in
plasma levels of IL-6, produced by the
contraction of skeletal muscles during
exercise, stimulate the production of anti-
inflammatory cytokines IL-1ra and IL-10 but
inhibit the production of a pro-inflammatory
cytokine TNF-a. Thus, the inflammation-
suppressing effect of exercise training may
protect against TNF-a-induced insulin resist-
ance, one of the important pathophysiologi-
cal mechanisms of type-2 diabetes.

More research is needed to better under-
stand the molecular mechanisms by which
physical activity suppresses inflammation.
Randomized controlled trials are warranted
to investigate the dose of regular physical
activity needed for an inflammation-
suppressing effect, whether moderate
intensity physical activity, as currently
recommended, is sufficient for the effect,
and whether there are dose and intensity
thresholds above which no further benefits
are gained or even harmful effects occur.
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