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ABSTRACT

Background: Chronic inflammatory diseases strike millions of people all over the
world, and exercise is often prescribed for these patients to improve overall fitn-
ess and quality of life. In healthy individuals, acute and chronic exercise is known
to alter inflammatory markers; however, less is known about these effects in pati-
ents with a chronic inflammatory disease.

Objective: The purpose of this review is to clearly define the effects of acute and
chronic exercise on inflammatory markers in patients compared with healthy con-
trols to determine whether exercise elicits an abnormal inflammatory response in
those patients.

Data sources: A literature search was conducted through MEDLINE and EMBA-
SE (until January 2009).

Study selection: A distinction was made between children and adults, acute (i.e.,
single exercise session) and chronic exercise (i.e., training) and endurance and
resistance exercise. To evaluate and compare the exercise responsiveness of
various reported inflammatory markers, pre- to post-test effect sizes were calcula-
ted.

Data extraction: A methodological quality scoring as well as an assessment of
the quality of exercise paradigms were both made.

Results: In total, 19 studies were included in this systematic review (children,
n=7; adults, n=12). Of these, 7 were acute exercise studies in children, 8§ were
acute exercise in adults, 5 were chronic endurance exercise training studies, and
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1 was a chronic resistance exercise training study. No exercise training studies
were found involving children. Single bouts of exercise might elicit an aggravated
inflammatory response in patients; this was reported for patients with type I dia-
betes mellitus, cystic fibrosis and chronic obstructive pulmonary disease. More
severely affected patients may experience a more aggravated inflammatory res-
ponse. Levels of inflammatory markers, principally IL-6 but also T-cells, total leu-
kocytes and lymphocytes, remained elevated longer into the recovery period follo-
wing an acute bout of exercise in patients compared with healthy controls. Evi-
dence was found that chronic endurance exercise training programs can attenua-
te systemic inflammation in patients with chronic heart failure and type 2 diabetes
mellitus.

Conclusions: In patients with a chronic inflammatory disease, both acute and
chronic exercise might elicit different inflammatory responses (i.e., exaggerated
after acute exercise & attenuated after training) compared to healthy matched
controls. However, the results reveal a major gap in our knowledge regarding the
effects of acute and chronic exercise on inflammatory markers in patients with a
chronic inflammatory disease. Results are often inconsistent, and differences in
training programs (intensity, frequency and duration), heterogeneity of disease
populations studied, and analytic methods may be just some of the causes for
these discrepancies. To optimize exercise prescriptions and recommendations for
patients with a chronic inflammatory disease, more research is needed to define
the nature of physical activity that confers health benefits without exacerbating
underlying inflammatory stress associated with disease pathology.

Key words: Exercise, Physical Activity, Training, Inflammation, Cytokines,
Immune system, Inflammatory disease

INTRODUCTION

Chronic inflammatory diseases strike millions of people all over the world.
Chronic inflammatory disease is an overall term for a variety of chronic diseases
such as rheumatoid arthritis (RA), asthma, chronic hearth failure (CHF), chronic
obstructive pulmonary disease (COPD), cystic fibrosis (CF), diabetes mellitus
type 1 and 2 (T1DM and T2DM), inflammatory myopathies (e.g., idiopathic
polymyositis, dermatomyositis, inclusion body myositis), inflammatory bowel
disease (IBD) (e.g., Crohn’s disease (CD), ulcerative colitis (UC)), juvenile idio-
pathic arthritis (JIA), McArdle’s disease and multiple sclerosis (MS). Despite
common characteristics of systemic inflammation, these disorders have a variety
of underlying deficiencies while the aetiology and pathogenesis is mostly
unknown. In CD, JIA, MS, RA, TIDM and inflammatory myopathies, chronic
systemic inflammation is related to underlying autoimmune disorders. COPD
might have an autoimmune component, however the origin of systemic inflamma-
tion in COPD is mostly unclear (5). Moreover, cigarette smoke is thought to be
the predominant contributor of systemic inflammation in patients with COPD (5,
66). CF is a hereditary disease and recently T2DM is considered to be related to
low-grade systemic inflammation (25). Whether inflammation is a cause or a con-
sequence of T2DM remains controversial (47). It is interesting to see, in spite of
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the different backgrounds and symptoms related to the various diseases, all sys-
temic chronic inflammatory diseases share common characteristics, including ele-
vated circulating levels of cytokines TNF-a and IL-6 under basal or resting condi-
tions (6, 15, 44, 48, 59, 97, 102). Indeed, the source of these inflammatory mark-
ers (e.g., TNF-a) depends on the disease. T2DM is associated with an overpro-
duction of TNF-a by the adipocyte, whereas in diseases with an autoimmune
component macrophages and T cells are the principal source (2). Nevertheless,
the main objective in treating patients with an inflammatory disease is to suppress
inflammation and deal with secondary consequences in order to improve the qual-
ity of life. A down regulation of pro-inflammatory cytokines might have both dis-
ease specific and general effects in patients. If the pro-inflammatory cytokine pro-
duction is of sufficient magnitude as to enter the bloodstream, circulating
cytokines can act at distant sites in an endocrine fashion causing several second-
ary problems such as cachexia and fever (2). However, a down regulation of pro-
inflammatory cytokines from the primary source (e.g., bowel in IBD, joints in
RA) can also have disease specific benefits. In both situations, treatment focuses
predominantly on medication and cardiac and pulmonary rehabilitation (27, 42,
46, 106). However, progress in exercise immunology highlights the potential of
regular exercise as an anti-inflammatory therapy for both healthy individuals and
patients with an inflammatory disease (71, 88, 89).

Altered levels of cytokines are not only seen in inflammatory disease; acute
exercise has an effect on cytokine responses and inflammation in healthy individ-
uals. The intensity, duration and the type of exercise (e.g., endurance vs. resist-
ance training) and acute vs. chronic exercise can all influence various immune
parameters, which are also associated with chronic inflammatory diseases (67, 71,
89). Acute exercise, for example, has an effect both during and after exercise on
the immune system and is reviewed in detail by Pedersen and Hoffman-Goetz
(67). During acute exercise muscles release IL-6, and levels can increase signifi-
cantly (71). Leukocyte subsets as neutrophils, lymphocytes (including their sub-
sets T, B and NK cells) and monocytes, as well as plasma concentrations CRP and
both pro- and anti-inflammatory cytokines TNF-a, IL-1, IL-1ra, IL-10 and sTNF-r
can increase to various magnitudes during a bout of exercise. Following the cessa-
tion of intense exercise, neutrophils and monocytes can continue to increase into
the recovery period. During this same time, other leukocyte subsets decrease in
number, while plasma concentrations of the above-mentioned cytokines stay ele-
vated for some more hours. Strenuous and eccentric exercise seem to exert the
most prominent changes in immune parameters (57, 60, 67, 84, 105). Extreme
exercise such as marathons, and frequently executed training programs have been
associated with a depression in immune function (36), which may increase the
elite athlete’s susceptibility to infection. The pro-inflammatory markers TNF-o
and IL-1f do not seem to increase in short periods of moderate intense exercise,
although conflicting results have been documented (60, 67). It is therefore clear
that acute bouts of exercise exert various effects on the immune system and are
typically transient in nature. The extent to which these changes occur in patients
with a chronic inflammatory disease is important to address to ensure that exer-
cise is performed in a safe manner where inflammation is not being further ampli-
fied. In an almost paradoxical way, however, participation in regular exercise (i.e.,
training) can reduce basal or resting levels of many inflammatory markers (50).
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The effects of regular or chronic exercise on basal levels of inflammatory
markers have been used to recommend exercise as an anti-inflammatory therapy
(17, 71). Compared to acute bouts of exercise, chronic exercise effects on inflam-
matory markers have been less investigated. However, as in acute bouts of exer-
cise, the effect of training on inflammatory markers also seems to dependent on
the intensity of exercise, training status, age and involvement of disorders (36).
Baseline measurements of circulating inflammatory markers do not seem to differ
greatly between healthy untrained and trained adults (35, 67, 89). However basal
or resting levels of NK cells, an important lymphocyte subset and very responsive
to acute exercise, can be elevated with low-intensity training and their cytolytic
activity has also been shown to increase in trained individuals, compared with
matched healthy untrained controls (69, 70). Low intensity training in healthy eld-
erly persons can reduce resting levels of pro-inflammatory markers such as mono-
cytes, CRP and IL-6 (62, 87). Moreover, it appears that exercise training can
attenuate or blunt the response of a single bout of exercise (38, 105). Whereas
exercise of moderate intensity is associated with anti-inflammatory effects, stren-
uous exercise affects resting levels of inflammatory markers during and after a
period of intensive training (35, 56).

In addition to the problems with trying to understand the acute effects of
single sessions of exercise and the chronic effects of regular exercise training,
special attention must also be given to the effects of exercise with regard to age
and gender (94-96). During childhood, the immune system is subject to develop-
mental changes due to maturation and increased antigenic ‘experience’. At the
other end of life, aging also impacts the immune system. For example, plasma
levels of TNF-a, IL-6, IL-1ra, STNF-r and CRP have all been shown to increase
with aging (22). While exercise in children and older adults generally impacts the
same types of cells and cytokines, the responsiveness of inflammatory parameters
can be different (16, 71, 89). In children, acute exercise brings about an increase
in leukocytes, lymphocytes, NK cells, IL-6, TNF-a, IL-1f, IL-1ra and lympho-
cyte expression of CD95 (14, 61, 76, 90). Chronic exercise on the other hand has
been shown to increase resting levels of TNF-a and IL-1f in children (77, 83).
There is also accumulating evidence for a gender-related difference in immune
changes with exercise. For example, a greater exercise-induced response of total
leukocyte, lymphocyte and NK cell counts in adolescent girls compared to ado-
lescent boys (95). Moreover, the female cycle plays an important role on immuno-
logical effects of exercise. Distinctly different patterns are found between women
(specifically contraceptive users) and men and women in their luteal phase com-
pared to women in their follicular phase, both under resting conditions and in
response to exercise (91, 65). In the luteal phase, the concentration of leukocyte
and lymphocyte subsets tend to be higher at rest and also after exercise, a statisti-
cally significant different pattern of gene regulation is found, with particularly an
up regulation of pro-inflammatory genes for non contraceptive using woman
compared to both men and women in their follicular phase (65). Given these doc-
umented differences in the effects of exercise on immune responses according to
age and gender, it is important to consider these factors when investigating
immune responsiveness to exercise performed by patients with a chronic inflam-
matory disease. If exercise is to be used clinically, for example, it might be neces-
sary to individualize prescription according to age and gender. Moreover it high-
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lights the necessity to match for those variables doing an intervention study
involving control subjects as well as to control for the use of oral contraceptives
and menstrual stage in female subjects.

In light of our expansive knowledge about the effects of exercise on immune
function and cytokines in healthy individuals, it is unfortunate that more attention
has not been given to patients with a chronic inflammatory disease in whom
inflammation is, to some extent, dysregulated. Most studies have examined the
beneficial effects of exercise in terms of overall health, muscle strength, reduced
risk of chronic diseases (e.g., cardiovascular disease), controlling obesity and
T2DM, self esteem and body image (28, 80). In fact, Pedersen and Saltin (68)
reviewed literature concerning the effects of exercise as a therapy in several
chronic diseases in order to provide the evidence for exercise as therapy. Effects
of exercise were divided into effects on pathogenesis, symptoms specific to the
disease, physical fitness or strength and quality of life. However, evidence-based
recommendations could not be made for every disease and there was a particular
paucity of evidence regarding effects of training on disease pathology. Conse-
quently, exercise has many beneficial effects for patients with a chronic inflam-
matory disease, but the impact of exercise on measures of inflammation remains
understudied.

To fill this gap in our understanding relevant to patients with a chronic
inflammatory disease, we conducted a systematic review of the literature pertain-
ing to the effects of acute and chronic exercise on inflammation in children and
adults with a systemic chronic inflammatory disease. We further compared the
findings to those of healthy individuals who were investigated in the same study.
Our goal was to clearly define the effect of exercise on inflammation in patients,
compared with healthy controls, to determine whether exercise elicits an abnor-
mal inflammatory response in those patients. We believe that safe and effective
exercise is that which confers the benefits of being active (improved fitness, mus-
cle strength) without exacerbating underlying inflammation associated with the
disease pathology. Understanding this balance is necessary to provide an evi-
dence-based approach to exercise prescription for individuals with a chronic
inflammatory disease. Given the complexities of the literature, we also make rec-
ommendations for improving methodological quality and quality of reporting for
future studies of exercise immunology in patient populations.

METHODS

Literature search

Chronic inflammatory diseases comprise a very heterogeneous group of chronic
diseases. For this review the literature search included all chronic inflammation
diseases. A literature search was conducted through MEDLINE (to January 2009)
and EMBASE (to January 2009) by 1 investigator (HEP). The search included the
MeSH terms exercise OR physical activity AND inflammation OR cytokines OR
immune AND asthma OR arthritis OR chronic heart failure OR chronic kidney
disease, OR COPD OR cystic fibrosis OR diabetes mellitus OR inflammatory
bowel disease OR McArdle’s disease OR myositis OR multiple sclerosis. In addi-
tion, the reference lists from the included studies were screened for additional
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studies. When the title and abstract suggested that a study was potentially eligible
for inclusion, a full-text copy of the report was obtained. A flow-chart outlining
the search for this review is depicted in Figure 1.

Two independent assessors performed the quality assessment (HEP, TT).
Disagreements between the two reviewers regarding a study's eligibility or quality
assessment were resolved by discussion until consensus was reached. Data
extraction was performed by one investigator (HEP); when insufficient data were
provided in the full-text publications, the original authors were contacted to
obtain additional data.

1359 papers retrieved
1354 after electronic literature search
5 after reviewing references of other articles

1316 titles and abstracts very unlikely
to be relevant

Y

43 full papers retrieved for more detailed
evaluation after screening abstracts

24 papers excluded:
22 no healthy control group
1 in Polish
1 did not meet several inclusion criteria

Y

Y

‘ 19 relevant studies for systematic review

Figure 1: Flow-chart of the study selection

Inclusion and exclusion criteria

This review included studies in which the effects of acute and/or chronic exercise
on markers of inflammation were examined in children or adults with a systemic
chronic inflammatory disease and healthy control subjects. Outcome measures of
interest included cytokines, total leukocyte count, granulocytes, monocytes, lym-
phocytes, and lymphocyte subsets such as CD3* and CD4* and NK cells.
Although a distinction was made between children (age < 18) and adults (age
>19), a distinction between younger and older adults could not be made because
most adult studies included a broad age-range without partitioning age-related
effects. Studies reporting on subjects with an inflammatory disease in combina-
tion with obesity (BMI = 25) were excluded, except for those with T2DM and
obesity. However, if these latter studies demonstrated a significant weight loss in
their patients after an exercise training program they were excluded, because it
would be impossible to tease out the effects of exercise vs. weight loss on inflam-
mation. Both randomized controlled trials and case-control studies were included.

Evaluation and classification procedure

Due to the heterogeneity of studies retrieved, distinctions were made between
children vs. adults, chronic vs. acute exercise and endurance vs. resistance exer-
cise. If studies investigated both chronic and acute exercise, the study was
reviewed twice. Acute exercise was defined as a single bout of exercise perform-
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ance where inflammation was assessed up to 24 hours post exercise. Chronic
exercise was defined as a training program lasting at least 8 weeks of repeated
exercises of either an endurance or resistance type (8), where inflammation mark-
ers were examined >24 hours after the last exercise session to assess possible
adaptations of basal or resting levels of inflammatory markers to the training pro-
gram (36, 67). Endurance training was defined as exercise training aimed to
improve an individual’s peak oxygen uptake (VOapear). Resistance training was
defined as exercise training to improve both muscle size and force production.

To evaluate study outcomes, the results were first assessed for methodologi-
cal quality using a modified PEDro scale (1, 33, 41) complemented with criteria
specific for this review. From the original PEDro scale the following items were
used: 1) blinding of assessor who measured at lest one key outcome, 2) outcomes
from >85%, and 3) between group comparison. The additional criteria concerned:
1) the quality of the intervention (e.g., exercise protocol properly described, suffi-
cient training and/or exercise bout and sufficient blood sample time point), 2) the
analytic methods used, and 3) the reporting of the results. A proper description of
the exercise protocol was met when frequency, intensity and duration of either the
training program and/or exercise bout was given. The training was considered
sufficient when patients exercised at 240% of their VOypeq for 30 minutes each
time and at least two times a week (20, 85, 103). In order to compare the direct
effect of exercise between studies, there had to be a blood sample collected imme-
diately at the end of the exercise. Measurement methods were considered insuffi-
cient when using micro bead immunoassay to detect circulating cytokines. This
method has been shown to lack sensitivity to the low levels of cytokines in resting
human serum and especially to exercise-induced changes in cytokines (92).
Results were reported sufficiently when the mean concentration of inflammatory
markers in the blood were given, as well as the standard deviation (SD) or a unit
that could be used to derive the SD. Our main goal was to compare inflammatory
markers within studies based on the statistical information provided by the
authors. However, to complement our interpretation of studies, pre- to post-exer-
cise or pre- to post-training effect sizes (ES) were calculated to standardize the
interaction effects that would allow an evaluation of different inflammatory mark-
ers (e.g., lymphocytes compared with neutrophils). ESs were calculated using
pooled baseline and post-exercise (or post-training) SD scores and mean values
from patients and controls with a MatLab script in order to minimize errors. ESs
below 0.2 were classified as small, from 0.2 to 0.5 as medium and above 0.5 as
large, based on Cohen’s recommendation (21). A negative effect size either means
a greater increase in patients compared to controls (e.g., seen after acute bout of
exercise) or a greater decrease in controls compared to patients. A positive effect
size either means a greater increase in controls compared to patients or a greater
decrease in patients compared to controls (e.g., seen after training intervention).
Thus, we did not attempt to use the ESs in a formal analysis (e.g., meta-analysis),
but are provided for descriptive purposes only. Because of the heterogeneity of
the included studies (e.g., differences in diagnosis, exercise challenge, training
program, analytic methods), no attempt was made to pool the obtained ES from
the included studies.
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In total, 1,359 publications were identified, whereof 12 adult studies and 7 child
studies were included in this review. The methodological quality of the studies is
shown in Table 1. Three studies used a microbead immunoassay to analyze
cytokines (19, 55, 75). Although this method was rated as insufficient, studies
were not excluded since we were particularly interested in the interaction effect of
the exercise (i.e., patients compared with controls) and not necessarily in the

absolute values.
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Acute exercise in children

In total, seven studies were found that studied the effects of acute exercise on
inflammatory markers in children with a chronic inflammatory disease. Healthy
children were compared to children with CF in four studies (12, 13, 86, 97), to
T1DM in two studies (30, 75) and to asthma in two studies (mild to moderate per-
sistent asthma (79) and stable asthma in children, both negative and positive
responding to exercise (86)). The ESs for the acute exercise response (baseline vs.
immediately after exercise) are reported in Table 2, ESs calculated from blood
collection points other than the end of the exercise are given, where possible, in
the text.

Cystic Fibrosis: Boas et al. (13) reported non-statistically significant interaction
effects in the measured leukocytes and lymphocyte subsets after a graded maxi-
mal bicycle test until exhaustion. A 1-h post exercise assessment showed the num-
ber of leukocytes returned to baseline levels in control subjects, while total leuko-
cyte count in the CF group remained elevated (ES —0.91). This trend was also
observed for total granulocyte count (ES —0.60). In another study, Boas et al. (12)
reported similar increases in healthy controls and children with CF directly after a
graded maximal bicycle test. Tirakitsoontorn et al. (97) found a significant inter-
action effect for TNF-a and IL-6, with a significantly higher increase in TNF-a
and IL-6 for the children with CF (non-NSAID users) after ten 2-min bouts of
cycling at 50% of their VOapeax With 1-min rest intervals between the bouts (p <
0.05). For IL-6, the increase took place during 90 min of recovery, whereas TNF-
a increased immediately after exercise. ESs, however, could not be calculated
from the published results. Tahan et al. (86) investigated the effect of exercise in
several chemokines, a family of cytokines in patients with CF and healthy con-
trols. They could not find any exercise changes in both the control group and
patient group directly after, 6 and 24 h after a 6-min, submaximal bout of exercise
on an ergometer. Data were not shown and ESs could not be calculated.

Type I Diabetes Mellitus: Galassetti et al. (30) reported a significant increase in
circulating IL-6 30 min after the end of exercise, while control subjects did not
(ES -0.3). No exercise effect was seen directly after a 30-min bout of cycling at
80% of VOapear. Rosa et al. (75) found greater and more rapidly activated respons-
es for generally all measured cytokines in children with TIDM compared with
healthy controls. In control subjects, all cytokine values initially decreased,
whereas in patients with TIDM the onset of exercise increased cytokines concen-
trations. This course was seen during the 30 min of exercise, which consisted of
ten 2-min bouts of cycling at 80% of VOapea With 1-min rest intervals between
the bouts. At the end of the exercise, plasma concentration of cytokines decreased
in patients with TIDM and increased in healthy controls, resulting in small differ-
ences between the groups. Only a large ES was found for MCP-1, concentrations
were higher in patients with TIDM compared with controls. ESs for 30 min post
exercise measures were all small; IL-6 (ES 0.00), TNF-a (ES -0.11), IL-1a (ES
0.00), IL-4 (ES -0.03), IL-12p70 (ES -0.18), IL-17 (ES -0.07), GM-CSF (ES
—-0.12), IL-8 (ES 0.08), MCP-1 (ES -0.18), MIP-1a. (ES -0.18), IP10 (ES -0.22),
Eotaxin (ES -0.12).
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Asthma: Schwindt et al. (79) reported a significant interaction effect for
basophils, CD4+CD45RO+RA+ and CD8+CD29+CD45RO+ after a 6-min bout
of cycling. They reported that basophils decreased insignificantly in the asthma
group, while they increased significantly after exercise in the control group.
CD4+CD45RO+RA+ and CD8+CD29+CD45RO+ increased only significantly in
the control group. In the study by Tahan et al. (86), who also investigated the
effect of exercise on chemokines in children with asthma with positive and nega-
tive responses to exercise, no exercise-related changes were found directly after, 6
and 24 hours after a 6-min, submaximal bout of exercise on an cycle-ergometer.
However, data were not shown and ESs could not be calculated.

Acute exercise in adults

In seven studies, the effects of acute exercise on inflammatory markers in adults
were investigated (Table 3). Healthy adults were compared to adults with MS in
two studies (19, 43), to COPD in three studies (73, 99, 100) and to patients with
CF (48), CHF (51) and McArdle disease (55) in only one study each.

Multiple Sclerosis: Castellano et al. (19) reported an increase in IFN-y 30 min
after a 30-min bout of cycling at 60% of VOjpea only for healthy controls com-
pared with patients with MS. Two and 3 h post-exercise this interaction effect was
washed out (ES respectively 0.29 and 0.25), and IFN-y values declined signifi-
cantly below baseline values for both patients with MS and controls at 2 h post
exercise. Unfortunately, no blood samples were taken directly after the end of the
exercise. For IL-6 and TNF-a, the MS and control group showed similar changes:
IL-6 increased significantly, but this effect was washed out after 2 h; TNF-a
decreased significantly for both groups after 2 h and a decline remained evident
after 3 h (ES at 2 and 3 h were 0.32 and -0.31, respectively). Heesen et al. (43)
examined the effects of a single bout of cycling exercise at 60% of VOypeqx in both
trained and untrained patients with MS. The trained patients had undergone an 8-
week cycling program where they exercised twice a week with an interval-train-
ing schedule for 30 min at a maximal intensity of 75% of the maximal workload
taken from the initial progressive exercise test. ESs could not be calculated from
the published results, however. No significant interaction effects were reported,
however no further interpretation is possible.

Chronic Obstructive Pulmonary Disease: Rabinovich et al. (73) reported a statis-
tically significant increase in TNF-a in trained and untrained patients with
COPD, whereas levels in healthy controls did not change immediately after 11
min of cycling at 40% of Wi, 20 min post exercise measures, revealed a return
to baseline levels for TNF-a in patients with COPD (ES 0.16). A training inter-
vention of 8 weeks, 5 days a week, 60 min endurance training (blocks of 2-5 min
cycling at 90% of peak work load (Wpeqa) for an effective period >= 30 min,
recovery periods cycling at 60% of W) did not wash out the effect of acute
exercise on TNF-a.. Plasma levels of sTNFr55, sTNFr75 and IL-6 did not change
during or 20 min after the bout of exercise and the authors did not report the data.
In the studies of Van Helvoort et al. (99, 100) large ESs were found for total lym-
phocytes after a graded cycling test until exhaustion. Exercise-induced increases
were significantly greater in controls than in patients with COPD (99, 100). In the
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study of 2005 (99) this effect was attributed to a lack of increase in NK and B-
lymphocytes at Wyeqa for both patients with muscle and non-muscle-wasted
COPD. In the study of 2006, only a lack of increase in NK cells was seen (99).
About 30 min after exercise, values decreased to baseline levels in both groups
(99). Monocytes increased more in patients with COPD than in controls (100).
This difference was reduced 30 min after the end of exercise (ES —0.18), and dis-
appeared completely 1 h after the end of exercise (ES -0.04). For T-lymphocytes,
an interaction effect was seen 2 h after the end of exercise (ES -1.24) with a more
prolonged elevated level in patients with COPD compared with controls (100),
although this observation was not made in their later publication (99). In the 2006
report muscle-wasted, non-muscle-wasted and healthy controls performed both a
maximal progressive cycle test and a 30 min submaximal bike test at 50% of
Woeak (99). An aggravated response of IL-6 in patients with muscle-wasted COPD
compared with patients with non-muscle-wasted COPD and healthy controls after
the maximal test was reported; however, the ES (-0.15) was small. Comparing the
submaximal and maximal tests, both tests elicited an increase in circulating
leukocytes and IL-6 in patients with muscle-wasted and non-muscle-wasted
COPD, whereas in healthy controls only a maximal test induced an increase in
leukocytes and IL-6 (99).

Cystic Fibrosis: lonescu et al. (48) found, after having corrected for the total work
performed, a significant greater increment for IL-6, IL-6sr and TNF-asrl in
patients with CF compared with healthy controls. Only for IL-6 a large ES (-0.62)
was found. Values showed that, after 120 min of recovery, IL-6 remained signifi-
cantly elevated in patients (Al.1 pg/ml), whereas this elevation was non-signifi-
cant in healthy controls (A0.05 pg/ml) (post exercise ESs could not be calculated
from the published results).

Chronic Heart Failure: Kinugawa et al. (51) found similar significant increases
after a graded cycling test until exhaustion for IL-6 and TNF-a in patients with
CHF and healthy controls. In addition, patients with CHF started with significant-
ly higher level of baseline circulating cytokines.

McArdle Disease: Lucia et al. (55) reported similar exercise responses in patients
with McArdle disease and healthy controls except for IL-7. Subjects first per-
formed a maximal test followed by 12 min of cycling at a work load eliciting the
ventilatory threshold, with 10-min rest between the two exercise tests. In the con-
trol subjects, IL-7 increased more than in the patients with McArdle disease
(medium ES, 0.37).

Chronic exercise in children
No studies could be found reporting the effects of exercise training on inflamma-
tory markers in children with a chronic inflammatory disease.

Chronic exercise in adults

Six studies were available for the assessment of the effect of exercise training on
basal or resting levels of inflammatory markers. Five of the six focused on
endurance training, with the remaining study focusing on resistance training



Exercise immunology in chronic inflammatory disease ¢ 17

(Table 4). Healthy adults were compared to patients with MS (19), CHF (3, 63),
COPD (73), T2DM (26) and RA (74).

Multiple Sclerosis: Castellano et al. (19) reported a significant increase in basal or
resting levels of TNF-a and IFN-y only in the MS group at the end of an 8-week
endurance training program. An assessment after only 4 weeks of training did not
reveal significant interaction effects for TNF-a, IFN-y and IL-6 (ES respectively
0.41, 0.44 and 0.14).

Chronic Heart Failure: In a double blind RTC, Adamopoulos et al. (3) reported a
significant decrease in all measured inflammatory markers in patients with CHF
after a 12-week endurance training program consisting of cycling for 30 min 5
times a week. In healthy control subjects, basal or resting levels of inflammatory
markers after training were not changed from pre-training values. Niebauer et al.
(63) could not find changes in measured cytokines either in patients with CHF or
in healthy controls. The participants were randomized to start with either 8 weeks
of exercise training or 8 weeks of rest. The exercise training was a home based
program. In addition to this program, participants were asked to do nine exercises
in the Canadian Airforce XBX program, a physical fitness program in which the
work load increases as physical fitness improves.

Chronic Obstructive Pulmonary Disease: Rabinovich et al. (73) investigated the
effect of acute exercise both before and after an endurance training program as
outlined earlier. Comparing resting levels of inflammatory markers before and
after the exercise program no change in plasma levels of TNF-a, sTNFr55,
STNFr75 and IL-6 was found.

Type 2 Diabetes Mellitus: Dekker et al. (26) reported non-significant interaction
effects (p>.05) in obese subjects after a 12-week endurance training program
without weight loss. However the ES for PAI-1 was large (ES 0.76) and values
decreased in obese subjects by 26% compared with 12% in lean subjects, suggest-
ing low statistical power. Similarly, in the obese T2DM group, a decrease was
reported of 52% in IL-6 compared with 32% in the control group (ES 0.72, not
significant).

Rheumatoid Arthritis: Rall et al. (74) examined the effects of resistance training
(3 sets of 8 repetitions on 5 different machines with 2 min rest between the ses-
sions for approximately 45 min) on peripheral blood mononuclear cell subsets
and pro- and anti-inflammatory cytokines. They showed that resistance training
did not significantly (p>.05) alter the basal or resting values of these inflammato-
ry markers in patients with RA (74).
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DISCUSSION

Regular exercise and physical activity have been considered important compo-
nents of therapy for many chronic diseases (68). The impact of exercise on
immune activation in diseases with an underlying inflammatory burden is less
clear. We believe that safe and effective exercise is that which confers the benefits
of being active (improved fitness, muscle strength) without exacerbating underly-
ing inflammation associated with the disease pathology. Therefore, the purpose of
this systematic review was to investigate the effects of both acute and chronic
(i.e., training) exercise on systemic inflammation in patients with various inflam-
matory diseases compared with healthy controls. All available immunologic out-
come measures used in the studies (such as total leukocytes and leukocyte sub-
populations including their subsets) were analyzed to investigate if exercise elicits
abnormal inflammatory responses in the patient groups compared to healthy con-
trols.

Overview of Evidence for Acute Exercise
Acute bouts of exercise generally activate a global immune change in all subjects
(children and adults) irrespective of disease state.

In child studies of inflammatory disease, Rosa et al. (75) found a greater
increase in inflammatory markers in the pediatric patients with TIDM compared
with healthy controls during acute exercise. Whereas Rosa et al. (75) and Galas-
setti et al. (30) reported similar changes directly after acute exercise in T1IDM and
healthy controls. In children with CF a greater increase in TNF-a and IL-6 was
reported directly after the end of the exercise compared to healthy controls (97).
Another marked finding is that five out of eleven studies (both children and adults
studies) which performed a second post recovery measurement after an acute bout
of exercise, found that the patients’ level of inflammatory markers (principally IL-
6, and T-cells, total leukocytes and lymphocytes as well) remained significantly
elevated while levels of control subjects already had returned to baseline values
(13, 30, 48, 97, 99).

In adult studies of inflammatory disease, no consensus was reached con-
cerning the effects of acute bouts of exercise. Marked immune changes were
reported in three studies which involved patients with CF and COPD (48, 73, 99).
The aggravated response was attributed to IL-6 in the study of Van Helvoort et al.
(99) and Ionescu et al. (48) and TNF-a in the study of Rabinovich et al. (73).
Rabinovich et al. (73) could not find an exercise-induced effect on IL-6 and the
ES found for IL-6 in the study of Van Helvoort et al. (99) was small. Ionescu et al.
(48) also reported a greater increase for TNF-asrl and IL-6sr in patients with CF
compared with healthy controls after values were corrected for the total work per-
formed.

One study included in this systematic review performed within patient com-
parisons to determine the effect of disease severity on immune responses. For
acute bouts of exercise, van Helvoort et al. (99) made a comparison between more
and less severely affected patients with COPD and found an exaggerated exercise-
induced effect in more severely affected patients. Two other studies made such a
subgroup analysis, however without the use of a healthy control group. Spruit et
al. (82) could not detect an exercise effect at all in patients with COPD after
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cycling at 70% of W peqx until symptom limitation (median bicycle exercise time
~7 min). Galassetti et al. (31) found in children with T1DM, that a high morning
plasma glucose level (>300 mg/dl) resulted in a significantly higher increase in
IL-6 after 30 min cycling at 80% of VOjpeax (pre—post 3.5+2.1-4.2+3.4) com-
pared to those with the lowest plasma glucose levels (<150 mg/dl) (ES -0.27). In
children with plasma glucose levels <150 mg/dl, cytokine levels did not change
significantly after exercise (pre—post 0.7+0.3—1.0+0.3). Plasma values under 100
mg/dl are considered as normal (32). Also 30 minutes post-exercise circulating
IL-6 remained elevated in the T1DM group with high morning glucose levels (ES
—1.7). Besides the role of disease severity, the use of medications that might differ
with patient populations needs to be considered. For example, Tirakitsoontorn et
al. (97) investigated the exercise responsiveness of cytokines in children with CF
who used ibuprofen or who did not. Compared with users, inflammatory respons-
es in the non-users were significantly lower for IL-6 and TNF-a; however, exer-
cise-induced increases in IL-6 and TNF-a were still greater in the users when
compared to healthy control children.

The clinical consequences or relevance of the exaggerated immune respons-
es after acute bouts of exercise in chronic inflammatory disease are not clear. In
healthy subjects and subjects with an inflammatory disease, exercise elicits the
same inflammatory cytokines as seen in the pathology in chronic inflammatory
disease. Many cytokines however have both pro- and anti-inflammatory proper-
ties. For example, IL-6 as elevated in the pathology of inflammatory disease is
known to exert pro-inflammatory activities. However, in healthy subjects IL-6, a
prominent exercise induced cytokine, is thought to play a role in growth process-
es, the stimulation of anti-inflammatory cytokines and the inhibition of TNF-a
production (71, 93). Therefore one could assume that an exaggerated inflammato-
ry response does not necessarily have to make the inflammation concerning the
pathology worse in the case of IL-6. However, the magnitude of the response
might account for specific exerted effects. When comparing the IL-6 response in
children and adults after a similar exercise bout, children experience a 50% small-
er increase than adults (93). The physiological reason for such a magnitude differ-
ence is not clear; however one can speculate that a greater exercise response
might change the positive effects and, for example, inhibit growth factors. One
should keep in mind that the effects of exercise training, interestingly, might blunt
the effect of an acute bout of exercise (38, 105).

Overview of Evidence for Chronic Exercise

An emerging theme from this systematic review is that exercise training effects
found for a particular inflammatory disease are not necessarily generalizable to
other inflammatory diseases. For example TNF-o was assessed in four training
studies. After the training intervention in patients with CHF, both a decrease (3)
and no effects (63) in circulating levels were reported. In patients with MS, sig-
nificantly higher levels of TNF-a were found (19), whereas in patients with RA
no significant effect was reported (74). Castellano et al. (19) prescribed the
increase as a possible disease-specific effect of MS. However, the only known
study that also measured TNF-a in patients with MS reported a slight decrease
(p=0.069) after 8 weeks of progressive strength training (102) (no control group
used).
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Whereas Niebauer et al. (63) could not find training effects, the anti-inflam-
matory effects of training programs in patients with CHF can be confirmed by
other studies that did not include a healthy control group (4, 23, 34, 53, 54, 72)
and were, therefore, not included in this review. A positive trend was seen for
endurance exercise training programs to attenuate systemic inflammation in
patients with CHF and T2DM with obesity. In healthy individuals on the other
hand, little effect was reported after the same training program. The exercise
training programs were of moderate intensity (~60% of VOypeax), so the potential
for significant physiological adaptation in already healthy persons might be low
(10, 64).

The nature and the intensity of the training stimulus are undoubtedly influ-
ential to the interpretation of studies representing different diseases. Whereas
cycling at 60% of VOypeax could not bring about an acute effect in patients with
MS, effects were seen at 75% of Wi, in patients with MS (19, 43). Similarly,
resistance training might elicit a different exercise-induced response than
endurance training (74). Notwithstanding these differences, exercise training has
been shown to positively influence circulating levels of inflammatory cytokines in
patients with chronic kidney disease and coronary heart disease (18, 39). In con-
cert with the findings of Rall et al. (74), studies that looked at the effect of an aer-
obic exercise training program on basal or resting levels of inflammation in asth-
ma, MS, COPD, RA, and sporadic inclusion body myositis concluded that exer-
cise improves health-related characteristics without changing levels of inflamma-
tion (9, 11, 78, 81, 101). These studies were not included in this review because
they did not include a healthy control group.

While the purpose of this systematic review was to clearly define the effects
of acute and chronic exercise on inflammatory markers of patients compared with
healthy controls to determine whether exercise elicits an abnormal inflammatory
response in those patients, it is reasonable to offer some speculation as to the
potential mechanisms that might be involved in the relationship between exercise
and inflammation in a chronic inflammatory disease. Since no cure has yet been
found for the diseases included in this review, treatment remains focused on
dampening inflammation using immunosuppressive medication that acts specifi-
cally on targets such as TNF-a.. Many of these pro-inflammatory cytokines such
as IL-1P, IL-6, and TNF-a are produced by the activation of Toll-like receptors
(TLRs) present at different antigen-presenting cells (37). TLRs are known to play
a major role in different systemic inflammatory diseases (24) as they are thought
to be important targets for therapeutic interventions (45). It is therefore interesting
to find that exercise can decrease TLR expression (37), possibly through transient
alterations in circulating cytokines that alter the expression of TLRs (52). In the
case of chronic inflammatory diseases, one possible mechanism of exercise train-
ing benefits may occur via down-regulation of TLR expression, thereby attenuat-
ing production of pro-inflammatory cytokines that play a role in the pathogenesis
of several inflammatory conditions.

Limitations

When interpreting the results of this systematic review, a number of methodologi-
cal characteristics must be taken into account. There were a variety of different
markers of inflammation, type of chronic diseases, and type of exercise programs
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used in the studies that were included, and measurement methods also varied
between studies. Analytic methods used are the likely cause for some discrepan-
cies in the findings (e.g., not able to detect changes or deviating values) (92).
Moreover, several studies had a small sample size, and in two studies the dropout
exceeded 15% (19, 43). Such a study may be insufficiently powered to detect sta-
tistically significant changes. Another limitation was in the way of estimating the
mean values of measured pre- and post- inflammatory markers, when these
results were presented in figure format only. However, any error in this method
would be similar for disease and control groups. Unfortunately not all the mean
values on cell counts could be retrieved; therefore it was not possible to calculate
ESs for a number of studies. Although it was not the intention of this paper to use
ESs in a formal analysis (e.g., meta-analysis), this information would have been
useful in evaluating different inflammatory markers.

FUTURE RESEARCH

In light of these limitations, we propose a number of considerations for future
work. Future studies should use blinded-observers to analyze samples. Further-
more, they should describe the dropout rate, if any, and missing data. The quality
of reporting can be improved with a better description of the nature of the acute or
chronic exercise stimulus (in terms of frequency, intensity, time and type of exer-
cise) and how the amount of work performed between patients and controls was
standardized. Future studies should consider the relevance of investigating the
immune-related changes in response to a maximal exercise test to exhaustion. A
maximal exercise test does not reflect a training session that will be incorporated
into daily life or rehabilitation of patients with chronic inflammatory disease. In
addition, the duration of a maximal test will vary for every individual, making it
impossible to control the actual work performed. We also suggest that researchers
clearly specify the time points at which blood samples are collected before and
after exercise.

Another important issue to take into consideration is the use of contracep-
tives in females and the point of testing during the female hormonal cycle. None
of the studies that tested females controlled for these two issues. Blood sample
timing during the female hormonal cycle should be taken into consideration (91).
Moreover, emphasis should be placed on matching gender and pubertal status
among the groups, since both gender and age are variables that account for differ-
ences in immune responses.

While all of the exercise training studies were found for the adult population
only, we make a number of recommendations for researchers to consider in the
design of their next study. Missing from most of the literature is a longer follow-
up time and the extent to which training-induced changes in inflammatory mark-
ers might be related to clinical status or disease severity. Information on these
issues should help individualize exercise prescription and recommendations. How
quickly the benefits of an exercise training program on inflammatory markers are
lost has not been studied, although this information holds important clinical rele-
vance since some patients may not be able to exercise because of disease compli-
cations or other factors. Whether exercise training can alleviate the acute inflam-
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matory response to a single bout of exercise in some patients remains an open
question. Only one study investigated this topic, but did not demonstrate an effect
of training on the acute response (73). Likewise, a study that compared trained
patients, untrained patients and healthy control found no differences in the acute
response (43).

In this systematic review, we found no studies investigating the effects of
exercise training on inflammatory markers in children with a chronic inflammato-
ry disease. Since physical activity is a fundamental component of healthy growth
and development, more studies are urgently needed so that safe and effective
exercise can be recommended to pediatric patients, especially concerning the
relationship between inflammatory cytokines and growth mediators. Circulating
inflammatory markers (e.g., TNF-a) can impair the regulation of skeletal muscle
protein turnover (29, 107). Reduced levels of IGF, found in children with a chron-
ic inflammatory disease, may further contribute to sub-optimal tissue growth (29,
104). Both chronic and acute exercise in healthy children has been shown to stim-
ulate anabolic processes by increasing growth factors such as, IGF-1 and 2 and
GH (30, 40, 49, 58, 97) and is therefore of importance to combat muscle catabo-
lism. Children are not small adults. Not only do they differ in immunological and
growth factor responses to a same bout of exercise, but their daily physical activi-
ty patterns are different than those of adults (7, 98). This is of significance regard-
ing the creation of exercise programs when one wants to provide challenging and
safe, but effective exercise opportunities that can be incorporated in daily life and
sustained.

Based on the results of this systematic review, no evidence was found to
suggest that the inflammatory response to acute exercise in children with a chron-
ic inflammatory disease is any different than that of their adult patient counter-
parts in term of exacerbated immune response.

We propose that future research should be focused on the frequency, intensi-
ty and duration of exercise that can be safe (i.e., does not exacerbate underlying
inflammation) and effective (i.e., improves fitness and quality of life, promotes
growth (in children)) for individuals with a chronic inflammatory disease.

CONCLUSION

In this systematic review of the literature we investigated the effects of acute and
chronic exercise on various inflammatory markers in patients with a chronic
inflammatory disease. It appears that training programs can attenuate chronic
inflammation in some of these patients; however, single bouts of exercise might
elicit an aggravated inflammatory response. The exercise training-induced
response appears highly dependent on the type of disease, severity of the disease
and the frequency, duration and intensity of the exercise intervention. This review
highlighted a number of strengths and weaknesses of the studies analyzed and
will serve to design future studies in this field. Results of this review reveal a
major gap in our knowledge regarding the evidence for safe but effective exercise
for patients with a chronic inflammatory disease.
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