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Abstract

Aging results in a chronic, proinflammatory state which can promote and exacerbate age-associated diseases. In contrast, physical activity in
older adults improves whole body health, protects against disease, and reduces inflammation, but the elderly are less active making it difficult
to disentangle the effects of aging from a sedentary lifestyle. To interrogate this interaction, we analyzed peripheral blood collected at rest and
postexercise from 68 healthy younger and older donors that were either physically active aerobic exercisers or chronically sedentary. Subjects
were profiled for 44 low-abundance cytokines, chemokines, and growth factors in peripheral blood. At rest, we found that regular physical
activity had no impact on the age-related elevation in circulating IL-18, eotaxin, GRO, IL-8,IP-10, PDGF-AA, or RANTES. Similarly, there was
no impact of physical activity on the age-related reduction in VEGE EGF, or IL-12 (p70). However, older exercisers had lower resting plasma
fractalkine, IL-3, IL-6, and TNF-o compared to sedentary older adults. In contrast to our resting characterization, blood responses following
acute exercise produced more striking difference between groups. Physically active younger and older subjects increased over 50% of the
analyzed factors in their blood which resulted in both unique and overlapping exercise signatures. However, sedentary individuals, particularly
the elderly, had few detectable changes in response to exercise. Overall, we show that long-term physical activity has a limited effect on age-
associated changes in basal cytokines and chemokines in the healthy elderly, yet physically active individuals exhibit a broader induction of
factors postexercise irrespective of age.
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Aging and its associated diseases such as diabetes, atherosclerosis,
neurodegeneration, and arthritis are major contributors to global
morbidity and mortality. As a result, health care costs are the greatest
late in life (1) and are anticipated to balloon over the next several
decades as the global elderly population expands (2). Circulating
cytokines, chemokines, and growth factors are essential communi-
cation signals for the immune system and tissue maintenance; how-
ever, the secretion of these factors is altered over the human life span
(3,4). Collectively, this results in chronic, low-grade inflammation
and the extent of proinflammatory signaling is associated with
mortality, several age-associated diseases as well as physical frailty
(5,6). However, some circulating factors counteract inflammatory
signaling (eg, IL-10) (7) or enhance tissue repair (eg, PDGF) (8).
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Thus, a comprehensive understanding of the humoral changes in the
blood during aging and their reversibility is essential to successfully
manage age-associated pathologies.

Exercise is a broadly anti-inflammatory intervention which im-
proves physical function, lowers the risk of chronic disease, and re-
duces mortality (9). One hypothesis for why exercise benefits the
health of elderly individuals is that it enables a more sensitive or
potent immune response to infections, potentially as a result of its
ability to lower baseline inflammation. For example, older adults
have prolonged fever and inflammatory responses to pathogens
compared to young individuals (10,11); however, the aerobically
trained elderly have improved immune responses (12). Additionally,
regular exercise is commonly associated with lower basal levels of

81


mailto:j.crane@northeastern.edu?subject=

812 Journals of Gerontology: BIOLOGICAL SCIENCES, 2021, Vol. 76, No. 5

inflammation as seen by reduced levels of IL-6, C-reactive protein,
and TNF-a in the blood of physically active as compared to seden-
tary older individuals (13-15). However, most studies investigating
aging, physical activity, and systemic signaling primarily focus on
alterations in cytokines and chemokines in the basal, resting state.
Exercise produces transient elevations in circulating factors which
can counter inflammatory stress (16,17) and may contribute to a
reversal of chronic, low-grade inflammation (18). Thus, a better
understanding of postexercise responses may provide critical infor-
mation regarding these beneficial anti-inflammatory processes. Prior
studies involving aging and physical activity have typically charac-
terized relatively few analytes in the blood, likely because of the high
expense of this analysis in large subject cohorts. However, there are
many cytokines and chemokines in circulation that are potentially
modulated by aging and exercise and contribute to age-related path-
ologies. Thus, a broader characterization of the circulating factors
impacted by aging and physical activity is needed.

To understand the influence of aerobic exercise on age-induced
circulating factors, we analyzed a panel of 44 factors in the blood
across 2 different contexts: (i) resting levels compared in young
and old, sedentary and physically active exercisers and (ii) acute,
postexercise changes from rest following a single bout of aerobic
cycling exercise at the same relative intensity within these same age
and physical activity groups.

Materials and Methods

Subject Recruitment and Testing

Subjects were recruited from the greater Hamilton, Ontario region
of Canada and are a subset of a research cohort previously described
(19,20). Participants were permitted to be taking no more than 1
blood pressure medication and/or 1 lipid-lowering medication to be
eligible for the study. Physically active subjects were those that com-
pleted 4 or more hours of aerobic exercise per week for the previous
10 years. Sedentary subjects were recruited that completed no more
than 1 hour of moderate-to-vigorous exercise per week for the pre-
vious 10 years. An exception was made for those under the age of
25 years old, such that they had to have at least 5 years of aerobic
training history. Young subjects were 20-45 years of age and old
subjects were 64-86 years of age. These age limits were selected to
avoid middle-aged adults, commonly identified as being in the range
of 45-65 (21) and are nearly identical to age groups used in other
aging cohorts (22). In a preliminary recruitment visit, sedentary eld-
erly subjects underwent a walking treadmill stress test with EKG
monitoring to screen for any unknown cardiac issues. On the day
of the study, subjects arrived into the laboratory after an overnight
fast, a catheter was inserted into the antecubital vein, and a resting
blood sample was acquired. Subjects then underwent a series of an-
thropometric and functional tests as previously described (20). After
a S-minute break, all subjects performed a test to estimate aerobic
capacity using an incrementally graded cycle ergometer test with in-
direct calorimetry. At the conclusion of this cycling test, maximum
oxygen uptake (VO, ) was confirmed as an RER >1.1 and a
plateau in VO,. The duration of the VO
the groups (young sedentary: 13.3 = 2.2 minutes; young physically

1peai tESt did not differ among
active: 12.0 = 1.7 minutes; old sedentary: 11.9 = 0.8 minutes; old
physically active: 12.6 = 1.8 minutes; mean = SD, p > .49 via analysis
of variance [ANOVA]). After attaining VO, ,, subjects were per-
mitted a S-minute break. Participants then performed a 30-minute
cycling session at a power setting that was 50% of the maximum

attained at VO, and oxygen uptake was recorded during the final
10 minutes to assess exercise intensity. Immediately following the
cessation of exercise, blood was again drawn for the postexercise
blood sample. For blood sampling, venous blood was drawn into
EDTA-treated tubes for plasma or allowed to clot for serum separ-
ation. A vial of whole, EDTA-treated blood was used for complete
blood counts at the McMaster University Children’s Hospital Core
Facility. All remaining blood samples were centrifuged within 10
minutes of sampling at 1500 x g for § minutes at room temperature.
Separated serum or plasma from EDTA tubes was collected from
the middle 50% of the upper layer lacking white and red blood cells
using a clean, disposable bulb pipette into 1.5 mL Eppendorf tubes
and immediately flash frozen in liquid nitrogen. Plasma and serum
samples were stored at —80°C until analysis.

Cytokine and Chemokine Analysis

Plasma (EDTA) cytokines from the subjects were initially ana-
lyzed using a human 42-analyte multiplex ELISA assay (Millipore,
Billerica, MA) using standard detection limits (3.2-10,000 pg/mL).
The 42-plex analysis for each plasma sample included: sCD40L,
EGF, Eotaxin/CCL11, FGF-2, Flt-3 ligand, Fractalkine, G-CSF,
GM-CSE, GRO, IFN-a2, IFN-y, IL-1a, IL-13, IL-1RA, IL-2, sIL-
2RA,IL-3,IL-4,IL-5,IL-6, IL-7,IL-8, IL-9, IL-10, IL-12 (p40), IL-12
(p70), IL-13, IL-15, IL-17A, IP-10, MCP-1, MCP-3, MDC (CCL22),
MIP-1a, MIP-1f, PDGF-AA, PDGF-AB/BB, RANTES, TGF-q,
TNF-a, TNF-B, and VEGE. However, due to the low abundance of
some analytes, GM-CSF, IFN-y, IL-10, IL-12 (p70), IL-13, IL-1p,
IL-2, IL- 4, IL-5, IL-6, IL-7, IL-8, and TNF-0o. were re-assessed using
high-sensitivity ELISAs (0.13-2000 pg/mL; Millipore, Billerica, MA,
USA) in the same samples. Since the high-sensitivity 13-plex panel
produced far fewer undetectable results, we only report these re-
sults combined with the lower-sensitivity analysis of the remaining
factors. All multiplex ELISA analysis was performed in technical
duplicate. Plasma IL-18 was assessed in duplicate by colorimetric
ELISA (#7620, MBL International, Woburn, MA). Serum BDNF
was assayed in duplicate by colorimetric ELISA (#DBD00, R&D
Systems) using serum diluted 1:40. All samples that measured above
or below the standard curve range were excluded from analysis and
were considered not detectable. The number of samples from each
analyte that were in the detectable range for analysis are provided in
Supplementary Tables 1 and 2.

Statistical Analysis

All baseline anthropometric measurements, complete blood counts,
and resting blood analyte data were analyzed using a 2-way ANOVA
with age and activity group as factors. If significance (p < .05) was
attained, a Tukey’s post hoc analysis was performed to identify
specific differences between individual groups. Acute postexercise
changes in blood analytes were compared to the respective resting
values using a paired # test. The number of detectable samples from
the blood cytokine and chemokine analysis at rest as well as their re-
sponse to acute exercise were separately compared across all groups
using a repeated measures ANOVA.

Results

Subject Characteristics

We initially sought to characterize the basal, resting concentration
of cytokines, chemokines, and growth factors in the circulation al-
tered by age and habitual aerobic exercise. We used fasting blood
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samples collected from a subset of young (20-45 years old) and old
(6486 years old) subjects who were either sedentary or highly phys-
ically active that we have previously described (19,20). We recruited
subjects that were healthy irrespective of age or activity group and
were free of chronic diseases. Descriptive characteristics of the
subjects are provided in Table 1. As we have previously reported
within the full cohort, young and old physically active subjects were
of similar age to their respective sedentary group, but had lower body
fat and a greater relative amount of lean mass (Table 1). Moreover,
physically active subjects engaged in far more moderate-to-vigorous
exercise per week, had greater aerobic capacity (VO, ), and exhib-
ited higher cycling power output at VO

2peak

apeak (Table 1).

Circulating Blood Cell Populations

To establish the baseline hematological properties of our subjects
which might influence the abundance of cytokines and chemokines
in the circulation, a complete blood count (CBC) analysis was per-
formed on freshly collected venous blood samples. All CBC results
were within the normal, healthy range, indicating no overt signs of
infection, anemia, or other confounding clinical issues. While there
was no effect of age or activity group on platelets, older adults had
lower relative lymphocytes and monocytes (Table 2). Additionally,
absolute leukocytes were reduced in physically active individuals ir-
respective of age and absolute lymphocytes were reduced by both
aging and group factors (Table 2). Thus, in the setting of healthy
aging, habitual exercise causes relatively modest changes in some
white blood cell subsets.

Baseline Blood Values of Cytokines, Chemokines,

and Growth Factors

To broadly assess the impact of aging and long-term aerobic exer-
cise on resting levels of circulating factors, we characterized the basal
abundance of 44 proteins in previously collected plasma and serum
samples. The proteins included: sCD40L, EGF, Eotaxin/CCL11, FGF-
2, Flt-3 ligand, Fractalkine, G-CSE, GM-CSE, GRO, IFN-a2, IFN-y,
IL-1q, IL-1p, IL-1RA, IL-2, SIL-2RA, IL-3, IL-4, IL-5, IL-6, IL-7,

Table 1. Physical Characteristics of the Study Participants

IL-8, IL-9, IL-10, IL-12 (p40), IL-12 (p70), IL-13, IL-15, IL-17A,
IP-10, MCP-1, MCP-3, MDC (CCL22), MIP-1a, MIP-1B, PDGE-AA,
PDGF-AB/BB, RANTES, TGF-a, TNF-a, TNF-B, VEGE, IL-18, and
BDNE As the cytokine/chemokine panel analysis is prone to relatively
high numbers of undetectable samples, we have provided group mean
= SD and the number of detectable samples in Supplementary Table
1. When analyzing all factors at baseline, the young physically active
group had a significantly higher fraction of detectable samples com-
pared to the young sedentary (p = .006) and old sedentary (p = .039)
group and tended to be greater than the old physically active group
(p = .054). We found that several factors were significantly higher
in older individuals at rest independent of physical activity group
including, GRO, eotaxin, IL-18, IL-8, IP-10, RANTES, PDGE-AA,
and PDGEF-BB (trend, p = .096) (Figure 1A-H). Conversely, VEGE,
EGF, and IL-12 (p70) were lower in older individuals independent of
physical activity group (Figure 11-K) and BDNF was overall lower in
physically active individuals, independent of aging effects (Figure 1L).
Several interesting age by activity group interactive effects were also
evident in our analysis. TGF-a levels were higher in old sedentary
subjects versus young sedentary subjects (Figure 1M). There was a
protective influence of long-term physical activity against the effects
of sedentary aging on plasma fractalkine, IL-3, and TNF-a, whereby
levels were higher in older versus younger sedentary individuals but
lower in older physically active participants compared to older sed-
entary subjects (Figure 1N-P). We also found 2 circulating factors
that exhibited both age effects and activity group effects without an
interactive effect. MIP-1o. was lower in both physically active and
older individuals (Figure 1Q) and IL-6 was generally lower in phys-
ically active individuals, but higher with age (Figure 1R). Thus, only
a small number of resting circulating factors that are altered by aging
are abrogated by long-term aerobic exercise adherence.

The Response of Circulating Factors to Acute

Exercise

We were surprised at the modest associations between physical
function and resting circulating factors in our cohort. However,

Young Old Statistics

Physically Physically Group Age x
Variable Sedentary Active Sedentary Active Age Effect Effect Group
N 15 16 23 14
Sex (M/F) 5110 8/8 14/9 10/4
Age (years) 29.6 £7.0 31.5+8.0 71.8 7.1 71.7 £5.6 p <.001 NS NS
Height (cm) 167 =11 176 £ 7 170 = 8 172+ 8 NS =.013 NS
Weight (kg) 68.5+18.3 70.1 = 8.9 80.1 = 12.5° 68.1+10.1° NS NS p=.02
Body fat (%) 35481 20.8 £ 8.7 36.5 £15.8 253 =+6.7 NS p<.001 NS
Body fat (kg) 24.8+10.9 14.5 = 6.0 30.6 = 16.1 17.1 = 4.5 NS P <.001 NS
Lean mass (%) 64.6 = 8.1 79.3 = 8.7 63.5+15.8 74.7 £ 6.7 NS p <.001 NS
Lean mass (kg) 43.7 + 10.6 55.7£9.9 49.5+£9.2 51.0 £ 10.0 NS =.005 p=.025
Cycling VO, (mL/kg/min) 33.8+79 57.3 = 8.4 26.7 = 6.5° 36.6 = 9.3 p <.001 P <.001 p=.05
Power at VO, (W) 144 = 41 319 = 672 125 = 41 175 = 520¢ p<.001  p<.00l  p=.005
Peak power relative to body 22=+0.5 4.6 +0.8 1.6 + 0.5 2.6 +0.6 p <.001 p <.001 NS
mass (W/kg)
Recent moderate-to-vigorous 0.03 = 0.09 8.8+3.5 0.01 = 0.05 6.0+3.5 NS p <.001 NS

exercise volume (h/wk)

Notes: NS = nonsignificant. Data are mean = SD. Statistically significant results (p < .05) are bolded.
Significantly different (p < .05) from Sedentary Young. *Significantly different (p < .05) from the Sedentary Old. Significantly different (p < .05) from Physically

Active Young.
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Table 2. Complete Blood Count Results of the Study Participants

Young Oold Statistics
Blood Cell Parameters Sedentary Physically Active Sedentary Physically Active Age Effect Group Effect
White blood cells (x10%/L)
Leukocytes 59=04 52=+03 5.8+0.3 4.6+0.3 NS p=.009
Lymphocytes 21201 1.5 0.1 1.6 = 0.1 14:0.1 p=.0004 p=.002
Monocytes 0.4 = 0.04 0.4 = 0.04 0.5=0.03 0.4 =0.03 NS p=.079
Neutrophils 3304 3203 3.5+0.3 2.7+0.2 NS NS
Basophils 0 0 0 0 NS NS
Eosinophils 0.1+0.02 0.1 +0.02 0.1 =0.02 0.1 +0.02 NS NS
White blood cells (relative)
Lymphocytes 0.38 = 0.02 0.30 = 0.02 0.27 = 0.02 0.29 = 0.02 p=.022 NS
Monocytes 0.07 = 0.01 0.08 = 0.01 0.10 = 0.01 0.09 = 0.01 p=.016 NS
Neutrophils 0.53 = 0.02 0.59 = 0.03 0.60 = 0.02 0.59 = 0.02 p=.096 NS
Basophils 0.01 = 0.00 0.01 = 0.00 0.01 = 0.00 0.01 = 0.00 NS NS
Eosinophils 0.02 = 0.00 0.02 = 0.00 0.03 = 0.00 0.03 = 0.00 p=.062 NS

Note: NS = nonsignificant (p > .05). Data are mean =+ SEM. Statistically significant results (p < .05) are bolded. There were no significant age by group statistical

interactions.

we recruited disease-free subjects to enable more explicit ac-
tivity and aging comparisons, whereas previous studies showing
stronger relationships of inflammation and frailty were more in-
clusive of the broader community-dwelling elderly population
without exclusions for pre-existing medical conditions (23,24).
Thus, we reasoned that the response to acute exercise might be
more informative in terms of distinguishing healthy physically ac-
tive versus sedentary individuals. To address this, we determined
which cytokines and chemokines of our panel of 44 were altered
in the circulation immediately postexercise in each of our 4 subject
groups. In order to be able to perform all of our blood sampling
and exercise testing in a single study visit, we opted to combine
a maximal graded cycling test and 30-minute cycling session. We
used an acute exercise protocol which started with a graded cyc-
ling test so that we could ascertain peak aerobic capacity of the
subjects (~10-15 minutes), followed by a S5-minute break and
then 30 more minutes of cycling at 50% of VO,
Notably, the 30-minute exercise period resulted in a similar frac-
tion of peak oxygen uptake (VO,
of exercise in all groups (young sedentary: 76.1% = 6.6; young
physically active: 74.9% = 4.8; old sedentary: 77.4% = 8.5; old
physically active: 75.1% = 5.8; mean = SD, p > .39 for all com-
parisons via ANOVA). Venous blood samples were then acquired
within 3 minutes of the cessation of exercise from the same young
sedentary, young physically active, and old physically active parti-
cipants where we assessed resting alterations. In the old sedentary

cycling power.

) during the final 5-10 minutes

group, we only analyzed acute exercise responses from the subset
of participants (7 = 12; 7 male/5 female). Group mean = SD and
the number of detectable samples in the acute exercise analyses are
provided in Supplementary Table 2. Similar to the resting compari-
sons, the young physically active group had a significantly higher
fraction of detectable samples compared to the young sedentary
group (p = .011) and there was a trend to be greater relative to the
old physically active (p = .070) group. We found that acute exercise
produced a wide variety of alterations among the 4 groups, but
all except 2 factors were acutely increased, rather than decreased,
postexercise compared to rest (Figure 2A and B). Only 3 factors
were altered in a similar fashion in all 4 groups, including a re-
duction in IP-10 and an increase in IL-6 and RANTES. Many fac-
tors were similarly altered by acute exercise in 2 or more groups

and relatively few changes were unique to a particular group.
Overall, while there were many cytokines and chemokines altered
postexercise in the young sedentary (14 factors), young physically
active (23 factors), and old physically active participants (22 fac-
tors), there were minimal changes in the older sedentary group (3
factors). Also notable were several factors that were never altered
by acute exercise from rest, including EGF, Eotaxin, G-CSE, MCP-
3, IL-12 (p40), MDC, IL-17A, IL-1a, SIL-2RA, MIP-1a, MIP-1,
TNEF-B, and VEGF (Figure 2A and B). It is noteworthy that some
factors not significantly altered by exercise had relatively few sam-
ples in the detectable range (EGF, MCP-3, IL-12 (p40), IL-1a, sIL-
2RA, MIP-1a, TNF- B, see Supplementary Table 2); however, other
analytes were detectable in most samples (Eotaxin, G-CSF, MDC,
IL-17A, MIP-1f3, VEGF). Overall, this suggests that sedentary in-
dividuals, particularly the sedentary elderly, are less able to induce
transient elevations in a wide variety of cytokines and chemokines
that appear to be “primed” by exercise training.

Discussion

In the current study, we found significant effects of both aging and
habitual aerobic exercise on circulating cytokines and chemokines
using a comprehensive analysis of 44 known factors in peripheral
blood. Despite sedentary older adults exhibiting higher adiposity,
lower muscle power, and lower aerobic capacity compared to older
physically active participants, we observed relatively few aging-
induced changes in resting blood cell populations or circulating
chemokines and cytokines that were impacted by habitual exercise
(Figure 1). We expect that this is because our subjects were quite
healthy as the presence of several risk factors for cardiovascular
disease (3) or diabetes (25) can impact the extent of inflammation.
In contrast, following acute exercise, we found stark differences in
blood profiles between age and activity groups (Figure 2), suggesting
that long-term exercise training preserves the ability to mobilize cir-
culating factors in the elderly.

While our analysis of healthy older adults may constrain our
ability to detect the influence of aging to some degree, we did ob-
serve aging effects on cytokines and chemokines that were consistent
with prior studies, including age-related elevations in eotaxin (26),
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Figure 1. Aerobic exercise training partially modifies the aging profile of resting humoral factors to mimic that of young individuals. (A-H) Circulating factors in
peripheral blood elevated in older adults or (I-K) reduced in older adults irrespective of exercise history compared to younger individuals. (L) Factors that are
lower in physically active individuals irrespective of age. (M-P) Factors with interactive effects in younger and older sedentary and physically active individuals.
(@-R) Resting analytes displaying a significant effect of both age and physical activity. Data are mean + SEM. A = physically active; S = sedentary. *Significantly
different (p < .05) from the indicated group as determined from an age by physical activity group interaction. 'Significant overall effect (p < .05) of physical
activity. *Significant overall effect (p < .05) of aging. Full color version is available within the online issue.

IL-18 (27), IP-10 (27), IL-8 (28), and RANTES (29). Additionally,
previous research has shown age-associated reductions in circu-
lating VEGF (30) and EGF (31). Interestingly, no previous studies
have shown a reduction in IL-12 (p70) with increasing age; how-
ever, reduced IL-12 (p70) has been found in elderly individuals with
chronic illness when compared to elderly subjects in good health
(32). Similarly, no previous studies have revealed higher baseline
blood levels of GRO (CXCL1), a neutrophil chemoattractant mol-
ecule (33), in older versus younger adults. It is also notable that
highly physically active elderly individuals were not protected
against many of the changes in cytokines and chemokines in old
age, suggesting that their greater skeletal muscle and cardiovas-
cular function has a limited impact on several canonical pathways
of aging. However, exercise did protect against aging-induced basal
elevations in several proinflammatory cytokines such as IL-3, IL-6,

and TNF-a, consistent with previous work (14,34,35). Habitual
exercise also had a protective effect on the age-related increase in
plasma fractalkine (CX3CL1) levels, which is the first report of this
age and exercise interaction. Fractalkine attracts monocytes and T
cells and promotes leukocyte adhesion to endothelial cells in car-
diovascular disease progression (36), so lower fractalkine levels in
habitual exercisers may partially underlie the reduced incidence of
atherosclerosis in exercise trained individuals (37).

We also unexpectedly found that resting levels of the neural
growth factor BDNF were lower in physically active subjects
overall. However, acute exercise increases BDNF in the blood of
physically active individuals and thus may compensate for basal
reductions in signaling. This is broadly consistent with the concept
that pulsatile signaling of such factors is physiologically adaptive,
while a chronic low-grade elevation is deleterious. This concept
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Figure 2. Sedentary aging is characterized by relatively few alterations in circulating postexercise cytokines and chemokines. (A) Factors significantly altered by
exercise compared to rest in the young sedentary, young physically active, old sedentary and old physically active subjects. (B) A venn diagram comparison of plasma
humoral factors that are significantly altered by acute aerobic exercise in young and old subjects that are sedentary or physically active. Green indicates an increase
from baseline and red indicates a decrease. Overlap of the circles indicates a response common to 2 or more groups. Data in (A) are mean + SEM. *Significantly
different (p < .05) from respective resting sample. ND = not detectable in 3 or more subject samples. Full color version is available within the online issue.

is strengthened by the wide-ranging increase in cytokines and
chemokines postexercise in young sedentary, young physically ac-
tive, and old physically active subjects that was nearly absent in
old sedentary subjects. Thus, the postexercise rise in many cyto-
kines and chemokines may predominate over resting levels as a
primary mode of signaling in younger or more physically active
individuals.

Our acute aerobic exercise protocol was tailored so that it re-
quired an intense effort but also remained achievable for both
young and old sedentary individuals. To contextualize our find-
ings of a differential postexercise response in circulating cyto-
kines and chemokines based on age and physical activity history,
it is important to consider whether this exercise session was an in-
tense enough stimulus. Subjects all cycled at approximately 75%
of maximum aerobic capacity, which is relatively intense exercise,
particularly for sedentary individuals. Since IL-6, TNF-q, and IL-1

are among the most frequently reported postexercise circulating
factors in young individuals (38), these factors can provide some
context of the magnitude of the exercise response between studies.
The significant postexercise increase in IL-6 in the present study
(young sedentary: 2.1-fold; young physically active: 2.8-fold) ap-
pears most similar to studies employing moderate-intensity exercise
(50%-70% VO, __, range of 1.3- to 4.2-fold (39,40)) rather than
high-intensity exercise (>70% VO (40,41)). In contrast, the ele-
vation in postexercise TNF-a found in our study (young sedentary
and young physically active: 1.2-fold) is typically only elevated after
high-intensity (range of 1.3- to 2-fold; (41-43)) and no changes
are found after moderate-intensity exercise (39,44). Similarly, the

2max

postexercise increase in IL-13 we observe (young physically active:
1.3-fold) is typically only found after high-intensity exercise (1.1- to
1.5-fold; (41,43,45). Thus, we reason that our exercise response was
comparable to prior high-intensity protocols. However, since the
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limited fitness of the sedentary individuals in the current study that
constrained the exercise intensity, our exercise responses generally
did not reach the levels of cytokine and chemokine induction found
in studies using highly trained athletes (43,46).

An overarching question concerns why the cytokine and
chemokine responses following exercise were more dynamic in the
physically active versus sedentary elderly? There was not a substan-
tive difference in immune cell populations at rest (Table 2) nor were
there fat or lean mass differences in older versus younger sedentary
subjects (Table 1) that might explain a reduced secretion of mol-
ecules. Physically fit elderly subjects have a more sensitive immune
response to various types of pathogen stimuli (12), but the triggers for
this type of immune signaling are unlikely to occur during exercise.
The most likely explanation is that sedentary older adults have the
lowest aerobic capacity and muscle function (20), so the absence of
cytokine and chemokine induction is potentially related to the force
of muscle contractions. Many cytokines and chemokines are secreted
directly from muscle or increased in the blood by exercise (47,48).
Even the well-established muscle-derived “myokine” IL-6, which in-
creased after acute exercise in all 4 groups, was less altered in old
sedentary versus old physically active subjects (mean of 1.7-fold
and 3.3-fold, respectively). Thus, there may be a threshold of muscle
power required to induce many bloodborne factors after exercise
which would be negatively impacted by aging, obesity, or inactivity.
Perhaps this is why frailty has been frequently linked to morbidity
and mortality (49,50) as there is insufficient muscle power and/or
mass to produce the physiological cytokine and chemokine cues for
immune, metabolic, and endocrine signaling. An intriguing concept is
whether increases in chronic, low-grade inflammation result in part
from this reduced signaling during regular physical activity.

We also recognize that there are several limitations to the current
study. Given the cross-sectional design of this initial set of resting
comparisons, factors other than habitual activity including diet, gen-
etics, or lifestyle could contribute to our findings. Additionally, we
have only examined the time period immediately postexercise, which
may not overlap with the peak secretion and expression of specific
cytokines and chemokines. Future studies should analyze a broader
time-course of bloodborne postexercise factors. Additionally, our
sample sizes are relatively small, particularly for several analytes
with generally poor detectability (ie sIL-2Ra, TNF-f) limiting our
ability to detect differences between groups. However, while there
was increased detectability of samples in the young physically ac-
tive group, this was not true in the old physically active group and
thus cannot explain our observation that both young and old phys-
ically active subjects experienced a more widespread induction of
cytokines and chemokines in the blood after exercise. It is possible
that an underlying reason for greater sample detectability in young
physically active blood samples is due to a generally richer diversity
of factors in their circulation, but this requires further investigation.
Opverall, these data help to further elaborate upon the bloodborne
signaling changes that occur in response to exercise and aging.
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