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Abstract

PERSISTENT LOW-GRADE INFLAMMATION, as indicated by higher circu-
lating levels of inflammatory mediators such as C-reactive protein,
interleukin-6 and tumour necrosis factor-a, is a strong risk factor
for several chronic diseases. There are data indicating that decreas-
ing energy intake and increasing physical activity may be effective
therapies for reducing overall inflammation. Evidence is strong that
circulating levels of inflammatory markers are elevated with total
and abdominal obesity, possibly owing to a higher secretion rate
of cytokines by adipose tissue in obese people. Moreover, very-
low-energy dietary weight loss reduces both circulating markers of
inflammation and adipose-tissue cytokine production. Data from
several large population-based cohorts show an inverse associa-
tion between markers of systemic inflammation and physical activ-
ity or fitness status; small-scale intervention studies support that ex-
ercise training diminishes inflammation. Dietary weight loss plus
exercise is likely more effective than weight reduction alone in re-
ducing inflammation. To date, data from randomized, controlled
trails designed to definitively test the effects of weight loss or exer-
cise training, or both, on inflammation are limited. Future studies
are required to define the amount of weight loss needed for clini-
cally meaningful reductions of inflammation; in addition, fully
powered and controlled studies are necessary to clarify the effect
of exercise training on chronic, systemic inflammation.
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’ I \ he biologic cascade of events that form the body’s
natural defenses against injury or infection is a vital
part of the immune system. Ordinarily, this pro-

cess is an acute response resulting in rapid, major increases

in inflammatory mediators released into the circulation.'?

In healthy, lean, non-elderly people, for example, blood

concentrations of the acute-phase reactant C-reactive pro-

tein (CRP), which are normally less than 2 mg/L in men’
and less than 2.5 mg/L in women,* can increase more than
1000-fold in response to infection or trauma.*

Typically, a CRP value of 10 mg/L or more is considered
indicative of clinically significant inflammation.” However,
recent evidence indicates that persistent elevations in circulat-
ing markers of inflammation, even when within the clinically
normal range, are risk factors for cardiovascular disease in
both middle-aged*" and older** people. Recently, the US
Centers for Disease Control and Prevention and the Ameri-
can Heart Association have stated that people with CRP val-

ues in the upper tertile of the adult population (> 3.0 mg/L)
have a risk of cardiovascular disease that is double that of
people whose CRP concentrations are less than 1.0 mg/L.*
In addition to CRP, interleukin-6 (IL.-6) and tumour necro-
sis factor-alpha (TNF-a), along with several other acute-
phase reactant proteins, cytokines and cytokine-soluble re-
ceptors, are strongly associated with increased risk for several
chronic diseases, including cardiovascular disease,'"*'* dia-
betes mellitus”** and disability.”** IL-6 and TINF-a are both
stimulators of CRP release from hepatocytes.”’* It is not yet
known which of these factors might be the most robust indi-
cator of underlying inflammation, or whether the effects of
these biomarkers are additive for risk prediction.

As illustrated in Figure 1, behavioural factors are associ-
ated with chronic, low-grade states of inflammation (as mea-
sured by slightly elevated inflammatory biomarkers), and
therefore with the several chronic diseases that are associated
with inflammatory states. Since the risk estimates associated
with elevated inflammation appear to be linear (e.g., the
CRP category cut-offs for assessment of cardiovascular dis-
ease risk? are low risk <1.0 mg/L, medium risk 1.0-3.0
mg/L and high risk > 3.0 mg/L), behavioural interventions
that produce even slight reductions in inflammation may
have clinically significant benefits. A few pharmacologic in-
terventions such as use of angiotensin-converting-enzyme
inhibitors and statins decrease inflammation, as evidenced by
lowered CRP concentrations in prospective clinical trials.”**
Moreover, there are very promising data suggesting that de-
creasing body weight and increasing physical activity are just
as effective as medication for reducing overall inflammation.
The published effects of behavioural interventions involving
weight loss and exercise training on inflammatory markers
are reviewed here.

Role of adiposity and weight loss in regulating
inflammation

Evidence from observational studies

"The association between excess adipose tissue (measured
either indirectly by body mass index [BMI] or directly by
body composition assessment) and elevated CRP concentra-
tons™?" has been observed to hold for children,**# elderly
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people'** and people with metabolic syndrome,” diabetes™
and heart disease.” In fact, obesity may account for a large
portion of variation in circulating CRP concentrations; in a
population-based study involving healthy, middle-aged wo-
men,” for example, BMI explained 30% of the variance in
CRP concentrations. In an analysis* of the Third National
Health and Nutrition Examination Survey, the proportion of
people with a CRP level above 10 mg/L (the traditdonal clin-
ical level suggestive of infection) was 20% in obese women,
but only 4% in women whose weight was within the normal
range. Obese participants were more likely than participants
of normal weight to have an elevated CRP level, by an odds
ratio of 2.13 for men (95% confidence interval [CI] 1.56—
2.91) and 6.21 for women (95% CI 4.94-7.81).* Similarly, in

Behavioural factors associated with
elevated biomarkers of inflammation

e Total obesity (BMI, fat mass, % body fat)

e Abdominal obesity (waist-hip ratio,
visceral adipose tissue)

¢ Estrogen or testosterone use

¢ No alcohol intake

e Smoking

e | physical activity, | aerobic fitness
e | fruit and vegetable intake

e | fish oil intake

™M
J L
Chronic low-grade
inflammation
™~
J L
¢ Endothial dysfunction

e Atherosclerosis
e Insulin resistance
¢ Proteolysis
e Oxidative stress
™1
J L
e Coronary artery disease
e Stroke
o Aging-related disability
¢ Osteoarthritis
e Congestive heart failure

e Diabetes mellitus
e Alzheimer’s disease

Fig. 1: Reported behavioural factors associated with chronic
subclinical inflammation, and diseases and adverse health
conditions for which inflammation is a risk factor. | = de-
creased; BMI = body mass index.
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a study involving 1929 middle-aged men and women,” 15%
of obese participants had a CRP level above 10 mg/L, com-
pared with only 3% of normal-weight people.

Other inflammatory markers, including the cytokines IL-
6,453 TNF—CI,H’SX‘”M’“ TNF-a I‘eCCptOI‘S,‘W’m’“’MFés IL-8,57
IL-185%7" and IL-1 receptor antagonist,”” are elevated in
obese people. Haptoglobin and serum amyloid protein A,
both proteins involved in the acute-phase response to in-
flammation, have also been shown to circulate in higher con-
centrations in people with more body fat.*7® The sample
sizes in these studies are smaller and typically not popula-
tion-based, but across these studies the data are consistent. In
an interesting study® involving identical twins discordant for
obesity (the average difference in body weight between twin
pairs was 18 kg), levels of TNF-a and soluble TNF-a recep-
tor 2 (STNFR2) were higher in obese than in lean twins,
which suggests that obesity rather than other genetic factors
is a major determinant of these inflammatory markers.

Lastly, there is some evidence from observational studies
involving both men and women that, in addition to total body
fat, visceral (abdominal) body fat may be an independent pre-
dictor of inflammatory markers.”*###77% I 2 studies”” the
amount of visceral fat was a better determinant of CRP levels
than other measures of obesity, including fat mass. The loca-
tion of body fat, independent of total amount, is therefore an
important factor affecting chronic inflammation.

Adipose tissue is known to be a secretory organ produc-
ing cytokines, acute-phase reactants and other circulating
factors.””™ The source of these “adipokines” is likely not the
adipocyte itself, but the infiltration of inflammatory cells
(macrophages) into adipose tissue.”* In vivo release of IL-6
and TNF-soluble receptors from subcutaneous abdominal
adipose tissue has been shown to correlate with BMI and
body-fat proportion.* Moreover, TNF-a gene and protein
expression in both subcutaneous and visceral adipose tissue
are greater in obese than in lean people.** In one in-vitro
study” TNF-a release from abdominal subcutaneous adi-
pose tissue was 7.5-fold higher in tissue from obese (BMI
30-40 kg/m’) than lean (BMI > 25 kg/m?) subjects.” Ouchi
and associates® reported not only that CRP is expressed in
adipose tssue, but also that CRP and adiponectin mRNA
levels are highly inversely related. (Adiponectin is a protein
with anti-inflammatory properties.)

Thus, both in vivo and in vitro studies confirm that adi-
pose tissue expression and release of cytokines are elevated
in people with a higher adipose mass.

Evidence from intervention studies

The hypothesis that an expanded adipose-tissue mass
contributes to an elevated state of chronic inflammation is
corroborated by data (summarized in Table 1) showing
that weight loss reduces inflammation. Several markers of
inflammation, including CRP, IL-6, IL-18, TNF-a and
TNF-a receptors, are reduced after weight loss achieved
through short-term intense dietary restriction,”*"
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Table 1: Summary of published data on the effects of weight loss on systemic markers of inflammation

Author group and

Participants and

Intervention

Magnitude of

Effects on

year of publication mean BMI, kg/m’ for weight loss Duration weight loss inflammatory markers
Intense, short-term
dietary restriction
Xydakis et al”’ 2004 40 obese adults with ~ 600-800 kcal/d 4-6 wk  7.0% of weight CRP 1 14%;
metabolic syndrome  very-low-calorie diet no change in TNF-a
BMI38.9+1.0
Heilbronn et al* 2001 83 obese women Low-fat (15%), 1360 kcal/d 12 wk 7.9 kg CRP 1 26%
BMI33.8 £ 0.4 energy-restricted diet
Gallistl et al™ 2001 49 obese children 908-1194 kcal/d 3 wk 5.2% of BMI, IL-6 1 49%
BMI 26.7 + 1.4 energy-restricted diet 3.1% of fat mass
Bastard et al*’ 2000 14 obese women 941 kcal/d 3 wk 5.3% of BMI, IL-6 1+ 17%;
BMI39.5 + 1.1 very-low-calorie diet 8.5% of fat mass no change in CRP, TNF-a
Bastard et al*® 2000 17 obese women 941 kcal/d 3 wk 5.0% of fat mass STNFR1 1 8%;
BMI 399+ 1.6 very-low-calorie diet no change in STNFR2
Longer-term
behavioural changes
Marfella et al*® 2004 67 obese pre- 1300 kcal/d 12 mo 13.4% of weight CRP 1 44%; 1L-6 1 62%;
menopausal women  energy-restricted diet, TNF-a 1 31%; IL-18 1 30%
BMI 36.5 + 1.8 increased exercise
Seshadri et al™* 2004 78 obese adults, <30 g/d low-carbohydrate 6 mo 8.5 kg CRP 1 12%
86% with diabetes or  diet, or
metabolic syndrome 500 kcal/d deficit energy- 6 mo 3.5kg CRP 1 7%
BMI43.5+ 13 restricted diet
Monzillo et al” 2003 24 obese healthy 500 kcal/d deficit 26 wk 7.0% of weight IL-6 1 41%;
and diabetic adults energy-restricted diet and no change in TNF-a
BMI36.7 + 0.9 moderate-intensity exercise
Bruun et al”® 2003 19 obese men 1000-1480 kcal/d 16 wk 14.7% of weight IL-6 1 24%; TNF-a 1 29%;
BMI 38.7 £ 0.7 energy-restricted diet IL-8 1 30%
Tchernof et al*” 2002 25 obese post- 1200 kcal/d 14 mo 15.6% of weight, CRP 1 32%
menopausal women  American Heart Association 25% of fat mass,
BMI 35.2 £ 1.0 Step Il diet 36.4% of visceral fat
Ziccardi et al* 2002 56 obese women 1300 kcal/d energy- 12 mo 12.6% of BMI IL-6 1 47%; TNF-0 t 31%
BMI37.2+2.2 restricted diet, increased
exercise
Esposito et al™ 2002 40 obese women 1300 kcal/d energy- 12 mo 12.4% of BMI IL-18 1 41%
BMI36.4+£2.0 restricted diet, behavioural
and nutritional counselling
Dandona et al” 1998 38 obese women 925-1150 kcal/d 1-2 yr 12.3% of weight TNF-0 { 24%
BMI 35.7 £ 0.9 energy-restricted diet and
increased aerobic exercise
Medication use or
weight-loss surgery
Vendrell et al” 2004 34 morbidly obese Gastric bypass 6 mo 30% of weight, IL-6 1 59%; sTNFRT + 15%;
BMI49.6+ 1.0 62% of fat mass no change in sTNFR2
Valsamakis et al” 2004 21 obese women 10-15 mg/d sibutramine 6 mo 5.4% of weight CRP 1 10%
BMI 46.0 £ 1.9
Laimer et al® 2002 20 obese women Adjustable gastric banding  1yr 27% of weight, CRP 1 70%;
BMI 41.6 £ 1.2 45% of fat mass no change in IL-6
Randomized, controlled trials:
intervention group (versus control group)
Esposito et al* 2003 120 obese women 1300-1500 kcal/d energy- 2yr 14.7% of weight CRP 1 34%; IL-6 + 33%
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BMI35.0+£2.3
(v. BMI 34.7 + 2.4)

316 older adults
BMI345+5.4
(v. BMI 34.2 + 5.0)

restricted Mediterranean-style
American Heart Association
Step | diet (v. normal diet)
Behavioural counselling

to achieve and keep a 5%
weight loss (v. normal diet)

18 mo

(v. 3.2% of weight)

5.1% of weight
(v.1.8% of weight)

(v. no changes in CRP, IL-6)

CRP 1 3%; IL-6 1 11%;
STNFR1 1 2%; no change
in TNF-a (v. no changes)

Note: | = decreased, BMI = mean body mass index + standard error of the mean, CRP = C-reactive protein,
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IL = interleukin, TNF = tumour necrosis factor, sTNFR = soluble TNF-a receptor.
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lated in subcutaneous adipose tissue after 28 days on a very-
low-energy diet that resulted in a 6-kg loss of fat mass.” In
another study involving obese women,” 3 weeks on a very-
low-energy diet 3.9 GJ/d, 5% drop in BMI) reduced IL-6
protein content in subcutaneous abdominal adipose tissue by
22%, with a corresponding 15% decrease in circulating lev-
els. Interestingly, moderate dietary restriction (a deficit of
2.5 GJ/d for 10 weeks, for a 7.5% weight loss) reduced IL-6
mRNA in abdominal adipose tissue by 35% and its secretion
rate by 30%, but decreased circulating IL-6 levels by only
6%." Moreover, weight loss through caloric restriction re-
duced TNF-a gene®'*"'" and protein expression® in, and
TNF-a release from, abdominal adipose tissue.'

The effects of weight loss on adipose-tissue expression
or secretion of CRP* are still unreported. More studies are
needed to determine whether reductions in adipose-tissue
production of inflammatory biomarkers is one mechanism
by which weight loss reduces overall chronic inflammation.

Role of physical activity and fitness
in regulation of inflammation

Evidence from observational studies

Although acute bouts of exercise are well known to in-
crease concentrations of pro-inflammatory cytokines and

acute-phase reactants," chronic (regular, long-term) physi-

cal training may reduce basal concentrations of inflamma-
tory markers. Table 2 summarizes the data from cross-
sectional observational studies, which show an inverse
association between markers of systemic inflammation and
physical activity and fitness status.”'*'"? Several studies of
large population cohorts, including the British Regional
Heart Study,' the Third National Health and Nutrition
Examination Survey,'”"" the Cardiovascular Health
Study," the men’s Health Professionals Follow-up Stu-
dy,' the Nurses’ Health Study II'” and the Health, Aging
and Body Composition Study (Health ABC),* provide evi-
dence for an inverse, independent dose-response relation
between plasma CRP concentration and level of physical
activity in both men and women.

This relation does not seem to alter with age: Of the
5888 participants in the Cardiovascular Health Study,'”
those older and younger than 72 years showed similar asso-
ciations; and among people 70-79 years old enrolled in
Health ABC,” trends for decreased IL-6, TNF-a and CRP
concentrations were linear with increasing amounts of re-
ported exercise. In the British Regional Heart Study,"® even
moderate physical activity (i.e., some vigorous activity at
least once per week) in middle-aged men was associated
with a 37% reduction in the number who had a high CRP
concentration (> 4.27 mg/L). The relation was similar in
men with and without prior heart disease." A dose-

Table 2: Summary of published data on associations between systemic markers of inflammation and physical activity or fitness

Author group and year No. of participants  Age, Association between physical activity Independent
of publication (study name) (sex ratio) yr and inflammatory markers of obesity?
Colbert et al”® 2004 Y + min/wk exercise => 1 CRP, IL-6, TNF-a Yes, for
(Health, Aging and Body Composition Study) 3075 (49% male) 7079 1 non-exercise PA = | CRP, IL-6 IL-6 only
Albert et al™ 2004 o 1 frequency of PA = 1 CRP in men only;
(Pravastatin Inflammation/CRP Evaluation [PRINCE]) 2833 (61% male) 60 +12 no PA-CRP relationship in women Yes
Jankord et al™ 2004 12 men 60-74  Very active => | IL-6; less active = 1 IL-10 Not assessed
. HPFS: 405 men 40-75 1 metabolic equivalent-hours/wk
109
Pischon et al™” 2003 (HPFS and NHS 1I) NHS: 454 women 25-42 = i CRP, IL-6, sTNFR1, sTNFR2 No
Reuben et al™ 2003 o 1 recreational activity = 1 CRP, IL-6
(MacArthur Studies of Successful Aging) 870 (47% male) 70-79 t house or yard work = 1 CRP, IL-6 ves
. m o Jogging or aerobic dancing >12 times/mo
King et al™ 2003 (NHANES III) 4072 (50% male)  >17 protective for CRP >3 mg/L Yes
Rawson et al"” 2003 109 (57% male) 4912 RV not related to current physical activit No
or to physical activity during previous year
Wannamethee et al" 2002 + volume of PA = | CRP (no PA
(British Regional Heart Study) 3810 men 60-79 529 mg/L; vigorous PA = 1.54 mg/L) ves
Church et al'” 2002 . . '
(Aerobics Center Longitudinal Study) 722 men 51+10 t cardiorespiratory fitness = 1 CRP Yes
Abramson et al"® 2002 (NHANES I11) 3638 (51% male) >40 More frequent exercise = | CRP Yes
Geffken et al'” 2001 o . .
(Cardiovascular Health Study) 5888 (42% male) =65 1 kcal/wk of physical activity => + CRP Yes
Taaffe et al™* 2000 o
(MacArthur Studies of Successful Aging) 880 (47% male) 70-79 t h/yr moderate-strenuous PA = 1« CRP, IL-6 Yes
Note: 1 = increased, = = led to, HPFS = Health Professionals’ Follow-up Study, NHANES Il = Third National Health and Nutrition Examination Survey, NHS Il = Nurses’ Health

Study Il, PA = physical activity; other symbols and abbreviations as defined in Table 1.
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longer-term behavioural changes involving reduced en-
ergy intake and increased physical activity,?#*58629% p_
proved medication use” or surgical gastric bypass.””** Re-
sults for liposuction are contradictory: Although one such
study” resulting in a mean weight loss of 3 kg found con-
centrations of I1L-6, IL-18, TNF-a and CRP to be re-
duced after a 6-month period of weight stability, another”
in which fat mass was reduced by 9.8 kg on average found
IL-6, TNF-a and CRP concentrations to be unaltered
10-12 weeks after the surgery. The effects of weight loss
through liposuction for reducing inflammation thus re-
quire further investigation.

Most of the dietary weight-loss studies showed the
magnitude of decrease in inflammatory markers to be lin-
early related to the amount of weight lost. For example,
when CRP concentrations were reduced from 3.1 mg/L
(standard deviation [SD] 0.7 mg/L) to 1.6 (SD 0.8) mg/L
in postmenopausal women who followed a 14-month in-
dividualized weight-loss program,” the reductions corre-
lated with changes in body weight and fat mass. Decreases
in CRP, IL-6, IL-18 and TNF-a in a group of
premenopausal women after a 10% weight reduction cor-
related with changes in BMI but were more strongly re-
lated to changes in waist-hip ratio.*** Those women were
healthy, without diabetes or metabolic syndrome, and
their mean reduction in CRP (from 3.4 [SD 0.7] to 1.9
[SD 0.2] mg/L) mimicked the mean reported in healthy
women by Tchernof and coauthors.” In other studies,
weight loss reduced CRP levels (from 5.0 [SD 0.5] to 4.3
[SD 0.5] mg/L) in women with metabolic syndrome,” and
IL-6 concentrations (2.75 [SD 1.51] to 2.3 [SD 0.91] pg/
mL) in women with insulin resistance.”

To date, only 2 randomized controlled trials’” have ex-
amined the effects of dietary weight loss on inflammation.
Esposito and coworkers™ compared obese women enrolled
in a behavioural counselling program designed to achieve a
10% weight reduction through monthly individualized ad-
vice on eating a low-energy Mediterranean-style diet and
increasing physical activity with obese women in a control
group who received no dietary advice. The 2-year interven-
tion decreased BMI more in the women in the intervention
group than in the control group (-5.2 v. -1.0 kg/m?) and
reduced serum concentrations of CRP, IL-6 and IL.-18 to a
greater degree as well. In the intervention group, the aver-
age CRP value decreased from 3.2 to 2.1 mg/L, and the
changes in CRP, IL-6 and IL-18 were found to relate to
changes in BMI. Because exercise was included in the be-
havioural weight-loss intervention tested in this study,” it is
not possible to separate out the effects of the diet alone in
producing these changes.

In a retrospective analysis of stored serum samples from a
randomized clinical trial,” our earlier research team found
that an 18-month diet-induced weight loss program resulted
in significantly greater reductions in body weight (-5.1% v.
—1.8%) and CRP, IL-6 and sSTNFR1 concentrations than no
weight-loss intervention in a control group of older, obese

Behavioural treatments for chronic inflammation

men and women with knee osteoarthritis (Fig. 2). Changes
in STNFR1, but not CRP and IL-6, correlated with changes
in body weight. Although some of the participants randomly
assigned to the weight-loss intervention were also randomly
assigned to an exercise intervention, no interaction was
found between weight loss and exercise training.”

In that prior study,” the decrease in CRP concentrations
in people who underwent diet-induced weight loss was
1.54 mg/L on average, or 5.8%. In other studies, CRP val-
ues decreased 26% with a 10% weight loss® and fell 32%—
34% with a 15%-16% weight loss.*** These results suggest
that there may be a dose-response effect between the de-
gree of weight loss and its capacity to attenuate chronic in-
flammation. Unfortunately, no data are available on clinical
manifestations of this decline in CRP concentrations, al-
though a CRP reduction of about 15% after 1 year of statin
use was shown to be associated with a lowered risk of coro-
nary events.” Longitudinal studies are needed to determine
whether a reduced incidence of cardiovascular disease and
diabetes is associated with the decline in CRP concentra-
tions seen with weight loss.

Mechanism of effect

One of the postulated mechanisms by which weight loss
reduces circulating markers of inflammadon is through a de-
crease in adipose-tissue cytokine production (Fig. 3). A hand-
ful of studies have investigated the effects of dietary weight
loss on cytokine gene and protein expression in subcutaneous
adipose tissue; most data indicate that local production of 1L-
6 and TNF-a is reduced upon weight loss. Recently, gene-
expression profiling showed that pro-inflammatory genes
were downregulated and anti-inflammatory genes upregu-

0.2 (] Control group
g [ Exercise only
= B Weight loss and exercise
£ %" | B weight loss onl
= eight loss only H
g
£
g 07
o
5
% 0.1
2
£
& -02 -
£
&
S
~03 ||
0 6 months 18 months

Fig. 2: Effects of 18 months of weight loss, exercise, or both
upon mean CRP concentrations, adjusted for baseline BMI,
baseline CRP level, sex and race. The treatment effect of di-
etary weight loss was significant compared with the control
and exercise-only groups (p =0.01). Modified from Nicklas et
al (Am J Clin Nutr 2004;79:544-51), with permission.
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response relation between CRP level and exercise was also
seen at baseline in men, but not women, enrolled in the
Pravastatin Inflammation/CRP Evaluation Study,' a find-
ing that perhaps was confounded by the fact that the women
were less likely than the men to be physically active.

In all of the studies described, the relations between in-
flammatory markers and physical activity were independent
of differential levels of obesity. Contrary reports''" do ex-
ist, but their results may reflect chance findings owing to
their small samples.

Although CRP is the marker of chronic inflammation
most frequently studied, both IL-6 and CRP concentrations
have been shown in elderly men to be inversely correlated
to reported amounts of moderate and strenuous exercise,
even after adjustment for BML'™'” Similar studies have
shown this to be true for recreational activity and house and
yard work'*"** (although not consistently for IL-6"°).

All of the studies mentioned relied on self-report to as-
sess physical activity status. In a subsample of 722 men
from the Aerobics Center Longitudinal Study, Church and

®

Weight loss
Exercise training

J\ =% )

Direct effect on innate immune system
V production of pro-inflammatory cytokines

-

Direct effect on adipose tissue
¥ production of pro-inflammatory mediators

A production of anti-inflammatory mediators

)

1204

Lianne Friesen and Nicholas Woolridge

¥

Indirect effect on the liver
¥ production of fibrinogen, CRP, SAA

(

\ Blood concentrations of inflammatory markers
¥ Pro-inflammatory state

Fig. 3: Schematic of possible mechanisms by which weight loss and exercise training reduce sources
of inflammation that lead to chronic activation of a pro-inflammatory state. Weight loss and in-
creased activity affect the immune system by reducing the number of mononuclear cells in the periph-
eral blood, which are a source of pro-inflammatory cytokines (such as interleukins IL-6, IL-13 and IL-
8; tumour necrosis factor-a and its receptors TNFRT and TNFR2; and transforming growth factor
TGFp). A reduction in adipose tissue would not only reduce the volume of adipocytes and pre-
adipocytes, but also decrease the number of endothelial cells and macrophages that reside there.
These cells produce many pro-inflammatory mediators such as C-reactive protein (CRP), serum amy-
loid protein A (SAA) and cytokines. Weight loss and exercise may also increase the expression of anti-
inflammatory mediators such as IL-10 and IL-1 receptor antagonist (IL-1ra) in these cells. The resulting
circulatory changes could, in turn, cause the liver to contribute by decreasing its production of fib-
rinogen and other pro-inflammatory mediators.
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collaborators"” reported that plasma CRP is also inversely
related, in a dose-response manner, to cardiorespiratory
fitness measured directly on a treadmill. The odds ratio of
men in the lowest quintile of fitness for having a high CRP
concentration (> 1.84 mg/L) was 3.2 (95% CI 1.8-5.8),
compared with men having higher fitness levels. Study in-
vestigators measured adiposity directly from the sum of
skinfolds. Additional adjustments for body fat percentage
and waist circumference did not alter the relation between
CRP and cardiorespiratory fitness."”’

Opverall, data from observational studies show that the
greater the volume of physical activity, the lower the risk of
elevated levels of chronic inflammatory markers. Primarily,
the relation between inflammation and physical activity is
independent of obesity as measured by BMI. But since
BMI is not a direct measure of body fat, the question re-
mains, after adjustment for differences in total and abdomi-
nal adiposity, as to whether inflammation is associated with
physical activity.

Evidence from intervention studies

Although no data from prospective randomized con-
trolled trials exist to date to definitely conclude that long-
term regular exercise training reduces chronic inflamma-
tion, several uncontrolled studies of exercise do show an
effect on specific inflammatory markers. For instance, in
patients with chronic heart failure, 12 weeks of aerobic ex-
ercise reduced TINF-a concentrations,'” 6 weeks of cycle
ergometry reduced sTNFR2 concentrations,'* and 16
weeks of combined aerobic and resistance exercise training
decreased levels of both TINF receptors (but not TNF-a it-
self)."” In addition, exercise training for patients with inter-
mittent claudication reduced CRP after 3 months."® CRP
decreased after 9 months of training for a marathon in 10
of 12 male runners."” In overweight women, aerobic exer-
cise training for 5 months decreased serum concentrations
of TNF-a, sTNFR1 and sTNFR2,"* and cycle ergometry
for 12 weeks reduced TNF-a and sTNFR2 (but not
sTNFRI1) concentrations.”?! Moreover, levels of acute-
phase reactants CRP and serum amyloid protein A (but not
IL-6) decreased significantly in 20 postmenopausal women
who completed a 14-day diet and aerobic exercise interven-
tion as inpatients.”” The magnitude of the CRP decrease
(45%) in these women was not significantly related to the
magnitude of weight loss (4%). In another study,'” resis-
tance exercise training decreased TNF-a (both mRINA and
protein levels) in skeletal muscle of frail, elderly subjects,
which suggests that resistance training is also a potential
treatment for chronic inflammation.

All of these studies had a small number of participants,
were conducted in populations with elevated inflammatory
markers (i.e., padents with congestive heart failure or obes-
ity) and had relatively short durations. One of the larger
studies'* to date, which incorporated a control group but
did not randomly assign participants to groups, demon-

Behavioural treatments for chronic inflammation

strated that a phase II cardiac rehabilitation and exercise
training program reduced median CRP concentrations by
41% (mean change from 5.9 [SD 7.7] mg/L to 3.8 [SD 5.8]
mg/L; median change from 3.4 to 2.0 mg/L) in 235 pa-
tients with coronary artery disease, but CRP concentra-
tions did not change in 42 who did not exercise (Fig. 4).
Exercise training seemed to be more effective in those with
the highest CRP concentrations; for example, the propor-
tion of patients with a CRP value above 15 mg/L decreased
from 9% to 1%. Stratification of the data according to use
of statin therapy did not alter the results. Changes in CRP
concentrations were unassociated with changes in body
weight or percent body fat, which provided compelling evi-
dence that the exercise training effect was independent of
body fat loss.”* Another earlier research team of ours'” also
found evidence for an independent effect of exercise train-
ing in postmenopausal women who underwent 6 months of
dietary weight loss alone or in combination with aerobic
exercise training. In this study, decreases in IL-6, sIL-6R
and sTNFRI differed significantly between the groups,
with changes in sIL-6R and sTNFRI concentrations in-
versely related to changes in aerobic fitness.” Another in-
teresting study'® was conducted specifically to determine
the effects of a 6-month supervised, individualized aerobic
exercise training program on the production of cytokines
by mononuclear cells in men and women at high risk of is-
chemic heart disease. In the 43 people who completed the
program, overall production of atherogenic cytokines (in-
terferon y, TNF-a and IL-1a) decreased by 58%, and the
production of atheroprotective cytokines (IL-10, IL-4 and
transforming growth factor TGFpB1) increased 36%. (Their
mean CRP level was 35% lower after exercise training, but
the difference was not statistically significant.*®)
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ter 19 weeks of follow-up (standard deviation 3 weeks) in car-
diac rehabilitation compared with control patients with
coronary artery disease. Reprinted with permission from Milani
et al (/ Am Coll Cardiol 2004;43:1056-61).
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Only a few randomized controlled trials have been
published that report the effects of an exercise interven-
tion on inflammatory markers, and the data are conflict-
ing. During a 6-year trial involving 140 middle-aged
Finnish men,"”” CRP concentrations remained consis-
tantly lower in the aerobic exercise group than in the con-
trol group, but the trend was not statistically significant
(p >0.20). In the weight loss and exercise trial” already
described, our team also did not find an 18-month com-
bined resistive and aerobic exercise training program to
have a statistically significant effect on inflammatory bio-
markers, although mean CRP values at follow-up visits
tended to be lower in the intervention group than in the
control group at both 6 and 18 months. Smaller stud-
ies'"™* of shorter duration also hint that exercise training
reduces inflammation compared with no exercise. In men
with metabolic syndrome, 3 months of aerobic exercise
decreased concentrations of monocyte chemoattractant
protein-1 by 33% and IL-8 by 13%.'* Although CRP lev-
els in patients with intermittent claudication were signifi-
cantly reduced after 3 months of a 12-month exercise
training program compared with levels in control sub-
jects,"® CRP concentrations increased to baseline levels at
the 6- and 12-month follow-up visits, perhaps because ex-
ercise in this study was unsupervised after the first 3
months. Interestingly, Gielen and associates'” reported
that exercise training did not reduce serum inflammatory
markers in male patients with congestive heart failure but
did reduce TNF-a, IL-6 and IL-1p gene expression in lo-
cal skeletal muscle, relative to a control group. This sug-
gests that exercise may elicit local anti-inflammatory ef-
fects that may or may not be evident in the systemic
circulation."”’

Additional data derived from randomized controlled
studies are needed to provide definitive evidence that exer-
cise training should be used as a treatment for chronic in-
flammation.

Summary

Persistent low-grade inflammation is emerging as an im-
portant contributor to the pathophysiology of several
chronic diseases. Given the widespread deleterious health
effects of an augmented inflammatory state, identification
of therapies that reduce inflammation is critical. Yet, to
date, there is little definitive evidence for therapies that can
be used effectively to treat elevated markers of inflamma-
tion that are within the clinically normal range. As re-
viewed here, there are promising data suggesting that de-
creasing energy intake and increasing physical activity
could be effective for reducing overall inflammation. But at
present, data from randomized controlled trials conducted
to determine the effects of weight loss or exercise training,
or both, on inflammation are lacking. The mechanisms by
which weight loss and increased physical activity reduce in-
flammation have yet to be elucidated.

1206 JAMC e 26 AVR. 2005; 172 (9)

Although weight loss is likely to emerge as an effective
treatment for reducing inflammation, the magnitude of the
effect and the weight loss needed to produce clinically
meaningful results require delineation. On the other hand,
the effects of exercise training in the absence of weight loss
are unclear. Large-scale prospective studies are needed to
definitively determine whether aerobic or resistive exercise
training, or both, are effective in reducing inflammation.
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CLINICAL PRACTICE GUIDELINES

FOR THE CARE AND TREATMENT OF

BREAST CANCER

In February 1998 CMA/ and Health Canada published 10 clinical practice guidelines for the care and treatment
of breast cancer, along with a lay version designed to help patients understand more about this disease and the
recommended treatments. These guidelines are currently being revised and updated, and the series is being ex-
tended to cover new topics. The complete text of the new and updated guidelines is available at cmaj.ca:

cmaj.ca/cgi/content/full/158/3/DC1

REVISED:

Guideline 3: Mastectomy or lumpectomy? The
choice of operation for clinical stages | and Il
breast cancer [July 23, 2002]

Guideline 5: The management of ductal carcinoma
in situ [Oct. 2, 2001]

Guideline 6: Breast radiotherapy after breast-
conserving surgery [Feb. 18, 2003]

Guideline 7: Adjuvant systemic therapy for women
with node-negative breast cancer [Jan. 23, 2001]

Guideline 8: Adjuvant systemic therapy for women
with node-positive breast cancer [Mar. 6, 2001]

Guideline 10: The management of chronic pain in
patients with breast cancer [Oct. 30, 2001]

Update

NEW:

Guideline 11: Lymphedema [Jan. 23, 2001]

Guideline 12: Chemoprevention [June 12, 2001]

Guideline 13: Sentinel node biopsy [July 24, 2001]

Guideline 14: The role of hormone replacement
therapy in women with a previous diagnosis of
breast cancer [Apr. 16, 2002]

Guideline 15: Treatment for women with stage IlI
or locally advanced breast cancer [Mar. 16,
2004]

Guideline 16: Locoregional post-mastectomy ra-
diotherapy [Apr. 13, 2004]
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