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Overwhelming data support the relationship between physical
inactivity and inflammatory processes underlying metabolic dis-
orders. The aim of this review was to assess critically the body
of evidence for the relationships between exercise protocols and
levels of inflammatory biomarkers in women. Systematic litera-
ture searches using PubMed Medline, Cochrane Central Register
of Controlled Trials, Web of Science, LILACS, and SciELO of
publications from 1993 to January 2012 were conducted using
the following keywords: inflammation, cytokine, exercise, physi-
cal training, aerobic training, cardiovascular training, strength
training, resistance training, interval training, cardiac rehabili-
tation, and therapeutic lifestyle modification/management. Three
studies reported no significant changes in inflammatory status,
one documented an increase in inflammatory biomarkers, and
12 articles reported decreased inflammatory biomarkers associ-
ated with exercise. Secondary lifestyle characteristics, such as
strenuous physical labor or smoking, were correlated with levels
of inflammatory biomarkers. Integrative interventions, includ-
ing diet, moderate aerobic (60% to 80% of maximum heart
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Exercise, Inflammation, and Chronic Diseases 299

rate, or 50% to 60% of VO2max) and circuit resistance training
(8 to 10 exercises, 8 to 12 repetitions), health education, and
counseling, used together, appeared to be effective strategies to
improve inflammatory biomarkers in women.

KEYWORDS cardiovascular disease, physical activity, risk factors

INTRODUCTION

Physical activity has been associated with protection against development of
several chronic disorders, such as metabolic syndrome (MS) (Troseid et al.,
2009). According to Booth et al. (2002), through evolution, metabolic path-
ways have developed in which human genes were selected to allow aerobic
metabolism and to orchestrate the complex integration needed for physical
activity, making it possible to survive during food acquisition, defense, and
reproduction (Booth, Chakravarthy, & Spangenburg, 2002). Regular exercise
may offer protection against a number of chronic diseases (Smith et al., 2008;
Silva et al., 2008; Skilton et al., 2008).

In addition to being an energy depot, fat mass is also an endocrine organ
(Garruti et al., 2008) and has a role in producing inflammatory biomarkers
that could be involved in the pathogenetic molecular mechanism that con-
nects augmented fat mass to obesity-associated comorbidities (Lacasa et al.,
2007; Lazar, 2005; Bengmark, 2006). The decrease in adipose tissue mass
through weight reduction has been associated with a reduction in levels
of tumor necrosis factor (TNF-α), interleukin 6 (Il-6), plasminogen activator
inhibitor (PAI-1), C-reactive protein (CRP), and other inflammatory biomarker
levels associated with improvements in insulin sensitivity and endothelial
function (Aldhahi & Hamdy, 2003). Given the marked heterogeneity of exer-
cise protocols and methods, choosing the most effective exercise program
for reducing the consequences of increases in inflammatory markers and
increasing the protective effects of exercise depends on a variety of vari-
ables. Therefore, the aim of this review was to identify relevant studies
using a systematic search-and-review procedure to provide a critical review
of the relations of different types of acute and chronic physical activity to
inflammatory biomarkers in females.

METHODS

Search Strategy

A systematic search was conducted to identify potentially relevant arti-
cles published from 1993 to January 2012, using five electronic databases
(PubMed Medline, Cochrane Central Register of Controlled Trials, Web
of Science, LILACS, and SciELO). The search strategy included a mix
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300 F. H. R. Soares and M. B. C. de Sousa

of MeSH and free-text terms in English, Portuguese, and Spanish for
the following keywords: inflammation, cytokine, exercise, physical train-
ing, aerobic training, cardiovascular training, strength training, resistance
training, interval training, cardiac rehabilitation, and therapeutic lifestyle
modification/management. Pooling of effect sizes across studies in a meta-
analysis was inappropriate at this time, given the heterogeneity of the
physical activity protocols and the paucity of robust randomized controlled
trials (RCTs).

Inclusions

Randomized, controlled or uncontrolled experimental trials published in
peer-reviewed journals were included if they met the following criteria:
analyzed physical activity or therapeutic lifestyle management of metabolic
disorders, with primary or secondary outcome measures of pro- or anti-
inflammatory biomarkers in healthy or unhealthy females. Observational
studies were not included.

Exclusions

Animal studies were excluded, as were studies involving pharmacologic
interventions. Studies that did not evaluate the desired outcome measures
or included children, males, or adolescents were also excluded, in addition
to those with Physiotherapy Evidence Database (PEDro) scores lower than
three (Verhagen et al., 1998; De Morton, 2009). The PEDro scale, a measure
of the methodological quality of clinical trials, is based on the Delphi List
developed by Verhagen et al. (1998). Additional quality variables considered
for exclusion were lack of descriptions about exercise training supervision,
lifestyle modification protocols, or acute bout sessions, as well as inadequate
reporting of exercise modality and methods used in inflammatory biomarkers
assays.

Categorization of Studies

Eligible articles were classified into one of five categories of exercise inter-
vention: therapeutic lifestyle management (TLM), aerobic training (AT),
resistance training (RT), cardiac rehabilitation (CR), and acute aerobic
exercise (AAE).

Data Synthesis and Analysis

Researchers synthesized data related to inflammatory biomarkers in women,
type of acute physical activity, type of physical training, or lifestyle
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modification protocols. Additional quality assessments included proper ran-
domization, adequate sample sizes, methods of sample selection, sources of
potential biases, standardization of data collection and instruments, appropri-
ate length of follow-up, and adequate statistical analysis as summarized in the
CONSORT Statement (Schulz et al., 2010), without providing further scoring
classification. Primary outcome measures following physical activity or thera-
peutic lifestyle modification were post-intervention changes in inflammatory
biomarkers. The relationships between changes in these outcomes measures
and different physical activity protocols were also analyzed. Researchers
requested missing data from one author but received no response. Data
values were converted to percentages to standardize the analysis.

RESULTS

Relevant Studies

The search generated 83 relevant citations (Figure 1). Researchers accepted
16 studies according to the inclusion/exclusion criteria and excluded 54 with
male participants, three with adolescents, two for using drug intervention,
three for being literature reviews, and five due to low PEDro scale scores.
Experimental studies consisted of five articles on TLM, six on AT, three on
RT, one on AAE, and one on CR in relation to inflammatory biomarkers.
Nine studies were uncontrolled trials (UC), five were RCTs, and two were

Retrieved papers from electronic database 

N = 3,913 

Included for final analysis 

N = 83 

Excluded by defined criteria 

N = 3,830 

TLM 

N = 5 

Included articles

N = 16 

AT 

N = 6 

RT 

N = 3 

CR 

N = 1 

AAE 

N = 1 

Distribution of exclusions 

Males, N = 54 

Adolescents, N = 3 

Reviews, N = 3 

Drug administration, N = 2 

Low score in PEDro scale, N = 5 

FIGURE 1 Summary of search results.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ita
 d

eg
li 

St
ud

i d
i T

or
in

o]
 a

t 0
5:

22
 0

5 
Ju

ne
 2

01
3 



302 F. H. R. Soares and M. B. C. de Sousa

non-randomized controlled clinical trials (NRCTs). Three studies reported
no change in inflammatory status, one found an increase in inflammatory
biomarkers associated with exercise, and 12 articles reported decreases in
inflammatory markers (Table 1).

TLM protocols often included exercise, diet, and psychosocial interven-
tions representing integrative/interdisciplinary approaches. TLM is advanta-
geous in lifestyle management as it covers a broader range of life aspects as
well as CR programs. Use of an RT intervention was associated with a sig-
nificant decrease in adiponectin levels, averaging about 3.7%. No significant
changes occurred in other biomarkers with an RT intervention. CR appeared
to be the most effective protocol in decreasing inflammatory biomarkers with
a mean reduction over all markers (TNF-α, high-sensitivity CRP [hs-CRP],
Il-6, and intracellular adhesion molecule 1 [ICAM-1]) of 45.2%, with hs-CRP
and TNF-α declining by 40% and Il-6 by 55%. Studies of AT reported the
following mean decreases in markers after interventions: leptin = 38.7%, hs-
CRP = 30.0%, CRP = 34.9%, Il-6 = 23.0%, and interferon-gamma (IFN-γ ) =
27.6%. One study reported statistically significant differences in inflammatory
biomarkers before and after AAE which were associated with an increase in
IFN-γ of 92.5% and in Il-6 of 43.5%, with a total mean increase of 68% over
all inflammatory markers.

CR

Only one study involved a CR program (Beckie, Beckstead, & Groer,
2010) and investigated a 12-week, behaviorally-enhanced CR exclusively
for women compared to traditional CR, several components of the MS, and
inflammatory biomarkers in women with coronary heart disease (CHD). The
traditional CR program was nationally certified by the American Association
of Cardiovascular and Pulmonary Rehabilitation (AACVPR) and included an
exercise protocol of AT three days per week (60%–85% of maximal heart
rate) plus eight hours of education classes, focusing on CHD risk factor
modification. The gender-tailored protocol was identical to the traditional CR
program, except that the participants exercised only with women, and female
research nurses applied motivational interviewing and screening for motiva-
tional readiness to modify physical and dietary habits and addressed stress
reduction, providing an individualized report with feedback on each behav-
ior that must be changed. In addition, participants underwent a psychosocial
intervention to influence behavioral change with psychoeducational classes
focused on gender-based practice guidelines, relaxation exercises, and social
support. Data collected before and after the intervention showed that the
total sample evidenced significant reductions in inflammatory biomarkers.
However, the women-specific CR program promoted greater improvements
in inflammatory biomarkers than the traditional CR program. The gender-
tailored intervention was also superior in reducing some components of MS
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for women with CHD, such as blood pressure and total cholesterol/high
density lipoprotein ratio. They supported the benefits of moderate-intensity
exercise for reducing inflammation and central obesity in women with estab-
lished CHD. This study was similar to those involving TLM, using both diet
and lifestyle modification strategies.

TLM

Therapeutic lifestyle intervention is multidisciplinary and should be sup-
ported by evidence-based practice guidelines. Its delivery should be based
on behavioral readiness to change. Lifestyle programs usually focus on exer-
cise, diet, stress management, and smoking cessation. For this review, TLM
studies comprised at least two of the following lifestyle management strate-
gies: diet modification, exercise with or without supervision, recreational
activities, health education and counseling, and behavioral or psychologi-
cal education. Five studies evaluated TLM interventions ranging from eight
weeks to two years of duration. Even though the included studies did not
follow the same lifestyle management protocol, all reported significant reduc-
tions in inflammatory markers, primarily related to weight reduction and
changes in fat distribution. These studies had a mean decrease of 30.5%
in inflammatory markers after intervention compared with maintenance of
usual habits or given general information (Table 2). Hs-CRP, Il-6, CRP, and
TNF-α decreased following TLM by means of 53.7%, 24.8%, 20.9%, and
22.7%, respectively. However, adiponectin increased by 41.2 % following
TLM. Oh et al. (2011) investigated the impact of a six-month therapeutic
lifestyle modification program on inflammatory biomarkers in women with
MS. The intervention included health screening, exercise, low-calorie diet,
health education, and counseling for the study period and instructed the
control group to maintain their usual lifestyle behaviors. The exercise pro-
tocol used a standard recorded video for all participants, including yoga
stretching, rhythmic aerobic dance (Tae-Bo), and 40-minute warm-up and
cool-down exercises three times per week in supervised sessions. In addi-
tion to the group sessions, daily home-based brisk walking was encouraged.
Hs-CRP significantly decreased (58.3%), and monocyte chemotactic protein-1
(MCP-1) increased by 22.1%. Both changes were associated with the exercise
protocol (Oh et al., 2011). However, most control and intervention group
participants were farmers engaged in strenuous physical labor, represent-
ing a strong selection bias in study participants that could have provided
non-representative study outcomes (Booth & Roberts, 2008).

Fisher et al. (2011) investigated the effect of diet with or without exercise
training on inflammatory markers and fat distribution in healthy overweight
women. Participants were randomized to diet only, diet and AT, or diet and
RT. Weight reduction was associated with a statistically significant decrease
in TNF-α (13.2%), soluble TNF receptor type 1 (2.76%), soluble TNF receptor
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TABLE 2 Percent Change in Inflammatory Biomarkers by Intervention Protocol

Type of intervention
Inflammatory
biomarker

Percent
change

Biomarker
mean

Protocol
mean

TLM (Oh et al.,
2011; Esposito
et al., 2003; Fisher
et al., 2011; Sheu
et al., 2008;
Ziccardi et al.,
2002)

hs-CRP −58.3%
−49.0%

−53.7% −30.5%

IL-6 −26.0% −24.8%
−35.6%
−46.5%

8.8%
CRP −7.4% −20.9%

−34.4%
TNF-α −13.2% −22.7%

−31.0%
−24.0%

Adiponectin∗ 48.5% 41.2%∗ 41.2%∗
33.9%

RT (Ferreira et al.,
2010; Ibanez
et al., 2010; Olson
et al., 2007)

Adiponectin∗ 2.7%
−10.1%

−3.7%∗ −3.7%∗

CR (Beckie et al.,
2010)

hs-CRP −40.0% −40.0% −45.2%

TNF-α −40.0% −40.0%
IL-6 −55.5% −55.5%

AAE (Giraldo et al.,
2009)

IFN-γ 67.9%
117.0%

92.5% 68.0%

IL-6 60.0% 43.5%
27.0%

AT(Devries et al.,
2008; Dvorakova-
Lorenzova et al.,
2006; Hammett
et al., 2006; Okita
et al., 2004; Polak
et al., 2006; Reed
et al., 2010)

Leptin
hs-CRP CRP
Il-6 IFN-γ

−25.0%
−52.3%
−30.0%
−34.9%
−23%
−27.60%

−38.7%
−30.0%
−34.9%
−23.0%
−27.6%

−30.8%

∗Anti-inflammatory biomarker.

type 2 (5.72%), CRP (7.37%), and Il-6 (25.97%), regardless of the presence or
type of exercise protocol (Fisher et al., 2011). Esposito et al. (2003) investi-
gated the effect of a lifestyle change program designed to obtain and sustain
a reduction in body weight on inflammatory biomarkers of obese women.
The intervention group received detailed advice about achieving at least
a 10% weight reduction through a low-energy, Mediterranean-style diet and
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308 F. H. R. Soares and M. B. C. de Sousa

physical activity consisting of walking, swimming, and ball games in monthly
sessions with a nutritionist and exercise trainer. The control group received
general information about healthy diet and exercise. They reported decreases
in Il-6 (35.6%), interleukin 18 (Il-18; 30.2%), and CRP (34.4%), significantly
decreasing vascular inflammation and cardiovascular risks associated with
reducing blood pressure, insulin sensitivity, and lipid and glucose intake
in obese women. They also reported that a more pronounced reduction in
measured markers occurred in those participants with higher initial levels of
the inflammatory markers. Only eight dropouts occurred among 120 partic-
ipants (<7%) after two years of follow-up, three in the intervention group
and five in the control group. This attrition rate was much lower than aver-
age rates usually found in long-term programs (Dalle Grave et al., 2005).
Even the dropouts from the intervention group showed significant decreases
in body weight after 24 weeks of follow-up, suggesting acceptability of the
intervention and adherence to the lifestyle changes. The authors suggested
that weight reduction could be achieved long-term by a multidisciplinary
approach and that long duration interventions should be multifactorial to
ensure enthusiasm and compliance along the program (Esposito et al., 2003).

Sheu et al. (2008) investigated the association between weight reduc-
tion through a low-calorie diet and physical activity in obese versus lean
participants. The dietary program consisted of a daily reduction of 500 kcal–
1,000 kcal and increased, although not restricted, physical activity, including
regular walking and occasional, relatively non-intensive recreational activi-
ties. A 5% reduction of initial weight in obese women was associated with
significant improvements in several pro-inflammatory gene transcriptions
(Sheu et al., 2008). Ziccardi et al. (2002) investigated the association between
weight reduction and inflammatory cytokine concentrations in obese women
and compared their baseline results with those of lean controls. TNF-α and
IL-6 were elevated in obese women compared with the lean group and cor-
related with indexes of adiposity, mainly central obesity. After one year of
a weight reduction program, including diet, exercise, and behavioral coun-
seling, only the obese group were reexamined, and all obese participants
lost at least 10% of their original weight, which was associated with a sig-
nificant down-regulation of their inflammatory status. In addition, a more
pronounced decrease in TNF-α and Il-6 was observed in those participants
with higher baseline values of these markers (Ziccardi et al., 2002).

AT

Six studies involved AT, and two of them reported no significant changes
in inflammatory states of participants. Okita et al. (2004) investigated
whether aerobic exercise training and weight loss could decrease CRP lev-
els in healthy participants. AT consisted of a twice-weekly, supervised,
80-minute aerobic dance workout immediately followed by an additional
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Exercise, Inflammation, and Chronic Diseases 309

30 to 60 minutes of bicycle or treadmill exercise at 60% to 80% of peak heart
rate. In addition, recommendations were made to participants to perform
home-based exercise at least one day per week for two months. No diet
was administered nor was dietary change encouraged. After the training
program, all conventional cardiovascular risk variables improved, and CRP
levels declined significantly compared with baseline values. However, these
changes were not associated with the amount of weight reduction (Okita
et al., 2004).

A study by Polak et al. (2006) investigated the effect of AT on plasma
levels and subcutaneous abdominal adipose tissue gene expression of
inflammatory biomarkers in obese women before and after the intervention.
Twenty-five participants underwent a 12-week aerobic exercise program,
five days per week at intensity corresponding to 50% of individual maximal
oxygen consumption, consisting of two days of supervised and three days
of unsupervised bicycle ergometer sessions. The study did not include a
dietary intervention. After the program, only leptin plasma levels decreased.
The authors suggested that the lack of significant changes in other cytokines
was due to the type of exercise and duration of the training program as
well as sex and degree of obesity of the participants (Polak et al., 2006).
However, the small number of participants may have provided insufficient
statistical power to detect significant changes in some markers and must be
taken into account in interpreting the data.

Hammett et al. (2006) investigated the association between AT for
12 weeks and inflammatory biomarkers associated with cardiovascular risk in
female smokers. The exercise group took part in 45-minute supervised ses-
sions three times per week and were free to choose among treadmill, cycle,
and rowing ergometers. Participants were encouraged to maintain intensity
between 60% and 70% of their maximal heart rate. Controls in a health edu-
cation group were asked to participate in three 45-minute sessions involving
group support and general lifestyle advice. Despite a significant improvement
in fitness, AT was not associated with decreased inflammatory biomarker lev-
els at either 6 or 12 weeks compared with the control group. Smoking was
associated with increases in inflammatory biomarker levels and outweighed
the decreased levels associated with exercise training. Further, the duration
or intensity of exercise training was insufficient to demonstrate significant
changes in inflammatory markers. The association between greater physical
fitness and lower inflammatory biomarkers may have been due to long-term
regular exercise, which reduced total body and visceral fat (Hammett et al.,
2006).

Dvoráková-Lorenzová et al. (2006) investigated circulating CRP lev-
els before and after weight reduction in obese women. The intervention
consisted of dietary education combined with increased physical activity.
Aerobic exercise training was supervised for one hour, three times per week
at a fitness center, while three more sessions of cycling, jogging, or brisk

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ita
 d

eg
li 

St
ud

i d
i T

or
in

o]
 a

t 0
5:

22
 0

5 
Ju

ne
 2

01
3 



310 F. H. R. Soares and M. B. C. de Sousa

walking were unsupervised. Participants were supervised (and advised) to
sustain a heart rate of 130 to 135 beats per minute for 45 minutes within
60 minutes of exercise for 9 weeks. They observed a much more pronounced
decrease in plasma hs-CRP concentrations in participants with higher initial
CRP values but no significant changes in Il-6 concentrations. The reduction
in CRP strongly correlated with reduced weight and body adiposity. Also,
decreased hs-CRP was associated with changes in plasma triacylglycerols
and free fatty acids, so that subclinical inflammation may be an integral part
of MS (Dvorakova-Lorenzova et al., 2006).

Devries et al. (2008) investigated the associations of obesity and AT
with inflammatory markers in obese and lean females. The training protocol
for both groups consisted of 12-week progressive aerobic exercise training
commencing with two 15-minute cycling sessions at 50% VO2peak per week,
increasing to three 60-minute sessions at 65% VO2peak. Obese participants
showed significantly higher levels of inflammatory biomarkers than lean par-
ticipants at baseline and after the intervention. However, AT without weight
loss had no effect on inflammation. On the other hand, AT lowered systemic
oxidative stress in both lean and obese women and showed a significant
reduction of progression of obesity to obesity-related metabolic disorders
(Devries et al., 2008).

Reed, De Souza, and Williams (2010) hypothesized that exercise
combined with calorie restriction would produce favorable changes in
inflammatory biomarkers in non-obese sedentary women after the interven-
tion. The exercise protocol consisted of supervised sessions four times per
week involving a five-minute warm-up, 40–90 minutes of aerobic activity at
79% (±0.7%) of maximal heart rate, and a 10-minute cool-down. The dura-
tion of the exercise sessions was equal to that required to expend a target
amount of calories (20% of baseline energy needs). Significant reductions in
Il-6, leptin, and INF-γ , and weight loss were observed in response to mod-
erate to vigorous AT and calorie restriction, but no association was observed
between Il-6 and reduced adiponectin expression (Reed et al., 2010).

RT

Olson et al. (2007) examined biomarkers of inflammation in healthy over-
weight women before and after one year of moderate-intensity RT. The
RT program consisted of at least two training sessions per week with at
least 48 hours between sessions. Each session began with warm-up on
a treadmill, cycle ergometer, elliptical trainer, stepper, or a five-minute
walk on a track, following deep abdominal and lower back exercises
for core stability and injury prevention. Participants performed three sets
of 8–10 repetitions using free weights and isotonic variable resistance
machines for the major muscle groups. The first 16 weeks of training were
supervised. Thereafter, participants completed the RT protocol on their own
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while meeting twice every 12 weeks with the fitness trainer. The control
participants received brochures on walking and exercise from the American
Heart Association without further instructions. Moderate-intensity RT resulted
in modest but significant improvements in inflammatory biomarkers without
affecting cell adhesion molecules, supporting the rationale for including RT
protocols to help reduce the inflammatory contribution to atherothrombosis
in overweight women (Olson et al., 2007).

Ibanez et al. (2010) investigated the association between a combina-
tion of 16 weeks of progressive RT and a weight-loss diet and circulating
adiponectin in middle-aged obese women. Participants were randomly
assigned to one of three groups: control group, diet only, or diet and RT, with
the same calorie restriction as the diet alone group and a 16-week super-
vised, whole-body RT program consisting of two sessions per week. Data
collected before and after the intervention showed that weight reduction
through RT and diet was related to a reduction in different cardiovascular risk
factors (insulin sensitivity, visceral fat, and low-density lipoprotein choles-
terol, among others) in spite of a significant decrease in adiponectin levels
(Ibanez et al., 2010).

Ferreira et al. (2010) evaluated whether a 10-week circuit RT protocol
would decrease body mass and percent body fat in sedentary and healthy
women without inducing inflammatory responses. The circuit included nine
exercise stations, and participants performed one round of 15 to 20 warm-
up repetitions and two rounds of 8 to 12 repetition maxima three times per
week. Loads were adjusted to obtain maximum effort and appropriate exe-
cution. Data collected before and after the intervention showed a decrease
in percent body fat and an increase in lean body mass without changing
total body mass. No significant modifications were reported in inflammatory
biomarkers. The authors suggested this was due to the structure of the pro-
gram represented by a proper exercise sequence (alternating muscle group
agonists) and training frequency (with a 48-hour recovery between sessions),
providing participants with sufficient physical recovery time and adapting
them to the minimum inflammation response (Ferreira et al., 2010).

AAE

Only one study analyzed the effect of AAE on inflammatory biomarkers.
Giraldo et al. (2009) evaluated differences in the magnitude of exercise-
induced stimulation of the innate and/or inflammatory response following
moderate and intense exercise. Healthy sedentary women were randomly
assigned to one of two groups, 55% VO2max and 70% VO2max. A sin-
gle bout of moderate exercise induced a statistically significant better
innate/inflammatory response than an intense bout, resulting in a better
profile of the systemic release of pro- and anti-inflammatory cytokines
(Giraldo et al., 2009).
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DISCUSSION

The purpose of this review was to perform a systematic critical review of
the literature on the effect of different types of acute and chronic phys-
ical activity on inflammatory biomarkers in females. The main findings
were that (a) integrative approaches, such as TLM or CR, resulted in major
decreases in inflammatory biomarkers; (b) AAE was associated with signif-
icantly increased levels of inflammatory biomarkers; (c) most RT protocols
reported no significant changes; and (d) AT protocols reported important
decreases in inflammatory biomarkers coupled with weight reduction. These
observations suggest that integrative interventions, including diet and moder-
ate exercise, with particular attention to AT, appeared to be the most effective
in improving inflammatory biomarkers in women with or without metabolic
disorders.

According to Peter D. Gluckman and Mark A. Hanson (2004), epi-
demiologic observations led to the hypothesis that the risk of developing
metabolic disorders in adulthood is related not only to genetic and adult
lifestyle factors but also to environmental factors (Gluckman & Hanson,
2004). Sedentary lifestyle can significantly increase circulating inflammatory
biomarkers. Evidence garnered from epidemiologic prospective cohort and
intervention studies suggested that chronic diseases were associated with
physical inactivity (Hilberg, 2008; Petersen & Pedersen, 2005; Booth et al.,
2002; Booth & Roberts, 2008). Inflammation is also modulated by diet, thus
changes in diet may be associated with changes in inflammatory markers
(Cavicchia et al., 2009).

CONCLUSIONS

Most findings showed that most of the relation of exercise training or lifestyle
modification to inflammatory biomarkers was observed in women with
higher initial values of inflammatory biomarkers. The integrative approaches,
such as TLM or CR, showed major changes in inflammatory biomarkers as
long as moderate-intensity exercise was involved. Secondary lifestyle char-
acteristics, such as hard physical labor or smoking, were associated with
systemic inflammation. While regular strenuous physical labor improved,
smoking habits diminished the beneficial effects of exercise on inflam-
matory markers. Most studies reported positive changes in inflammatory
biomarkers associated with weight reduction (5% to 10%), regardless of
exercise. Circuit RT can improve body composition without increasing
inflammatory biomarkers if the proper combination of exercise sequence
and adequate rest is met. Moderate exercise appears to be the best choice
even in acute exercise bouts.

These observations suggest that integrative interventions, including diet,
moderate exercise (with a major focus on AT between 60% to 80% of
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maximum heart rate or 50% to 60% of VO2max) and circuit RT (with 8 to
10 exercises, 8 to 12 repetitions of alternating segments with at least 48 hours
of rest), health education, and counseling are needed to achieve at least 5%
to 10% body weight reduction. These interventions appear to be the most
effective strategies to improve inflammatory outcomes in women.

LIMITATIONS AND FUTURE DIRECTIONS

Some limitations of this critical review should be noted. First, dietary effects
were monitored in only a few studies using exercise as the sole intervention,
thereby potentially introducing threats to the validity of the studies reviewed
here by confounding the true relationship with exercise. More studies with
controlled diets are needed to clarify the association between exercise pro-
tocols alone and inflammatory biomarkers. Second, few studies evaluated
the distinction between alterations in visceral and subcutaneous fat versus
changes in body weight. Future studies using image analysis techniques also
must be undertaken to elucidate the effect of body composition changes
on cytokine levels. Finding the ideal combination of type, duration, and
intensity of exercise protocols and diet may also potentially contribute to
better health outcomes by improving inflammatory states. Moreover, none of
the studies reviewed considered the influence of menstrual phases in which
dietary and/or physical activity interventions occurred, and such influences
must be taken into account for female populations. Additional methodolog-
ical limitations of some of the studies included the failure to use masked
outcome assessors in randomized trials or to report compliance. Between-
group statistical analysis similarly was not routinely performed in all studies
reviewed. Furthermore, inadequately described training volumes and inten-
sities along with a number of confounders, such as protocols employing
diet and exercise together, as well as not fully examining the potential effect
modification by smoking and other lifestyle and work habits, compromised
the quality of some trials. The lack of acute resistance exercise to clarify the
effect of this type of intervention on inflammatory biomarkers also must be
addressed.
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