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OBJECTIVES: To determine the effects of a long-term
exercise intervention on two prominent biomarkers of
inflammation (C-reactive protein (CRP) and interleukin-6
(IL-6)) in elderly men and women.

DESIGN: Single-blind, randomized, controlled trial: The
Lifestyle Interventions and Independence for Elders (LIFE)
Trial.

SETTING: The Cooper Institute, Dallas, Texas; Stanford
University, Stanford, California; University of Pittsburgh,
Pittsburgh, Pennsylvania; and Wake Forest University,
Winston-Salem, North Carolina.

PARTICIPANTS: Four hundred twenty-four elderly (aged
70-89), nondisabled, community-dwelling men and
women at risk for physical disability.

INTERVENTION: A 12-month moderate-intensity phys-
ical activity (PA) intervention and a successful aging (SA)
health education intervention.

MEASUREMENTS: CRP and IL-6.

RESULTS: After adjustment for baseline IL-6, sex, clinic
site, diabetes mellitus, treatment group, visit, and group-
by-visit interaction, the PA intervention resulted in a lower
(P=.02) IL-6 concentration than the SA intervention.
Adjusted mean IL-6 at month 12 was 8.5% (0.21 pg/mL)
higher in the SA than the PA group. There were no signifi-
cant differences in CRP between the groups at 12 months
(P =.09). Marginally significant interaction effects of the
PA intervention according to baseline functional status
(P=.05) and IL-6 (above vs below the median; P =.06)

From the *Section on Gerontology and Geriatric Medicine, J. Paul Sticht
Center on Aging, Department of Internal Medicine; "Department of
Biostatistical Sciences, Wake Forest University School of Medicine,
Winston-Salem, North Carolina; *Preventive Medicine Research Laboratory,
Pennington Biomedical Research Center, Baton Rouge, Louisiana;
SDepartment of Medicine, University of Pittsburgh, Pittsburgh, Pennsylvania;
and 'Department of Aging and Geriatric Research, University of Florida,
Gainesville, Florida.

Presented in part at The Gerontological Society of America Annual Meeting,
San Francisco, California, November 19, 2007.

Address correspondence to Barbara J. Nicklas, PhD, J. Paul Sticht Center on
Aging, Wake Forest University School of Medicine, Medical Center
Boulevard, Winston-Salem, NC 27157. E-mail: bnicklas@wfubmc.edu

DOI: 10.1111/5.1532-5415.2008.01994.x

were observed. There was a greater effect of the PA
intervention on participants with lower functional status
and those with a higher baseline IL-6.

CONCLUSION: Greater PA results in lower systemic
concentrations of IL-6 in elderly individuals, and this
benefit is most pronounced in individuals at the greatest risk
for disability and subsequent loss of independence.
J Am Geriatr Soc 56:2045-2052, 2008.
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hronic, low-grade inflammation is an independent pre-

dictor of several aging-related diseases, including cor-
onary heart disease and stroke,’? diabetes mellitus,?
Alzheimer’s disease,* and osteoarthritis.® In addition,
inflammation predicts loss of function and onset of disabil-
ity®~19 and mortality.® Although several systemic biomark-
ers are indicative of an upregulated inflammatory state,
C-reactive protein (CRP) and interleukin-6 (IL-6) show the
most consistent association with disease and disability in
older individuals.!»*!! Moreover, circulating concentra-
tions of CRP and IL-6 are higher in older persons,'?>~'¢ and
there is especially strong evidence that IL-6 (which has been
called a “cytokine for gerontologists”'”) is high with ad-
vancing age, because there is a dramatic increase in the
number of individuals aged 70 and older with high IL-6.1°
Thus, given the widespread health risks of high CRP and
IL-6, identification of successful therapies that reduce
inflammation may be especially important in this age group.

Although use of certain pharmacological agents may
reduce inflammation, side effects of these medications may
limit their clinical application for the ongoing treatment of
chronic inflammation.'® Alternatively, there is promising
evidence that participation in regular physical activity (PA)
lowers CRP and IL-6. Observational data in young and
elderly persons show that greater PA is associated with
lower CRP and IL-6 levels.'2° In addition, several small or
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uncontrolled studies have shown an effect of aerobic
exercise training on reducing CRP and IL-6 in middle-aged
or older persons,?®=3* although there is no randomized,
controlled trial evidence of an effect of exercise training on
CRP or IL-6 levels in older persons. Therefore, the purpose
of this study was to determine whether a 12-month PA
intervention would decrease systemic concentrations of
CRP and IL-6 more than a no-exercise health education
intervention in elderly men and women.

METHODS

Study Design

The findings are from an ancillary study to The Lifestyle
Interventions and Independence for Elders Pilot (LIFE-P)
Study, a four-site, single-blind, randomized, controlled
clinical trial comparing a 12-month PA intervention with
a successful aging (SA) intervention in 424 elderly, nondis-
abled, community-dwelling men and women at risk for
physical disability. The study design and main findings
on physical function of the LIFE-P Study have been
published.3>>3¢ The local institutional review boards at the
clinic sites (Wake Forest University, Cooper Institute,
University of Pittsburgh, and Stanford University) approved
the study, and all study participants gave written informed
consent to participate.

Study Participants

Detailed inclusion and exclusion criteria and a flow
diagram of specific numbers of individuals screened and
reasons for exclusion have been published.3¢ Briefly, the
major inclusion criteria were age 70 to 89, low functional
performance based on a Short Physical Performance Battery
(SPPB) score of less than 10 (on a scale of 0 (worst) to 12
(best)), sedentary lifestyle, ability to complete a 400-m walk
test within 15 minutes without sitting and without using an
assistive device, completion of a behavioral run-in that
required tracking and logging of healthy behaviors, and
willingness to be randomized to either treatment group. The
major exclusion criteria were living in a nursing home;
self-reported inability to walk 1 mile; significant cognitive
impairment; severe hearing or visual impairment; and
severe cardiac, pulmonary, neurological, orthopedic, renal,
or psychiatric disease.

A total of 3,141 persons were screened over the
telephone, and 566 completed two screening clinic visits,
with a total of 424 (106% of study goal) participants
randomized (PA = 213; SA =211). All of the 424 random-
ized participants consented to the baseline blood draw, and
a sufficient blood sample was successfully collected from
369 participants (87%). Blood samples were available
from 3435 participants at the 6-month follow-up (6-month
retention rate of 93%) and from 3335 participants at the
12-month follow-up (12-month retention rate of 91%).
Of the 79 participants with missing 6-month data, two had
dies, 22 withdrew consent or dropped from the study, and
55 did not have a blood sample drawn because of technical
difficulties. Of the 89 participants with missing 12-month
data, four had died, 25 withdrew consent or dropped
from the study, and 60 did not have a blood sample drawn
because of technical difficulties.

Interventions

The PA intervention consisted of a combination of aerobic,
strength, balance, and flexibility exercises and was divided
into three phases. For the first 2 months (adoption phase),
three center-based exercise sessions (40-60 minutes) per
week were conducted in a supervised setting. During the
next 4 months (transition phase), the number of center-
based sessions was reduced (2 times/week), and home-based
exercises (>3 times/week) were started. The subsequent
maintenance phase (Week 235 to trial end) consisted of the
home-based intervention, optional one to two times per
week center-based sessions, and monthly telephone
contacts.

The PA intervention included group-based behavioral
counseling sessions (1 time/week for the first 10 weeks) that
focused on PA participation. The intervention focused on
walking as the primary mode of exercise, and the goal was
to engage in walking for at least 150 min/wk. A brief warm-
up preceded each session, and a brief cool-down period
followed. Participants also completed lower extremity
strengthening exercises followed by lower extremity
stretching exercises. The intensity of training was gradu-
ally increased over the first 2 to 3 weeks. Perceived exertion
was used to regulate the intensity of exercise. Participants
were asked to walk at a target intensity of 12 to 13
(somewhat hard), and they were discouraged from exercis-
ing at levels of 15 or higher (hard) or 11 or less (fairly light).
Strengthening exercises were performed at a perceived
exertion of 15 to 16.

A SA health education intervention was used as the
active control. Participants met in groups weekly for the
first 26 weeks and monthly for the remaining weeks.
Sessions included health topics relevant to older adults such
as nutrition, medications, foot care, and recommended
preventive health care. At the end of each session, a short
instructor-led intervention (5-10 minutes) of gentle upper
extremity stretching was delivered. Phone calls were made
after each missed session to encourage regular participa-
tion, and participants received a monthly newsletter.

Measurements
CRP and IL-6

Blood samples were collected from LIFE Study participants
in the early morning (between 7 and 9 a.m.) after a 12-hour
fast at the baseline and 6- and 12-month assessment visits.
The 6- and 12-month blood samples were collected at least
24 hours after the last acute bout of exercise training, and
blood sampling was postponed (1-2 weeks after recovery of
symptoms) in the event of an acute respiratory, urinary
tract, or other infection. All blood was collected, processed,
divided into aliquots, and stored locally at — 80°C until
shipment to the Biological Specimen Repository at Wake
Forest University, where samples were placed for long-term
storage at — 80°C until analysis.

Plasma CRP was determined using an automated
immunoanalyzer (IMMULITE, Diagnostics Products Cor-
poration, Los Angeles, CA). This assay has a sensitivity of
0.1 mg/L, with a calibration range up to 250 mg/L. In the
biogerontology laboratory at Wake Forest University
School of Medicine, the interassay and intra-assay coeffi-
cients of variation (CV) for the CRP assay are 6.7% and
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3.5%, respectively. Five samples (two baseline and one
6- and two 12-month time points) were below the lower
limit of detection for CRP and were not included in the
analyses. Plasma IL-6 was determined using the Quantikine
high-sensitivity enzyme-linked immunosorbent assay kit
from R&D Systems (Minneapolis, MN). This assay has a
sensitivity of 0.10 pg/mL with a detection range of 0
to 10.0 pg/mL. The interassay and intra-assay CVs for IL-6
are 9.8% and 3.0%, respectively. IL-6 was not detectable
for one sample (6-month timepoint). All samples were
measured in duplicate, and the average of the two values
was used for data analyses. Duplicate samples that did not
provide a CV of less than 15% were reanalyzed, and all
values were averaged for data analyses.

Short Physical Performance Battery

The SPPB is based on a timed short-distance walk, repeated
chair stands, and balance test.>” Each of the performance
measures is assigned a score ranging from 0 to 4, with 4
indicating the highest level of performance and 0 the
inability to complete the test. The categories computed for
walking speed and chair stands are derived from cutpoints
based on quartiles of time to perform each task assessed in
the Established Populations for Epidemiologic Study of the
Elderly (EPESE).3” A summary score ranging from 0 (worst)
to 12 (best) is calculated by summing all scores.

Body Composition

Total body fat mass and lean mass were measured using
dual X-ray absorptiometry at baseline and 12-month
follow-up in a subset (n=222) of the LIFE participants
(3 sites—Wake Forest University, Cooper Institute, and
University of Pittsburgh).

Statistical Analyses

Statistical analyses were performed using SAS software,
version 9.1 (SAS Institute, Inc., Cary, NC). The sample
means and standard deviations were computed for the
continuous descriptive characteristics, and the count and
proportions were calculated for the discrete descriptive
characteristics according to intervention groups. To
minimize the heterogeneity of variance and best approxi-
mate the conditional normality assumption, CRP and IL-6
were log-transformed for the primary statistical analyses.
Comparisons of 12-month changes in log-transformed CRP
and log-transformed IL-6 between intervention groups
were performed using the two-sample #-test. Raw values
and log-transformed values for each intervention group at
each time point were reported as means =+ standard
deviations. Differences in mean CRP and IL-6 between
intervention groups were estimated using repeated-mea-
sures analysis of covariance with the baseline measure, sex
(stratifying variable for randomization), clinic site, diabetes
mellitus, intervention assignment, visit, and an inter-
vention-by-visit interaction included in the model. Hypo-
thesis tests for intervention effects at the 6- and 12-month
assessment visits were performed using contrasts of the 6-
and 12-month intervention means. Overall comparisons
between groups for CRP and IL-6 across follow-up
visits were obtained using a contrast to compare average
effects across both follow-up visits. In addition, an inter-
action between baseline SPPB and intervention group was

also tested for by additional adjustment for the main effect
of SPPB and interaction effect of SPPB and intervention
group in the model; the analysis was then further stratified
according to SPPB score (<7 vs > 7). The same analysis was
repeated to test for an interaction between baseline
IL-6 group (< median vs >median) and intervention group.
The analysis stratified according to baseline IL-6 was also
performed. No sex interaction was found, so no subgroup
analysis according to gender was performed.

RESULTS

Baseline Characteristics and Relationships

The two treatment groups had similar baseline character-
istics, except for a slightly higher prevalence of diabetes
mellitus in the PA group (Table 1). In addition, there were
no differences in baseline CRP or IL-6 concentrations
between treatment groups (Table 2). In all participants,
there was a significant positive pair-wise correlation
between CRP and IL-6 (correlation coefficient (r) = 0.39,
P<.001). In addition, IL-6 was positively related to age
(r=0.13, P=.02) and body mass index (BMI) (r =0.18,
P <.001), whereas CRP was related to BMI (r=0.10,
P =.05) but not age (r= —0.01, P =.81). IL-6 was higher
in men than women (3.60 4= 3.93 vs 3.27 + 4.06 pg/mL;
P =.046), and there were no racial or ethnic differences in
CRP or IL-6. In addition, there was no relationship between

Table 1. Baseline Descriptive Characteristics According
to Treatment Group

Physical  Successful
Activity Aging
Characteristic (n=183) (n=186)
Age, mean + SD 76.4 £+ 4.1 77.0 £ 4.4
Female, n (%) 126 (68.9) 125 (67.2)
White, n (%) 141 (77.1) 141 (75.8)
Body mass index, kg/m?, mean + SD 307 +60 298+55
Total fat mass, kg, mean + SD* 30.3+9.0 295+ 95
Total lean mass, kg, mean + SD* 479 +£10.9 46.6 +10.7
Smoking, n (%)
Never 148 (80.9) 157 (84.4)
Former 28 (15.3) 25 (13.4)
Current 7(3.8) 4 (2.15)
Mini-Mental State Examination score, 27.0 £ 2.3 27.5 + 2.1
mean + SD
Prevalent comorbidities, n (%)
Hypertension 127 (69.8) 129 (69.4)
Diabetes mellitus 52 (28.4) 32 (17.2)°
Cancer 28 (15.3) 32 (17.3)
Myocardial infarction 22 (12.1) 2 (6.5)
Stroke 8 (4.4 2 (6.5)
Congestive heart failure 11 (6.1) 2 (6.5)
Chronic obstructive pulmonary disorder 26 (14.4) 27 (14.6)
Short Physical Performance Battery score, 7.61 +£1.45 7.46 4+ 1.41

mean 4 SD

*n =114 for physical activity and n = 108 for successful aging.
TP =.01 between groups.
SD = standard deviation.
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Table 2. Unadjusted Actual Values and Log-Transformed Values of Plasma C-Reactive Protein (CRP) and Interleukin-6
(IL-6) Concentrations According to Treatment Group at Baseline and 6 and 12 Months

Physical Activity

Successful Aging

Biomarker Mean + SD Median (IQR) n Mean + SD Median (IQR) n
CRP, mg/L
Baseline 578 +11.53 1.97 (4.47) 182 438 + 5.29 2.66 (4.13) 185
6 months 3.57 £ 4.15 2.01 (3.77) 173 4.85 + 8.96 2.23 (4.68) 171
12 months 421 + 553 2.25 (3.48) 172 4.08 + 4.89 2.43 (3.94) 161
ACRP (12 months to baseline) —1.87 +12.25 153 —0.37 £ 5.82 153
IL-6, pg/mL
Baseline 3.39 + 4.03 2.46 (1.92) 183 3.36 + 4.01 2.45 (2.27) 186
6 months 3.26 £+ 3.59 2.50 (2.06) 173 3.75 £ 5.15 2.67 (2.15) 171
12 months 297 £1.91 2.51 (1.92) 173 3.59 + 4.65 2.49 (1.96) 162
AIL-6 (12 months to baseline)” —0.53 +4.19 155 0.42 + 3.27 155
" Change between groups P =.17 for CRP and P =.03 for IL-6.
SD = standard deviation; IQR = interquartile range.
baseline functional status (SPPB score) and CRP interaction, the PA intervention resulted in a lower (P =.02)

(r=—0.02, P =.63) or IL-6 (r= — 0.09, P =.09).

Effects of PA Intervention on CRP and IL-6

Adherence to the PA and SA interventions was previously
reported.3® In the PA group, attendance during the adoption
and transition phases averaged 71% and 61 %, respectively,
and during the maintenance phase, participants engaged in
an average of 3.7 walking sessions per week and walked an
average of 138 &+ 149 minutes per week (median 119 min/
wk, interquartile range 123 min/wk). Attendance at the SA
group sessions averaged 70% for Weeks 1 to 26 and 73%
for Weeks 27 to 52. The estimated calories expended en-
gaging in moderate PA was similar in the two groups at
baseline and significantly higher in the PA group during
follow-up.3® There were no changes in body weight as a
result of either intervention (PA: baseline = 82.6 + 18.1 kg,
6 months = 83.7 + 17.7kg, 12 months = 83.6 + 18.3 kg;
SA: baseline =81.8 & 17.9kg, 6 months=82.0 +18.1
kg, 12 months = 81.1 + 16.9kg). Likewise, there were no
changes in body composition and no effect of PA on total
body fat mass (PA: baseline = 30.3 4= 9.0kg, 12 months =
29.9 4+ 9.1kg; SA: baseline =29.5 + 9.5kg, 12 months =
29.0 + 9.5kg; P =.20) or lean mass (PA: baseline = 47.9 +
10.9kg, 12 months =47.6 + 10.8kg; SA: baseline =
46.6 + 10.7kg, 12 months =46.4 4+ 10.7kg; P=.68) in
the subset of participants (n = 222) with measures of body
composition.

Table 2 shows the unadjusted means (actual and log
values) for CRP and IL-6 in each treatment group at
baseline and at each follow-up assessment. On average, the
PA intervention resulted in a 32% reduction in CRP and a
16% reduction in IL-6 by the end of the 12 months, whereas
the SA intervention resulted in an 8% reduction in CRP
and a 13% increase in IL-6. Unadjusted overall changes
(12-month minus baseline) in CRP were not significantly
different between treatment groups, but changes in
IL-6 were significantly different between groups (P =.03;
Table 2).

After adjustment for baseline IL-6, sex, clinic site,
diabetes mellitus, treatment group, visit, and group-by-visit

IL-6 concentration than the SA intervention (Figure 1).
Adjusted mean IL-6 at 12 months was 8.5% (0.21 pg/mL)
higher in the SA than in the PA group, although there were
no significant differences in CRP concentrations between
the groups at 12 months (P =.09).

Subgroup Analyses

Further analyses (using the same covariates as above in the
main model) were performed to determine whether the
effects of the PA intervention on IL-6 concentrations were
similar in men and women, in those with higher (SPPB > 7)
and lower (SPPB<7) overall physical function at baseline,
and in those with higher and lower baseline IL-6 (according
to median IL-6 value: 2.46 pg/mL). There was no significant
interaction of sex (P =.65) for the effects of PA on IL-6, but

3.2 —®— Physical activity

= B = Successful aging

2.8- . “-. 2.69

IL-6 (pg/ml)
’
]

2.2 T ]
0 6 mo 12 mo

Figure 1. Adjusted interleukin-6 (IL-6) means for each treat-
ment group estimated from repeated-measures analysis of
covariance adjusted for baseline IL-6, sex, clinic site, diabetes
mellitus, treatment group, visit, and treatment-by-visit interac-
tion. On average, the physical activity group had lower IL-6
levels over time than the successful aging group.
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there was marginal statistical evidence for an interaction
with baseline functional status (P =.05) and IL-6 (above vs
below the median; P =.06). There was a much greater effect
of the PA intervention in participants with lower functional
status (SPPB<7; Figure 2) and in those with higher baseline
IL-6 (IL-6 >2.46 pg/mL; Figure 3). There was no observed
effect of the PA intervention in persons with a higher SPPB
or a lower IL-6. Because SPPB was marginally (P =.09)
related to IL-6 at baseline (e.g., persons with lower function
tended to have higher IL-6 levels), both interaction terms
(treatment by SPPB score and treatment by median IL-6)
were included in the same model to ascertain whether these
interactions were independent of one another. The analyses
showed that both interaction terms remained marginally
significant (P =.06 and .06, respectively). In addition, mean
baseline IL-6 values were similar between the SPPB groups
(3.35 £ 2.67pg/mL and 3.39 4+ 4.76 pg/mL), indicating
that the effects of baseline functional status on the
differential IL-6 response to the PA intervention were
probably not due to differences in baseline IL-6.

DISCUSSION

These findings provide randomized controlled trial evidence
that a 1-year PA intervention results in lower systemic
concentrations of IL-6 in elderly individuals at risk for
disability, although the subgroup of participants with lower
functional status (SPPB score <7) and those with higher
baseline IL-6 drove the effect of the exercise intervention on
IL-6, because there was no observed effect in persons with
a higher SPPB or a lower baseline IL-6. There was no
interaction of sex for the effects of PA on IL-6, so similar
responses were observed in men and women. Thus, regular
PA—even in the absence of weight loss—is an effective
therapy for reducing systemic concentrations of IL-6, an
important biological predictor of risk for disability and
mortality.®~!® Furthermore, this benefit of regular PA is
most beneficial in older individuals at the greatest risk for
disability and subsequent loss of independence.

It is well known that a single bout of strenuous exercise
acutely increases systemic IL-6 levels, as well as concentra-
tions of other cytokines and acute phase reactants,?® but

SPPB >7
3.4
3.2
—&— Physical activity
= 31 -m = Successful aging
£
8 28-
©
= L6 255 o 51
- .
2.4 4247 254
2.45
2.2 T 1
0 6 mo 12 mo

because the observation of a reduction in systemic IL-6 with
long-term exercise training is consistent with some previ-
ously published data from smaller and uncontrolled studies
of a shorter duration,?$-31:3% it appears that chronic muscle
contractions performed regularly decrease systemic IL-6
concentrations. Additionally, the current findings extend
those of previous studies in several ways. First, the data
provide evidence from a randomized controlled design that
causally links the observed lower IL-6 to the greater PA.
In addition, the intervention was of sufficient length
(12 months) but did not change body weight, indicating
that exercise training does not need to result in weight loss
to have an effect on IL-6. Finally, it was found that the effect
of the greater PA on IL-6 was much more pronounced in the
subset of persons with higher baseline IL-6 and in those
with worse physical function. There was a mean increase in
IL-6 levels in the SA group, especially in those with lower
function at baseline, suggesting that PA may result in lower
IL-6 by preventing an age-related increase. As seen in other
published studies,®>'#"1¢ concentrations of IL-6 were
positively related to age at baseline in the individuals
enrolled in this study.

The mechanism by which chronic exercise alters IL-6
concentrations in the circulation must be through an inhib-
itory effect on IL-6 production or a stimulatory effect on
IL-6 clearance. Adipose tissue is a significant source of
circulating IL-6, and individuals with more fat have higher
levels of IL-6.3° In the present study, IL-6 was directly
related to BMI at baseline, but the intervention did not
cause weight loss—or changes in body composition
(measured in a subset of LIFE participants)—making it
unlikely that the observed reduction in IL-6 could be solely
attributed to a loss of body fat. In addition, although data
are limited, it does not appear that exercise in the absence of
fat loss influences production or release of IL-6 by adipose
tissue per se.*®*! Nevertheless, data are beginning to
show that chronic exercise may decrease proinflamma-
tory cytokine production from peripheral mononuclear
cells. 4243

Although there was a trend for the PA intervention to
lower CRP levels, a statistically significant treatment effect
was not found for CRP in the entire sample or in subgroups

SPPB<7
3.4
1S .
3.2 ‘330~
4 ~
Vi -~
, b |
31 ¢
R 3.06
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= B = Successful aging
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Figure 2. Adjusted interleukin-6 (IL-6) means for each treatment group stratified by baseline functional status (Short Physical Per-
formance Battery score). Means are estimated from repeated-measures analysis of covariance adjusted for baseline IL-6, sex, clinic site,
diabetes mellitus, treatment group, visit, and treatment-by-visit interaction. P for interaction = .05.
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Figure 3. Adjusted interleukin-6 (IL-6) means for each treatment group stratified according to baseline IL-6 (median IL-6). Means are
estimated from repeated-measures analysis of covariance adjusted for baseline IL-6, sex, clinic site, diabetes mellitus, treatment group,

visit, and treatment-by-visit interaction. P for interaction = .06.

of individuals with higher CRP or lower physical function
at baseline. On average, the PA intervention reduced CRP
nearly 2.0 mg/L, although this reduction was not different
from in the control group. Using this effect size, post hoc
power analyses indicate that statistical power with the
present sample size was 27% and that, to reach 80% power
with the same effect size, 643 participants would need to be
studied in each intervention group. Despite a large body of
cross-sectional evidence showing that a higher volume of
PA is associated with a lower CRP concentration,'?~2° not
all prior intervention studies show an effect of increasing PA
for reducing CRP.27-30:32:344445 However, these studies
were conducted with smaller sample sizes (N = 16-140)
than the current study. Previously published intervention
studies showing that exercise training reduced CRP did not
compare individuals randomized to exercise or a nonexer-
cise control group,?6-28:29:46-48 or the intervention also re-
sulted in slight to moderate decreases in body weight or
fat. 26334749 Thus, exercise training interventions that
result in even a slight amount of weight reduction are
beneficial for reducing CRP levels, whereas it appears that
increasing PA alone has a small, often undetectable, effect
on CRP.

Although the findings of the current study indicate that
increasing PA can be advocated as an effective therapy for
reducing systemic IL-6, whether this reduction resulted in
an improvement in risk factors for adverse health
conditions associated with inflammation was not tested. A
high blood concentration of IL-6 can be indicative of
several aging-related diseases but is an especially strong risk
factor for subsequent cardiovascular disease!? and disabil-
ity®1% in older persons. Although there is currently no
established IL-6 cutpoint used to identify greater disease or
disability risk, one study suggested that the higher risk of
mobility disability associated with IL-6 was nonlinear, with
the risk rising rapidly beyond a concentration of 2.5 pg/mL;
individuals above this level were approximately 62% more
likely to develop disability over the next 4 years.” Average
baseline IL-6 in the individuals enrolled in the LIFE Trial
was 3.38 pg/mL, suggesting that, overall, they were at high
risk for development of disability. Furthermore, the mean
decrease in IL-6 in all individuals in the PA intervention

group was 0.53 pg/mL ( ~ 16%), to an average of 2.97 pg/
mL. Unfortunately, there are no available data regarding
whether this magnitude of decline in IL-6 is associated with
a lower risk of subsequent disability or other aging-related
adverse health conditions. Thus, longitudinal studies are
needed to determine whether there is a delay in the onset of
physical disability or a reduction in disease incidence asso-
ciated with this reduction in IL-6 seen with regular exercise.

These findings should be interpreted in light of certain
aspects of the study and potential limitations. First, the en-
tire sample was aged 70 and older, and the effects of the
intervention may not directly translate to another age
group, and they may not be observed in all older persons.
Moreover, because the subset of individuals with lower
physical function drove the observed IL-6 response to PA,
this effect may have been underestimated, because missing
blood samples may have disproportionally come from these
impaired individuals. In addition, the PA intervention in the
LIFE Study used a combination of aerobic (mainly walking)
and light lower extremity resistance exercise. This inter-
vention does not make it possible to determine whether one
type of training has greater antiinflammatory effects than
another, nor does it provide information regarding possible
dose-response effects of increasing the exercise intensity or
the overall caloric expenditure of PA. Despite these caveats,
this study points to the benefit of regular PA—even in the
absence of weight loss—as an effective therapy for reducing
systemic concentrations of IL-6 in elderly people, especially
in those with the greatest risk for disability.
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