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Abstract

Background: The average contemporary lifestyle is
largely comprised of inactivity and poor nutrition,
which has been suggested as a generator of low-grade
chronic inflammation. This type of persistent
inflammation has become closely associated with
numerous non-communicable diseases such as
atherosclerosis and type 2 diabetes. Purpose: The
primary purpose of this article is to examine the role
inactivity plays in low-grade chronic inflammation and
the optimal exercise program for reducing
inflammation. Findings: A growing body of evidence
suggests that the associated pro-inflammatory cytokine
signaling is disrupting normal biological processes
producing diseases at an alarming rate. In order to
stave off or manage these ailments, physical activity has
been identified as a viable option for mitigation.
However, inappropriate intensities or durations may
not mitigate and in some instances, may promote
inflammation. Conclusions: In order to be beneficial,
patients and healthcare professionals may be well
served by using light to moderate exercise routines and
modest progressions. Health & Fitness Journal of
Canada 2013;6(2):91-100.

Keywords: Chronic inflammation; Physical inactivity;
Cytokines; C-reactive protein; Disease; Adipose tissue

From the 1Boise State University, 1910 University Drive,
Boise, ID 83725 USA. Email: Cshots-co@hotmail.com

Introduction

Global urbanization has altered the
human way of life. Fast paced occupations
encourage physical inactivity and include
high levels of stress, while leisure
activities have become increasingly
sedentary. Moreover, the global
aspiration for inexpensive food has
shaped the complex of agri-business to
provide calorically dense foods in
impressive proportions. Unfortunately, it

is the combination of physical inactivity
and poor diet that has been highlighted as
possible  co-contributors to various
chronic  noncommunicable  diseases
(CNCD) (Bloom et al., 2011; Mathur and
Pedersen, 2008). CNCDs are slow
developing diseases that are typically of
long  duration and  consist  of
cardiovascular disease (including heart
disease and stroke), type 2 diabetes
mellitus, certain cancers, and some
chronic respiratory diseases (Bloom et al.,
2011). Combined, these CNCDs cause
63% of all deaths worldwide and
economists project that they will cost
over $47 trillion globally over the next
two decades (Bloom et al., 2011). Once
considered “affluent” diseases, CNCDs are
now spanning across all socio-economic
levels. The global spread of CNCD’s
conceivably correlates with a relatively
smaller world that promotes sedentary
occupations, recreation, and poor
nutrition.

As the roles of inactivity and nutrition
continue to be debated as to the extent of
their influence on the etiology of CNCD’s,
researchers are focusing on another
common theme - low-grade chronic
inflammation (LGCI) (Mathur and
Pedersen, 2008). What is traditionally
thought of as an acute physiological
response to injury or irritant appears to
chronically thrive unmitigated and
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unresolved in millions of people.
Research over the last two decades has
connected LGCI to atherosclerosis, type 2
diabetes mellitus, Alzheimer’s, obesity,
liver disease, and some cancers such as
breast and colon (D'Mello and Swain,
2011). Furthermore, other aliments have
been associated with LGCI: fibromyalgia,
sarcopenia, hypertension, insulin
resistance, neurodegeneration, mood
disorders, cognitive dysfunction and
hyperlipidemia (Eisenberger et al., 2010;
Lotrich et al.,, 2011; Mathur and Pedersen,
2008; Ortega et al, 2009; Walsh et al,
2011)

More noteworthy is the affect that
physical activity has on the same pro-
inflammatory pathways. Just as physical
inactivity is inversely associated with
elevated inflammatory cytokines and
disease promotion, physical activity is
inversely related with less cytokine
movement and directly associated with
health. Earlier studies established that
the role of physical activity minimizes fat
mass accumulation and positively affects
insulin sensitivity, all independent of
dietary manipulation and regardless of
sexual characteristics (Aoi et al, 2011).
Specifically, in 1991, Helmrich and
colleagues reported that “physical activity
is inversely related to type 2 diabetes
mellitus  development.  Furthermore,
incidence decreases by 6% per 500 kcals
of energy expenditure up to 3500 kcals.”
(Helmrich et al,, 1991). Since that study,
mounting data has associated
inflammatory  signaling in disease
etiology. In addition, evidence indicating
physical activity can positively influence
inflammatory signaling and subsequently
positively impact disease is accumulating.
It is this evolution in understanding of
diseases that enables comprehension and

how exercise prescription affects and
potentially alleviates inflammatory harm.

Current therapies for many of these
hypokinetic chronic conditions often start
with medications that treat the symptoms
but rarely the wunderlying cause.
Unfortunately, prescription medication
may adequately treat the symptoms, but
also mask serious health risks such as the
signs and symptoms of chronic
inflammation. For example, medications
prescribed for rheumatoid arthritis can
relieve the pain, increase daily function,
reduce joint deformity, and alleviate the
local manifestations of inflammation, but
may not alter systemic inflammation. Left
untreated, chronic inflammation can
result in continued disease progression
and the development of comorbidities, i.e.
the individual with type 2 diabetes and
cardiovascular disease. However, it is
possible that the application of evidence-
based first line therapies might mitigate
the wunderlying causes, the resultant
inflammation, and the symptoms. First
line therapy for virtually all CNCD’s is to
increase physical activity, eat a sound
diet, and maintain a healthy body weight
(Aoi et al, 2011). In other words, the
treatment for inflammation parallels
current prescriptions for maintaining
health from the American Medical
Association, American Heart Association,
American College of Sports Medicine,
Academy of Nutrition and Dietetics,
American Diabetes Association, and
American Obesity Treatment Association
(Academy of Nutrition and Dietetics,
2012; American Obesity Treatment
Association, 2012; American Heart
Association, 2012; Eckel et al, 2006;
Garber etal, 2011).

Inflammation is defined as a
physiological response to tissue damaging
irritants that have altered local or
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systemic homeostasis (Gruys et al., 2005;
Mathur and Pedersen, 2008). Common
irritants are “friction, x-rays, fire, extreme
temperature, wounds, corrosive
chemicals and allergens” (Cohen and
Taylor, 2009, p.367). At the onset of
irritation, infection or tissue disruption,
the affected cells release histamine in
conjunction  with  pro-inflammatory
cytokines and other chemicals to invoke
blood vessel dilation, increase membrane
permeability, and attract white blood
cells (Cohen and Taylor, 2009; Harvard
Medical School, 2012). White blood cells
further encourage inflammation by
producing and releasing pro-
inflammatory  cytokines, such as
Interleukin (IL)-1, IL-6 and Tumor
Necrosis Factor (TNF)-a (Kaiser, 2012).
These inflammatory agents diffuse into
the blood and directly activate the
hypothalamic-pituitary-adrenal axis, thus
stimulating a hormonal cascade that
results in the production of cortisol by the
adrenal glands. Cortisol amplifies IL-6
sensitivity by promoting IL-6 receptors in
the liver (Cohen and Taylor, 2009). The
liver then produces acute phase proteins,
one of which is C-reactive protein.
Systemic presence of C-reactive protein
alerts the body to a non-site specific
inflammatory response. LGCI results in a
release of cytokines IL-1ra, IL-6, TNF-q,
and  C-reactive  protein that is
indistinguishable from an acute irritation
and their lingering presence has been
implicated in various CNCDs.

C-reactive protein is a part of the
innate immune system and has a
continuous presence in the human blood
with a concentration of 0.8 ml/L in
healthy individuals. Levels of C-reactive
protein climb exponentially as a result of
infection or injury and serve to assist
macrophages in phagocytosis by linking

to undesirable microbes or cellular
debris. Researchers investigating disease
mechanisms have focused on C-reactive
protein and its contribution to obesity,
atherosclerosis pathology, and type 2
diabetes mellitus.  C-reactive protein
might be a viable co-predictor of disease
in conjunction with traditional risk
factors such as hyperlipidemia and
hypertension and used to evaluate the
presence of LGCI; thus allowing
physicians to monitor dysfunction
(Mathur and Pedersen, 2008; Teixeira et
al, 2011). Risk stratification for heart
disease is: low with circulating levels of C-
reactive protein below 1.0 mg/L,
moderate from 1.0-3.0 mg/L and high risk
is above 3.0 mg/L (Harvard Medical
School, 2012). Furthermore, testing for C-
reactive protein levels may enhance the
assessment of disease severity in
atherosclerosis and rheumatoid arthritis
(Goldhammer et al, 2005). Knowing C-
reactive protein levels is important in
gauging inflammatory and/or disease
progression as well as indicating the need
for an acute intervention. However, a
caveat to these recommendations should
be coupled when assessing test results.
No single blood test provides a definitive
diagnosis, but in conjunction with
additional data, C-reactive protein
monitoring aides analysis of an
individual’s health status. In general,
because of wide fluctuations in C-reactive
protein levels, it is recommended by the
Center for Disease Control and American
Heart Association that persons provide
two blood samples separated by 14 days.
Results that are greater than 10 mg/L
should be considered acute inflammatory
events and another specimen taken
(Pearson; 2003). Moreover, practitioners
need also be aware that individual
variation might result from factors such
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as genetics, gender, smoking, elevated
HbA1C, and some medications
(Macgregor et al, 2004, Ruckerl et al,
2009, Shen and Ordovas, 2009.)

Cytokine involvement is multifaceted
in both cause and effect. The increase in
the cytokines IL-6 and TNF-a both
promote and maintain obesity (Aoi et al,,
2011; Martin-Cordero et al, 2011).
Normally, inflammatory cytokines from
damaged tissue stimulate the
hypothalamic-pituitary-adrenal axis to
increase glucocorticoids and support
inflammation and the immune response
(Martin-Cordero et al.,, 2011). However,
adipose tissue also releases IL-6 and TNF-
a (adipocytokines or adipokines) and it is
the additive effect of these adipocytokines
that initiates a cascade of events that
stimulates inflammation and disrupts
glucose transport with a potential result
of insulin resistance (Aoi et al, 2011;
Mathur and Pedersen, 2008). The exact
role of IL-6 remains in debate, whereas a
highly active role for TNF-a has been
demonstrated in lipolysis, LGCI, and other
metabolic irregularities (Mathur and
Pedersen, 2008). Individuals who are
both overweight and sedentary further
escalate pro-inflammatory signaling and
perpetuate LGCI.

Knowing disease origins and sleuthing
out catalysts can prove perplexing, and
remains a challenge for researchers.
However, mounting evidence suggests
that physical inactivity and obesity
appear to contribute the most to LGCI
(Aoi et al,, 2011). Martin-Cordero, Garcia,
Hinchado, and Ortega, demonstrated that
LGCI is reduced as a result of lower body
fat and this fat loss can then serve as a
means to control inflammation (Martin-
Cordero et al, 2011). Ameliorating
chronic inflammation via exercise has
also shown potential in combating age-

associated ailments like sarcopenia,
neural degeneration, and Alzheimer’s
(Hurley et al., 2011; Walsh et al,, 2011).
Although gaps in reported studies persist,
it is within reason to be optimistic that
physical activity impacts cytokines
derived from adipose tissue and can
create an anti-inflammatory environment
post activity.

Acute bouts of exercise also activate
the immune system and inflammatory
responses similar to irritants; however,
the two events are not the same.
Dissimilarities in an inflammatory
response between exercise and an
infection, in general, include a lack of
response to physical activity from
cytokines TNF-a and IL-1f. Inversely,
elevated concentrations of IL-1ra, IL-6, IL-
10 and the hormones epinephrine,
cortisol, growth hormone, and prolactin
are observed during and post exercise.
The summation of these cytokines and
hormones yield an environment that is
anti-inflammatory and promotes
healing/adaptation (Walsh et al, 2011).
Furthermore, longitudinal studies suggest
that decreased C-reactive protein levels
are correlated with LGCI suppression as a
result of regular physical activity (Mathur
and Pedersen, 2008). Exercise invokes an
initial and limited pro-inflammatory
period followed by a longer period of
anti-inflammatory activity (Golbidi et al.,
2012). From a perspective of homeostatic
balance, sufficient quantities of physical
activity can be prophylactic in regulation
of inflammation.

Various interventional studies have
shown that individuals of all ages
demonstrate a reduction in serum C-
reactive protein following a minimum of
physical activity on 3 days per week for 3
months. Both resistance training (<70%
one repetition maximum) and 20 minutes
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of aerobic training (70 - 80% of
maximum heart rate) promote the decline
of C-reactive protein (Milani et al., 2004;
Nakajima et al,, 2010; Stewart et al., 2010;
Thompson et al, 2010; Touvra et al,
2011). Furthermore, signifying that the
combined effect of both aerobic and
resistance training provides greater
benefits with lower circulating pro-
inflammatory agents and higher anti-
inflammation markers. However, not all
researchers agree with this conclusion;
rather, suggesting that reductions in C-
reactive protein concentration appears to
be more closely associated with decreases
in body fat as opposed to a direct
influence of exercise (Pischon et al,, 2012,
Campbell et al, 2008, Hammett et al,
2004). Furthermore, Campbell et al
(2008), offers results that show
insignificant changes in C-reactive protein
levels associated with increased maximal
oxygen consumption over a 12-month
aerobic based intervention with no
substantial changes in body composition.
From these conflicting results, it is
evident that more information is needed
in order to wunderstand the exact
mechanisms that positively affect
inflammation in the body.

Contrary to the engagement in
concomitant moderate strength and
aerobic training, recent publications from
studies in Norway suggest that aerobic
interval training yields a less significant
inflammatory reaction as opposed to
strength training in individuals with
metabolic syndrome. Metabolic syndrome
is classified as a low grade chronic
inflammatory state expressed by a
combination of obesity, dyslipidemia,
hypertension and elevated fasting glucose
levels (American Heart Association,
2002). Although beneficial changes did
not include IL-6, TNF-a or C-reactive

protein, Stensvold et al assert that the
effect of aerobic interval training on IL-18
invokes a more favorable inflammatory
environment; based on research from
JHung et al, implicating IL-18 in the
pathogenesis of metabolic syndrome.
Stenvold et al’s findings show a lower
volume of circulating IL-18 following a 12
week program comparing aerobic
interval training and strength training.
Interval training consisted of four 4
minute bouts at 90% of maximal heart
rate interspersed with three minutes of
active recovery. The strength training
sub-group participated in 12 weeks of
resistive exercises at 40-50% of their 1-
repition maximum. If aerobic interval
training proves a viable prescription for
inflammatory diseases, this would be
most advantageous considering the
positive effects on individual’s quality of
life, enhanced left ventricular function
and endothelial function (Wisloff, et al).
However, until data emerges that
demonstrates aerobic interval training as
a superior modality; one must question
the safety for sedentary persons with
inflammatory ailments (Cooper et al,
2007). Will an individual be better-off
with quick implementation of aerobic
interval training or better served with a
progressive protocol to guard against
flare-ups, unnecessary tissue damage,
and/or increased injury potential?
Exercise prescriptions for individuals
with elevated pro-inflammatory markers,
or previously diagnosed with a disease,
should tend toward less intense activities.
Furthermore, health professionals should
employ caution in prescribing exercises
that promote tissue damage and invoke
an inflammatory response. Specifically
heavy resistive movements that yield
localized injury aggressively recruit
neutrophil proliferation and subsequent
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secretion of TNF-a - often recognized as
delayed onset muscle soreness; this
cascade of events stimulates a pro-
inflammatory environment (Pizza et al,
2002). Moreover, resistive exercises
greater than 70% 1-RM has shown the
same  inflammatory  effect =~ when
preformed to fatigue (Nakajima et al,
2010). Cardiovascular exercises stimulate
no deleterious inflammatory activity at
intensities lower than 80% of heart rate
reserve (Stewart et al, 2010). When
aerobic training and strength training are
performed together below the TNF-a
expression threshold, individuals who
participate 3-4 times per week obtain a
reduction in inflammation (Touvra et al,,
2011).

Thus, optimal exercise prescription
may best be served with resistive
exercises for the major muscle groups, 1-
3 sets and 12-15 repetitions, below 70% 1
repetition maximum and cease before
fatigue (Stewart et al, 2010). Initial
cardiovascular intensity should be less
than 80% of heart rate reserve and modes
should be less weight bearing, such as
biking or swimming, so as to decrease the
likelihood of circulating TNF-a. The initial
session durations for cardiovascular
endurance and resistive exercise should
be as tolerated, with conservative
progressions. The mindfulness of the
healthcare professional is essential in
prescribing appropriate intensities as
well as progressions. Inappropriate
recommendations can aggravate
symptoms as well as discourage
individuals  from  further exercise
involvement. Lastly, as individuals who
show positive adaptations and improved
exercise tolerance, the implementation of
aerobic interval training should be
encouraged.

Conclusions

Unhealthy lifestyles have become more
prevalent as well as the resultant
ailments and diseases. Not only is it the
increase in adipose tissue and sedentary
occupations, but the concomitant lack of
recreational activity that promotes
chronic inflammation. It has been proven
that surplus fat mass and sedentary
behaviors support the circulation of pro-
inflammatory cytokines IL-6 and TNF-q,
with systemic increases in C-reactive
protein. Moreover, it is the lack of activity
that does not generate an anti-
inflammatory environment that finishes
the one-two punch. Persistent signaling
encourages inflammation and,
theoretically, ailments and diseases.
Physical activity has demonstrated a
promising role in alleviating
inflammatory signaling and potentially
staving off sickness and disease. Both
strength training and aerobic exercise
have shown positive results when
reasonably utilized. To the contrary,
exercises performed in excess to the
detriment of tissue integrity can prove
deleterious. Individuals with pre-existing
inflammation or disease may
unintentionally exacerbate conditions
they seek to ease. Healthcare providers
need to appreciate the benefits of physical
activity in addition to its injurious
capabilities by not only encouraging
participation, but also advocating
moderation in initiation and progression.

Authors’ Qualifications

The authors’ qualifications are as
follows: Chris Schotzko, M.A., ACSM HFS,
C.S.C.S,, and Shawn Simonson, Ed.D.,
C.S.C.S., ACSM HFS.

Health & Fitness Journal of Canada, ISSN 1920-6216, Vol. 6, No. 2 - May 30, 2013 - 96



Exercise and Inflammatory Disease Prevention and Management

References

Academy of Nutrition and Dietetics. (2012).
Disease management and prevention.
Retrieved May 18, 2012, from
http://www.eatright.org/
diseasemanagement/

American Obesity Treatment Association. (2012).
Preventing weight gain. Retrieved May 18,
2012,
from  http://www.americanobesity.org/-
prevention.htm

American Heart Association. (2012). Retrieved
May 20, 2012, from:
http://www.americanheart.org

American Heart Association. (2002). Third report
of the National Cholesterol Education
Program (NCEP) expert panel on detection,
evaluation, and treatment of high blood
cholesterol in adults (Adult Treatment Panel
II) final report. Circulation, 106, 3143.
From http://circ.ahajournals.org
/content/106/25/3143.full.pdf+html

Aoi, W, Naito, Y, and Yoshikawa, T. (2011).
Dietary exercise as a novel strategy for the
prevention and treatment of metabolic
syndrome: effects on skeletal muscle
function. Journal of Nutrition and
Metabolism, 2011, 1-11.
DO0I1:10.1155/2011/676208. URL:
http://www.hindawi.com/
journals/jnume/2011/676208/.

World Economic Forum and the Harvard School of
Public Health (2011). The global economic
burden of noncommunicable diseases.
September 2011. Geneva, Switzerland:
World Economic Forum.

Campbell, K.L.,, Campbell, P.T., Ulrich, C.M., Wener,
M., Alfano, C.M., Foster-Schubert, K,
Rudolph, R.E., Potter, ].D., and McTiernan, A.
(2008). No reduction in C-reactive protein
following a  12-month  randomized
controlled trial of exercise in men and
women. Cancer Epidemiol Biomarkers Prev,
17, 1714-1718. DOI: 10.1158/1055-
9965.EPI-08-0088. URL:
http://cebp.aacrjournals.org
Jcontent/17/7/1714.

Cohen, B.],, and Taylor, J.J. (2009). Memmler’s the
human body in health and disease. In: Troy,
D., Knighten, D., Thomas, R, Noplock, A,
Malakoff-Klein, E., and Smock, D., (Eds.),
Body defenses, immunity, and vaccines. (pp.
367).China: Lippincott Williams & Wilkins.

Cooper, D.M,, Radom-Aizik, S., Schwindt, C., and
Zaldivar, F. Jr. (2007). Dangerous exercise:
lessons learned from  dysregulated
inflammatory responses to physical
activity. Journal of Applied Physiology,
103(2), 700-709. DOI: 10.1152/
japplphysiol.00225.2007. URL:
http://jap.physiology.org/content/
103/2/700.long

D'Mello, C., and Swain, M.G. (2011). Liver-brain
inflammation axis. American Journal of
Physiology, Gastrointestinal and Liver
Physiology, 301(5), G749-761. DOI:
10.1152/ajpgi.00184.2011. URL:
http://ajpgi.physiology.org/content/early/
2011/08/22/ ajpgi.00184. 2011.reprint.

Eckel, R.H., Kahn, R., Robertson, R.M., and Rizza,
R.A. (2006). Preventing cardiovascular
disease and diabetes: a call to action from
the American Diabetes Association and the
American Heart Association. Circulation,
113(25), 2943-2946. DOI: 10.1161/

CIRCULATIONAHA.106.176583. URL:
http://circ.ahajournals .org/content/
113/25/2943.full.

Eisenberger, N.I, Inagaki, T.K., Mashal, N.M., and
Irwin, M.R. (2010). Inflammation and social
experience: an inflammatory challenge
induces feelings of social disconnection in
addition to depressed mood. Brain,
Behavior, and Immunity, 24(4), 558-563.
DOI:  10.1016/j.bbi.2009.12.009. URL:
http://www.ncbi.nlm.nih.gov/pmc/articles
/PMC2856755/

Garber, C.E., Blissmer, B. Deschenes, M.R,
Franklin, B.A., Lamonte, M.]., Lee, LM,
Nieman, D.C., and Swain, D.P. (2011).
American College of Sports Medicine
position stand. Quantity and quality of
exercise for developing and maintaining
cardiorespiratory, musculoskeletal, and
neuromotor fitness in apparently healthy
adults: guidance for prescribing exercise.
Medicine and Science in Sports and Exercise,
43(7), 1334-1359. DOLI:
10.1249/MSS.0b013 e318213fefb. URL:

http://journals. lww.com/
acsmmsse/Fulltext/ 2011/07000/
Quantity_ and_Quality_of_

Exercise_for_Developing.26.aspx.

Golbidi, S., Badran, M. and Laher, 1. (2012).
Antioxidant and anti-inflammatory effects
of exercise in diabetic  patients.
Experimental Diabetes Research, 2012, 1-16.

Health & Fitness Journal of Canada, ISSN 1920-6216, Vol. 6, No. 2 - May 30, 2013 - 97



Exercise and Inflammatory Disease Prevention and Management

DOI:  10.1155/
http://www.ncbi.
nlm.nih.gov/pmc/articles/PMC3191828/p
df/EDR2012941868.pdf

2012/941868. URL:

Goldhammer, E. Tanchilevitch, A. Maor, I,

Beniamini, Y., Rosenschein, U., and Sagiv, M.
(2005). Exercise training modulates
cytokines activity in coronary heart disease
patients. International Journal of Cardiology,
100(1), 93-9. URL: http://www.interna
tional journalofcardiology.com/article
/S0167-5273(05)00070-7 /abstract.

Gruys, E. Toussaint, M.J, Niewold, T.A., and

Koopmans, S.J. (2005). Acute phase reaction
and acute phase proteins. Journal of
Zhejiang University. Science. B., 6(11), 1045-
1056. DOI:  10.1631/jzus.2005.B1045.
URL:http://
www.ncbi.nlm.nih.gov/pmc/articles/PMC1
390650/

Hammett, C.K., Oxenham, H.C., Baldi, C.J., Doughty,

R.N, Ameratunga, R, French, ].K, White,
H.D., Stewart, R.A., (2004). Effect of six
months' exercise training on C-reactive
protein levels in healthy elderly subjects. J
Am Coll Cardiol. 44(12), 2411-2413.
doi:10.1016/j.jacc.2004.09.030.
http://content.onlinejacc.org/article.aspx?a
rticleid=1136169.

Harvard Medical School: Harvard Medical

Publications. Retrieved May 10, 2012, from:
http://www.health.harvard. edu/news-
week/C-Reactive_Protein_ test_to
_screen_for_he-art_disease.htm.

Helmrich, S.P.,, Ragland, D.R, Leung, RW. and

Hung,

Paffenbarger, R.S. Jr. (1991). Physical
activity and reduced occurrence of non-
insulin-dependent diabetes mellitus. The
New England Journal of Medicine, 325(3),
147-152. DOLI:
10.1056/NEJM199107183250302.
URL:http://www.nejm.org/doi/full/10.105
6/NEJM199107183250302.

J, McQuillan, B.M. Chapman, CM. L,
Thompson, P.L. and Beilby, ].P. (2005).
Elevated Interleukin-18 Levels Are
Associated With the Metabolic Syndrome
Independent of Obesity and Insulin
Resistance. Journal of the American Heart
Association, 25, 1268-1273. DOI: 10.1161/
01.ATV. 0000163843.70369.12.  URL:
http://
atvb.ahajournals.org/content/25/6/1268.
full.

Hurley, B.F., Hanson, E.D., and Sheaff, AK. (2011).

Strength training as a countermeasure to
aging muscle and chronic disease. Sports
Medicine (Auckland, N.Z.), 41(4), 289-306.
DOI: 10.2165/11585920-000000000-
00000. URL: http://www.usuhs.mil/
fap/resources/eptp/StrengthTrainingasa
Countermeasure.pdf.

Kaiser, G.E. (2012). The innate immune system.

Retrieved March 20, 2012, from:
http://faculty.ccbcmd.edu/courses/
bio141/lecguide/unit4/innate/acutephase.
html.

Lotrich, F.E., El-Gabalawy, H., Guenther, L.C., and

Ware C.F. (2011). The role of inflammation
in the pathophysiology of depression:
different treatments and their effects. The
Journal of Rheumatology. Supplement, 88,
48-54. DOI: 10.3899/jrheum.110903. URL:
http://www.jrheum.org/content/suppleme
nts/88/48.abstract.

MacGregor, A.., Gallimore, ]J.R., Spector, T.D,

Pepys, M.B. (2004). Genetic effects on
baseline values of C - reactive protein and
serum amyloid A protein: A comparison of
monozygotic and dizygotic twins. Clinical
Chemistry. 50(1), 130-134. DOLI:
10.1373/clin  chem.2003.028258. URL:
http://www.
clinchem.org/content/50/1/130.full.pdf.

Milani, R.V, Lavie, C.J., and Mehra, M.R. (2004).

Reduction in C-reactive protein through
cardiac rehabilitation and exercise training.
Journal of the American College of
Cardiology, 43(6), 1056-1061.
DOI:10.1016/j.jacc.  2003.10.041. URL:
http://content.
onlinejacc.org/article.aspx?articleid=11354
57.

Martin-Cordero, L., Garcia, J.J., Hinchado, M.D., and

Ortega, E. (2011). The interleukin-6 and
noradrenaline mediated inflammation-
stress feedback mechanism is dysregulated
in metabolic syndrome: effect of exercise.
Cardiovascular Diabetology, 10(42), 1-9.
DOI:  10.1186/1475-2840-10-42. URL:
http://www.ncbi.nlm.nih.gov/pmc/articles

/PMC3118326/.

Mathur, N., and Pedersen, B.K. (2008). Exercise as

a mean to control low-grade systemic
inflammation. Mediators of Inflammation,
2008, 1-6. DOI: 10.115 5/2008/109502.
URL: http://www.ncbi
.nlm.nih.gov/pmc/articles/PMC2615833/.

Health & Fitness Journal of Canada, ISSN 1920-6216, Vol. 6, No. 2 - May 30,2013 - 98



Exercise and Inflammatory Disease Prevention and Management

Nakajima, T., Kurano, M., Hasegawa, T., Takano, H.,

lida, H., Yasuda, T., Fukuda, T., Madarame,
H. Uno, K, Meguro, K., Shiga, T., Sagara, M,,
Nagata, T., Maemura, K, Hirata, Y,
Yamasoba, T. and Nagai, R. (2010).
Pentraxin3 and high-sensitive C-reactive
protein are independent inflammatory
markers released during high-intensity

exercise. European Journal of Applied
Physiology, ~ 110(5), 905-913.  DOLI:
10.1007/s00421-010-1572-x. URL:

http://www.ncbi.nlm.nih.gov/pubmed /206
40440.

Ortega, E., Garcia, ].J., Bote, M.E., Martin-Cordero,

L., Escalante, Y., Saavedra, ].M., Northoff, H.,
and Giraldo, E. (2009). Exercise in
fibromyalgia and related inflammatory
disorders: known effects and unknown
chances. Exercise Immunology Review, 15,
42-65. URL: http://www. med
izin.uni-tuebingen.de/transfusions
medizin/institut/eir/content/2009/42 /art
icle.pdf.

Pearson, T.A., Mensah, G.A. Alexander, R. W,

Anderson, ].L., Cannon, R.O., Criqui, M., Fad],
Y.Y, Fortmann, S.P., Hong, Y., Myers, G. L.,
Rifai, N., Smith, S. C., Taubert, K., Tracy, R.P,,
and Vinicor, F. (2003). Markers of
inflammation and cardiovascular disease:
Application to clinical and public health
practice: A statement for healthcare
professionals from the Centers for Disease
Control and Prevention and the American
Heart Association. Circulation. 107, 499-
511. DOI 10.1161/01.CIR.0000052939.
59093.45. URL: http://circ.aha
journals.org/ content/107/3/499.

Pischon, T. Hankinson, S.E. Hotamisligil, G.S,

Rifai, N.,, and Rimm, E.B. (2003). Leisure
time physical activity and reduced plasma

levels of obesity-related inflammatory
markers. Obes Res. 11(9), 1055-1064.
DOI: 10.1038/0by.2003.145

URL:  http://onlinelibrary.  wiley.com/

doi/10.1038/0by.2003.145/pdf

Pizza, F.X,, Koh, T.]., McGregor, S.J., and Brooks, S.V.

(2002). Muscle inflammatory cells after
passive stretches, isometric contractions,
and lengthening contractions. Journal of
Applied  Physiology, 92(5), 1873-1878.
DOI: 10.1152/japplphysiol.01055. URL:
http://jap.physiology.org/content/92/5/1
873.long.

Ruckerl], R, Peters, A., Khuseyinova, N., Andreani,

Shen,

M., Koenig, Ww., Meisinger, C.,
Dimakopoulou, K., Sunyer, ], Lanki, T,
Nyberg, F., and Schneider, A. (2009).
Determinants of the acute-phase protein C -
reactive protein in myocardial infarction
survivors: The role of comorbidities and
environmental factors. Clinical Chemistry.

55(2), 322-335. DOI:
10.1373/clinchem.2008.112334. URL:
http://www.clinchem.org/content/55/2/3
22.long

J., and Ordovas, ].M. (2009). Impact of
genetics and environmental factors on CRP
levels and response to therapeutic agents.
Clin  Chem. 55(2), 256-264. DOI:
10.1373/clinchem.2008. 112334. URL:
http://www.clinchem.org/
content/55/2/322.long.

Stensvold, D., Slgrdahl, S. A, and Wislgff, U.

(2012). Effect of exercise training on
inflammation status among people with
metabolic syndrome. Metabolic Syndrome
Related Disorders. 10(4), 267-272. DOI:
10.1089/ met.2011.0140. URL:
http://connection.
ebscohost.com/c/articles/77907719 /effect
-exercise-training-inflammation-status-
among-people-metabolic-syndrome.

Stewart, L.K.,, Flynn, M.G., Campbell, W.W, Craig,

B.A., Robinson, J.P.,, Timmerman, KL,
McFarlin, B.K., Coen, P.M., and Talbert, E.
(2007). The influence of exercise training
on inflammatory cytokines and C-reactive
protein. Medicine and Science in Sports and
Exercise, 39(10), 1714-1719.
URL: http://www.cenegenics foundation
.org/library/library_files/The_Influence_of_
Exercise_Training_on_Inflammatory_Cytoki
nes_and_C_Reactive_Protein.pdf.

Teixeira de Lemos, E. Pinto, R., Oliveira, ],

Garrido, P., Sereno, J., Mascarenhas-Melo, F.,
Pascoa-Pinheiro, J., Teixeira, F., and Reis, F.
(2011). Differential effects of acute
(extenuating) and chronic (training)
exercise on inflammation and oxidative
stress status in an animal model of type 2
diabetes mellitus. Mediators of
Inflammation, 2011, 1-8. DOI: 10.1155
/2011/253061. URL: http://www.
hindawi.com/ journals/mi/2011/ 253061/.

Thompson, D., Markovitch, D., Betts, ].A., Mazzatti,

D., Turner, ., and Tyrrell, R.M. (2010). Time
course of changes in inflammatory markers

Health & Fitness Journal of Canada, ISSN 1920-6216, Vol. 6, No. 2 - May 30, 2013 - 99



Exercise and Inflammatory Disease Prevention and Management

during a 6-mo exercise intervention in
sedentary middle-aged men: a randomized-
controlled trial. Journal of Applied
Physiology, 108(4), 769-779. DOI: 10.1152/

japplphysiol.00822. URL: http://
jap.physiology.org/content/108/4/769.
full.

Touvra, A.M., Volaklis, K.A.,, Spassis, A.T., Zois, C.E.,
Douda, H.D., Kotsa, K., and Tokmakidis, S.P.
(2011). Combined strength and aerobic
training increases transforming growth
factor-g1 in patients with type 2 diabetes.
Hormones (Athens, Greece), 10(2), 125-130.
URL: http://www.hormones.gr/724/
article/ article.html.

Walsh, N.P., Gleeson, M., Shephard, R.J., Gleeson,
M., Woods, ]J.A., Bishop, N.C., Fleshner, M.,
Green, C., Pedersen, B.K.,, Hoffman-Goetz, L.,
Rogers, C.]J, Northoff, H., Abbasi, A, and
Simon, P. (2011) Position statement. Part
one: Immune function and exercise.
Exercise Immunology Review, 17, 6-63.
URL: http://www.
ncbi.nlm.nih.gov/pubmed/21446352.

Wislgff, U., Stgylen, A., Loennechen, ]. P., Bruvold,
M., Rognmo, @., Haram, P.M., Tjgnna, A. E.,
Helgerud, J., Slgrdahl, S.A,, Lee, S. ], Videm,
V., Bye, A, Smith, G. L, Najjar, S. M,
Ellingsen, @. and Skjerpe, T. (2007).
Superior cardiovascular effect of aerobic
interval  training  versus  moderate
continuous. Circulation, 115, 3086-3094.
URL: http://circ.ahajournals.org/content/
115/24/3086.long.

Health & Fitness Journal of Canada, ISSN 1920-6216, Vol. 6, No. 2 - May 30, 2013 - 100



