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Abstract: Inflammation has been characterized as a double-edged sword, requiring a balance 
between health as maintained by regular exercise and activities that would exacerbate inflammatory 
diseases. The influence of exercise on inflammation is complex and has been widely studied in 
both healthy patient populations as well as populations of patients with many inflammatory and/
or autoimmune rheumatic diseases. Inflammatory markers can be affected by the type of exercise 
and muscle contraction, as well as the intensity, duration, and consistency of the exercise sessions. 
Because of these potentially important effects, many members of the general public, as well as 
some clinicians, believe that exercise could exacerbate symptoms and accelerate the progression of 
such conditions. The effects of different types of exercise have been studied among patients with 
inflammatory conditions such as ankylosing spondylitis, systemic lupus erythematosus, rheumatoid 
arthritis, osteoarthritis, fibromyalgia, and idiopathic inflammatory myopathies, as well as conges-
tive heart failure, type 2 diabetes mellitus, and metabolic syndrome, which are considered low-
grade systemic inflammatory diseases. This review will help exercise professionals and clinicians 
understand the effects of exercise on inflammatory markers, as well as offer effective treatment 
options and recommendations for patients exercising with rheumatic or inflammatory conditions.
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Introduction
Cytokines are polypeptide inflammatory mediators produced primarily by peripheral 
blood mononuclear cells, adipocytes, hepatocytes, and skeletal muscle. Cytokine levels, 
and ultimately inflammation, can be influenced by aging, sex, antioxidant supplements, 
calcium homeostasis, and anti-inflammatory drugs. Cachexia, sepsis, and exercise-induced 
muscle damage all activate proinflammatory signaling pathways, such as nuclear factor 
κB (NF-κB) transcription factor activation and tumor necrosis factor α (TNF-α) activa-
tion.1,2 These and other cytokines are associated with the initiation of protein degradation 
and suppression of protein synthesis.3 For this reason, exercise that increases inflamma-
tory markers has earned a bad reputation, and people are misled into thinking exercise is 
detrimental to inflammatory status. Because many devastating chronic diseases have a 
significant pathophysiological inflammatory component, many members of the general 
public, as well as some clinicians, think that exercise should be avoided by patients 
experiencing these types of conditions. This article discusses the impact that exercise has 
on inflammation and addresses concerns for patients with select inflammatory diseases.

The Role of TNF-α
Increased concentration of TNF-α has been found to increase the activity of ubiquitin- 
conjugated protein degradation while also inhibiting insulin and insulin-like growth 
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 factor (IGF)–mediated protein synthesis.4–7 Anabolic 
 processes are also inhibited by TNF-α, which destabilizes 
myogenic differentiation and alters transcriptional activity.8,9 
Suppression of the insulin/IGF signaling pathway by TNF-α 
induces insulin resistance10–12 and blocks protein synthe-
sis through a decrease in IGF-1 and IGF binding protein 
gene expression.6,7 Intravenous administration of TNF-α 
to patients shows a significant increase in free ubiquitin 
and ubiquitin gene expression, which highlights the role of 
TNF-α in muscle proteolysis.5 It has been shown that TNF-α 
impairs muscle protein synthesis and increases muscle 
protein degradation in patients.3 Additionally, elevated 
TNF-α levels have been observed in patients with ankylos-
ing spondylitis (AS), systemic lupus erythematosus (SLE), 
rheumatoid arthritis (RA), osteoarthritis (OA), fibromyalgia 
(FM), idiopathic inflammatory myopathies (IIM), congestive 
heart failure (CHF), and type 2 diabetes mellitus (T2DM), as 
well as metabolic syndrome. For this reason, many treatments 
for these conditions focus on the neutralization of TNF-α. 
However, there have been some mixed results because of 
TNF-α’s additional role as an immunoregulatory molecule 
that can alter the balance of T-regulatory cells.

The Role of NF-κB
Activation of the NF-κB transcription pathway, activated 
by cachectic factors such as TNF-α, is sufficient to induce 
skeletal muscle atrophy in patients. This is mediated in part 
via NF-κB–mediated upregulation of muscle RING-finger 
protein 1, an E3 ubiquitin ligase that promotes protein deg-
radation during muscle atrophy.1 The binding of TNF-α to 
its receptor at the cell membrane initiates a cascade of intra-
cellular events, including the release of NF-κB through the 
activation of the inhibitor of kinase β (Ikβ).13 This leads to 
the expression of genes involved in multiple cell processes, 
including ubiquitin-mediated protein degradation.14–18 
Because NF-κB is activated by TNF-α, it plays a central role 
in inflammation through its ability to induce transcription 
of proinflammatory genes. For this reason, elevated NF-κB 
levels have also been observed in patients with inflamma-
tory conditions.

Exercise and Inflammation
Many exercise protocols have been used to investigate 
cytokine responses to muscle damage, such as downhill 
running, eccentric contractions of various muscles, and 
traditional resistance exercise. Exercise induces systemic 
and local cytokine responses in patient skeletal muscle. 
Therefore, studies have investigated the relationship between 

cytokine responses and markers of muscle damage and report 
that plasma cytokine concentrations correlate with plasma 
creatine kinase (CK) activity and myoglobin concentrations 
after exercise, which are muscle damage markers.19–21 Other 
research has investigated the relationship between cytokines 
and muscle damage more directly by comparing cytokine 
responses to concentric versus eccentric actions,19,22–25 sub-
maximal versus maximal eccentric contraction,26–31 and single 
versus repeated bouts of eccentric exercise.23,28,32–35

Concentric Versus Eccentric Exercise
Several studies have examined cytokine responses to 
eccentric exercise, which causes greater muscle damage to 
patients than concentric exercise. Bruunsgaard et al19 dem-
onstrated that the concentration of serum interleukin (IL) 6, 
a cytokine produced from muscle, and CK activity are higher 
after eccentric cycling compared with concentric cycling; 
increases in IL-6 levels are associated with increased muscle 
protein degradation3 and CK is a marker of muscle damage. 
Other researchers22,23 also have reported greater strength loss 
and gene expression of the IL-1 receptor, which is a cytokine 
receptor that binds IL-1 and monocyte chemotactic protein-1, 
a chemoattractant cytokine that recruits monocytes, dendritic 
cells, and memory T cells to sites of injury and/or infection, 
after eccentric actions compared with concentric actions of 
patient quadriceps. Conversely, other researchers24,25 have 
reported no differences in the plasma cytokine responses to 
level running versus downhill running, despite higher plasma 
CK activity and myoglobin concentration in patients after 
downhill running, which is eccentric exercise. Variation in 
exercise protocols, training status of study participants, and 
sampling times may account for the variability in the study 
data. Based on these mixed results, patients with inflamma-
tory conditions may want to avoid eccentric exercise, at least 
when starting a fitness program; patient symptoms may be 
acutely exacerbated due to the greater increases in muscle 
damage caused by eccentric exercise, such as downhill run-
ning or eccentric cycling.

Exercise Intensities
Other studies have compared muscle damage and cytokine 
responses to submaximal and maximal eccentric exercise, 
which cause differing degrees of muscle damage.26,27 Patient 
loss of strength was found to be greater 1 day after down-
hill running at a gradient of 8° versus 4°, but no changes in 
serum of muscle cytokines after either exercise trial were 
detected in patients.26 Similarly, patient muscle damage, 
demonstrated by loss of muscle strength, was greater after 
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maximal contractions compared with submaximal eccentric 
actions of patient elbow flexors; however, patient cytokine 
responses were similar between the 2 trials.27

Researchers observed a 40% decrease in TNF-α protein 
content in patient skeletal muscle after 8 weeks of cycle train-
ing. This result suggests that sustained, low-intensity aerobic 
exercise elicits a positive effect on low-grade inflammation 
and metabolic status of patients.28 In response to strenuous 
exercise such as muscle-damaging eccentric resistance 
training and marathon running, significant increases were 
observed in circulating systemic TNF-α29,30 and TNF-α 
mRNA levels 3 days after a 45-minute bout of downhill run-
ning.31 These findings are indicative of an acute inflammatory 
response associated with exercise-induced muscle damage 
in patients. Therefore, due in part to changes in TNF-α, it 
seems that exercise is capable of generating proinflammatory 
and anti-inflammatory effects on patient skeletal muscle, 
depending on the intensity and perhaps duration and mode 
of exercise. Patients with inflammatory conditions should 
avoid strenuous intensities and eccentric exercises due to the 
pronounced and acute increases in TNF-α levels. Instead, 
patients should be encouraged to engage in consistent, low-
intensity aerobic exercise with a gradual progression of 
intensity in order to avoid the high spikes in cytokine levels 
associated with eccentric exercise.

Repeated Bouts
Two studies found that monocyte chemotactic protein-1 gene 
expression in the vastus lateralis is higher after a repeated 
bout of eccentric actions,23 whereas gene expression is lower 
after electrically stimulated muscle actions32 are performed 
4 weeks after an initial bout of eccentric actions. This dis-
crepancy may reflect differences in muscle fiber recruitment 
between voluntary and electrically stimulated muscle actions. 
Inconsistent research findings may also be due to differences 
in exercise protocols, training status of study participants, 
and sampling times.

An acute bout of endurance exercise (60 minutes at ∼75% 
peak oxygen consumption [VO2max]) decreases Ikβ content 
and increases NF-κB phosphorylation in rodent skeletal 
muscle,33,34 whereas long-term cycling (8 weeks, 4 times 
per week for 45 minutes at 70% VO2max) increased Ikβ and 
reduced TNF-α protein content in patient skeletal muscle.28 
Lambert et al3 found that mRNAs for proteins involved in 
inflammation were significantly reduced by 12 weeks of 
aerobic and resistance-training exercise but not by weight 
loss in obese elderly individuals with functional impair-
ment.3 Sousa et al35 found that prolonged physical exercise 

reduced mRNA levels of NF-κB1, inhibitor of Nf-κB1, and 
Ikβ kinase A. Researchers also observed a concomitant reduc-
tion in cytokine concentrations. These findings suggest that 
there is a protective effect of repeated bouts of exercise on 
the inflammatory response of patients, which may be a very 
important process in skeletal muscle adaptation. This research 
points to the importance of a consistent exercise program for 
patients with inflammatory conditions in order to maintain 
protection against inflammatory responses.

Mode of Exercise
One study observed the effects of different modes of exer-
cise on proteolytic markers.36 Six experienced resistance 
training and running patients underwent muscle biopsies 
before, immediately after, and at 1, 2, 4, 8, 12, and 24 hours 
postexercise; the resistance training patients underwent 
biopsies from the vastus lateralis and the running patients 
underwent biopsies from the gastrocnemius. The resistance 
training group performed 3 sets of 10 repetitions of bilateral 
knee extensions at 70% of 1-repetition maximum, whereas 
the running group performed 30 minutes of treadmill run-
ning at 75% patient VO2max. The resistance training group 
had elevated levels of IL-6, IL-8, and TNF-α mRNA at 2 to 
12 hours postexercise; the running group exhibited a biphasic 
response, with immediate elevation of IL-6, IL-8, and TNF-α 
levels, followed by a second elevation at 2 to 24 hours postex-
ercise. In general, the timing of the gene induction indicated 
that patients experienced early elevation of proteolytic genes, 
followed by prolonged elevation of cytokines and suppres-
sion of myostatin. This study suggests that there is a greater 
observance of proteolytic genes and cytokines in patients 
after running compared with resistance training.36 Overall, 
this study illustrates that any form of exercise may initially 
increase patient inflammation; however, this is followed by 
positive adaptations with consistent patient participation as 
discussed in the previous section.

Another study found that strength training can promote 
anti-inflammatory effects in patients.37 Elderly women par-
ticipating in 12 weeks of strength training displayed decreases 
in C-reactive protein levels, which is a protein found in 
the blood that increases in response to inflammation; these 
women also exhibited an inverse relationship between mus-
cular thickness and TNF-α levels. These results suggest that 
an increase in muscle mass is related to a reduction in patient 
inflammation. Resistance training may be a more appropriate 
form of exercise for patients with inflammatory conditions 
because it incites a smaller increase in inflammatory markers 
than running; resistance training is also favorably associated 



Jennifer L. Thomas

96 © The Physician and Sportsmedicine,  Volume 41, Issue 4, November 2013, ISSN – 0091-3847
ResearchSHARE®: www.research-share.com • Permissions: permissions@physsportsmed.com • Reprints: reprints@physsportsmed.com

Warning: No duplication rights exist for this journal. Only JTE Multimedia, LLC holds rights to this publication. Please contact the publisher directly with any queries.

with increases in muscle mass and decreases in TNF-α levels. 
However, patients with inflammatory conditions should not 
avoid aerobic exercise because it still has been effective in 
reducing inflammatory markers in patients after consistent 
training.

Is Inflammation Really That Bad?
According to a review by Gillum et al,38 exercise leads to 
an increase in the release of proinflammatory cytokines 
in patients, such as TNF-α and IL-1β. However, cytokine 
inhibitors, such as IL-1 receptor antagonists as well as TNF 
receptors, and anti-inflammatory cytokines, such as IL-10, 
are also released after exercise and are known to limit 
the inflammatory response of exercise. Gillum et al state 
that with repeated training, patient cytokine production is 
reduced during an acute bout of exercise and a high level 
of training may even contribute to patient immunosuppres-
sion. The cytokine profile of any given person is dependent 
on the intensity and duration of exercise, as well as the 
 person’s fitness level.38 Although acute inflammation is often 
beneficial to patients, chronic or subclinical inflammation is 
detrimental and contributes to many disease states. Exercise 
may contribute to a decrease of chronic inflammation, and 
therefore should be recommended to patients with inflam-
matory conditions.

Practical Applications
Because of the observed acute increases in inflammatory 
markers with exercise, many members of the general public, 
as well as some clinicians, believe that exercise could flare 
up disease activity and exacerbate inflammation in patients 

with inflammatory or autoimmune rheumatic diseases. 
However, researchers have found that exercise can have 
substantial benefits for patients with inflammatory conditions, 
including but not limited to AS,39–41 SLE,42,43 RA,44,45 OA,46 
FM,47 and IIM,51–53 as well as CHF,48 T2DM,49 and metabolic 
syndrome,50 which are considered low-grade systemic inflam-
matory diseases (Table 1).

AS
Ankylosing spondylitis is a form of arthritis that primarily 
affects the spine and causes inflammation in the vertebral 
joints, which leads to chronic patient pain. Severe cases of 
AS in patients can cause bone growth and fusion in the spine 
and subsequent spinal immobility. Exercise training has 
been shown to increase joint mobility and decrease disease 
severity in patients with AS. Exercise also has been associ-
ated with increased serum levels of the anti-inflammatory 
cytokine tumor growth-factor β 1 in patients with AS.39 
Altan et al40 demonstrated that 12 weeks of Pilates training 
(60 minutes 3 times per week) improved clinical parameters 
such as functional capacity, fatigue, pain, swelling, morning 
stiffness, spinal mobility, and chest expansion in patients 
with AS. Similarly, it was determined that patients with AS 
participating in 12 weeks of a home-based exercise program 
($ 30 minutes 5 times per week) consisting of range-of-
motion exercises, stretching, strengthening, posture, and 
respiratory exercises experienced significant improvements 
in disease indexes, pain, mobility, and health-related qual-
ity of life compared with patients exercising , 5 times per 
week.41 Physicians should recommend $ 150 minutes per 
week of consistent physical activity that focuses on range 

Table 1. Effective Exercise Treatments for Inflammatory Conditions

Condition Type of Training Shown to Improve Inflammatory Markers and Symptoms

Ankylosing spondylitis  • 60 minutes of Pilates 3 times/wk40

 • Range-of-motion, stretching, strengthening, posture, and respiratory exercises 5 times/wk, $ 30 m41

Systemic lupus erythematosus  • Treadmill walking 3 times/wk, 25–40 m at 70% HRmax
42

 • Wii Fit 3 times/wk, 20–30 m43

Rheumatoid arthritis  • Low-impact aerobics 3 times/wk, 1 h at 60%–80% HRmax
44

 •  Knee and shoulder dynamic and isometric exercises 5 times/wk at 70% of maximal voluntary contraction, 
combined with aerobic bicycle training 3 times/wk, 15 m at 60% HRmax

45

Osteoarthritis  •  One strength training bout consisting of 25 sets of 10 repetitions of leg presses every 1.5 minutes at 60% 
of 1-repetition maximum46

Fibromyalgia  • Aquatic exercise 2 times/wk, 60 m47

Congestive heart failure  • Aerobic training (cycling) 5 times/wk, 30 m at 60%–80% HRmax
48

Type 2 diabetes mellitus  •  Aerobic training (walking, running, cycling, or calisthenics) 4 times/wk, 45–60 minutes at 50%–75% of VO2 max
49

Metabolic syndrome  •  Aerobic interval training 3 times/wk of 4 intervals of 4 m at 90% HRmax, with 3 m active recovery period 
at approximately 70% HRmax between each interval (43 m, including warm-up and cool-down periods)50

Idiopathic inflammatory myopathies  • Resistance training 3 times/wk51,52

 • Aerobic training (bicycle and step aerobics) 2–3 times/wk, 1 h at 60% HRmax
53

Abbreviations: HRmax, maximum heart rate; VO2 max, maximum oxygen consumption.
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of motion and strengthening to patients with AS in order to 
improve patient symptoms and overall wellness.

SLE
Systemic lupus erythematosus, or lupus, is an autoimmune 
disease that leads to systemic inflammation and tissue damage 
in patients. Multiple studies have indicated that exercise is 
a safe and effective strategy to improve fatigue, depression, 
aerobic capacity, pain, autonomic control, and health-related 
quality of life in patients with SLE.42–43 Clarke-Jenssen 
et al42 determined that treadmill walking for 12 weeks 
($ 25  minutes 3 times per week at 70% of maximum patient 
heart rate [HRmax]) led to improvements in patient VO2max 
and better patient scores on the physical functioning scales; 
however, patient pain scores remained unchanged, perhaps 
due to the short duration of the study. Yuen et al43 found that 
using a video-game exercise program involving Wii Fit for 
10 weeks (20–30 minutes 3 days per week) led to a significant 
reduction in patient fatigue; additionally, patient symptoms 
of anxiety and depression improved, and the overall intensity 
of total pain experienced by patients decreased. This research 
suggests that physicians should recommend engaging in 
physical activity $ 3 times per week to patients with SLE. 
Additionally, it should be noted that these studies observed 
changes in patients starting with low to moderate disease 
activity. More research is warranted to observe the effects 
of activity on patients who experience SLE with a high level 
of disease activity.

RA
Rheumatoid arthritis is a type of chronic arthritis affecting 
patient joints; RA is associated with joint pain and swelling, 
stiffness, and fatigue. Research has provided strong evidence 
supporting the benefits of moderate exercise training, which 
improves patient fatigue, muscle strength, aerobic capacity, 
pain, and disabilities in patients with RA. One study has 
determined that a moderate-intensity (60%–80% HRmax), 
low-impact aerobic-training class program (1 hour 3 days 
per week for 12 weeks) for patients with RA leads to reduced 
patient fatigue, pain, and depression and increases walking 
time; patients also experienced no significant increases in 
measures of disease activity, including C-reactive protein 
or the number of tender and swollen joints.44 Resistance 
training for patients with RA has also been investigated. 
Van den Ende et al45 showed that knee and shoulder dynamic 
and isometric exercises (5 times per week at 70% of maxi-
mal voluntary contraction) combined with aerobic bicycle 
training (15  minutes 3 times per week at 60% HRmax)  during 

a 24-week period led to a reduction in RA symptoms in 
patients, such as pain and the number of tender and swollen 
joints; patients also experienced increased muscle strength, 
joint mobility, and functional ability. The current clinical 
practice guidelines for RA do not outline specific physical 
activity recommendations other than to encourage regular 
exercise to patients. This research suggests that improve-
ments in muscle function have a positive effect on joint 
inflammation; physicians should recommend that patients 
with RA engage in dynamic exercises $ 3 times per week 
to observe these positive effects.

OA
Osteoarthritis is a degenerative joint disease characterized 
by joint pain and stiffness. It has been widely considered a 
condition driven by wear and tear on patient joints; however, 
OA has also been linked to low-grade ongoing inflammation 
and synovitis within patient joints. In patients with knee OA, 
resistance training showed anti-inflammatory effects within 
knee joints. Researchers found increased levels of IL-10, an 
anti-inflammatory cytokine, in patient synovial fluid after a 
single strength training bout (25 sets of 10 repetitions of leg 
presses every 1.5 minutes at 60% of 1-repetition maximum).46 
Current clinical practice guidelines for OA recommend 
patient exercise as a core treatment. This research suggests 
that resistance training may prove to be an effective treatment 
method for patients with OA; dynamic exercises should be 
recommended to patients in order to reduce intra-articular 
inflammation.

FM
Fibromyalgia is a musculoskeletal condition characterized 
by widespread muscle and joint pain, in addition to chronic 
fatigue. Fibromyalgia has been linked with increased inflam-
matory markers in patients. When women with FM partici-
pated in an 8-month aquatic exercise program (60-minutes 
aquatic exercise 2 times per week), they experienced an 
increase in IL-6 with a concomitant decrease in TNF-α 
 levels after 4 months.47 At the end of the program, the women 
experienced a decreased production of proinflammatory and 
 anti-inflammatory cytokines with a similar spontaneous 
release of IL-1β and IL-6 compared with healthy women; 
however, the women with FM experienced lower produc-
tion of TNF-α and higher production of IL-10 compared 
with healthy women. Production of IL-1β, TNF-α, IL-6, 
and IL-10 in women with FM also decreased at the end of 
the program, but patient IL-10 levels remained higher than 
in healthy women, which suggests that women with FM 
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 experience a more pronounced anti-inflammatory response. 
The researchers also found a decrease in circulation C- reactive 
protein at the end of the study, further supporting the anti-
inflammatory effects of the exercise.47 This study found that 
aquatic exercise had a significant anti-inflammatory effect 
upon patients; aquatic exercise should be recommended to 
patients with FM due to its ability to improve the health-
related quality of life in patients with FM.

Low-Grade Inflammatory Diseases
Many chronic diseases are associated with low-grade inflam-
mation, including CHF, T2DM, and metabolic syndrome. 
Patients with CHF who participated in a 12-week home-based 
bicycle exercise training program (30 minutes 5 days per 
week at 60%–80% HRmax) showed reduced plasma levels of 
TNF-α.48 Additionally, patients with T2DM who engaged 
in aerobic training, such as treadmill walking or running, 
cycling, and calisthenics involving the upper and lower limbs, 
for 6 months (45–60 minutes 4 times per week at 50%–75% 
of VO2max) experienced a reduction in plasma TNF-α and 
C-reactive protein levels.49 These results are clinically sig-
nificant because TNF-α has been shown to produce insulin 
resistance in patient skeletal muscle.10

In one study, 12 weeks (3 sessions per week) of high-
intensity aerobic interval training (AIT) significantly reduced 
the levels of serum IL-18, a proinflammatory cytokine, 
in patients with metabolic syndrome.50 The AIT required 
patients to complete 4 intervals of 4 minutes each at 90% 
patient HRmax; between each interval was a 3-minute active 
recovery period at approximately 70% patient HRmax. In the 
same study, resistance training (80% of 1-repetition maxi-
mum) did not have the same effect in patients. More research 
is warranted to observe the effects of resistance training 
on inflammation in patients with low-grade inflammatory 
conditions because most past studies have observed effects 
of endurance exercise.50

Research on exercise suggests that aerobic training and 
AIT may promote anti-inflammatory effects in patients with 
low-grade inflammatory conditions. However, participants 
in these studies did not have any inflammatory symptoms, 
especially in the joints; because they did not experience 
inflammatory symptoms, patients in these studies were able 
to tolerate higher-intensity exercise. Based on this research, 
patients with low-grade inflammatory conditions should be 
encouraged to regularly participate in high-intensity aerobic 
training $ 3 times per week or moderate-intensity training 
sessions $ 4 times per week in order to decrease systemic 
inflammation.

IIM
Idiopathic inflammatory myopathies are a group of disorders 
characterized by patient weakness, joint pain, and fatigue, 
and inflammation of the skeletal muscles. Research has indi-
cated that strength and aerobic training can improve aerobic 
capacity, muscle strength, fatigue, and health-related quality 
of life in patients with IIM.51–53 Additionally, patients did not 
experience any flare-ups of IIM, muscle damage, or exac-
erbated inflammation. Nader et al51 determined that patients 
with IIM who participated in a 7-week strength-training 
program (3 sessions per week) displayed a  reduction in the 
expression of genes related to TNF-α. Because TNF-α also 
is a target of many drugs taken by people with autoimmune 
diseases, exercise may prove to be an effective treatment 
alternative because of its ability to inhibit TNF-α and increase 
anti-inflammatory cytokines in patients. Spector et al52 also 
found strength training to be effective without exacerbat-
ing patient symptoms. A 12-week progressive-resistance 
strength-training program (3 times per week) led to patient 
gains in dynamic strength; the exercise program did not 
cause patients to experience muscle fatigue or injury and 
patients did not experience serological, histological, or immu-
nological abnormalities. Additionally, 6 weeks of aerobic 
training consisting of step aerobics and stationary cycling 
(60 minutes 2–3 times per week at 60% HRmax) resulted in 
patient increases of VO2max relative to body weight, muscle 
strength, and well-being. Importantly, there was no increase 
in patient inflammatory activity.53 Strength and aerobic train-
ing has been shown to be safe and efficacious and should be 
a recommended activity for patients with IIM.

Conclusions
All of the studies in this review have solid research designs 
and come from reputable sources. This research demonstrates 
that exercise is capable of generating proinflammatory and 
anti-inflammatory effects on patient skeletal muscle depend-
ing on the frequency, intensity, duration, mode of exercise, 
and the training status of the individual. Inflammation is not 
necessarily detrimental to patients; in fact, some inflamma-
tion may be beneficial in skeletal muscle adaptation and 
the management of inflammatory symptoms and diseases, 
which include AS, SLE, RA, OA, FM, IIM, CHF, T2DM, 
metabolic syndrome, and others. Patients suffering from these 
and other inflammatory conditions should be encouraged to 
participate in regular physical activity consisting of aerobic 
and strength training; both types of exercise have been shown 
to produce anti-inflammatory effects in patients during the 
long term. Further research should focus on establishing the 
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specific parameters of exercise that are the most beneficial 
for each condition, as well as determining the maximum 
amount of exercise that patients with inflammatory condi-
tions should pursue. Although the current clinical practice 
guidelines for inflammatory conditions do suggest patients 
engage in regular physical activity, the research discussed 
in this review offers insight to help physicians and health 
care providers offer more specific recommendations to their 
patients (Table 1) and should be considered a relevant therapy 
technique to manage patient inflammation.
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