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Few studies describe immune responses to exercise in chil-
dren, compared with adults, and none have investigated the
influence of carbohydrate (CHO) intake. We hypothesized less
perturbation and a faster recovery of the immune system with
exercise in children, regardless of supplemental energy. Twelve
boys (9.8 � 0.1 y) and 10 men (22.1 � 0.5 y) cycled for 60 min
at 70% V̇O2max while drinking 6% CHO (CHO-T) or flavored
water (FW-T). Blood samples were collected before (PRE),
immediately after (POST), and 60 min after (REC) exercise.
Boys, compared with men, had smaller (p � 0.05) increases in
total leukocytes (28% versus 38%), natural killer (NK) cells
(78% versus 236%), and NK T cells (42% versus 128%) at
POST, averaged across beverage trials. Exercise did not increase
tumor necrosis factor-� (TNF-�), but significantly (p � 0.05)
increased IL-6 in men (189%), but not in boys (11%). In both
trials, lymphocytes and T cells at REC were suppressed (p �
0.05), relative to PRE, in men (�21%), but not in boys (4%).

IL-6 remained elevated ( p� 0.001) in men at REC, with no
change from POST in boys. In boys, but not in men, CHO
significantly (p � 0.05) attenuated increases in neutrophil, lym-
phocyte, and NK cell counts at POST. Neutrophils at REC in
CHO-T were lower (p� 0.05) than in FW-T in men (�25%) and
in boys (�17%). CHO had no effect on TNF-� or IL-6 in either
group. Our results indicate a distinct pattern of the immune
response to exercise and CHO intake in boys, compared with
men. (Pediatr Res 56: 227–234, 2004)

Abbreviations
CBC, complete blood count
CHO, carbohydrate
IL-6, interleukin-6
NK cells, natural killer cells
TNF-�, tumor necrosis factor-�
V̇O2, oxygen consumption

Strenuous exercise can significantly influence several ele-
ments of the human immune system. The magnitude and
direction of changes in immune cell counts, for example, are
mediated by the intensity of the activity (1, 2), the nutritional
status of the subject (3, 4), and changes in stress hormones, in
particular epinephrine during exercise (5) and cortisol after
exercise (6). Although most immune cells increase in concen-
tration during exercise, a brief period of immunosuppression,
termed the “open window,” occurs during recovery from stren-
uous exercise and may increase susceptibility to infection (7).
Another component of the immune system response to exercise
is cytokines. Cytokines serve in a network to help regulate
signaling of innate and specific immune responses (8). Tradi-
tionally, cytokine responses to exercise, in particular IL-6 and
TNF-�, have been interpreted in the context of immune-

mediated host defense (9). However, exercise-induced in-
creases in plasma levels of IL-6 and TNF-� are not always
associated with simultaneous increases in their intracellular
production or excretion from immune cells (10–13). There-
fore, changes in these low-molecular-weight proteins with
exercise likely serve roles in addition to their control of
inflammation.

It is important to note, however, that our current understand-
ing of exercise-induced changes in components of the human
immune system is derived primarily from adults, and there is a
paucity of data on children. With respect to immune cell
counts, a few studies have reported similar responses to aerobic
exercise between children and adults (14–16). However, these
studies did not make direct comparisons between children and
adults under identical, experimental conditions, and closer
inspection of the data (14–16) would suggest that the magni-
tude of change in various immune cells was smaller in younger
subjects, compared with older ones. However, convincing
proof of age-related differences in the immune response to
prolonged exercise is lacking. In addition, we are aware of no
study that has directly compared the inflammatory cytokine
response to exercise between young children and adults, but
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limited evidence suggests that muscle damage associated with
exercise, which produces an inflammatory response, may be
less in children than in adults (17, 18). Moreover, to our
knowledge, no study has directly compared the recovery of
immune cells or cytokines after exercise in children with that
in adults. Considering that children tend to have a faster
physiologic (e.g. heart rate and ventilation) recovery from
exercise than do adults (19), immune cells may also recover
more quickly in children than in adults, thereby limiting the
“open window” period.
Recently, there has been growing interest in nutritional

strategies to modify the immune response to acute exercise in
adults (reviewed in ref. 20). For example, compared with
water, CHO ingestion during exercise can attenuate the ex-
pected increase in neutrophils (21, 22), mononuclear cells (23,
24), and several inflammatory cytokines (25–28). Furthermore,
the postexercise recovery of immune cells tends to be faster
with the ingestion of CHO, compared with water (21, 23, 24),
which may reduce the “open window” period. CHO-induced
attenuation of leukocyte trafficking is likely due to a blunted
stress hormone (e.g. epinephrine and cortisol) response medi-
ated by maintained blood glucose concentrations (29). CHO-
mediated changes in cytokine levels indicate a reduced inflam-
matory response. Although debatable, some indirect evidence
(30) suggests that the epinephrine response to sustained exer-
cise may be smaller in children than in adults and, as discussed
above, children may also have a smaller inflammatory response
to a given amount of exercise. Therefore, the potential benefits
of CHO ingestion on immune changes in children may be
limited due to an already blunted stress hormone and an
inherently smaller inflammatory response. However, no study
has investigated the effects of CHO ingestion during exercise
on immune changes in young (i.e. pre- and early pubertal)
children to address this issue.
A clearer comprehension of the acute effects of exercise on

the developing immune system may have important clinical
implications for children with, or recovering from, an immune-
related disease. Therefore, the objectives of the present study
were to determine possible age-associated differences in 1) the
acute immune response to exercise, 2) the recovery of leuko-
cytes and cytokines after exercise, and 3) the effects of CHO
ingestion on the immune response to exercise. To address our
objectives, we used a model of high-intensity exercise to
produce significant perturbations in commonly reported as-
pects of the cellular immune system, including NK cells, which
are the most responsive immune cell to exercise (6), and two
commonly reported inflammatory cytokines, IL-6 and TNF-�.
We hypothesized that in boys, compared with men, exercise-
induced changes in these elements of the immune system
would be smaller, recovery of immune changes would be
faster, and CHO ingestion would have a minimal effect on
immune changes.

METHODS

Subjects. Twelve boys and 10 men volunteered for this
study approved by the McMaster University Research Ethics
Review Board. Table 1 summarizes their physical and fitness

characteristics. All subjects were healthy with no history of
allergies and were not taking any medication. To determine
pubertal status of the boys, a parent and the child assessed
pubic hair development according to Tanner (31). Boys were
either Tanner stage 1 (n � 8) or 2 (n � 4). After the purpose,
procedures, and risks of the study were explained, written
informed consent was obtained from the men. The boys agreed
verbally to participate and their parent then signed a written
informed consent.

Preliminary session. An initial visit was conducted 1 wk
before the experimental trials to measure body height (Har-
penden Stadiometer, CMS Weighing Equipment Ltd., London,
UK), body weight (BW; BWB-800, Tanita, Tokyo, Japan), and
percent body fat (bio-electric impedance-101A, RJL Systems,
Clinton Twp., MI, U.S.A.) of each subject. To determine
V̇O2max, a maximal exercise test was conducted, as previously
described (19), on a mechanically braked cycle ergometer
(Fleisch-Metabo, Geneva, Switzerland). Measurements of V̇O2
and CO2 production were made continuously using a metabolic
cart (Vmax29, SensorMedics, Yorba Linda, CA, U.S.A.). A
Polar heart rate (HR) monitor (Vantage XL, Polar Electro,
Lake Success, NY, U.S.A.) was used to record HR throughout
the test.

Experimental sessions. To account for the confounding
effects of diet on immune responses to exercise (3, 4), subjects
were asked to record their nutrient intake the day before their
first trial. Physical activity was also recorded during this 24-h
period, and strenuous activity was avoided by all subjects.
Recorded food intake and activity were then repeated the day
before their next visit. Two experimental trials were conducted
1–2 wk apart. Upon arrival to the laboratory (�0730 h),
subjects consumed a small standardized breakfast (toast and
sugar-free jam, �2.4 kcal/kg; water, �3.4 mL/kg). Fluid in-
take for the session was calculated from a naked body weight
taken after subjects finished their breakfast and emptied their
bladder. Subjects then rested (�20 min) before a pre-exercise
blood sample was drawn from an arm or hand vein by veni-
puncture. Thirty minutes before the start of exercise, they were
given their first drink (4 mL/kg). The same volume was
consumed every 15 min until the end of exercise and every 20
min during the first 60 min of recovery. We chose this drinking
schedule as it has been used in previous adult studies investi-
gating the effects of CHO ingestion on immune responses (22).
Subjects cycled at a power output equivalent to 70% of their
predetermined V̇O2max for two 30-min bouts separated by a
5-min rest period. Exercise began 30 min after the first blood

Table 1. Subject characteristics

Boys (n � 12) Men (n � 10)

Age (y) 9.8 � 0.1 22.1� 0.5*
Height (m) 1.42 � 0.03 1.77� 0.02*
Body weight (kg) 35.1 � 1.8 82.6� 2.0*
Body fat (%) 15.9 � 1.7 16.9� 1.1
V̇O2max (mL/kg/min) 45.2 � 1.2 43.8� 1.6
HRmax (beat/min) 197 � 2 194� 3

Values are means � SEM. V̇O2max, maximal O2 uptake; HRmax, maximal
heart rate.
* Significant difference between boys and men, p � 0.05.
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sample and the target intensity was achieved within the first 5
min by analysis of expired gas. Before, during, and after
exercise, each subject consumed either a 6% CHO-electrolyte
solution (4% sucrose, 2% glucose,�18 mMNa�,�3 mMK�)
or water (identical in flavor, sweetness, and electrolyte con-
centration, but without CHO) for a total of 40 mL/kg BW.
Additional expired gas samples were collected at steady state
from minutes 12–15 and 27–30 of each exercise bout. Imme-
diately after exercise, a second blood sample was drawn within
30 s while subjects remained seated on the cycle ergometer.
HR was monitored throughout the session. Subjects remained
seated in the laboratory for 60 min after exercise, but were
allowed to empty their bladder if necessary. At the end of the
60-min recovery period, a final blood sample was drawn.
Except for CHO intake before, during, and after exercise, the
CHO (CHO-T) and flavored water (FW-T) trials were identical
and performed in a counterbalanced order, with subjects
blinded to the contents of their drink.

Glucose analysis. Whole blood (2 mL) treated with EDTA
was centrifuged at 2000 g for 10 min and the plasma was stored
at �70°C until analyzed. Plasma glucose was measured enzy-
matically (2300L STAT, YSI Inc., Yellow Springs, OH,
U.S.A.), and concentrations were corrected for exercise-
induced changes in plasma volume according to Dill and
Costill (32).

CBC and immunophenotyping.Whole blood (2 mL) treated
with EDTA was analyzed for total leukocytes, neutrophils,
lymphocytes, monocytes, Hb, and hematocrit with an auto-
mated Coulter counter by the clinical hematology group at
McMaster University. An additional 2 mL of EDTA-treated
whole blood was used to determine lymphocyte subsets. Ten
microliters of MAb, directly conjugated with FITC (Anti-
CD3) or phycoerythrin (anti-CD16/CD56), were mixed with
100 �L of blood and used to numerate total T cells (CD3�),
NK cells (CD3�CD16�CD56�), and NK T cells
(CD3�CD16�CD56�). All reagents were purchased from
BD Biosciences (San Jose, CA, U.S.A.) and samples were
stained as per the manufacturer’s instructions within 6 h of
collection. Briefly, mixed samples were vortexed and incu-
bated for 20 min at room temperature (RT) in the dark. After
adding 2 mL of FACSLysing solution to lyse red blood
cells, samples were vortexed and incubated a further 10 min
at RT. Samples were centrifuged (300 g for 5 min at RT),
washed with 2 mL PBS (PBS) containing 0.1% Na azide,
centrifuged (200 g for 5 min at RT), and fixed with 0.5 mL
PBS (1% paraformaldehyde). Samples were stored at 3°C
for no more than 48 h before analysis by a FACScan flow
cytometer and CELLQuest software (BD Biosciences). The
lymphocyte population was gated using forward-scatter ver-
sus side-scatter characteristics and 10,000 events were
counted per sample. Cell concentrations of each lymphocyte
subset were calculated by multiplying the percentage of
cells with appropriate fluorescence, with the absolute num-
ber of lymphocytes obtained from the CBC. Whole blood
cell concentrations were corrected for exercise-induced
changes in blood volume according to Dill and Costill (32).

Cytokine analysis. Whole blood (2 mL) treated with EDTA
was centrifuged at 2000 g for 10 min and the plasma was stored

at �70°C until analyzed. IL-6 and TNF-� were determined in
duplicate with ELISA kits purchased from Endogen Corpora-
tion (Woburn, MA, U.S.A.). The sensitivity of these kits, as
reported by the manufacturer is �1 pg/mL for IL-6 and �2
pg/mL for TNF-�. In our experience, some samples from the
boys (9 of 54 for IL-6 and 4 of 54 for TNF-�) and from
the men (7 of 54 for IL-6 and 10 of 54 for TNF-�) were below
the detection level of the respective kit and were, therefore, set
to the lowest positive number on the standard curve derived
from the plate on which the sample was determined. The
intra-assay coefficient of variation (CV) averaged 11.2%
(range, 0.25–29%) for IL-6 and 5.5% (range, 0.16–26.3%) for
TNF-�. The inter-assay CV for both cytokines averaged 6.5%
(range, 0.22–14.9%). All concentrations were adjusted for
exercise-induced changes in plasma volume (as above).

Statistical analyses. Data are presented as means � SEM.
Group differences in physical and fitness characteristics were
analyzed by independent t tests. A three-way mixed-factorial
ANOVA with one between-factor (group) and two within-
factors (trial and time) was used to analyze cardiorespiratory
variables, glucose, and immune cell proportions and counts.
IL-6 and TNF-� concentrations were not normally distributed
and, therefore, log transformed before submitted to a three-way
mixed factorial ANOVA (as above). Graphical presentation of
IL-6 and TNF-� is based on concentrations before transforma-
tion. Where appropriate, a Tukey’s HSD posthoc test for
unequal sample size was used to determine significance among
means. STATISTICA for Windows 5.0 (StatSoft, Tulsa, OK,
U.S.A.) software was used for all analyses, with the threshold
for statistical significance set at p � 0.05.

RESULTS

HR and V̇O2. During exercise, HR, averaged across trials,
was not different between boys (158 � 3 beats/min) and men
(157 � 4 beats/min), representing 80.9 � 1.2% and 81.0 �
1.2% of maximal HR, respectively. The average HR for both
groups was slightly, but significantly, lower (p � 0.02) during
FW-T (156 � 2 beats/min) than CHO-T (160 � 2 beats/min).
To account for differences in body size, V̇O2 measured during
exercise was expressed relative to BW (i.e. mL/kg/min). Ox-
ygen uptake was not different between boys and men (p �
0.97) or between FW-T and CHO-T (p � 0.64), averaging 31.2
� 1.1 and 31.4� 1.3 mL/kg/min, respectively, in the boys and
32.1 � 1.0 and 31.9 � 1.0 mL/kg/min, respectively, in the
men. When V̇O2, averaged across trials, was expressed as a
percentage of V̇O2max, boys (69.3 � 1.5%) had a slightly lower
(p � 0.01) value than men (73.3 � 1.0%).

Plasma glucose. Plasma glucose concentration [glucose] at
rest (Fig. 1), averaged across trials, was slightly, but not
significantly, lower (p � 0.07) in the boys than in the men.
Compared with CHO-T, postexercise plasma [glucose] in both
boys and men was lower (p � 0.001) in FW-T. Plasma
[glucose] immediately after and 60 min after exercise was not
significantly different between groups in either trial.

CBC. Immediately after exercise, leukocyte counts were
lower in boys than in men in both trials (p � 0.05), with no
effect of CHO ingestion (Table 2). During recovery in FW-T,
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leukocytes remained higher than resting values for both
groups, but were lower (p � 0.001) in boys compared with
men. At 1 h of recovery, leukocytes were lower (p � 0.001)
during CHO-T, compared with FW-T in both groups. Lym-
phocytes increased after exercise (p�0.001) during FW-T to a
similar extent in both groups (Table 2). During recovery in
both trials, lymphocytes were lower than resting values in men,
but not in boys (p � 0.001). CHO ingestion had no significant
effect on lymphocytes after exercise or during recovery. The
pattern of change in monocytes was similar among groups and
trials immediately after, and 1 h after exercise (Table 2). At all
time points during FW-T and CHO-T, neutrophil concentra-
tions (Table 2) were significantly higher in the men than in the
boys (p � 0.01). In both groups, exercise induced a significant
(p � 0.001) increase in neutrophils above resting values during
FW-T. During CHO-T, exercise also increased neutrophil lev-
els above resting in the men, but not in the boys. At 1 h after
exercise in FW-T, neutrophils continued to increase in men (p
� 0.05) but remained constant in boys, compared with pos-
texercise values. Compared with FW-T, neutrophils recovered
close to resting values in CHO-T for both groups (p � 0.001).
Lymphocyte subsets. During both trials, the proportion of T

cells remained constant in boys, but decreased in men imme-
diately after exercise (p � 0.05, Table 3). The proportion of
NK cells increased with exercise (p � 0.01) during FW-T in
both groups, but to a smaller extent in boys than in men (p �
0.001, Table 3). CHO ingestion attenuated the increase in NK
cell proportions in boys but not in men (p � 0.05). By 1 h after
exercise, NK cell proportions were not different from resting
values in both groups and trials. The proportion of NK T cells
did not increase significantly in boys in either trial (Table 3).
For men, the proportion of NK T cells increased above resting
levels immediately after exercise during FW-T (p � 0.05), but
not during CHO-T. By 1 h of recovery in both trials, the
proportions of NK T cells were not different from rest in either
group. Figure 2 shows the concentrations of T, NK, and NK T
cells before, immediately after, and 1 h after exercise. Exercise
caused an increase in T cell counts above resting values (p �

0.001) in both groups during FW-T, but not during CHO-T.
Comparable to the lymphocyte response, men had a significant
(p � 0.04) suppression of T cells during recovery, whereas
boys recovered to resting values. NK cells significantly (p �
0.001) increased above resting values in boys during FW-T,
but not during CHO-T. In contrast, NK cells increased with
exercise (p � 0.001) during FW-T and CHO-T to the same
extent in men. NK cells were lower (p � 0.05) in boys than in
men immediately after exercise in both trials, but recovered to
a similar extent between groups and trials. NK T cell counts
did not significantly change with exercise in boys, but in-
creased above resting values with exercise (p � 0.05) during
both trials in men. NK T cells were significantly (p � 0.01)
lower in boys than in men immediately after exercise during
FW-T only. By 1 h after exercise in both trials, NK T cells had
recovered to resting values in both groups. The NK T cell
population, regardless of group or trial, responded much less to
exercise than the NK cell population.
Cytokines. Sufficient plasma for cytokine determination was

available for nine boys and nine men only. This subset of
subjects did not differ from the main group in any physical or
exercise variable presented above. CHO intake had no effect on
the cytokine response to exercise in either group, and the data
from both beverage trials were therefore pooled. Resting con-
centrations of IL-6 (Fig. 3A) were significantly (p � 0.05)
higher in the boys compared with the men. Exercise caused a
significant (p � 0.05) increase in IL-6 in the men but not in the
boys. In the men, IL-6 remained elevated (p � 0.001) during
recovery compared with pre-exercise values. In the boys, there
was less than a 1 pg/mL change in IL-6 over time. Although
TNF-� levels (Fig. 3B) were higher in the boys than in the men
at each time point, these differences were not statistically
significant. There was no significant effect of exercise on
TNF-� levels in either group.

DISCUSSION

This study was designed to determine age-associated differ-
ences in the immune response to strenuous exercise with and
without CHO intake, and is the first, to our knowledge, that
directly compared children and adults under the same experi-
mental conditions. Our data provide several novel findings
with respect to the immediate response to exercise and the
recovery of the immune system after exercise and can be
summarized as follows: 1) the magnitude of the NK and NK T
cell responses to exercise is considerably smaller in boys than
in men; 2) boys do not experience a postexercise suppression
of lymphocytes or T cells typically observed in adults; 3) the
magnitude of the IL-6 response to exercise is smaller in boys
than in men; and 4) CHO supplementation attenuated the
immediate exercise-induced increase in some immune counts
in boys, but not in men.
It is well recognized that NK cells are mobilized during

exercise in response to an increase in epinephrine (5), due to a
high surface density of �-adrenergic receptors (33). Indeed we
chose to measure NK cells because they are the most respon-
sive type of cell to exercise (6). Although we did not measure
epinephrine, the smaller NK cell response in the boys would be

Figure 1. Plasma glucose concentration before, immediately after, and 1 h
after exercise in flavored water and carbohydrate trials for boys and men.
Values are mean � SEM. Pre, before exercise; Post, immediately after
exercise; Recovery, 60 min after exercise. †Significant difference between
FW-T and CHO-T for boys and men, p � 0.05.
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consistent with a smaller epinephrine response. Indirect evi-
dence (30) suggests that children may have a lower epinephrine
response to sustained exercise then adults, but we are unaware
of any direct age comparison during prolonged exercise. Al-
ternatively, the smaller NK cell response could be due to a
lower density of �-adrenergic receptors on this cell type in
boys, compared with men. This possibility is supported by
previous work reporting a positive correlation between age and
lymphocyte �-adrenergic receptor density (34). Regardless of
the mechanism(s), the attenuated NK cell response in the boys,
compared with the men, is a novel finding and requires further
investigation.
Another novel aspect of the present study is the NK T cell

response to exercise in children. In adults, resting concentrations
of NK T cells (CD3�CD16�CD56�) cells seem to constitute a
relatively small (�6%) proportion of peripheral blood lympho-
cytes (35, 36). The proportion of NK T cells measured in the
present study (�10%) is slightly higher than in these previous
studies, but had a distinct response to exercise, which was con-

siderably smaller than that recorded for NK cells in both age
groups. Interestingly, Søndergaard et al. (37) reported a smaller
increase in NK T cells (CD3�CD16�CD56�), compared with
NK cells (CD3�CD16�CD56�), in response to epinephrine in-
fusion in healthy young adults, which suggests that the NK T cell
population may also have a distinct response to exercise, a hy-
pothesis that our results corroborate. Furthermore, the magnitude
of the NK T cell response was also considerably smaller in the
boys than in the men regardless of trial.
Taken together, these results suggest that, compared with

adults, some components of the innate immune system in
children are less responsive to physiologic stress. However, the
functional significance of this finding remains to be deter-
mined. NK cells are an important first line of defense against
viruses and tumor growth (38, 39). NK T cells, although
considered components of the innate immune system, appear to
facilitate and direct adaptive immune responses (40, 41). NK
and NK T cells may, therefore, play important roles in the
proposed relationship between improved resistance to infection

Table 2. Total number of leukocytes, neutrophils, lymphocytes, and monocytes before, immediately after and 1 h after exercise in flavored
water and carbohydrate trials for boys and men

FW-T CHO-T

Pre Post Recovery Pre Post Recovery

Leukocytes
Boys 5.48� 0.36 7.34� 0.48*‡ 6.63 � 0.54*‡ 5.42 � 0.25* 6.57� 0.34*‡ 5.52 � 0.27†§
Men 6.35� 0.64 8.79� 0.72‡ 8.43 � 0.80‡ 6.34 � 0.46 8.51� 0.64‡ 6.27 � 0.52†§

Neutrophils
Boys 2.48� 0.34* 3.49� 0.41*‡ 3.59 � 0.53*‡ 2.43 � 0.19* 3.01� 0.25* 2.53� 0.18*†
Men 3.67� 0.61 5.00� 0.71‡ 6.01 � 0.75‡§ 3.48 � 0.44 4.77� 0.57‡ 3.98 � 0.46†

Lymphocytes
Boys 2.07� 0.12 2.71� 0.17‡ 2.15 � 0.09*§ 2.06 � 0.14 2.36� 0.19 2.08� 0.15*
Men 1.83� 0.12 2.63� 0.19‡ 1.53 � 0.10‡§ 1.97 � 0.13 2.51� 0.25‡ 1.46 � 0.14‡§

Monocytes
Boys 0.37� 0.03 0.53� 0.07‡ 0.43 � 0.04 0.36� 0.02 0.50� 0.04‡ 0.42 � 0.04
Men 0.50� 0.04 0.74� 0.05‡ 0.58 � 0.05§ 0.51 � 0.04 0.68� 0.06‡ 0.53 � 0.04§

Values are means � SEM in 109 cells/L. FW-T, flavored water trial; CHO-T, carbohydrate trial. Pre, before exercise; Post, immediately after exercise;
Recovery, 60 min after exercise.
* Significantly different from men, p � 0.05.
† Significantly different from FW-T, p � 0.05.
‡ Significantly different from Pre, p � 0.05.
§ Significantly different from Post, p � 0.05.

Table 3. Relative proportions of lymphocyte subsets before, immediately after, and 1 h after exercise in flavored water and carbohydrate
trials for boys and men

FW-T CHO-T

Pre Post Recovery Pre Post Recovery

T cells
Boys 70.4 � 1.4 67.4 � 2.0 68.1� 1.7 69.0 � 1.4 68.6 � 2.2* 68.5 � 1.4
Men 69.9 � 2.7 63.4 � 2.8‡ 66.5 � 4.3 69.1 � 2.9 63.3 � 3.2‡ 70.0 � 3.1§

NK cells
Boys 9.9 � 0.9 15.6 � 1.8*‡ 10.2 � 1.4§ 10.2 � 0.9 12.5 � 1.7*† 8.0 � 0.9§
Men 9.9 � 2.1 20.3 � 2.1‡ 7.7 � 1.0§ 7.7 � 0.9 17.8 � 1.7‡ 6.7 � 0.7§

NK T cells
Boys 10.0 � 1.8 10.2 � 1.6* 9.1� 1.7 10.9 � 2.6 12.9 � 3.1 8.7 � 1.3
Men 10.4 � 2.2 16.3 � 3.6‡ 10.4 � 1.8§ 7.4 � 1.2 12.8 � 3.0 9.6 � 2.8

Values are means � SEM given in percentage. FW-T, flavored water trial; CHO-T, carbohydrate trial. Pre, before exercise; Post, immediately after exercise;
Recovery, 60 min after exercise.
* Significantly different from men, p � 0.05.
† Significantly different from FW-T, p � 0.05.
‡ Significantly different from Pre, p � 0.05.
§ Significantly different from Post, p � 0.05.
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(e.g. respiratory infections) and regular physical activity (42).
However, more research is clearly needed to describe the
relationship between physical activity level and immune func-
tion in growing children.
Another main finding in the present study was the lack of

postexercise suppression in the lymphocyte and T-cell popu-
lations in the boys. This apparent faster recovery of lymphoid

cells supports our original hypothesis and is consistent with the
notion that recovery from exercise tends to be faster in chil-
dren, compared with adults. Postexercise lymphopenia is a
classical response to high-intensity (� 75% V̇O2max) exercise
in adults (43) and is likely mediated by a prolonged elevation
of cortisol (6). The lack of a postexercise suppression in
lymphoid cells implies that boys do not experience an “open
window” period as proposed for adult men. However, inter-
pretation of an absent postexercise lymphopenia in the boys is
complicated by a lack of multiple sampling points during
recovery. It is possible that we simply missed any suppression
either before or after the 60-min sampling time. Although we
cannot completely discount this possibility, it is noteworthy
that Shore and Shephard (16) did not find suppression of
lymphocytes or T cells in their children 30 min after a 30-min
bout of exercise performed at an intensity corresponding to
their ventilatory threshold. Even if suppression occurred earlier
(i.e. at 30 min postexercise) in the current study, the finding
that lymphocytes had returned to resting levels in the boys, but
not in the men, by 60 min postexercise adds to the notion that
children recover from exercise more quickly than adults, and

Figure 2. Blood concentrations of T cells (A), NK cells (B), and NK T cells
(C) before, immediately after, and 1 h after exercise in flavored water and
carbohydrate trials for boys and men. Values are means � SEM. Pre, before
exercise; Post, immediately after exercise; Recovery, 60 min after exercise.
*Significant difference between boys and men, p � 0.05. †Significant differ-
ence between FW-T and CHO-T, p � 0.05. ‡Significantly different from Pre,
p � 0.05. See “Results” for details of comparisons.

Figure 3. Plasma IL-6 (A) and TNF-� (B) concentrations before, immediately
after, and 1 h after exercise in flavored water and carbohydrate trials for boys
(n � 9) and men (n � 9). Values are mean � SEM. Pre, before exercise; Post,
immediately after exercise; Recovery, 60 min after exercise. *Significant
difference between boys and men, p � 0.05; ‡Significantly different from Pre,
p � 0.05.
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our data add to this phenomenon in terms of the immune
system. Another limitation in our study is that we did not
measure immune function per se, but rather changes in the
number and proportion of various immune cells, thereby re-
stricting conclusions pertaining to clinical significance. There
has been considerable debate over whether exercise alters, for
example, intrinsic NK cell cytotoxicity (44) and lymphocyte
proliferation (45) or whether these changes in immune function
simply reflect alterations in cell numbers. Unfortunately, we
cannot add to this debate in a meaningful way with the present
results, but studies are now underway in our laboratory to
pursue this issue.
As regards cytokines, it is well established that strenuous

exercise is a powerful stimulus to increase levels of various
cytokines in the peripheral circulation (9, 46). The magnitude
of increase in IL-6 after exercise is typically intensity depen-
dent (47). In contrast, TNF-� generally increases only with
high-intensity, long-duration exercise involving a large muscle
mass (48). Therefore, it was not surprising that, after exercise
in the current study, IL-6 increased without changes in TNF-�
levels in the men (Fig. 3), inasmuch as this pattern has been
shown previously in adult men (49). In the present study,
absolute changes in the concentration of IL-6 (�0.6 pg/mL)
and TNF-� (�2.3 pg/mL) after exercise were small in the boys
and did not achieve statistical significance. Scheet et al. (50)
and Tirakitsoontorn et al. (51) reported similarly small abso-
lute changes for IL-6 (�1.55 pg/mL and �1.0 pg/mL, respec-
tively) and TNF-� (�0.4 pg/mL and �0.3 pg/mL, respec-
tively) after exercise in healthy children, which did reach
statistical significance. An obvious question, therefore, is
whether small changes in IL-6 and TNF-�, which may or may
not reach statistical significance, are of biologic significance.
Scheet et al. (50) proposed that exercise-induced increases

in the inflammatory cytokines IL-6 and TNF-� may inhibit
growth mediators (e.g. IGF-1) resulting in a catabolic environ-
ment such as is seen in other catabolic states (e.g. trauma,
burns, and sepsis). In their study, a “real-life” soccer practice
of moderate intensity with rest periods was used as the exercise
stimulus, with apparently no control over fluid intake or pre-
vious diet and exercise. In contrast, we used an exercise model
of high-intensity, prolonged cycling to impart significant stress
on the immune system. With this approach, and under well-
controlled study conditions, we still found only minor changes
in IL-6 and TNF-�. It would therefore appear that young
children are relatively resistant to a major inflammatory re-
sponse to acute exercise and, thus, a catabolic state. However,
since we did not measure circulating growth mediators (e.g.
IGF-1), we cannot completely dismiss a catabolic response
(e.g. a decrease in IGF-1 levels).
To our knowledge, this is the first study to investigate the

effects of CHO intake on changes in immune cell counts after
exercise in young (i.e. pre- and early pubertal) children. Al-
though exercise performed without CHO intake caused signif-
icant increases in the concentration of neutrophils, lympho-
cytes, T cells, and NK cells in the boys, there was no change
in the concentration of these cells from resting values after
exercise in the trial with CHO intake. Interestingly, in the men,
only the proportion of NK T cells and T-cell counts did not

change from resting values during CHO-T. During recovery,
leukocyte and neutrophil counts were lower during CHO-T
than FW-T in both groups. The apparent age-related difference
in sensitivity of immune cells to CHO intake may be related to
an age-related difference in the sensitivity of the stress hor-
mone (e.g. epinephrine and cortisol) response to CHO intake
during exercise. Taken together, our results imply that, with
acute CHO supplementation, overall physiologic stress is di-
minished, and studies are now underway in our laboratory to
clarify possible growth-related changes in hormone-immune
interactions during exercise in healthy children. The potential
clinical significance of nutritional strategies such as CHO
intake during exercise on immune function in children recov-
ering from disease, for example, awaits further study.
In summary, 60 min of exercise, performed at a similar

relative intensity, caused significantly smaller increases in total
leukocytes, NK cells, NK T cells, and IL-6 in pre- and early
pubertal boys than in young adult men. The well-described
postexercise lymphopenia after high-intensity exercise, which
occurs in adults, was not identified in our boys. Exercise-
induced changes in some elements of the immune system were
more sensitive to CHO ingestion in the boys than in the men.
Our results provide, for the first time, strong evidence that the
magnitude and direction of exercise-induced changes in cellu-
lar components of the human immune system may be influ-
enced by the age or maturity status of an individual. As such,
this preliminary information should be considered when inter-
preting “normal” leukocyte kinetics in response to exercise in
children with, or recovering from, an immune-related disease.
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